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Abstract: Poxviruses have caused the most important diseases for humanity for a long time. An important triumph was achieved 
with the eradication of smallpox, defined by the World Health Organization in 1979. Poxviruses include significant agents that cause 
important animal diseases that are non-zoonotic and zoonotic. While humanity has been battling COVID-19, a new battle against 
monkeypox has recently emerged due to an increase in case numbers and the outbreak's global spread. The other points of the 2022 
monkeypox outbreak that make it more serious than previous outbreaks are severe clinical outcomes such as encephalitis and death, 
and also the higher transmission rate, which occurs at approximately 99% in men, especially those who have sex with men. The 2022 
monkeypox virus outbreak has focused public and scientific attention on poxviruses and potential bioterrorism risks posed by 
poxviruses. Therefore, it is aimed at writing a review that compiles information about monkeypox, cowpox, vaccinia, bovine papular 
stomatitis, orf, pseudocowpox, gray seal pox, and red deerpox viruses. 
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Maymun çiçeği ve diğer zoonotik poksvirüsler 

Özet: Poksvirüsler uzun zamanlardan beri insanlık açısından çok önemli hastalıklara yol açmıştır. Dünya Sağlık Örgütü’nün 
önderliğinde Poksvirüslerle özdeşleşen çiçek hastalığının (smallpox) 1979 yılında eradikasyonu ile önemli bir zafer kazanılmıştır. 
Poksvirüs ailesinde sadece hayvanlarda hastalık oluşturan zoonotik olmayan etkenler ile bazı zoonotik etkenler yer almaktadır. 
Günümüzde insanlık COVID-19 ile mücadele ederken, son zamanlarda artan vaka sayıları ve salgının dünya çapındaki dağılımı 
nedeniyle maymun çiçeği ile de savaşmak zorunda kalmaktadır. 2022 maymun çiçeği salgınını önceki salgınlardan daha ciddi hale 
getiren diğer noktalar, ensefalit ve ölüm gibi ciddi klinik sonuçlar ve erkeklerle seks yapan erkeklerde yaklaşık %99 oranında 
görülmesidir. 2022 yılı maymun çiçeği salgını hem halkın hem de bilim camiasının ilgisinin tekrar poksvirüslere ve bunlarla ilgili 
potansiyel biyoterörizm risklerine yönelmesine sebep olmuştur. Bu nedenle bu virüs ailesi içerisindeki zoonotik etkenler arasında yer 
alan maymun çiçeği, sığır çiçeği, vaccina, sığır papüler stomatit, orf, yalancı sığır çiçeği, gri fok çiçeği ve kızıl geyik çiçeği virüsleri 
hakkında bilgi veren bir derleme yazılması amaçlanmıştır. 

Anahtar sözcükler: Maymun çiçeği, poksvirüsler, zoonotik infeksiyon. 

 
 

 
Introduction 

Poxviruses belong to the family Poxviridae, which is 
classified into the Varidnaviria realm, Bamfordvirae 
kingdom, Nucleocytoviricota phylum, Pokkesviricetes 
class, and Chitovirales order. The Poxviridae family 
consists of two subfamilies: Chordopoxvirinae (includes 
poxviruses of vertebrates) and Entomopoxvirinae 
(includes poxviruses of insects). There are 18 genera in the 
Chordopoxvirinae subfamily and they are summarized in 
Table  1.  Virions  of  poxviruses  are  large  (220-450 nm×  

 
140-260 nm), pleomorphic, and brick-shaped with an 
irregular arrangement of surface tubules (most genera) or 
ovoid with a regular crisscross arrangement of surface 
tubules (Parapoxvirus genus). The genome of poxviruses 
consists of 130 to 360 kilobase pairs (kbp) linear double-
stranded DNA and encodes 130 to 320 proteins. Unlike 
other DNA viruses, poxviruses replicate in the cytoplasm 
of the host cell due to encoding all the enzymes required 
for transcription and replication (83, 97). 
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Table 1. Classification of Poxviridae family. 

Family: Poxviridae

Subfamily: Chordopoxvirinae

Genus: Avipoxvirus Species: Canarypox virus, Flamingopox virus, Fowlpox virus, Juncopox virus, Mynahpox virus, 
Penguinpox virus, Pigeonpox virus, Psittacinepox virus, Quailpox virus, Sparrowpox virus, 
Starlingpox virus, Turkeypox virus 

Genus: Capripoxvirus Species: Goatpox virus, Lumpy skin disease virus, Sheeppox virus 

Genus: Centapoxvirus Species: Murmansk microtuspox virus, Yokapox virus 

Genus: Cervidpoxvirus Species: Mule deerpox virus 

Genus: Crocodylidpoxvirus Species: Nile crocodilepox virus 

Genus: Leporipoxvirus Species: Hare fibroma virus, Myxoma virus, Rabbit fibroma virus, Squirrel fibroma virus 

Genus: Macropopoxvirus Species: Eastern kangaroopox virus, Western kangaroopox virus 

Genus: Molluscipoxvirus Species: Molluscum contagiosum virus 

Genus: Mustelpoxvirus Species: Sea otterpox virus 

Genus: Orthopoxvirus Species: Abatino macacapox virus, Akhmeta virus, Camelpox virus, Cowpox virus*, Ectromelia 
virus, Monkeypox virus*, Raccoonpox virus, Skunkpox virus, Taterapox virus, Vaccinia virus*, 
Variola virus, Volepox virus 

Genus: Oryzopoxvirus Species: Cotia virus 

Genus: Parapoxvirus Species: Bovine papular stomatitis virus*, Grey sealpox virus*, Orf virus*, Pseudocowpox 
virus*, Red deerpox virus* 

Genus: Pteropopoxvirus Species: Pteropox virus 

Genus: Salmonpoxvirus Species: Salmon gillpox virus 

Genus: Sciuripoxvirus Species: Squirrelpox virus 

Genus: Suipoxvirus Species: Swinepox virus 

Genus: Vespertilionpoxvirus Species: Eptesipox virus 

Genus: Yatapoxvirus Species: Tanapox virus*, Yaba monkey tumor virus* 

* Indicates zoonotic poxviruses. 
 

