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Abstract Rodents are a threat to agriculture and homes,
and are a public health risk. Local perceptions about
rodents and the damage they cause are vital, as a first
step, to the design and implementation of rodent control
or educational programs. A total of 111 interviews were
conducted in two urban neighborhoods and two rural
villages in Yucatan, Mexico. More than 90% of the
interviewed inhabitants perceived rodents as a problem.
The fear of rodents (57%), damage to food and stocks
(56%), and damage to clothes (34%), were the most
cited problems. In the urban neighborhoods, the use of
rodent control methods was more frequent (57%) than
in the villages (33%) in this study. In addition, the
percentage of damage to domestic appliances was lower
in villages (10%) than in neighborhoods (33%). Our
preliminary results suggest that rodent pests represent a
threat to human health and to human food security in
the studied sites.
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Introduction

Rodents account for approximately 44% of mammal species
and inhabit all continents except Antarctica (Wolff and
Sherman 2007). Despite the large number of rodent species,
only 5–10% are considered a serious economic problem in
both urban and rural areas (Stenseth et al. 2003). Among
these, commensal rodents, particularly the Norway rat
(Rattus norvegicus), the black rat (Rattus rattus) and the house
mouse (Mus musculus) are considered the most important
pests in the world (Battersby et al. 2008). These rodents are
serious pests to crops, on animal farms, in industries, and in
homes (Pimentel et al. 2005). In Asia, every year, the estimat-
ed loss of rice due to rodents is approximately 30 million
metric tonnes (5% of production); an amount that could feed
180 million people for a year (Capizzi et al. 2014). In 1993–
94, in Australia, a house mouse plague caused losses to crops
(e.g. maize, rice, soybeans) estimated at US$60 million
(Brown et al. 2004). In the USA, Pimentel et al. (2005) esti-
mated that the cost of destruction to crops by rats (Norway and
black rats) is more than US$19 billion per year. In addition,
rodents are a public health risk due to the zoonotic pathogens
they maintain and spread, such as viruses (e.g. Seoul hantavi-
rus), bacteria (e.g. Leptospira interrogans), and helminths
(e.g. Hymenolepis nana) (Meerburg et al. 2009; Himsworth
et al. 2013b).

Despite the ubiquity of rodent pests, field studies have
shown that the distribution, abundance, and composition of
rodent communities can vary over time and habitats depend
on environmental factors and the landscape characteristics of
each habitat (Davis 1953; Cavia et al. 2009; Garba et al.
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2014a; Himsworth et al. 2014). For example, in Sao Paulo,
Brazil, de Masi et al. (2009) found that rodent infestation was
associated with food availability. In particular, black rats were
abundant in dwellings with animal food, whereas Norway rats
infested dwellings with fructiferous trees.

In Mexico, the knowledge of rodent ecology in commensal
habitats is scarce. There are few studies on rodent pests in
commensal habitats. InMexico City, Villa et al. (1997) report-
ed that the Norway rat was the major pest species on poultry
farms, and that pregnancy rates vary throughout the year. In
Merida, Mexico, Panti-May et al. (2012, 2016) reported that
the house mouse was the most abundant species, followed by
the black rat in urban and rural areas, and that both species had
high reproductive rates. Moreover, in urban habitats, public
health risks from rodent-associated zoonoses may be lower
than those in rural communities, where rodent abundance is
generally high (Battersby et al. 2008). Thus, rodent-associated
problems could also vary, depending on rodent species and
their abundance and distribution.

Popular perception about rodents and rodent-associated
damage provide indirectly useful insights into the impact of
rodents on the human environment, as well as the degree of
knowledge on rodents of inhabitants (Garba et al. 2014b).
Also, this information is fundamental to design and improve
integrated pest management programs. Studies of the public
opinion about rodent-associated problems in households are
rare in scientific literature, and these types of studies are gen-
erally restricted to the perceptions of farmers (Makundi et al.
2006; Brown et al. 2008; Gadisa and Birhane 2016).
Moreover, popular perceptions, especially from children, can
help us to design environmental health education campaigns
for rodent control in schools (Hancke and Suárez 2014).

