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Abstract

Background Rodents play essential ecological roles but are also significant reservoirs of zoonotic pathogens, posing
risks to humans. Individuals with frequent occupational contact with rodents face an elevated risk of exposure to
rodent-borne diseases. This study examines the knowledge, risk perceptions, and practices of Chilean environmental
consultants (ECs) concerning rodents and rodent-borne diseases.

Methods A 32-item questionnaire, which focused primarily on biologists, veterinarians, and environmental
engineers, was administered. The questionnaire included closed, open-ended, and semi-open-ended questions.

Data analyses, performed using R software, involved calculating frequencies and proportions for questions related

to knowledge of rodents and rodent-borne diseases, rodent management and handling, biosafety procedures, and
training. Additionally, generalized linear models (GLMs) were used to assess knowledge of rodent hosts and diseases,
whereas correspondence analysis was used to examine associations between EC characteristics (undergraduate fields
of study and years of experience) and responses regarding risk perception and the importance of zoonotic disease
training.

Results Completed questionnaires were received from 206 ECs. Although the ECs demonstrated a strong awareness
of hantavirus cardiopulmonary syndrome, identifying it as a significant rodent-borne threat, knowledge gaps were
evident regarding the specific role of certain rodent reservoir species and other rodent-borne diseases in Chile. For
example, leptospirosis was well recognized, particularly among veterinarians, whereas emerging zoonoses such as
scrub typhus was rarely mentioned. The study also revealed the frequent use of live trapping and direct handling

of rodents, resulting in injuries to 32% of the respondents. Despite the widespread use of personal protective
equipment, key elements such as respiratory protection and disposable suits were underutilized, and inadequate
cleaning practices for traps were reported. Nevertheless, ECs expressed a willingness to participate in zoonotic disease
training, underscoring the need for further education.
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Conclusions This study highlights the critical need for ongoing education for ECs on rodent reservoirs, diseases,
and biosafety measures to enhance their safety and reduce the risk of zoonotic infections. The findings offer valuable
insights for developing strategies aimed at improving awareness and strengthening biosafety practices within this

occupational group.

Keywords Biosafety measures, Ecological consultants, Occupational risks, Rodentia, Zoonoses risk

Introduction

Rodents are the most diverse mammals in the world
and play important ecological roles as seed dispersers,
ecosystem engineers, and prey for a variety of preda-
tors [1]. They are also recognized as major reservoirs of
zoonotic pathogens, with more than 85 zoonotic dis-
eases associated with rodents [2—4]. Examples of rodent-
borne diseases include viruses (e.g., Hantavirus disease,
Lassa fever, and tick-borne encephalitis), bacteria (e.g.,
Lyme disease, plague, and leptospirosis), protozoa (e.g.,
toxoplasmosis, leishmaniasis, and Chagas disease), and
helminths (e.g., hymenolepiasis, trichinellosis, and echi-
nococcosis) [5]. The transmission of these diseases is
influenced by the ecological dynamics of rodent popu-
lations and the environments they inhabit, which often
overlap with human activities. Rodent reservoir hosts are
frequently generalist species with a broad distribution [6]
and can adapt to diverse environments, including rural
and urban settings [7-9].

Human infections caused by rodent-borne pathogens
are closely linked to socioenvironmental and behav-
ioral factors that increase exposure to rodents, their
pathogens, and vectors [10]. For example, rural dwell-
ers, as well as agricultural and forestry workers, are at
high risk of developing hemorrhagic fever with renal
syndrome and Hantavirus cardiopulmonary syndrome
(HCPS) [11]. Additionally, certain outdoor activities have
been reported to increase the risk of Lyme borreliosis in
Europe [12]. Individuals with frequent occupational con-
tact with rodents, such as pest controllers, mammalo-
gists, biologists, and environmental health specialists,
face an elevated risk of exposure to rodent-borne dis-
eases [13, 14]. For example, several cases of HCPS have
been reported among field workers involved in rodent
sampling and handling [15-17]. To mitigate the risks
of zoonotic transmission during rodent handling, the
appropriate use of personal protective equipment can
significantly reduce transmission risk [18]. Moreover, a
thorough understanding of zoonotic diseases, pathogen
transmission routes, and proper rodent handling tech-
niques can further minimize the risk of transmission [5,
18-20].

In many countries, environmental impact assessment
(EIA) serves as a legal and administrative tool to man-
age the actual and potential environmental impacts asso-
ciated with specific developments [21]. As part of EIA
activities, field surveys, wildlife monitoring, and data

collection are frequently conducted by professionals
known as environmental consultants (ECs), also referred
to as ecological or wildlife consultants. Consequently,
these professionals may be exposed to zoonotic hazards
(i.e., wild reservoirs and vectors) due to the nature of
their fieldwork, which brings them into close proximity
with wildlife. In Chile, South America, ECs working with
wildlife represent a heterogeneous group, with back-
grounds in various undergraduate disciplines, primarily
biologists, veterinarians, environmental engineers, and
forest engineers. While many Chilean ECs engage in the
sampling and monitoring of small mammals as part of
their activities, their knowledge and perceptions regard-
ing rodents and rodent-borne diseases, as well as their
biosafety practices when capturing and handling wild
rodents, remain unassessed.

In Chile, a significant rodent-borne disease is HCPS
caused by Andes virus (ANDV), which is considered the
most important pathogenic hantavirus in South America
[22]. Other rodent-associated pathogens found across
various locations and habitats in the country include
Cryptosporidium spp., Giardia spp., Leptospira spp.,
Hymenolepis diminuta, and Trypanosoma cruzi, among
others [23-26]. Additionally, human cases of scrub
typhus have been reported in central and southern Chile
in recent years [27, 28], introducing another zoonotic
disease transmitted by trombiculid mites associated with
rodents [29, 30]. Notably, there is a documented case in
which researchers in southern Chile acquired trombicu-
liasis and subsequently developed scrub typhus disease
after sampling rodents and ectoparasites [31]. Finally,
several wild native cricetid rodents from Chile, such as
Abrothrix olivaceus, A. longipilis, A. sarborni, and Oligo-
ryzomys longicaudatus, possess ecological and life his-
tory traits that place them among the rodent species with
the greatest potential reservoir capacity for pathogens
transmitted directly or environmentally worldwide [32].

Given the complex interplay between human health,
wildlife, and ecosystems, a One Health approach is essen-
tial for understanding and mitigating the risks posed by
rodent-borne zoonotic diseases. This framework empha-
sizes the need for interdisciplinary collaboration to
address health challenges at the human—animal—environ-
ment interface. The objective of this study was to assess
the knowledge, risk perceptions, and practices of Chilean
ECs regarding rodents in the field and rodent-borne dis-
eases. Our findings may help inform the development of
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strategies aimed at increasing awareness of the risks of
exposure to rodent-borne diseases and improving bio-
safety practices when working with wild rodents.

Materials and methods

Study area

Chile, located in South America, spans a diverse range of
climates and ecosystems due to its extensive longitudinal
configuration, stretching over 4,300 km from north to
south. These geographical characteristics create distinct
climatic zones, from arid deserts in the north to cold
temperate forests and rainy Patagonian regions in the
far south. Chile is divided into macrozones (Fig. 1), each
of which is defined by unique geographical and climatic
features.

Study design

A cross-sectional, questionnaire-based study was con-
ducted among ECs working across Chile. The total
number of Chilean ECs is unknown, and there is no
information on the number of ECs performing specific
tasks related to small mammals. Therefore, we did not
calculate the sample size in advance. The survey was con-
ducted between August 11 and October 12, 2021, with a
total of 206 participants completing it.

The survey was distributed online through various
strategies: (1) it was sent to several environmental con-
sulting companies for distribution to their employees;
(2) it was posted in a private Facebook group for ECs in
Chile; and (3) it was shared on LinkedIn with individuals
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whose profiles indicated that they work as ECs in Chile.
A brief description of the survey objectives was included
in the invitation. Users who clicked on the invitation were
provided with full study information, an opportunity to
give informed consent, and a link to the survey (Google
Forms; Google LLC; Menlo Park, California, USA). The
survey was administered in Spanish. To be included in
the sample, participants had to live and work as ECs in
Chile and have worked with rodents in the last five years.
If a participant did not meet the inclusion criteria, the
survey was terminated.

The questionnaire was drafted by four researchers
(AVR, EV, DAP, and DM-A) in consultation with indi-
viduals involved in environmental consulting, public
health, and eco-epidemiology of rodent-borne diseases.
A 32-item questionnaire was developed, which included
closed, open, or semi-open questions. Likert scales were
used for several questions to assess frequency or per-
ception. The questions addressed (1) the respondents’
sociodemographic, educational, and work-related infor-
mation; (2) knowledge of rodent hosts and rodent-borne
diseases; (3) perceptions of health risks; (4) information
on the management and handling of rodents during sam-
pling; (5) biosafety procedures during fieldwork; and
(6) courses or training related to zoonotic diseases. The
detailed questionnaire is available in Additional file 1.