 

Poxviruses are ancient viruses for humanity. 
Poxviral DNA is found in ancient human remains dated as 
far back as AD 600 (175). The method of cutaneous 
inoculation, called variolation, was practiced frequently in 
the Ottoman Empire. Mary Wortley Montague had written 
letters about variolation in Istanbul, the Ottoman Empire's 
capital city, which led to the introduction of variolation in 
England. The variolation had also introduced to Europe in 
the 18th century by the travellers returning from Istanbul 
(16, 159). Edward Jenner used the cowpox virus for 
vaccination against smallpox. Jenner termed this 
inoculation procedure "vaccination" due to the Latin word 
"vaccinia" that means cowpox (159). 

Orthopoxvirus and Parapoxivirus genera contain 
significant zoonotic agents: monkeypox, cowpox, 
vaccinia, bovine papular stomatitis, orf, pseudocowpox, 
grey sealpox, and red deerpox viruses (Table 1). This 
review aims to substantially focus on monkeypox and the 
beforementioned zoonotic orthopoxviruses and 
parapoxviruses, considering the recent scientific data and 
global health emergency. 

 
Monkeypox virus 

Etiology: Monkeypox virus (MPXV), with another 
called the human monkeypox virus (hMPXV), has a 197 

kb linear DNA genome and contains close to 190 non-
overlapping ORFs, each longer than 60 amino acid 
residues (169). The virus is phylogenetically classified 
into 3 clades: Clade I (formerly ‘Central African’ or 
‘Congo Basin’ clade), clade IIa (‘West African’ clade), 
and clade IIb (‘West African’ clade, and also including 
clade IIa). The clade IIb includes A.1, A.2, A.1.1, and B.1 
lineages. Lineage A.1 consists of the MPXVs that are from 
2018 and 2019 cases, mainly from the United Kingdom, 
Israel, and Singapore. The viruses of the 2022 monkeypox 
outbreak belong mainly to the lineage B.1, which is a 
descendant of lineage A.1 and some of the current isolates 
are determined to be classified in lineage A.2 (77, 85, 89). 

The lineage B.1 viruses contain approximately 50 
single-nucleotide polymorphisms (SNPs) in comparison 
to the MPXVs from the 2018–2019 outbreaks, indicating 
that lineage B1 has an increased mutation rate (85). A 
recent study reported that 9 MPXV isolates from the 2021-
2022 cases in the USA, India, and Thailand are classified 
as lineage A.2 and have 16 distinct genetic variations 
when compared to other lineages, including 9 
nonsynonymous, 3 synonymous, 1 stop gained variation, 
and 3 amino acid deletion in the OPG174 gene (89). The 
lineage A.2 has a lower nucleotide substitution rate than 
the B.1 lineage. The mean nucleotide substitution rates of 
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the A.2 and B.1 lineages are determined as 5.53×10-5 and 
1.13×10-4 substitutions per base/year, respectively. The 
higher mutation rate of lineage B.1 viruses may be the 
reason for the increasing number of monkeypox cases and 
the accelerated transmission speed of the virus in the 2022 
monkeypox outbreak (85, 89). 

Recent studies reported that the majority of the 
current MPXV isolates have GA > AA and TC > TT 
nucleotide replacement motifs that are typical for a host 
enzyme called apolipoprotein B mRNA editing catalytic 
polypeptide-like3 (APOBEC3). The genome of MPXV 
isolates between 2017 and 2022 in the clade IIa has more 
GA > AA mutations in comparison to the clade I and the 
isolates prior to 2017 in the clade IIa. Most of the SNPs 
detected in the genomes of 2022 MPXV isolates are also 
GA > AA and TC > TT nucleotide replacements (69, 85). 
In another study, it was reported that a genomic 
comparison of viral isolates from 2015 to 2022 showed 
that 2022 monkeypox isolates have 30 T bases in length in 
the middle of the viral genome, which of the role is 
unknown (149). A study showed that D2L‐like, OPG023, 
OPG047, OPG071, OPG105, OPG109, A27L‐like, 
OPG153, OPG188, and OPG210 proteins of 2022 MPXV 
isolates have the highest number of mutations throughout 
the whole viral genome (197). Alignment against the first 
public sequence of the 2022 monkeypox outbreak 
(ON563414.3) indicated that novel mutations had 
occurred, but the viral genes involved in immune evasion, 
host range, cell proliferation such as A45L, C1L, D7L, 
D10L genes, drug resistance such as L3R, L6R, and A25R 
genes, and vaccine development such as the A25R gene 
have lower mutation rates (114). All these cumulative 
changes in the viral genome might be responsible for the 
recent rapid evolution of hMPXV1 and a possible 
explanation of the faster human-to-human transmission 
(11, 122). The virus is characterized as a Biosafety Level 
3 (high threat) pathogen in the European Union and is on 
the list of selected agents in the United States following 
the recent situation (103). 

