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The 2022 monkeypox virus (MPXV) outbreaks spurred global public health concern. In response, we undertook a living systematic 
review of its zoonotic characteristics, including potential reservoirs and susceptible species, transmissibility, and clinical presentation 
in nonhuman species. Electronic database searches yielded 148 eligible records published between 2000 and 2022. Primary reservoirs 
remain unidentified, with natural isolation identified in 2 species, the sooty mangabey monkey and rope squirrel. Transmission 
primarily occurs from animals to humans, but evidence of reverse zoonosis has emerged. Data on clinical infection and 
manifestations are sparse, with evidence of potentially susceptible species drawn primarily from experimental studies. Only 10% of 
articles were appropriate for quality assessment and most of these were rated as critically low. Overall, while evidence regarding 
MPXV exists, the quality of data are extremely poor, resulting in significant uncertainty regarding MPXV’s zoonotic traits. High- 
quality empirical research to understand the impact of MPXV on animal and human populations is warranted.
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The recent emergence and spread of zoonotic viruses, including 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
demonstrate that animal-sourced viruses are a very real threat to 
global public health. There are >250 known zoonotic viruses that 
have previously spread from animals to humans, causing disease 
in people [1]. Virus discovery efforts have detected hundreds of 
new animal viruses with unknown zoonotic risk. Approximately 
1.67 million undescribed viruses are thought to exist in mam-
mals and birds, up to half of which are estimated to have the po-
tential to infect humans [2, 3].

Monkeypox virus (MPXV), which belongs to the genus 
Orthopoxvirus in the family Poxviridae, is an enveloped 
double-stranded DNA virus with a large genome of approxi-
mately 200 000 nucleotide bases [4, 5]. Mpox (formerly known 
as monkeypox) is a disease caused by infection with MPXV. 
MPXV was discovered in 1958 and initially found to cause 
rash disease in nonhuman primates, with human MPXV 

infection first confirmed in 1970 by the World Health 
Organization (WHO) Commission to Certify Smallpox 
Eradication [4].

As a zoonotic virus, human MPXV outbreaks have 
occurred primarily in the tropical rainforests of West and 
Central Africa, including Congo, Sierra Leone, Ghana, 
Central African Republic, Nigeria, and Sudan [4]. The first 
outbreak outside Africa was reported in the United States 
(US) in 2003, which included 72 confirmed or suspected cases 
following the importation of MPXV-infected animals from 
Ghana [6]. In 2018 and 2021, human-to-human transmission 
outside Africa was also reported among healthcare workers 
and family members of travelers from Nigeria [7, 8]. The 
most recent outbreak of mpox in May 2022 has led to several 
cases in many countries. On 23 July 2022, the WHO declared a 
public health emergency of international concern over the 
global outbreak of mpox [9].

Considering the coronavirus disease 2019 pandemic, more 
attention is being placed on novel disease outbreaks with 
pandemic potential. Faced with an increasing number of 
reports of mpox outbreaks in Africa and globally (linked 
to transmission between humans, rodents, and nonhuman 
primates), there is an urgent need to understand the 
virus’s natural host range, modes of transmission, clinical in-
fection in animals, and management at the human–animal 
ecosystem interface. In this living systematic review, we 
aimed to evaluate accumulating evidence related to the zoo-
notic characteristics of MPXV and identify important 
evidence gaps.
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METHODS

Overview

This living systematic review was requested by the Public 
Health Agency of Canada (PHAC) in response to the 2022 
mpox outbreak. Its livingness is characterized by continual up-
dates to incorporate new evidence as it became available, between 
July and October 2022 [10]. Following each search update, 
evidence was synthesized and presented to PHAC to inform their 
policy decision-making and were made publicly available on the 
Coronavirus Variants Rapid Response Network (CoVaRR-NET) 
website. No further search updates were requested from PHAC 
and updating was stopped in October 2022. We used a standard-
ized protocol to ensure transparency and consistency of methods. 
Refinements to the search parameters were determined by the re-
view team with input from PHAC and clearly described and 
justified between search updates. The protocol was registered 
on the International Prospective Register of Systematic Reviews 
(PROSPERO; registration number CRD42022349554) [11]. 
Reporting of the review follows the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) statement 
for reporting [12].