In Niamey, Niger, the most mentioned damage to house-
holds, associated to rodents, were on food or food stocks,
followed by damages on houses, furniture, and clothes
(Garba et al. 2014b). In British Columbia, Canada,
Himsworth et al. (2013a) reported that in the opinion of pest
control professionals, rats abound in sites with exposed gar-
bage, abandoned buildings, and compost, and that poison
baiting is the cheapest and easiest method of rodent control,
although environmental modification is the most effective
way to control rodent infestations in the long term. In
Manchester, the United Kingdom, the majority of residents
indicated that rodents pose a public health risk, and that poi-
sons are the best way to control mouse and rat populations
(Marshall and Murphy 2003).

As part of a series of surveys focusing on the role of rodents
in the transmission of zoonotic diseases, we conducted inves-
tigations in several communities in Yucatan, Mexico. To our
knowledge, no previous study in the Americas has document-
ed the perceptions of rodent-associated problems in house-
holds. We present the perceptions regarding rodent pests of
inhabitants of urban and rural settlements in Yucatan, Mexico.

Material and methods

This study was carried out in two urban residential neighbor-
hoods and two rural villages of the Yucatan State, Mexico.
The Yucatan State has ~1,955,577 inhabitants, of which
16% live in rural areas (Instituto Nacional de Estadística y
Geografía 2010). The sampled neighborhoods were San Jose
Tecoh (SJT; 20°53′16.0″N, 89°37′19.9″W) and Plan de Ayala
Sur (PAS; 20°54′54.0″N, 89°37′22.8″W), located in a
low socioeconomic area within the city of Merida, mu-
nicipality of Merida. The villages were Xkalakdzonot
(XKA; 20°26′21.35″N, 88°34′10.25″W), in the munici-
pality of Chankom, and Paraíso (PAR; 20°40′34.36″N,
90°06′54.23″W), in the municipality of Maxcanú.
Typically, in the neighborhoods, the houses occupy a
larger area than yards and have solid floors and walls,
but these are generally in poor conditions with cracks or holes
(Fig. 1a, b). In the villages, the majority of inhabitants live in
small houses constructed with stones, wooden poles and
thatched with palm leaves, that are adjacent to small rooms
constructed with blocks of concrete (Fig. 1c, d).

In these sites, rodent trapping was conducted in order to
study the presence of zoonotic pathogens among rodent pop-
ulations. In each site, 23–30 households were selected for
trapping rodents. Briefly, in each household, eight Sherman
traps were set for three consecutive nights (24 trap-nights per
month). Traps were placed inside houses and yards
close to signs of rodent activity (fecal droppings, bur-
rows or active runs), potential sources of food (exposed
garbage and human or animal food) or harborage (areas
with vegetative coverage and unserviceable domestic ap-
pliances) (Panti-May et al. 2016). Interviews were per-
formed exclusively in all rodent trapping households
between August and September 2016. A paper-based
questionnaire was carried out with the head of the fam-
ily, usually the mother. The questionnaire consisted of
11 questions about the presence of rodents, rodent con-
trol methods, and the perceptions of rodent-associated
problems following the categories used by Garba et al.
(2014b). All questions, with the exception of rodent control
methods, were ‘closed’ (i.e. expected answers were either
‘yes’ or ‘no’).

The proportion of positive answers was first compared be-
tween SJT and PAS (urban neighborhoods), and then between
XKA and PAR (rural villages), using a Chi-square test of
independence (McDonald 2014). When >25% of cells had
an expected count of 5, a Fisher’s exact test was used
(McDonald 2014). In the case of rodent control methods, no
associations were tested between control methods and sites
due to their low number of positive answers. As SJT and
PAR, and XKA and PAR had similar proportions, data were
pooled into urban and rural, respectively, and were analyzed in
the same manner (see results).
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Results