Epidemiology: In 1958 in Denmark, "pox-like" non-
fatal outbreaks occurred in cynomolgus monkeys, and the 
causative agent was named monkeypox virus (195). The 
first confirmed monkeypox virus human case was a 9-
month-old indigenous boy hospitalized because of fever 
and rashes in the Democratic Republic of the Congo in 
1970 (100). Monkeypox viruses were isolated from the 
kidneys of healthy chimpanzee and cynomolgus monkeys 
in the Democratic Republic of the Congo and the 
Netherlands, respectively, and from monkeys with clinical 
monkeypox disease in the USA (120). In 1970 and 1971, 
human cases of monkey pox were reported in Liberia, 
Nigeria, and Sierra Leone. When the humans (most of 
whom are aged 4–9 years) with monkeypox virus infection 
were epidemiologically investigated, most of them 

revealed that they occasionally consumed monkeys for 
food and played with the internal organs of the killed 
monkeys (62, 110). In total, 48 confirmed and suspected 
monkeypox virus cases were reported in the Democratic 
Republic of the Congo, Cameroon, Côte d’Ivoire, Liberia, 
Nigeria, and Sierra Leone between 1970 and 1979 (25) 
(Table 2). 

In the 1980s and 1990s, monkeypox cases have only 
been reported from African countries, and human 
monkeypox virus infection has been accepted as endemic 
to some African countries since 2003 (Table 2). The 
Centers for Disease Control and Prevention (CDC) 
declared that some human cases with fever, papular rash, 
respiratory symptoms, lymphadenopathy, and sore throat 
were confirmed as monkeypox virus infection in 2003 in 
some states (Illinois, Indiana, Kansas, Missouri, Ohio, and 
Wisconsin) of the United States of America (USA). All of 
the patients have had contact with animals such as prairie 
dogs, Gambian giant rats, and rabbits (animal-to-human 
transmission), and some have been infected through direct 
contact with other infected humans (human-to-human 
transmission). Following traceback investigations, the 
CDC has reported that the source of the monkeypox virus 
that was introduced to the USA is Gambian giant rats that 
were exported from Ghana and co-housed with prairie 
dogs (28, 29). 

In the 2010s, besides endemic countries, monkeypox 
cases were reported from non-endemic countries such as 
Israel and the United Kingdom (UK), which were related 
to the export of travellers (55, 191) (Table 2). On May 6, 
2022, a patient with rashes who travelled from the UK to 
Nigeria and returned to the UK had been confirmed as 
monkeypox virus, and on May 7, 2022, the World Health 
Organization (WHO) was informed of this confirmed case 
of monkeypox in the UK (200). Despite the fact that the 
number of monkeypox cases has been increasing globally, 
WHO announced that monkeypox was not a global health 
treat on June 25, 2022, after more than 4100 cases were 
recorded in 46 countries (162). Alas, contrary to this 
announcement, on July 23, 2022, WHO declared 
monkeypox a public health emergency of international 
concern (116). On August 4, 2022, the USA declared the 
monkeypox outbreak a national public health emergency 
as the virus has infected more than 6,600 people and cases 
have been recorded in 48 states (95). According to the 
report of WHO on September 5, 2022, there have been a 
total of 52,015 laboratory confirmed cases and 395 
probable cases (including 18 deaths) of monkeypox virus 
(204) (Figure 1, Table 2). Türkiye has reported the first 
case of human monkeypox virus infection on June 30, 
2022, and five monkeypox cases in total since August 2, 
2022 (157, 186). The USA, where the majority of global 
monkeypox cases have been reported, confirmed the first 
death of a monkeypox-infected patient recently (12). 
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Table 2. Human monkeypox virus infection cases in between 1970 and 2022 by year and country. 

Years Number of cases* Countries reported cases References 

1970-79 48 Democratic Republic of the Congo, Cameroon, Côte d’Ivoire, Liberia, Nigeria, 
Sierra Leone 

4, 25, 41, 
156, 201, 
203 

1980-89 357 Democratic Republic of the Congo, Cameroon, Côte d’Ivoire, Gabon, Central 
African Republic 

1990-99 520 Democratic Republic of the Congo, Gabon 

2000-09 10,166 Democratic Republic of the Congo, Congo, South Sudan, United States of 
America 

2010-19 19,071 Democratic Republic of the Congo, Congo, Cameroon, Central African Republic, 
Nigeria, Liberia, Sierra Leone, Singapore, Israel, United Kingdom 

2020 6,257  Democratic Republic of the Congo 

2021 3,190 Democratic Republic of the Congo, Nigeria, The United Kingdom, United States 
of America 

2022**  52,015 laboratory 
confirmed cases 
and 395 probable 
cases 

Andorra, Argentina, Aruba, Australia, Austria, Bahamas, Barbados, Belgium, 
Benin, Bermuda, Bolivia, Bosnia and Herzegovina, Brazil, Bulgaria, Cameroon, 
Canada, Central African Republic, Chile, China, Colombia, Congo, Costa Rica, 
Croatia, Cuba, Curaçao, Cyprus, Czechia, Democratic Republic of the Congo, 
Denmark, Dominican Republic, Ecuador, El Salvador, Estonia, Finland, France, 
Georgia, Germany, Ghana, Gibraltar, Greece, Greenland, Guadeloupe, Guatemala, 
Guyana, Honduras, Hungary, Iceland, India, Indonesia, Iran, Ireland, Israel, Italy, 
Jamaica, Japan, Latvia, Lebanon, Liberia, Lithuania, Luxembourg, Malta, 
Martinique, Mexico, Monaco, Montenegro, Morocco, Netherlands, New 
Caledonia, New Zealand, Nigeria, Norway, Panama, Paraguay, Peru, Philippines, 
Poland, Portugal, Puerto Rico, Qatar, Republic of Korea, Republic of Moldova, 
Romania, Russian Federation, Saint Martin, Saudi Arabia, Serbia, Singapore, 
Slovakia, Slovenia, South Africa, Spain, Sudan, Sweden, Switzerland, Thailand, 
The United Kingdom, Türkiye, United Arab Emirates, United States of America, 
Uruguay, Venezuela 

