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A critical step for decreasing zoonotic disease threats is to have a good understanding

of the associated risks. Hunters frequently handle potentially infected birds, so they

are more at risk of being exposed to zoonotic avian pathogens, including avian

influenza viruses (AIVs). The objective of the current study was to gain a better

understanding of Cuban hunters’ general hunting practices, focusing on their knowledge

and risk perception on avian influenza. An anonymous and voluntary semi-structured

questionnaire was designed and applied to 398 hunters. Multiple correspondence

analyses found relationships with potential exposure of AIVs to people and domestic

animals. The main associated risks factors identified were not taking the annual flu

vaccine (60.1%) and not cleaning hunting knives (26.3%); Direct contact with water

(32.1%), cleaning wild birds at home (33.2%); receiving assistance during bird cleaning

(41.9%), keeping poultry at home (56.5%) and feeding domestic animals with wild bird

leftovers (30.3%) were also identified as significant risk factors. The lack of use of some

protective measures reported by hunters had no relationship with their awareness on

avian influenza, which may imply a lack of such knowledge. The results evidenced that

more effective risk communication strategies about the consequences of AIVs infecting

human or other animals, and the importance of reducing such risks, are urgently needed.

Keywords: avian influenza, hunter, wild bird, risk perception, pandemic, One Health, Cuba

INTRODUCTION

Influenza A viruses (IAVs) are among the most challenging viruses that threaten both human
and animal health (1). Their ability to transmit between different species and, to undergo genetic
reassortments is extremely alarming (2). In fact, the best studied pandemic influenza viruses, like
those of 1918, 1957, 1968, and 2009, ultimately acquired some or all of their gene segments from
the avian IAV gene pool with swine origin genes also being present in some viruses (3).

Wild aquatic birds, especially birds in the orders Anseriformes (ducks and geese) and
Charadriiformes (gulls and shorebirds) thatmigrate in large numbers fromNorth America to Cuba,
are considered natural hosts for most IAV subtypes (4, 5). In fact, the migratory nature of many
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waterfowl species, along with the potential persistence of avian
influenza viruses (AIVs) in them, presents a potential route for
global dissemination and spillover of these viruses (6, 7).

Individuals who are engaged in occupations requiring animal
handling (hunting, butchering, etc.) or those working in
agricultural areas or forests, are at increased risk of exposure
to AIVs compared to the general population (8). Direct
transmission of AIVs from wild birds to hunters, or anybody
interacting with wildlife, might have at least two significant
outcomes; a direct introduction of a novel virus that could
be sustained by human-to-human transmission, or a possible
reassortment event where avian genes could be incorporated into
an existing seasonal human influenza strain (9).

Poultry keepers and wild bird hunters are considered at
highest risk of contracting AIV infections (10). However, wild
bird hunters are likely to be at highest risk considering the high
number of people involved in hunting and the direct nature
of their contact with dead wild birds and bird carcasses during
cleaning. Furthermore, some duck species which are commonly
hunted in Cuba are known to have the highest prevalence level
for AIVs (4). Since AIVs are known to replicate in wild bird in the
absence of overt signs of disease (11), it is possible that apparently
healthy hunted birds could spread AIVs to the hunters.

In addition to the direct AIV exposure risk for hunters, they
may also indirectly cause the dispersal of such viruses in the
environment, with the possibility of spillover to other species. It
is known that AIVs are able to infect a broad range of host species
(5) include several mammals and poultry, on occasions with
significant economic losses. Despite the fact that AIVs often exist
in their wild bird reservoir host as low pathogenic viruses (12),
when they infect poultry, they can evolve to cause serious disease
termed highly pathogenic avian influenza (HPAI), with severe
economic consequences (13). Since the poultry sector provides
one of the most popular sources of animal protein around the
world, owing to its affordability, nutritional value and lack of
cultural restrictions, AIVs represent an important threat to food
security. All these facts clearly demonstrate the need to address
the associated risks from a “One Health” perspective (14).

Good knowledge, attitudes, and practices (KAPs) targeted
toward certain diseases or infections among the public are
essential for successful control and outbreak prevention of
pandemics (15, 16). However, efforts to better define KAPs in
hunters have been scarce, and mainly limited to Canada and
the United States of America (17–19). Since, behaviors and risk
attitudes can vary from country to country, studies in different
countries where different practices are carried out are well-
justified. The objective of the current study was to gain a better
understanding of Cuban hunters’ general harvesting practices,
knowledge and risk perception on avian influenza (AI).

MATERIALS AND METHODS

Survey
A semi-structured questionnaire (see Supplementary Material)
was designed taking into account related works on this subject
(17, 18). The survey was validated by local knowledgeable
hunting specialists (n = 3) and a small group of local wild

TABLE 1 | Variables related with knowledge, perception and risk attitudes used

for analyses.

Variable Kind of

variable

Description

Knowledge about avian

influenza

Knowledge As a potential proxy for adopting

protective measures

Wild bird hunting as risk for

health

Knowledge As a potential proxy for adopting

protective measures

Water contact during

hunting

Attitude As a proxy for getting infection from

water

Smoking Attitude As a proxy for getting infection

through oral way with contaminated

hands

Hunting with dogs Attitude As a proxy to reduce contact with

water

Cleaning hunted birds at

home

Attitude As a proxy for AIV dissemination to

new locations

Get assistance for birds

cleaning

Attitude As a proxy to expose additional

individuals to virus infection

Sharing hunting knives with

household uses

Attitude As a proxy to contaminate food

Cleaning knives after

hunting

Attitude As a proxy for reducing risk of

infection

Having backyard poultry at

home

Attitude As a proxy to propitiate AIV to evolve

Feed domestic animal with

bird leftover

Attitude As a proxy for spillover

Unvaccinated against flu Protective As a proxy for virus viral genome

reassortments in case of coinfections

Washing hands during

hunting

Protective As a proxy for reducing risk infection

bird hunters (n = 5). A total of 398 Cuban wild bird
hunters were recruited to the study. The survey was conducted
opportunistically taking advantage of planned meetings between
2016 and 2018 of the Sport Hunting Cuban Federation (FCCD),
which has around 4,025 members (20). No information on
avian influenza was provided to hunters before giving them the
questionnaire. The surveys that were <50% completed were
discarded. For statistical purposes, in the cases of incomplete
surveys the proportions of the response were rescaled according
to denominators of the completed answers.