Data analysis
First, the data, including age, sex, undergraduate fields
of study, and years of experience, were exported to
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Fig. 1 Map of Chile, South America. Different colors within the country represent the macrozones (North, Central, Central-South, and Austral), as well as
the Metropolitan Region, where the capital city, Santiago, is located. The bar graphs display information on the respondents’places of residence and the
locations where environmental consultants (ECs) conduct fieldwork, categorized by macrozones
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Microsoft Excel for cleaning and analysis of the descrip-
tive information of the respondents. Several questions
related to knowledge of rodents and rodent-borne dis-
eases, rodent management and handling, biosafety pro-
cedures, and training were analyzed descriptively by
calculating relative frequencies and response frequen-
cies. Some questions related to knowledge of rodent host

Table 1 Sociodemographic, educational, and work-related
characteristics of respondents (n=206)

Attribute Response Proportion
of respon-
dents (%)

Sex Female 49.8

Male 573
Did not answer 29
Age 24-29 155
(years) 30-39 495
40-49 24.8
50-59 6.8
60-69 34
Residence North 24
(Macro-zones) Center 126
Metropolitan Region 558
Central-South 11.2
South 14.6
Austral 34
Undergraduate fields of Biologist 335
study
Veterinarian 335
Environmental engineer 252
Others 78
Educational levels Graduate 56.3
Master 35.0
Doctorate 73
Other 14
Work experience as EC <2 19.0
(Years) 3-5 218
6-10 359
>10 233

Periodicity in fieldwork <5 534

(Times a year) >5 6.6

Employment status as EC**  Employed 43.7

Self-employed 539
Did not answer 24
Time devoted as EC Full-time 49.0
Part-time 51.0

Main working locations North 220

as EC* Center 197

(Macro-zones) Metropolitan Region 18.2

Central-South 19.2
South 14.6
Austral 6.3

*Respondents could choose more than one macro-zone of the country

** Employed: individuals who work for an employer under a contract or formal
agreement; Self-employed: individuals who provide services independently
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species and rodent-borne diseases were analyzed using
generalized linear models (GLMs) with a binomial distri-
bution and logit link function. The dichotomous response
variables for each model were whether a specific rodent
species, disease, or pathogen was mentioned. The explan-
atory variables analyzed were EC characteristics (under-
graduate fields of study and years of experience as an EC).
Model selection for all GLMs was based on the corrected
Akaike Information Criterion (AICc) [33]. To validate the
selected models, goodness of fit was assessed through
deviance analyses. The models were compared to null
models, and those with statistical significance (P<0.05)
were considered well-fitted.

Correspondence analyses (CA) were conducted to
explore the associations between EC characteristics
(undergraduate fields of study and years of experience)
and Likert scale responses related to the perceived risk of
infection from rodent-borne diseases and the perceived
relevance of zoonotic disease training. For the under-
graduate field of study, we did not include the “other”
group because of the small sample size. For the years of
experience category, we separated respondents into two
groups: “less experience” (less than one year to five years)
and “more experience” (more than six years). We decided
on this separation and no more groups to avoid having a
very low number of responses for each group.

All analyses and graphs were performed using R
software (R Core Team 2024), including the R pack-
ages ‘MuMIn;, ‘factoextra, ‘FactoMineR; ‘ggplot2} and
‘treemapify’

The survey was approved by the Research Ethics
Committee of the Faculty of Social Sciences, Univer-
sity of Chile (No. 16-21/2021). All participants were
informed about the purpose of the questionnaire and
had the option to decline participation or withdraw at
any stage of the process. The responses were analyzed
anonymously.

Results

Survey participation and respondent characteristics

The questionnaires were collected from 206 ECs, and
their sociodemographic, educational, and work-related
characteristics were analyzed. Specifically, these char-
acteristics included sex, age, and residence (sociodemo-
graphic); undergraduate fields of study, and educational
level (educational); as well as work experience, frequency
of fieldwork, employment status, time dedicated to EC
work, and main working locations (work-related). The
detailed characteristics of the respondents are shown in
Table 1. Regarding the residence of respondents, most
ECs live in the Metropolitan Region of Chile (Santiago
city), although their field activities as ECs are conducted
across all macrozones of the country, with a lower fre-
quency in the extreme southern zone (Austral Zone)
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(Table 1; Fig. 1). The respondents’ ages ranged from 24
to 69 years (median=37 years), and the majority were
male (57.3%). Most respondents (67%) held undergradu-
ate degrees in biology or veterinary medicine, while
a significant proportion (25.2%) had backgrounds in
environmental engineering and related fields (e.g., envi-
ronmental engineers, forestry engineers, agronomists,
natural resources engineers), which were categorized
under “environmental engineers”. A smaller group (7.8%)
held degrees that were not closely related to wildlife or
environmental issues, including designers, biochemists,
mechanical engineers, and civil engineers.

Knowledge of respondents regarding rodent hosts and
rodent-borne diseases

Most respondents (94.6%) mentioned the common or
scientific name of at least one rodent species they consid-
ered relevant to the transmission of zoonoses (Table A.1),
whereas 5.8% indicated that all rodent species present in
Chile were relevant. Only two respondents indicated that
no rodent species were relevant for zoonotic transmis-
sion, and one did not answer this question.

The most frequently mentioned rodent species was
long-tailed colilargo (O. longicaudatus) (89.3%), the main
reservoir of ANDV. Other rodent species mentioned
less frequently by the ECs included invasive rats (Rattus
spp.; 45%), house mice (Mus musculus; 22.8%), olive mice
(Abrothrix olivacea; 19%), and shaggy mice (A. longipilis;
12%) (Table A.1). When the frequency of these species
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was analyzed using binomial GLMs, the best model for
O. longicaudatus showed that ECs tended to mention
this rodent species less frequently as their experience
increased (Table 2). Although the p value was significant
(p=0.004), the standardized regression coefficient was
low (B =-0.09). For M. musculus, A. olivacea, and A. lon-
gipilis, the binomial GLMs considering undergraduate
fields of study and years of experience were not signifi-
cant (Table 2). In the case of Rattus sp., the best mod-
els did not show a good fit (x2=5.76, df=3, P=0.12),
indicating that the model did not adequately capture the
underlying patterns or structure of the binary response
variable. The best model for Rattus spp. indicated that
veterinarians mentioned Rattus spp. significantly more
often than environmental engineers did, while no sig-
nificant differences were found among other professional
groups (biologists and others) (Table 2).

Regarding knowledge of rodent-borne diseases, 29
diseases or pathogens were mentioned, with the most
common being hantavirus (98%), leptospirosis (44.6%),
salmonellosis (18.4%), and rabies (16.9%) (Fig. 2). While
several of these diseases have been reported in Chil-
ean rodents, 11 of the diseases or pathogens mentioned
have not been documented in Chile or associated with
rodents, based on the reviewed literature (Fig. 2). When
the frequency of responses for the most common dis-
eases was analyzed using binomial GLMs, veterinarians
were significantly more likely to mention leptospiro-
sis compared to all other undergraduate fields of study

Table 2 Results of the best GLMs for response frequencies of known reservoir rodent species in Chile. Models were built for the fifth
more mentioned rodents. Binomial (analyses of deviance) use goodness of fit against null models (P < 0.05 is interpreted as fit). When
the null model is a better fit, then it replaces the other models. *P values < 0.05. The question was: which pathogens or zoonotic

diseases transmitted by rodents in Chile do you know of?

B +SE Y4 P value OR Cl low (2.5%) Cl high (97.5%

1. O. longicaudatus
(binomial GLM: x2=8.13, df=1, P=0.004)

Intercept 297 040 7.34 <0.001*

Experience (years) -0.09 003 -291 0.004* 0.91 0.86 097
2. Rattus sp.
(binomial GLM: x2=5.76, df=3, P=0.12)°
Intercept 0.26 0.24 1.08 0.28 - - -
Environmental engineer -0.81 0.38 -2.16 0.031* 044 0.21 0.93
Biologist -0.64 035 -1.87 0.062 - - -
Others -0.51 0.56 -0.92 0.36 - - -
3. Mus musculus
(binomial GLM: null model)
Intercept -1.22 0.17 -7.34 <0.001*
4. Abrothrix olivacea
(binomial GLM: null model)
Intercept -1.39 0.17 -8.00 <0.001*
5. Abrothrix longipilis
(binomial GLM: null model)
Intercept -1.98 0.21 -9.28 <0.001*

#Veterinarian group is used as the reference category
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Fig. 2 Percentage of responses to known rodent-borne pathogens or diseases in Chile (excluding hantavirus). The question was: Which pathogens or
zoonotic diseases transmitted by rodents in Chile do you know of? One asterisk denotes diseases or pathogens not associated with rodents. Two asterisks
denote diseases or pathogens associated with rodents but not yet reported in Chile

Table 3 Results of the best GLMs for response frequencies of known rodent-borne diseases in Chile. Models were built for the fourth
more mentioned diseases. Binomial (analyses of deviance) use goodness of fit against null models (P < 0.05 is interpreted as fit). When
the null model is a better fit, then it replaces the other models. *P values < 0.05. The question was: what rodent species of zoonotic
importance do you know of in Chile?