*Monkeypox virus cases which are laboratory confirmed or suspected are given in the numbers. 
**Case numbers are given according to 5 September 2022 report of the WHO (200). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Number of confirmed monkeypox cases reported by WHO between 16 May 2022 and 2 September 2022.
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Many mammals and non-human primates (i.e., sooty 
mangabey monkey, Gambian-pouched rat, rhesus 
macaques, cynomolgus macaques, Asian monkeys, 
Southern opossum, sun squirrel, African hedgehogs, 
jerboas, woodchucks, shot-tailed opossum, porcupines, 
giant anteaters, prairie dogs, elephant shrew, domestic 
pigs, rope squirrel, and African dormice) may have a role 
in transmission of monkeypox virus infection and can be 
a reservoir of the virus (8). Several outbreaks and cases 
were recorded in different monkey species both in 
laboratories and in the wild (132, 144, 147, 153). 

The monkeypox virus can be transmitted by animal-
to-human and human-to-human. Animal-to-human 
transmission can occur via direct contact with an infected 
animal’s blood, body fluids, and pox-associated skin or 
mucosal lesions. Another possible route of transmission of 
monkeypox virus is through the bites of infected non-
human primates or mammals (108, 131). 

Human-to-human transmission of monkeypox virus 
can be achieved through close and direct contact with an 
infected person’s respiratory secretions or droplets, skin or 
mucosal lesions, body fluids, or indirectly via virus-
contaminated fomites (8, 192). Blood, skin and mucosal 
lesions, saliva, nasal/nasopharyngeal/throat swabs, rectal 
swabs, faeces, urine, and semen of the infected person are 
found to be positive for monkeypox and this may play a 
role in viral transmission (4, 134, 145, 184). Infectious 
virus is isolated from the semen of monkeypox-infected 
men, indicating the potential transmission via semen 
(104). The monkeypox virus is found in the household 
environment of an infected person and is infectious mainly 
on porous surfaces such as bedding, underwear, and 
towels. Although low viral titres were determined, which 
indicate a limited potential for indirect transmission, the 
household environment may play a role in transmission of 
the virus via contaminated fomites (129). 

Recently, evidence for human-to-animal 
transmission of monkeypox has been reported in an Italian 
greyhound dog whose owner had monkeypox infection 
(165). The CDC is suggesting that monkeypox infected 
people should avoid contact with animals, including pets, 
domestic animals, and wildlife, in order to prevent the 
spread of the virus. If pets had close contact with 
monkeypox-infected people, they should be quarantined at 
home for 21 days, away from other animals and people 
(33). 

Sexual transmission is reported as an important route 
for monkeypox infection, especially in people who have 
had close contact with an infected individual and in men 
who have sex with other men (75, 143). According to 
recent research, monkeypox is most common in men, 
particularly men who have sex with men, bisexual men, 
and men who have multiple sexual partners (107, 196). 
Interview-based epidemiological data from a recent study 

indicated that monkeypox transmission in the UK has 
been related to the sexual networks of gay and bisexual 
men who are all cisgender (196). An epidemiological 
study showed that 99% of the monkeypox cases were men 
in the USA and 94% of them had sexual or close intimate 
contact with men (152). The risk factors for monkeypox 
are determined as having sex with men, engaging in 
condomless sex, human immunodeficiency virus (HIV) 
positivity, and a story of previous sexually transmitted 
infections (23). 

Clinical Signs: The incubation period of monkeypox 
is an average of 13 days but can be up to 34 days. The 
studies about the 2022 monkeypox outbreak reported that 
the incubation period is approximately 9–10 days and can 
be prolonged to 17–20 days. So, one can speculate that the 
lineage B.1 viruses have a shorter incubation period than 
other clades and lineages (128, 135, 184, 206). Even 
though 13% of the people who were sick were 
hospitalized, most of those who were admitted did not 
have serious problems (168). 

Clinical manifestations of monkeypox virus 
infection vary, including gastrointestinal (diarrhoea, 
nausea, vomiting), upper and lower respiratory (runny 
nose, sore throat, wheeze, cough, respiratory distress), and 
systemic (lymphadenopathy, fever, sweats, chills, 
pruritus, myalgia, back pain, headache, asthenia, and 
abdominal pain) symptoms. However, the first clinical 
signs and common are usually fever, lymphadenopathy, 
exanthema, asthenia, fatigue, and headache. Skin and 
mucosal lesions can appear anywhere on the body, but 
they are most common on the face, limbs, palms of the 
hands, soles of the feet, oral and genital mucosa, and, in 
rare cases, conjunctivae and cornea. Lesions consist of 
rashes, macules, papules, vesicles, pustules, crusts, 
ulceration (23, 137, 158). 

Interestingly, it is reported that monkeypox can be 
asymptomatic in some men who have sex with men, and 
these cases remain undiagnosed (45). Monkeypox lesions 
can also be without exanthem and a robust cellular 
immune response can be determinative for the occurrence 
of skin lesions (108). Following healing of skin lesions, 
sequelae can be observed, such as hyperpigmented or 
hypopigmented atrophic scars, patchy alopecia, 
hypertrophic skin scarring, and deformities of facial 
muscles following healing of ulceration (137). According 
to an observational study in the Democratic Republic of 
Congo, monkeypox virus infection of pregnant women 
can lead to miscarriage and foetal death with diffuse 
cutaneous maculopapillary skin lesions or healthy birth 
(123). 

Monkeypox virus infection can cause genital lesions 
such as painless genital rash, macular rash, painful 
inguinal lymphadenopathy, ulcerated lesions, umbilicated 
pustules, painless white pustules on the penis, and pruritis 
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(75, 143). HIV positive men who have sex with men are 
reported to be at more risk for monkeypox virus infection 
and develop monkeypox-associated genital lesions (75, 
127, 143). 