Although this study is not a proper investigation on commen-
sal rodent communities in urban and rural areas of Yucatan,
the results of trapping are presented. A total of 790 rodents
were trapped with an overall trap success (TS) of 7.5%. In the
neighborhoods, 386 commensal rodents were trapped: in SJT,
M. musculus was the dominant species (TS = 4.9%) followed
by R. rattus (TS = 1.2%), whereas in PAS, R. rattus
(TS = 3.4%) and M. musculus (TS = 2.5%) had similar trap
successes. In the villages, 404 rodents were trapped: in XKA,
R. rattus (5.7) and M. musculus (3.6) were the dominant spe-
cies, followed by the native species Sigmodon hispidus
(TS = 0.9%), Heteromys gaumeri (TS = 0.4%), Peromyscus
yucatanicus (TS = 0.1%), and Ototylomys phyllotis
(TS = 0.05%), whereas in PAR, M. musculus was the domi-
nant species (TS = 7.7%), followed by R. rattus (TS = 0.3%),
P. yucatanicus (TS = 0.2%), Peromyscus leucopus
(TS = 0.1%) and Reithrodontomys gracilis (TS = 0.1%).
Thus, M. musculus and R. rattus, were the most common
rodent species in both urban and rural households.

A total of 111 people were interviewed in Yucatan: 30 in
both SJT and PAS, 28 in XKA, and 23 in PAR. Of the four
sites, 73.9% (82/111) of the interviewed people saw rodents in
their households during the last six months and 45.9% (51/
111) of them declared using at least one rodent control meth-
od. The most reported methods were glue traps (30.4%, 17/
56) and rodenticides (26.8%, 15/56) (see Table 1). Rodents
were perceived as a problem by 91% (101/111) of the respon-
dents. Responses from all participants showed that fear, by at

least one relative, was the most cited nuisance (56.9%, 62/
109), followed by damage to food and stocks (56%, 61/
109), and clothes (34.2%, 38/111). Damage to domestic ap-
pliances (22.5%, 25/111), furniture (18%, 20/111), and houses
(15.3%, 17/111) were the less cited rodent-associated prob-
lems. Interestingly, only two cases (1.8%, 2/111) of rodent
bites were reported; both cases were mentioned in PAS.

There were significant differences between the urban and
rural perceptions and attitudes towards rodents (Table 1). In
the villages, the percentage of families that use rodent control
methods, 33.3% (17/51) was significantly lower than the
56.7% (34/60) of neighborhoods (χ2 = 5.14, P = 0.02).
Additionally, the percentage of damage to domestic appli-
ances in villages, 9.8% (5/51), was lower than the 33.3%
(20/60) of their urban counterparts (χ2 = 7.45, P = 0.01). In
neighborhoods, the main methods of rodent control were glue
traps (38.9%) and rodenticides (36.1%), whereas in villages
they were live traps (55.0%) and animals (i.e. cats and dogs)
(20.0%). There were no differences between the urban and
rural perceptions of damage on food and stocks, clothes, fur-
niture, houses, or fear caused by rodents (Table 1).

Discussion

In this study, we present the perception of inhabitants towards
rodents and their associated problems from urban and rural
settlements in Yucatan, Mexico. Our results show that rodents
are perceived as a problem by 91% of the interviewed people.
Fear of rodents was the problem most mentioned (56.9%) by

Fig. 1 Photographs of a typical
household in San Jose Tecoh (a),
Plan de Ayala Sur (b),
Xkalakdzonot (c), and Paraíso
(d), in Yucatan, Mexico,
illustrating the conditions of the
houses, walls, fences, and yards
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inhabitants. Mothers and children were the most frequently
cited regarding fear (data no shown). Although fear or phobia
can be acquired vicariously (ÖSt and Hugdahl 1981), fear of
rodents in the surveyed families could be related to high levels
of rodent infestations and the close contact with rodents
(Panti-May et al. 2016). In general, people with fear of rodents
have a strong dislike or aversion towards them, but in some
cases the high level of fear can cause rodent phobia, in which
individuals suffer a significant amount of distress or interfer-
ence in their lives (Hsia 2003). In this survey, some people
mentioned high levels of anxiety when they only see rodents.
Thus, it would be advisable to conduct psychological and
epidemiological studies in order to determine the health im-
pact of fear of rodents on inhabitants.

Damage to food and/or stocks (56%) was the second most
important rodent-associated problem mentioned by inhabi-
tants. Similarly, in Niamey, Niger, Garba et al. (2014b)

reported damage to food and stocks in 63.1% of urban house-
holds. In the neighborhoods, inhabitants mentioned that ro-
dents damage mainly human foodstuffs, whereas in villages,
rodents consume human foodstuffs and crops (e.g. corn,
pumpkin). In general, the foodstuffs and crops in the studied
households are stored in open spaces where they are freely
accessible to rodents. Hence rodents could be a threat to hu-
man food security in the studied sites.

