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Abstract

Infectious disease is a growing threat to wildlife, with zoonotic transmission most likely
at the human–wildlife interface. One underappreciated activity at this interface is field-
work with wild animals, but associated risks can be mitigated through field hygiene (FH)
practices, such as using personal protective equipment and other appropriate behaviors.
Following the dissemination of International Union for Conservation of Nature FH guide-
lines for bat researchers, we investigated factors that affect bat researchers’ intent to use
FH practices under a theory of planned behavior (TPB) framework. Under the TPB, a per-
son’s intent to perform a behavior is influenced by their attitude toward, their subjective
norms around, and their perceived behavioral control (PBC) about the behavior. We invited
researchers who had recently conducted bat-related fieldwork to complete a qualitative
questionnaire, generating data that we used to build a quantitative survey, which we dis-
seminated widely to bat researchers. We analyzed ∼1000 survey responses with structural
equation modeling and assessed the role of career stage, research focus, and socioeconomic
status of the research location on intent. Bat researchers’ intent to adopt FH practices was
high overall. For those who do not focus on disease projects, the subjective norm was
a strong driver of intent, with mentors the most influential norm referents; authoritative
bodies that set regulations and peers were influential too. The only modeled barrier to
intent was PBC—with beliefs that FH practices are impractical or uncomfortable con-
tributing most to PBC. We concluded that senior researchers should be encouraged to use
FH practices and encourage their mentees to do likewise. Technical solutions and educa-
tion to mitigate impracticality and discomfort issues should also be encouraged. Although
we focused on bat researchers, all wildlife fieldwork entails pathogen transmission risks. To
mitigate them, FH practices must become entrenched in the wildlife research community;
achieving this goal requires regulatory and social measures.
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INTRODUCTION

Because the One Health concept recognizes that the health of
humans, wildlife, and ecosystems is inextricably linked, wildlife
conservation is integral to One Health (Zinsstag et al., 2011).
Meanwhile, conservation biology often involves One Health
risks due to its strong reliance on biological fieldwork (Soulé,
1985) (i.e., researchers working directly with living organisms
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in situ) (Ramírez-Castañeda et al., 2022). Although remote meth-
ods (e.g., passive monitoring) and noninvasive surveys are vital
to conservation biology (Lahoz-Monfort & Magrath, 2021;
Zwerts et al., 2021), fieldwork often involves capturing and
handling wild animals, increasingly so with the rising use of
physiological approaches to conservation (Lennox & Cooke,
2014; Madliger et al., 2021). Thus, wildlife fieldwork epito-
mizes the human–wildlife interface—typified by direct contact
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or close proximity between humans and nonhuman animals—
that is central to the One Health paradigm (Dreyer et al.,
2023).

A core One Health concern related to wildlife fieldwork
is pathogen transmission between species (Gebreyes et al.,
2014). After all, most emerging infectious diseases that affect
humans originated in wild animal populations—increasingly
so since the 1940s (Jones et al., 2008)—with biodiversity loss
and climate change exacerbating the risk of disease spillover
(Pfenning-Butterworth et al., 2024). Biodiversity loss is also
increasingly driven by emerging infectious diseases, such as
canine distemper, sarcoptic mange, chytridiomycosis (Daszak
et al., 2000; Fisher et al., 2020; Smith et al., 2009), and avian
influenza (Lambertucci et al., 2025). Given the core mis-
sion of conservation biology—preventing species extinctions
(Soulé, 1985)—conservation researchers who do fieldwork with
wildlife should exhibit a fundamental concern with limiting
negative impacts of their work.

The One Health risks of wildlife fieldwork entail three disease
transmission pathways. The first is wildlife-to-human trans-
mission: researchers become infected by a zoonotic pathogen.
This has happened. Some cases—such as histoplasmosis (Cot-
tle et al., 2013)—resolved, whereas others—such as hantavirus
(Sinclair et al., 2007), pneumonic plague (Wong et al., 2009), and
rabies (Jakava-Viljanen et al., 2010)—had fatal outcomes. So far,
there are no records of pathogen spillovers during wildlife field-
work precipitating person-to-person transmission. But as the
COVID-19 pandemic (Crits-Christoph et al., 2024) and H5N1
influenza outbreak (Peacock et al., 2025) have shown, the evo-
lution of zoonotic pathogens in human hosts can have dramatic
public health effects.

The second risk is human-to-wildlife transmission:
researchers transmit a pathogen directly to a wild animal
or introduce a pathogen into a habitat where it infects wild
hosts. This scenario is also called pathogen pollution (Cun-
ningham et al., 2003), and it has increased in recent decades
(Alexander et al., 2018; Goldberg et al., 2024), notably in the
case of chytridiomycosis, which has caused the extinction of
many amphibian species (Fisher et al., 2020). This risk has also
played out during wildlife fieldwork, especially involving nonhu-
man primates, with many putative or confirmed cases (including
some fatal) of great apes contracting human-borne pathogens
as a result of contact with people, including researchers (Dunay
et al., 2018; Fagre et al., 2022; Messenger et al., 2014).