Monkeypox lesions can be clinically misdiagnosed 
because of their resemblance to the lesions that are caused 
by other viral infections or may remain undiagnosed. 
Differential diagnosis for monkeypox and coxsackie virus 
infection should be performed for suspected lesions by 
virological diagnosis (107). Another recently published 
retrospective study from Belgium showed that men who 
had been misdiagnosed with gonorrhoea and/or chlamydia 
could be monkeypox positive with or without any lesions 
(45). 

Some monkeypox cases can be fatal (86, 154). The 
mortality rate of monkeypox infection is in the range of 1-
10%, but recently has been around 3-6% (21, 26, 202). The 
clade I viruses are associated with more severe disease and 
higher case fatality than the clade IIa viruses (177). The 
clade IIb viruses that drive the current monkeypox 
outbreak have case fatality ratios below 1% (85). 

Control and Treatment: There is no specific therapy 
for monkeypox virus infection in humans. Some 
governments carry out 21 day mandatory quarantines for 
monkeypox infected people in order to control 
transmission of the disease. Several cases are recovered 
without any specific antiviral therapy (9, 23, 56). Non-
specific therapies such as antibiotics and analgesics can be 
administered to monkeypox virus-infected patients. 
Antibiotics are frequently used for prevention or treatment 
of secondary bacterial infections (75, 143). Antiviral 
agents such as tecovirimat, a p37 protein inhibitor that is 
used for orthopoxvirus infections, and brincidofovir, a 
replication inhibitor of a variety of DNA viruses, can be 
used for monkeypox virus infection (4, 52, 156). 
Treatment of brincidofovir can lead to an increase in liver 
enzymes, whereas no adverse effects occurred with 
Tecovirimat treatment (4). 

Due to cross-protection between orthopoxviruses, 
people vaccinated against smallpox are 85% protected 
against monkeypox virus infection. Vaccines containing 
live, replication-competent, different vaccinia virus 
strains, called first-generation smallpox vaccines, were 
used for smallpox eradication between 1967 and 1979, 
which was coordinated by the WHO. The U.S. Food and 
Drug Administration (FDA) has approved three smallpox 
vaccines: JYNNEOS (Imvamune or Imvanex/replication-
deficient live virus vaccine), ACAM2000 (Live cowpox 
Vaccinia virus vaccine), and Aventis Pasteur Smallpox 
Vaccine (APSV/replication-competent vaccinia virus 
vaccine) (6, 60). Because of some concerns about first-
generation vaccines, such as inadvertent transmission to 
other people, re-emergence of live viruses, and vaccine-
associated adverse effects, third-generation smallpox 

vaccines that contain replication-deficient vaccinia viruses 
(e.g., modified vaccinia Ankara (MVA) and LC16m8) are 
preferred to prevent and control orthopoxvirus infections. 
In some countries, healthcare workers and laboratory 
personnel are vaccinated with third-generation smallpox 
vaccines (i.e., modified vaccinia Ankara (MVA) and 
LC16m8) for protection against orthopoxviruses including 
monkeypox virus (32, 150, 202). In a multi-center cohort 
enrolling in France, JYNNEOS (Imvanex or Imvamune) 
has begun to be used for vaccination for post-exposure 
prophylaxis to unvaccinated adults over 18 years who 
have been exposed to monkeypox less than 14 days ago or 
adults who have been vaccinated with a first dose less than 
28 days earlier and have been exposed to monkeypox 
(112). 

 

Other Zoonoses in Orthopoxvirus and 
Parapoxvirus genus 

 
Cowpox virus 

Epidemiology: Cowpox virus, an Orthopoxvirus, 
infection has been reported in many animal species 
including primates (e.g., Barbary macaque, marmoset, 
cotton-top tamarins), felids (e.g., cats, cheetah, lynx, lion, 
black panther, jaguar, puma), dog, fox, wild boar, cow, 
llama, horse, elephant, anteaters, beaver, bank voles, gray-
sided vole, red-backed voles, field vole, root vole, wood 
mice, yellow-necked mice, house mice, common rat, giant 
gerbil, gerbil, ground squirrel, Patagonian cavy, common 
shrew, etc. (57, 92). Unlike many other animal species that 
can be infected by cowpox virus, direct transmission to 
humans has only been reported by infected cats, rats, 
cows, cheetahs, and Asian elephants (27, 74, 78, 133, 
182). Infected rats can also infect other animal species 
(121). Possible human-to-human transmission was 
reported (183). However, this transmission route is not 
proven. Human cowpox virus infection is rare and there 
have been less than 150 reported cases. 