B +SE Z P value OR Cllow (2.5%) Cl high (97.5%
1.Hanta
(binomial GLM: null model)
Intercept 392 0.50 7.77 <0.001*
2. Leptospirosis
(binomial GLM: x2=82.8, df=3, P=0.000)°
Intercept 1.90 0.36 5.31 <0.001*
Environmental engineer -3.10 0.49 -6.39 <0.001* 0.05 0.02 0.17
Biologist -3.27 047 -7.00 <0.001* 0.04 0.02 0.10
Others =241 0.63 -3.83 <0.001* 0.09 0.03 0.31
3. Salmonelosis
(binomial GLM: x2=11.06, df=3, P=0.011)°
Intercept -2.80 0.60 -4.70 <0.001*
Veterinarian 1.83 0.65 2.80 0.005% 6.21 1.73 22.32
Biologist 1.24 0.67 1.83 0.070* - - -
Others 1.69 0.83 204 0.041* 544 1.07 27.64
4. Rabia
(binomial GLM: x2=9.26, df=4, P=0.054)°
Intercept -1.22 0.37 -3.29 0.001*
Veterinarian -1.16 0.49 -2.37 0.018* 031 0.12 0.82
Biologist -1.15 049 -2.36 0.018* 032 0.12 0.82
Others -0.82 0.74 -1.10 0.270
Experience (years) 0.05 0.03 157 0117

a: Veterinarian group is used as the reference category

b: Environmental engineer group is used as the reference category

groups (Table 3). For salmonellosis, environmental (odds ratio=5.4). Conversely, environmental engineers
engineers were six times less likely to mention this dis-  were significantly more likely to mention rabies, three
ease than veterinarians (odds ratio=6.2) and five times times more often than veterinarians and biologists (odds
less likely than those in the “other professions” group ratio=0.31 for both comparisons) (Table 3). The GLM
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results for hantavirus, however, were not significant for
either the undergraduate fields of study or years of expe-
rience (Table 3).

When asked which rodent-associated disease they con-
sidered the most serious, some respondents mentioned
more than one disease (11.2%). Hantavirus was iden-
tified by 91.3% of the respondents, followed by rabies
(9.1%), leptospirosis (3.8%), scrub typhus and Chagas
disease (1.4% each), and Salmonella and plague (0.5%
each). Regarding the routes of pathogen transmission
from rodents to humans, the most frequently mentioned
routes were airborne transmission (57.2%), feces (52.9%),
urine (53.4%), direct transmission (40.7%), secretions
(20.8%), vectors (15.5%), and fomites (12.6%).

Perceptions of health risks related to rodents and their
pathogens

Two questions were analyzed using CA. For the first Lik-
ert scale question, How much of a risk do rodents pose
to human health?, no significant relationship between
variables was found (EC groups and response; x>=20.01,
p=0.46). However, the cumulative variance percentage of
the first two CA dimensions was high (96.9%), prompt-
ing further exploration through a contribution biplot
[34]. Veterinarians with less experience are associated
with “low risk” responses, with a slight influence from
“medium risk” responses, whereas veterinarians with
more experience are slightly associated with “low risk”
responses (Fig. 3a). For biologists, “no risk” and “medium
risk” responses are minimally associated with both expe-
rience levels (Fig. 3a). Environmental engineers with high
experience are moderately associated with “high risk”
responses and slightly associated with “very high risk’,
whereas those with low experience are slightly related to
the “low risk” response (Fig. 3a).

For the second Likert scale question, How likely are
you to contract a zoonotic disease while working with
rodents?, no significant relationship between variables
was found (EC groups and response; x>=23.99, p=0.24).
However, the cumulative variance percentage of the first
two CA dimensions was high (84.6%). Veterinarians of
both experience levels are positioned near the “neutral”
and “very likely” responses, with more experienced vet-
erinarians leaning toward “very likely” and the less expe-
rienced veterinarians leaning toward “neutral” (Fig. 3b).
More experienced biologists are strongly associated with
the “very unlikely” response, whereas less experienced
biologists are weakly associated with the “likely” response
(Fig. 3b). Less experienced environmental engineers are
strongly linked to the “likely” response, whereas their
more experienced counterparts are influenced by both
“very unlikely” and “likely” responses.
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Training related to zoonoses and health risks

A total of 24.7% of respondents reported having attended
a course, workshop, or seminar on zoonoses. Of these,
62.7% were veterinarians, 19.6% were biologists, 15.6%
were environmental engineers, and 2% belonged to other
professions. Regarding the venue of the course, 88% took
place at universities, 4% at the Chilean Institute of Public
Health (ISP), and 2% at environmental consulting com-
panies and other public health agencies in Chile. When
asked if they would be willing to take a course on zoo-
notic diseases, 73.8% of the respondents answered “yes’,
21.8% answered “maybe’; and 4.4% answered “no”.

To assess the importance of zoonotic disease courses
for professional activities, CA was conducted using the
same characteristics as in the previous section (i.e., health
risk perceptions). A chi-square test of independence
revealed a significant relationship between undergradu-
ate fields of study and responses (x>=34.19, p=0.02), with
the cumulative variance percentage of the first two CA
dimensions being high (90.6%). Veterinarians (regardless
of experience) are closely associated with “very impor-
tant” responses (Fig. 3c). High-experience biologists are
moderately associated with “very important’, whereas
low-experience biologists are more strongly associated
with “moderately important” (Fig. 3c). Environmental
engineers with high experience are linked to “important”
and “moderately important” responses, whereas those
with low experience are less associated with “impor-
tant” (Fig. 3c). No group was close to the “not important”
response.

Work with rodents, exposures, and injuries

With respect to the methods used to study and moni-
tor rodents, the survey results indicated that live trap-
ping was the most commonly employed technique
(91.7%). Other indirect techniques included camera
trapping (61%), scat identification (54%), identification
of biological remains (e.g., hair, bones) (51.4%), burrow
identification (45%), and tracking of rodent footprints
(37%). Overall, 73% of the respondents reported directly
handling rodents. The most common activities are per-
formed for the identification of rodent species, including
photography and morphometric measurements, whereas
the least common activities involved biological or ecto-
parasite sampling (e.g., collection of fleas, blood, and
scat) (Fig. 4).

When asked if they had been injured while handling
rodents, 32% of the respondents reported injuries. Spe-
cifically, 20% had been bitten, 3% had suffered scratches,
and 9% had suffered both bites and scratches. None of
the respondents reported being diagnosed with an illness
related to rodent handling. Additionally, 52% consid-
ered handling specimens to be the most hazardous part
of their work as an EC when dealing with rodents, 37%
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Fig. 3 Correspondence analysis (CA) biplots. The light blue dots represent Likert scale variables, and the black triangles represent occupations grouped
by experience. BIOL=biologist, DVM =veterinarian, ENG=environmental engineer. (a) Question: How much risk do rodents pose to human health? The
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identified handling traps to be the riskiest task, and 15%
cited environmental factors, such as working in shaded
areas, near streams, or in poorly ventilated locations, as
the greatest risk.

Protective measures

A total of 92% of the respondents reported disinfecting
equipment used in the field, such as traps, clamps, and
bags. Among them, 47% cleaned traps “after every rodent

capture’, 38% cleaned them “before or at the end of the
trapping period” and 6% cleaned traps “only after some
trapping periods” The most commonly used disinfectant
was 70% bleach. Further details can be found in Figure
AL

The use of personal protective equipment (PPE) during
rodent sampling was reported by the majority of respon-
dents (98%). However, there was a high variability in the
type and frequency of PPE use. For example, while glove
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Fig. 4 Frequency of response to the question: Please indicate what type of activities you do with rodents. The activity options are listed within the figure

use was common, appropriate clothing, such as dispos-
able or reusable suits, was less frequently used, and some
ECs reported never using masks (Fig. 5).