Descriptive Analysis
The demographic variables were analyzed through descriptive
statistics. The variables of age and experience of the hunter were
categorized according to the median. Variables related with risk
or knowledge (Table 1) were compared by proportion analysis
with a confidence interval of 95% using theWINPEPI application
(21) and a Wald Test in the CompaProp application (22). To
evaluate the risk perception level about AI, a univariate and
multivariate logistic regression were carried out with p-value <

0.05 using the SPSS v.21 program. For this analysis, hunters
were categorized according to their hierarchic status (Hunters
belonging to the FCCD Steering Committee vs. those only
dedicated to hunting) within the Federation.
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Multivariate Analysis
Multiple correspondence analysis (MCA) and hierarchical cluster
analysis were executed using the FactoMineR package (23)
through R v3.5. The variables with p-values higher than 0.05
were discarded. A minimum number of latent variables (or
components) with linear combinations of the original variables
that are independent from each other were defined (24). The
number of dimensions in the analysis was selected according to
the percentage of inertia.

MCA was also used in pre-processing to transform categorical
variables into continuous ones in order to perform a cluster
analysis by ascending hierarchical classification (Ward’s method
and Euclidean similarity distance between observations) (24, 25).
Homogeneous subject profiles based on the MCA dimensions
assuming that they have substantive coherence (24, 26) were
defined. The coordinate distribution of MCA categories in a
two-dimension space based in eigenvalues and the variable
description by categories of clusters were combined for the result
representation with Ggplot2 package in R v3.5. The variables:
Knowledge about avian influenza, Wild bird hunting as risk
for health, Age and Experience Categorized, and Hierarchic
status were used as supplementary variables in the MCA and
cluster analysis.

Ethical Approval

Participants were provided with information describing the study
objectives and they were reassured that all responses would
be anonymous.

Informed Consent

Verbal informed consent of willingness to participate in the
study was obtained from each respondent before they filled in
the questionnaire.

RESULTS

A total of 398 out of 403 (98.76%) surveys were valid from
which 305 (76.63%) were completed in full. Of the valid surveys
17.83% belonged to hunters with coordination responsibilities at
the provincial or national level in the FCCD. Among responders,
only one was female. The number of hunting days/year and the
number of hunted birds/year accounted for the higher variability
in the descriptive analysis (Table 2). Ducks were hunted by 215
out of 252 (85.3%) of the surveyed hunters, of which 82 (38.14%)
referred to the capture of Blue-winged teal (Spatula discors).

The categorized variables formed two groups based on age
and experience: young people (≤50 years) and older people
(>50 years), as well as hunters (≤17 years) with little hunting
experience and the most experienced hunters (>17 years).

Six groups were formed according to the proportion of the
risk factors. Hygienic practices with knives (85%, CI95%:82–
89%) and hands (86%, CI95%:81–88%), Water contact during
hunting (77%, CI95%:73–81%), Knowledge about avian influenza
(75%, CI95%:71–79%) and cleaning hunted birds at home (74%,
CI95%:70–79%) were the questions with a greater proportion
with affirmative replies. The questions related to hunter’s

TABLE 2 | Interquartile ranges of quantitative and demographic variables of wild

bird hunters surveyed from 2016 to 2018 (Q1: quartile 25%, Q3: quartile 75%,

IQR: interquartile range).

General variables Minimum Q1 Median Q3 IQR Maximum

Number of hunting days per

year

1 30 40 80.25 50.25 240

Number of hunted birds per

year

3 44 61 143 99 1,800

Quantity of hunting months

per year

1 5 6 7 2 12

Hunter age 17 41 50 59 18 85

Hunting experience (years) 1 10 17 30 20 82

TABLE 3 | Relationship of risk attitudes and knowledge of Cuban hunters on

avian influenza virus exposure.

Variable Total

answer

Proportion of

affirmative replies

(CI 95%)

Wald test

significance

Washing hands after hunting 393 0.86 (0.822–0.893) a

Cleaning knives after hunting 379 0.85 (0.810–0.884) a

Water contact during hunting 396 0.77 (0.728–0.813) b

Knowledge about avian influenza 393 0.75 (0.705–0.793) b

Cleaning hunted birds at home 393 0.74 (0.697–0.786) b

Flu unvaccinated against flu 393 0.64 (0.594–0.591) c

Wild bird hunting as risk for health 394 0.59 (0.544–0.643) c

Hunting with dog 397 0.58 (0.532–0.631) c

Having backyard birds at home 388 0.48 (0.431–0.533) d

Get assistance for bird cleaning 397 0.46 (0.414–0.514) d

Sharing hunting knives with

household uses

393 0.46 (0.405–0.506) d

Feed domestic animal with birds

leftover

387 0.38 (0.331–0.430) e

Smoking 395 0.35 (0.307–0.404) e

Proportions with different letters in Wald test differs according to the calculation of

confidence intervals.

CI, confidence interval.

attitudes (two last groups) had a lower proportion of positive
answers (<50%) (Table 3).

Eight out of 13 studied variables were significant (p < 0.05) in
the univariate analysis (Supplementary Table 1). Of these eight
variables, having backyard poultry at home and smoking were
significant in the multivariate analysis with an odds ratio (OR)
of 2.37 (CI 95%: 1.247–4.515) and 2.203 (CI 95%: 1.083–4.483),
respectively, for the hunters with managerial responsibilities with
respect to pure hunters (Table 4). However, these categories did
not have any significant differences in knowledge on AI.

MCA and Hierarchical Cluster Analyses
A variability of 61.9% was observed for the four first dimensions
in the MCA analysis of hunters’ exposure to AIVs. The variables
with the main contribution to the first dimension were: be
unvaccinated against flu (60.1%), be a smoker (54.4%) and not
cleaning hunting knives (26.3%). The variables of direct contact
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TABLE 4 | Maximum likelihood estimates of multivariate regression function of variables derived from individual analyses between Manager hunters and Pure hunters.

