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Abstract

With more than half of the global population living in cities, the urban areas are also teeming
with animals, including peridomestic wildlife, pets, and livestock. Urban animals may carry
zoonotic pathogens, and crowded conditions in cities can increase the risk for the human
population. We used a systematic approach to screen two publication databases as well as
gray literature, and quantified the studies conducted on zoonoses in urban animals with
respect to the geographic distribution, the host animal and pathogens. Out of 876 references
found, 93 were included into final data extraction. Few studies were from the rapidly expand-
ing cities in low- and middle-income countries where urban livestock-keeping is far more
prominent than in high-income countries. Most studies were performed in peridomestic wild-
life and pets, less in livestock. The most common category of pathogens studied were gastro-
intestinal parasites followed by gastrointestinal bacteria, whereas studies on some other
zoonoses internationally recognized as critical for public health were few or absent. In conclu-
sion, to mitigate the risks of emergence of zoonoses from urban animals this review highlights the
research gaps on zoonoses, particularly in livestock in rapidly growing tropical cities and a more
comprehensive inclusion of pathogens prioritized by WHO and OIE.

Introduction

In today’s world of more than 7 billion people, more than 50% of them already live in urban
areas, and this proportion keeps increasing (Satterthwaite et al., 2010; Bloom, 2011). The
urban population needs food, and with an increasing middle-income class, the demand for
animal-source foods is increasing (Rae, 1998). The provisioning of fresh food is challenging,
especially in low- and middle-income countries where infrastructure is poor and it may be
impossible to maintain cold chains, forcing slaughter to occur closer to the urban consumers.
This creates an increased market for urban produced animal-source foods and an economic
incentive for urban livestock keeping (Schiere and van der Hoek, 2001; van Veenhuizen
and Danso, 2007). Also, due to high land prices and the general shortage of space in cities,
production of perishable products, including animal products, with high market values and
less demand of land are often preferred (De Zeeuw and Lock, 2000; Nugent, 2000;
Midmore and Jansen, 2003). Animals can give a high turnover on a limited area, and the scav-
enging behavior of many animals, such as pigs and chickens, make them possible to keep even
without land (Schiere and van der Hoek, 2001; van Veenhuizen and Danso, 2007).

Even though urban livestock keeping is providing food and livelihood to urban farmers and
consumers, as well as different value chain actors, there are downsides to it, such as the public
health risks. Livestock keeping in dense urban areas cause sanitary problems with the disposal
of manure, attracts disease vectors and scavengers and may serve as reservoirs for pathogens
and can therefore constitute an increased risk for emergence and transmission of zoonoses (De
Zeeuw and Lock, 2000; Schiere and van der Hoek, 2001).

In addition to the urban livestock, cities contain a high density of pets, including feral
domestic pets such as stray dogs and cats, as well as wildlife, for which cities may particularly
provide ample opportunities for peridomestic scavengers. Urban areas create specific ecosys-
tems with higher temperatures, ‘urban heat islands’, and less seasonal changes, which coupled
with the establishment of anthropophilic mosquitoes in urban centers, particularly in tropical
regions, may contribute to the emergence of vector-borne diseases (Gubler, 1996; Shochat
et al., 2006; Bradley and Altizer, 2007; Saxena et al., 2011; Lindahl et al, 2013). The move-
ments of humans and animals in and out of high-density cities, mean that zoonotic spill-over
events, that previously could have caused isolated outbreaks in remote rural areas, now have
increased risks of being spread within urban areas, and thereby increasing the potential for
continued human-to-human transmission (Morse, 1995; Cutler et al., 2010). In fact, most
of the emerging infectious diseases in humans are zoonotic (Taylor et al., 2000; Jones et al.,
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2008), making the cities crowded with both animals and people
likely hotspots for future disease emergence.