The third risk is wildlife-to-wildlife transmission: researchers
facilitate pathogen transmission between individual wild animals
by holding them together for short or prolonged periods of
captivity or by causing them to aggregate unnaturally or touch
the same fomites. For example, wildlife baits and lures, which
conservation researchers often use to attract and sample target
animals (Dehaudt et al., 2024), raise the risk of pathogen trans-
mission (Sorensen et al., 2014). And research has shown that
researchers can spread ranaviruses among amphibians if they
do not take adequate biosecurity measures (Gray et al., 2018).

Recognizing the elevated risks of multidirectional pathogen
transmission during wildlife fieldwork, various regulatory agen-
cies have set mitigative guidelines. Some guidelines target

specific pathogens, such as biosafety practices that aim to pre-
vent the spread of chytrid fungus in amphibians (Canadian
Herpetofauna Health Working Group, 2017; Woodhams et al.,
2021) or avian influenza in birds (U.S. National Science Foun-
dation, 2023). Other guidelines address specific settings. For
example, the U.S. National Parks Service developed its “Safe
Work Practices for Employees Handling Wildlife” after the
above-cited case of pneumonic plague (Bosch et al., 2013). Yet,
there remains little to no standardization of biosecurity guide-
lines for wildlife fieldwork (and see Woodhams et al., 2021) and,
in many cases, no guidelines or oversight.

We addressed the One Health risks linked to fieldwork with
bats (order Chiroptera), an endeavor that illustrates all three
transmission pathways above and often involves directly cap-
turing and temporarily holding large numbers of individuals.
For example, three of us (J.L.C., T.M.S., T.K.) have routinely
captured dozens of bats at once in a single net or harp trap
and, prior to the release and dissemination of the IUCN FH
guidelines, placed 10 or more individuals in one holding bag to
await processing. Many bat researchers also use acoustic lures
to increase capture success (e.g., Braun De Torrez et al., 2017;
Hill & Greenaway, 2005; Preble et al., 2021). The risk of bat-
to-human pathogen transmission may be heightened by the fact
that bats, as a taxon, can host very diverse microbes. However,
bats do not host proportionately more numerous or deadlier
pathogens than other taxa (Mollentze & Streicker, 2020), dis-
ease prevalence is low in many bat populations (e.g., Loh et al.,
2022), and most bat-borne microbes are ill-adapted to infecting
humans (Van Brussel & Holmes, 2022). Still, some bat species
are the natural reservoirs of virulent zoonoses (e.g., Nipah,
Hendra, Marburg) or the putative ancestral hosts of others
(Crits-Christoph et al., 2024), and bat researchers have occa-
sionally been infected by bat-borne pathogens (e.g., Sosuga virus

[Amman et al., 2015]) during fieldwork. Thus, bat-to-human
pathogen transmission during fieldwork, though relatively rare,
could have severe outcomes.

The risk of bat-to-bat pathogen transmission is generally
lessened by the precautions that bat researchers take (such
as collecting tissues with sterile instruments) to prevent sam-
ple cross-contamination (Aguilar-Setién et al., 2022). But bat
researchers often also put individual bats in contact with the
same fomites (e.g., nets, tools, processing surfaces) or in com-
mon holding bags, promoting both intra- and interspecific
pathogen transmission.

The risk of pathogen pollution is illustrated by white nose
syndrome (WNS). This disease, which affects hibernating bats
and is causing the worst wildlife epidemic in North Ameri-
can history, is caused by the fungus Pseudogymnoascus destructans

(Cheng et al., 2021), which was introduced to North American
caves by people (Leopardi et al., 2015). A recent concern—that
people might transmit SARS-CoV-2 to naïve bat populations
(e.g., Gryseels et al., 2021; Olival et al., 2020)—seems to have
manifested in the United States, where eastern red bats (Lasiu-

rus borealis) were among six mammal species that tested positive
for SARS-CoV-2 (Goldberg et al., 2024). Here, the risk is not
only that infected bats could become ill but also that affected
bat populations could become novel viral reservoirs, leading to
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an elevated public health risk (Fagre et al., 2022; Olival et al.,
2020). One possible consequence of such a scenario is (unwar-
ranted) retaliatory persecution of bats, as observed early in the
COVID-19 pandemic (Nanni et al., 2022). Persecution of bats
(stemming from diverse human–bat conflicts) is already a major
conservation threat to bats globally (Frick et al., 2020); any fur-
ther implication of bats in public health risks would compound
it.

In this context, the Bat Specialist Group (BSG) of the Inter-
national Union for Conservation of Nature (IUCN) Species
Survival Commission (SSC) developed and published mitigative
guidelines for bat researchers (available at https://www.iucnbsg.
org/bsg-publications.html). Version 1.0 (2020) greatly reduced
all bat research and introduced so-called basic field hygiene
(FH) practices that minimize multidirectional (human-to-bat,
bat-to-human, bat-to-bat) pathogen transmission by reducing
exposure to bat body fluids and aerosols. Version 2.0 (2021)
invited a greater return to fieldwork via risk assessment and
adoption of FH practices. Both versions were superseded by
Shapiro et al. (2024), which was disseminated throughout the
bat research community and adopted by agencies governing bat
research worldwide. It identifies FH practices that we grouped
into four categories: sanitary processing (regularly disinfect-
ing surfaces, measuring equipment, cleaning field gear between
locations); good behaviors (not eating, drinking, or smoking
near bats, using an air-puffing tool instead of blowing on bats,
which is a common practice to part fur and see the skin or stop
bats from biting); personal protective equipment (PPE) (using
masks, gloves, and dedicated field clothes); and vaccination
(having updated prophylactic rabies and COVID-19 vaccines).