Variable B SE Wald P Odds ratio 95% CI for odds ratio

Feed domestic animal with birds leftover 0.613 0.336 3.331 0.068 1.846 0.956–3.566

Having backyard poultry at home 0.864 0.328 6.936 0.008 2.373 1.247–4.515

Smoking 0.790 0.362 4.751 0.029 2.203 1.083–4.483

Cleaning hunted birds at home −0.885 0.446 3.925 0.048 0.413 0.172–0.991

Hunting with dog −0.896 0.339 6.974 0.008 0.408 0.210–0.794

Knowledge about avian influenza −1.401 0.548 6.533 0.011 0.246 0.084–0.721

B, estimated slope; S.E., standard error; Odds ratio: [Exp (B)].

with water (32.1%) and cleaning wild birds at home (33.2%)
headed the second dimension. The third dimension included
hunters that received assistance during bird cleaning (41.9%) and
hunters who did not wash their hands (23%), while the fourth
dimension was represented by people that used hunting knives
in household activities (67.8%) and hunted with dogs (33.9%)
(Supplementary Table 2).

The hunter’s practices and/or attitudes that exposed them to
AIVs were identified into the three groups (Figure 1). Most of
the risk categories were within the first cluster whilst the second
group was the smallest.

The inertia of two first dimensions was 62.66% for analysis of
AIV exposure to domestic animals. The variables hunting with
dog (56.4%), have poultry at home (56.5%) and feed domestic
animals with bird leftover (30.3%) predominated in the first
dimension. The transfer of hunted birds home for cleaning was
the most represented variable in the second dimension (83%)
(Supplementary Table 3).

According to hunter’s behavior, four groups were obtained
in the cluster analysis (Figure 2). Interestingly, hunters who did
not clean birds at home didn’t share characteristics with any of
the other clusters. On the contrary, the first cluster showed a
high potential risk of AIV exposure for domestic animals. The
variables hunter age and hunting experience were not associated
to the other variables.

DISCUSSION

This study targets the “first-line” people (wild bird hunters) who
might both acquire infection with AIVs and expose domestic
animals to them. Cuban hunters were found to have limited
knowledge of avian influenza and associated risks which demands
a more effective risk communication strategy to bridge the gaps
between knowledge and practical actions.

The current investigation did not show a relation between
knowledge on AI and the adoption of protective measures.
Therefore, it is likely that the understanding on AI of the
surveyed hunters could be rudimentary or insufficient to be
translated into protective behaviors. However, this knowledge
was greater in terms of the risk of exposure of AIV to domestic
animals. This could be related to the fact that risk communication
has been focused on the consequences of infection with AIVs
for poultry, compared to infection of human. Another possible

explanation for such differences is that effects might depend upon
the specific type of knowledge measured (10).

Limited knowledge, low risk perception and inadequate
protective behavior can increase the risk of infection with
AIVs (10). However, differences between stated knowledge and
practical knowledge are recognized (27). Most hunters were
aware of AI but were not actively preventing the introduction
and transmission of the virus as they perceived it as a low
risk to their health, as described by Oruganti et al. (19).
Likewise, other investigations show high AI knowledge levels but
insufficient adoption of protective measures (10, 28). Just because
hunters may know about a wildlife disease and how to prevent
exposure to it does not imply they perceive a risk of exposure
(19). The fact that knowledge about AI did not translate into
protective behaviors was notable even within the subgroup of
hunters with organizational responsibilities within the FCCD.
This emphasizes the need for risk communication actions with
emphasis on those in a position to play a more active role in the
transfer of knowledge within the Federation.

Preventive measures such as hand washing and wearingmasks
are fundamental for counteracting influenza virus infection (29).
The data on protective behaviors showed that washing hands
was a standard practice. However, accessible water in wetlands
may be contaminated with water-borne microorganisms. In
particular, a study about the potential for avian-origin viruses
to remain infective in North American wetlands for extended
periods proved its viability at a mean temperature of 4.2–4.9◦C
(−0.1–22.9◦C) (30). Given the lipid nature of the envelope
of IAVs (29, 31) the most practical and effective method of
decontamination during hunting is the use of alcohol gels as
a disinfectant.

Consistent with other studies (10, 18, 32) washing hands
and cleaning hunting utensils after finishing the activity were
the most prevalent practices, which can reduce hunter’s AIV
exposure. Remarkably, inexperienced hunters who don’t know
about AI, practiced these activities less frequently, which
highlight the importance of knowledge.

Knowledge about effective behaviors is particularly likely
to enhance perceptions about efficacy of conducts, which
have consistently been linked to precautionary practices (33).
Nevertheless, knowledge alone is not enough to produce behavior
changes because it depends of economic and social factors that
enable or disable such change (10). Consequently, effective risk
communication strategies could be necessary to improve the
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FIGURE 1 | Clustering of variables associated with the potential exposure of hunters to avian influenza viruses. Symbols with the same shape or color belong to the

same cluster and their particular characteristics appear below in correspondence with the letter that identifies them. Cluster 1: Clean birds at home (D), High hunter

experience (I), Have knowledge on avian influenza (L), Direct contact water (N), Clean knives after slaughtering (P), Don’t smokes (R), Flu unvaccinated (U), Washing

hands after hunt (V); Cluster 2: Don’t hunt with dog (A); Don’t clean birds at home (C), Low hunter experience (J), haven’t knowledge on avian influenza (K), Haven’t

direct contact water (M), Don’t clean knives after slaughter (Q), Don’t washing hands after hunt (W), Sharing hunting knives in household activities (X); Cluster 3: Hunt

with Dog (B), Receives bird cleaning assistance (O), Smokes (S), Flu vaccinated (T), Don’t share hunt knives in other activities (Y).

knowledge level and generate protective attitudes and practices
to reduce exposure risk to AIVs.

The low flu vaccination coverage in the surveyed hunters,
may be due to less concern about infection, which is the
strongest predictor of vaccination uptake (34) and it constitutes a
demand for actions to reduce the risk of reassortment of IAVs
in this population stratum. Vaccination is the main measure
for preventing seasonal influenza and its potential complications
(35). Vaccination of groups with a higher risk of exposure to
AIVs, such as poultry workers, is recommended by the anti-
pandemic Global Action Plan (36). In Cuba since 1998, the
National Vaccination Policy for Seasonal Influenza prioritizes at
risk groups (37, 38).

