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a b s t r a c t
We explain research gaps on Monkeypox (MPX) virus epidemiology in endemic countries and present
hypotheses for the recent increase of MPX cases in West Africa as a possible explanation for the current epidemic in Europe, America, and Australia. The detection of >400 MPX cases in less than a month
in May 2022, across many countries underscores the epidemic potential of MPX in humans and demonstrates several important research gaps. First, the true burden of MPX in West and Central Africa is poorly
understood, although it is critical for prevention and control of future outbreaks. Second, the diversity and
extent of the animal reservoir remain unknown. We hypothesize that the synanthropic rodent population
has increased in recent years in Africa leading to more human-rodent interactions and thus increased
transmission of MPXV. We further hypothesise that nearly 45 years after the end of routine smallpox vaccination, the larger and more interconnected immune-naïve population has crossed a threshold resulting
in more sustainable human-to-human transmission of MPXV. The current epidemic in the Western World
is possibly a consequence of increased local transmission of MPXV in Africa. A new estimation of the basic and effective reproduction rate (R0 and Re ) in different populations is required. National, regional, and
international collaborations are needed to address research gaps related to MPX outbreaks.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Monkeypox virus (MPXV), a member of the Orthopoxvirus
genus, is endemic to West and Central Africa and can spillover
into human populations from zoonotic hosts. In most cases, however, infection occurs as a result of contact with infected humans (Durski et al. 2018). Following the global eradication of
smallpox virus in the 1970s, MPXV is the most widespread and
pathogenic Orthopoxvirus in humans (Durski et al. 2018). After the
cessation of routine smallpox vaccination, the incidence of monkeypox (MPX) in humans was expected to increase as the loss
of cross-immunity from the smallpox vaccine led to a “vacated
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niche” (Rimoin et al. 2010; Lloyd-Smith 2013). Historically, transmission chains remain small leading to short lasting epidemics
(Fine et al. 1988), however, changes in population immunity may
lead to sustained epidemics with an initial reproductive rate (R0 )
>1 (Grant et al. 2020).
MPXV infection shares many clinical features of the smallpox
virus, but MPX is signiﬁcantly less severe (McCollum and Damon 2014). There are two distinct clades of MPXV: the Congo
Basin clade and the West African clade. The Congo basin clade
is associated with a higher transmission rate and higher case fatality rate (10%). The West African clade is reported as a poor
transmitter between humans and has a low case-fatality rate
(<1%) (Likos et al. 2005). The effectiveness of smallpox vaccine
in preventing monkeypox in humans is estimated to be about
85%, with some evidence towards the eﬃcacy of ring vaccination to prevent transmission chains (Z Jezek and Fenner 1988;
Petersen et al. 2019a). Person-to-person transmission occurs via
droplet infection and contact with lesions containing replicating viruses. The incidence of MPXV in West Africa has increased
at least 20-fold since 1986 through increased human population
susceptibility following the end of routine smallpox vaccination
(Petersen et al. 2019b).
Mathematical models developed in the 1980’s suggested that
MPXV infection would lead to self-terminating epidemics in
the human population under conditions of complete absence of
vaccine-induced immunity as the estimated reproductive number
was less than 1 (R0 = 0.83) (Fine et al. 1988; Lloyd-Smith 2013).
However, these assumptions need to be reconsidered for a number of reasons including; i) a larger proportion of people are now
naïve to Orthopoxvirus than in the 1980s, ii) both urban and rural human populations are much larger, denser and interconnected,
iii) rapid agriculturalization and increasing food storage in villages
and towns has led to an increase in synanthropic rodent populations, iv) adaptation of rodents and other animals to urban settings in Africa with increased host interactions (Albery et al. 2022),
v) lack of knowledge regarding the deﬁnitive reservoir, vi) diagnostics, reporting systems and contact tracing have improved in
Africa, allowing detection of more cases and the possibility to derive epidemiological parameters (Kapata et al. 2020; Elton et al.
2021).
A number of countries have recently reported imported MPX
cases following recent travel to sub-Saharan Africa (SSA) including
the UK in 2018, 2019, 2021, and 2022, Israel in 2018, and Singapore
in 2019 (Ng et al. 2019; Mauldin et al., 2020). The CDC also conﬁrmed detection of MPX cases in USA in a patient in July 2021 and
November 2021 (CDC 2022). All the above human imported cases
were identiﬁed as being caused by the West African clade of MPXV
with travel links to Nigeria (Alakunle et al. 2020). Our objective
was to explain research gaps on MPXV in endemic countries and
present hypotheses for the recent increase of MPX cases in West
Africa as a possible explanation for current MPXV epidemic in the
Western world.