Clinical Signs: Symptoms of cowpox virus infection 
in cats include oedema, hyperaemia, ulceration, 
exudation, and plaque-like alterations in the hindlimbs 
(91). Captive banded mongooses in a zoological park in 
Germany have exhibited papular, vesicular, or pustular 
skin lesions, crusts, anorexia, lethargy, imbalance, severe 
dyspnoea, wheezing, and death due to generalized cowpox 
virus infection (164). Virus infections in captive cheetahs 
in zoos and parks lead to skin (including ulcerations) and 
mucosal lesions, exudative pleuritis, and acute 
hemorrhagic pneumonia, with high morbidity and 
mortality (18, 119, 178). Cowpox virus infection of a 
pregnant mare can culminate in abortion of a foal with 
cutaneous papules throughout the entire skin and the oral 
mucosa (65). 
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Lesions in human cases of cowpox are macules, 
papules, vesicles, pustules, and black crusts and are 
usually restricted to the hands and face. Cowpox virus 
infection typically causes one lesion, but multiple 
inoculations, autoinoculation, and immunesupression can 
lead to multiple lesions and generalized infections (44). 
Fever, lymphadenitis (sometimes necrotizing), cellulitis, 
ulcerated and necrotizing skin lesions are reported in 
patients who have had direct contact with infected 
domestic cats (142, 207). Cowpox cases generally recover 
in 6–8 weeks, but it can take 12 weeks to heal in some 
cases (44). A generalized infection caused by cowpox 
virus was reported in a patient with haemorrhagic and 
ulcerated nodules, oedema, fever, and lymphadenopathy 
(73). Some human cases of generalized cowpox virus 
infection in kidney transplant patients who were scratched 
by their cats with ulcerating nodules culminated in death 
(68, 198). Ocular cowpox virus infection can lead to 
necrosis of the eyelid, necrotic granulomatous 
conjunctivitis, keratitis, leucomatous opacity, 
conjunctival oedema, necrotic eschar, and vision loss (51, 
98). An atypical cowpox virus infection was recorded in a 
smallpox vaccinated patient with clinical manifestations 
such as painful cellulitis, multiple subcutaneous 
abscesses, and axillary adenopathy (10). Foetus can be 
infected by cowpox virus during pregnancy and can result 
in miscarriage (61). 

Control and Treatment: Attenuated modified 
vaccinia virus Ankara (MVA) strains are used for 
vaccination against cowpox virus and are shown to be 
protective in elephants, rhinos, and captive cheetahs (53, 
178). There is no specific vaccine against the cowpox 
virus for humans. 

 
Vaccinia virus 

Epidemiology: Vaccinia virus was used in the WHO 
eradication campaign for smallpox, which is an acute 
contagious disease caused by the variola virus of the 
orthopoxviruses. The Vaccinia virus strain Ankara, which 
was developed at the vaccine institute in Ankara, Turkey 
by propagating the virus on the skin of calves and donkeys 
(through donkey-calf-donkey inoculation), was passaged 
in chicken embryo fibroblast culture in Germany and, after 
the 516th passage, the virus was named Modified Vaccinia 
virus Ankara (MVA). Preferably safer smallpox vaccines 
were used during the last years of the smallpox eradication 
campaign (180, 194). Moreover, MVA serves as a safe and 
effective vector platform, such as in vaccines for rabies, 
Chikungunya, malaria, etc. (67, 115, 166). 

In countries such as Uruguay, Brazil, and Colombia, 
reported cases of vaccinia virus infection (63, 190). 
Bovine vaccinia virus outbreaks that occurred in Brazil 
caused zoonotic infection of humans (13, 125, 173). 
Human-to-human transmission of vaccinia virus can be 

directly or indirectly (37, 146). Vaccinia virus can be 
isolated from the household environment of infected 
people, and this may be a route of human-to-human 
transmission (13). Another potential route of infection is 
consuming contaminated raw milk or raw milk products, 
and these can play a role in occupational infection of 
cheesemakers (37, 47). 

Clinical Signs: According to the results of 
experimental infection of milking cows with vaccinia 
virus, lesions started at 2-4 days post-inoculation, healed 
averagely in 18 days, all infected cows exhibited 
DNAemia, some of them had viremia, and animals shed 
vaccinia virus in their faeces (160). Infectious vaccinia 
virus is detected in milk samples of naturally infected 
cows, and in milk samples, milk products, and even in 
pasteurized milk of experimentally infected cows (1, 47). 
Furthermore, vaccinia virus DNA was detected in dogs, 
cats, horses, wild coatis, and opossums, but transmission 
of the virus from these animals has not been reported yet 
(38, 39, 147, 148). 

Vaccinia virus typically infects farmers, milkers, and 
their close contacts. Vaccinia virus-infected people 
showed skin lesions mainly on the hands, forearms, legs, 
and face, and generalized outcomes such as fever, 
headache, malaise, myalgia, and lymphadenopathy (173). 
Skin lesions usually start with itching, local oedema, 
pustules, vesicles, and ulcers (49, 173). Ocular lesions can 
occur (109). HIV positive patients who are vaccinia virus 
infected can develop progressive and more severe clinical 
outcomes (102). A patient who was in contact with cows 
that had lesions on their teats and udders, developed an 
ulcerated-pustule skin lesion, fever, headache, malaise, 
myalgia, and lymphadenopathy and was diagnosed as co-
infected with vaccinia and pseudocowpox viruses (2). 
Occupational vaccinia virus infections can occur. 
Employees of a biopharmaceutical laboratory where 
vaccinia virus was inoculated to rabbits developed clinical 
infection in China (111). 

Control and Treatment: Vaccinia virus has been 
used as a vaccine in both humans and animals against 
orthopoxviruses (32, 150, 178, 202). There is no specific 
treatment for vaccinia virus infection. 

 
Bovine papular stomatitis virus 

Epidemiology: The host spectrum of bovine papular 
stomatitis virus (BPSV), a member of the Parapoxvirus 
family, is restricted to cattle and humans. Humans can be 
infected through direct contact with infected animal 
lesions (22, 80). Occupational infections of BPSV were 
reported in milkers, veterinarians, and veterinary students. 
BPSV infection is frequently transmitted to milkers, 
especially if the teats of dairy cows are affected. (22, 48). 
Some tick species are reported as BPSV PCR positive and 
houseflies can be a mechanical vector for BPSV, 
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indicating that vectors may play a role in transmission and 
epidemiology of the disease (141, 171). 