Regarding the provision of PPE, biosafety protocols,
and usage instructions by employers (or by respondents
themselves if self-employed), 93% of respondents indi-
cated that PPE was provided by their employers. Addi-
tionally, 55% of the respondents reported receiving
biosafety protocols from their employer, and 57% stated
that they were given instructions on how to use the PPE.

Discussion

This study offers valuable insights into the characteristics,
knowledge, health risk perceptions, and practices of Chil-
ean ECs concerning rodents and rodent-borne diseases.
ECs working with rodents are diverse in terms of their
undergraduate fields of study, years of experience, and
time spent as ECs, among others. This heterogeneous
group conducts fieldwork across various regions of Chile,
potentially exposing them to a range of rodent species
and their associated pathogens and vectors. The results,

although local, highlight the need to assess how wildlife
practices are conducted by ECs and companies globally.

High awareness of hantavirus but discrepancies in the

recognition of other pathogens and rodent reservoirs

Chilean ECs are highly aware of O. longicaudatus, the
main reservoir of ANDV, and that HCPS is a significant
rodent-borne disease in the country. ANDV is found in
Chile and Argentina, is one of the most important zoo-
notic hantaviruses in the Americas [22], and is among
the most lethal zoonoses in Chile, with a fatality rate
approaching 35% [35]. Notably, ANDV is the only hanta-
virus known to be transmitted between humans through
close contact [36]. For years, the Chilean Ministry of
Health has conducted extensive campaigns to prevent
hantavirus infections, which likely explains why ANDV
and O. longicaudatus were the most frequently men-
tioned pathogen and rodent species, respectively, in this
survey. However, despite this awareness, our results show
that O. longicaudatus was mentioned less frequently
as a pathogen reservoir among respondents with more
years of experience working with rodents. Although this
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finding seems counterintuitive, it should be interpreted
cautiously, as the model yielded a low regression coeffi-
cient. Nonetheless, these results underscore the need for
continued training on the risks of rodent-borne zoonoses
and their reservoirs for ECs.

After O. longicaudatus, the invasive rat Rattus spp. and
the mouse Mus musculus were the most frequently men-
tioned by ECs. These rodents are well-known reservoirs
of various pathogens globally [37, 38], including Lepto-
spira spp., Bartonella spp., and Hymenolepis diminuta
in Chile [23, 24, 39]. In particular, the black rat (Rattus
rattus) is widespread across diverse habitats and eco-
systems in the country [40, 41]. Among native rodents,
Abrothrix longipilis and A. olivaceus were frequently
cited. These widespread species in Chile are known hosts
of Leptospira spp., Bartonella spp., and Trypanosoma
cruzi, among others [42—45]. Less frequently mentioned
species include Darwin’s leaf-eared mouse (Phyllotis
darwini) and the degu (Octodon degus), both of which
are linked to zoonoses [46, 47]. Given that key zoonotic

reservoirs, aside from O. longicaudatus, were mentioned
by fewer than 22% of the respondents, further training of
ECs on rodent reservoir species is essential.

With respect to knowledge of rodent-borne diseases,
leptospirosis was the second most frequently mentioned
disease after HCPS. Pathogenic Leptospira spp. are com-
mon zoonotic bacteria associated with rodents and have
been found in various rodent species in Chile [48]. Vet-
erinarians were the group most familiar with this disease,
likely because of their undergraduate training in infec-
tious and zoonotic diseases and their greater participa-
tion in zoonosis-related courses. Salmonellosis was the
third most mentioned disease. Salmonella is a prevalent
foodborne pathogen and public health concern globally
[49], with rodents acting as long-term reservoirs [5, 50].
However, no studies on Salmonella in Chilean rodents
exist [51], suggesting that EC knowledge may be derived
from general zoonosis courses, particularly for veterinar-
ians. Rabies (family Rhabdoviridae, genus Lyssavirus) was
the fourth most mentioned disease, despite rodents not
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being significant reservoirs for the virus [52]. In Chile,
bats are the primary reservoirs of rabies [53], and there
are no records of rabies in Chilean rodents. Environ-
mental engineers mentioned rabies more frequently than
veterinarians and biologists, likely due to their limited
exposure to zoonotic disease training.

Scrub typhus was mentioned by only six respondents,
whereas seven others referred to “typhoid fever, creat-
ing ambiguity about the intended disease. Scrub typhus,
caused by Orientia spp. and transmitted by rodent-asso-
ciated trombiculid mites, is prevalent in the Asia—Pacific
region [54] but has recently been reported in southern
Chile [55]. Studies in Chile have detected Orientia spp. in
trombiculid mites parasitizing various rodent species [29,
30], with some researchers becoming infected after work-
ing with rodents and collecting ectoparasites [31].

Varied perceptions of zoonotic risk and training
importance shaped by experience and professional
backgrounds

Analysis of Likert scale questions on the perceived risk of
rodents to human health and the likelihood of acquiring
zoonotic diseases revealed no significant relationships
between these variables among different groups of ECs.
This suggests that perceptions of risk may be influenced
by factors not captured in the analysis. Understand-
ing these additional factors is essential for effective risk
communication and intervention strategies. Some trends
have emerged, such as veterinarians with different levels
of experience displaying nuanced risk perceptions. Less
experienced veterinarians perceived lower risk, whereas
more experienced ones showed weaker associations. This
suggests that experience alone may not determine risk
perception. In contrast, biologists, regardless of their
experience, exhibited distinct patterns. For example,
highly experienced biologists often perceive the risk of
zoonotic transmission as “very unlikely,” possibly because
of their long-term work with rodents without contracting
a disease.

While more than 70% of ECs expressed a willingness
to take a course on zoonoses, perceptions of its impor-
tance varied by professional group. A significant relation-
ship was found between undergraduate fields of study
and the perceived value of such a course, highlighting the
influence of educational background. Veterinarians con-
sistently rated zoonotic disease courses as very impor-
tant, likely because of their focus on animal health and
awareness of human-animal disease interactions. Con-
versely, biologists showed variation based on experience:
more experienced biologists rated the course as highly
important, whereas less experienced biologists rated it
as moderately important. This may reflect differences in
exposure to zoonotic topics (e.g., mandatory courses)
during training or practice. Similarly, environmental
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engineers, especially those with more experience, viewed
the course as important or somewhat important, whereas
less experienced engineers showed weaker associations.
Importantly, no group tended toward the “not impor-
tant” response, underscoring the broad recognition of the
value of zoonotic disease education across disciplines.

Injuries and underutilization of PPE reveal gaps

in biosafety protocols for rodent handling among
environmental consultants

Our survey revealed that most ECs working with rodents
engage in live trapping and direct contact, primarily for
species identification and measurements rather than bio-
logical sampling. Notably, 32% reported rodent-inflicted
injuries. While no illnesses were reported, best practices
for rodent handling need reinforcement. Many consult-
ing companies fail to provide biosafety protocols or
proper PPE instructions, and certain protective equip-
ment, such as respiratory protection and disposable suits,
are underused. This is critical, as respiratory protection is
essential for preventing hantavirus transmission [18, 20],
and appropriate clothing, such as disposable suits, is cru-
cial to avoid exposure to ectoparasites (e.g., fleas, mites,
ticks). In Chile, rodent ectoparasites transmit Rickettsia
spp., Bartonella spp., and T. cruzi [30, 56—-58], highlight-
ing the need for full-body coverage to minimize vector-
borne disease risks.

A key issue is the low frequency of cleaning traps after
rodents are caught, which increases the risk of patho-
gen transmission through urine, feces, and aerosols [59].
While more than 50% of ECs are aware that rodent-borne
diseases can be transmitted via these routes, this knowl-
edge does not always lead to protective measures being
consistently implemented. In contrast, ECs consistently
report high use of disposable and work gloves, indicating
that hand protection is a common priority.

The use of PPE is essential not only for protecting
humans when handling animals but also for preventing
potential pathogen transmission from humans to wildlife.
Although this aspect of human-to-animal transmission
was not analyzed in this study, growing concern about
reverse zoonosis has emerged since the SARS-CoV-2
pandemic [60]. Consequently, this dimension should also
be considered, particularly as ECs frequently handle wild
animals and, in many cases, exhibit a low usage of certain
PPEs.

Limitations of the study

Although this is the first study addressing the manage-
ment of rodents by ECs in Chile, we acknowledge some
limitations stemming from the study design. The first
limitation is the lack of precise data on the total popu-
lation of professionals working with this group of ani-
mals, which hindered the calculation of a representative
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sample. As a result, the generalizability of the find-
ings may be restricted. Future studies should prioritize
obtaining a more representative sample and a clearer
estimate of the total EC population in the country. Addi-
tionally, the primary use of online distribution through
environmental consulting companies and social media
platforms introduces the potential for participation bias,
as more active consultants in these networks may be
overrepresented. This could lead to a less comprehensive
reflection of the full diversity of consultants involved in
rodent-related fieldwork.