Another frequently cited problem was damage to clothes
(34.2%). In Russian educational institutions, Sidorov and
Putin (2010) reported that the percentage of damage to items
made of natural fibers (e.g. clothes) caused by house mice was
12.6%. Similarly, Nigerien families mentioned that the per-
centage of destruction of clothes by rodents in their homes
was 16.8% (Garba et al. 2014b). This difference could be
explained by the abundance of house mice in both urban and
rural households. Indeed, some inhabitants mentioned that

Table 1 Summary of answers obtained from our questionnaires presented by urban and rural areas, neighborhood, village, as well as for the Yucatan
State. The percentages of positive answers were calculated on the basis of exploitable answers

Urban Rural Yucatan

SJT PAS All XKA PAR All Total

Presence of rodents: N exploitable answers 30 30 60 28 23 51 111

N positive (%) answers 23 (76.7) 22 (73.3) 45 (75.0) 20 (71.4) 17 (73.9) 37 (72.5) 82 (73.9)

Rodent control: N exploitable answers 30 30 60 28 23 51 111

N positive (%) answers 17 (56.7) 17 (56.7) 34 (56.7) 9 (32.1) 8 (34.8) 17 (33.3) 51 (45.9)

Rodent control methods*: 17 19 36 10 10 20 56

Rodenticide N positive (%) answers 4 (23.5) 9 (47.4) 13 (36.1) 1 (10.0) 1 (10.0) 2 (10.0) 15 (26.8)

Glue trap N positive (%) answers 9 (52.9) 5 (26.3) 14 (38.9) 0 (−) 3 (30.0) 3 (15.0) 17 (30.4)

Snap trap N positive (%) answers 2 (11.8) 0 (−) 2 (5.6) 0 (−) 0 (−) 0 (−) 2 (3.6)

Live trap N positive (%) answers 1 (5.9) 0 (−) 1 (2.8) 6 (60.0) 5 (50.0) 11 (55.0) 12 (21.4)

Animal (cat or dog) N positive (%) answers 1 (5.9) 5 (26.3) 6 (16.7) 3 (30.0) 1 (10.0) 4 (20.0) 10 (17.9)

Rodent-associated problems N exploitable answers 30 30 60 28 23 51 111

N positive (%) answers 27 (90.0) 27 (90.0) 54 (90.0) 25 (89.3) 22 (95.7) 47 (92.2) 101 (91.0)

Damages to food and stocks N exploitable answers 28 30 58 28 23 51 109

N positive (%) answers 17 (60.7) 19 (63.3) 36 (62.1) 14 (50) 11 (47.8) 25 (49.0) 61 (56.0)

Damages to domestic appliances N exploitable answers 30 30 60 28 23 51 111

N positive (%) answers 11 (36.7) 9 (30.0) 20 (33.3) 2 (7.1) 3 (13.0) 5 (9.8) 25 (22.5)

Damages to clothes N exploitable answers 30 30 60 28 23 51 111

N positive (%) answers 10 (33.3) 13 (43.3) 23 (38.3) 5 (17.9) 10 (43.5) 15 (29.4) 38 (34.2)

Damages to furniture N exploitable answers 30 30 60 28 23 51 111

N positive (%) answers 9 (30.0) 6 (20.0) 15 (25.0) 2 (7.1) 3 (13.0) 5 (9.8) 20 (18.0)

Damages to houses N exploitable answers 30 30 60 28 23 51 111

N positive (%) answers 5 (16.7) 7 (23.3) 12 (20.0) 3 (10.7) 2 (8.7) 5 (9.8) 17 (15.3)

Fear N exploitable answers 30 29 59 27 23 50 109

N positive (%) answers 22 (73.3) 14 (48.3) 36 (61.0) 12 (44.7) 14 (60.9) 26 (52.0) 62 (56.9)

Bites N exploitable answers 30 30 60 28 23 51 111

N positive (%) answers 0 (−) 2 (6.7) 2 (3.3) 0 (−) 0 (−) 0 (−) 2 (1.8)

Numbers highlighted in bold show a P value <0.05

*The total of positive answers are higher than the total of positive answers for rodent control because some inhabitants use two methods
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when house mice are abundant, they often build nests inside
closets or beds.