Clinical signs: BPSV infection in cattle leads to 
lesions such as papules, nodules, pustules, vesicles, ulcers, 
erosions, scabby proliferative lesions, crusts, and scabs 
that are usually on the muzzle, lips, gingiva, palate, 
tongue, and teats (88, 93, 126, 136, 170). Affected calves 
with oral lesions may refuse to be fed, and affected dairy 
cows with teat lesions may not allow milking because of 
local pain (48, 126). The erosive lesions on the oral 
mucosa can be observed as a ring or a horseshoe (43) In 
some cases, there could be papules and ulcers in the 
oesophagus, rumen, and omasum in cattle (88, 126, 170). 
Extensive proliferative scabby lesions and dermatitis of 
the teats were also reported in cows, sometimes leading to 
occlusion of the teat canal (84, 106). Infected cattle 
generally recover in 13–18 days with no treatment (136). 

Symptoms of BPSV infection in humans include 
painful papules, nodules, pustules, vesicles, ulcers, and 
scars that are mainly restricted to the hands and rarely on 
the face and arms (48, 80, 124, 136). 

Diagnosis and treatment: There is no specific 
treatment or vaccine for BPSV in animals or humans. 
Hygiene, disinfection, and isolation of infected animals 
can be the main procedures for preventing the spread of 
the virus to other animals and workers (93). 

 
Orf virus 

Epidemiology: Orf virus is a parapoxvirus and the 
causative agent of contagious pustular dermatitis (syn. 
contagious ecthyma, orf, sore mouth, scabby mouth) that 
results in infection of primarily sheep and goats, and also 
cattle, camels, other wild ruminants, and cervids (7, 167, 
176, 187). Orf has a worldwide distribution with high 
morbidity and low mortality. Animals younger than 1 year 
of age are more susceptible to the disease and their 
inability to feed due to severe lesions leads to loss of 
weight gain and even death, and as a consequence, 
economic loss (15). 

Between animals, orf is transmitted via direct contact 
and contaminated fomites. A recent report showed that the 
infectious orf virus is present in saliva and milk samples 
of goats without clinical symptoms, and the isolated virus 
is infectious to other orf-free goats under experimental 
conditions (113). 

Sheep and goats, and rarely camels and cats can 
infect humans (7, 31, 64, 99). Orf virus is transmitted by 
direct contact with infected animals, contaminated fomites 
and, especially for children, infected animal bites can be 
the cause of infection (105, 185). Orf infection mostly 
occurred in farmers, animal workers, shepherds, wool 
shearers, veterinarians, butchers, and hunters, or was 
sometimes observed in people after Eid al-Adha (19, 82, 
96, 193). Household injuries that happen during meat 

preparation and animal slaughter are reported to cause the 
development of orf infection in humans (31). Orf can be 
transmitted human-to-human via commonly used 
contaminated fomites (189). In a case of human orf, 
mother-to-child transmission has occurred and exophytic 
nodules and papules have developed on the scrotum and 
buttocks of the child (155). Autoinoculation is a possible 
way to spread the orf virus from lesions to other parts of 
the body (50, 179). 

Clinical signs: Symptoms of orf in animals are 
characterized by erythematous macules, papules, vesicles, 
pustules, ulcers, scabbing and proliferative skin lesions 
which are mostly formed on the mouth, gums, lips, 
muzzle, nostrils, face, eyelids, ears, udder, and teats, and 
sometimes on the inner thigh, abdomen, axilla, tail, 
perineum, and extremities (46, 99, 174). In some cases, 
necrotizing cheilitis and dermatitis, crusting, 
hyperpigmentation, and oedema can develop and may 
result in partial obstruction of the nostrils (42). Wild 
ruminants can exhibit orf lesions on nostrils, lips, eyelids, 
face, chin, ear, nares, neck, leg, hooves/coronary band, 
interdigital space (187). 

In humans, orf virus causes vesicles, pustules, 
painful erythematous, violaceous plaques, erythematous 
maculopapular lesions, targetoid bulla, weeping nodule, 
crusted papule, papilloma, ulceration, desquamation, or 
sometimes non-pruritic purulent yellow-whitish nodules, 
which usually occur on hands, fingers, and arms and can 
be single or multiple (70, 99, 117, 163, 185, 193). Orf may 
lead to the formation of hyperkeratotic nodules underneath 
fingernails, and erythematous, centrally ulcerated, 
hemorrhagic fragile nodules, and papillomatous 
projections on the face (71, 72). A nodular mass with 
erythema on the nose caused by orf virus infection is also 
reported (14). In a human case (140), Orf lesions that are 
formed as fungating and painful masses and cause 
obliteration of the toenail can be observed on the toe in a 
human case (140). Erythema multiforme development is 
reported in several human cases following orf infection 
(66, 90). Orf infection does not result in any pathology in 
the foetus during pregnancy and culminates with healthy 
labour and babies (24, 181). 

Control and treatment: There are vaccines against 
orf in animals, but despite vaccination, there can be 
outbreaks of orf in small ruminant herds (42). Local 
antiseptics can be applied to the lesions of an affected 
animal, antibiotics can be used for secondary bacterial 
infection, and supportive treatment should be 
administered to young animals that cannot be fed due to 
oral lesions (176). 

For humans, there is no specific orf vaccine. The orf 
lesions in humans generally spontaneously heal within 2-
8 weeks without any specific treatment (30, 189) and local 
antiseptic therapy is usually sufficient in order to prevent 
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secondary infections (99). For exophytic lesions of the orf 
in humans, curettage and cautery can be an alternative 
treatment (94). 

 
Pseudocowpox virus 

Epidemiology: Pseudocowpox virus is a 
parapoxvirus and its infection, usually referred to as 
milker’s nodule, affects cattle, other wild ruminants, and 
humans. Veterinarian, milkers, farmers, and animal 
workers are occupationally predisposed to pseudocowpox 
virus infection (5, 87, 199). Infection develops by direct 
contact with the lesions of an affected animal, usually 
during milking or following a bite of infected cattle (5, 34, 
87, 118, 199). 