cases identiﬁed themselves as gay or bisexual, and other men who
have sex with men (GBMSM) (Global Health 2022). No mortality
recorded as of 24th May 2022. The sex of 138 cases is known and
137 of them are male, 1 female (Global Health 2022). The ages
of 87 individuals are known and 86 of them are below 50 years,
with the majority in the age group 20-40 years (Global Health
2022). Sequencing of the patient’s ﬁrst isolate from Portugal collected on 4th May 2022 and subsequently from Germany, the USA
and Belgium suggest genetic relatedness of the MXPV isolate to
individuals who travelled from Nigeria and is consistent with a
West African origin (Nextstrain, 2022; Isidro et al. 2022; Mauldin
et al. 2020). There is very little evidence of microevolution in these
outbreak clusters, and this warrants detailed investigation to hypothesize any patterns of human-to-human transmission mediated
by these identiﬁed genomes from the 2022 outbreak (Nextstrain,
2022).
The identiﬁcation of MPX cases in multiple countries in the absence of direct travel links to an endemic region is suggestive of
either multiple exportations from an endemic region with subsequent unrecognised local chains of transmission or a single exported to a non-endemic region where a substantial transmission
event occurred that then led to subsequent importation of cases
into reporting countries from this transmission event. The Gay
Pride Maspalomas festival based in the Canary Island, Spain organized between 5th -15th May 2022 supported the gathering of approximately 80,0 0 0 attendants (predominantly GBMSM) from different parts of the world (GÜELL 2022). Mass gatherings, such as
these, increase contact rates among individuals who may be infectious with transmissible pathogens such as MPX. High contact
rates between individuals could play a role in spreading viruses
such as MPX (Zumla et al. 2022). There is currently no independent evidence of transmission within this event and epidemiological and phylogenetic linkage to individual events can be challenging to verify. Nonetheless, the rapid spread of MPX cases were
probably favoured by a return to normal social interactions because
of easing of lockdown and travel restrictions following relaxation
of COVID-19 policies.
MPX case burden in Sub-Saharan Africa: the tip of the iceberg
Nigeria reported the ﬁrst case of MPXV in 1971 with no cases
being formally reported between 1978 and 2017. Since 2017 outbreaks of MPX, are reported annually (Fig 1). The number of conﬁrmed cases likely represents a small proportion of the true number of infections, due to lack of testing, cases not meeting healthcare services and incomplete reporting practices. Between 1st January 2017 and 30th April 2022, the Nigeria CDC has reported a total of 558 suspected MPX cases; 241 (43%) conﬁrmed cases with 8
deaths giving an estimated case-fatality rate of 3.3% (NCDC 2022).
Among conﬁrmed cases, males (69%) and young adults ≤ 40 years
old (84%) are over-represented (NCDC 2022).
Accurate ascertainment of incidence of infection in endemic regions requires targeted surveillance studies which may also provide insight into the likely source of infection. One potential indicator of the scale of under-ascertainment within the endemic area
is through observation of exported cases or test-positivity rates
(Mauldin et al., 2020; Meslé et al. 2022). MPX cases have been detected in the UK in 2018 (Petersen et al. 2019b), 2019, 2021, and
2022 (UKHSA 2022) in individuals travelling from Nigeria. These
exported cases suggest substantial local epidemics, with 49 cases
being reported in 2018, 47 cases in 2019, 7 cases in 2021, and 111
as of 8th May in 2022 (NCDC 2022; WHO Africa 2022). Modelling
studies of another endemic zoonosis, Lassa fever, which has also
been detected as exported cases, predicted that 30% of simulated
outbreaks would result in the exportation of one or more cases internationally (Tuite et al. 2019). This suggests that for a case to be

