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Abstract
Zoonotic emergence requires spillover from animals to humans, hence animal-human in-
teractions. A lot has been emphasized on human intrusion into wild habitats (e.g., defor-
estation, hunting) and the development of agricultural and farming activities. However,
the highly human-modified urban and peri-urban socio-ecosystems are also of great con-
cern due to huge amounts of pet, domesticated and wild animals (e.g., birds, rodents and
bats) that live in very close contact to very dense human populations. This adds to the
existence of wet wildlife markets, urban parks and wastelands, zoos and even labs, where
spillover from wildlife to humans may also occur. Furthermore, cities are transport hubs
that form hotspots of import/export of living resources including animals, thus potentially
promoting rapid and wide-scale spread of reservoir and vectors, hence pathogens, as
well as pathogen admixture through viral recombination or bacterial plasmid exchanges.
Finally, cities are deeply modified environments where living organisms, including reser-
voirs, vectors and pathogens, undergo strong selective pressures, thus opening the gate
to evolutionary novelties, hence potential new infectious threats. As such, we believe ur-
ban socio-ecosystems should be paidmore attention in terms of drivers of zoonotic emer-
gence in humans needing adapted surveillance and mitigation. Accordingly, we propose
and discuss several avenues of research and examples of actions that could be tested or
generalized (e.g., focus on hotspots of emergence risks like informal settlements, wetmar-
kets or transport hubs; development of participative surveillance programs; shift towards
inter-sectoral academic courses; massive investment into education and community in-
formation) in order to operationalize effective zoonotic surveillance. We advocate that
this would allow ones to add emergence-preventive and early warning to usual outbreaks
response strategies, thus significantly improving our collective ability to prevent zoonotic
emergence and subsequent pandemics.
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Introduction 

During the last decades, (re)emergence of zoonotic pathogens have led to an increasing number of 
human epidemics, the current Covid-19 pandemics being the most recent illustration. An important 
amount of observational studies as well as meta-analyses of the available scientific literature clearly point 
towards the association of human footprints on nature with animal-to-human spillover of infectious agents 
(e.g., Wolfe et al., 2005; Plowright et al., 2011; Jones et al., 2013; Gottdenker et al., 2014; Johnson et al., 
2020; White & Razgour, 2020). In particular, wildlife hunting and consumption, encroachment into pristine 
areas, deforestation and land-use switches towards agricultural land as well as industrial livestock farming 
have been associated with the emergence of highly deleterious diseases such as plague, Human 
Immunodeficiency Virus (HIV), Ebola, Nipah, influenza, Severe Respiratory Acute Syndrome (SARS), Middle-
East Respiratory Syndrome (MERS) and possibly Severe Respiratory Acute Syndrome Coronavirus 2 (SARS-
Cov-2).  

Although urbanization has also been identified as a possible factor for zoonotic spillover (e.g., Santiago-
Alarcon & MacGregor-Fors, 2020; Muloi et al., 2022) and amplification of some human epidemics (e.g., 
Olival et al., 2017), much research and calls-for-action have rather focused on the importance of 
surveillance and prevention of zoonotic emergences along landscapes interfaces, with special emphasis on 
tropical forests (Wolfe et al., 2005; Guégan et al., 2019) and agricultural and farming industries (Jones et 
al., 2013). We of course fully agree with these recommendations. However, several of them failed to 
include cities as of potential importance for zoonotic emergence in humans per se (e.g., see Table 1 in the 
seminal paper of Jones et al., 2013; Kreuder-Johnson et al., 2015; Dobson et al., 2020; see also the very 
limited place given to infectious diseases in the recent review of urban-associated diseases by Flies et al., 
2019). Yet, despite existing studies on urban-associated zoonoses (see examples below), we believe that 
further attention should be paid to urban, peri-urban and sub-urban areas where massive though not fully 
evaluated contacts between wildlife, domestic animal and inhabitants occur on a daily basis. Cities are also 
expected to be efficient incubators of evolutionary novelties. Such a situation is probably extremely 
favorable to repeated chains of already known or still unknown microbe transmission, thus opening the 
gate for spillover events and potential adaptation of some pathogens to human-to-human transmission, 
hence (re)emergence and large subsequent epidemics and pandemics. 

Cities as the most important human habitat 

Urbanization is not a recent phenomenon. Large cities have existed in the past, and their development 
has been associated with wide-scale zoonotic epidemics (Moore, 2020). During the last century, 
urbanization has accelerated and, for the first time in human History, more than half of humanity now lives 
in cities, with Asia and Africa being currently the most urbanizing continents (UN Habitat, 2019) (Fig. 1 A-
B). In the last twenty years (2001-2018), built-up areas (BUA) have been increasing by 5,300,000 km² (i.e., 
more than 1,100 standard soccer fields per day) with 9 out of the 10 countries showing the highest BUA 
expansion being of low- or middle-income ones (Sun et al., 2020). During the same period, 22 large cities 
(i.e., >100km²) have displayed population growth of more than 2 million inhabitants, with 15, 5 and 1 of 
them in Asia, Africa and South America, respectively (Sun et al., 2020) (Fig. 1 C-F). In most high-income 
countries, anticipated and supervised urban planning usually translates into regular sanitation devices, thus 
allowing for a proper management of garbage and sewage. Unfortunately, in urban settings from some 
low- and middle-income regions, urbanization goes faster than authorities’ actions and resources 
allocation, thus leading to the creation and sprawling of wide, precarious and often informal urban 
settlements (UN Habitat, 2019). As such, millions of urban and peri-urban dwellers live within unhealthy 
areas characterized by waste accumulation, persistent standing waters, absence of drinkable water and 
electricity supply, lack of education and health services (Firdaus, 2012). In 2018, an estimate of 4.2 billion 
people were urban dwellers, with 20-25% (up to >60% in Africa) of them living in informal settlements (UN 
Habitat, 2019).  

Thus, urban habitats must be considered as the most important environment of human life, at least for 
the century to come, since 6.7 billion human beings are expected to live in cities by 2050 (UN Habitat, 
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2019). Some scholars even argue that urbanization and its developing peripheral forms (e.g. ex-
urbanization, sub-urbanization) influences the fate of most non-urban areas, far beyond the sole core cities 
(see the concept of “extended urbanization”; Tzaninis et al., 2021). Due to this matter of fact as well as the 
obviously radical environmental changes, hence strong selective pressures, that urbanization puts on 
biodiversity, urban evolutionary ecology has recently received an important renewal of interest (Alberti, 
2015; Rivkin et al., 2018; Alberti et al., 2020; Verrelli et al., 2022). However, it may be that some kind of 
academic European and North American leadership in the field induces a Northern hemisphere-biased 
perception (e.g., Parsons et al., 2017, 2020; Alberti et al., 2020; see Box 2 in Verrelli et al., 2022 showing 
strong under-representation of Global South researchers in urban evolutionary ecology; see Gandy, 2021 
for an emphasis on urban health ecology), and so a very partial view of what animal-human interactions 
within cities may include. This is especially critical since near 90% of extant urbanization takes place in the 
tropics, essentially in Asia and Africa (UN Habitat, 2019). 

Also, cities are sometimes perceived as places of improved health following the existence of sanitation 
systems, the concentration of health services offer as well as more diversified and abundant food supply. 
However, such shortcut view fails to take into account the frequent and deep spatial and/or socio-
economic inequalities which may be source of strong infectious risks, and may obscure the obvious needs 
of a broader comprehension of what urbanization may represent in terms of health (Ahmed et al., 2019; 
Santiago-Alarcon & MacGregor-Fors, 2020). As an example, when one comes to infectious diseases and 
emergence risks, cities are places of millions of animal / human interactions which, by essence, are of major 
concern. 

 

 

 
Figure 1: Changes in rural (A) and urban (B) population size from 1960 to 2050 (note the sharp 

increase in urban population in tropical regions) and in the number and size of large cities from (C) 1950, 
(D) 1975, (E) 2000 and (F) 2025  (data from the World Bank, 

https://databank.worldbank.org/source/world-development-indicators) 
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Cities as places for millions of close animal-human interactions 

Animals such as mammals and birds are intuitively associated with natural habitats, remote and/or 
protected areas that remain almost free of human disturbance. Yet, urban and peri-urban habitats, though 
deeply modified and densely populated by people, may shelter a wide spectrum of biodiversity, including 
livestock and poultry (Fig. 2). This is particularly true in “extended cities” of low- and middle-income 
countries, many of which lie in the intertropical zone and encompass wide zones or urban, peri-urban, sub-
urban (i.e., peripheral but developing independently of the core city) and ex-urban (i.e., peripheral zones 
dedicated to human activities such as trade centers, airports, etc … that densify and finally sprawl) areas 
(Connolly et al., 2021). 

Pet and domestic animals 
Animal pets that may move around (such as dogs or cats) are plentiful in human settlements, including 

cities, and may play a major role in some diseases’ ecology (e.g., Munide et al., 2021). For instance, felids 
are the definitive host of Toxoplasma gondii; expectedly, free-living cats play a major role in the spreading 
of this highly human prevalent parasite within cities (e.g., in Brazil, 40% of Sao Paulo cats seropositive; 
Mereiles et al., 2004). Stray dogs may reach very large numbers in some urban and peri-urban areas, thus 
sometimes greatly contributing to rabies virus circulation and transmission within cities (e.g., Tenzin et al., 
2015; Castillo-Neyra et al., 2017). In addition, many urban dwellers in Africa, South America or Asia keep 
domestic animals such as cattle, pigs, goats, sheep, rabbits, poultries or pigeons in their households where 
they represent crucial food and economic resources. For instance, 56.6% of households in Banjul, Gambia, 
shelter poultry, while 47% of households in Dakar, Senegal, have small ruminants (Wilson, 2018). In Nairobi, 
Kenya, livestock is estimated to be over 1.3 million individuals: small-scale breeders represent 50-80% of 
cattle owners and are especially numerous in the informal settlements, with the latter harboring 5% of 
dairy animals of the urban sub-counties. There, infrastructures are described as “poor and dirty” while 
many inhabitants even declare to share their house with their cattle (Alarcon et al., 2017). Free-range 
scavenging throughout insalubrious areas such as dumping sites, backyard slaughtering as well as outdoor 
left-over of dead animals also contribute to poor hygienic conditions (Alarcon et al., 2017). As an example, 
Kenyan urban farmers may sell poultry carcasses to pig farmers when massive deaths occur (Alarcon et al., 
2017). Such practices are of course risky since domestic animals have been shown to play a central role in 
known human-mammal-virus associations network (Wells et al., 2019) and to share the highest number of 
viruses with our species (Johnson et al., 2020). As an example, pigs and poultry are well known domestic 
animals which may be influenza virus-amplifying bridge species that favor transmission to human 
(reviewed in Chan et al., 2013). Poultry and livestock play an important role in E. coli population structure 
at the household level across Nairobi, and inhabitants in direct contact with them had higher chance to 
share the same E. coli isolates, thus pointing towards livestock involvement in human transmission (Muloi 
et al., 2022). 

Wild animals including bats and rodents 
Although this does not seem to translate into a higher relative number of zoonotic pathogens found in 

urban mammals, a recent meta-analysis suggests that wild urban-adapted mammal species tend to shelter 
an overall higher pathogen richness than their non-urban counterparts (Albery et al., 2021). Wild 
mammals, which were suggested as the source of transmission to humans of 86 (out of 95; 91%) zoonotic 
viruses (Kreuder-Johnson et al., 2015), are numerous in cities (Soulsbury & White, 2015). First, some cities 
sprawl directly into wild environments, thus favoring wildlife urban foraging. For instance, small but also 
very large South American or African cities develop through direct encroachment of tropical forests (e.g. 
Rio de Janeiro, Sao Paolo, Iquitos in South America; Franceville in Africa) and their fringes may be visited 
by a wide range of free-ranging wild animals. Many records (e.g., Barkham, 2017) demonstrate that 
sometimes large and unexpected animals regularly visit peri-urban zones, when not core cities: foxes in 
Europe, coyotes and mountain lions in North America, leopards in India, hyenas in Ethiopia, raccoons, 
elephants, monkeys, wild boars, etc. The list could be long and may reflect a growing phenomenon, i.e. 
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wildlife being constrained to cope with urban sprawling and/or taking advantage of easily accessible and 
abundant food resources through human-provide food or dumping sites (e.g., Newsome et al., 2015; see 
also Reed & Bonter, 2018 for a study on increased mammalian abundance on supplemented sites). This 
could have important consequences in terms of infectious diseases ecology. For instance, sub-urban 
residential habitats may provide increased food resources, thus fueling white-tailed deer densities, a 
keystone host for ticks that transmit borreliosis in the US (Diuk-Wasser et al., 2020). Raccoons, reservoirs 
for rabies virus, also display great eco-ethological adaptation to contrasted urban landscapes and resource 
availability levels, thus allowing them to occur throughout some North American cities (Gross et al., 2012). 
Second, some species (or populations of some species) have even adapted further and evolved a fully urban 
lifestyle; this includes a wide range of bird and mammal species. The latter are usually generalist, rapidly 
reproducing and highly adaptable species (Santini et al., 2019) which can proliferate and reach particularly 
elevated densities within urbanized environments (e.g., Moller et al., 2012; Tait et al., 2016). Among them, 
two taxonomic groups may be particularly critical for the zoonotic emergence risks, namely rodents and 
bats, whose urban communities may display very high densities and very large population size that are 
expected to greatly favor pathogen transmission (Lloyd-Smith et al., 2005).   

Many studies have identified bats as major potential sources of zoonotic pathogens, especially RNA 
viruses (e.g., Olival et al., 2017; Nieto-Rabiela et al., 2019; Wells et al., 2019; reviewed in Hayman, 2016). 
Bats are usual urban dwelling mammals, including in large metropoles. In a meta-analysis, a (probably 
underestimated) total of 84 bat species were identified in Brazilian cities, 70% of which may roost (and 12% 
roosting exclusively) within human infrastructures, and at least 32.1% of which harbored zoonotic 
pathogens (Nunes et al., 2017). In many tropical towns, thousands of bats gather in trees that stand along 
streets, above houses, markets and squares where millions of people live and work every day (Ayivor et 
al., 2017). Among other species, the straw-coloured fruit bat (Eidolon helvum) is known to shelter several 
zoonotic viral lineages (e.g. Paramyxoviruses: Baker et al., 2013; Rotavirus: Esona et al., 2010; Lyssaviruses: 
Suu-Ire et al., 2017; Ebolaviruses: De Nys et al., 2018). The species was found to form one single continental 
Africa-wide panmictic population (Peel et al., 2013). This suggests that viral transmission could be 
facilitated across its whole geographical range (as supported by similar virus seroprevalence values 
observed in West, Central and East Africa; Peel et al., 2013) which encompasses many tropical African 
cities, including very large metropoles where colonies routinely reach several thousand individuals (Peel et 
al., 2016). In Eastern Australian cities, fruit bats of the Pteropus genus may form roosts of several thousands 
of individuals. While globally decreasing in Eastern Australia, the flying-foxes populations show a shift 
towards more urban lifestyle, thus increasing conflicts with humans (Westcott et al., 2015) and spillover of 
Hendra paramyxoviruses (Plowright et al., 2011). In addition, maybe unexpectedly, direct contacts 
between wild bats and human may not be rare within cities. As an example, 31 cases of human injuries due 
to bats were reported in the heart of Salvador, Brazil, between 2012 and 2015 (Santos et al., 2019), thus 
reflecting a poorly documented but potentially important source of spillover of bat-borne pathogens to 
humans. The West African Ebola epidemics, that affected >28,000 and killed >11,000 persons between 
2013 and 2015, most probably started in a kid playing in close proximity to a tree that sheltered 
insectivorous bats (Mari-Saez et al., 2015). Though unknown, we suspect that such promiscuity-mediated 
bat-to-human transmission of RNA viruses occurences may be quite high in many urban settlements in the 
world. 