The FH practices, despite being quite simple, represent a
major departure from how many, if not most, bat researchers
(except those who study diseases) were trained and have worked
(J.L.C., T.M.S., T.K., personal observation; Appendix S1). Com-
pounding the human tendency to resist change (Oreg, 2003)
is the perception that many FH practices are awkward and
uncomfortable and increase handling time and cost. Further,
the low transmission risk may be perceived as negligible, espe-
cially by researchers who, after decades of experience with no
known incidents, become cavalier. Hence, some resistance by
bat researchers and the need for interventions (e.g., outreach,
training) to increase adherence to the guidelines are expected.
Moreover, with fieldwork generally done at times and places
that preclude direct regulatory oversight, understanding how to
motivate bat researchers to use FH practices is essential.

To build this understanding and inform future interven-
tions, we investigated bat researchers’ intent to adopt FH
practices. Our conceptual framework was Ajzen’s (2020) the-
ory of planned behavior (TPB), which is widely used to study
the drivers of and barriers to behaviors, including those related
to conservation (e.g., Kaiser et al., 2005) and human health
(e.g., Bosnjak et al., 2020). The TPB posits that whether some-
one performs a focal behavior is directly predicted by their
intent to do so (behavioral intent) (hereafter, intent), which
has three direct antecedents (Ajzen, 2020). First, their behav-
ioral attitude (hereafter, attitude) reflects their beliefs about the
value and outcome of the behavior. Second, their subjective

norms (hereafter, norm) reflect their beliefs about whether the
entities—referents—whose opinions they value expect them to
practice the behavior (injunctive norm) and practice it them-
selves (descriptive norm); the influence on intent is modified by
the person’s motivation to comply with said norms. Third, their
perceived behavioral control (PBC) reflects how easy or difficult
they believe it is to perform the behavior and the power of PBC
to affect their intent (Figure 1).

We tested the applicability of the TPB framework to the
adoption of FH practices both generally and in reference to
more specific categories (sanitary processsing, good behaviors,
wearable PPE, vaccines) and evaluated whether and how the rel-
ative contribution of these antecedents varies with researchers’
demographics and the type of research they do. We tested three
hypotheses. First, junior researchers are the most responsive
to norms because the seeking of external validation and the
desire to belong decline with age and seniority (H1) (Sinclair
& Agerström, 2023). Second, the intent to adopt FH practices
is highest among researchers who do disease-related research
because such practices are more ingrained in their culture, train-
ing, and authoritative guidelines (H2). Should this be true, we
were particularly interested in explaining variation in intent
among nondisease researchers (the likeliest targets of future
interventions). Third, the influence of PBC rises in low-income
countries, where PPE items may be less affordable and acces-
sible and, because most of these countries are in the tropics,
heat and humidity make wearing PPE more uncomfortable
(H3).

Finally, we hypothesized that intent varies among the four
categories of FH practices (sanitary processing, good behaviors,
wearable PPE, vaccines) (H4). For example, the intent to be vac-
cinated might be almost universal considering the health risks of
not doing so and mandatory vaccination programs. In contrast,
the intent to use PPE might be much more variable. We refer to
these as specific FH intents, contrasting with the general intent
to adopt all FH practices.

METHODS

We used an exploratory, sequential mixed-methods study
design. To develop a contextually relevant quantitative survey,
we first deployed a qualitative survey to establish which of the
recommended FH practices bat researchers used and to gener-
ate a set of statements about their common attitudes, norms,
and PBCs.

Qualitative survey

To identify researchers who had recently led fieldwork involv-
ing close proximity (<2 m) to live, wild bats, we searched Web
of Science (WoS) for journal articles published in 2020 and
2021 with Chiroptera in the topics (n = 539). To retain stud-
ies that clearly involved contact with live bats, we scanned the
titles, abstracts, and methods sections, generating a pool of 290
records. We reduced geographic bias by using WoS country-level

https://www.iucnbsg.org/bsg-publications.html
https://www.iucnbsg.org/bsg-publications.html


4 of 12 COLEMAN ET AL.

FIGURE 1 Use of the theory of planned behavior approach in a study of bat researchers’ intent to adopt field hygiene (FH) behaviors. Survey items were
presented in couplets, each consisting of a belief statement paired with a statement measuring the perceived impact of the belief on the intent to perform the focal
behavior. A subset of couplets is illustrated. For example, our survey included four behavioral attitude couplets assessing the motivations to protect: people from
bats, bats from people, and bats from bats; and to minimize cross-contamination.

analytics to stratify our pool and chose the first three records
per represented nation. We emailed each paper’s corresponding
author and asked this person to complete the survey if they per-
sonally did the fieldwork or, if not, to forward our request to the
person who had done so.