The lack of vaccination in people at higher risk of being
exposed to AIVs implies a greater risk of co-infection with
different strains, which may lead to reassortment events with
potentially harmful consequences. Cross-species transmission of
AIVs directly from wild birds to humans is rare, but given
the increased risk of exposure to AIV infection in hunters
(9), it is clear that they should be prioritized for the seasonal
flu vaccination. Evidences of AIV infection in persons with
occupational exposure to migratory birds (39) and human
coinfection with different AIVs, have been reported (40).

The flu season in American tropics mainly occurs from April
to September (41) while long term studies in Cuba, show human

influenza virus circulation increases during the rainy season
(May-October) (42), which partially overlap with the waterbird
migration season during the fall (43). These facts exacerbate the
risk of coinfection with IAVs, that are increased in some species
of hunted-waterbird with a high prevalence of AIVs like Spatula
discors (4).

Flu vaccination strengths immunity against human influenza
viruses at a population level by reducing the likelihood of
coinfection hence decreasing the possibility of generating new
progeny viruses by genetic reassortment (44). However, given flu
vaccination does not prevent infections by AIVs, other preventive
measures must be put in place to complement the reduction of
the risk of human infections with AIVs, some of whichmay cause
severe consequences (45).

Wild animal slaughtering, whether done by hunters or their
family members, can place both at risk of transmission through
direct exposure to blood and internal organs as well as feces
(8). Hence, being helped by another family member during bird
cleaning, additionally increased the risk of exposing more people.
On the other hand, since other family members may be not
considered at risk, they may lack protective measures like flu
vaccination, and be more prone to IAV coinfection events.

The practice of slaughtering wild birds at home may also
increase food safety risks because some pathogens and infectious
agents are usually found in meats (46). In particular, the delay
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FIGURE 2 | Clustering of variables associated with the potential exposure of domestic animal to avian influenza viruses. Symbols with the same shape or color belong

to the same cluster and their particular characteristics appear below in correspondence with the letter that identifies them. Cluster 1: Hunt with dog (B); Clean birds at

home (D), Having backyard poultry at home (F), Feed domestic animal with bird leftover (H), High hunter experience (I); Cluster 2: Low hunter experience (J), Haven’t

knowledge on avian influenza (K); Cluster 3: Don’t hunt with dog (A), Haven’t backyard poultry at home (E), Don’t feed domestic animal with bird leftover (G); Have

knowledge on avian influenza (L); Cluster 4: Don’t clean birds at home (C).

in bird processing after hunting may increase infection risks
e.g., through the transfer of enterobacteria from gut to muscles
resulting in food borne transmission. Since AIV infections
can occur through direct contact with tissues, secretions and
excretions of infected birds (9) it is necessary to reduce or
eradicate the practice of cleaning hunted birds at home, as well
as the use of hunting knives for other household activities.

Smoking prevalence among the surveyed hunters was similar
to that of the general population in the country (47). However,
smoking in addition to important health implications (48), when
practiced in wildlife areas, may increase the threat of fires, with
negative impact on the environment and biodiversity.

HPAI is a disease of poultry that evolves from milder viral
strains naturally occurring within wild bird populations (13).
Hence the hunters that raise poultry and practice birds cleaning
at home, could favor low pathogenic AIVs evolve to HPAI (49).
Backyard poultry have played different roles in AI epidemics
across affected countries (50, 51). Nonetheless, is desirable to
prevent backyard poultry exposure to AIVs. Despite the low
epidemic potential of AIV infection in backyard poultry, for
many families in developing countries, poultry are more than a
source of income or food but also play social and cultural roles.
Hence backyard poultry must be preserved.

The feeding of domestic animals with birds’ leftover could
lead to an increase in the host range of the virus and even
the disease, as well as the emergence of new subtypes due to

the phenomenon of genetic reassortment. It has been shown
that antigenic and genetic evolution of IAVs often results in
inter-species transmission as the virus adapts to a new host
(52). In fact, reports of influenza virus affecting dogs (53, 54)
are relatively recent, but they have been important in causing
epidemic outbreaks mainly in greyhounds (55). On the other
hand, pigs are susceptible to IAVs of avian and human origin
(56, 57), which may cause the emergence of new virus. In fact, the
H1N1 pandemic virus in 2009 resulted from a novel reassortant
among avian, human and swine origin viruses (58, 59).

In the current study, the use of dogs for hunting did not
prevent contact of hunters with water. The persistence of AIVs
in water and their fecal-oral transmission among waterbirds are
of recognized importance in the maintenance of the virus in the
ecosystem (60). Therefore, water contact for hunters may result
in their exposure to AIVs. Conversely, there are not records of
AIV infection in humans acquired through water, despite this
material and sediments in wetlands being an important source
of such viruses (49).

Direct contact with water during hunting should be a
practice to avoid because in addition to the threat of AIVs
some other severe disease-causing pathogens like leptospira
may be present in wetlands. Interestingly the recruited hunters
for the present study indicated higher levels of vaccination
coverage for leptospirosis compared to seasonal flu (results
no showed).
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Higher levels of hunter confidence due to more years of
experience could reduce risk perception due to usual practices
that apparently do not affect their health, as observed in
other studies (10). The risk of infection by AIVs demands
the development of communication strategies that improve
knowledge through dissemination of public health messages
that may cause a change in behavior among hunters. A
sound knowledge of the potential risk factors that facilitate
the introduction and spread of AIVs in animal and human
populations is key to developing preventive control strategies and
contributing to active surveillance programs.

No taking into consideration the variables with the inferior
limit of OR<1, only smoking and having backyard birds at home
remained as significant according to Cerda (61). In particular,
smoking habit encompass a well-known health risk itself (48),
but it seems not enough to withdraw such practice. On the other
hand, having backyard poultry at home it is not a risk, if that are
not exposed to AIVs through practices like cleaning hunted birds
at home which had OR < 1 even at the superior limit of CI 95%.