MPX epidemic in Europe, America, and Australia in 2022
On 7th May 2022, the UK Health Security Agency (UKHSA) reported detection of a human case of MPX in a returning traveller
from Nigeria (UKHSA 2022). On 14th May 2022, two additional
cases living in the same household in London and unrelated to the
case reported on 7th May were conﬁrmed with MPXV. Neither of
them had a travel history to West or Central Africa. Subsequently,
in the next two weeks UKHSA reported 15 additional cases, totalling to 20 cases. By 24th May 2022, at least 21 other countries
reported > 270 MPX cases (178 conﬁrmed and 92 suspected cases)
with Spain (n=102), the UK (n=71) and Portugal (n=37) leading
current case count. (Global Health 2022). A large proportion of
108
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Fig 1. Choropleth maps displaying number of monkeypox cases reported by Nigerian Centre for Diseases Control and Prevention by states (n=37) for years 2017 to 2022 (up
to 30th April 2022). Detection of monkeypox cases has expanded from South to North during this period.
Table 1
List of animals frequently detected with monkeypox virus from Sub-Saharan African countries
Animals (Species/ genus)
Virus isolation
Rope squirrel
Sooty mangabey
Antibody detected
Small mammals
Rope squirrel
Giant pouched rats
Sun squirrels
Elephant shrews
Domestic pigs
African dormouse
Rusty-nosed rat
Non-human primates (NHP)
NHP
NHP

Scientiﬁc name

Country

References

Funisciurus anerythrus
Cercocebus atys

Democratic Republic of Congo (DRC)
Cote d’Ivoire

(Khodakevich et al. 1986)
(Radonić et al. 2014)

Funisciurus anerythrus
Cricetomys emini
Heliociurus spp
Petrodromus tetradactylus
Sus scrofa
Graphiurus lorraineus
Oenomys hypoxanthus

DRC, Ghana,
Ghana, DRC
Ghana
DRC
DRC

(Reynolds et al. 2010; Doty et al. 2017; Durski et al. 2018)
(Reynolds et al. 2010; Doty et al. 2017)
(Reynolds et al. 2010; Doty et al. 2017)
(Hutin et al. 2001)
(Hutin et al. 2001)
(Doty et al. 2017)
(Doty et al. 2017)

Cerocopithecus spp
Colobus spp

(Breman et al. 1977)
(Breman et al. 1977)

exported a substantial outbreak must be ongoing within the origin
country.
Several countries in SSA are currently reporting ongoing outbreaks of MPXV to the World Health Organisation (WHO). From
the 1st Jan up to 8th May 2022, the Democratic Republic of Congo
(DRC) have reported a total of 10,459 suspected MPX cases and 360
deaths (estimated CFR as 3.4%), Cameroon has reported 25 cases
and 3 deaths (CFR 8%), Central African Republic reported 6 cases
and 2 deaths (CFR 33.3%) (WHO Africa 2022). In 2021 (1st Jan – 31
Dec) 9,175 cases with 308 deaths (CFR: 3.4%) were reported from
DRC (WHO Africa 2021). Although details are not known from the
weekly bulletin, an unusually high CFR suggests possible missing
reporting of cases in the endemic countries.

on only two occasions, once from a rope squirrel (Funisciurus.
anerythrus) and once from a sooty mangabey (Cercocebus atys)
(Khodakevich et al. 1986; Radonić et al. 2014). The squirrel was
killed by a local hunter in the Democratic Republic of Congo and
was symptomatic with pox-like lesions present, while the sooty
mangabey was found dead with pox-like lesions in Tai National
Park, Côte d’Ivoire (Khodakevich et al. 1986; Radonić et al. 2014).
The deﬁnite reservoir species of MPXV remains unknown.
The impact of ongoing land-use change in West Africa, and
Nigeria in particular, may change the hazard of MPX spillover
events into human populations from infected hosts through modiﬁcation of host distribution and abundance (Nguyen et al. 2021).
Identiﬁcation of competent (synanthropic) host species is therefore vital to understanding the association of urbanisation, and
modiﬁed human-animal contact matrices on epidemic risk. For example, prior estimates of the reproductive rate of human MPX
following spillover are sensitive to the communities in which
the events occur (i.e. rural, peri-urban inhabitants) and to local
contact-matrices. Limited information on which species are competent hosts of MPXV hinders understanding of the impact of land