Conclusions

This study highlights the pressing need for interdisci-
plinary collaboration to enhance education and training
on zoonotic diseases for ECs who work with rodents,
along with the development and enforcement of com-
prehensive biosafety protocols. The findings underscore
the importance of integrating ECs into the broader One
Health framework to ensure effective management of
their occupational risks, ultimately contributing to the
prevention and control of rodent-borne zoonoses.

While most research on knowledge and practices
related to wildlife and zoonotic risks has focused on
researchers, national park personnel, or high-risk local
communities [10, 61-66], ECs remain an underexplored
group despite their significant exposure to wildlife and
potentially to zoonotic pathogens. Although this study
focuses on Chilean consultants, the issue is likely rel-
evant to similar professionals globally, underscoring the
need for continued investigation within the One Health
paradigm.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/542522-024-00123-7.

Supplementary Material 1: Additional file 1. Questionnaire submitted
through Google Forms.

Supplementary Material 2: Table A.1. Rodent species and genera men-
tioned by the respondents.

Supplementary Material 3: Figure A.1. Frequency of response to the
question: what products do you disinfect the elements used for trapping,
and how often do you disinfect them? The options are listed in the same
figure.

Acknowledgements
We thank all the respondents for their valuable contributions.

Author contributions
Conceptualization (EV, DP, DM-A, AVR), formal analysis (EV, RS, HM, AVR),
original drafting (EV, AVR), review and editing (EV, RS, HM, DP, DM-A, AVR).

Funding
AVR was supported by ANID/PAI, No. PAI77180009. DM-A thanks ANID/
FONDECYT 1231261 and Grant ANID PIA/BASAL FB210006.

Page 12 of 14

Data availability
The datasets used and analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The survey was approved by the Research Ethics Committee of the Faculty

of Social Sciences, University of Chile (No. 16-21/2021). All participants were
informed of the purpose of the questionnaire and were free not to participate
or to withdraw at any stage of the process. Responses were analyzed
anonymously. A brief description of the survey objectives was included in the
survey invitation. Users who clicked on the invitation text received full study
information, an opportunity to provide informed consent, and a web link to
the survey.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Departamento de Ciencias Bioldgicas Animales, Facultad de Ciencias
Veterinarias y Pecuarias, Universidad de Chile, Av. Santa Rosa 11735,
Santiago, Chile

?Laboratorio de Ecologia de Enfermedades y Una Salud, Departamento
de Ecologia, Fauna Silvestre y Animales de Laboratorio, Facultad de
Medicina Veterinaria y Zootecnia, Mexico City 04510, Mexico
3Laboratorio Nacional de Ciencias de la Sostenibilidad, Instituto de
Ecologia, Universidad Nacional Auténoma de México, Mexico City
04510, Mexico

“Departamento de Ciencias Ecoldgicas, Facultad de Ciencias, Universidad
de Chile, Casilla 653, Santiago, Chile

>Asociacion Kauyeken, Isla Riesco and Santiago, Santiago, Chile
6Departamento de Gestion Agraria, Facultad Tecnoldgica, Universidad de
Santiago de Chile (USACH), Avenida Ecuador N° 3769, Santiago, Chile
’Institute of Ecology and Biodiversity (IEB), Santiago, Chile

Received: 5 March 2024 / Accepted: 4 November 2024
Published online: 01 December 2024

References

1. LacherTE, Murphy WJ, Rogan J, Smith AT, Upham NS, Evolution. Phylogeny,
Ecology, and Conservation of the Clade Glires: Lagomorpha and Rodentia.

2. Johnson CK, Hitchens PL, Pandit PS, Rushmore J, Evans TS, Young CCW et al.
Global shifts in mammalian population trends reveal key predictors of virus
spillover risk. Proc R Soc B Biol Sci. 2020; 287(1924):20192736. https://doi.org/
10.1098/rspb.2019.2736

3. Wardeh M, Sharkey KJ, Baylis M. Integration of shared-pathogen networks
and machine learning reveals the key aspects of zoonoses and predicts
mammialian reservoirs. Proc R Soc B Biol Sci. 2020; 287(1920):20192882.
https://doi.org/10.1098/rspb.2019.2882

4. Han BA, Kramer AM, Drake JM. Global patterns of zoonotic disease in mam-
mals. Trends Parasitol. 2016;32(7):565-77. https://linkinghub.elsevier.com/retri
eve/pii/S1471492216300101.

5. Meerburg BG, Singleton GR, Kijlstra A. Rodent-borne diseases and their risks
for public health. Crit Rev Microbiol. 2009;35(3):221-70. http://www.tandfonli
ne.com/doi/full/10.1080/10408410902989837.

6. Han BA, Schmidt JP, Bowden SE, Drake JM. Rodent reservoirs of future zoo-
notic diseases. Proc Natl Acad Sci. 2015;112(22):7039-44. https://doi.org/10.1
073/pnas.1501598112.

7. EckeF, Han BA, Hornfeldt B, Khalil H, Magnusson M, Singh NJ, et al. Popula-
tion fluctuations and synanthropy explain transmission risk in rodent-borne
zoonoses. Nat Commun. 2022;13(1):7532. https://www.nature.com/articles/s
41467-022-35273-7.

8.  Garcia-Pena GE, Rubio AV, Mendoza H, Fernandez M, Milholland MT,

Aguirre AA, et al. Land-use change and rodent-borne diseases: hazards


https://doi.org/10.1186/s42522-024-00123-7
https://doi.org/10.1186/s42522-024-00123-7
https://doi.org/10.1098/rspb.2019.2736
https://doi.org/10.1098/rspb.2019.2736
https://doi.org/10.1098/rspb.2019.2882
https://linkinghub.elsevier.com/retrieve/pii/S1471492216300101
https://linkinghub.elsevier.com/retrieve/pii/S1471492216300101
http://www.tandfonline.com/doi/full/10.1080/10408410902989837
http://www.tandfonline.com/doi/full/10.1080/10408410902989837
https://doi.org/10.1073/pnas.1501598112
https://doi.org/10.1073/pnas.1501598112
https://www.nature.com/articles/s41467-022-35273-7
https://www.nature.com/articles/s41467-022-35273-7

Vasquez et al. One Health Outlook

20.

21

22.

23.

24.

25,

26.

(2024) 6:27

on the shared socioeconomic pathways. Philos Trans R Soc B Biol Sci.
2021;376(1837):20200362. https://doi.org/10.1098/rstb.2020.0362.

Mendoza H, Rubio AV, Garcfa-Pefia GE, Suzan G, Simonetti JA. Does land-use
change increase the abundance of zoonotic reservoirs? Rodents say yes. Eur J
Wildl Res. 2020;66(1):6. https://doi.org/10.1007/510344-019-1344-9. http://link
springer.com/.

Salmon-Mulanovich G, Powell AR, Hartinger-Pefia SM, Schwarz L, Bausch DG,
Paz-Soldan VA. Community perceptions of health and rodent-borne diseases
along the inter-oceanic highway in Madre De Dios, Peru. BMC Public Health.
2016;16(1):755. https://doi.org/10.1186/512889-016-3420-3. http://bmcpublic
health.biomedcentral.com/articles/.

Ricco M, Peruzzi S, Ranzieri S, Magnavita N. Occupational Hantavirus Infec-
tions in Agricultural and Forestry Workers: a systematic review and Metanaly-
sis. Viruses. 2021;13(11):2150. https://www.mdpi.com/1999-4915/13/11/2150.
Rizzoli A, Hauffe HC, Carpi G, Vourc'h Gl, Neteler M, Rosa R. Lyme borreliosis in
Europe. Eurosurveillance. 2011;16(27). https://doi.org/10.2807/ese.16.27.1990
6-en. https://www.eurosurveillance.org/content/.

Childs JE, Mills JN, Glass GE. Rodent-borne hemorrhagic fever viruses: a
special risk for mammalogists? J Mammal. 1995;76(3):664. https://academic.o
up.com/jmammal/article-lookup/doi/10.2307/1382739.

Fritz CL, Fulhorst CF, Enge B, Winthrop KL, Glaser CA, Vugia DJ. Exposure to
rodents and rodent-borne viruses among persons with elevated occupa-
tional risk. J Occup Environ Med. 2002;44(10):962-7. http://journals.lww.com/
00043764-200210000-00016.

