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ABSTRACT

Avian influenza is a highly contagious viral disease caused by the avian Influenza virus (AlV). Waterfowl
are considered their natural reservoirs, but highly pathogenic strains can cause mass mortality in both wild
birds and poultry. Agroecosystems and coastal wetlands near migratory routes of wild birds are also habitats
for many synanthropic animals, which may serve as a "bridge host" between poultry and other species. We
aimed to analyze the molecular prevalence of AlV in terrestrial synanthropic birds and aquatic migratory
wild birds within the context of the wetland-agroecosystem interface in Sonora, Mexico. A one-year survey
was conducted. RT-qPCR was carried out to detect the molecular genome of AlV in ARN from cloacal
samples. Our results show that avian influenza virus type A has been identified in 13 birds, from two
estuarine species (Anas crecca and Mareca americana) and one ubiquitous bird (Aythya marila) inhabiting
coastal and agricultural habitats. No evidence of positive doves was found. AlV-positive birds were more
frequently found in adult female wild aquatic birds in the Yaqui Valley and southern Sonora's coastal
wetlands, demonstrating the importance of these birds in introducing AlV to these sites, contributing to the
ecoepidemiology of synanthropic birds, and highlighting the relevance of active surveillance in preventing
outbreaks in this important Pacific migratory flyway.

Keywords: avian influenza, waterfowl, synanthropic birds, wetlands, agroecosystem, Sonora.

RESUMEN
La influenza aviar es una enfermedad viral altamente contagiosa ocasionada por el virus de la influenza
aviar (VIA). Las aves acuaticas son el reservorio natural de estos virus; sin embargo, las cepas de influenza
aviar de alta patogenicidad pueden ocasionar mortalidades masivas tanto en aves silvestres como en pollos
domeésticos. Los agroecosistemas y los humedales costeros que forman parte de las rutas migratorias de
las aves albergan otras especies sinantrépicas que pueden constituir hospederos puente entre las aves
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domésticas, otras especies silvestres y mamiferos. El objetivo fue analizar la prevalencia del VIA en aves
terrestres sinantrdpicas y en aves acuaticas migratorias en la interfaz de un humedal-agroecosistema en
Sonora, México. Se realizé un monitoreo de un afio y la deteccion molecular del genoma viral de VIA en
muestras de cloaca por RT-qPCR. Las aves positivas a VIA fueron 13 individuos de tres especies: dos
acuaticas estuarinas (Anas crecca y Mareca americana) y una especie ubicua (Aythya marila) que puede
usar tanto el habitat del humedal como la zona agricola del Valle del Yaqui, principalmente hembras
adultas. No se encontraron palomas positivas. Esto demuestra la importancia de las aves acuaticas en
estos sitios en la introduccion de virus influenza aviar y aporta informacion sobre el papel de aves
sinantrépicas en la ecoepidemiologia de los VIA, asi como la relevancia de la vigilancia activa para prevenir
brotes en la ruta migratoria del Pacifico.

Palabras clave: influenza aviar, aves acuéticas, aves sinantrépicas, humedal, agroecosistema, Sonora.

INTRODUCTION

Avian influenza is a highly contagious viral disease that poses a significant challenge to
global veterinary and public health. It is caused by the Influenza A virus, a segmented,
single-stranded, negative-sense  (SsRNA-) virus belonging to the genus
Alphainfluenzavirus and the family Orthomyxoviridae (Walker et al., 2022). Waterfowl! are
considered its natural reservoirs, including members of the orders Anseriformes and
Charadriiformes, such as gulls, swallows, shorebirds, ducks, geese, and swans
(Blagodatski et al., 2021). Still, other orders of domestic and wild birds, as well as mammal
species, including humans, can be infected (WHO, 2023). Avian influenza virus
Hemagglutinin (H1-H16) and neuraminidase (N1-N9) subtypes are distributed worldwide.
They are found in more than 100 species of birds (Simancas-Racines et al., 2023),
whereas influenza-like viruses H17-H18 and N10-N11 are found in bats (CDC, 2024).