Urban livestock keeping is of increasing importance for pro-
viding highly nutritious animal-source foods, livelihoods and
public health. However, most research on the risks associated
with livestock and zoonotic pathogen transmission are still con-
ducted with a rural focus. This review was conducted to screen
the available literature on zoonoses in urban animals, in order
to identify knowledge gaps in this field, critical for public health
interventions, particularly with respect to geographical distribu-
tion of the studies and pathogens studied.

Material and methods

This review used a systematic approach to obtain thorough and
unbiased results that are transparent and replicable (Protocol in
supplementary material 1), but did not follow all the guidelines
of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Moher et al., 2009) and the protocol
was not peer-reviewed. In addition, because the scope was so
wide, no attempt was made to conduct a meta-analysis, and
because the aim of the review did not contain any research ques-
tions regarding an intervention, it was not applicable to have all
PICOS (participants, intervention, control, outcome, study
design). The retrieval of literature for this study was conducted
in four steps.

First, for the literature search in scholarly databases, keywords
were chosen and search strings were defined (Supplementary
material 1). More specifically, 28 keywords were selected to create
26 search strings, which were then used to search the three data-
bases PubMed, CAB Direct and Web of Science. The inclusion cri-
teria were that the abstract was in the English language, literature
was published from 2003 to 2013 (until November 2013), research
was performed in urban areas, it was original research on animals
and at least one zoonotic pathogen was studied. Second, citations
were downloaded into the reference manager, Mendeley
(Mendeley Ltd), and duplicates were removed. The total publica-
tions retrieved from all three searches were 876 and after the dupli-
cates were deleted, the final number of references was 398. In
addition, 11 ‘gray literature’ papers were found by searching insti-
tutional databases (Table 1); all of these were however excluded
after screening because they did not fulfill the inclusion criteria.

Third, abstracts were reviewed by the two authors independ-
ently. When there was disagreement between reviewers, the
abstracts were re-reviewed by one of the reviewers and accepted
if at least one reviewer was considering that the paper should
be included; in total 140 abstracts were included at this stage.
For these abstracts, the full papers were sought and downloaded
if available.

Fourth, abstracts and full papers, when available, were then
reviewed, and data were extracted from all papers and abstracts
fulfilling the inclusion criteria listed above. This study used the
criteria for poor quality as reported by Alonso et al. (2016), in
short, poor quality was defined as methods not clear or incom-
plete, inappropriate methods or data analyses, biased or poten-
tially biased selection that is not acknowledged, and reported
results that are incomplete, unclear, or inaccurate.

Classifications of extracted data

A template was created in MS Excel to extract relevant data
(Supplementary material 2). A journal was classified as being
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an ISI journal if it is listed in Thomson Reuters Web of Science
(http://ip-science.thomsonreuters.com/mjl/). A study was consid-
ered to study multiple pathogens if the pathogens belonged to dif-
ferent genera. A study including multiple species of Brucella or
Echinococcus, respectively, would therefore not be considered a
multispecies study. Type of study (a prevalence study, a study
to evaluate risk factors, or other studies) was classified depending
on what seemed the main purpose of the paper. In many cases
however, a paper reported both prevalence data and risk factors
analyzed.

The studies were classified as being urban, rural, or peri-urban,
based on what was stated in the paper, or how the area was
described. One problem with studies on urban agriculture has
been the lack of common definitions of what constitutes urban
or peri-urban (Mougeot, 2000; Satterthwaite et al, 2010). For
this purpose, each paper was judged on if it provided some
kind of definition used in the paper, or a description of the
study areas that would help comparisons with other studies.

Probabilistic sampling was concluded when the paper reported
random sampling, and was considered explained if there was
any methodology at all describing the method. For the purpose
of this paper, the use of road kills or traps without a specified
randomization protocol is considered as convenience sampling
(Anderson, 2001).