Kelt DA, Van Vuren DH, Hafner MS, Danielson BJ, Kelly MJ. Threat of Hantavirus
Pulmonary Syndrome to field biologists working with small mammals. Emerg
Infect Dis. 2007;13(9):1285-7. http://wwwnc.cdc.gov/eid/article/13/9/07-044
5_article.htm.

Sinclair JR, Montgomery ST, Mills JM, Ksiazek JN, Mccombs TG, et al. Two cases
of hantavirus pulmonary syndrome in Randolph County, West Virginia: a
coincidence of time and place? Am J Trop Med Hyg. 2007,76(3):438-42. https
://doi.org/10.4269/ajtmh.2007.76.438.

Torres-Pérez F, Wilson L, Collinge SK, Harmon H, Ray C, Medina RA, et al. Sin
Nombre Virus Infection in Field Workers, Colorado, USA. Emerg Infect Dis.
2010;16(2):308-10. http://wwwnc.cdc.gov/eid/article/16/2/09-0735_article.h
tm.

Carroll DS, Tack D, Calisher CH. Biosafety guidelines for working with small
mammals in a field environment. In: Wooley DP, Byers KB, editors. Biological
Safety. Washington, DC, USA: ASM; 2016. pp. 679-85. https://doi.org/10.1128/
9781555819637.ch36.

Mauldin MR. The Importance of Mammalogy, Infectious Disease Research,
and Biosafety in the field. Manter J Parasite Biodivers. https://doi.org/10.1301
4/8W9Z

Mills JN, Yates TL, Childs JE, Parmenter RR, Ksiazek TG, Rollin PE, et al. Guide-
lines for working with rodents potentially infected with Hantavirus. J Mam-
mal. 1995;76(3):716. https://doi.org/10.2307/1382742. https://academic.oup.c
om/jmammal/article-lookup/doi/.

Dias AMS, Cook C, Massara RL, Paglia AP. Are environmental impact assess-
ments effectively addressing the biodiversity issues in Brazil? Environ Impact
Assess Rev. 2022;95:106801. https://linkinghub.elsevier.com/retrieve/pii/S019
5925522000671.

Kruger DH, Figueiredo LTM, Song JW, Klempa B. Hantaviruses—globally
emerging pathogens. J Clin Virol. 2015;64:128-36. https://linkinghub.elsevier.
com/retrieve/pii/S1386653214003722.

Correa JP, Bucarey SA, Cattan PE, Landaeta-Aqueveque C, Ramirez-Estrada J.
Renal carriage of Leptospira species in rodents from Mediterranean Chile: The
Norway rat (Rattus norvegicus) as a relevant host in agricultural lands. Acta
Trop. 2017; 176:105-8. https://linkinghub.elsevier.com/retrieve/pii/S0001706
X17305508

Grandon-Ojeda A, Moreno L, Garcés-Tapia C, Figueroa-Sandoval F, Beltran-
Venegas J, Serrano-Reyes J, et al. Patterns of gastrointestinal helminth infec-
tions in Rattus rattus, Rattus norvegicus, and Mus musculus in Chile. Front Vet
Sci. 2022;9:929208. https://doi.org/10.3389/fvets.2022.929208/full. https://ww
w.frontiersin.org/articles/.

Infante J, Riquelme M, Huerta N, Oettinger S, Fredes F, Simonetti JA, et al.
Cryptosporidium spp. and Giardia spp. in wild rodents: using occupancy
models to estimate drivers of occurrence and prevalence in native for-

est and exotic Pinus radiata plantations from Central Chile. Acta Trop.
2022;235:106635. https:/linkinghub.elsevier.com/retrieve/pii/S0001706X220
03278.

Yefi-Quinteros E, Mufioz-San Martin C, Bacigalupo A, Correa JP, Cattan PE.
Trypanosoma Cruzi load in synanthropic rodents from rural areas in Chile.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 13 of 14

Parasit Vectors. 2018;11(1):171. https://doi.org/10.1186/513071-018-2771-2.
https://parasitesandvectors.biomedcentral.com/articles/.

Abarca K, Martinez-Valdebenito C, Angulo J, Jiang J, Farris CM, Richards AL, et
al. Molecular description of a Novel Orientia species causing Scrub Typhus in
Chile. Emerg Infect Dis. 2020;26(9):2148-56. http://wwwnc.cdc.gov/eid/articl
e/26/9/20-0918_article.htm.

Weitzel T, Aylwin M, Martinez-Valdebenito C, Acosta-Jamett G, Abarca K.
Scrub typhus in Tierra Del Fuego: a tropical rickettsiosis in a subantarctic
region. Clin Microbiol Infect. 2021;27(5):793-4. https://linkinghub.elsevier.co
m/retrieve/pii/S1198743X20307199.

Acosta-Jamett G, Martinez-Valdebenito C, Beltrami E, Silva-de La Fuente MC,
Jiang J, Richards AL et al. Identification of trombiculid mites (Acari: Trombicu-
lidae) on rodents from Chiloé Island and molecular evidence of infection with
Orientia species. Stenos J, editor. PLoS Negl Trop Dis. 2020; 14(1):¢0007619.
https://doi.org/10.1371/journal.pntd.0007619

De La Silva MC, Pérez C, Martinez-Valdebenito C, Pérez R, Vial C, Stekolnikov A,
et al. Eco-epidemiology of rodent-associated trombiculid mites and infection
with Orientia spp. in Southern Chile. PLoS Negl Trop Dis. 2023;17(1):e0011051.
https://doi.org/10.1371/journal.pntd.0011051.

Weitzel T, Silva-de La Fuente MC, Martinez-Valdebenito C, Stekolnikov AA,
Pérez C, Pérez R, et al. Novel vector of Scrub Typhus in Sub-antarctic Chile:
evidence from human exposure. Clin Infect Dis. 2022,74(10):1862-5. https://a
cademic.oup.com/cid/article/74/10/1862/6359087.

Han BA, O'Regan SM, Paul Schmidt J, Drake JM. Integrating data mining

and transmission theory in the ecology of infectious diseases. Ecol Lett.
2020;23(8):1178-88. https://doi.org/10.1111/ele.13520. https://onlinelibrary.w
iley.com/doi/.

Burnham KP, Anderson DR. Multimodel Inference: understanding AIC and BIC
in Model Selection. Sociol Methods Res. 2004;33(2):261-304. http://journals.s
agepub.com/doi/10.1177/0049124104268644.

Greenacre M. Contribution biplots. J Comput Graph Stat. 2013;22(1):107-22.
https://doi.org/10.1080/10618600.2012.702494.

Dospital C, Arancibia-Avila P, Araneda-Flores J. Epidemiological profile

of Hantavirus in the Nuble region period 2002-2018, Chile. Braz J Biol.
2024;84:€269097. http://www.scielo.br/scielo.php?script=sci_arttext.
&pid=51519-69842024000100456&tIng=en.

Martinez-Valdebenito C, Calvo M, Vial C, Mansilla R, Marco C, Palma RE, et al.
Person-to-Person Household and Nosocomial Transmission of Andes Hanta-
virus, Southern Chile, 2011. Emerg Infect Dis. 2014,20(10):1637-44. http:.//ww
wnc.cdc.gov/eid/article/20/10/14-0353 _article.htm.

Manabella Salcedo |, Fraschina J, Busch M, Guidobono JS, Unzaga JM, Del-
larupe A, et al. Role of Mus musculus in the transmission of several pathogens
in poultry farms. Int J Parasitol Parasites Wildl. 2021;14:130-6. https://linkingh
ub.elsevier.com/retrieve/pii/S2213224421000092.

Morand S, Bordes F, Chen H, Claude J, Cosson J, Galan M, et al. Global parasite
and Rattus rodent invasions: the consequences for rodent-borne diseases.
Integr Zool. 2015;10(5):409-23. https://doi.org/10.1111/1749-4877.12143.
Sepulveda-Garcia P, Rubio AV, Salgado R, Riquelme M, Bonacic C, Canales N,
et al. Molecular detection and characterization of Bartonella spp. in rodents
from central and southern Chile, with emphasis on introduced rats (Rattus
spp). Comp Immunol Microbiol Infect Dis. 2023;100:102026. https://linkinghu
b.elsevier.com/retrieve/pii/S014795712300084X.

Lobos G, Ferres M, Palma RE. Presencia De Los géneros invasores Mus Y Rattus
en dreas naturales de Chile: un riesgo ambiental y epidemiolégico. Rev Chil
Hist Nat. 2005; 78(1). http://www.scielo.cl/scielo.php?script=sci_arttext&pid=
S0716-078X2005000100008&Ing=en&nrm=iso&ting=en

Salgado R, Barja |, Herndndez MDC, Lucero B, Castro-Arellano |, Bonacic C, et
al. Activity patterns and interactions of rodents in an assemblage composed
by native species and the introduced black rat: implications for pathogen
transmission. BMC Zool. 2022;7(1):48. https://doi.org/10.1186/540850-022-00
152-7. https://bmczool.biomedcentral.com/articles/.