Most of the AIV strains cause middle to subclinical disease in infected birds. However,
highly pathogenic avian influenza A viruses (HPAIV subtypes H5 and H7) can breach the
intestinal and respiratory epithelial barriers, leading to systemic damage and death
(Simancas-Racines et al., 2023). For instance, exposure to clade 2.3.4.4a H5N8 in 2014
and clade 2.3.4.4b H5N8 in 2016, as well as H5N6 in 2017, caused 60% and 100%
mortality in Pekin ducks (Anas platyrhynchos), respectively (Verhagen et al., 2021).

Some AlV traits, such as genomic diversity, plasticity in hosts and environments, and bird
behavior linked to feeding and roosting, might foster contacts between reservoirs and
increase the risk of potential transmission or spillovers among susceptible species.
Synanthropic animals found in anthropogenically modified landscapes (i.e., agricultural
fields) may constitute "bridge host" species in the transmission of AlV between wild birds
and domestic poultry farms or human settlements (Ringenberg et al., 2024). These
animals could coexist with migratory wild birds in agroecosystems near their migratory
routes, where the bodies of water facilitate the fecal-oral transmission of AlIV. Once
infected, synanthropic species, such as pigeons and doves, or other invasive species, can
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introduce the virus into poultry farms and domestic birds in rural areas (Shriner & Root,
2020).

This wildlife-agricultural interface scenario is common in the state of Sonora, located in
northwest Mexico. Sonora has 1,209 km of coastline (INEGI, 2016) and 1,144,269 ha of
agricultural land (INEGI, 2023). The coastal wetlands of northwest Mexico serve as the
primary wintering grounds for waterfowl and shorebirds migrating through the Pacific
Flyway (Palacios, 2019), one of the four main routes connecting the northern and southern
hemispheres. Therefore, considering the notable fluxes of bird population migration
through our wintering grounds, the continental and regional circulation of both low and
highly pathogenic avian influenza strains, the possibility of zoonosis and/or bird infection
transmission mediated by synanthropic species, we aimed to analyze the molecular
prevalence of AlV in terrestrial synanthropic birds and aquatic migratory wild birds within
the context of wetland-agroecosystem interface in Sonora, Mexico.

MATERIALS AND METHODS

Study design and sample collection

This observational epidemiological study was conducted in two Units for Wildlife
Conservation Management (UMA, SEMARNAT), located near the Etchohuaquila (N
3,021,903, E 622,660 UTM) community and the other within the Tobari estuary (N
2,988249, E 608,768 UTM). Etchohuaquila is a small town surrounded by agricultural
fields located in the south of Sonora state, within the Yaqui Valley, where agriculture and
livestock are the main economic activities (INEGI, 2023). The Tobari estuary is part of the
Gulf of California and includes 16,700 ha of waterfowl and shorebird habitat. It was
declared a priority wetland for migratory shorebirds in Mexico by the Secretariat of
Environment and Natural Resources (SEMARNAT) in 2008. In addition, the Tobari
estuary was included in the Western Hemisphere Shorebird Reserve Network in 2014 due
to its international importance for shorebirds and waterfowl along the Pacific Flyway
migration route (Figure 1) (WHSRN, 2019).

Opportunistic sampling was conducted from hunted aquatic and terrestrial game wild birds
from the two Units for Wildlife Conservation Management previously described. This
sampling method was selected because it is convenient for rapidly and efficiently sampling
many samples in a short period. The study was conducted from October 2018 to February
2019. The sample size was calculated, considering the 95% confidence interval and an
expected prevalence of 0.25% and 3.60% of positivity for AlV in terrestrial and aquatic
birds, respectively (Montalvo-Corral et al., 2011); this resulted in n=1,201 for terrestrial
birds and n=103 for aquatic birds.
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Cloacal samples were collected using Dacron sterile swabs. Bird species, age, and sex
were recorded, along with the location and date of collection. Samples were placed in
cryovials containing transport medium (Hank’s solution with 10% glycerol, supplemented
with 100 pg/mL of penicillin-streptomycin and 0.02 mg/mL of amphotericin B) and stored
in a double-layer container. They were refrigerated, transported, and pooled before
storage at -80°C until analysis. The UMA administrators of hunting clubs granted
permission for sampling as part of their monitoring and hunting bird activities. No
intervention or experimental procedures were conducted with organisms or samples. All
personnel handling the birds and collecting samples employed standard biosafety and
biosecurity procedures and equipment during fieldwork tasks.