Search Strategy

Medline and Embase (both via the Ovid platform) were searched 
biweekly between 12 July 2022 and 28 October 2022, resulting in 
a total of 8 searches. Our search strategy was composed of a com-
bination of Medical Subject Heading (MeSH) terms, subject 
headings, and keywords related to MPXV (Supplementary 
Appendix 1). A modification to the protocol was implemented 
midway through the project at the request of PHAC to include 
nonempirical evidence (editorials, letters, and invited commen-
taries) published prior to 2018 to capture information prior to, 
and including, the mpox outbreak in Nigeria in 2017.

Eligibility Criteria

English-language documents published between 1 January 2020 
and 28 October 2022 were eligible for inclusion. The following 
document types were eligible for inclusion: guidelines (recom-
mendation documents based on evidence synthesis activities), 
reviews (including systematic, narrative/nonsystematic, rapid, 
and scoping reviews), primary studies (including randomized 
trials, comparative nonrandomized studies, observational stud-
ies), published reports (eg, US Centers for Disease Control and 
Prevention [CDC] outbreak reports), and preprints. Preprints 
were reassessed in subsequent searches for updates in publication 
status. The most significant refinement to the eligibility criteria 
was the inclusion of nonempirical reports published between 1 
January 2020 and 3 December 2017; the search for these papers 
began midway through the project (Supplementary Appendix 2).

The publications had to report on at least 1 of the following 
concepts: (1) reservoirs of MPXV, (2) transmissibility of 

MPXV, (3) clinical infection in animals (incubation period, 
shedding), (4) clinical presentation in animals, (5) suscepti-
ble animal species, and/or (6) handling of infected suscepti-
ble animals. For the first few search updates of the living 
review, data on the environmental and occupation aspects of 
MPXV infection in animals were sought. This ceased to be an 
eligibility criterion in searches conducted after 2 September 
2022, because of the absence of data.

Data Selection and Extraction

Records identified in each search were imported into COVIDence 
systematic review software (Veritas Health Innovation, Mel-
bourne, Australia), and duplicates were removed. Records 
were screened for eligibility using a 2-stage approach (title/ 
abstract, then full text). Screening was done independently 
and in duplicate (K. A., J. H., E. C.), and conflicts and uncer-
tainties were discussed and resolved by consensus or input 
from a third reviewer (M. B.) where appropriate.

We structured our data extraction for zoonotic information fol-
lowing the 6 concepts of the study selection criteria outlined above. 
The second concept of transmissibility of MPXV was further di-
vided into 4 subdomains including (1) animal-to-animal transmis-
sion, (2) animal-to-human transmission, (3) human-to-animal 
transmission, or (4) transmission from animal waste or wastewa-
ter. The structure of our data extraction was designed in response 
to virology and infectious disease–related literature, expertise from 
study team members (including those with knowledge of veteri-
nary infectious disease), and expertise and preferences of our pub-
lic health partners.

Extractions of both bibliometric data (authors, title, abstract, 
date of publication, citations) and relevant organizing frame-
work data were conducted by one team member and audited 
by a second team member (K. A., J. H., E. C.). For each domain, 
a narrative summary was prepared highlighting the total num-
ber of different types of highly relevant documents and their 
key findings.

Risk of Bias Assessment

Studies incorporating selected study designs were assessed for 
quality independently by one member (J. H.) and audited by a 
second member (E. C.). Randomized trials (using the Cochrane 
Risk of Bias tool [13]) and cohort and case-control studies (using 
the Newcastle-Ottawa Scale [14]) were appraised. Papers report-
ing nonsystematic reviews, noncomparative primary studies, and 
nonempirical documents (eg, commentaries, editorials), pub-
lished reports, and animal-only experiments were not assessed 
because of their greater risk of bias or because international qual-
ity assessment tools have not been developed for these types of 
publications. Preprints were given provisionally “critically low” 
ratings when first included and revised if a peer-reviewed publi-
cation became available during the search period.
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RESULTS

From our 8 electronic searches, we identified a total of 2150 arti-
cles after removing duplicates. The search resulted in the inclusion 
of 148 eligible articles (Figure 1). Table 1 reports the number and 
types of papers in each organizing domain. Supplementary 
Appendix 3 provides a description of the included studies.