Although viral network analyses often identify bats as major sources of zoonotic viruses, especially RNA 
viruses (Nieto-Rabiela et al., 2019; Wells et al., 2019; Johnson et al., 2020), a higher proportion of zoonotic 
viruses are found in rodents than in bats (Nieto-Rabiela et al., 2019). The former ones are known to be 
reservoirs for a wide panel of known zoonotic pathogens (reviewed in Meerburg et al., 2009), with 400 
million human infections by pathogens whose ecology involve rodents each year (Colombe et al., 2019). A 
very recent study on 50 zoonotic viruses ranked rodent-specific Lassa Mammarenavirus and Seoul 
Orthohantavirus as the first and fourth biggest risks of animal-to-human viral spill-over (Grange et al., 
2021). Though representing only a limited fraction of global rodent specific diversity, the urban-adapted 
rodent species were recently demonstrated to share significantly more pathogens and parasites with 
humans than their non-urban counterparts (Gibb et al., 2020). Urban rodent assemblages are usually 
simplified and dominated by highly competitive, often invasive species, such as rats and mice that may 
replace native taxa within core cities (e.g. Dalecky et al., 2014; Garba et al., 2014b; Hima et al., 2019; 
Blasdell et al., 2022). They also consist in particularly competent species (Gibb et al., 2020). For instance, 
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Norway rats from New York were found to shelter an important viral diversity, including many undescribed 
viruses that belong to genera pathogenic for humans (e.g., Firth et al., 2014). In a similar manner, black 
rats are abundant in central Kuching, Malaysia, and host a wide panel of zoonotic pathogens, especially 
pathogens with environmental transmission (Blasdell et al., 2022). Among existing rodent-borne diseases 
with possible shifts to human-to-human transmission, the recent plague epidemics in Madagascar also 
reminds us about the risk associated with this deadly bacterial disease, especially in large and overcrowded 
urban areas (e.g., Majunga: Boisier et al., 1997; Antananarivo: Randremanana et al., 2019). Lassa 
hemorrhagic fever is usually considered as a rural disease, but its rodent reservoir, Mastomys natalensis, 
is widespread in many African cities (e.g. Garba et al., 2014b) where it may display quite high prevalence 
(e.g. close to 23.3% in N’Zerekore, Guinea; Karan et al., 2019). Although the ‘historical strain’ of SARS-CoV-
2 was poorly infective in mice and rats due to its poor ability to bind to the murine ACE2 cellular receptor, 
some very recent pieces of evidence suggest that laboratory mice may be able to replicate some of its 
variants (at least the B.1.1.7 and other N501Y-carrying ones) in their lungs at high levels, suggesting that 
SARS-CoV-2 evolution may occur in commensal rodents as secondary hosts with potential subsequent spill-
back to humans (Shuai et al., 2021; see also Wei et al., 2021 for a similar scenario involving the Omicron 
variant). Urban rodents were also shown to be important reservoirs for a wide panel of parasites: for 
instance, 15.3% of Durban rodents carry Angiostrongylus cantonensis (Archer et al., 2017); in Kuala 
Lumpur, 28.4% of rats are infected by Hymenolepis nana (Mohd Zaïn et al., 2012) while up to 94% of H. 
diminuta prevalence was observed in rats from some Ibadan areas, Nigeria (Akinbodae et al., 1981). Worms 
are not necessarily emerging pathogens, but they are under-documented though massively infecting urban 
human dwellers (Jariwala et al., 2017) and they are expected to remain a major public health issue in cities 
where rodents and humans coexist in high numbers. The absolute numbers of rats and mice in the different 
cities of the world remain astonishingly unknown, but they are obviously millions in many of them. In 
Chicago, the Bureau of Rodent Control of Chicago, USA, registered between 35,000 and 49,000 rodent-
associated complaints per year between 2008 and 2017 (Murray et al., 2018). In only five boroughs of New 
York City, USA, 514 rodent bites were reported to the Department of Health in less than four years (Childs 
et al., 1998). Exceptionally high numbers of rat-seeing regularly trigger public reactions and subsequent 
press releases in most European and North American cities, thus reflecting the abundance of rodents in 
these urban settlements. Yet, in most of them, underground sewers provide some kind of physical 
separation between rats and human beings, thus probably greatly limiting direct human / rodent contacts. 
Unfortunately, in many low- or middle-income countries, sanitation system are lacking or very poorly 
developed, and when they do exist, they often consist in large open sewers. In informal settlements, 
garbage management is very limited or inexistent, thus providing omnipresent, sustainable and open-air 
food resources for rodents all year long. As a direct consequence, rats, mice and other commensal rodents 
are plentiful in most poor urban settings, especially informal ones, where they regularly forage in close 
contact with people, and even nest inside houses. For instance, in the Pau da Lima favela, Salvador, Brazil, 
109 out of 185 (59%) of households are infested by Norway rats (Costa et al., 2014). In Luang Prabang, Lao 
DR, 61.5% of interviewed inhabitants declared rodent sighting indoor within the week preceding the survey 
(Promkerd et al., 2008). During a two year-long study in Cotonou, Benin, small mammals were trapped in 
91.8% of the investigated households (Dossou, Houéménou & Dobigny, unpublished results). In Niamey, 
Niger, rodents were trapped in 125 out of the 170 households investigated (73.5%), while rodent-
associated issues were reported in 164 of them (96.5%) by the inhabitants (Garba et al., 2014a). In the 
same survey, 5% of interviewed inhabitants declared to have been bitten by wild rodents at least once at 
home (Garba et al., 2014a). In Osogbo, capital of Osun State in SW Nigeria where Lassa fever occurs each 
year, 55.4% of 500 informal settlements inhabitants declare seeing rodents moving around freely in their 
own houses, with 43.3% having observed at least one rodent in their home within the last 24 hours before 
the interview, and 20.2% having already eaten wild rats (Olalekan, 2015).  

Altogether, these studies illustrate how abundant pathogen-carrying wildlife, especially small flying and 
terrestrial mammals, may be in cities where human density reaches its maximum. This sets the scene for 
billions of everyday wildlife-human interactions, hence spill-over opportunities (Fig. 2). 
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Figure 2: Graphical summary of the main hypothetical trends in terms of animal-human interaction 
and zoonotic processes that we believe are expected along a rural-urban gradient. 

Captive animals, wildlife meat and wildlife meat markets 
Kreuder-Johnson et al. (2015) pointed towards the risk of viral emergence in places where 

taxonomically diverse mammal species coexist in close promiscuity and where trans-species transmission 
is plausible. They mainly quoted such risks in zoos, labs -that usually lie within cities- as well as wildlife 
meat markets. Relying on current data of two viruses that display only rodent-to-human transmission in 
nature, namely the Lymphocytic Chorio-Meningitis Mammarenavirus and the Seoul Orthohantavirus, 
Childs et al. (2019) alerted on the importance of pet-, lab- and even transplant-associated risks of zoonotic 
viral spillover. Accidental human contaminations within research laboratories where infectious agents are 
investigated and manipulated are not infrequent (Peng et al., 2018), with 100-275 potential releases of 
pathogen each year in the US (Kaiser, 2014). Famous examples of lab-escapees or wrong uses include 
agents of SARS (Normile, 2004), anthrax, small pox, flu, etc (Owens, 2014). Among other hypotheses, a lab-
escapee as a possible origin for the ongoing Covid-19 pandemics remains to be fully addressed (Harrison & 
Sachs, 2022). 

Manipulation and consumption of wildlife meat have also been identified as a major risk for zoonotic 
spillovers (Wolfe et al., 2005; Katani et al., 2019), with wildlife markets being identified as potential 
spillover hotspots due to numerous interspecific contacts and poor sanitary and hygienic conditions (e.g., 
Saylors et al., 2021). Although wildlife consumption may be more important in rural areas, especially 
remote ones (Kurpiers et al., 2015), urban wildlife markets are not rare and surprisingly under-represented 
in studies that quantify the demand for wildlife meat (McNamara et al., 2019). Yet, urban demand for 
wildlife meat is underpinned by a wide panel of socio-cultural drivers (Shairp et al. 2016; Chausson et al., 
2019) and is likely to increase in the coming decades (Kurpiers et al., 2015; McNamara et al., 2019). This 
may imply intensifying rural-to-urban socio-economic connections, from hunters to city-dwelling 
consumers. As an example, Kamins et al. (2011) showed that ca. 130,000 bats were sold each year along a 
400 km-long economic network in Ghana (see other African examples in Kurpiers et al., 2015). It should be 
kept in mind that Ebola virus remains viable on monkey carcasses for at least a week, and viral RNA is 
detectable for up to 10 weeks (Prescott et al., 2015). In addition, many urban markets group living wild 
animals, thus probably greatly enhancing the chances of infectious pathogens spillover as well as the 
number of persons potentially involved, thus favoring epidemics early stages. For instance, it is plausible 
that SARS coronavirus has jumped from wild horseshoe bats to small carnivores, and then to humans in 
Chinese wet markets (Guan et al., 2003; Lau et al., 2005). Likewise, though still uncertain, the hypothesis 
of the emergence of SARS-CoV-2 at Wuhan wet market, China, would be another example of the potential 
role played by such places in zoonotic chains of transmission from wildlife to humans (Li et al., 2020). 

Interestingly, many of the animals listed here above belong to a panel of mammalian lineages, namely 
Artiodactyla, Carnivora, Chiroptera, Eulipotyphla and Rodentia, that were all shown to have a critical role 
in zoonotic emergence, especially viral emergence (Olival et al., 2017; Nieto-Rabiela et al., 2019; Wells et 
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al., 2019). Such a biodiversity, together with very close promiscuity between animals and people, both at 
very high densities, result in constant interspecific contacts within cities around the world. Urban habitats 
may even offer the highest number of opportunities of wildlife / domestic animals / human contacts. This, 
of course, provides optimal conditions for pathogen exchanges between people, domestic and wild 
animals, hence zoonotic emergence and subsequent epidemics. 

Arthropod vectors 
Many infectious diseases are vector-borne (usually involving diptera, coleoptera, fleas, mites, lice or 

ticks; reviewed in Huttington et al., 2016; Semenza & Suk, 2018) with 40% of zoonotic viruses of wild 
animals being vector-transmitted to humans (Kreuder-Johnson et al., 2015) and the majority of emerging 
vector-borne diseases being transmitted by ticks and mosquitos (Swei et al., 2020). Although recent meta-
analyses suggest that complex parasitological cycles may have higher chances than simple cycle to be 
disrupted within cities, especially in carnivores and primates (Werner & Nunn, 2020), many vectors of 
primary health importance show clear trends of adaptation to urban ecological conditions (e.g., Triatomine 
bugs: Parra-Henao et al., 2021; Anopheles spp.: Azrag & Mohammed, 2018; Takken & Lindsay, 2019; Aedes 
spp.: Wilke et al., 2020), sometimes taking advantage of remnant forests, urban parks and increasing city 
greenings (e.g. ticks and tick-borne diseases: Lydecker et al., 2019; Heylen et al., 2019; typhus-transmitting 
chiggers: Wulandary et al., 2021; Aedes spp.: Huynh & Minakawa, 2022). Accordingly, several studies have 
clearly pointed towards the existence of urban zoonotic cycles of vector-transmitted pathogens, thus 
suggesting increasing city-specific infectious risks (e.g., tick-borne Borrelia: Reye et al., 2010; mosquito-
transmitted Zika virus: Musso & Gubler, 2016; Gandy, 2021; triatomine-borne Trypanosoma cruzi: Dye-
Braumuller et al., 2019). The agents of murine (Rickettsia typhi) and cat-flea (R. felis) typhus were detected 
in rodents, tree-shrews and shrews from seven urban parks of Bangkok, Thailand (Rungrojn et al., 2021), 
while urban parks have also been associated with 20.5% of human cases of scrub typhus (due to another 
Rickettsiale bacterium Orientia tsutsugamushi) in Seoul, South Korea (Park et al., 2015).  

The great heterogeneity of urban landscapes may deeply impact the arthropod vectors distribution and 
biology, including transmission characteristics such as competence, biting rate or incubation time, among 
others, thus making incidence of vector-borne infectious diseases quite evenly distributed within and 
among cities (review in LaDeau et al., 2015). The wildland-urban interface has been identified as a unique 
ecotone critical for ticks due to habitat heterogeneity hence increased ecological opportunities (the 
“intermediate disturbance hypothesis”), thus potentially leading to increased tick-borne diseases risk 
(Diuk-Wasser et al., 2020). There is little doubt that, in the decades to come, increasing processes of land-
use change, especially peri-urbanization, sub-urbanization and ex-urbanization will be accompanied by a 
wide range of vector species proliferation in close proximity to high densities of both animals (see above) 
and humans, thus contributing to the growing range of infectious diseases that may emerge in core cities 
or their peripheries. 

Cities as incubators of evolutionary novelties 

By essence, cities are the socio-ecosystems with the highest human densities and population growth, 
and they are the receptacles for large human rural-urban or post-conflicts migrations; consequently, they 
are privileged places for epidemic amplification of human-human transmitted pathogens (Connolly et al., 
2021). The 2014-2015 West African epidemics of Ebola fever, which was responsible for a death toll that 
had never been faced before, was essentially due to the unprecedented migration of human cases from 
rural areas into urban centers: at the outbreak peak, 51% of the cases identified in Liberia were from the 
capital city, Monrovia (Fallah et al., 2018; see also Wilkinson & Leach, 2015, and Gandy, 2021).  