@ Tobari estuary
@ Etchohuaquila

Figure 1. Sampling sites' geographical location. A) Location of the sampling sites respecting the Pacific
flyway; B) Satellite image showing location and distance between the Tobary estuary and Etchohuaquila
community; C) Satellite image showing the agroecosystem surrounding Etchohuaquila community.

Real-time RT-PCR (RT-qPCR)

RNA was extracted from pooled samples using the RNeasy Mini Kit (QIAGEN, Inc.,
California, USA) according to the manufacturer’s instructions. Pools consisted of five
samples collected from the same bird species on the same date. Once a pool was
detected as positive, all the samples were reanalyzed individually to calculate prevalence.
All these procedures were performed in a BSL-2 laboratory equipped with a Class I
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biosafety cabinet (LABCONCO, Missouri, USA) while wearing personal protective
equipment and utilizing barrier containment measures.

The AIV virus matrix M and hemagglutinin 5 genes (H5 subtype-specific for the North
American and Eurasian lineage) were analyzed in the samples by RT-gPCR using the
One Step Ahead RT-PCR Kit (QIAGEN, Inc., Hilden, Germany), and a set of
oligonucleotides previously described and tested for specificity including both avian North
American and Eurasian lineage viruses and isolates of human, equine, and swine origin
to demonstrate specificity for type A influenza virus by (Spackman et al., 2002). The
molecular test had a specificity of 89%. The matrix, H5, and H7 RT-gPCR assay had a
detection limit of 102 gene copies/ul (Montalvo-Corral et al., 2009). The PCR reaction mix
consisted of 5 pl of RNA (50 ng), 10 ul of One Step Ahead RT-PCR MM 2.5x%, 1 ul of One
Step Ahead RT-Mix 25x, forward and reverse oligonucleotides (500 nM), TagMan probes
(300 nM), and RNAse-free molecular-grade water to complete a volume of 25 pl. Cycling
conditions began with one cycle at 50°C for 10 min and one cycle at 95°C for 10 min,
followed by 40 cycles at 95°C for 10 s and 60°C for 20 s, with a final extension at 72°C for
2 min (Montalvo-Corral & Hernandez, 2010). Non-template and positive controls were
used. This amplification was performed in the thermocycler (StepOne™, Applied
Biosystems, California, USA).

Statistical analysis

The prevalence of AlV was calculated in the software STATA version 12 (Corporation,
Texas, USA). The dependence between the variables (bird’s sex, age, date of sampling)
and the presence of AlV was evaluated using Pearson's chi-squared test. Associations
between sex and total viral load were analyzed using Analysis of Variance (ANOVA) with
a significance level of p < 0.05. The analysis was conducted with the RStudio (IDE) 219
program.

RESULTS

The sample distribution consisted of 1201 terrestrial bird species from the agricultural
valley of Etchohuaquila and nearby fields, as well as 102 dabbling duck and one diving
duck species from the Tobari wetlands (Figure 2). Three species of synanthropic
terrestrial birds were included in the study sample: 597 White-winged Doves, Zenaida
asiatica (49.7%); 592 Mourning Doves, Zenaida macroura (49.3%); and 12 Eurasian
Collared-Doves, Streptopelia decaocto (1.0%). Considering the three species, it was
found that 50.8% were males, and 49.2% were females; 11.3% were juveniles, and 88.7%
were adults. None of the terrestrial bird samples analyzed were positive for the matrix M
and hemagglutinin 5 genes, indicating the absence of the AIV genome detection (Table
1). The Columbiformes, which are widely distributed in this agroecosystem, utilize a
variety of habitats near poultry facilities, fields, and human settlements.
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Figure 2. Schematization of the interaction of aquatic migratory and terrestrial synanthropic birds
as possible “bridge hosts” for avian influenza virus