We used Qualtrics to disseminate our online survey, whose
items mapped to the TPB (Appendix S2). For example, Q2.2
asked which FH practices they adopt to keep themselves and
bats safe (intent) and how important they believe them to
be (attitude); Q2.5 and 2.7 sought to identify referent groups
(norms), with Q2.7 also asking what makes it difficult for
respondents to adopt FH practices (PBC). We collected 84
responses, from 13 September through 1 November 2021, a
period that shortly followed the dissemination of Version 2.0
of the BSG guidelines (8 July 2021). Thus, our respondents
could have had two exposures to the guidelines, both versions
of which were rolled out via social media campaigns and emails
to all BSG members.

Quantitative survey

After coding all qualitative data into unique bins and generating
a frequency distribution for each question, we used the most
common bins (FH_practices_data_item1) to build our quan-
titative survey (Appendix S3), which we distributed through
Qualtrics. For example, the top four beliefs about the value of
FH practices (Q2.2 in the qualitative survey) were (in descend-
ing order) that they: protect people, protect bats, minimize
bat-to-bat disease transmission, and minimize sample contami-
nation. Or, when asked what makes it difficult for respondents
to adopt FH practices (Q2.7), the top three responses were:
discomfort, costs, and hindrance of tasks.

Our instructions to respondents included a definition of
fieldwork and a summary of the BSG guidelines with a hyper-
link to the full guidelines (Version 2.0). We built 7-point Likert
scale items and presented them in couplets (following Ajzen,
2019) (Figure 1). We paired each attitude belief item with an
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item measuring the strength of that belief (e.g., Q8/Q9), each
norm belief item with an item measuring motivation to comply
(e.g., Q17/Q18), and each PBC belief item with an item mea-
suring the power of that belief (e.g., Q27/Q28). We measured
participants’ intent to adopt any of 13 specific FH practices
(Q35), which we used to build four focused constructs corre-
sponding to the four specific FH practice categories (sanitary
processing, good behaviors, wearable PPE, vaccines), and their
demographics to test hypotheses H1 through H3.

Before deploying our survey, we conducted cognitive inter-
views with six people from different nations (Canada, Germany,
India, Taiwan, Philippines, Nigeria) and with variable English-
language skills to ensure that our items were widely understand-
able. We performed a pilot study (n = 45 respondents) in August
2022 and revised problematic items before launching our full
survey.

Data collection

Our survey ran from 13 September 2022 through 7 February
2023. Recruitment was purposive, with invitations disseminated
through social media accounts and email lists of organizations
whose audiences were highly likely to include individuals con-
ducting bat fieldwork. Specifically, we advertised the survey on
the Twitter and Facebook accounts of the Global Union of
Bat Diversity Networks (GBatNET). We also emailed invita-
tions to the >600 attendees of the 2022 joint International Bat
Research Conference and annual meeting of the North Amer-
ican Society for Bat Research, to all BSG members, and to
leaders of GBatNET’s member networks. This approach max-
imized our ability to contact a geographically diverse sample
of bat researchers. Recruitment involved self-selection of par-
ticipants and snowball-like dissemination, as recipients were
invited to forward the survey to other relevant individuals.
Finally, we emailed single reminders to the original BSG and
GBatNET recipients and to researchers in underrepresented
regions (e.g., East Asia) to encourage broader geographic diver-
sity in the sample. We set Qualtrics parameters to ensure a fully
anonymized dataset.

Each participant provided informed consent, and this study
was approved by the Institutional Review Board of Texas Tech
University under IRB2021-454 (qualitative study) and IRB2022-
389 (quantitative survey).

Data cleaning

In all, 999 participants took our survey (partial responses
included). We combined and reclassified data into groups
used in later analyses. We classified respondents’ field-
work locations into IUCN regions (https://iucn.org/our-
union/commissions/world-commission-protected-areas/
about/regions) and categorized each region’s socioe-
conomic status (SES) as high or low based on the

World Bank 2023 classifications of countries (https://
datacatalogapi.worldbank.org/ddhxext/ResourceDownload?
resource_unique_id=DR0090754&_gl=1<1fmc442<
_gcl_au<MTE1NTA1OTQwNC4xNzI0MTcwMzI4).

Analyses

We used structural equation modeling (SEM) to analyze our
data. The SEM approach models the ability of latent constructs
(theoretical hypotheses that cannot be directly measured but can
be modeled using multiple measured indicators) to predict an
outcome by blending regression and confirmatory factor anal-
ysis (CFA) (Figure 1). In summary, we first built a core model
that served as the scaffold for all additional models. This core
model was functionally two models, with one-half regressed
onto the other to create a single model. We built one-half with
the TPB questionnaire and corresponding latent constructs. For
the other half, we used specific FH constructs, which we cre-
ated by combining highly covarying FH indicators (responses
to Q35) in an intuitive way to create post hoc constructs of FH
behaviors. Finally, we built multigroup models to test how these
relationships were affected by respondents’ career stage (H1),
research focus (H2), and SES of their fieldwork location (H3).