Importantly, even before human contamination, one also expects that very high numbers of available 
hosts, as may typically be the case within cities, translate into more intensive pathogen multiplication, 
hence genetic mutation and subsequent evolutionary changes. This should be particularly true for viruses, 
as illustrated by the SARS-CoV-2 variants evolution (Blackstone et al., 2020; Bandoy & Wermer, 2021). As 
such, cities may be particularly favorable for human pathogen evolution simply due to higher number of 
infections, hence increased genetic change opportunities. Unfortunately, little is known about these 
aspects (Verrelli et al., 2022).  
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In addition, cities are very deeply modified habitats and display radically reorganized landscapes 
structure and connectivity, highly constrained hydrographic networks, usually very elevated levels of air, 
water and soil pollution, fully reshaped species communities and interactions, and even locally modified 
microclimates (Grimm et al., 2008). For instance, in central France, urban temperatures may be up to 3-
4°C higher than their peripheral counterparts, and heat islands effect induces up to extra 3-4°C in some 
circumstances (Richard et al., 2021). While the average increase in global temperatures (i.e., 1.5-4°C in the 
coming decades) is expected to be associated with enhanced infectious risks (Hess et al., 2020), the 
resulting impacts of local climatic anomalies such as urban heat islands on processes like pathogen 
replication, reservoirs and vector population dynamics, hosts immunity and competence, hence infectious 
diseases transmission and trans-species zoonotic spillover, remain largely unknown (LaDeau et al., 2015; 
see e.g., Misslin et al., 2016, for an example on Aedes mosquito-transmitted dengue; Mironova et al., 2019, 
for an example on Plasmodium vivax malaria).  

Another very poorly understood aspect of city life is the effect of air, soil and water pollution on genetic 
mutation rate in pathogens, and the consequences in terms of multiplication, contagiousness, host-
specificity and virulence. Following overconsumption and subsequent release of antibiotics in the urban 
environment (Buelow et al., 2021), repeated exposure of pet and domestic animals as well as urban wildlife 
to a wide spectrum of antibacterial molecules is highly probable, and would greatly contribute to antibio-
resistance evolution. Moreover, commensal microbiotes are inter-related with the environmental 
microbial biodiversity as well as widely impacted by lifestyle (Flandroy et al., 2018). Accordingly, although 
a lot remains to be described and understood, it is expected that urban lifestyle and habitats induce 
important changes in animal symbiotic microbial communities, thus potentially driving many evolutionary 
changes that may have consequences in terms of health (Flandroy et al., 2018; Mills et al., 2019), for 
instance through impacts on reservoir immune systems and their capacity of acquiring zoonotic agents 
(Pickard et al., 2017), or on vector ability to multiply and transmit pathogens (Yin et al., 2020).   

From what precedes, urban socio-ecosystems’ characteristics are expected to induce very strong 
selective pressures on living organisms, thus setting the stage for very new eco-evolutionary trajectories 
and scenarios in the decades to come (Alberti et al., 2020). This of course involves reservoir and vector 
species as well as zoonotic pathogens (Bradley & Alitzer, 2006). A recent meta-analysis suggested that 
urban environment may disrupt transmission cycle of some parasites, especially those displaying complex 
cycles (Werner & Nunn, 2020). However, some zoonoses tend to urbanize (e.g., leptospirosis: Lau et al., 
2010; Blasdel et al., 2019; scrub typhus: Park et al., 2015), sometimes following the abundance of a few 
but highly competent reservoir species that are well-adapted to deeply human-modified habitats (Morand 
et al., 2019; Gibb et al., 2020). We still do not know much about evolutionary fate of zoonotic systems 
under urban selective regimes (Verrelli et al., 2022), and it may be cautious and wise to keep aware that 
one cannot really predict what may emerge from urban-driven novelties in terms of parasite diversity, 
hosts/parasite associations and, ultimately, zoonotic emergence. 

Another crucial characteristic of cities is that they are transport hubs, so critical nodes for dissemination 
of reservoirs, vectors and pathogens, hence long-distance expansion of infectious diseases (Bradley & 
Alitzer, 2006; Alirol et al., 2011; Neiderud, 2015; e.g. plague: Zietz & Dunkelberg, 2004; hantavirus: Lin et 
al., 2012, Castel et al., 2021). This adds to the increasing supply of cities with living animals for food human 
consumption, as well as to the many urban-rural linkages through human movements, thus opening the 
gate to human- and animal-mediated import of rural pathogens into cities (Alirol et al., 2012; Ahmed et al., 
2019; Connolly et al., 2021). Such multi-scale redistributions of reservoirs, vectors and pathogens (i.e., the 
“global biological cauldron”; Gandy, 2021) may greatly foster the evolution of host-pathogen interactions 
and dynamics to some extent that remain poorly understood and quantified. 

In addition, increased exchanges between and within cities may deeply impact microbial interactions. 
First, they may favor exchange of genetic material between sometimes highly divergent lineages of 
bacteria. In particular, bacterial communities may share antibiotic-resistant plasmids, thus potentially 
conferring antibiotic multi-resistance to wide diversity of pathogens such as gastro-enteric ones (Partridge 
et al., 2018), especially at the human-livestock-wildlife interface (Hassel et al., 2019). Taking the risk 
associated with plague (Stenseth et al., 2008) as an example, the identification of antibiotic-resistant 
strains of Yersinia pestis in Malagasy black rats, including rats from the capital city Antananarivo (Cabanel 
et al., 2018) and the probable horizontal transfers within flea mid gut (Galimand et al., 2006) provide 
another example that undoubtedly deserves a particular attention. Second, cities may also favor the 
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coexistence of viruses, hence recombination between viral strains which facilitates host jumps and immune 
evasion (Vijaykrishna et al., 2015; Gandy, 2021). This may be particularly true for a wide panel of 
coronaviruses and influenza A viruses that actively circulate among bats and birds, respectively (reviewed 
in Chan et al., 2013). Much less documented but potentially worrisome, the presence of influenza A viruses 
in bats (Tong et al., 2012) as well as in 11% of Norway rats from Boston, USA (Cummings et al., 2019), 
probably deserves special attention, too. 

Call for some actions 

From what precedes, it appears that already known as well as still unknown microbes may arrive to, 
and get amplified in cities, or even emerge in situ following local evolutionary innovations as well as a very 
high number of daily interactions between humans and animals, both wild and domestic. There is little 
doubt that these multiple animal-human contacts provide excellent conditions for “microbial chatter” 
(extending the “viral chatter” concept proposed by Wolfe et al., 2005), i.e. iteration of animal-human 
human-animal transmission events until the pathogen’s adaptation opens the gate to human-to-human 
infectious routes and subsequent rapid and large-scale epidemics. As such, we believe that, together with 
the already well-identified risks associated with deforestation and zones of intensifying agricultural and 
livestock or poultry farming activities, urban areas as places of zoonotic emergence should be considered 
as another priority in terms of surveillance and risk mitigation measures. As a first step, this requires a 
better knowledge of the urban-specific zoonotic danger. 

A better understanding of pathogen evolution at the animal-human interface within extended urban 
socio-ecosystems 

Following the rapid urbanization and increase in urban lifestyle, the chances of zoonotic spillovers 
within urban and peri-urban regions will probably increase (Blasdell et al., 2019). However, the monitoring 
of all cities and urban zones is unrealistic. In order to prioritize urban zoonotic risk and guide surveillance 
networks’ implementation, research is needed to identify which urban features and/or activities are the 
most favorable ones for disease emergence. Indeed, a lot remains to be understood about the selective 
pressures and resulting adaptive trajectories that may shape urban-dwelling organisms’ ecology and 
evolution. For instance, recent experimental credit has been given to the pivotal role of selection on the 
distribution of E. coli and their resistance to antibiotics across an African city (the so-called “everything is 
everywhere, the environment selects” hypothesis; Muloi et al., 2022). Such studies are very useful for our 
understanding of pathogen ecology at the human-animal interface within urban environments and should 
be extended to other geographic contexts and wider panels of zoonotic pathogens. More generally, 
increased eco-evolutionary research is crucial in order to anticipate and to cope with the new zoonotic 
threats to come (Roche et al., 2020). In this context, moving towards studies that consider urban ‘extended’ 
socio-ecosystems in their full complexity and diversity would be very useful, as recently recommended in 
the fields of urban health (Flies et al., 2019), urban ecology (Alberti et al., 2020) and urban political ecology 
(Gandy, 2021; Tzaninis et al., 2021). In particular, it appears much too simplistic to consider cities as one 
single hence homogeneous ecosystem (e.g., urban vs. non-urban conditions; Blasdell et al., 2022), as what 
is sometimes done in meta-analyses that are yet published in very high standard scientific journals (e.g., 
Werner & Nunn, 2020; Albery et al., 2021). Cities are still too often perceived as essentially human socio-
ecosystems that are to be opposed to natural environments. Clearly, health ecology investigations in cities 
must take extended urban socio-environmental heterogeneity and historical trajectories into much better 
consideration (Gandy, 2021; Blasdell et al., 2022; Verrelli et al., 2022). 

From response to epidemics towards densified surveillance and prevention networks 
The Covid19 crisis has deeply questioned social models and their resilience abilities. A recent UN report 

(UN Habitat, 2021) highlights the importance of pre-existing and well established institutionalized bodies 
and governance to set up and drive appropriate response policies against the epidemics in cities of the 
world. It also shows that, in addition to task forces that were created ad hoc, local networks drawn from 
preceding crises were successfully re-leveraged in some countries (e.g., DRC and its Ebola experience). 
However, it may be that the Covid19 pandemics have exacerbated some limits of response-based systems 
that may be insufficient to respond quickly enough in our extremely connected world, and should be 
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supplemented by prevention-targeting actions. Such a shift towards prevention rather than sole response 
is not a new idea (e.g., Patz et al., 2004), but its operationalization through inter-sectorial One Health 
approaches still remains limited. 

From a surveillance perspective (in cities, but also in other socio-environments), human sciences should 
take the scene early in the process of building One Health actions. In particular, they should have a leading 
role in showing biomedical experts and health ecologists which socio-ecosystems (hence where, when, 
who and what) to investigate from the biological and medical perspectives. Indeed, one priority should be 
to identify fine-scale habitats and associated uses as well as historical, demographic and socio-
environmental dynamics that are associated with the most extensive microbial interaction and evolution, 
as well as with human / animal contacts that are the most significant in terms of spillover potential. From 
there, “sentinel spaces” and “sentinel uses” (rather than sentinel species) could be targeted for the 
monitoring of microbial chatting, thus constituting a solid science-guided basis for emergence-preventive 
strategies. For instance, a recent surveillance system of 15 zoonotic diseases was implemented and 
evaluated in three counties of Western Kenya where husbandry practices are currently moving from 
subsistence to intensive market-oriented production (Falzon et al., 2019). It builds on hierarchical sampling 
protocols of sentinel markets, slaughterhouses and human health centers. Like others (e.g., 
MonkeyFeverRisk on tick-borne viral Kyasanur Forest Disease that affects low-income communities in the 
Western Ghats, India; Burthe et al., 2021; https://www.monkeyfeverrisk.ceh.ac.uk/ ), this remarkably 
integrated device involves veterinarians and medical doctors, founds on a good understanding of the local 
socio-economic context and bets on a long-term confidence relationship between academic, operational 
and community stakeholders. Likewise, in-depth analysis of urban livestock keeping uses and supply chains 
permits the clear understanding of economic constraints and opportunities that characterize urban 
livestock economy in Southern cities, thus pointing towards an urgent need to accompany urban farmers 
in animal management in order to reach both food security and safety (Alarcon et al., 2017). Other 
emblematic One Health programs were conducted on rabies (such as in Chad, Mali and Côte d’Ivoire: 
reviewed in Lechenne et al., 2021) and have led to important improvement in terms of both human and 
animal surveillance as well as of showing the interest of some strategies over others. For instance, they 
were useful in identifying some sources of improvement, such as the good reporting of data in main cities 
-where labs usually exist- that contrasts with the mass of knowledge and data that are collected in 
peripheral areas but fail to reach national hence international monitoring systems (Lechenne et al., 2021). 
Robust epidemiologically structured sampling procedures focusing on the human-animal interface within 
cities are also very informative to identify scales at which microbial spillover may occur (e.g., household vs. 
city; Muloi et al., 2022), and so at which scales preventive actions may be tailored. Consequently, this type 
of long-term inter-sectorial programs should be strongly encouraged by funding bodies and then put 
forward in order to convince socio-economic stakeholders and decision makers to invest in their 
generalization and institutionalization. 

More specifically, interventional research could fuel similar programs by targeting strategic urban sites 
(e.g., wildlife meat markets, informal settlements) as well as urban/non-urban interfaces. The new forms 
of extended urbanization, that usually take place at (peri-urbanization), when not beyond (sub- and ex-
urbanization) core cities’ margins, especially in the global South, should also be carefully scrutinized due to 
potentially high levels of wild and domestic biodiversity together with dense, rapidly growing and 
vulnerable human populations (Diuk-Wasser et al., 2020; Connolly et al., 2021).  

In addition, as discussed above, entry points and transport hubs also deserve a particular attention. For 
instance, dedicated actions could be launched to train and enroll transport and trans-border stakeholders 
(e.g. seaport and port industrial networks, custom services, import/export firms), taking advantage of their 
operational “savoir-faire” and tools which would probably be of great help in the surveillance of transport 
means, hubs and networks, hence of the prevention of long distance dissemination of zoonotic agents. In 
essence, this is the purpose of the International Health Regulation (WHO, 2005) that is in fact inherited 
from quite old international debates (Howard-Jones, 1975) and texts – e.g., the 1903 International Sanitary 
Convention already preconized rat control on ships, and desinsectization was added in the subsequent 
versions in 1912 and 1923 (Lembrez, 1966). It could be interesting to capitalize on concepts and approaches 
developed for biological invasion management (e.g., see the special issue of Biological Invasions on Early 
Detection and Rapid Response of invasive organisms, eds. Meyerson, A. & Simberloff, D., 2020). For 
instance, collaborative platforms of surveillance managed jointly by academic, institutional and operational 
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stakeholders could be implemented within transport stations, ports and seaports (e.g., Port Platform of 
Environmental Surveillance currently settled in Cotonou seaport, Benin; Adamjy et al., 2020). 