Results
Papers included

After screening of the abstracts, 140 papers were included. At this
stage, it was attempted to retrieve the full documents of these, and
data were extracted. An additional 47 papers were excluded when
full papers were reviewed. The most common reasons for exclu-
sion were that it could not be verified that the study was con-
ducted in urban or peri-urban areas (7), the paper did not
actually study a zoonosis (12), the paper did not include a
study in animals, but only in human beings (14), soil (5) or
food products (1), or other reasons (8). Five papers studying
knowledge, attitudes and practice about zoonoses were retained,
even though they did not include animal studies per se. One add-
itional paper also studied knowledge, attitudes and practices in
addition to looking at prevalence in animals. The final number
of included papers from which data were extracted were 80 full
papers and 13 abstracts (Fig. 1). For some of the abstracts evalu-
ated, there were full papers available online but in other lan-
guages, most commonly Spanish and Portuguese. Five papers
were not published in ISI journals; three of these were published
as conference proceedings.

The included papers were published between 2004 and 2013,
and in 64 (69%) papers it was possible to find out when the
study had been conducted or ended, in cases of longitudinal stud-
ies. According to the papers that provided this information, stud-
ies were conducted between 2001 and 2012, and there was an
average of 2.8 (range 1-10) years between the stated year of end-
ing a study and the year of publication.

Sixty of the 80 full papers were considered of acceptable qual-
ity, whereas 20 papers were judged to be of poor quality because
there were no data on sample selection or collection, an unclear
randomization process, inaccuracies in data, difficulties in under-
standing methodology, results or how results were obtained and
unsubstantiated conclusions. Two of the papers judged to be of
poor quality were published as proceedings for conferences.
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Table 1. Institutional databases screened for studies on zoonoses in urban
animals during 2003-2013, and the number of studies found using search
terms (hits) and how many were imported to be screened

Database Hits Included
Food and Agricultural Organization (FAO) 7 2
World Health Organization (WHO) 5 2
International Livestock Research Institute (ILRI) 14 4
World Bank (WB) 3 0
Organisation for Economic Co-operation and 7 1
Development (OECD)

World Animal Health Organization (OIE) 2 2
European Centre for Disease Control (ECDC) 0 0

Geographical distribution and types of urban animals

Research had been conducted in all permanently inhabited conti-
nents (Fig. 2), with 32% of the papers on studies conducted in
South America, 18% in Europe, 16% in North America, 14% in
Africa and 6% in South and Southeast Asia, each. Because
research purely on human populations were excluded, the remain-
ing papers could be classified as (1) research on domestic animals,
53 papers, including research on livestock and pets, feral and stray
domestic animals, (2) research on wild animals, 40 papers, and (3)
5 papers focusing only on knowledge, attitudes and practices
(Fig. 3). There was a trend of increasing numbers of papers
with time (Fig. 4).

Research was conducted either in urban, peri-urban or both
urban and rural. In addition, one study was defined as suburban,
and two were described as semi-urban; for the purpose of the
summary, these were judged to be peri-urban studies. In five
papers, a description of the study site could not be found that
enabled classifying into either category. In 68 papers (72%)
there was no definition of urban and peri-urban, or any descrip-
tion of the sampling locations that could facilitate comparisons
with other studies (Fig. 5).

A purposive sampling methodology was stated in five papers,
six papers stated a probabilistic sampling without explaining how,
and 12 papers described the way a probabilistic sampling had
been conducted. The most common way (28 out of 39 studies)
of investigating wild animals was through opportunistic traps or
road kills. For the majority of papers, sampling was either not
probabilistic, or it could not be concluded from the paper.

Urban zoonotic pathogens

Most studies focused on only one pathogen. However, 27 studies
included multiple pathogens, especially studies on gastrointestinal
helminths (14 papers). In total, 55 studies included parasites, 30
bacterial diseases, 18 viral, and one fungal. The most frequently
studied pathogens are listed in Table 2.