The eight waterfowl species sampled (n = 103) are described in Table 1. Thirteen positive
cases for the matrix M gene were identified from three of the eight species of migratory
aguatic birds sampled. Considering the total samples, the prevalence of AlV in aquatic
birds during the 2018-2019 migration season in the Tobari estuary was 12.6%. The
analysis by species shows a differential contribution to this prevalence. The highest
positive samples were obtained from the dabbling ducks, specifically the Green-winged
Teal, Anas crecca, followed by the American Wigeon, Mareca americana, and the diving
duck, the Great Scaup or bluebill, Aythya marila (Table 1).

After identifying the AIV matrix M gene, the positive samples were analyzed for molecular
subtype determination with H5-specific primers for the Eurasian and North American
lineages. Neither sample was positive for the Eurasian H5 subtype; however, two
individuals were positive for the North American lineage H5 subtype, each found in Anas
crecca and Aythya marila, respectively (Table 1).

According to the positive cases in waterfowl by sex, we found that 9 of 13 cases were in
female specimens. This represents a ratio of 2.25 positive female samples to male
samples. Regarding age, 9 of 13 cases were adult birds, one was classified as juvenile,
and three remained unclassified by age. Additionally, nine cases were identified in
autumn, while the remaining four were discovered in winter, at the end of January. There
were no statistically significant differences in age, sex, or collection month, as determined
by the Chi-squared test (Table 2).
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Table 1. Avian influenza virus A was detected by Real-time RT-PCR in wild birds sampled during the
2018-2019 season at the Tobari agroecosystem interface in Sonora, Mexico (n = 1,304)

Common name Specie n Positive M* Positive HSNA?
n (%) n (%)
Terrestrial birds
White-winged Dove Zenaida asiatica 597 0 0
Mourning Dove Zenaida macroura 592 0 0
Eurasian Collared-Dove  Streptopelia decaocto 12 0 0
Total terrestrial birds 1,201 0 0
Aquatic birds
Dabbling ducks
Green-winged Teal Anas crecca 54 10 (18.5) 1(1.9)
Blue-winged Teal Spatula discors 8 0 0
Cinnamon Teal Spatula cyanoptera 1 0 0
Redhead Aythya americana 2 0 0
Gadwall Mareca strepera 20 0 0
American Wigeon Mareca americana 14 2(14.3) 0
Northern Pintail Anas acuta 2 0 0
Diving ducks
Great Scaup Aythya marila 2 1 (50) 1 (50)
Total aquatic birds 103 13 (12.6) 2 (1.9

IM: avian influenza virus matrix gene (M) detection. 2H5NA: North American H5 lineage subtype.

Upon thorough examination, we analyzed the potential differences by sex in the ten
positive samples found in Green-winged Teal (Anas crecca). However, the ANOVA
analysis revealed no statistically significant differences (p > 0.05).

Table 2. The proportion of samples tested for avian influenza virus and dependency analysis by sex,
age, and month

Variable Classification Positive M? Negative M! p-value
n (%) n (%)
Sex? Male 4 (3.9) 44 (42.7) 0.354
Female 9(8.7) 46 (44.7)
Age® Adult 9 (8.7) 73 (70.9) 0.300
Juvenile 1(1.0) 9(8.7)
Unidentified? 3(2.9) 8 (7.8)
Month?3 December 9 (8.7) 55 (53.4) 0.796
January 4 (3.9) 35 (34.0)

IM: avian influenza virus matrix gene (M) detection. ?The months in question are January and December,
including the sampling on December 14, 2018, and January 24, 2019, respectively. 3Chi-squared test in n=
103 samples
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DISCUSSION