A special role for local community-based networks? 
Prevention and early warning before spillover and subsequent spread of emerging pathogens cannot 

be achieved without a dense surveillance network at the closest from the field. The only realistic option is 
to take advantage of already existing operational networks, starting with local veterinary and health care 
centers and staffs. Surveying cities, where human / animal interactions are daily and widespread, requires 
massive human resources. In such a context, community-based early alert systems intuitively appear as a 
promising way to leverage surveillance networks within urban settings (e.g., Toledo-Romani et al., 2007; 
Costa et al., 2014; Urioste-Stone et al., 2015; Carvalho Parente et al., 2017; Ouédraogo et al., 2018; Valdez 
et al., 2020). This requires strong inhabitants’ trust in order to reach ownership, hence long-term 
enrollment and implication in participative actions which remains a critical challenge (e.g., Webb Hooper 
et al., 2019; Valdez et al., 2020). The latter should be facilitated by political goodwill and supportive 
leadership through a national structure dedicated to One Health actions (Falzon et al., 2019). Participative 
approaches are promising and further experimental attempts should be made in a wide panel of socio-
cultural contexts, especially urban ones, to consolidate the corpus of knowledge and “savoir-faire” in such 
actions which may be particularly challenging in cities (Ridde et al., 2014; Saré et al., 2018). Indeed, though 
usually beneficial, community-based approaches to health improvement may have limited or incomplete 
effects (Nickel & von dem Knesebeck, 2020). For instance, limitations of community-based actions against 
urban vectors or reservoirs may arise from the lack or poor engagement of local champions/leaders, 
especially in absence of financial incentives (e.g., Espino et al., 2012; Saré et al., 2018 for examples in Cuba, 
Philippines and Burkina-Faso). This may sometimes be overcome through more adapted communication, 
iterative processes, local capacity building as well as political support and investment in order to help the 
poorest communities to overpass the socio-economic constraints that prevent them to self-adapt for 
disease prevention purposes (Nickel & von dem Knesebeck, 2020; Asaaga et al., 2021). Such debates 
highlight the crucial importance of the evaluation of these types of interventional researches (Ridde et al., 
2020), especially within cities where heterogeneous socio-economic contexts may require specific 
community-based approaches (e.g., formal vs. informal areas: Ridde et al., 2014) and where the choice of 
the leaders may be particularly critical (Espino et al., 2012; Saré et al., 2018). This implies that more 
knowledge, hence research, about the real efficiency and adaptability of participatory programs aiming at 
reducing animal-human contacts and mitigating zoonotic risks within urban areas are conducted. It also 
raises the issue of rapid sharing of knowledge from the communities to the Health authorities in charge, 
whoever they might be, in order to trigger immediate and coordinated higher-level responses. 

Wide-scale empowerment on the One Health concept 
Thinking forwards, as many people as possible need to be empowered, especially young generations. 

To do so, generalizing the teaching of One Health concept and approach in educational and academic 
courses is probably the only way to achieve massive, efficient, wide-scale and long term capacity building 
and awareness raising at a reasonable coast. In universities, this will mean to adapt existing or create de 
novo courses in a transdisciplinary manner, far beyond the sole biomedical and environment sciences, i.e. 
including socio-economical, anthropological, urban planning, logistical and political aspects. Accordingly, 
the creation of Centers (or Networks) of Excellence in Ecology and Health Research and Training housed in 
regional universities and/or research institutes had already been advocated more than fifteen years ago 
(Patz et al., 2004); unfortunately, to our knowledge, they are still rare (e.g., One Health Center of 
Excellence, University of Florida, USA; One Health Frontier Graduate School of Excellence, Hokkaido 
University, Japan; One Health Research Center of Excellence for Research and Training, Sun Yat-sen 
University, Guangzhou, China; One Health European Joint Program, European Union network).  

Large-scale education is also a critical issue to question and potentially reshape people’s habits and 
uses since the latter factors are central in the zoonotic spill-over process (Epstein, 2020; Hassel et al., 2021). 
This will require huge funding investments in education in universities and schools as well as at the 
community level (e.g., Hancke & Suarez, 2014). Importantly, it should benefit from significant inputs from 
socio-anthropologists, linguists (to transfer specialized concepts and semantics to local languages), experts 
in education and communication sciences.  
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For such investments to be prioritized, an important lobbying towards national and local political 
leaders will be necessary. Media support through adapted channels (e.g., national TVs, community radios, 
social media, social workers’ campaigns) will be another important way to reach a maximum of people and 
stakeholders.  

Urban management and poverty reduction 
Last but not least, one must recognize that many zoonotic emergence risks are associated with poverty. 

As a consequence, efficient prevention and early response against nascent epidemics cannot be achieved 
without full political involvement and support. Decline of infectious diseases in US and European cities 
within the last two centuries probably owes a lot to concerted efforts of urban planners and public health 
stakeholders who work together towards wide-scale sanitation and waste management services, 
something that has been rather rare in the Global South where attention is rarely paid to infectious 
diseases, especially zoonoses, when it comes to urban planning (Ahmed et al., 2019). Obviously, eradication 
of insalubrious urban areas would immediately translate into great improvement in terms of infectious 
diseases burden (G. Suzan, in Robin, 2021). As such, following the One Health approach, a real dialogue 
between urban policy makers and health stakeholders is required to make significant progress towards 
better sanitation and living conditions, hence decreased zoonotic risks, for a vast number of poor urban 
dwellers. 

Acknowledgements 

We are grateful to many of our colleagues and students for the fascinating discussions that allowed us 
to fuel the present manuscript. The final version of this manuscript greatly benefitted from the inputs of 
three reviewers, namely E. Dumonteil, N.L. Gottdenker and a third anonymous contributor.  

Preprint version 3 of this article has been peer-reviewed and recommended by Peer Community in 
Infections (https://doi.org/10.24072/pci.infections.100005). 

Conflict of interest disclosure 

The authors declare that they comply with the PCI rule of having no financial conflicts of interest in 
relation to the content of the article. 

Funding 

SM is supported by the French ANR project FutureHealthSEA (ANR-17-CE35-0003-01). GD is supported 
by the SCARIA and HANTARIS projects funded by the Belmont Forum (CRA Pathways to Sustainability) and 
the French National Agency for Sanitary Security of Food, Environment and Work (ANSES), respectively. 

References 

Acharya KP, Acharya N, Phuyal S, Upadhyaya M, Lasee S (2020) One-health approach: a best possible way 
to control rabies. One Health, 10, e100161. https://doi.org/10.1016/j.onehlt.2020.100161 

Adamjy T, Aholou S, Mourlon M, Dobigny G (2020) La gouvernance des risques liés aux invasions 
biologiques : l'exemple du Bénin. Sciences, Eaux et Territoires, HS70. 
https://doi.org/10.3917/set.hs1.0001j 

Ahmed S, Davila DJ, Allen A, Mordechai H, Tacoli C, Fèvre EM (2019) Does urbanization make emergence 
of zoonosis more likely? Evidence, myths and gaps. Environment and Urbanization, 31, 443-460. 
https://doi.org/10.1177/0956247819866124 

Akinbodae O, Dipeolu O, Ogunji F, Adegoke G (1981) The parasites obtained and bacteria isolated from 
house rats (Rattus rattus Linnaeus 1758) caught in human habitations in Ibadan, Nigeria. International 
Journal of Zoonoses, 8, 26-32. 

Gauthier Dobigny & Serge Morand 13

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.24072/pci.infections.100005
https://doi.org/10.1016/j.onehlt.2020.100161
https://doi.org/10.3917/set.hs1.0001j
https://doi.org/10.1177/0956247819866124
https://doi.org/10.24072/pcjournal.206


 

 

Alarcon P, Fèvre EM, Muinde P, Murungi PM, Kiambi S, Akoko J, Rushton J (2017) Urban livestock keeping 
in the city of Nairobi: diversity of production systems, supply chains and their disease management and 
risks. Frontiers in Veterinary Sciences, 4, e171. https://doi.org/10.3389/fvets.2017.00171 

Alberti M (2015) Eco-evolutionary dynamics in an urbanizing planet. Trends in Ecology and Evolution, 30, 
114-126. https://doi.org/10.1016/j.tree.2014.11.007 

Alberti M, Palkovacs EP, Des Reoches S, De Meester L, Brans KI, Govaert L, Grimm NB, Harris NC, Hendry 
AP, Schell CJ, Szulkin M, Munshi-South J, Urban MC, Verrelli BC (2020). The complexity of urban eco-
evolutionary dynamics. BioScience, 70, 772-793. https://doi.org/10.1093/biosci/biaa079  

Albery GF, Carlson CJ, Cohen LE, Eskew EA, Gibb R, Ryan SJ, Sweeny AR, Becker DJ (2021) Urban-adapted 
mammal species have more known pathogens. bioRxiv preprint. 
https://doi.org/10.1101/2021.01.02.425084 

Alirol E, Getaz L, Chappuis F, Loutan L (2011) Urbanisation and infectious diseases in a globalised world. 
Lancet Infectious Diseases, 10, 131-141. https://doi.org/10.1016/S1473-3099(10)70223-1 

Archer C, Appleton C, Mukaratirwa S, Lamb J, Schoeman M (2017) Endo-parasites of public health 
important recovered from rodents in the Durban metropolitan area, South Africa. South African Journal 
of Infectious Diseases, 1, 1-10. https://doi.org/10.1080/23120053.2016.1262579 

Asaaga FA, Rahman M, Kalegowda SD, Mathapati J, Savanur I, Srinivas PN, Seshadri T, Narayanswamy D, 
Kiran SK, Oommen MA, Young JC, Purse BV (2021) 'None of my ancestors ever discussed this disease 
before!': how disease information shapes adaptive capacity of marginalized rural populations in India. 
PLoS Neglected Tropical Diseases, 15, e0009265. https://doi.org/10.1371/journal.pntd.0009265 

Ayivor JS, Ohemeng F, Tweneboah Lawson E, Waldman L, Leach M, Ntiamoa-Baidu Y (2017) Living with 
bats: the case of Ve Golokuati township in the Volta Region of Ghana. Journal of Environment and Public 
Health, e5938934. https://doi.org/10.1155/2017/5938934 

Azrag RS, Mohammed BH (2018) Anopheles arabiensis in Sudan: a noticeable tolerance to urban polluted 
larval habitats associated with resistance to Temephos. Malaria Journal, 17, 204. 
https://doi.org/10.1186/s12936-018-2350-1 

Baddal B, Cakir N (2020) Co-infection of MERS-CoV and SARS-CoV-2 in the same host: a silent threat. Journal 
of Infections and Public Health, 12, 1251-252. https://doi.org/10.1016/j.jiph.2020.06.017 

Baker KS, Tood S, Marsh GA, Crameri G, Barr J, Kamins AO, Peel AJ, Yu M, Hayson DTS, Nadjm B, Mtve G, 
Amos B, Reyburn H, Nyarko E, Suu-Ire R, Murica PR, Cunnigham AA, Wood JLN, Wang LF (2013) Novel, 
potentially zoonotic paramyxoviruses from the African straw-colored fruit bat Eidolon helvum. Journal 
of Virology, 87, 1348-1358. https://doi.org/10.1128/JVI.01202-12 

Bandoy D, Weimer B (2021) Analysis of SARS-CoV-2 genomic epidemiology reveals disease transmission 
coupled to variant emergence and allelic variation. Scientific Reports, 11, e7380. 
https://doi.org/10.1038/s41598-021-86265-4 

Barkham P (2017) Urban beasts: how wild animals have moved into cities. The Guardian, 20th May, 2017. 
https://www.theguardian.com/environment/2017/may/20/urban-beasts-how-wild-animals-have-
moved-int(o-cities (accessed 29 Nov 2021) 

Blackstone NW, Blackstone SR, Berg AT (2020) Variation and multilevel selection of SARS-CoV-2. Evolution, 
74, 2429-2434. https://doi.org/10.1111/evo.14080 

Blasdell KR, Morand S, Perera D, Firth C (2019) Association of rodent-borne Leptospira spp. with urban 
environments in Malaysian Borneo. PLoS Neglected Tropical Diseases, 13, e0007141. 
https://doi.org/10.1371/journal.pntd.0007141 

Blasdell KR, Morand S, Laurance SGW, Doggett SL, Hahs A, Trinh K, Perera D, Firth C (2022). Rats and the 
city: implications of urbanization on zoonotic disease risk in Southeast Asia. Proceedings of the National 
Academy of Sciences USA, 119, e2112341119. https://doi.org/10.1073/pnas.2112341119 

Bradley CA, Alitzer S (2006) Urbanization and the ecology of wildlife diseases. Trends Ecology and Evolution, 
22, 95-102. https://doi.org/10.1016/j.tree.2006.11.001 

Boisier P, Rasolomaharo M, Ranaivoson G, Rasoamanana B, Rakoto L, Andrianirina Z, Andriamahefazafy B, 
Chanteau S (1997) Urban epidemic of bubonic plague in Majunga, Madagascar: epidemiological 
aspects. Tropical Medicine and International Health, 2, 422-427. https://doi.org/10.1111/j.1365-
3156.1997.tb00163.x 

 

14 Gauthier Dobigny & Serge Morand

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.3389/fvets.2017.00171
https://doi.org/10.1016/j.tree.2014.11.007
https://doi.org/10.1093/biosci/biaa079
https://doi.org/10.1101/2021.01.02.425084
https://doi.org/10.1016/S1473-3099%2810%2970223-1
https://doi.org/10.1080/23120053.2016.1262579
https://doi.org/10.1371/journal.pntd.0009265
https://doi.org/10.1155/2017/5938934
https://doi.org/10.1186/s12936-018-2350-1
https://doi.org/10.1016/j.jiph.2020.06.017
https://doi.org/10.1128/JVI.01202-12
https://doi.org/10.1038/s41598-021-86265-4
https://www.theguardian.com/environment/2017/may/20/urban-beasts-how-wild-animals-have-moved-int%28o-cities
https://www.theguardian.com/environment/2017/may/20/urban-beasts-how-wild-animals-have-moved-int%28o-cities
https://doi.org/10.1111/evo.14080
https://doi.org/10.1371/journal.pntd.0007141
https://doi.org/10.1073/pnas.2112341119
https://doi.org/10.1016/j.tree.2006.11.001
https://doi.org/10.1111/j.1365-3156.1997.tb00163.x
https://doi.org/10.1111/j.1365-3156.1997.tb00163.x
https://doi.org/10.24072/pcjournal.206


 

 

Buelow E, Ploy MC, Dagot C (2021) Role of pollution on the selection of antibiotic resistance and bacterial 
pathogens in the environment. Current Opinion in Microbiology, 64, 117-124. 
https://doi.org/10.1016/j.mib.2021.10.005 

Burthe SJ, Schäfer SM, Asaaga FA, Balakrishnan N, Mudassar Chanda M, Darshan N, Hoti SL, Kiran SK, 
Sechradi T, Srinivas P, Vanak AT, Purse BV (2021) Reviewing the ecological evidence base for 
management of emerging tropical zoonoses: Kyasanur Forest Disease in India as a case study. PLoS 
Neglected Tropical Diseases, 15, e0009243. https://doi.org/10.1371/journal.pntd.0009243 

Cabanel N, Bouchier C, Rajerions M, Carniel E (2018) Plasmid-mediated doxycyclin resistance in a Yersinia 
pestis strain isolated from a rat. International Journal of Antimicrobial Agents, 51, 249-254. 
https://doi.org/10.1016/j.ijantimicag.2017.09.015 