We determined the mean for each couplet from our survey
(attitudinal belief and outcome, normative belief and motiva-
tion to comply, control belief and power of control) (following
Little et al. [2013]). All couplet pairs were positively correlated
(p < 0.01) (Appendix S4). To avoid issues of collinearity between
the PBC and norm constructs that were present in initial mod-
eling efforts, we regressed the indicators of norm onto the
indicators of PBC and saved the residuals, which we then used
as residualized indicators of PBC. These residualized indicators
represent all the variance of PBC that is independent of norm
(Little et al., 2006).

We ran an initial CFA on the full dataset to fit an initial mea-
surement model in three steps. First, we built the TPB’s latent
constructs (attitude, norm, PBC) from the measured indicators
(Figure 1). Second, we created specific FH constructs by com-
bining highly covarying FH indicators. Third, we regressed the
FH constructs onto the TPB constructs to create the full struc-
tural model that evaluated predictors of general and specific
intents. We used effects coding to fit this and all subsequent
multigroup models so that the intercepts of the latent constructs
would be on the same 7-point Likert scale as that of the survey
items (following Little et al. [2006]).

After running this initial single-group model on the full
dataset (hereafter, full model), we ran three multigroup mod-
els to test for significant intergroup differences that we had
predicted in relation to career stage (student, early career, mid-
career, late career), research type (disease, nondisease, both),
and SES of fieldwork location (high, low, both). Before test-
ing for these differences, we tested measurement invariance
to ensure that the items used to measure each latent con-
struct performed equivalently in each group. After establishing

https://iucn.org/our-union/commissions/world-commission-protected-areas/about/regions
https://iucn.org/our-union/commissions/world-commission-protected-areas/about/regions
https://iucn.org/our-union/commissions/world-commission-protected-areas/about/regions
https://datacatalogapi.worldbank.org/ddhxext/ResourceDownload?resource_unique_id=DR0090754&_gl=1%2A1fmc442%2A_gcl_au%2AMTE1NTA1OTQwNC4xNzI0MTcwMzI4
https://datacatalogapi.worldbank.org/ddhxext/ResourceDownload?resource_unique_id=DR0090754&_gl=1%2A1fmc442%2A_gcl_au%2AMTE1NTA1OTQwNC4xNzI0MTcwMzI4
https://datacatalogapi.worldbank.org/ddhxext/ResourceDownload?resource_unique_id=DR0090754&_gl=1%2A1fmc442%2A_gcl_au%2AMTE1NTA1OTQwNC4xNzI0MTcwMzI4
https://datacatalogapi.worldbank.org/ddhxext/ResourceDownload?resource_unique_id=DR0090754&_gl=1%2A1fmc442%2A_gcl_au%2AMTE1NTA1OTQwNC4xNzI0MTcwMzI4
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invariance or partial invariance, we tested for intergroup differ-
ences, pruned nonsignificant regressions, and tested whether
significant regressions were different between groups with
nested chi-square tests of significant reduction in model fit at
each step.

Depending on the model, there were 40–42 missing data
points and 30–35 missing data patterns (i.e., configurations in
which, e.g., two rows with the same configuration of missing
data are considered one data pattern). We used full information
maximum likelihood to estimate the model based on the infor-
mation present in other observations, thereby adjusting our
parameter estimates for any potential bias caused by missing
observations and retaining the power of our full sample size
(Enders, 2022; Little et al., 2013). We fitted all models with the
Lavaan package 0.6-16 (Rosseel, 2012) in R 4.2.1 (R Core Team,
2022).

RESULTS

Our respondents had a mean age of 41 years, 51.7% self-
identified as male, and early-career researchers were the largest
group (31.4%). The dominant regions in our sample were North
America (where 31.5% of respondents resided; named as the
primary fieldwork location 162 times) and western Europe
(where 20.4% of respondents resided; named as the primary
fieldwork location 103 times). Raw general intent to adopt FH
practices was high, with a mean score of 5.72 (scale of 1–7)
(details in Appendices S5 & S6).

The full model (n = 667) had excellent predictive power and
fit (comparative fit index = 0.932, Tucker–Lewis index = 0.919,
root mean square error of approximation = 0.049, standard-
ized root mean squared residual = 0.045), capturing 41.7% of
variation in general intent (R2 = 0.417). The most influen-
tial predictors were the subjective norm, which was positively
associated with general and specific intents, and PBC, which
negatively influenced general and specific intents (Table 1).
Attitude was less influential and only predicted general intent
(Table 1). As hypothesized, intent varied among categories of
FH practices.

We found significant intergroup differences for career stage
(p= 0.009) and research type (p= 0.005) but not SES of research
location (p = 0.196) (effect sizes, approximated with R2-values,
in Table 1 [details in Appendix S7 and S8]). The norm posi-
tively influenced researchers’ general intent and most specific
intents regardless of their career stage (Table 1). In line with
H1 (junior researchers are most responsive to norms), students’
intents were almost fully predicted by the norm, whereas the
intents of early-, mid-, and late-career researchers were mainly
influenced by both the norm and PBC. Attitude had little to
no influence on the intent of students or early- and mid-career
researchers but was the only driver of late-career researchers’
specific intents to use PPE and sanitary processing (Table 1).