Characteristics of Included Studies

Among the included articles, most were nonsystematic narra-
tive reviews (n = 71 [48%]). Other article types included single 
(primary) studies (n = 37 [25%]), nonempirical papers (n = 14 
[10%]), published reports (n = 11 [8%]), systematic reviews 
(n = 7 [5%]), rapid/scoping reviews (n = 5 [3%]), and 

guidelines (n = 2 [1%]) (Table 1). The largest proportion of ar-
ticles (n = 61 [41%]) were from the US, mostly following the 
2003 and 2022 mpox outbreaks. Thirty-one studies were con-
ducted in Central and Western African countries with few in 
Northern and Southern Africa.

Only 15 articles (10%) were eligible for risk of bias assess-
ment. The quality of these publications ranged from critically 
low to moderate (Table 2), with 11 of the 15 (73%) publications 
assessed as critically low quality.

Outcome: Virus Reservoirs

Eighty-seven papers provided data on MPXV reservoirs (Table 3
and Supplementary Appendix 4A). Based on these data, the pri-
mary reservoirs of MPXV have not been confirmed. In the 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram based on articles identified from 8 search updates.
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Democratic Republic of Congo (DRC), archival animal samples 
indicated that Congo rope squirrels (Funisciurus congicus) have 
higher odds of being MPXV positive. In the DRC in 1985 and 
Cote d’Ivoire in 2012, MPXV was isolated from other species, 
such as Funisciurus squirrel and mangabey monkey [19–21]. A 
range of animals have been reported to be possible reservoirs of 
MPXV, but the primary natural reservoirs remain unidentified.

Outcome: Virus Transmissibility

There were 117 papers that provided data on transmissibility of 
MPXV, from which 3 main types of transmission routes were 
identified: animal-to-human, human-to-animal (reverse zoo-
nosis), and animal-to-animal (Supplementary Appendix 4B).

Animal-to-Human Transmission

A total of 107 papers discussed the potential for animal-to- 
human transmission of MPXV. Exposure to wild animals 
(either through trapping and hunting, or preparation and con-
sumption of bushmeat) is a major risk factor for MPXV trans-
mission. For example, one study demonstrated a greater risk of 
MPXV exposure among individuals living in rural communi-
ties near animal trapping sites in Africa compared to other 
living environments [21]. An investigation led by Reynolds in 
2006 stated that MPXV could be transmitted to humans di-
rectly through traumatic injury to the skin via bites or scratches 
or indirectly through percutaneous, inhalation, or mucocuta-
neous exposures [22]. Direct contact with infected animals 

Table 1. Total Number and Types of Papers by Topic

Type of Document
Total 

(N = 148)
Reservoirs of 

the Virus
Transmissibility of 

the Virus

Clinical 
Infection in 

Animals

Clinical 
Presentation in 

Animals

Susceptible 
Animals of the 

Virus

Handling of 
Infected 

Susceptible 
Animals

Guidelines 2 1 2 … … 1 1

Systematic reviews 7 4 6 … 2 1 …

Rapid/scoping reviews 5 1 5 - - 1 …

Nonsystematic reviews 71 53 62 3 13 32 6

Protocols for reviews or 
rapid reviews that are 
underway

0 … … … … … …

Titles/questions for 
reviews that are being 
planned

0 … … … … … …

Single study 37 15 23 1 6 7 2

Published reports 11 9 8 1 1 1 1

Dissertation/thesis 0 … … … … … …

Preprints 1 1 1 … … … …

Nonempirical: editorials, 
letter to editor, and 
commentary

14 3 10 … 2 3 1

Table 2. Quality Appraisal of Selected Studies

Article Type Quality Rating (Tool) Citation

Scoping review Critically low (AMSTAR-2) Adnan et al, 2022

Systematic review Low (AMSTAR-2) Beer and Rao, 2019

Systematic review Critically low (AMSTAR-2) Brown and Leggat, 2016 [15]

Systematic review Critically low (AMSTAR-2) Bunge et al, 2022

Scoping review Critically low (AMSTAR-2) Capobianchi et al, 2022 [16]

Systematic review Critically low (AMSTAR-2) Chauhan et al, 2020

Scoping review Critically low (AMSTAR-2) Di Gennaro et al, 2022 

Rapid review Critically low (AMSTAR-2) Diaz et al, 2021

Systematic review Critically low (AMSTAR-2) Kannan et al, 2022

Scoping review Critically low (AMSTAR-2) Kipkorir et al, 2022

Single study (prospective cohort study) High (7/9, NOS) Patrono et al, 2020 [17]

Systematic review Critically low (AMSTAR-2) Rahimi et al, 2022

Systematic review Critically low (AMSTAR-2) Soheili et al, 2022 [18]