Carvalho Parente C, Bezerra FSM, Parente PI, Dias-Neto RV, Xavier SCC, Ramos Jr AN, Carvahlo-Costa FA, 
Lima MM (2017). Community-based entomological surveillance reveals urban foci of Chagas disease 
vectors in Sobral, State of Ceará, Northeastern Brazil. PLoS ONE, 12, e0170278. 
https://doi.org/10.1371/journal.pone.0170278 

Castillo-Neyra R, Zegarra E, Monroy Y, Bernedo RF, Cornejo-Rosello I, Paz-Soldan VA, Levy MZ (2017) Spatial 
association of canine rabies outbreak and ecological urban corridors, Arequipa, Peru. Tropical Medicine 
and Infectious Diseases, 2, e38. https://doi.org/10.3390/tropicalmed2030038 

Castel G, Kant R, Badou S, Etougbétché J, Dossou HJ, Gauthier P, Houéménou G, Smura T, Sironen T, 
Dobigny G (2021) Genetic characterization of Seoul virus in the seaport of Cotonou, Benin. Emerging 
Infectious Diseases, 27, 2704-2706. https://doi.org/10.3201/eid2710.210268 

Chan JF-W, Kai-Wang T, Tse H, Jin D-Y, Yuen K-Y (2013) Interspecies transmission and emergence of novel 
viruses: lessons from bats and birds. Trends in Microbiology, 21, 544-555. 
https://doi.org/10.1016/j.tim.2013.05.005 

Chausson AM, Rowcliffe JM, Escouflaire L, Wieland M, Wright JH (2019) Understanding the sociocultural 
drivers of urban bushmeat consumption for behavior change interventions in Pointe Noire, Republic of 
Congo. Human Ecology, 47, 179-191. https://doi.org/10.1007/s10745-019-0061-z 

Childs JE, McLafferty SL, Sadek R, Miller GL, Khan AS, DuPree ER, Advani R, Mills JN, Glass GE (1998) 
Epidemiology of rodent bites and prediction of rat infestation in New York City. American Journal of 
Epidemiology, 148, 78-87. https://doi.org/10.1093/oxfordjournals.aje.a009563 

Childs JE, Klein SL, Glass GE (2019) A case study of two rodent-borne viruses: not always the same old 
suspects. Frontiers in Ecology and Evolution, 7, e35. https://doi.org/10.3389/fevo.2019.00035 

Cleaveland S, Lankester F, Townsend S, Lembo T, Hampson K (2014) Rabies control and elimination: a test 
case for One Health. Veterinary Records, 175, 188-193. https://doi.org/10.1136/vr.g4996 

Colombe S, Jancloes M, Rivière A, Bertherat E (2019) A new approach to rodent control to better protect 
human health. WHO Weekly Epidemiological Records, 17, 197-212. 
https://apps.who.int/iris/handle/10665/312103 

Connolly C, Keil R, Ali SH (2021) Extended urbanisation and the spatialities of infectious disease: 
demographic change, infrastructure and governance. Urban Studies, 58, 
https://doi.org/10.1177/0042098020910873 

Costa F, Ribeiro GS, Felzemburgh RDM, Santos N, Reis RB, Santos AC, Bittencourt D, Fraga M, Araujo WN, 
Santana C, Childs JE, Reis MG, Ko AI (2014) Influence of household rat infestation on Leptospira 
transmission in the urban slum environment. PLoS Neglected Tropical Diseases, 8, e3338. 
https://doi.org/10.1371/journal.pntd.0003338 

Cummings CO, Hill NJ, Puryeae WB, Rogers B, Mukherjee J, Leibler JH, Rosenbaum MH, Runstadler JA (2019) 
Evidence of Influenza A in wild Norway rats (Rattus norvegicus) in Boston, Massachusetts. Frontiers in 
Ecology and Evolution, 7, e36. https://doi.org/10.3389/fevo.2019.00036 

Dalecky A, Bâ K, Piry S, Lippens C, Diagne CA, Kane M, Sow A, Diallo M, Niang Y, Konecny A, Sarr N, 
Charbonnel N, Granjon L, Duplantier J-M, Brouat C (2015) Range expansion of the invasive house mouse 
Mus musculus domesticus in Senegal, West Africa: a synthesis of trapping data over three decades, 
1983-2014. Mammal Review, 45, 176-190. https://doi.org/10.1111/mam.12043 

De Nys DM, Kingebeni PM, Keita AK, Butel C, Thaurignac G, Villabona-Arenas C-J, Lemarcis T, Geraerts M, 
Vidal N, Esteban A, Bourgarel M, Roger F, Leendertz F, Diallo R, Ndimbo-Kumugo S-P, Nsio-Mbeta J, 
Tagg N, Koivogui L, Toure A, Delaporte E, Ahuka-Mundeke S, Muembe Tamfum J-J, Mpoudi-Ngole E, 
Ayouba A, Peeters M (2018) Survey of Ebola viruses in frugivorous and insectivorous bats in Guinea, 

Gauthier Dobigny & Serge Morand 15

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1016/j.mib.2021.10.005
https://doi.org/10.1371/journal.pntd.0009243
https://doi.org/10.1016/j.ijantimicag.2017.09.015
https://doi.org/10.1371/journal.pone.0170278
https://doi.org/10.3390/tropicalmed2030038
https://doi.org/10.3201/eid2710.210268
https://doi.org/10.1016/j.tim.2013.05.005
https://doi.org/10.1007/s10745-019-0061-z
https://doi.org/10.1093/oxfordjournals.aje.a009563
https://doi.org/10.3389/fevo.2019.00035
https://doi.org/10.1136/vr.g4996
https://apps.who.int/iris/handle/10665/312103
https://doi.org/10.1177/0042098020910873
https://doi.org/10.1371/journal.pntd.0003338
https://doi.org/10.3389/fevo.2019.00036
https://doi.org/10.1111/mam.12043
https://doi.org/10.24072/pcjournal.206


 

 

Cameroon and the Democratic Republic of the Congo, 2015-2017. Emerging Infectious Diseases, 24, 
2228-2240. https://doi.org/10.3201/eid2412.180740 

Diuk-Wasser MA, VanAcker MC, Fernandez MP (2020) Impact of land use changes and habitat 
fragmentation on the eco-epidemiology of tick-borne diseases. Journal of Medical Entomology, 58, 
1546-1564. https://doi.org/10.1093/jme/tjaa209 

Dobson AP, Pimm SL, Hannah L, Kaufman L, Ahumada JA, Ando AW, Bernstein A, Busch J, Daszak P, 
Engelmann J, Kinnaird MF, Li BV, Loch-Tenzelides T, Lovejoy T, Nowak K, Roehrdanz PR, Vale MM (2020) 
Ecology and economics for pandemic prevention. Science, 369, 379-381. 
https://doi.org/10.1126/science.abc3189 

Dye-Braumuller KC, Gorchakov R, Gunter SM, Nielsen DH, Roachell WD, Wheless A, Debboun M, Murray K, 
Nolan MS (2019) Identification of Triatomines and their habitats in a highly developed urban 
environment. Vector Borne Zoonotic Diseases, 19, 265-273. https://doi.org/10.1089/vbz.2018.2352 

Epstein JH, Anthony SJ, Islam A, Kilpatrick AM, Ali Khan S, Balkey MD, Ross N, Smith I, Zambrana-Torrelio 
C, Tao Y, Islam A, Lan Quan P, Olival KJ, Uddin Khan MS, Gurley ES, Hossein MJ, Field HE, Fielder MD, 
Brises T, Rahman M, Broder CC, Crameri G, Wang L-F, Luby SP, Lipkin WI, Daszak P (2020) Nipah virus 
dynamics in bats and implications for spillover to humans. Proceedings of the National Academy of 
Sciences, USA, 117, 29190-29201. https://doi.org/10.1073/pnas.2000429117 

Esona MD, Mijatovic-Rustempasic S, Conrardy C, Tong S, Kuzmin IV, Agwanda B, Breiman BF, Banyai K, 
Niezgoda M, Rupprecht CE, Gentsch JR, Bowen MD (2010) Reassortant group A Rotavirus from straw-
colored fruit bat (Eidolon helvum). Emerging Infectious Diseases, 16, 1844-1852. 
https://doi.org/10.3201/eid1612.101089 

Espino PF, Marco J, Salazar NP, Salazar F, Mendoza Y, Velasco A (2012) Community-based dengue vector 
control: experiences in behavior change in Metropolitan Manila, Philippines. Pathogens and Global 
Health, 8, 455-460. https://doi.org/10.1179/2047773212Y.0000000061 

Fallah MP, Skrip LA, Enders J (2018) Preventing rural to urban spread of Ebola: lessons from Liberia. The 
Lancet, 392, 279-280. https://doi.org/10.1016/S0140-6736(18)31435-1 

Falzon LC, Alumasa L, Amanya F, Kang'ethe E, Kariuki S, Momanyi K, Muinde P, Murungi MK, Njoroge SM, 
Ogendo A, Ogola J, Rushton J, Woolhouse MEJ, Fèvre EM (2019) One Health in action: operational 
aspects of an integrated surveillance system for zoonoses in Western Kenya. Frontiers in Veterinary 
Science, 6, 252. https://doi.org/10.3389/fvets.2019.00252 

Firdaus G (2012) Urbanization, emerging slums and increasing health problems: a challenge before the 
nation: an empirical study with reference to state of Uttar Pradesh in India. Journal of Environmental 
Research and Management, 3, 146-159. 

Firth C, Bhat M, Firth MA, Williams SH, Frye MJ, Simmonds P, Conte J, Ng J, Garcia J, Bhuva NP, Lee B, Che 
X, Quan P-L., Lipkin WI (2014) Detection of zoonotic pathogens and characterization of novel viruses 
carried by commensal Rattus norvegicus in New York City. mBio, 5, e1933-14. 
https://doi.org/10.1128/mBio.01933-14 

Flandroy L, Poutahidis T, Berg G, Clarke G, Dao MC, Decaestecker E, Furman E, Haahtela T, Massart S, 
Plovier H, Sanz Y, Rook G (2018) The impact of human activities and lifestyles on the interlinked 
microbiota and health of humans and of ecosystems. Science of the Total Environment, 627, 1018-1038, 
https://doi.org/10.1016/j.scitotenv.2018.01.288 

Flies EJ, Mavo S, Zosky GR, Mantziorise E, Williams C, Erig R, Brooka BW, Buette JC (2019) Urban-associated 
diseases: candidate diseases, environmental risk factors, and a path forward. Environment 
International, 133, e105187. https://doi.org/10.1016/j.envint.2019.105187 

Galimand M, Carniel E, Courvalin P (2006) Resistance of Yersinia pestis to antimicrobial agents. 
Antimicrobial Agents and Chemotherapy, 50, 3233-3236. https://doi.org/10.1128/AAC.00306-06 

Gandy M (2021) The zoonotic city: urban political ecology and the pandemic imaginary. International 
Journal of Urban Geography Research, https://doi.org/10.1111/1468-2427.13080 

Garba M, Kane M, Gagaré S, Kadaouré I, Sidikou R, Rossi JP, Dobigny G (2014a) Local perception of rodent-
associated problems in Sahelian urban areas: a survey in Niamey, Niger. Urban Ecosystems, 17, 573-
584. https://doi.org/10.1007/s11252-013-0336-x 

Garba M, Dalecky A, Kadaouré I, Kane M, Hima K, Véran S, Gagaré S, Gauthier P, Tatard C, Rossi JP, Dobigny 
G (2014b) Spatial segregation between invasive and native commensal rodents in an urban 

16 Gauthier Dobigny & Serge Morand

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.3201/eid2412.180740
https://doi.org/10.1093/jme/tjaa209
https://doi.org/10.1126/science.abc3189
https://doi.org/10.1089/vbz.2018.2352
https://doi.org/10.1073/pnas.2000429117
https://doi.org/10.3201/eid1612.101089
https://doi.org/10.1179/2047773212Y.0000000061
https://doi.org/10.1016/S0140-6736%2818%2931435-1
https://doi.org/10.3389/fvets.2019.00252
https://doi.org/10.1128/mBio.01933-14
https://doi.org/10.1016/j.scitotenv.2018.01.288
https://doi.org/10.1016/j.envint.2019.105187
https://doi.org/10.1128/AAC.00306-06
https://doi.org/10.1111/1468-2427.13080
https://doi.org/10.1007/s11252-013-0336-x
https://doi.org/10.24072/pcjournal.206


 

 

environment: a case study in Niamey, Niger. PLoS ONE, 9, e110666. 
https://doi.org/10.1371/journal.pone.0110666 

Gibb R, Redding RW, Chin KQ, Donnelly CA, Blackburn TM, Newbold T, Jones KE (2020) Zoonotic host 
diversity increases in human-dominated ecosystems. Nature, 584, 398-402. 
https://doi.org/10.1038/s41586-020-2562-8 

Gottdenker NL, Streicker DG, Faust CL, Carroll CR (2014) Anthropogenic land use change and infectious 
diseases: a review of the evidence. EcoHealth, 11, 619-632. https://doi.org/10.1007/s10393-014-0941-
z 

Grange ZL, Goldstein T, Johnson CK, Anthony S, Gilardi K, Daszak P, Olival KJ, O'Rourke T, Murray S, Olsong 
SH, Togami E, Vidal G, Expert Panel, PREDICT consortium, Mazet JAK (2021) Ranking the risk of animal-
to-human spillover for newly discovered viruses. Proceedings of the National Academy of Sciences, USA, 
118, e2002324118. https://doi.org/10.1073/pnas.2002324118 

Grimm NB, Faeth SH, Golubiewski NE, Redman CL, Wu J, Bai X, Briggs JM (2008) Global changes and the 
ecology of cities. Science, 319, 756-760. https://doi.org/10.1126/science.1150195 

Gross J, Elvinger F, Hungerford LL, Gehrt SD (2012) Raccoon use of the urban matrix in the Baltimore 
Metropolitan area, Maryland. Urban Ecosystems, 15, 667-682. https://doi.org/10.1007/s11252-011-
0218-z 

Guan Y, Zheng BJ, He YQ, Zhuang ZX, Cheung CL, Luo SW, Li PH, Zhang LJ, Guan YJ, Butt KM, Wong KL, Chan 
KW, Lim W, Shortridge KF, Yuen KY, Peiris JSM & Poon LLM (2003) Isolation and characterization of 
viruses related to the SARS coronavirus from animals in southern China. Science, 302, 276-278. 
https://doi.org/10.1126/science.1087139 

Hancke D, Suarez OV (2014) Environmental health education in schools as strategy for rodent control: an 
experience in a shantytown of Buenos Aires, Argentina. EcoHealth, 11, 133-140. 
https://doi.org/10.1007/s10393-013-0879-6 

Harrison NL, Sachs JD (2022) A call for an independent inquiry into the origin of the SARS-CoV-2 virus. 
Proceedings of the National Academy of Sciences, USA, 119, e220276911. 
https://doi.org/10.1073/pnas.2202769119 

Hassel JM, Ward MJ, Muloi D, Bettridge JM, Robinson TP, Kariuki S, Ogendo A, Kiiru J, Imboma T, Kang'Ethe 
EK, Öghren EM, Williams NJ, Begon M, Woolhouse MEJ, Fèvre EM (2019) Clinically relevant 
antimicrobial resistance at the wildlife-livestock-human interface in Nairobi: an epidemiological study. 
The Lancet Planetary Health, 3, e259-269. https://doi.org/10.1016/S2542-5196(19)30083-X 

Hassel JM, Bettridge JM, Ward MJ, Ogendo A, Imboma T, Muloi D, Fava F, Robinson TP, Begon M, Fèvre EM 
(2021) Socio-ecological drivers of vertebrate biodiversity and human-animal interfaces across an urban 
landscape. Global Change Biology, 27, 781-792. https://doi.org/10.1111/gcb.15412 

Hayman DTS (2016) Bats as viral reservoirs. Annual Review of Virology, 3, 77-99. 
https://doi.org/10.1146/annurev-virology-110615-042203 

Hess J, Boodram L-LG, Paz S, Ibarra AMS, Wasserheit JN, Lowe R (2020) Strengthening the global response 
to climate change and infectious disease threats. Climate Change and Communicable Diseases, 371, 
m3081. 371. https://doi.org/10.1136/bmj.m3081 

Heylen D, Lasters R, Adriaensen F, Fonville M, Sprong H, Matthysen E (2019) Ticks and tick-borne diseases 
in the city: role of landscape connectivity and green space characteristics in a metropolitan area. Science 
of the Total Environment, 670, 941-949. https://doi.org/10.1016/j.scitotenv.2019.03.235 

Hima K, Houéménou G, Badou S, Garba M, Dossou H-J, Etougbétché J, Gauthier P, Artige E, Fossati-
Gaschignard O, Gagaré S, Dobigny G, Dalecky A (2019) Native and invasive small mammals in urban 
habitats along the commercial axis connecting Benin and Niger, West Africa. Diversity, 11, e238. 
https://doi.org/10.3390/d11120238 

Howard-Jones N (1975) The scientific background of the International Sanitary Conferences, 1851-1938. 
History of International Health, World Health Organization, Geneva, Switzerland.  