Animal reservoirs
Acute MPXV infection and positive serology have been detected in several animal species including non-human primates
and small mammals (Table 1). Despite increasing evidence of acute
or prior infection, MPXV has been isolated from wild animals
109
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use and host distribution changes on the hazard of MPXV spillover.
It is also feasible that the increasing scale of human MPX epidemics is an artefact of sustained transmission within increasingly susceptible, more connected and growing human populations, with spillover from animals occurring at low but constant
rates (Thomassen et al. 2013).

Conclusions
The 2022 European, American and Australian clusters of MPX
cases are possibly results of importation of MPXV from West Africa
where an increased transmission is facilitated by multiple factors including increased synanthropic rodent population, or species
composition, and adaptation of rodents to human settings and declining population immunity from smallpox vaccines. The global
spreading was possibly facilitated by the mass gathering of a pride
festival celebrated in Europe in early May. The COVID-19 pandemic
might have worsened food security forcing many people to depend on hunted meat as a source of protein. While the true contribution of each factor is unknown, these hypotheses need careful
examination in order to reduce MPXV transmission. A key gap in
our knowledge is the diversity and extent of the animal reservoir.
The 2022 epidemic MPX cases among GBMSM raise further concern about sustainable human-to-human transmission among the
risk group. A new estimation of the basic reproduction rate (R0 )
and effective reproduction rate (Re ) in different populations is required. Finally, the recent detection of MPX cases outside Africa
indicate the importance of One Health research to limit, control
and/or eradicate the infectious diseases at it’s source. National, regional, and international collaborations are needed to address research gaps associated with MPXV.

Hypothesis on possible increase MPX cases
One hypothesis for the recent increase of MPX cases in SSA
is associated with increased interaction between rodents and human due to increase of synanthropic rodent population, possible
expanding of zoonotic reservoir, adaptation of rodents and other
animals to urban settings (Albery et al. 2022). Pathogen sharing between newly sympatric host species, altered species assemblages, and/or increased rodent densities amongst synanthropic
rodent populations may have led to a rise in potential spillover
events of MPXV into human populations (Ademola et al. 2021)
. Changing land-use, urbanisation, agricultural intensiﬁcation, and
increased human density lead to more human-rodent interactions (Morand and Lajaunie 2020) and may have been exacerbated by the COVID-19 pandemic. The World Bank forecasts
that an additional 11 million Nigerians will enter poverty as a
cause of the COVID-19 pandemic (World Bank 2021). National
lockdowns, rising food prices and a prolonged economic downturn has resulted in devastating impact on informal workers, and
those living in insecure communities (Human Right Watch 2021).
This forced people to look for alternative protein sources, which
resulted in increased consumption of hunted and wild animal
meat.
Our second hypothesis is that the global population naïve to
smallpox infection and/or vaccine has increased signiﬁcantly since
cessation of routine smallpox vaccination in 1978 and a threshold has been crossed where now sustainable human-to-human
transmission of MPXV is observed. For example, in Nigeria by
2016, only 10.1% of the total population was vaccinated against
smallpox, among which 25.7% had detectable serologic immunity,
compared to 2.6% in the overall population (Nguyen et al. 2021).
Since the 1980s, the rural and urban population structure has
dramatically changed with people living at much higher densities in both rural and urban areas with greater connectivity between communities and increased contact rates locally, regionally, and internationally. For example, compared to 1980, international airﬂight has increased by 190%, and passengers travelling internationally increased by 460% in 2019 (International Energy Agency 2022). The current epidemic in the Western World is
possibly a consequence of increased local transmission of MPXV in
Africa.
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