Viruses

Avian influenza virus. Half of the papers on avian influenza or
influenza A focused on screening for the virus, and the other
half were on knowledge, attitudes and practices. Both surveys
screening for influenza were from Germany and did not find
the virus in neither 364 pigeons (Kohls et al, 2011) nor 486
bats (Mihldorfer et al, 2011). The other two papers reported
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Fig. 1. Flowchart of the review process.

on knowledge, attitudes, and practices among households in
Turkey and Laos (Barennes et al., 2010; Bakiray Kiiciikkaya
et al., 2011), with both studies emphasizing that more awareness
was warranted in both urban and rural areas.

Rabies virus. All six studies on rabies were conducted in the
Americas, half on wildlife (two on bats) and half on dogs. In
Texas, US, trends of increasing rabies-positive skunks and bats
were seen in urban areas (Oertli et al, 2009; Mayes et al,
2013). Studies in Maracaibo, Venezuela, found more than 1000
cases of canine rabies in the city, and an association with dogs
having access to the streets and the social status of the family
(Prieto et al., 2006; Fuentes et al., 2008). Paez et al. (2009) studied
control of urban rabies outbreaks in Santa Maria, Colombia, and
found it was important with urgent vaccination programs during
outbreaks, but in spite of this less than 50% of dogs had protective
titers after vaccination.

Other viruses. The other publications about viruses included
reoviruses, picobirnaviruses, arenaviruses, hantaviruses, and the
vector-borne West Nile virus.

Bacteria

Brucella spp. Studies on Brucella spp. were all focused on sero-
prevalence in ruminants (mainly cattle) in Asia and Africa,
although in one proceeding the methodology was unclear and it
was unknown how many animals originated from urban areas.
Apart from one study in Tajikistan (Jackson et al., 2007) which
included small ruminants, the other four studies were conducted
in Africa on cattle only. The highest prevalence reported at house-
hold level, both rural and urban, was in Tajikistan with up to 17%
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Fig. 2. Number of papers on zoonoses in urban animals in different countries that were included in a systematic review, as well as the proportion of studies con-

ducted in the different continents.

among households with both goats and sheep, and it was con-
cluded that the situation was out of control, also in urban areas
(Jackson et al., 2007). This was the largest study that sampled
more than 13,000 livestock, but only 620 cattle and 176 small
ruminants were said to have come from urban areas, with no def-
inition of this being provided. Conurbations in Ethiopia had a
herd prevalence of 8.6% (209 farms sampled), similar to the
adjusted herd prevalence of 6.5% (177 farms sampled) in
Kampala, Uganda (Makita et al, 2011; Asmare et al, 2013).
Increasing age, larger herds, free grazing of cattle, and purchasing
animals were identified as risk factors (Jackson et al., 2007; Makita
et al, 2011; Asmare et al, 2013). In a cross-sectional survey
among ruminants in Niamey, Niger, it was found that cattle
had higher seroprevalence than small ruminants, and the highest
prevalence was found in rural areas, with lower in peri-urban and
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lowest in urban (21.3, 5.1 and 3.3%, respectively) (Boukary et al.,
2010).

Campylobacter spp. Campylobacter spp. were studied in birds
(wild birds or poultry) in four out of five papers. Positivity rates
were frequently high, with 57% of backyard chicken flocks having
C. jejuni in Canterbury, New Zealand (Anderson et al, 2012).
Studies in Morogoro, Tanzania, showed around 70% of both
chicken (532 sampled) and crows (22 sampled) being positive,
similar to 63% of 192 sampled ducks in Makurdi, Nigeria
(Mdegela et al., 2006; Akwuobu and Ofukwu, 2010). However,
the prevalence seems to be able to vary locally, and one study
in Canada geese in Greensboro, US, showed an average rate of
16%, while in one residential area, it was as high as 80%
(Rutledge et al., 2013). One proceeding studied rodents, but it
was not possible to extract results from this.
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Fig. 3. Number of papers on different types of urban animals in a systematic review on zoonoses in urban animals. Knowledge, attitude, and practice (KAP) studies

were broken into a separate category.