Study Strengths and Limitations
Our study aimed to gain an understanding of the bird harvesting
practices and attitudes regarding AI exposure among Cuban
hunters and to identify gaps in influenza pandemic plans.
This research provides information on the population strata
(hunters) that have more influence on the risk of infection and
dissemination of AIVs. It complements the anti-pandemic plan
in the face of the possibility of infections with this pathogen
in humans, bearing in mind the necessity of contact between
animals and people as a prerequisite for this to occur (8).
In addition, it contributes to the strategy’s improvement for
managing the risk of introduction and dissemination of the AIVs
in Cuba. Poultry production in Cuba is an important component
of livestock economy with over 35.35 million heads (including
hens, ducks, turkeys, quails, among others) with their own
breeders (62). Themain production from the commercial poultry
sector are eggs with a consumption average over 200 per capita
egg/year, hence it is an important component of food security.

The location of hunter groups in geographically different areas
did not allow for random sampling because a representative
group of people is hard to be matched in time and space. Almost
1% of the registered hunters in Cuba were recruited for the
study, although active hunting could vary with the availability of
cartridges and transportation to hunting sites.

Conclusions
Cuban hunters participate in some practices while harvesting
wild birds that could potentially expose them and their
domestic animals to AIVs. There was no relation between
protective measures reported by hunters and their awareness

on avian influenza, which may imply a lack of knowledge
on AIV. This study emphasizes the need to introduce more
effective risk communication strategies about the consequences
of AIVs infecting humans or other animals and emphasizes the
importance of reducing risks and exposure.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Research Ethical Committee of the National Center
for Animal and Plant Health (CENSA). The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

PA, LM, and MA: conceptualization and design of the study.
BD-H, FP, DM, and JA: data collection. BD-H, PA, LM, and
YA: data processing, analyses, and interpretation. MA and MP:
formal analysis. BD-H, PA, and LM: writing—original draft
preparation. PA, LM, and MP: writing—review and editing.
All authors have read and agreed to the published version of
the manuscript.

FUNDING

This study was funded by the project 9483 of the National
Program of Agricultural Health. The funder of the study had
no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

ACKNOWLEDGMENTS

The authors would like to thank the Cuban Federation of Sportive
hunting and Rodolfo Castro, that contributed to recruit hunters
for this study and the hunters participating for their invaluable
contributions. We are also grateful to Christopher Oura and
Joseph Giambrone for English language editing.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2021.644786/full#supplementary-material

REFERENCES

1. Short KR, Richard M, Verhagen JH, van Riel D, Schrauwen
EJA, van den Brand JMA, et al. One Health, multiple
challenges: the inter-species transmission of influenza A

virus. One Heal. (2015) 1:1–13. doi: 10.1016/j.onehlt.2015.
03.001

2. Kim EH, Kim Y, II, Kim SM, Yu KM, Casel MAB, Jang SG, et al. Pathogenic
assessment of avian influenza viruses in migratory birds. Emerg Microbes

Infect. (2021) 10:565–77. doi: 10.1080/22221751.2021.1899769

Frontiers in Public Health | www.frontiersin.org 7 July 2021 | Volume 9 | Article 644786

https://www.frontiersin.org/articles/10.3389/fpubh.2021.644786/full#supplementary-material
https://doi.org/10.1016/j.onehlt.2015.03.001
https://doi.org/10.1080/22221751.2021.1899769
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Delgado-Hernández et al. Exposure Risk to Avian Influenza Viruses

3. Parys A, Vandoorn E, King J, Graaf A, Pohlmann A, Beer M, et al.
Human infection with Eurasian avian-like swine influenza A (H1N1)
virus, the Netherlands, September 2019. Emerg Infect Dis. (2021) 27:939–
43. doi: 10.3201/eid2703.201863

4. Diskin ER, Friedman K, Krauss S, Nolting JM, Poulson RL, Slemons RD,
et al. Subtype diversity of influenza A virus in North American waterfowl: a
multidecade study. J Virol. (2020) 94:e02022:1-15. doi: 10.1128/JVI.02022-19

5. Ganti K, Bagga A, DaSilva J, Shepard SS, Barnes JR, Shriner S, et al.
Avian influenza A viruses reassort and diversify differently in mallards and
mammals. Viruses. (2021) 13:1–17. doi: 10.3390/v13030509

6. Ferro PJ, Budke CM, Peterson MJ, Cox D, Roltsch E, Merendino T,
et al. Multiyear surveillance for avian influenza virus in waterfowl from
wintering grounds, Texas Coast, USA. Emerg Infect Dis. (2010) 16:1224–
30. doi: 10.3201/eid1608.091864

7. Li X, Xu B, Shaman J. Pathobiological features favouring the intercontinental
dissemination of highly pathogenic avian influenza virus. R Soc Open Sci.
(2019) 6:190276. doi: 10.1098/rsos.190276

8. Woldehanna S, Zimicki S. An expanded One Health model : integrating social
science and One Health to inform study of the human-animal interface. Soc
Sci Med. (2015) 129:87–95. doi: 10.1016/j.socscimed.2014.10.059

9. Dórea FC, Cole DJ, Stallknecht DE. Quantitative exposure assessment
of waterfowl hunters to avian influenza viruses. Epidemiol Infect. (2013)
141:1039–49. doi: 10.1017/S0950268812001720

10. Neupane D, Khanal V, Ghimire K, Aro AR, Leppin A. Knowledge,
attitudes and practices related to avian influenza among poultry
workers in Nepal: a cross sectional study. BMC Infect Dis. (2012)
12:76. doi: 10.1186/1471-2334-12-76

11. Ferreri LM, Ortiz L, Geiger G, Barriga GP, Poulson R, Gonzalez-Reiche
AS, et al. Improved detection of influenza A virus from blue-winged
teals by sequencing directly from swab material. Ecol Evol. (2019) 9:6534–
46. doi: 10.1002/ece3.5232