Single study (retrospective cohort study) Moderate (5/9, NOS) Tiee et al, 2018

Single study (prospective cohort study) High (8/9, NOS) Whitehouse et al, 2021

Abbreviations: AMSTAR, A Meaurement Tool to Assess Systematic Reviews; NOS, Newcastle-Ottawa Scale.
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from a common distributor played a role in the 2003 US out-
break [23, 24], while direct contact combined with external cli-
mate and geopolitical factors has been implicated in the 2005 
outbreak in Sudan [25] and the 2015 outbreak in DRC [26]. 
All cases during the US outbreak in 2003 resulted from close 
contact with infected prairie dogs, most commonly via bites, as 
noted in a case where a 3-year-old girl was hospitalized for 
mpox after being bitten by a prairie dog [6]. Guarner et al 
have found viral antigens and mature poxvirus particles in the 
tongues of prairie dogs, suggesting direct contact between saliva 
or lesions on infected prairie dogs and skin/mucous membranes 
of humans [27]. Another paper reported on a 1982 incident of a 
chimpanzee in the DRC seizing and biting a 6-month-old infant 
in the femur, resulting in MPXV infection later on [28]. Many of 
these papers did not provide concrete evidence supporting 
animal-to-human transmission in the cases they report; rather, 
they offered examples from which hypotheses could be drawn.

Human-to-Animal Transmission/Reverse Zoonosis

A total of 14 papers discussed human-to-animal transmission of 
MPXV. No evidence of such transmission has been reported prior 

to 2017. Recently, two possible instances of human-to-animal 
transmission of MPXV have been reported in France and Brazil 
[29]. In addition, one letter to the editor describes an instance 
of human-to-dog transmission. The authors suggest this is an ex-
ample of human-to-animal transmission as samples from both 
the men and the dog corresponded to the same clade (B.1), which 
had been circulating in France at the time [30]. One editorial high-
lighted the possibility of reverse zoonosis during the 2022 out-
break, with domestic animals living near infected owners most 
likely to be infected [31].

However, there is a lack of evidence on the clinical and zoo-
notic consequences of these transmission patterns [32] or con-
firmation that detection of viral DNA on the animals 
represented true infection versus contamination of the animal’s 
haircoat from the infected person.

Animal-to-Animal Transmission

A total of 22 papers discussed animal-to-animal transmission of 
MPXV. These records have indicated direct transmission be-
tween animals can occur through respiratory droplets (aerosols), 
skin or eye abrasions, and ingestion of infected animal tissue, 

Table 3. Reservoirs of the Monkeypox Virus

Reservoir Rodents Nonhuman Primates Others

Natural host Rope squirrel (Funisciurus anerythrus) Sooty mangabey monkey 
(Cercocebus atys)

None

Probable hosts • Gambian pouched rats (Cricetomys gambianus)
• Jerboa (Jaculus sp)
• Tree squirrels
• Carruther’s mountain squirrels (Funisciurus carruthersi)
• Fire-footed rope-squirrels (Funisciurus pyrropus)
• Congo rope squirrel (Funisciurus congicus)
• Mice
• Peridomestic rodents
• White rats (genus Rattus)
• Castaneous (CAST) subspecies of the house mouse
• Hamsters
• Groundhogs
• Porcupines
• West African squirrels
• Red-legged squirrels
• Prairie dogs (Cynomys sp)
• Sun squirrels (Heliosciurus spp)
• African dormice (Graphiurus spp)
• Gambian giant rat (Cricetomys spp)
• Rope squirrels (Funisciurus spp)
• Striped mice (Hybomys sp)
• Rope squirrel (Funisciurus spp, family Scuridae)
• African dormice (Graphiurus crassicaudatus and Graphiurus 

lorraineus, family Gliridae)
• Giant pouched rats (Cricetomys spp, family Nesomyidae)
• Rope squirrels (genus Funisciurus) and sun squirrels (genus 

Heliosciurus), rodents in the genera Lemniscomys, 
Lophuromys, Thamnomys, Oenomys, Praomys

• Porcupines (Atherurus africanus)
• Red-legged sun squirrels (Heliosciurus rufobrachium)
• Ribboned rope squirrels (Funisciurus lemniscatus)
• Gambian sun squirrels (Heliosciurus gambianus)