Leptospira spp. Four of the seven studies on leptospirosis were
conducted on dogs, three studies included rodents, and one of
these included multiple species. Around 16% of dogs in Harare,
Zimbabwe, and Curitiba, Brazil, were seropositive (Bier et al.,
2012; Dhliwayo et al., 2012), while other cities in Brazil had
between 7% seropositive in Ilheus, and 48% in Porto Alegre
(Oliveira Lavinsky et al., 2012; de Oliveira et al., 2010), although
sampling in the latter was targeted to high-risk dogs. Urban
rodents also contribute to the risk of exposure. In Baltimore,
US, 65% of rats were seropositive, while 15-32% of rodents in
Vietnamese cities were seropositive (Easterbrook et al., 2007;
Koma et al.,, 2013).

Mycobacterium spp. One of the three studies on
Mpycobacterium spp. included abattoir diagnosis of cattle in
Niamey, Niger, where 0.19% of carcasses had visible tuberculosis
lesions (Boukary et al., 2010). The other two studies used intra-
dermal skin tests for diagnosis, and in peri-urban Faisalabad,
Pakistan, 2.5% of buffaloes were found to be positive reactors
(Arshad et al., 2012), while 6.1% of cattle in peri-urban/urban
Ouagadougou, Burkina Faso, were positive (Boussini et al., 2012).

Salmonella. In total, eight papers included studies about
Salmonella spp., but one of these papers focused on assessing knowl-
edge, attitudes, and practices. Four papers studied the prevalence of
Salmonella spp in wild animals, recording positive rates of up to
11% in pigeons in Wroclaw, Poland (Piasecki, 2006). One study in
dog and pigeon excretions in Italy failed to detect Salmonella spp.
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Other bacteria. There were two publications each on
Bartonella spp. and Yersinia spp., as well as one study focused
on antimicrobial-resistant bacteria (Guenther et al., 2012).

Parasites
Cryptosporidium spp. Seven papers reported studies on crypto-
sporidiosis, four in wild animals, one in dogs, and two in live-
stock. A study on cattle in Nairobi, Kenya, found a higher
prevalence in the dry compared to the wet season, with an indi-
vidual prevalence being as high as 15% and herd prevalence
29% in the dry season (Kange’the et al., 2012). The same study
also found Cryptosporidium spp. in humans from households
with dairy cattle, as well as in their neighbors (4 and 5%, respect-
ively). Similar to the results on Giardia, Wang et al. (2012) found
only Cryptosporidium spp. (3/129 tested) in dogs using dog parks.
In wild animals, positive rates of 35 and 52% were reported in
mice and rats, respectively, in Umuarama, Brazil (Kozerski
et al., 2012; Silva et al., 2013). In Sydney, Australia, 133 possums
were caught in traps and 11% were positive (Hill et al., 2008).
Gastrointestinal helminthes, with focus on Echinococcus
spp. In total, 25 papers reported on gastrointestinal helminthes
in urban animals, of which nine specifically reported on echino-
coccosis/hydatidosis. Nine papers included wildlife and 12 dogs.
Three papers stated that random sampling was used, and two of
these explained the methodology. In some papers sampling was
not directly from animals but from animal feces. All studies did
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find zoonotic parasites in urban animals, but there was a wide
range of parasites discovered and varying positive rates. In red
foxes in Geneva, Switzerland, it was found that the proportion
positive for echinococcosis was lower in urban areas (31%, com-
pared to 46% overall) (Fischer et al., 2005). Similar high levels of
echinococcosis (25-30%) was found in cities in Argentina and
Canada (Catalano et al, 2012; Liccioli et al., 2012; Casas et al.,
2013). In contrast, no positive sample for E. multilocularis was
found in 160 road-killed foxes in Brussels, Belgium (Brochier
et al, 2007), and in a study on E. granulosus in dogs in Chile,
it was found that urban dogs had a higher positive rate (11.7%,
compared to 7.2% overall) (Acosta-Jamett et al., 2010).