12. Jennelle CS, Carstensen M, Hildebrand EC, Wolf PC, Grear DA, Ip HS, et al.
Surveillance for highly pathogenic avian influenza in wild turkeys (Meleagris

gallopavo) of Minnesota, USA during 2015 outbreaks in domestic poultry. J
Wildl Dis. (2017) 53:616–20. doi: 10.7589/2016-09-205

13. Karo-Karo D, Bodewes R, Wibawa H, Artika IM, Pribadi ES,
Diyantoro D, et al. Reassortments among avian influenza A(H5N1)
viruses circulating in Indonesia, 2015-2016. Emerg Infect Dis. (2019)
25:465–72. doi: 10.3201/eid2503.180167

14. Sinclair JR. Importance of a One Health approach in advancing global health
security and the sustainable development goals. Rev Sci Tech l’OIE. (2019)
38:145–54. doi: 10.20506/rst.38.1.2949

15. Van Nhu H, Tuyet-Hanh TT, Van NTA, Linh TNQ, Tien TQ. Knowledge,
attitudes, and practices of the vietnamese as key factors in controlling COVID-
19. J Community Health. (2020) 45:1263–9. doi: 10.1007/s10900-020-0
0919-4

16. Al Ahdab S. A cross-sectional survey of knowledge, attitude and practice
(KAP) towards COVID-19 pandemic among the Syrian residents. BMC Public

Health. (2021) 21:296. doi: 10.1186/s12889-021-10353-3
17. Dishman H, Stallknecht D, Cole D. Duck hunters’ perceptions of risk

for avian influenza, Georgia, USA. Emerg Infect Dis. (2010) 16:1279–
81. doi: 10.3201/eid1608.100032

18. Charania NA, Martin ID, Liberda EN, Meldrum R, Tsuji LJ. Bird
harvesting practices and knowledge, risk perceptions, and attitudes regarding
avian influenza among Canadian First Nations subsistence hunters:
implications for influenza pandemic plans. BMC Public Health. (2014)
14:1113. doi: 10.1186/1471-2458-14-1113

19. Oruganti P, Garabed RB, Moritz M. Hunters’ knowledge, attitudes, and
practices towards wildlife diseases in Ohio. Hum Dimens Wildl. (2018)
23:329–40. doi: 10.1080/10871209.2018.1435839

20. Martínez Cuesta AL. La caza deportiva en Cuba en el camino hacia su
sostenibilidad Sport hunting in Cuba on the road to sustainability. Rev Cienc
y Tecnol En La Cult Fis. (2019) 14:129–32. Available on line at: https://dialnet.
unirioja.es/descarga/articulo/6915520.pdf

21. Abramson JH. WINPEPI updated: computer programs for epidemiologists,
and their teaching potential. Epidemiol Perspect Innov. (2011) 24:241–
2. doi: 10.1186/1742-5573-8-1

22. Yoannia Castillo D, Miranda I. COMPAPROP: Sistema para comparación de
proporciones múltiples. Rev Protección Veg. (2014) 29:231–4. Available on line
at: http://scielo.sld.cu/pdf/rpv/v29n3/rpv13314.pdf

23. Lê S, Josse J, Husson F. FactoMineR: an R package for multivariate analysis. J
Stat Softw. (2008) 25:1–18. doi: 10.18637/jss.v025.i01

24. Bejaei M, Cli MA, Singh A. Multiple correspondence and hierarchical cluster
analyses for the profiling of fresh apple customers using data from two
marketplaces. Foods. (2020) 9:873. doi: 10.3390/foods9070873

25. Hervier B, Devilliers H, Stanciu R, Meyer A, Uzunhan Y, Masseau
A, et al. Hierarchical cluster and survival analyses of antisynthetase
syndrome: phenotype and outcome are correlated with anti-
tRNA synthetase antibody specificity. Autoimmun Rev. (2012)
12:210–7. doi: 10.1016/j.autrev.2012.06.006

26. Costa PS, Santos NC, Cunha P, Cotter J, Sousa N. The use of multiple
correspondence analysis to explore associations between categories of
qualitative variables in healthy ageing. J Aging Res. (2013) 2013:1–
12. doi: 10.1155/2013/302163

27. Moritz M, Ewing D, Garabed R. On not knowing zoonotic
diseases: pastoralists’ ethnoveterinary knowledge in the Far
North Region of Cameroon. Hum Organ. (2013) 72:1–
11. doi: 10.17730/humo.72.1.72672642576gw247

28. Kurscheid J, Millar J, AbdurrahmanM, Ambarawati IGAA, SuadnyaW, Yusuf
RP, et al. Knowledge and perceptions of highly pathogenic avian influenza
(HPAI) among poultry traders in live bird markets in Bali and Lombok,
Indonesia. PLoSONE. (2015) 10:e0139917. doi: 10.1371/journal.pone.0139917

29. Kawahara T, Akiba I, Sakou M, Sakaguchi T, Taniguchi H. Inactivation
of human and avian influenza viruses by potassium oleate of natural
soap component through exothermic interaction. PLoS ONE. (2018)
13:e0204908. doi: 10.1371/journal.pone.0204908

30. Ramey AM, Reeves AB, Drexler JZ, Ackerman JT, De La Cruz S, Lang AS,
et al. Influenza A viruses remain infectious for more than seven months
in northern wetlands of North America. Proc R Soc B Biol Sci. (2020)
287:20201680. doi: 10.1098/rspb.2020.1680

31. Jang Y, Lee J, So B, Lee K, Yun S, LeeM, et al. Evaluation of changes induced by
temperature, contact time, and surface in the efficacies of disinfectants against
avian influenza virus. Poult Sci. (2014) 93:70-6. doi: 10.3382/ps.2013-03452

32. Chan EY, Cheng CK, Tam G, Huang Z, Lee P. Knowledge, attitudes, and
practices of Hong Kong population towards human A/H7N9 influenza
pandemic preparedness, China, 2014 infectious disease epidemiology. BMC

Public Health. (2015) 15:943. doi: 10.1186/s12889-015-2245-9
33. Bish A, Michie S. Demographic and attitudinal determinants of protective

behaviours during a pandemic: a review. Br J Health Psychol. (2010) 15:797–
824. doi: 10.1348/135910710X485826