In line with H2 (researchers who do disease-related research
have the highest intent to adopt FH practices), modeled intents
to adopt general and specific FH practices were higher among
disease researchers (general intent: 6.507 vs. 5.633; sanitary pro-

cessing: 6.551 vs. 5.963; good behaviors: 5.867 vs. 5.199; PPE:
6.319 vs. 5.509; vaccines: 6.290 vs. 6.040 [details in Appendix
S9]) and entirely driven by their attitudes (Table 1). For nondis-
ease researchers, the norm and PBC were the main predictors;
attitude only influenced their vaccine-related intent (Table 1;
Figure 2).

For SES of fieldwork location, geography mattered, but not
how we expected. There was no difference between SES groups,
and, contrary to H3 (affordability and access to PPE are greater
barriers in low-SES regions), the contributions of cost and
access to PBC did not differ between high- and low-income
regions. Rather, beliefs that impracticality and discomfort are
barriers to fieldwork were higher among researchers who only
work in high-SES locations (1.191 vs. −1.922; 0.908 vs. −1.432)
(details in Appendix S10). This also contradicted our expecta-
tion that impracticality and discomfort are bigger barriers in
low-SES regions, which also tend to be hotter.

Zeroing in on nondisease researchers—the main target
audience of, but least compliant with, FH guidelines—our
model (Figure 2) captured 36.4% of variation in nondisease
researchers’ general intent (R2 = 0.364). The norm and PBC
influenced the intent to adopt all FH practices except vac-
cines; only attitude predicted vaccine-related intent. Generally,
the norm was more influential than PBC—substantially so for
sanitary processing and PPE—but PBC had more influence on
their intent to adopt good behaviors (regression estimates in
Table 1; Figure 2). The belief that FH practices minimize cross-
contamination contributed less to attitudes than did beliefs
that they protect people from bats, bats from people, and bats
from bats, whose contributions were functionally equal (path
loadings; Figure 2). As to the most important norm referents,
mentors mattered slightly more than peers or authority figures,
who had equal contributions (Figure 2). However, the raw data
suggest that researchers’ desire to comply with an authorita-
tive body exceeds the belief that the authoritative body expects
them to adopt FH practices (Appendix S4). Furthermore, the
injunctive and descriptive norms set by mentors contributed
functionally equally to mentees’ intent. The main contribu-
tors to PBC were beliefs that FH practices are impractical and
uncomfortable (Figure 2).

DISCUSSION

Overall, bat researchers expressed strong intentions to adopt
FH practices, indicating that the One Health risks of bat-related
fieldwork, which are infrequent but potentially severe, can be
mitigated. Further, the power of the TPB causal framework
to predict variation in researchers’ behavioral intent provides a
sound basis for interventions to increase the adoption of FH
practices. Our finding that the norm and PBC were generally
the main predictors of both overall and specific FH intents
suggests that the wider community of bat researchers sees
and accepts the need to protect bats and people and to avoid
cross-contamination of samples (leading to little variance in atti-
tude). As expected, we observed significant differences in intent
related to researchers’ career stages and the type of studies they
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TABLE 1 Regression results from full and multigroup structural equation models testing the influence of attitude, norms, and perceived behavioral controls on
five field hygiene behavioral outcomes.

Attitude Norm Control

Estimate Standardized p Estimate Standardized p Estimate Standardized p R2

Full model

General intent 0.326 0.178 0.002 0.515 0.382 <0.001 −0.613 −0.347 <0.001 0.417

Sanitary processing – – – 0.445 0.376 <0.001 −0.343 −0.221 <0.001 0.191

Good behaviors – – – 0.404 0.404 <0.001 −0.670 −0.513 <0.001 0.426

PPE – – – 0.576 0.610 <0.001 −0.356 −0.289 <0.001 0.456

Vaccines – – – 0.153 0.150 0.004 −0.208 −0.156 0.002 0.047

Career stage

Student

General intent – – – 0.5672 0.455 <0.001 −0.4853 −0.388 <0.001 0.358

Sanitary processing – – – 0.4274 0.393 <0.001 – – – 0.154

Good behaviors – – – 0.5896 0.507 <0.001 – – – 0.257

PPE – – – 0.9278 0.680 <0.001 – – – 0.462

Vaccines – – – – – – – – – –

Early career

General intent 0.2991 0.216 0.001 0.5672 0.410 <0.001 −0.4853 −0.350 <0.001 0.479

Sanitary processing – – – 0.4274 0.384 <0.001 −0.2305 −0.207 <0.001 0.190

Good behaviors – – – 0.5896 0.450 <0.001 −0.6037 −0.461 <0.001 0.415

PPE – – – 0.9278 0.653 <0.001 −0.3929 −0.277 <0.001 0.503

Vaccines – – – – – – – – – –

Mid−career

General intent 0.2991 0.215 0.001 0.5672 0.408 <0.001 −0.4853 −0.349 <0.001 0.482