• Orangutans (Pongo sp)
• Chimpanzees
• Cynomolgus monkeys (Macaca 

cynomolgus)
• Genera Cercocebus, 

Cercopithecus, Colobus, and 
Allenopithecus

• Crowned monkeys 
(Cercopithecus ascanius)

• Red-tailed monkeys 
(Cercopithecus pogonias)

• Lesser white-nosed monkeys 
(Cercopithecus petaurista)

• Western colobus monkey 
(Colobus badius)

• Grivet (Chlorocebus aethiops)

• New World giant anteaters 
(Myrmecophaga tridactyla)

• Elephant shrews (family 
Macroscelididae)

• Newborns of white rabbits 
and rabbits

• Mongoosea

• Gazelles
• African hedgehogs 

(Atelerix sp)
• Short-tailed opossums 

(Monodelphis domestica)
• Woodchucks (Marmota 

monax)

aOne of the collaborators identified a contradiction between what was stated in the systematic review (Eur Rev Med Pharmacol Sci 2022; 26:5983–90) and what was published in the primary 
paper (Infect Dis Clin North Am 2019; 33:1027–43) in relation to mongoose being a possible reservoir of monkeypox virus. Hence, we recommend that mongoose not be considered as a 
possible reservoir unless further evidence is found.
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arthropods, and fomites. One prospective cohort study noted ad-
ditional transmission opportunities through viral DNA shedding 
in fecal, urine, and fruit wedge bite samples from both sympto-
matic and clinically normal chimpanzees in the Ivory Coast [33]. 
Patrono et al represented the only investigated instance of 
MPXV transmission between suspected host animals (chimpan-
zees) [17]. The authors studied interactions with infected rodents 
as well as maggots and flesh flies (which primarily feed on urine 
and fecal matter and potentially carry infection) and through 
mutual grooming behaviors within social networks.

Papers have also indicated that certain animals, such as ro-
dents, may play the role of intermediate hosts in the transmission 
of MPXV from one animal to another, before potential transmis-
sion to humans. An important example of animal-to-animal 
transmission with intermediate hosts is the outbreak in the US 
in 2003. Mpox had spread from rodents imported from 
Central Africa to prairie dogs when both species were kept in 
the same warehouse [34–36]. There are also reports of a rabbit 
becoming infected after exposure to a sick prairie dog at a veter-
inary clinic [36].

Other important reports of animal-to-animal transmission of 
MPXV include outbreaks among captive monkeys (Macaca fas-
cicularis) in 1958, 1959, and 1962; in the latter outbreak, almost 
90% of animals kept in the same room as 2 clinically affected 
monkeys were seropositive while only 11% of animals in other 
rooms were seropositive [37]. In a 1964 zoo outbreak, giant ant-
eaters (Myrmecophaga tridactyla) infected Asian orangutans 
(Pongo pygmaeus) that were kept in a nearby enclosure, either 
through aerosol or fomite transmission [37].

Transmission Related to Animal Waste and Wastewater

A single primary study had reported on MPXV transmission via 
animal waste and wastewater. MPXV has been isolated from 
wastewater with possible DNA sources originating from human 
shedding or feces of animals living in sewers [38]. However, 
whether viable, infectious virus was present is not known.

Outcome: Clinical Infection in Animals

Five studies discussed clinical infection of MPXV in animals 
(Supplementary Appendix 4C). Nonhuman primates have 
been observed to have 2 phases of mpox disease similar to hu-
mans: a prodromal phase consisting of a nonspecific febrile 
syndrome, and an eruptive phase characterized by skin lesions 
[39]. The infection characteristics of prairie dogs infected with 
MPXV show an incubation period of 13–24 days with the du-
ration of infection being 4 weeks long [40]. The infection peri-
od in Thomas’s rope squirrels is reported to be 6–8 days, with 
viral shedding lasting up to 25 days afterward [40].

Outcome: Clinical Presentation in Animals

There were 24 included reports that discussed the clinical pre-
sentation of MPXV infection in animals. Common clinical 

presentation in rope squirrels (Funisciurus anerythrus) includ-
ed skin lesions, lethargy, nasal discharge, and respiratory dis-
tress [18, 41], while prairie dogs presented commonly with 
ocular conjunctivitis, lymphadenopathy, skin lesions, and pul-
monary consolidation [6, 27, 42–44]. In primates, common 
clinical presentation included skin lesions, respiratory distress, 
and lymphadenopathy [17, 32, 37, 40, 45, 46]. Clinical signs are 
summarized in Table 4 with more details provided in 
Supplementary Appendix 4D.