Other parasitic species frequently studied include Toxocara
canis and Toxascaris leonina, which are common dog parasites;
however, occasional studies also look at urban livestock. In
Mwanza city, Tanzania, higher infection rates with strongyles
and coccidia in goats were found in the urban areas (Mhoma
et al., 2011), and 95% infection rate with Ascaris suum was
found in urban pigs in Ethiopia (Zewdneh et al., 2013). While
dogs were more frequently found infected when they lived on
the streets and in low-income areas, compared to house dogs
and more affluent areas of the city (Martin and Demonte, 2008;
Nikoli¢ et al, 2008; Antolova et al., 2004), zoonotic parasites
were also found in dogs that were not let onto the streets at all
in Pinhais, Brazil (Martins et al., 2012).

Giardia spp. Out of the six papers reporting on Giardia spp.,
five were on dogs and one on coyote, and no study reported a
probabilistic sampling. A Bayesian model for dogs in Pisa, Italy,
estimated 29% of dogs were infected (Papini et al., 2013), while
19.8% of coyote carcasses in Calgary, Canada, and 17.3% of
dogs in Botucatu, Brazil were positive (Liccioli et al., 2012; Silva
et al,, 2012). A study from the US found only 5 dogs positive
out of 129, and all dogs that were positive were using dog
parks, identified as the main risk factor (Wang et al.,, 2012).

Leishmania spp. All the six studies included on Leishmania
spp. had been conducted on dogs in Brazil, two with purposive
sampling and four with unknown sampling methodology.
Different detection methods yielded different estimates in urban
prevalence, with a serological study in Cuiabd having the highest
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proportion positive of 27% in urban dogs (Mestre et al., 2011), but
the paper contained no information about sampling method-
ology. In comparison, a study in Dias D’Avila found only 2.5%
positive dogs in the city and 29.9% positive in rural areas, and
concluded that leishmaniasis was significantly more common in
the countryside (de Oliveira et al., 2010).

Toxoplasma: Of the eight papers reporting on Toxoplasma
gondii, two were on pets (dogs and stray cats), and the rest on
wildlife, and only one paper reported on random selection, but
without explaining methodology. Among the dogs sampled in
Botucato, Brazil, 33.1% had antibodies against Toxoplasma
(Langoni et al., 2006), whereas only 5% of pigeons in the same
country had it (de Lima et al, 2011). Contrastingly, 75.6% of
pigeons were seropositive in Wroclaw, Poland, (Piasecki, 2006).

Other parasites. Other parasites studied included the vector-
borne Trypanosoma cruzi and Babesia spp., miscellaneous proto-
zoan parasites (Blastocystis, Neospora), and macroparasites
(Trichinella, Tunga penetrans, Paragonium), bacterial (two publi-
cations each on Bartonella and Yersinia), viruses (reoviruses,
picobirnaviruses, arenaviruses, hantaviruses). One study focused
on antimicrobial-resistant bacteria (Guenther et al., 2012).

Discussion

This review used a number of search strings to screen databases to
identify papers published on the topics of zoonotic infections in
animals in urban areas. While research solely on human disease,
prevalence or incidence was excluded, papers were included on
peridomestic wildlife and domestic animals, including pets and
livestock, and it was found that most studies were about pets
and urban wildlife, while urban livestock was studied more sel-
dom. This may be due to the fact that the importance of urban
livestock keeping often has been underestimated when it comes
to both their contribution to food security and nutrition as well
as to pathogen transmission and disease emergence. However,
there are also still prevailing perceptions that livestock keeping
is mainly a rural livelihood. Also, it may be due to difficulties
in researching an animal husbandry practice that is informal or
illegal in many countries, and when authorities are not willing


https://doi.org/10.1017/S1466252319000100

56

50
45
40
35

30

Fig. 5. Number of papers based on the classification of q
study area, and if the paper contained a definition or a
description of how the area was classified.

to admit the extent of such practices (Grace et al, 2015). The
keeping of urban livestock combined with increased human
population densities may facilitate spread of diseases, and urban-
ization is considered one of the drivers behind disease emergence
due to the extensive interface and the high number of susceptible
and infectious individuals that may meet and interact (Lindahl
and Grace, 2015).