Huntington MK, Allison J, Nair D (2016) Emerging vector-borne diseases. American Family Physician, 94, 
551-557.  

Huynh TTT, Minawaka N (2022) A comparative study of dengue virus vectors in major parks and adjacent 
residential areas in Ho Chi Minh City, Vietnam. PLoS Neglected Tropical Diseases, 16, 1, e0010119. 
https://doi.org/10.1371/journal.pntd.0010119 

Gauthier Dobigny & Serge Morand 17

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1371/journal.pone.0110666
https://doi.org/10.1038/s41586-020-2562-8
https://doi.org/10.1007/s10393-014-0941-z
https://doi.org/10.1007/s10393-014-0941-z
https://doi.org/10.1073/pnas.2002324118
https://doi.org/10.1126/science.1150195
https://doi.org/10.1007/s11252-011-0218-z
https://doi.org/10.1007/s11252-011-0218-z
https://doi.org/10.1126/science.1087139
https://doi.org/10.1007/s10393-013-0879-6
https://doi.org/10.1073/pnas.2202769119
https://doi.org/10.1016/S2542-5196%2819%2930083-X
https://doi.org/10.1111/gcb.15412
https://doi.org/10.1146/annurev-virology-110615-042203
https://doi.org/10.1136/bmj.m3081
https://doi.org/10.1016/j.scitotenv.2019.03.235
https://doi.org/10.3390/d11120238
https://doi.org/10.1371/journal.pntd.0010119
https://doi.org/10.24072/pcjournal.206


 

 

Jariwala S, Redding L, Hewitt D (2017) The severely under-recognized public health risk of strongyliodiasis 
in North American cities: a One Health approach. Zoonoses and Public Health, 64, 8, 579-588. 
https://doi.org/10.1111/zph.12371 

Jones BA, Grace D, Kock R, Alonso S, Rushton J, Said MY, McKeever D, Mutu F, Young J, McDermott J, 
Pfeiffer DU (2013) Zoonosis emergence linked to agricultural intensification and environmental change. 
Proceedings of the National Academy of Sciences, USA, 110, 8399-8404. 
https://doi.org/10.1073/pnas.1208059110 

Johnson CK, Hitchens PL, Pandit PS, Rushmore J, Evans TS, Young CCW, Doyle MM (2020) Global shifts in 
mammalian population trends reveal key predictors of virus spillover risk. Proceedings of the Royal 
Society of London B, 287, e20192736. https://doi.org/10.1098/rspb.2019.2736 

Kaiser J (2014) The catalyst. Science, 345, 1112-1115. https://doi.org/10.1126/science.345.6201.1112 
Kamins AO, Restif O, Ntiamoa-Baidu Y, Suu-Ire R, Hayman DT, Cunningham AA, Wood JLN et al. (2011) 

Uncovering the fruit bat bushmeat commodity chain and the true extent of fruit bat hunting in Ghana, 
West African Biology and Conservation, 144, 3000-3008. https://doi.org/10.1016/j.biocon.2011.09.003 

Karan LS, Makenov MT, Korneev MG, Sacko N, Boumbaly S, Bayandin RB, Gladysheva AV, Kourouma K, 
Toure AH, Kartashov M, Shipovalov AV, Porshakov AM, Koulibaly M, Boiro MY (2019) Lassa Virus in the 
host rodent Mastomys natalensis within urban areas of N'zerekore, Guinea. bioRxiv. 
https://doi.org/10.1101/616466 

Katani R, Schilling MA, Lyimo B, Tonui T, Cattadori IM, Eblate E, Martin A, Estes AB, Buza T, Rentsch D, 
Davenport KW, Hovde BT, Lyimo S, Munuo L, Stomeo F, Tiambo C, Radzio-Basu J, Mosha F, Hudson PJ, 
Buza JJ, Kapur V (2019) Microbial diversity in bushmeat samples recovered from the Serengeti 
ecosystem in Tanzania. Scientific Reports, 9, 18086. https://doi.org/10.1038/s41598-019-53969-7 

Kreuder-Johnson C, Hitchens PL, Evans TS, Goldstein T, Thomas K, Clements A, Joly DO, Wolfe ND, Daszak 
P, Karesh WB, Mazet JK (2015) Spillover and pandemic properties of zoonotic viruses with high host 
plasticity. Scientific Reports, 5, e14830. https://doi.org/10.1038/srep14830 

Kurpiers LA, Schulte-Herbrüggen B, Ejotre I, Reeder SAM (2015) Chap. 24: bushmeat and emerging 
infectious diseases: lessons from Africa. In: Problematic Wildlife, ed. Angelici, F.M. (ed.). Springer 
International Publishing Switzerland. https://doi.org/10.1007/978-3-319-22246-2_24 

LaDeau SL, Allan BF, Leisnham PT, Levy MZ (2015) The ecological foundations of transmission potential and 
vector-borne disease in urban landscape. Functional Ecology, 29, 889-901. 
https://doi.org/10.1111/1365-2435.12487 

Lau SKP, Woo PCY, Li KSM, Huang Y, Tsoi HW, Wong BHL, Wong SSY, Leung SY, Chan KH, Yuen KY (2005) 
Severe acute respiratory syndrome coronavirus-like virus in Chinese horseshoe bats. Proceedings of the 
National Academy of Sciences, USA, 102, 14040-14405. https://doi.org/10.1073/pnas.0506735102 

Lau CL, Smythe LD, Craig SB, Weinstein P (2010) Climate change, flooding, urbanisation and leptospirosis: 
fuelling the fire? Transactions of the Royal Society of Tropical Medicine and Hygiene, 104, 631-638. 
https://doi.org/10.1016/j.trstmh.2010.07.002 

Lechenne M, Traoré A, Hattendorf J, Kallo V, Oussiguere A, Tetchi M, Moyengari R, Traoré AK, Moto DD, 
Ngandolo R, Bonfoh B, Zinsstag K (2021) Increasing rabies data availability: the example of a One Health 
research project in Chad, Côte d'Ivoire and Mali. Acta Tropica, 215, e105808. 
https://doi.org/10.1016/j.actatropica.2020.105808 

Lembrez J (1966) Rodent control on ships and in ports of Europe, America and Middle East. WHO Vector 
Control, 66.217, 123-128. 

Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, Leung KSM, Lau EHY, Wong JY, Xing X, Xiang N, Wu Y, Li 
C, Chen Q, Li D, Liu T, Zhao J, Liu M, Tu W, Chen C, Jin L, Yang R, Wang Q, Zhou S, Wang R, Liu H, Luo Y, 
Liu Y, Shao G, Li H, Tao Z, Yang Y, Deng Z, Liu B, Ma Z, Zhang Y, Shi G, Lam TTY, Wu JT, Gao GF, Cowling 
BJ, Yang B, Leung GM, Feng Z (2020) Early transmission dynamics in Wuhan, China, of a novel 
coronavirus-infect pneumonia. New England Journal of Medicine, 382, 1199-1207. 
https://doi.org/10.1056/NEJMoa2001316 

Lin XD, Guo WP, Wang W, Zou Y, Hao ZY, Zhou DJ, Jong X, Qu YG, Li MH, Tian HF, Wen JF, Plyusnin A, Xu J, 
Zhang YZ (2012) Migration of Norway rats resulted in the worldwide distribution of Seoul hantavirus 
today. Journal of Virology, 88, 972-981. https://doi.org/10.1128/JVI.00725-11 

18 Gauthier Dobigny & Serge Morand

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1111/zph.12371
https://doi.org/10.1073/pnas.1208059110
https://doi.org/10.1098/rspb.2019.2736
https://doi.org/10.1126/science.345.6201.1112
https://doi.org/10.1016/j.biocon.2011.09.003
https://doi.org/10.1101/616466
https://doi.org/10.1038/s41598-019-53969-7
https://doi.org/10.1038/srep14830
https://doi.org/10.1007/978-3-319-22246-2_24
https://doi.org/10.1111/1365-2435.12487
https://doi.org/10.1073/pnas.0506735102
https://doi.org/10.1016/j.trstmh.2010.07.002
https://doi.org/10.1016/j.actatropica.2020.105808
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1128/JVI.00725-11
https://doi.org/10.24072/pcjournal.206


 

 

Lloyd-Smith JO, Cross PC, Briggs CJ, Gaugherty M, Getz WM, Latto J, Sanchez MS, Smith AB, Swei A (2005) 
Should we expect population threshold for wildlife disease? Trends in Ecology and Evolution, 20, 511-
519. https://doi.org/10.1016/j.tree.2005.07.004 

Lydecker W, Hochuli DF, Banks PB (2019) Peri-urban black rats host a rich assembly of ticks and healthier 
rats have more ticks. Ticks and Tick-Borne Diseases, 10, 749-753. 
https://doi.org/10.1016/j.ttbdis.2019.03.007 

Marí Saéz A, Weiss S, Nowak K, Lapeyre V, Zimmermann F, Düx A, Kühl HS, Kaba M, Regnaut S, Merkel K, 
Sachse A, Thiesen U, Villányi L, Boesch C, Dabrowski PW, Radonić A, Nitsche A, Leendertz SA, Petterson 
S, Becker S, Krähling V, Couacy-Hymann E, Akoua-Koffi C, Weber N, Schaade L, Fahr J, Borchert M, 
Gogarten JF, Calvignac-Spencer S, Leendertz FH (2015) Investigating the zoonotic origin of the West 
African Ebola epidemic. EMBO Molecular Medicine, 7, 17-23. 
https://doi.org/10.15252/emmm.201404792 

McNamara J, Fa JE, Ntiamoa-Baidu Y (2019) Understanding drivers of urban bushmeat demand in a 
Ghanaian market. Biological Conservation, 239, e108291. 
https://doi.org/10.1016/j.biocon.2019.108291 

Meerburg B, Singleton GR, Kijlstra H (2009) Rodent-borne diseases and their risks for public health. Critical 
Reviews in Microbiology, 35, 221-270. https://doi.org/10.1080/10408410902989837 

Mereiles L, Galisteo Jr A, Pompeu E, Andrade Jr H (2004) Toxoplasma gondii spreading in an urban area 
evaluated by sero-prevalence in free-living cats and dogs. Tropical Medicine and International Health, 
9, 8, 876-881. https://doi.org/10.1111/j.1365-3156.2004.01280.x 

Mills GS, Brookes JD, Gellie NJC, Liddicoat C, Lowe AJ, Sydnor HR, Thomas T, Weinstein P, Weyrich LS, Breed 
MF (2019) Relating urban biodiversity to human health with the 'holobiont' concept. Frontiers in 
Microbiology, 10, e550. https://doi.org/10.3389/fmicb.2019.00550 

Mironova V, Shartova N, Beljaev A, Varentsov M, Grishchenko M (2019) Effects of climate change and 
heterogeneity of local climates оn the development of malaria parasite (Plasmodium vivax) in Moscow 
megacity region. International Journal of Environmental Research and Public Health, 16, 694. 
https://doi.org/10.3390/ijerph16050694 

Misslin R, Telle O, Daudé E, Vaguet A, Paul RE (2016) Urban climate versus global climate change - what 
makes the difference for dengue? Annals of the New York Academy of Science, 1382, 56-72. 
https://doi.org/10.1111/nyas.13084 

Mohd Zain S, Behnke J, Lewis J (2012) Helminth communities from two urban rat populations in Kuala 
Lumpur, Malaysia. Parasites and Vectors, 5, e47. https://doi.org/10.1186/1756-3305-5-47 

Moller AP, Diaz M, Flensted-Jensen E, Grim T, Ibanez-Alamo JD, Jokimäki J, Mänd R, Marko G, Tryjanowski 
P (2012) High urban population density of birds reflects their timing of urbanization. Oecologia, 170, 
867-875. https://doi.org/10.1007/s00442-012-2355-3 

Moore P (2020) Le petit livre des grandes épidémies. Belin eds., 144 pages. ISBN: 9782701193649. 
Morand S, Blasdell K, Bordes F, Buchy F, Carcy B, Chaisiri K, Chaval Y, Claude J, Cosson J-F, Desquesnes M, 

Jittapalapong S, Jiyipong T, Karnchanabanthoen A, Pornpan P, Rolain J-M, Tran A-L (2019) Changing 
landscapes of Southeast Asia and rodent-borne diseases: decreased diversity but increased 
transmission risks. Ecology Applications, 29, e01886. https://doi.org/10.1002/eap.1886 

Muinde P, Bettridge JM, Sousa FM, Dürr S, Dohoo IR, Berezowski J, Mutwiri T, Odinga CO, Fèvre EM, Falzon 
LC (2021) Who let the dog out? Exploring the spatial ecology of free-roaming dogs in western Kenya. 
Ecology and Evolution. https://doi.org/10.1002/ece3.7317 