Sanitary processing – – – 0.4274 0.384 <0.001 −0.2305 −0.207 <0.001 0.190

Good behaviors – – – 0.5896 0.450 <0.001 −0.6037 −0.461 <0.001 0.415

PPE – – – 0.9278 0.653 <0.001 −0.3929 −0.277 <0.001 0.503

Vaccines – – – 0.31810 0.291 <0.001 −0.29811 −0.273 <0.001 0.160

Late career

General intent – – – 0.5672 0.455 <0.001 −0.4853 −0.388 <0.001 0.358

Sanitary processing 0.689 0.567 <0.001 – – – – – – 0.322

Good behaviors – – – 0.5896 0.450 <0.001 −0.6037 −0.461 <0.001 0.415

PPE 0.545 0.479 0.003 – – – – – – 0.229

Vaccines – – – 0.31810 0.291 <0.001 −0.29811 −0.273 <0.001 0.160

Research type

Not disease related

General intent – – – 0.5932 0.473 <0.001 −0.4703 −0.375 <0.001 0.364

Sanitary processing – – – 0.4384 0.392 <0.001 −0.236 −0.211 <0.001 0.199

Good behaviors – – – 0.529 0.401 <0.001 −0.678 −0.514 <0.001 0.425

PPE – – – 0.8765 0.639 <0.001 −0.337 −0.246 <0.001 0.469

Vaccines 0.174 0.171 0.01 – – – – – – 0.029

Disease related

General intent 0.4501 0.410 <0.001 – – – – – – 0.168

Sanitary processing – – – – – – – – – –

Good behaviors – – – – – – – – – –

PPE – – – – – – – – – –

Vaccines – – – – – – – – – –

(Continues)
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TABLE 1 (Continued)

Attitude Norm Control

Estimate Standardized p Estimate Standardized p Estimate Standardized p R2

Both

General intent 0.4501 0.297 <0.001 0.5932 0.392 <0.001 −0.4703 −0.311 <0.001 0.563

Sanitary processing – – – 0.4384 0.401 <0.001 – – – 0.161

Good behaviors 1.77 0.870 0.569a – – – – – – 0.758

PPE – – – 0.8765 0.659 <0.001 – – – 0.434

Vaccines – – – – – – – – – –

Note: Shared superscripted numbers indicate the regression is fixed between groups.
Abbreviation: PPE, personal protective equipment.
aPruning leads to significantly worse model fit.

FIGURE 2 A structural equation model of drivers of the intent to adopt field hygiene (FH) behaviors by nondisease bat researchers (i.e., those who do not
study disease questions), within the research-type (disease vs. nondisease) multigroup model. Rectangles are the measured indicators used to describe the latent
constructs in the center of the figure, latent constructs on the left are antecedents of behavioral intentions, latent constructs on the right are the specific FH intents;
arrows from antecedents to behavioral intentions are significant regressions (p ≤ 0.01); solid black arrows, positive directionality; red dashed arrows, negative
directionality; arrow widths and values above, correlation weights. For example, intent to use personal protective equipment was most influenced by a positive
relationship with the subjective norm followed by a negative relationship with perceived behavioral control. Numbers in circles are latent mean responses on a
seven-point Likert scale.
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do, but (contrary to our hypothesis) no differences related to the
SES of their main fieldwork locations.

With disease researchers already required to adopt stringent
biosafety practices, the main target audience for behavioral
interventions is nondisease researchers. For them, as in the full
model, the norm and PBC were the main predictors of gen-
eral and specific FH intents. Because both the injunctive and
descriptive norms of mentors were major components of the
subjective norm, interventions that encourage mentors to adopt
and promote FH practices, especially PPE use, should have
downstream consequences for the community. Impracticality
and discomfort were the key components of PBC. Discom-
fort is chiefly related to wearing masks and, to a lesser extent,
disposable gloves. Both impracticality and discomfort may be
partly alleviated by ensuring that PPE fits well, which also
improves barriers to pathogen transmission (Regli et al., 2021).
Indeed, the current BSG FH guidelines (Shapiro et al., 2024)
now emphasize careful planning for every fieldwork activity.
This may involve having all field personnel try out different sizes
and types of masks (or other PPE) well in advance of fieldwork
or ordering these items in various sizes.

The good-behaviors FH construct comprises not blow-
ing on bats and not eating, drinking, or smoking near them.
Although wearing a mask precludes blowing on bats, achieving
proper separation between bat research and eating and drink-
ing requires rethinking conventional practices. Bat researchers
often work at night, in challenging environments, and under
intense time pressure. Hence, they traditionally treat their own
biological needs as afterthoughts (e.g., opportunistically grab-
bing a snack). Normalizing the adoption of measures to achieve
separation (designating clean and dirty areas and managing
human movements and actions between these areas), as disease
researchers have long been doing, will likely require instruc-
tion and resetting norms. The BSG’s updated FH guidelines
(Shapiro et al., 2024) provide details on how to implement these
measures, but demonstrations and instruction from disease
researchers and nondisease researchers who have adopted them
would accelerate uptake. Opportunities to do so include work-
shops at professional meetings and conferences (at which T.K.
has given a few such demonstrations), cross-training, exchanges
of students among laboratories, and webinars/training videos
hosted on the websites of bat research organizations. Institu-
tionally, entities charged with oversight of animal research and
biosafety (e.g., Animal Care and Use Committees, Biosafety
Committees) should familiarize themselves with best practice
and be able to train researchers under their purview.