It is evident in the papers reviewed that when zoonotic patho-
gens are looked for, they are often detected in urban areas, and
most studies conclude that zoonoses are a threat to human inha-
bitants. One may, however, suspect that there is a publication bias
against studies looking for zoonotic pathogens in urban environ-
ments and not finding them, as negative results are less likely to
get published (Dickersin, 1990; Dirnagl and Lauritzen, 2010;
Koricheva et al., 2013). One rare exception included in this review
is the report by Kohls et al. (2011) showing negative results for
influenza. However, this same paper also reported on the presence
of paramyxovirus, which may have facilitated its publication.

Many low-income countries with large and rapidly expanding
cities were not represented in this screening, or were represented
only by very few publications. It is remarkable that only 5 papers
each came from the low- and middle-income countries in South
and Southeast Asia, regions with dense populations in multiple
mega-cities, with more than 10 million people. Similarly, coun-
tries such as Russia, China, and South Africa were not repre-
sented, possibly because our search strings did not detect them.
However, searching a database like PubMed with the search
terms zoonotic or zoonoses, urban and Russia, also yielded few
results. There may be a tendency to publish in national journals
in some countries, and thus the results are not available for the
international research community which could explain why our
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search did not retrieve the articles. However, it may also be an
indication of that the topic of urban animals and zoonoses has
long had a very low priority. Considering that sub-Saharan
Africa is foreseen to be responsible for a large part of the popu-
lation growth in the future, with many cities with high growth
rate and often extensive informal settlements (Gerland et al.,
2014; Bloom, 2011), it is worrisome that not more than 13 papers
were found relating to zoonoses in African cities. Scarcity on pub-
lished papers on zoonoses in Africa has however been noted
before, and may have multiple reasons. For example, difficulties
for scientists to get research published in journals accessible
online, or low priority among research donors (Alonso et al.,
2016).

The most frequently studied pathogens were gastrointestinal
helminths, followed by the diarrheal pathogens Salmonella,
Giardia, and Campylobacter. The reasons for selection of these
pathogens may be the focus on certain host species, or more prag-
matic ones, such as the relative ease to collect fecal samples or a
straightforward diagnostic methodology. However, in OIE’s
annual report on human cases of zoonosis (OIE 2017), brucellosis
and leptospirosis, which are sparsely found in this review, were
the diseases reported from most countries in 2015. On the
other hand, with respect to the number of human cases, the diar-
rheal diseases salmonellosis and campylobacteriosis seems to be
the most frequent. Notably, also the large Global Burden of
Disease Study 2015, points out diarrheal diseases as the infectious
disease contributing to most disability-adjusted life-years
(DALYs) (GBD 2015 DALYs and HALE Collaborators, 2016).
Among the major zoonoses, the WHO deals with (WHO 2017),
food-borne zoonoses and leptospirosis are also found in this
review. In contrast, other WHO-prioritized zoonoses like anthrax
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Table 2. Number of papers within each pathogen group and the host species and countries of the studies

Pathogen Papers Species studied Geographic study locations

Avian influenza virus/ 4 Bats (1), pigeons (1), knowledge, attitudes and Germany (2), Turkey (1), Lao PDR (1)

Influenza A practices (2)

Brucella spp. 5 Cattle (4), cattle and small ruminants (1) Burkina Faso (1), Ethiopia (1), Niger (1), Tajikistan (1), Uganda (1)

Campylobacter spp. 5 Chicken (2), ducks (1), crows (1), geese (1), New Zealand (1), Nigeria (1), Tanzania (1), UK (1), USA (1)
rodents (1)

Cryptosporidium spp. 7 Rodents (2), crows (1), possum (1), dogs (1), Brazil (2), Australia (1), Ethiopia (1), Kenya (1), Malaysia (1), USA (1)
pigs (1), cattle (1)