34. Li T, Feng J, Qing P, Fan X, Liu W, Li MX, et al. Attitudes, practices and
information needs regarding novel influenza A (H7N9) among employees
of food production and operation in Guangzhou, Southern China: a cross-
sectional study. BMC Infect Dis. (2014) 14:4. doi: 10.1186/1471-2334-14-4

35. Grohskopf LA, Alyanak E, Broder KR, Blanton LH, Fry AM, Jernigan
DB, et al. Prevention and control of seasonal influenza with vaccines:
recommendations of the advisory committee on immunization practices -
United States, 2020 - 21 influenza season. MMWR Recomm Reports. (2020)
69:1–24. doi: 10.15585/mmwr.rr6908a1

36. World Health Organization. Summary analysis of 2014 survey of National
Influenza Centres in the WHO Global Influenza Surveillance and Response
System. Wkly Epidemiol Rec. (2014) 89:369–76. Available on line at: https://
apps.who.int/iris/handle/10665/242254

37. Ropero-Álvarez AM, El Omeiri N, Kurtis HJ, Danovaro-Holliday MC, Ruiz-
Matus C. Influenza vaccination in the Americas: progress and challenges after
the 2009 A(H1N1) influenza pandemic. Hum Vaccin Immunother. (2016)
12:2206–14. doi: 10.1080/21645515.2016.1157240

38. Hirve S, Lambach P, Paget J, Vandemaele K, Fitzner J, Zhang W. Seasonal
influenza vaccine policy, use and effectiveness in the tropics and subtropics
- a systematic literature review. Influenza Other Respi Viruses. (2016) 10:254–
67. doi: 10.1111/irv.12374

39. Shafir SC, Fuller T, Smith TB, Rimoin AW. A national study of individuals
who handle migratory birds for evidence of avian and swine-origin influenza
virus infections. J Clin Virol. (2012) 54:364–7. doi: 10.1016/j.jcv.2012.05.001

Frontiers in Public Health | www.frontiersin.org 8 July 2021 | Volume 9 | Article 644786

https://doi.org/10.3201/eid2703.201863
https://doi.org/10.1128/JVI.02022-19
https://doi.org/10.3390/v13030509
https://doi.org/10.3201/eid1608.091864
https://doi.org/10.1098/rsos.190276
https://doi.org/10.1016/j.socscimed.2014.10.059
https://doi.org/10.1017/S0950268812001720
https://doi.org/10.1186/1471-2334-12-76
https://doi.org/10.1002/ece3.5232
https://doi.org/10.7589/2016-09-205
https://doi.org/10.3201/eid2503.180167
https://doi.org/10.20506/rst.38.1.2949
https://doi.org/10.1007/s10900-020-00919-4
https://doi.org/10.1186/s12889-021-10353-3
https://doi.org/10.3201/eid1608.100032
https://doi.org/10.1186/1471-2458-14-1113
https://doi.org/10.1080/10871209.2018.1435839
https://dialnet.unirioja.es/descarga/articulo/6915520.pdf
https://dialnet.unirioja.es/descarga/articulo/6915520.pdf
https://doi.org/10.1186/1742-5573-8-1
http://scielo.sld.cu/pdf/rpv/v29n3/rpv13314.pdf
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.3390/foods9070873
https://doi.org/10.1016/j.autrev.2012.06.006
https://doi.org/10.1155/2013/302163
https://doi.org/10.17730/humo.72.1.72672642576gw247
https://doi.org/10.1371/journal.pone.0139917
https://doi.org/10.1371/journal.pone.0204908
https://doi.org/10.1098/rspb.2020.1680
https://doi.org/10.3382/ps.2013-03452
https://doi.org/10.1186/s12889-015-2245-9
https://doi.org/10.1348/135910710X485826
https://doi.org/10.1186/1471-2334-14-4
https://doi.org/10.15585/mmwr.rr6908a1
https://apps.who.int/iris/handle/10665/242254
https://apps.who.int/iris/handle/10665/242254
https://doi.org/10.1080/21645515.2016.1157240~
https://doi.org/10.1111/irv.12374
https://doi.org/10.1016/j.jcv.2012.05.001
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Delgado-Hernández et al. Exposure Risk to Avian Influenza Viruses

40. Zhu Y, Qi X, Cui L, Zhou M, Wang H. Human co-infection with
novel avian influenza A H7N9 and influenza A H3N2 viruses in Jiangsu
province, China. Lancet. (2013) 381:2134. doi: 10.1016/S0140-6736(13)
61135-6

41. Durand LO, Cheng P-Y, Palekar R, Clara W, Jara J, Cerpa M, et al. Timing of
influenza epidemics and vaccines in the American tropics, 2002-2008, 2011-
2014. Influenza Other Respi Viruses. (2016) 10:170–5. doi: 10.1111/irv.12371

42. Vega Y, Paulo L, Acosta B, Valdes O, Borroto S, Arencibia A, et al. Influenza’s
response to climatic variability in the tropical climate: case study cuba. Virol
Mycol. (2018) 07:2161-0517. doi: 10.4172/2161-0517.1000179

43. Mugica L, Acosta M, Aguilar S, Noel M, Alina H. Programa de aves acuáticas

y marinas. Estado actual de la biodiversidad marino-costera en la región de los

archipiélagos del sur de Cuba. Santo Domingo: Impresos Dominic (2014). p.
101–18.

44. Li X, Liu B, Ma S, Cui P, Liu W, Li Y, et al. High frequency of reassortment
after co-infection of chickens with the H4N6 and H9N2 influenza A viruses
and the biological characteristics of the reassortants. Vet Microbiol. (2018)
222:11–7. doi: 10.1016/j.vetmic.2018.06.011

45. Bui C, Rahman B, Heywood EA, MacIntyre RC. A meta-analysis of the
prevalence of influenza A H5N1 and H7N9 infection in birds. Transbound
Emerg Dis. (2017) 64:967–77. doi: 10.1111/tbed.12466

46. Adesokan HK, Funso-Adu K, Okunlade OA. Foodborne pathogens on meat
stored in major central cold rooms in ibadan and their susceptibility to
antimicrobial agents. Folia Vet. (2020) 64:1–10. doi: 10.2478/fv-2020-0011

47. Lamas RP, Lorenzo TD, Rivera LR. III Encuesta nacional de factores de riesgo

y actividades preventivas de enfermedades no trasmisibles. Cuba 2010-2011.
Havana: Editorial Ciencias Médicas (2014).