The role of attitude depended on researchers’ career stage.
Attitude was the sole predictor of intent to use sanitary pro-
cessing and PPE for late-career (senior) researchers, who hold
positive attitudes toward these behaviors. For senior researchers,
these intents were not influenced by PBC or the norm, pos-
sibly reflecting a declining tendency toward social conformity
with age and experience (Castrellon et al., 2024). Yet, mentors
(who, we assume, include many late-career researchers) were the
most important referents for more junior (students, early- and
mid-career) cohorts, whose intents were largely predicated on
norms and PBC. Thus, senior researchers emerge as key tar-

gets for attitudinal interventions (sensu Ajzen, 2006) to promote
even greater uptake of FH practices within the bat research
community.

We acknowledge six main study limitations. First, even
though our TPB framework was effective, we tested only the
specified hypotheses; there are other models of human behav-
ior and predictors of intent that we did not evaluate. Second, to
minimize intersections that might inadvertently reveal identities,
we used IUCN regions as the basis for post hoc SES group-
ings of where respondents lived and did most of their research.
However, because national income levels vary markedly within
some IUCN regions, some of our SES assignments may have
been imperfect. For example, we classified Oceania as high-SES
based on the number of researchers in affluent Australia, but the
few researchers in the Pacific Islands might be better assigned to
the lower SES group. Third, as our survey was online and only
in English, non-English speakers and individuals with reduced
Internet access were presumably underrepresented in our study
population. Fourth, we modeled the intent to adopt FH prac-
tices and thus measured PBC even though it may not always
reflect actual behavioral control, which can influence the intent–
behavior link (Ajzen, 2020). For instance, a student who believes
that their project has insufficient funds to buy PPE but does
not know that their advisor has money set aside for this purpose
(difference between perceived and actual affordability) may spu-
riously point to cost as a barrier to the uptake of FH practices.
Fifth, some respondents to our quantitative survey could have
also taken our qualitative survey. Although we did not actively
prevent participant overlap, we believe that any potential effect
of nonindependence (and see van Griensven et al. [2014]) is
small because our qualitative sample population was less than
one tenth the size of the quantitative sample population and
the overlap between questions was minimal. Finally, we did
not include “honesty-check” items in our survey (Vésteinsdóttir
et al., 2019). Even though participants were instructed that their
responses would be anonymized, the survey was disseminated
by the IUCN BSG, which is viewed as an authoritative body, so
some survey items could have been prone to social desirability
bias. While acknowledging this difficulty, we took the responses
at face value.

How can the universal adoption of FH practices be encour-
aged? Our study highlights the need to develop a community
of best practice. Here, we point to the finding that authoritative
bodies are key referents. Perhaps grantors could include explicit
funding for FH practices or require standalone biosafety plans
(akin to the data management plans required by many major
funders [e.g., https://new.nsf.gov/funding/data-management-
plan]) to help institutionalize best practice.

Other key referents were mentors. Given their influence
on their junior counterparts, we propose campaigns featuring
globally renowned researchers and conservation personalities
wearing PPE and normalizing these behaviors and experimental
tests of their efficacy. This will increase buy-in of the entire bat
research community. Studies on the use of celebrities in behav-
ior change campaigns have mixed results in marketing generally
and conservation specifically (Duthie et al., 2017; Knoll &
Matthes, 2017). Critically, these studies suggest that campaign

https://new.nsf.gov/funding/data-management-plan
https://new.nsf.gov/funding/data-management-plan
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success hinges on ensuring a good fit among the endorser, the
intended audience, and the behavior (Erdogan, 1999).

The IUCN SSC BSG’s updated and more comprehensive FH
guidelines for bat research (Shapiro et al., 2024) can serve as a
blueprint for training and institutional best practice. We encour-
age the exploration of existing technical solutions to make PPE
more practical and comfortable. For example, masks are not
one-size-fits-all, so researchers should try different models for
the best fit. Ultimately, getting nondisease researchers to use
basic PPE (masks, gloves, dedicated field clothes) and adopt-
ing best practice hinge on reducing barriers (PBC) and making
these behaviors standard (the norm).

It is impossible to advance understanding of ecology, evolu-
tion, and conservation without field studies of wildlife in natural
settings. Such an understanding is not only of academic and
applied interest but also central to conservation. Yet, for any
focal taxon (not just bats), this interface presents the risk of
spillover events, which, though rare, can have devastating con-
sequences. Hence, there is a critical need for guidelines of best
practices that mitigate this risk. These guidelines should become
standard operating protocol for research worldwide, given how
variable the degree and nature of institutional oversight are
(e.g., Institutional Animal Care and Use Committees, Natural
England, the Department for Environment, Food and Rural
Affairs). Still, regulatory oversight will always be limited in some
regions and in the field. Therefore, a sense of personal and
collective responsibility regarding FH practices must become
entrenched in the wildlife research community.
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