Gastrointestinal 25 Dogs (12), multiple livestock species (2), pig (1), Argentina (3), Brazil (3), Canada (2), Belgium (1), Chile (1),

helminths goats (1), fish (1), rodents (3), foxes (3), coyotes Ethiopia (1), India (1), Iran (1), Italy (1), Malaysia (1), Moldavia
(2), raccoons (1). (1), Nigeria (1), Peru (1), Serbia (1), Slovakia (1), Switzerland (1),

Tanzania (1), USA (1), Vietnam (1)

Echinococcus spp. 9 Dogs (4), multiple livestock (1), coyotes (2), Canada (2), Argentina (1), Chile (1), Belgium (1), India (1), Iran
foxes (2) (1), Peru (1), Switzerland (1)

Giardia spp. 6 Dogs (5), coyote (1) US (2), Brazil (1), Canada (1), Italy (1), Serbia (1)

Leishmania spp. Dogs (6) Brazil (6)

Leptospira spp. 7 Rodents (2), dogs (4), multiple species (1) Brazil (4), Chile (1), USA (1), Vietnam (1), Zimbabwe (1)

Mycobacterium spp. 3 Ruminant livestock (3) Burkina Faso (1), Niger (1), Pakistan (1)

Rabies virus 6 Dogs (3), bats (2), skunks (1) USA (2), Venezuela (2), Brazil (1), Colombia (1)

Salmonella spp. 8 Rodents (2), wild birds (4), dogs (1), bats (1), USA (2), Poland (1), Germany (2), Italy (1), Malaysia (1), UK (1)
knowledge, attitudes and practices (1)

Toxoplasma spp. 8 Cats (1), dogs (1), pigeons (2), rodents (1), Brazil (3), Australia (1), Iran (1), Poland (1), UK (1), USA (1)

possums (1), opossums (1), badgers (1)

Echinococcus is included in the group gastrointestinal helminths, but also reported on a separate row.

and prion diseases are not found at all in the review. It is interest-
ing to note that for some of the food-borne pathogens, the major-
ity of the studies found in this review were conducted in
high-income countries, while the burden of these diseases is pro-
portionally much higher in low-income countries (Engels and
Savioli, 2006). In summary, the literature found here on urban
zoonoses deals with several of the pathogens that may be regarded
as the most important zoonotic pathogens globally. However, at
the same time, some of the important zoonotic pathogens are
just sparsely studied or not studied at all in urban animals, or
are not studied in countries where the burden is high.

This review has several limitations, and the narrow scope of
only including papers written in English and only search in inter-
national databases, likely made some countries under-represented
here. While we used some very general search terms, such as,
‘Urban AND (‘Animal Diseases’s OR ‘Human Diseases’) AND
Health AND Cities’, we did not include the names of specific dis-
eases, nor all hosting animal species, which may have contributed
to less consideration of some relevant studies. However, the main
purpose of this review was to get an overview of where most of the
peer-reviewed research has been conducted and where the
research focus has been, and we believe that this was still achieved.
One interesting finding was that, in spite of many search terms
being aimed specifically at picking up studies on urban livestock,
this topic was very much under-represented, which further indi-
cates a need for covering that knowledge gap.

In conclusion, this review points out three areas where science-
based knowledge is limited. First, with respect to the traditional
research focus on zoonoses in livestock in rural areas, we may
be at a point where we need to shift focus towards the crowded
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urban settings where we may see hot-spots for disease emergence
in the future. Second, it is worrisome that so few studies are from
the rapidly expanding cities in low- and middle-income countries,
where urban livestock keeping is far more prominent than in
high-income countries. Third, there are arguments to consider
other zoonotic pathogens in future studies on zoonoses in
urban animals. Overall, there are significant research gaps that
should be filled in order to mitigate risks of emergence of zoo-
noses from urban animals.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S1466252319000100.
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