Outcomes: Susceptible Animals to the Virus

Forty-six reports identified animal species that were susceptible 
to infection from MPXV (Table 5 and Supplementary 
Appendix 4E). Many ecologic and serological studies have sug-
gested nonhuman primates and rodents (particularly rope and 
tree squirrels, Gambian pouched rats, and dormice) as the most 
common species susceptible to infection from MPXV. Other 
animal species known to be susceptible include opossums, 
hedgehogs, anteaters, elephant shrew, wild pigs, rabbits, and 
coatimundis. The susceptibility of production animals (ie, cat-
tle, sheep, goats, pigs, and poultry) is the least known; however, 
ruminants are susceptible to some other poxviruses (eg, cow-
pox). Last, the susceptibility of domestic pets is unknown. 
Table 5 provides a detailed list of genus and species summa-
rized within this report.

Outcome: Handling of Infected Susceptible Animals

Eleven reports discussed handling procedures for animals in-
fected with MPXV (Supplementary Appendix 4F). A report 
from the WHO has stated that MPXV-infected animals need 
to be immediately quarantined. Specifically, animals potentially 
in contact with infected animals should also be quarantined 
and monitored for mpox signs for 30 days. Wearing personal 
protective equipment (PPE) when handling infected animals 
and tissues is recommended to prevent MPXV transmission 
from animals to humans [52].

The US Centers for Disease Control and Prevention has ad-
vised that sick animals not be released in the wild to prevent an 
enzootic MPXV cycle in local wildlife [53]. Infected animals or 
animals suspected to be infected must be isolated promptly, 
with reverse and positive contact tracing where possible. The 
authors also suggest strict importation limits on wildlife into 
countries to avoid contact with sick animals (especially 
African rodents, marsupials, nonhuman primates) which may 
carry MPXV. Any collected samples from suspected infected 
animals need to be handled with care and with appropriate pro-
tection by trained personnel [54].

In a veterinary or field setting, measures to prevent infection 
of MPXV from infected animals include isolation from other 
humans and the animal’s environment, avoiding feeding them 
directly, isolation of direct contacts of the infected animal(s), 
and environmental disinfection of contacted surfaces [55]. 
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The review by Haddad and Cordevant has advised that veteri-
nary staff should take extra precautions, such as PPE and careful 
disinfection of the animal’s isolation environment [39]. For pre-
sumed low-risk transmissors of MPXV (eg, domestic pet animals 
such as dogs and cats), pet owners should avoid contact with oth-
er animals in the event they suspect mpox-like disease in their 
pets. For high-risk transmissors (eg, rodents), closer monitoring 
is suggested; euthanasia is used as a last resort. Potentially con-
taminated environments from residues from rodents and other 
pets should be properly cleaned and disinfected [50].

DISCUSSION

Since its discovery in 1958, our understanding of the zoonotic 
features of MPXV has significantly envolved. MPXV infection 
was endemic in central and west Africa, with a large outbreak 

also occurring in the US in 2003. Several outbreaks in humans 
in nonendemic countries have occurred in the past 5 years in-
cluding the recent 2022 outbreak that has raised concern re-
garding a global pandemic. To understand the full spectrum 
of mpox disease and its management at the animal–human 
interface, it is essential to know the inter-species and intra- 
species transmission risk of this virus. In this living systematic 
review, we systematically collected evidence on the reservoir, 
transmissibility, clinical infection, and presentation in ani-
mals, susceptible animals, and handling of infected animals.

The findings of this living review corroborated that the natural 
reservoir of MPXV is yet to be confirmed. Outside of Africa, the 
source of infection in the 2003 US outbreak was prairie dogs 
housed alongside Gambian rodents imported from Ghana into 
the US. Operational guidance in low-resource settings has sug-
gested that species lists in local areas can be useful in informing 