Muloi DM, Wee BA, McClean DMH, Ward MJ, Pankhurst L, Phan H, Ivens AC, Kivali V, Kiyong'a A, Ndinda C, 
Gitahi N, Ouko T, Hassell JM, Imboma T, Akoko J, Murungi MK, Njoroge SM, Muinde P, Nakamura Y, 
Alumasa L, Furmaga E, Kaitho T, Ohgren EM, Amnaya F, Ogendo A, Wilson D, Bettridge JM, Kiiru J, 
Kyobutungi C, Tacoli C, Kang'ethe EK, Davila JD, Kariuki S, Robinson TP, Rushton J, Woolhouse MEJ, 
Fèvre M (2022) Population genomics of Escherichia coli in livestock-keeping households across a rapidly 
developing urban landscape. Nature Microbiology, 7, 581-589. https://doi.org/10.1038/s41564-022-
01079-y 

Murray MH, Fyffe R, Fidino M, Byers KA, Rios MJ, Mulligan MP, Magle SB (2018) Public complaints reflect 
rat relative abundance across diverse urban neighborhoods. Frontiers in Ecology and Evolution, 6, e189. 
https://doi.org/10.3389/fevo.2018.00189 

Gauthier Dobigny & Serge Morand 19

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1016/j.tree.2005.07.004
https://doi.org/10.1016/j.ttbdis.2019.03.007
https://doi.org/10.15252/emmm.201404792
https://doi.org/10.1016/j.biocon.2019.108291
https://doi.org/10.1080/10408410902989837
https://doi.org/10.1111/j.1365-3156.2004.01280.x
https://doi.org/10.3389/fmicb.2019.00550
https://doi.org/10.3390/ijerph16050694
https://doi.org/10.1111/nyas.13084
https://doi.org/10.1186/1756-3305-5-47
https://doi.org/10.1007/s00442-012-2355-3
https://doi.org/10.1002/eap.1886
https://doi.org/10.1002/ece3.7317
https://doi.org/10.1038/s41564-022-01079-y
https://doi.org/10.1038/s41564-022-01079-y
https://doi.org/10.3389/fevo.2018.00189
https://doi.org/10.24072/pcjournal.206


 

 

Musso D, Gubler DJ (2016) Zika Virus. Clinical Microbiology Reviews, 29, 487-524. 
https://doi.org/10.1128/CMR.00072-15 

Nickel S, von dem Knesebeck O (2020) Do multiple community-based interventions on health promotion 
tackle health inequalities? International Journal of Equity in Health, 19, e157. 
https://doi.org/10.1186/s12939-020-01271-8 

Nieto-Rabiela F, Wiradtsudakul A, Suzan G, Rico-Chavez O (2019) Viral networks and detection of potential 
zoonotic viruses in bats and rodents: a worldwild analysis. Zoonoses and Public Health, 66, 655-666. 
https://doi.org/10.1111/zph.12618 

Neiderud CJ (2015) How urbanization affects the epidemiology of emerging infectious diseases. Infections 
Ecology and Epidemiology, 5, e27060. https://doi.org/10.3402/iee.v5.27060 

Newsome SD, Garbe HM, Wilson EC, Gehrt SD (2015) Individual variation in anthropogenic resource use in 
an urban carnivore. Oecologia, 178, 115-128. https://doi.org/10.1007/s00442-014-3205-2 

Nickel S, von dem Knesebeck O (2020) Effectiveness of community-based health promotion interventions 
in urban areas: a systematic review. Journal of Community Health, 45, 419-434. 
https://doi.org/10.1007/s10900-019-00733-7 

Normile D (2004) Infectious diseases. Mounting lab accidents rainse SARS fears. Science, 304, 659-661. 
https://doi.org/10.1126/science.304.5671.659 

Nunes H, Lopes Rocha F, Cordeiro-Estrela P (2017) Bats in urban areas of Brazil: roosts, food resources and 
parasites in disturbed environments. Urban Ecosystems, 20, 953-969. https://doi.org/10.1007/s11252-
016-0632-3 

Olival KJ, Hosseini PR, Zambrana-Torrelio C, Ross R, Bogich TL, Daszak P (2017) Host and viral traits predict 
zoonotic spillover from mammals. Nature, 546, 612-646. https://doi.org/10.1038/nature22975 

Ouédraogo S, Benmarhnia T, Bonnet E, Somé P-A, Barro AS, Kafando Y, Soma DD, Dabiré RK, Saré D, Fournet 
F, Ridde V (2018). Evaluation of effectiveness of a community-based intervention for control of dengue 
virus vector, Ouagadougou, Burkina Faso. Emerging Infectious Diseases, 24, 1859-1867. 
https://doi.org/10.3201/eid2410.180069 

Owens B (2014) Anthrax and smallpox errors highlight gaps in US biosafety. The Lancet, 384, 294. 
https://doi.org/10.1016/S0140-6736(14)61246-0 

Parente CC, Bezerra FSM, Parente PI, Dias-Neto RV, Xavier SCC, Ramos Jr AN, Carvalho-Costa FA, Lima MM 
(2017) Community-based entomological surveillance reveals urban foci of Chagas disease vectors in 
Sobral, State of Ceará, Northeastern Brazil. PLoS One, 12, e0170278. 
https://doi.org/10.1371/journal.pone.0170278 

Park SW, Ha NY, Ryu B, Bang JH, Song H, Kim Y, Kim G, Oh M, Cho NH, Lee JK (2015) Urbanization of scrub 
typhus disease in South Korea. PLoS Neglected Tropical Diseases, 9, e3814. 
https://doi.org/10.1371/journal.pntd.0003814 

Parra-Henao G, Garzon-Jimenez SP, Bernal-Rosas Y, Olivera MJ, Salgado M, Torres-Garcia OA (2021) Risk 
factors for triatominae infestation in a municipality of Colombia. Therapeutic Advances in Infectious 
Diseases, 8, e20499361211030068. https://doi.org/10.1177/20499361211030068 

Parsons MH, Banks PB, Deutsch MA, Corrigan RF, Munshi-South J (2017) Trends in urban rat ecology: a 
framework to define the prevailing knowledge gaps and incentives for academia, pest management 
professionals (PMPs) and public health agencies to participate. Journal of Urban Ecology, 3, 1-8. 
https://doi.org/10.1093/jue/jux005 

Parsons MH, Jardine CM, Crowther MS, Himsworth CS (2020) Trends in urban rodent monitoring and 
mitigation: improving our understanding of population and disease ecology, surveillance and control. 
Frontiers in Ecology and Evolution, 7, e522. https://doi.org/10.3389/fevo.2019.00522 

Partridge SR, Kwong SM, Firth N, Jensen SO (2018) Mobile genetic elements associated with antimicrobial 
resistance. Clinical Microbiology Reviews, 31, e00088-17. https://doi.org/10.1128/CMR.00088-17 

Patz JA, Daszak P, Tabor GM, Aguirre AA, Pearl M, Epstein J, Wolfe ND, Kilpatrick AM, Foufopoulos J, 
Molyneux D, Bradley DJ and members of the Working Group on Land Use Change and Disease 
Emergence (2004) Unhealthy landscapes: policy recommendations on land use change and infectious 
disease emergence. Environmental and Health Perspectives, 112, 1092-1098. 
https://doi.org/10.1289/ehp.6877 

Peel AJ, Sargan DR, Baker KS, Hayman DTS, Barr JA, Crameri G, Suu-Ire R, Broder CC, Lembo T, Wang LF, 
Fooks AR, Rossiter SJ, Wood JLN, Cunningham AA (2013) Continent-wide panmixia of an African fruit 

20 Gauthier Dobigny & Serge Morand

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1128/CMR.00072-15
https://doi.org/10.1186/s12939-020-01271-8
https://doi.org/10.1111/zph.12618
https://doi.org/10.3402/iee.v5.27060
https://doi.org/10.1007/s00442-014-3205-2
https://doi.org/10.1007/s10900-019-00733-7
https://doi.org/10.1126/science.304.5671.659
https://doi.org/10.1007/s11252-016-0632-3
https://doi.org/10.1007/s11252-016-0632-3
https://doi.org/10.1038/nature22975
https://doi.org/10.3201/eid2410.180069
https://doi.org/10.1016/S0140-6736%2814%2961246-0
https://doi.org/10.1371/journal.pone.0170278
https://doi.org/10.1371/journal.pntd.0003814
https://doi.org/10.1177/20499361211030068
https://doi.org/10.1093/jue/jux005
https://doi.org/10.3389/fevo.2019.00522
https://doi.org/10.1128/CMR.00088-17
https://doi.org/10.1289/ehp.6877
https://doi.org/10.24072/pcjournal.206


 

 

bat facilitates transmission of potentially zoonotic viruses. Nature Communications, 4, e2770. 
https://doi.org/10.1038/ncomms3770 

Peel AJ, Wood JLN, Baker K, Breed AC, De Carvalhos A, Fernandez-Loras A, Gabrieli HS, Gembu GC, Kakengi 
VA, Kaliba PM, Kityo RM, Lembo Y, Mba FE, Ramos D, Rodriguez-Prieto I, Suu-Ire R, Cunningham AA, 
Hayman DTS (2017) How does Africa's most hunted bat vary across the continent? Population traits of 
the straw-coloured fruit bat (Eidolon helvum) and its interactions with humans. Acta Chiropterologia, 
19, 77-92. https://doi.org/10.3161/15081109ACC2017.19.1.006 

Peng H, Bilal M, Iqbal HMN (2018) Improved biosafety and biosecurity measures and/or strategies to tackle 
laboratory-acquired infections and related risks. International Journal of Environmental Research and 
Public Health, 15, 2697. https://doi.org/10.3390/ijerph15122697 

Pickard JM, Zeng MY, Caruso R, Núñez G (2017) Gut microbiota: role in pathogen colonization, immune 
responses, and inflammatory disease. Immunological Reviews, 279, 70-89. 
https://doi.org/10.1111/imr.12567 

Plowright RK, Foley P, Field HE, Dobson AP, Foley JE, Eby P, Daszak P (2011) Urban habituation, ecological 
connectivity and epidemic dampening: the emergence of Hendra virus from flying foxes (Pteropus spp.). 
Proceedings of the Royal Society of London B, 278, 3703-3712. https://doi.org/10.1098/rspb.2011.0522 

Prescott J, Bushmaker T, Fischer R, Miazgowicz K, Judson S, Munster VJ (2015) Postmortum stability of 
Ebola virus. Emerging Infectious Diseases, 21, 856-859. https://doi.org/10.3201/eid2105.150041 

Promkerd P, Khoprasert Y, Virathavone P, Thoummabouth M, Sirisak O, Jäkel T (2008) Factors explaining 
the abundance of rodents in the city of Luang Prabang, Lao PDR, as revealed by field and household 
surveys. Integrative Zoology, 3, 11-20. https://doi.org/10.1111/j.1749-4877.2008.00069.x 

Randremanana R, Andrianaivoarimanana V, Nikolay B, Ramasindrazana B, Paireau J, Ten Bosch QA, 
Rakotondramanga JM, Rahajandraibe S, Rahelinirina S, Rakotomanana F, Rakotoarimanana FM, 
Randriamampionona LB, Razafimbia V, De Dieu Randria MJ, Raberahona M, Mikaty G, Le Guern AS, 
Rakotonjanabelo LA, Ndiaye CF, Rasolofo V, Bertherat E, Ratsitorahina M, Cauchemez S, Baril L, Spiegel 
A, Rajerison M (2019) Epidemiological characteristics of an urban plague epidemic in Madagascar, 
August-November, 2017: an outbreak report. Lancet Infectious Diseases, 19, 537-545. 
https://doi.org/10.1016/S1473-3099(18)30730-8 

Reed JH, Bonter DN (2018) Supplementing non-target taxa: bird feeding alters the local distribution of 
mammals. Ecological Applications, 28, 761-770. https://doi.org/10.1002/eap.1683 

Reye AL, Hübschen JM, Sausy A, Muller CP (2010) Prevalence and seasonality of tick-borne pathogens in 
questing Ixodes ricinus ticks from Luxembourg. Applied Environmental Microbiology, 76, 2923-31. 
https://doi.org/10.1128/AEM.03061-09 

Richard Y, Pohl B, Rega M, Pergaud J, Thevenin T, Emery J, Dudek J, Vairet T, Zito S, Chateau-Smith C, (2021) 
Is Urban Heat Island intensity higher during hot spells and heat waves (Dijon, France, 2014-2019)? 
Urban Climate, 35, e100747. https://doi.org/10.1016/j.uclim.2020.100747 

Ridde V, Pérez D, Robert E (2020) Using implementation science theories and frameworks in global health. 
BMJ Global Health, 5, e002269. https://doi.org/10.1136/bmjgh-2019-002269 

Ridde V, Rossier C, Soura AB, Bazié F, Kadio K (2014) A community-based approach to indigent selection is 
difficult to organize in a formal neighbourhood in Ouagadougou, Burkina Faso: a mixed methods 
exploratory study. International Journal of Equity in Health, 13, e31. https://doi.org/10.1186/1475-
9276-13-31 

Robin M-M (2021) La fabrique des pandémies : préserver la biodiversité, un impératif pour la santé 
planétaire. Cahiers Libres, Eds. La Découverte, Paris, France. 327 pages. 