None of the terrestrial birds analyzed were positive for AlV; however, the overall
prevalence found in the duck sample was 12.6%, higher than the results previously found
in surveys carried out in the same wetland belonging to the Pacific Flyway migratory route
region in Sonora, México, in aquatic birds with a prevalence of 3.6% (Montalvo-Corral et
al., 2011). Similar results were found by Mateus-Anzola et al. (2021), with a prevalence
of 3.6% of AlV-positive dabbling ducks in mid-winter in the Lerma river of Central Mexico.
In addition, a study developed in the east of Mexico studied wild birds at a point of
convergence of different migratory flyways (Pacific, Central and Atlantic), including
samples of Anatidae and Columbidae families, and found an exceptionally high
prevalence in terrestrial birds (49%) compared to aquatic birds (26%), without differences
in the prevalence of resident (39%) and migratory (39%) birds (Cerda-Armijo et al., 2020).
Although species that use the Pacific Flyway were included in the mentioned report, we
agree with these authors that the differences in prevalence between the present and
previous studies could be caused by the season of the year, species sampled, geographic
variation, and also by the number of each represented species in the monitoring that
increased the proportion of positive samples and the overall prevalence.

In the case of the three synanthropic dove species included in our research, they behave
as either resident or long-distance migrants, capable of mobilizing up to 40 km from their
perch to feeding sites within the agroecosystem. Their role as bridge species is
controversial, as only a few studies included in AlV monitoring have found both positive
and negative results. We did not detect any positive birds from doves included in our
study. It has been argued that the very low AlV prevalence in the Columbine group is due
to innate infection resistance mechanisms that they possess (Shao et al., 2023). Some
epidemiological surveillance studies have evaluated the presence of LPAI AIV in
Streptopelia decaocto and Zenaida macroura, without finding any positive samples ( Kulak
et al., 2010; Lefrancois et al., 2010; Cerda-Armijo et al., 2020). A study limitation is that
the AIV genome, as determined by molecular diagnosis, doesn’t reflect serological status,
since we did not test for anti-influenza antibodies to evaluate the synanthropic birds' AIV
exposure. Additionally, opportunistic sampling for terrestrial hunted game birds restricts
the species included to cinegetic birds.

Nevertheless, the interaction between migratory birds and synanthropic birds and the
conditions of coastal wetlands, where the bodies of water facilitate contact with fecal
material, would lead to the spread of avian influenza viruses indirectly to poultry through
the contaminated body that deposits the virus in water or feed and not necessarily by
direct secretions, as well occurs with fomites, feathers or by mechanical spread (Abolnik,
2014; Shriner & Root, 2020). Previous research that simulated these natural conditions
reported that starlings were susceptible to infection by exposure to AlV-contaminated
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water (Ellis et al., 2021), reinforcing the idea of the potential of some terrestrial birds to
act as AlV bridge hosts and maintaining the importance of surveillance and the need for
further analysis to test this possibility (Martelli et al., 2023). The three dove species
included in our study are among the most abundant species in the Yaqui Valley, along
with other pigeon species, which utilize different landscapes within the agroecosystem
(Leyva-Garcia et al., 2025).

It has been demonstrated that some terrestrial bird species play a role in the transmission
of the influenza virus, as they can acquire the virus and exhibit symptoms (Liu et al., 2020;
Sultankulova et al., 2022; Garcés & Pires, 2024). The possibility of exposure to the virus
in other species of pigeons not included in the study is not ruled out because wild birds of
the order Columbiformes have tested positive for antibodies and identification to AlV
(Abolnik, 2014). Furthermore, birds of the Streptopelia decaocto are positive for HPAIV in
territories affected by outbreaks in poultry (Verhagen et al., 2021). A seasonal, spatial,
and demographic variation in avian influenza prevalence has been documented, with a
peak in late summer, autumn, and winter in different regions of the Northern Hemisphere
(Verhagen et al., 2021; Kent et al., 2022). Additionally, some authors have reported
differences based on sex, finding a higher prevalence in female waterfowl (Nallar et al.,
2015). Although we found a higher number of positive AlVs in females, this difference
was not statistically significant due to the limited sample size.