In one site, PAS, two cases of rodent bites (1.8% in
Yucatan) were mentioned. In Niamey, Niger, Garba et al.
(2014b) reported a low percentage of bites (5.4%) in inhabi-
tants of urban households. In New York City, USA, Childs
et al. (1998) evaluated 514 cases of rodent bites from 1984 to
1994, and they found that rats were the most frequent rodent
involved in bites (81%) and that people who had been bitten
lived on blocks with low incomes and poor structural condi-
tions. In the two cases mentioned in PAS, bites were caused by
rats, and the respondents mentioned no health problems after
the event. Apparently, rodent bites are infrequent and rarely
involve pathogen transmissions (Elliott 2007). However, bites
can result in a rare but potentially fatal illness caused mainly
by the bacterium Streptobacillus monoliformis, the agent of
the rat-bite fever (Graves and Janda 2001; Centers for Disease
Control and Prevention 2005). In addition, rodents can trans-
mit numerous zoonotic pathogens through contact with their
ectoparasites, urine or feces. In Yucatan, several studies on
rodent populations have reported zoonotic agents, such as
flavivirus (Cigarroa-Toledo et al. 2016), Leptospira
interrogans (Torres-Castro et al. 2014), Rickettsia felis
(Panti-May et al. 2015b), and helminths (Panti-May et al.
2015a).

This study found differences between urban and rural per-
ceptions. In neighborhoods, the use of some method of rodent
control was more frequent (57%) than in villages (33%). This
suggests that inhabitants from urban areas are less tolerant to
the presence of rodents than people from rural areas, or that
the education or knowledge about the control of rodents is
better in the city. In neighborhoods, the most popular methods
of rodent control were rodenticides (38%) and glue traps
(35%), whereas in villages, live traps (53%) and animals
(20%) were the main methods. In urban areas, the popularity
of rodenticides and glue traps could be related to their low
price and the ease of buying them in supermarkets or agricul-
tural supply stores. In contrast, live traps are popular in vil-
lages because they are cheap and easily repairable, allowing
their use for several months. Also, rural inhabitants frequently
adopt a cat or a dog because they perceive that predation by
cats or dogs significantly affect the size of rodent populations.
On the other hand, damage to domestic appliances were infre-
quent in villages (10%) when compared to neighborhoods
(33%). The reason for this difference is unknown, but could
be related to the higher number of domestic appliances in
urban houses than rural houses.

The perception of residents towards rodents is an important
and often neglected area of rodent control programs (Marshall
and Murphy 2003). If the perceptions and beliefs of residents
are not incorporated into control programs, then residents may
believe that rodent control is the responsibility of government
agencies or that they have little to contribute to control

programs (Marshall and Murphy 2003). Successful rodent
control programs need the active participation of residents.
The incorporation of the perceptions of residents in control
programs may increase their motivation and participation in
community groups and control activities such as clean-up
campaigns (Nolte et al. 2003). Moreover, the understanding
of the beliefs is also important to select the most appropriate
approaches to control strategies (Marshall and Murphy 2003).
If residents from villages believe that the presence of preda-
tors, such as cats, eradicates rodent populations in the houses
or that rodenticides are the best way to control rodents, then
they may put little effort into environmental management and
rodents will continue colonizing houses.

Despite the low number of interviewed persons, the pre-
liminary information generated in this study is relevant to the
understanding of the economic and medical impact associated
with rodent pests, as well as to the design of rodent control
programs. To our knowledge, this study is the first to docu-
ment contemporary views of inhabitants of urban and rural
settlements towards rodents and their associated problems in
the Americas. Further studies evaluating the level of destruc-
tion by rodents to crops, on animal farms, in industries, and in
homes could increase the knowledge on the economic impact
of rodent pests in Mexico. Our results suggest that the pres-
ence of rodent pests represent a threat to human health and to
human food security in the studied sites.
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