Roche B, Garchitorena A, Guéegan J-F, Arnal A, Roiz D, Morand S, Zambrana-Torrelio C, Suzan G, Daszak P 
(2020) Was the COVID-19 pandemic avoidable? A call for a "solution-oriented" approach in pathogen 
evolutionary ecology to prevent future outbreaks. Ecology Letters, 23, 1557-1560. 
https://doi.org/10.1111/ele.13586 

Rungrojn A, Chaisiri K, Paladsing Y, Morand S, Junjhon J, Blacksell SD, Ekchariyawat P (2021) Prevalence and 
molecular characterization of Rickettsia spp. from wild small mammals in public parks and urban areas 
of Bangkok Metropolitan, Thailand. Tropical Medicine and Infectious Diseases, 6, e199. 
https://doi.org/10.3390/tropicalmed6040199 

Rivkin LR, Santangelo JS, Johnson MTJ (2018) A roadmap for urban evolutionary ecology. Evolutionary 
Applications, 12, 384-398. https://doi.org/10.1111/eva.12734 

Gauthier Dobigny & Serge Morand 21

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1038/ncomms3770
https://doi.org/10.3161/15081109ACC2017.19.1.006
https://doi.org/10.3390/ijerph15122697
https://doi.org/10.1111/imr.12567
https://doi.org/10.1098/rspb.2011.0522
https://doi.org/10.3201/eid2105.150041
https://doi.org/10.1111/j.1749-4877.2008.00069.x
https://doi.org/10.1016/S1473-3099%2818%2930730-8
https://doi.org/10.1002/eap.1683
https://doi.org/10.1128/AEM.03061-09
https://doi.org/10.1016/j.uclim.2020.100747
https://doi.org/10.1136/bmjgh-2019-002269
https://doi.org/10.1186/1475-9276-13-31
https://doi.org/10.1186/1475-9276-13-31
https://doi.org/10.1111/ele.13586
https://doi.org/10.3390/tropicalmed6040199
https://doi.org/10.1111/eva.12734
https://doi.org/10.24072/pcjournal.206


 

 

Santiago-Alarcon D, MacGregor-Fors I (2020) Cities and pandemics: urban areas are ground zero for the 
transmission of emerging human infectious diseases. Journal of Urban Ecology, 6, 
https://doi.org/10.1093/jue/juaa012 

Santini L, Gonzalez-Suarez M, Russo D, Gonzalez-Voyer A, von Hardenberg A, Ancillotto L (2019) One 
strategy does not fit all: determinants of urban adaptation in mammals. Ecology Letters, 22, 365-376. 
https://doi.org/10.1111/ele.13199 

Santos NJ, Carneiro IO, Borges Carneiro AJ, Santos da Paz E, Brito RL, Franke CR (2019) Eco-epidemiological 
approach in an urban community: environmental factors associated with injuries in humans caused by 
bats. Journal of Infectious Developing Countries, 13, 1045-1051. https://doi.org/10.3855/jidc.11904 

Saré D , Pérez D, Somé P-A., Kafando Y, Barro A, Ridde V (2018) Community-based dengue control 
intervention in Ouagadougou: intervention theory and implementation fidelity. Global Health Research, 
Pol. 3, e21. https://doi.org/10.1186/s41256-018-0078-7 

Saylors KE, Mouichec MM, Lucas A, McIvera DJ, Matsidae A, Clarya C, Maptue VT, Eurena JD, LeBretonc M, 
Tamoufe U (2021) Market characteristics and zoonotic disease risk perception in Cameroon bushmeat 
markets. Social Science and Medicine, 268, e113358. https://doi.org/10.1016/j.socscimed.2020.113358 

Semenza JC, Suk JE (2018) Vector-borne diseases and climate change: a European perspective. FEMS 
Microbiology Letters, 365, 244. https://doi.org/10.1093/femsle/fnx244 

Shairp R, Veríssimo D, Fraser I, Challender D, MacMillan D (2016) Understanding urban demand for wild 
meat in Vietnam: implications for conservation actions. PLoS One, 11, e0134787. 
https://doi.org/10.1371/journal.pone.0134787 

Shuai H, Chan JF-W, Yuen TT-T, Yoon C, Hu J-C, Hu B, Yang D, Wang Y, Hou Y, Huang X, Chai Y, Chan CC-S, 
Poon VK-M, Lu L, Zhang R-Q, Chan W-M, Ip JD, Chu AW-C, Hu Y-F, Cai J-P, Chan K-H, Zhou J, To KK-W, 
Yuen K-Y, Chu H (2021) Emerging SARS-CoV-2 variants expand species tropism to murines. eBio 
Medecine, 73, e103643. https://doi.org/10.1016/j.ebiom.2021.103643 

Soulsbury C, Piran C, White CL (2015) Human-wildlife interactions in urban areas: a review of conflicts, 
benefits and opportunities. Wildlife Research, 42, 541-553. https://doi.org/10.1071/WR14229 

Stenseth NC, Atshabar BB, Begon M, Belmain SR, Bertherat E, Carniel E, Gage KL, Leirs H, Rahalison L (2008) 
Plague: past, present, and future. PLoS Medicine, 5, e3. https://doi.org/10.1371/journal.pmed.0050003 

Sun L, Chen J, Li Q (2020) Dramatic uneven urbanization of large cities throughout the world in recent 
decades. Nature Communications, 11, e5366. https://doi.org/10.1038/s41467-020-19158-1 

Suu-Ire RD, Fooks AR, Banyard AC, Selden D, Amposah-Mensah K, Riesle S, Ziekah MY, Ntiamoa-Biadu Y, 
Wood JLN, Cunningham AA (2017) Lagos Bat Virus infection dynamics in free-ranging straw-colored fruit 
bats (Eidolon helvum). Tropical Medicine Infectious Diseases, 8, e25, 
https://doi.org/10.3390/tropicalmed2030025 

Swei A, Couper LI, Coffrey LL, Kapan D, Bennett S (2020) Patterns, drivers and challenges of vector-borne 
disease emergence. Vector-Borne and Zoonotic Diseases, 20, 159-170. 
https://doi.org/10.1089/vbz.2018.2432 

Takken W, Lindsay S (2019) Increased threat of urban malaria from Anopheles stephensi mosquitoes, 
Africa. Emerging Infectious Diseases, 25, 1431-1433. https://doi.org/10.3201/eid2507.190301 

Tait J, Perotto-Baldivieso HL, McKeown A, Westcott DA (2014) Are flying-foxes coming to town? 
Urbanisation of the spectacled flying-fox (Pteropus conspicillatus) in Australia. PLoS One, 9, e109810. 
https://doi.org/10.1371/journal.pone.0109810 

Tenzin T, Ahmed R, Debnath RC, Garba A, Mat Y (2015) Free-roaming dog population estimation and status 
of the dog population management and rabies control program in Dhaka city, Bangladesh. PLoS 
Neglected Tropical Diseases, 9, e0003784. https://doi.org/10.1371/journal.pntd.0003784 

Toledo Romani ME, Vanlerberghe V, Perez D, Lefevre P, Ceballos E, Bandera D, Gil AB, Van der Stuyft P 
(2007) Achieving sustainability of community-based dengue control in Santiago de Cuba. Social Science 
and Medicine, 64, 976-988. https://doi.org/10.1016/j.socscimed.2006.10.033 

Tong S, Li Y, Rivailler P, Conrardy C, Alvarez DA, Chen LM, Recueno S, Ellison JA, Davis CT, Yors IA, Turmelle 
AS, Moran D, Rogers S, Shi M, Tao Y, Weil MR, Tang K, Rowe LA, Sammons S, Xu X, Frace M, Lindblade 
KA, Cox NJ, Anderson LJ, Rupprecht CE, Donis RO (2012) A distinct lineage of influenza virus A from bats. 
Proceedings of the National Academy of Sciences USA, 109, 4269-4274. 
https://doi.org/10.1073/pnas.1116200109 

22 Gauthier Dobigny & Serge Morand

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1093/jue/juaa012
https://doi.org/10.1111/ele.13199
https://doi.org/10.3855/jidc.11904
https://doi.org/10.1186/s41256-018-0078-7
https://doi.org/10.1016/j.socscimed.2020.113358
https://doi.org/10.1093/femsle/fnx244
https://doi.org/10.1371/journal.pone.0134787
https://doi.org/10.1016/j.ebiom.2021.103643
https://doi.org/10.1071/WR14229
https://doi.org/10.1371/journal.pmed.0050003
https://doi.org/10.1038/s41467-020-19158-1
https://doi.org/10.3390/tropicalmed2030025
https://doi.org/10.1089/vbz.2018.2432
https://doi.org/10.3201/eid2507.190301
https://doi.org/10.1371/journal.pone.0109810
https://doi.org/10.1371/journal.pntd.0003784
https://doi.org/10.1016/j.socscimed.2006.10.033
https://doi.org/10.1073/pnas.1116200109
https://doi.org/10.24072/pcjournal.206


 

 

Tzaninis Y, Mandler T, Kaika M, Keil R (2021) Moving urban political ecology beyond the 'urbanization of 
nature'. Progress in Human Geography, 45, 229-252. https://doi.org/10.1177/0309132520903350 

UN Habitat (2019) World urbanization prospects: the 2018 revision. United Nations Habitat, New York, USA. 
ST/ESA/SER.A/420.  

UN Habitat (2021) Cities and pandemics: towards a more just, green and healthy future. United Nations 
Human Settlements Program, UN Habitat, Nairobi, Kenya. 

De Urioste-Stone SM, Pennington PM, Pellecer E, Aguilar TM, Samayoa G, Perdomo HD, Enrıquez H, Juarez 
JG (2015) Development of a community-based intervention for the controlof Chagas disease based on 
peridomestic animal management:an eco-bio-social perspective. Transactions of the Royal Society of 
Tropical Medicine and Hygiene, 109, 159-167. https://doi.org/10.1093/trstmh/tru202 

Valdez D, Keys H, Ureña K, Cabral D, Camilo F, Ogando EC, Mercedes L, Noland GS, Blount SB, Lavery JV, 
Desir L, Puello J (2020) Malaria outbreak response in urban Santo Domingo, Dominican Republic: 
lessons learned for community engagement. Revista Panamericana de Salud Publica, 44, e92. 
https://doi.org/10.26633/RPSP.2020.92 

Verrelli BC, Alberti M, Des Roches S, Harris NC, Hendry AP, Johnson MTJ, Savage AM, Charmantier A, 
Gotanda KM, Govaert L, Miles S, Rivkin LR, Winchell KM, Brans KI, Correa C, Diamond S, Fitzhugh B, 
Grimm NB, Hugues S, Marzluff JM, Munshi-South J, Rojas C, Santangelo JS, Schell CJ, Schweitzer JA, 
Szulkin M, Urban MC, Zhou Y, Ziter C (2022) A global horizon scan for urban evolutionary ecology. Trends 
in Ecology and Evolution, 3038, https://doi.org/10.1016/j.tree.2022.07.012 

Vijaykrishna D, Mukerji R, Smith GJD (2015) RNA virus reassortment: an evolutionary mechanism for host 
jumps and immune evasion. PLoS Pathogens, 11, e1004902. 
https://doi.org/10.1371/journal.ppat.1004902 

Webb Hooper M, Mitchell C, Marshall VJ, Cheatham C, Austin K, Sanders K, Krishnamurthi S, Grafton LL 
(2019) Understanding multilevel factors related to urban community trust in healthcare and research. 
International Journal of Environmental Research and Public Health, 16, e3280. 
https://doi.org/10.3390/ijerph16183280 

Wei C, Shan K-J, Wang W, Zhang S, Huan Q, Qian W (2021) Evidence for a mouse origin of the SARS-CoV-2 
Omicron variant. Journal of Genetics and Genomics, 998, https://doi.org/10.1016/j.jgg.2021.12.003 

Wells K, Morand S, Wardeh M, Baylis M (2019) Distinct spread of DNA and RNA viruses among mammals 
amid prominent role of domestic species. Global Ecology and Geography, 29, 470-481. 
https://doi.org/10.1111/geb.13045 

Werner CS, Nunn CL (2020) Effect of urban habitat use on parasitism in mammals: a meta-analysis. 
Proceedings of the Royal Society of London B, 287, e20200397. https://doi.org/10.1098/rspb.2020.0397 

Westcott DA, Mc Kneown A, Hazel P, Parsons J, Jurdak R, Kusy B, Sommer P, Zhao K, Dobbie M, Heersink 
D, Camey P (2015) Implementation of the national flying-fox monitoring program. Australian 
Government, Rural Industries Research and Development Corporation, Publication No. 15/101, Project 
No. 008241, 190 pages. 

White RJ, Razgour O (2020) Emerging zoonotic diseases originating in mammals: a systematic review of 
effects of anthropogenic land-use change. Mammal Review. https://doi.org/10.1111/mam.12201 

WHO (2005) International Health Regulation. World Health Organization, Geneva, Switzerland. 
https://www.who.int/publications/i/item/9789241580410 

WHO, FAO and OIE (2019) Taking a multisectoral, One Health approach: a tripartite guide to addressing 
zoonotic diseases in countries. Joint Risk Assessment Operational Tool: an operational tool of the 
Tripartite Zoonoses Guide. https://apps.who.int/iris/handle/10665/325620 

Wilke ABB, Vasquez C, Carvajal A, Medina J, Chase C, Cardenas G, Mutebi JP, Petrie WD, Beier JC (2020) 
Proliferation of Aedes aegypti in urban environments mediated by the availability of key aquatic 
habitats. Scientific Reports, 10, e12925. https://doi.org/10.1038/s41598-020-69759-5 

Wilkinson A, Leach M (2015) Briefing: Ebola- myths, realities and structural violence. African Affairs, 114, 
136-148. https://doi.org/10.1093/afraf/adu080 

Wilson RT (2018) Domestic livestock in African cities: production, problems and prospects. Open Urban 
Study in Demography Journal, 4, 1-14. https://doi.org/10.2174/2352631901804010001 

Wolfe ND, Daszak P, Kilpatrick AM, Burke DS (2005) Bushmeat hunting, deforestation, and prediction of 
zoonotic disease emergence. Emerging Infectious Diseases, 11, 1822-1827. 
https://doi.org/10.3201/eid1112.040789 

Gauthier Dobigny & Serge Morand 23

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1177/0309132520903350
https://doi.org/10.1093/trstmh/tru202
https://doi.org/10.26633/RPSP.2020.92
https://doi.org/10.1016/j.tree.2022.07.012
https://doi.org/10.1371/journal.ppat.1004902
https://doi.org/10.3390/ijerph16183280
https://doi.org/10.1016/j.jgg.2021.12.003
https://doi.org/10.1111/geb.13045
https://doi.org/10.1098/rspb.2020.0397
https://doi.org/10.1111/mam.12201
https://www.who.int/publications/i/item/9789241580410
https://apps.who.int/iris/handle/10665/325620
https://doi.org/10.1038/s41598-020-69759-5
https://doi.org/10.1093/afraf/adu080
https://doi.org/10.2174/2352631901804010001
https://doi.org/10.3201/eid1112.040789
https://doi.org/10.24072/pcjournal.206


 

 

Wulandary SA, Paladsing Y, Saesim W, Charoennitiwat V, Sonthayanon P, Kumlert R, Morand S, 
Sumruayphol S, Chaisiri K (2021) High prevalence and low diversity of chigger infestation in small 
mammals found in Bangkok Metropolitan parks. Medical and Veterinary Entomology, 35, 4, 534-546. 
https://doi.org/10.1111/mve.12531 

Yin C, Sun P, Yu X, Wang P, Cheng G (2020) Roles of symbiotic microorganisms in arboviral infection of 
arthropod vectors. Trends in Parasitology, 36, 607-615. https://doi.org/10.1016/j.pt.2020.04.009 

Zietz BP, Dunkelberg H (2004) The history of the plague and the research on the causative agent Yersinia 
pestis. International Journal of Environmental Health and Hygiene, 207, 165-178. 
https://doi.org/10.1078/1438-4639-00259 

24 Gauthier Dobigny & Serge Morand

Peer Community Journal, Vol. 2 (2022), article e79 https://doi.org/10.24072/pcjournal.206

https://doi.org/10.1111/mve.12531
https://doi.org/10.1016/j.pt.2020.04.009
https://doi.org/10.1078/1438-4639-00259
https://doi.org/10.24072/pcjournal.206