Birds that migrate to Sonoran wetlands originate from regions in North America where the
presence of the North American lineage H5 subtype has been documented, and, before
2006, was believed to be of low prevalence. I1Sa et al. (2022), in a genomic complementary
study to Montalvo et al. (2011)'s waterfowl Sonora survey, found diverse subtypes of
influenza virus, including the Low Pathogenic (LPAI) North American lineages H5N2 and
H5N3 subtypes. Confirming the circulation and diversity of subtypes that waterfowl carry
to the Pacific Mexican wetlands. After an introduction to new areas, AlV can circulate
through the year and even persist until the following season. This phenomenon has been
observed in the wetlands included in our study. Montalvo-Corral & Hernandez (2010)
identified two subtype H5 viruses in aquatic birds of Sonora and found a genetic identity
of 94% between the two samples collected in different seasons. Furthermore, these
viruses were highly related (99% and 98% identity) to viruses isolated in California from
different consecutive years. However, more details of the genetic identity of the viruses
found in the 2018-2019 season remain unknown.

Regarding the waterfowl species with positive samples, besides the Green-winged Teal
(Anas crecca), which had the highest influenza prevalence, the virus found in a Great
Scaup (Aythya marila) stands out. Previously, Spackman et al. (2017) reported its
susceptibility to infection with H5 HPAIV, and Huang et al. (2024) found a high AIV
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seroprevalence in this species. Conventionally, diving ducks are underrepresented in
monitoring efforts. Diving ducks in the Yaqui Valley agroecosystem are found in canals
and drains as part of the water irrigation system (Leyva-Garcia et al., 2025). This interior
area can blend with other terrestrial and aquatic species that can be bridge species in the
transmission of viruses. This species is less represented in influenza monitoring studies
and uses sites in the Valley, such as agricultural canals, which are not accessed by other
species of ducks. As the Yaqui Valley region is one of the wintering sites for migratory
species from North America, there is a possibility of introducing and mobilizing viruses.
The circulation of newly arrived viruses can be maintained and spread among migratory
populations of different species, potentially also to resident populations, promoting the
transmission of VIA in wetlands and irrigation canals visited by birds. However, the latter
could not be verified in the terrestrial birds studied.

Avian influenza viruses pose a persistent threat to animal and human health, as well as
to wildlife biodiversity. Recently, significant mortalities have been caused by a highly
pathogenic strain (HPAIV) H5N1 clade 2.3.3.4b in birds and mammals (Webby et al.,
2024; Ospina-Jimenez et al., 2024). Thus, monitoring AlV in non-typical birds or reservoirs
significantly contributes to understanding the ecology of the disease. The present
research was conducted before the discovery and introduction of the highly pathogenic
strain (HPAIV) H5N1 clade 2.3.3.4b in birds and mammals in North America and Mexico,
as well as before poultry outbreaks in our region during the winters of 2022 and 2023 in
farms from the Yaqui Valley (SENASICA, 2024). The results reported here are relevant to
understanding the circulation, potential spread, and dynamics of viruses. Including those
reasons reported by Ramey et al. (2018) regarding the importance of permanent
surveillance of AlV in birds, such as the dispersion of wild bird viruses, the introduction of
HPAIV strains, viral transmission between wild birds and poultry, the low probability of
encountering and detecting a specific virus, and birds' immunity as outbreak triggers.

CONCLUSION

Avian influenza virus was identified in wild aquatic birds from the Tobari wetland habitats,
demonstrating the importance of these sites in introducing this type of virus. However, the
role of terrestrial species in transmission routes of the AlV to the domestic environment of
this arid region has yet to be determined. A better understanding of the characteristics of
individuals and their environment would help to explain the eco-epidemiology of avian
influenza virus and other zoonotic diseases present in wild birds, which will allow the
generation of base information for modeling the risk of introducing diseases to this region
for possible prevention and control of outbreaks, and the importance of active
surveillance.