Table 4. Clinical Presentations in Specific Susceptible Animals

Susceptible 
Animals Clinical Features

Prairie dogs Reported symptoms: 
• Yellow mucoid discharge in eyelids, watery eyes, blepharitis, ulcer on tongue, ocular discharge, lymphadenopathy, papular skin lesions, 

congestion and nasal discharge, conjunctivitis, lymphadenopathy, fever, cough, lethargy, anorexia, diarrhea, sudden death. Pathological 
changes to the lungs and liver and plaques in the gastrointestinal wall have been detected [6, 18, 26, 27, 37, 39, 45, 47–49]. Signs of 
respiratory disease such as upper respiratory signs, respiratory distress, pulmonary consolidation, enlarged cervical and thoracic lymph 
nodes, pneumonia. Extensive signs in the pulmonary system included microscopic lesions in the lung consisting of fibrinonecrotic 
bronchopneumonia with vasculitis [27, 45, 49].Severity of infection (mortality): 

• While some prairie dogs died, other prairie dogs recovered from infection [48].Identification of virus: 
• Among prairie dogs, evidence of MXPV infection has been detected on the nose, lymph nodes, liver, and other internal organs even 

before the appearance of skin lesions [50].

Rope squirrels Reported symptoms: 
• and high degree of respiratory compromise.Severity of infection (mortality): 
• High mortality (up to 75% in some populations). These findings have been replicated in other comparison studies with another 

suspected reservoir (Gambian pouched rat) [41].

Monkeys Generalized skin eruptions that develop into papules on the trunk, tail, limbs, face, palm, and soles within a week of onset. The papules then 
develop into vesicles and scabs that typically fall off approximately 10 days following the onset of the rash [40, 46, 50]. MPXV infection can 
also present as fever and facial edema in monkeys and apes [36]. Some nonhuman primates have developed severe respiratory signs with 
dyspnea and no skin lesions, or discrete and diffuse lesions and vesiculopustular skin eruptions in the trunk, tail, and limbs within a week of 
onset [39]. MPXV DNA and secondary bacterial infections were also noted in several organs in a fatal MPXV infection in an infant sooty 
mangabey monkey [40]. 

The severity of disease varies with the host species. For example, the disease is mild in cynomolgus monkeys (Macaca cynomolgus), but 
more severe in orangutans (Pongo sp) [46]. During the 1958 outbreak in Denmark among Asian monkeys (Macaca fascicularis), clinical 
signs included vesiculopustular skin eruptions across the body (face, trunk, limbs, tail, palms, and feet soles), which crusted over and 
healed on their own, resulting in scars [37]. In 1959, the first reported mpox cases involved cynomolgus macaques (M fascicularis) who 
presented with poxviral exanthema. Another outbreak occurred in 1959 in the US among cynomolgus and rhesus macaques (Macaca 
mulatta), where 2 manifestations of disease occurred. The first type of disease occurred in M fascicularis, presenting with facial and 
cervical edema, severe breathing difficulties that led to death by asphyxiation, papular eruptions across the body, ulcerative lesions in the 
oral mucosa, cutaneous lesions, and generalized lymphadenopathy. The second type of disease was more common and occurred in both M 
fascicularis and M mulatta, resulting in cutaneous lesions that became pustular and crusted, leaving scars behind all over the body (face, 
hands, feet, hind limbs, and buttocks) and hemorrhagic lesions linked with fatality. During the 1962 US outbreak among 2 M fascicularis 
monkeys, clinical presentation included pox-like eruptions, bloody diarrhea, dyspnea, hemorrhagic ulcerations, and facial and cervical 
edema [37, 43]. Cynomolgus monkeys imported from Singapore have also exhibited vesiculopustular skin eruptions over the entire trunk, 
tail, face, and limbs [16]. Cutaneous rash, varying levels of exanthema, coughing, and severe respiratory distress were also noted in 
chimpanzees in Tai National Park in the Ivory Coast [40, 51].

Various animals During the 1964 outbreak at Rotterdam Zoo, a South American squirrel monkey presented with pox lesions, while owl-faced monkeys 
presented with lesions on the lips. Other animals affected during this outbreak include giant anteaters who presented with skin lesions; 
Asian orangutans with erythema and nasal discharge with lesions on the body, legs, and face; African gorillas and chimpanzees with pox 
lesions; Asian gibbon with vesicles on the limbs, trunk, and face; and a South American common marmoset with red and swollen areas 
around the nose and eyes, as well as face and belly lesions [37].

Dogs A case of an Italian greyhound who tested positive for MPXV, most likely receiving infection from 2 men in the same household, presented 
with mucocutaneous lesions, abdominal pustules, and thin anal ulceration [32, 50].

Abbreviation: MPXV, monkeypox virus.
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risk reduction strategies for animal-to-human transmission. Our 
list of possible reservoirs can assist individual countries to build 
their own list and help to develop preventive strategies to be ap-
plied at the animal-to-human interface.