Spotorno OAE, Palma VRE, Valladares F. JP. Biologia de roedores reservorios de
hantavirus en Chile. Rev Chil Infectol. 2000; 17(3). http://www.scielo.cl/scielo.
php?script=sci_arttext&pid=50716-10182000000300003&Ing=en&nrm=iso&t
Ing=en

Correa JP, Bacigalupo A, Yefi-Quinteros E, Rojo G, Solari A, Cattan PE, et al.
Trypanosomatid infections among vertebrates of Chile: a systematic review.
Pathogens. 2020;9(8):661. https://www.mdpi.com/2076-0817/9/8/661.

Luna J, Salgado M, Tejeda C, Moroni M, Monti G. Assessment of risk factors

in synanthropic and wild rodents infected by pathogenic Leptospira spp.
captured in Southern Chile. Animals. 2020;10(11):2133. https.//www.mdpi.co
m/2076-2615/10/11/2133.


https://doi.org/10.1098/rstb.2020.0362
https://doi.org/10.1007/s10344-019-1344-9
http://link.springer.com/
http://link.springer.com/
https://doi.org/10.1186/s12889-016-3420-3
http://bmcpublichealth.biomedcentral.com/articles/
http://bmcpublichealth.biomedcentral.com/articles/
https://www.mdpi.com/1999-4915/13/11/2150
https://doi.org/10.2807/ese.16.27.19906-en
https://doi.org/10.2807/ese.16.27.19906-en
https://www.eurosurveillance.org/content/
https://academic.oup.com/jmammal/article-lookup/doi/10.2307/1382739
https://academic.oup.com/jmammal/article-lookup/doi/10.2307/1382739
http://journals.lww.com/00043764-200210000-00016
http://journals.lww.com/00043764-200210000-00016
http://wwwnc.cdc.gov/eid/article/13/9/07-0445_article.htm
http://wwwnc.cdc.gov/eid/article/13/9/07-0445_article.htm
https://doi.org/10.4269/ajtmh.2007.76.438
https://doi.org/10.4269/ajtmh.2007.76.438
http://wwwnc.cdc.gov/eid/article/16/2/09-0735_article.htm
http://wwwnc.cdc.gov/eid/article/16/2/09-0735_article.htm
https://doi.org/10.1128/9781555819637.ch36
https://doi.org/10.1128/9781555819637.ch36
https://doi.org/10.13014/8W9Z
https://doi.org/10.13014/8W9Z
https://doi.org/10.2307/1382742
https://academic.oup.com/jmammal/article-lookup/doi/
https://academic.oup.com/jmammal/article-lookup/doi/
https://linkinghub.elsevier.com/retrieve/pii/S0195925522000671
https://linkinghub.elsevier.com/retrieve/pii/S0195925522000671
https://linkinghub.elsevier.com/retrieve/pii/S1386653214003722
https://linkinghub.elsevier.com/retrieve/pii/S1386653214003722
https://linkinghub.elsevier.com/retrieve/pii/S0001706X17305508
https://linkinghub.elsevier.com/retrieve/pii/S0001706X17305508
https://doi.org/10.3389/fvets.2022.929208/full
https://www.frontiersin.org/articles/
https://www.frontiersin.org/articles/
https://linkinghub.elsevier.com/retrieve/pii/S0001706X22003278
https://linkinghub.elsevier.com/retrieve/pii/S0001706X22003278
https://doi.org/10.1186/s13071-018-2771-2
https://parasitesandvectors.biomedcentral.com/articles/
http://wwwnc.cdc.gov/eid/article/26/9/20-0918_article.htm
http://wwwnc.cdc.gov/eid/article/26/9/20-0918_article.htm
https://linkinghub.elsevier.com/retrieve/pii/S1198743X20307199
https://linkinghub.elsevier.com/retrieve/pii/S1198743X20307199
https://doi.org/10.1371/journal.pntd.0007619
https://doi.org/10.1371/journal.pntd.0011051
https://academic.oup.com/cid/article/74/10/1862/6359087
https://academic.oup.com/cid/article/74/10/1862/6359087
https://doi.org/10.1111/ele.13520
https://onlinelibrary.wiley.com/doi/
https://onlinelibrary.wiley.com/doi/
http://journals.sagepub.com/doi/10.1177/0049124104268644
http://journals.sagepub.com/doi/10.1177/0049124104268644
https://doi.org/10.1080/10618600.2012.702494
http://www.scielo.br/scielo.php?script=sci_arttext
http://wwwnc.cdc.gov/eid/article/20/10/14-0353_article.htm
http://wwwnc.cdc.gov/eid/article/20/10/14-0353_article.htm
https://linkinghub.elsevier.com/retrieve/pii/S2213224421000092
https://linkinghub.elsevier.com/retrieve/pii/S2213224421000092
https://doi.org/10.1111/1749-4877.12143
https://linkinghub.elsevier.com/retrieve/pii/S014795712300084X
https://linkinghub.elsevier.com/retrieve/pii/S014795712300084X
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0716
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0716
https://doi.org/10.1186/s40850-022-00152-7
https://doi.org/10.1186/s40850-022-00152-7
https://bmczool.biomedcentral.com/articles/
http://www.scielo.cl/scielo.php?script=sci_arttext
http://www.scielo.cl/scielo.php?script=sci_arttext
https://www.mdpi.com/2076-0817/9/8/661
https://www.mdpi.com/2076-2615/10/11/2133
https://www.mdpi.com/2076-2615/10/11/2133

Vasquez et al. One Health Outlook

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

(2024) 6:27

Muller A, Gutiérrez R, Seguel M, Monti G, Otth C, Bittencourt P, et al.
Molecular survey of Bartonella spp. in rodents and fleas from Chile. Acta Trop.
2020;212:105672. https://linkinghub.elsevier.com/retrieve/pii/S0001706X203
12365.

Correa JP, Bacigalupo A, Botto-Mahan C, Bucarey S, Cattan PE, De Cortazar
RG, et al. Natural infection of Leptospira species in the native rodents degu
(Octodon degus) and Darwin's Pericote (Phyllotis darwini) in Mediterranean
Ecosystem of Chile. J Wildl Dis. 2017,53(3):677-80. https://meridian.allenpress
.com/jwd/article/53/3/677/194490/Natural-Infection-of-Leptospira-Species-i
n-the.

Rojo G, Sandoval-Rodriguez A, Lépez A, Ortiz S, Correa JP, Saavedra M, et

al. Within-host temporal fluctuations of Trypanosoma Cruzi discrete typing
units: the case of the wild reservoir rodent Octodon degus. Parasit Vectors.
2017;10(1):380. https://doi.org/10.1186/513071-017-2314-2.http://parasitesan
dvectors.biomedcentral.com/articles/.

Azécar-Aedo L. Basic aspects and epidemiological studies on leptospirosis
carried out in animals in Chile: a bibliographic review. Trop Med Infect Dis.
2023,8(2):97. https://www.mdpi.com/2414-6366/8/2/97.

Silva C, Calva E, Maloy S. One Health and Food-Borne Disease: Salmonella
transmission between humans, animals, and plants. Microbiol Spectr.
2014;2(1). https://doi.org/10.1128/microbiolspec.OH-0020-2013. 2.1.08.
Meerburg BG, Kijlstra A. Role of rodents in transmission of Salmonella and
Campylobacter. J Sci Food Agric. 2007,87(15):2774-81. https://doi.org/10.100
2/jsfa.3004. https://onlinelibrary.wiley.com/doi/.

Llanos-Soto S, Gonzélez-Acufia D. Knowledge about bacterial and viral
pathogens present in wild mammals in Chile: a systematic review. Rev Chil
Infectol. 2019;36(2):195-218. http://www.scielo.cl/scielo.php?script=sci_artte
xt. &pid=50716-10182019000200195&Ing=en&nrm=iso&tIng=en.

Gilbert AT. Rabies virus vectors and reservoir species: -EN- rabies virus vectors
and reservoir species. Rev Sci Tech OIE. 2018;37(2):371-84. https://doc.oie.int/
dyn/portal/indexxhtml?page=alo&alold=37287.

Alegria-Moran R, Miranda D, Barnard M, Parra A, Lapierre L. Characterization
of the epidemiology of bat-borne rabies in Chile between 2003 and 2013.
Prev Vet Med. 2017;143:30-8. https://linkinghub.elsevier.com/retrieve/pii/S01
67587716307103.