Pseudocowpox virus is detected in cattle, American 
bison, water buffalo, camels, and cats (3, 58, 101, 172). 
Some tick species that are collected from cattle are found 
to be positive for pseudocowpox virus by PCR, indicating 
that ticks can play a role in pseudocowpox virus 
epidemiology (35, 141). Houseflies on barns can be a 
mechanical vector for the pseudocowpox virus (171). 

Clinical signs: Pseudocowpox virus infection leads 
to lesions described as "ring" or "horseshoe", which are 
pathognomonic for the disease, and nodules, pustules, and 
ulceration, usually on the teats and udders (97, 138). Rare 
cases show vesicles, erosions, papules, and scabs on the 
vulva and vaginal mucosa, and also, development of 
hyperemia and white vesicles on the sublingual mucosa is 
reported in pseudocowpox virus infection in cattle (139). 
In experimental infection, hyperemic foci, ulceration, 
fibrinotic and scabby lesions were observed on the muzzle 
and lips of calves (54). Pseudocowpox virus infection is 
exhibited as multiple cutaneous nodules on the skin which 
are wart-like, proliferative, and keratinized in an 
American bison (172). In water buffalos, pseudocowpox 
symptoms are peeling of the tongue epithelium and oral 
ulcers (101). Pseudocowpox virus infection in camels 
causes papules, pustules, ulcers, and scabs on the lips, 
muzzles, and eyelids (3). 

Milker's nodule has 5-15 days of incubation period, 
and lesions progress through six stages: maculopapular 
(erythematous nodule), targetoid (central papule with an 
erythematous outer ring and a pale inner ring), acute 
(ulceration and draining of nodule), regenerative (firm 
nodules, black papules, and crusts develop), 
papillomatous, and regression (76). Milker’s nodule is 
clinically presented as erythema, small red macule, 
papule, nodule (can be with blue-violet bulla or crusted), 
blue-black nodulopustule, yellowish plaque, 
papulovesicule, erosion, crusting, and usually heals 
without eschar, but sometimes discoloration may develop 
(5, 34, 87, 118, 199). Complications such as 
lymphadenopathy, lymphadenomegaly, lymphangitis, 
erythematous papular rash, erythema multiforme, 
bacterial infection, etc. may occur (34, 151, 205). 

Control and treatment: There is no specific vaccine 
for humans or animals against the pseudocowpox virus. 
Because most cases heal spontaneously, there is no need 
for treatment. However, if needed, infected humans and 
animals can be treated with antiseptics and antibiotics in 
order to prevent secondary bacterial infections (3, 76). 

 
Grey sealpox virus 

Sealpox virus is in the Parapoxvirus genus. Its 
infection is zoonotic and it primarily infects pinnipeds 
(seals and sea lions). The high-risk groups of humans are 
the marine mammal workers and handlers in rehabilitation 
facilities and parks, veterinary technicians, and 
veterinarians. The virus is transmitted from animal-to-
human via direct contact or biting of an infected animal. 
The lesions of sealpox in pinnipeds are firm skin nodules 
that develop throughout the body, such as on the head, 
neck, thorax, abdomen, flippers, and white-gray verrucose 
nodules on the oral mucosa and tongue. The lesions 
usually heal spontaneously with a slightly raised, grey, 
furless scar formation. Infection of young animals that 
causes oral lesions may be fatal due to aversion to food 
intake. The sealpox virus causes lesions like orf and 
milker’s nodule in humans. Tender nodule, grey bullous 
lesion, lesion with a red center and a pale margin, and scab 
are the most common lesions on the hands. There is no 
vaccine or specific treatment against sealpox infection for 
both humans and animals (20, 36, 40, 79, 130, 161, 188). 

 
Red deerpox virus 

Deerpox virus, which is a parapoxvirus, is a very rare 
zoonotic agent that causes lesions on the muzzle of deer. 
A possible transmission route is direct skin-to-skin contact 
with an affected animal. In deer, papillomatous lesions, 
alopecic, flat, proliferative dermal lesions, ulcers, and 
scabby lesions may develop in a variety of parts of the 
body, i.e., lips, oral cavity, tongue, muzzle, velvet, nose, 
ears, ventral thorax, limbs, abdomen. In human cases of 
deerpox virus infection, tumour-like painless greyish 
necrotic lesions, haemorrhagic crust, and granulomatous 
lesions with greyish spots are developed on the hands and 
face. Some human cases may have fever, 
lymphadenopathy, and nausea. There is no vaccine or 
specific treatment against deerpox virus infection (17, 59, 
81). 

 
Conclusion 

The monkeypox outbreak in 2022 showed that 
challenges between humanity and viruses continue and 
will go on. The monkeypox outbreak that makes it more 
serious than previous outbreaks are severe clinical 
outcomes such as encephalitis and death, and also the 
higher transmission rate, which occurs at approximately 
99% in men, especially men who have sex with men. The 
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presence of the aforementioned zoonotic infections in 
many different animal species is a problem and a big 
challenge to fighting the diseases. It is a matter of debate 
why the monkeypox virus 2022 outbreak spread so 
quickly but not in other poxviruses. Variables such as 
increased mutation rate due to natural evolution, suspicion 
of bioterrorism, overpopulation, the possibility and ease of 
travel between continents and countries, and changes in 
lifestyle may have influenced the epidemiology and 
treatment of the monkeypox virus 2022 outbreak. The 
availability of an effective vaccine against monkeypox 
virus provides a good protection and control strategy. 
However, mandatory or optional use of the vaccine or 
difficulties in accessing the vaccine in all countries should 
be a topic for discussion by health organizations, 
scientists, and policy makers. 
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