The transmissibility of MPXV is a topic that has the most 
contemporary relevance. Though evidence has indicated specific 
transmission methods, there remain unknown factors and 
transmission routes that need to be properly investigated and 
accurately documented. For example, reverse zoonosis and the 
zoonotic lifecycle in species in nonendemic countries are 2 areas 
where significant uncertainties exist according to the data 
collected in our review. Despite the importance of reservoir 
species in transmission, studies suggest that the survival of 
MPXV is also affected by environmental conditions and geopo-
litical factors [15, 23, 26]. Hence, future transmissibility re-
search must address these external factors and elements.

Evidence related to infection phases and their duration was 
limited in our review. Very few studies reported on clinical fea-
tures of mpox disease. These data are essential for epidemic 
management and development of appropriate surveillance 
strategies. Our review has presented the clinical manifestations 
of the MPXV infection in certain reservoir animals. However, it 
is important to identify the clinical features in other susceptible 
species. Awareness of the key clinical characteristic of mpox 
will aid clinical detection.

Our review identified a list of animals that may be susceptible 
to MPXV. Many of these species were included in experimental 
studies where animals were artificially injected with the virus. 
Natural infection may differ from that caused by experimenta-
tion; thus, caution should be taken in interpreting these results. 
Studies of natural infection of the virus are required to provide 
more definitive zoonotic features and can be applied to the de-
velopment of infection prevention strategies.

Published reports on handling of MPXV-infected animals indi-
cated specific guidance for both infected animals and those who 
handle them. However, the nonendemic outbreak in 2003 in 
the US and the recent global outbreak in 2022 strongly indicate 
the need for stronger surveillance and management of mpox dis-
ease. These outbreaks may reflect a broader range of zoonotic in-
fections triggering and spreading during the interaction of 
pathogens with the natural environment and human behavior.

Surveillance of mpox is difficult due to limited resources and in-
frastructure, inappropriate diagnostic material, and lack of clinical 
recognition of MPXV infection [15]. The sylvatic component of 
the cycle means eradication is not possible and therefore, preven-
tion becomes paramount [15]. In light of environmental impacts, 
further research to identify and specify the zoonotic characteristics 
of MPXV is necessary to protect those most vulnerable.

Strengths/Limitations

This living systematic review searched, systematically assessed, 
and synthesized a wide variety of evidence sources, including 

both published sources, as well as preprints and grey literature. 
This allowed for a comprehensive examination of the contempo-
rary evidence on zoonotic characteristics of MPXV. Another 
strength was the adherence to high-quality methodological stan-
dards of knowledge synthesis. A protocol was created and posted 
publicly prior to review commencement to ensure transparency 
and consistency of methods between searches and minimize 
the opportunity for biases. Any protocol refinements were explic-
itly documented and justified. Study selection and data extraction 
were done independently and in duplicate or with data audit to 
enhance the reliability and validity of the review process. The 
most striking feature of this review, and its key limitation, is 
the paucity of high-quality evidence from which to make confi-
dent inferences regarding the zoonotic characteristics of MPXV. 
While the inclusion of noncomparative primary studies, non-
empirical documents, and animal-based experimental studies 
expanded the evidence base, these sources were extremely in-
consistent in their methodology and reporting. We were only 
able to formally assess the quality of 10% of included studies, 
and in most assessed studies, the quality was judged to be crit-
ically low. Further research and more transparent reporting are 
needed to resolve uncertainties related to the zoonotic charac-
teristics of MPXV. Of particular note, innovative and rigorous 
investigations such as ecological studies or predictive modeling 
to explore factors associated with MPXV, especially on animal- 
to-animal transmission, spillover events, human-to-human 
transmission, and survivors, are warranted.

CONCLUSIONS

This living systematic review performed a comprehensive synthe-
sis of the zoonotic characteristics of MPXV, including potential 
reservoirs and susceptible species, transmissibility, and clinical 
presentation in nonhuman species. While a large number of eligi-
ble records were included, the overall quality of evidence was 
found to be critically low. This review identified gaps in the cur-
rent zoonotic understanding of MPXV, including the lack of cer-
tainty surrounding the primary reservoir species and the sparsity 
of data on clinical infection and manifestations. Additional high- 
quality empirical research is required to address these gaps and 
confirm the impact of MPXV on animal and human populations.
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