Xu G, Walker DH, Jupiter D, Melby PC, Arcari CM. A review of the global epide-
miology of scrub typhus. PLoS Negl Trop Dis. 2017;11(11):e0006062. https://d
oi.org/10.1371/journal.pntd.0006062.

Weitzel T, Martinez-Valdebenito C, Acosta-Jamett G, Jiang J, Richards AL,
Abarca K. Scrub Typhus in Continental Chile, 2016-20181. Emerg Infect Dis.
2019;25(6):1214-7. http://wwwnc.cdc.gov/eid/article/25/6/18-1860_article.h
tm.

Ihle-Soto C, Costoya E, Correa JP, Bacigalupo A, Cornejo-Villar B, EstadellaV,
et al. Spatio-temporal characterization of Trypanosoma Cruzi infection and
discrete typing units infecting hosts and vectors from non-domestic foci of
Chile. PLoS Negl Trop Dis. 2019;13(2):e0007170. https://doi.org/10.1371/journ
al.pntd.0007170.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 14 of 14

Moreno Salas L, Espinoza-Carniglia M, Lizama Schmeisser N, Torres LG,
Silva-de La Fuente MC, Lareschi M, et al. Fleas of black rats (Rattus rattus) as
reservoir host of Bartonella Spp. Chile Peer). 2019;7:e7371. https://peerj.com/
articles/7371.

Moreno-Salas L, Espinoza-Carniglia M, Lizama-Schmeisser N, Torres-Fuentes
LG, Silva-de La Fuente MC, Lareschi M, et al. Molecular detection of Rickettsia
in fleas from micromammals in Chile. Parasit Vectors. 2020;13(1):523. https://d
0i.0rg/10.1186/513071-020-04388-5. https://parasitesandvectors.biomedcent
ral.com/articles/.

Hillman AE. Biosecurity and cross-contamination in epidemiological studies
involving trapping and sampling wildlife. Wildl Biol Pract. 2016;12(2):385. http:
//socpvs.org/journals/index.php/wbp/article/view/10.2461-wbp.2016.12.6.
Fagre AC, Cohen LE, Eskew EA, Farrell M, Glennon E, Joseph MB, et al. Assess-
ing the risk of human-to-wildlife pathogen transmission for conservation and
public health. Ecol Lett. 2022,25(6):1534-49. https://doi.org/10.1111/ele.1400
3.

Bosch SA, Musgrave K, Wong D. Zoonotic disease risk and prevention prac-
tices among biologists and other wildlife workers—results from a National
survey, US National Park Service, 2009. J Wildl Dis. 2013;49(3):475-85. https://
meridian.allenpress.com/jwd/article/49/3/475/121691/ZO0ONOTIC-DISEASE-R
ISK-AND-PREVENTION-PRACTICES.

Anderson Bosch S, Leong K, Musgrave K, Powers J, Wong D. Zoonotic Disease
Risk Perception and Use of Personal Protective measures among Wildlife
biologists: an application of the Health Belief Model. Hum Dimens Wildl.
2010;15(3):221-8. https://www.tandfonline.com/doi/full/10.1080/108712009
03460252.

Boéte C, Morand S. Bats and Academics: How Do Scientists Perceive Their
Object of Study? Fenton B, editor. Plos One. 2016; 11(11):e0165969. https://do
i.0rg/10.1371/journal.pone.0165969

Banda A, Gandiwa E, Muposhi VK, Muboko N. Ecological interactions, local
people awareness and practices on rodent-borne diseases in Africa: a review.
Acta Trop. 2023;238:106743. https:/linkinghub.elsevier.com/retrieve/pii/S000
1706X22004351.

Donga TK, Bosma L, Gawa N, Meheretu Y. Rodents in agriculture and public
health in Malawi: Farmers'knowledge, attitudes, and practices. Front Agron.
2022;4:936908. https://doi.org/10.3389/fagro.2022.936908/full. https://www.f
rontiersin.org/articles/.

Issae A, Chengula A, Kicheleri R, Kasanga C, Katakweba A. Knowledge, atti-
tude and preventive practices toward rodent-borne diseases in Ngorongoro
district, Tanzania. J Public Health Afr. 2023. https.//www.publichealthinafrica.o
rg/jphia/article/view/2385

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://linkinghub.elsevier.com/retrieve/pii/S0001706X20312365
https://linkinghub.elsevier.com/retrieve/pii/S0001706X20312365
https://meridian.allenpress.com/jwd/article/53/3/677/194490/Natural-Infection-of-Leptospira-Species-in-the
https://meridian.allenpress.com/jwd/article/53/3/677/194490/Natural-Infection-of-Leptospira-Species-in-the
https://meridian.allenpress.com/jwd/article/53/3/677/194490/Natural-Infection-of-Leptospira-Species-in-the
https://doi.org/10.1186/s13071-017-2314-2
http://parasitesandvectors.biomedcentral.com/articles/
http://parasitesandvectors.biomedcentral.com/articles/
https://www.mdpi.com/2414-6366/8/2/97
https://doi.org/10.1128/microbiolspec.OH-0020-2013
https://doi.org/10.1002/jsfa.3004
https://doi.org/10.1002/jsfa.3004
https://onlinelibrary.wiley.com/doi/
http://www.scielo.cl/scielo.php?script=sci_arttext
http://www.scielo.cl/scielo.php?script=sci_arttext
https://doc.oie.int/dyn/portal/index.xhtml?page=alo&aloId=37287
https://doc.oie.int/dyn/portal/index.xhtml?page=alo&aloId=37287
https://linkinghub.elsevier.com/retrieve/pii/S0167587716307103
https://linkinghub.elsevier.com/retrieve/pii/S0167587716307103
https://doi.org/10.1371/journal.pntd.0006062
https://doi.org/10.1371/journal.pntd.0006062
http://wwwnc.cdc.gov/eid/article/25/6/18-1860_article.htm
http://wwwnc.cdc.gov/eid/article/25/6/18-1860_article.htm
https://doi.org/10.1371/journal.pntd.0007170
https://doi.org/10.1371/journal.pntd.0007170
https://peerj.com/articles/7371
https://peerj.com/articles/7371
https://doi.org/10.1186/s13071-020-04388-5
https://doi.org/10.1186/s13071-020-04388-5
https://parasitesandvectors.biomedcentral.com/articles/
https://parasitesandvectors.biomedcentral.com/articles/
http://socpvs.org/journals/index.php/wbp/article/view/10.2461-wbp.2016.12.6
http://socpvs.org/journals/index.php/wbp/article/view/10.2461-wbp.2016.12.6
https://doi.org/10.1111/ele.14003
https://doi.org/10.1111/ele.14003
https://meridian.allenpress.com/jwd/article/49/3/475/121691/ZOONOTIC-DISEASE-RISK-AND-PREVENTION-PRACTICES
https://meridian.allenpress.com/jwd/article/49/3/475/121691/ZOONOTIC-DISEASE-RISK-AND-PREVENTION-PRACTICES
https://meridian.allenpress.com/jwd/article/49/3/475/121691/ZOONOTIC-DISEASE-RISK-AND-PREVENTION-PRACTICES
https://www.tandfonline.com/doi/full/10.1080/10871200903460252
https://www.tandfonline.com/doi/full/10.1080/10871200903460252
https://doi.org/10.1371/journal.pone.0165969
https://doi.org/10.1371/journal.pone.0165969
https://linkinghub.elsevier.com/retrieve/pii/S0001706X22004351
https://linkinghub.elsevier.com/retrieve/pii/S0001706X22004351
https://doi.org/10.3389/fagro.2022.936908/full
https://www.frontiersin.org/articles/
https://www.frontiersin.org/articles/
https://www.publichealthinafrica.org/jphia/article/view/2385
https://www.publichealthinafrica.org/jphia/article/view/2385

	﻿Knowledge, risk perceptions and practices regarding rodents and their associated pathogens: environmental consultants in Chile
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study area
	﻿Study design
	﻿Data analysis

	﻿Results
	﻿Survey participation and respondent characteristics
	﻿Knowledge of respondents regarding rodent hosts and rodent-borne diseases
	﻿Perceptions of health risks related to rodents and their pathogens
	﻿Training related to zoonoses and health risks
	﻿Work with rodents, exposures, and injuries
	﻿Protective measures

	﻿Discussion
	﻿High awareness of hantavirus but discrepancies in the recognition of other pathogens and rodent reservoirs
	﻿Varied perceptions of zoonotic risk and training importance shaped by experience and professional backgrounds
	﻿Injuries and underutilization of PPE reveal gaps in biosafety protocols for rodent handling among environmental consultants
	﻿Limitations of the study

	﻿Conclusions
	﻿References