48. Wainwright K, Perrotte JK, Bibriescas N, Baumann MR, Garza RT. Smoking
expectancies and health perceptions: an analysis of Hispanic subgroups.
Addict Behav. (2019) 98:106008. doi: 10.1016/j.addbeh.2019.05.032

49. Densmore CL, Iwanowicz DD, Ottinger CA, Hindman LJ,
Bessler AM, Iwanowicz LR, et al. Molecular detection of avian
influenza virus from sediment samples in waterfowl habitats
on the Delmarva Peninsula, United States. Avian Dis. (2017)
61:520–5. doi: 10.1637/11687-060917-ResNote.1

50. Smith G, Dunipace S. How backyard poultry flocks influence the effort
required to curtail avian influenza epidemics in commercial poultry flocks.
Epidemics. (2011) 3:71–5. doi: 10.1016/j.epidem.2011.01.003

51. Souvestre M, Guinat C, Niqueux E, Robertet L, Croville G, Paul M, et al.
Role of backyard flocks in transmission dynamics of highly pathogenic avian
influenza a(H5N8) clade 2.3.4.4, France, 2016-2017. Emerg Infect Dis. (2019)
25:551–4. doi: 10.3201/eid2503.181040

52. Chastagner A, Bonin E, Fablet C, Quéguiner S, Hirchaud E, Lucas P, et al.
Virus persistence in pig herds led to successive reassortment events between
swine and human influenza A viruses , resulting in the emergence of
a novel triple reassortant swine influenza virus. Vet Res. (2019) 50:1–9.
doi: 10.1186/s13567-019-0699-y

53. Jirjis FF, DeshpandeMS, Tubbs AL, Jayappa H, Lakshmanan N,Wasmoen TL.
Transmission of canine influenza virus (H3N8) among susceptible dogs. Vet
Microbiol. (2010) 144:303–9. doi: 10.1016/j.vetmic.2010.02.029

54. Liu Y, Fu C, Ye S, Liang Y, Qi Z, Yao C, et al. Phosphoproteomics to
characterize host response during H3N2 canine influenza virus infection of
dog lung. Front Vet Sci. (2020) 7:585071. doi: 10.3389/fvets.2020.585071

55. Parrish CR, Murcia PR, Holmes EC. Influenza virus reservoirs and
intermediate hosts: dogs, horses, and new possibilities for influenza virus
exposure of humans. J Virol. (2015) 89:2990–4. doi: 10.1128/JVI.03146-14

56. Webster RG, Bean WJ, Gorman OT, Chambers TM, Kawaoka Y. Evolution
and ecology of influenza A viruses. Microbiol Rev. (1992) 56:152–
79. doi: 10.1128/mr.56.1.152-179.1992

57. Bourret V. Avian influenza viruses in pigs: an overview. Vet J. (2018) 239:7–
14. doi: 10.1016/j.tvjl.2018.07.005

58. Neumann G, Kawaoka Y. Transmission of influenza A viruses. Virology.
(2015) 479–480:234–46. doi: 10.1016/j.virol.2015.03.009

59. He P, Wang G, Mo Y, Yu Q, Xiao X, Yang W, et al. Novel triple-reassortant
influenza viruses in pigs, Guangxi, China. Emerg Microbes Infect. (2018)
7:1–9. doi: 10.1038/s41426-018-0088-z

60. Numberger D, Dreier C, Vullioud C, Gabriel G, Greenwood AD,
Grossart H-P. Recovery of influenza A viruses from lake water
and sediments by experimental inoculation. PLoS ONE. (2019)
14:e0216880. doi: 10.1371/journal.pone.0216880

61. Cerda J, Vera C, Rada G. Odds ratio: aspectos teóricos y prácticos. Rev Med

Chil. (2013) 141:1329–35. doi: 10.4067/S0034-98872013001000014
62. ONEI. Anuario Estadístico de Cuba Enero-Diciembre. (2019). Cap 9.

Agricultura, Ganadería, Silvicultura y Pesca. Edición 2020 n.d.:6–37. Available
online at: http://www.onei.gob.cu/node/15006 (accessed December 21, 2020).

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Delgado-Hernández, Mugica, Acosta, Pérez, Montano, Abreu,

Ayala, Percedo and Alfonso. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org 9 July 2021 | Volume 9 | Article 644786

https://doi.org/10.1016/S0140-6736(13)61135-6
https://doi.org/10.1111/irv.12371
https://doi.org/10.4172/2161-0517.1000179
https://doi.org/10.1016/j.vetmic.2018.06.011
https://doi.org/10.1111/tbed.12466
https://doi.org/10.2478/fv-2020-0011
https://doi.org/10.1016/j.addbeh.2019.05.032
https://doi.org/10.1637/11687-060917-ResNote.1
https://doi.org/10.1016/j.epidem.2011.01.003
https://doi.org/10.3201/eid2503.181040
https://doi.org/10.1186/s13567-019-0699-y
https://doi.org/10.1016/j.vetmic.2010.02.029
https://doi.org/10.3389/fvets.2020.585071
https://doi.org/10.1128/JVI.03146-14
https://doi.org/10.1128/mr.56.1.152-179.1992
https://doi.org/10.1016/j.tvjl.2018.07.005
https://doi.org/10.1016/j.virol.2015.03.009
https://doi.org/10.1038/s41426-018-0088-z
https://doi.org/10.1371/journal.pone.0216880
https://doi.org/10.4067/S0034-98872013001000014
http://www.onei.gob.cu/node/15006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Knowledge, Attitudes, and Risk Perception Toward Avian Influenza Virus Exposure Among Cuban Hunters
	Introduction
	Materials and Methods
	Survey
	Descriptive Analysis
	Multivariate Analysis
	Ethical Approval
	Informed Consent


	Results
	MCA and Hierarchical Cluster Analyses

	Discussion
	Study Strengths and Limitations
	Conclusions

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