10


https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario
mailto:abanicoveterinario@gmail.com
mailto:abanicoveterinarioaves@gmail.com
mailto:abanicoveterinariosalud@gmail.com
https://bioone.org/journals/the-southwestern-naturalist/volume-68/issue-4/0038-4909-68.4.3/BIRD-COMMUNITY-CHARACTERIZATION-AND-LANDSCAPE-AFFINITIES-AT-AN-INTENSIVE-AGRICULTURE/10.1894/0038-4909-68.4.3.short
https://academic.oup.com/jid/article-abstract/230/3/533/7758741?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/230/3/533/7758741?redirectedFrom=fulltext
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2024.1347509/full
https://dj.senasica.gob.mx/AtlasSanitario/storymaps/ia.html#:~:text=El%2011%20de%20octubre%20de,(halc%C3%B3n%20gerifalte)%2C%20en%20el
https://www.sciencedirect.com/science/article/pii/S0042682218300394?via%3Dihub

ABANICO VETERINARIO E-ISSN 2448-6132 Creative Commons (CC BY-NC 4.0) 8
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario

abanicoveterinario@gmail.com abanicoveterinarioaves@gmail.com abanicoveterinariosalud@gmail.com

Acknowledgments
Thanks to hunting clubs that facilitate sampling collection. Additionally, we would like to
acknowledge Monica Reséndiz Sandoval, Nilza Cérdova-Robles, Javier Ojeda, Osmara
Burgara, and Andrea Paredes for their technical assistance. K.G. R. was awarded a
CONAHCYT scholarship for graduate studies in master’s science. A seed grant from CIAD
partially funds the project.

REFERENCES

ABOLNIK C. 2014. A current review of avian influenza in pigeons and doves
(Columbidae). Veterinary Microbiology. 170(3-4):181-196. ISSN: 1873-2542.
https://doi.org/10.1016/j.vetmic.2014.02.042

BLAGODATSKI A, Trutneva K, Glazova O, Mityaeva O, Shevkova L, Kegeles E, Onyanov
N, Fede K, Maznina A, Khavina E, Yeo SJ, Park H, Volchkov P. 2021. Avian Influenza in
wild birds and poultry: dissemination pathways, monitoring methods, and virus ecology.
Pathogens. 10(5):630. ISSN: 2076-0817. https://doi.org/10.3390/pathogens10050630

CDC (U. S. Centers for Disease Control and Prevention). 2024. Influenza in animals.
About bat flu. USA. https://www.cdc.gov/flu-in-animals/about/bat-flu.html

CERDA-ARMIJO C, De Leb6n MB, Ruvalcaba-Ortega I, Chablé-Santos J, Canales-Del-
Castillo R, Pefiuelas-Urquides K, Rivera-Morales LG, Menchaca-Rodriguez G, Camacho-
Moll ME, Contreras-Cordero JF, Guzman-Velasco A, Gonzalez-Rojas JI. 2020. High
prevalence of avian influenza virus among wild waterbirds and land birds of Mexico. Avian
Diseases. 64:135-142. ISSN: 0005-2086. https://doi.org/10.1637/0005-2086-64.2.135

ELLIS JW, Root JJ, McCurdy LM, Bentler KT, Barrett NL, VanDalen KK, Dirsmith KL,
Shriner SA. 2021. Avian influenza A virus susceptibility, infection, transmission, and
antibody kinetics in European starlings. PLoS Pathogens. 17(8):e1009879. ISSN: 1553-
7374. https://doi.org/10.1371/journal.ppat.1009879

GARCES A., Pires |. 2024. Avian influenza: A new threat to wild bird conservation? Probe
- Plant & Animal Sciences. 6(2):2262. ISSN: 2661-4057. https://probe.usp-
pl.com/index.php/PPAS/article/view/2262

HUANG H, Poulson RL, Sullivan JD, De La Cruz SEW, Walbridge H, Stallknecht DE,
Prosser DJ. 2024. Antibodies to influenza A virus in lesser (Aythya affinis) and greater
scaup (Aythya marila) in the USA. Journal of Wildlife Diseases. 60(4):940-949. ISSN:
1943-3700. https://doi.org/10.7589/JWD-D-24-00021

11


https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario
mailto:abanicoveterinario@gmail.com
mailto:abanicoveterinarioaves@gmail.com
mailto:abanicoveterinariosalud@gmail.com
https://doi.org/10.1016/j.vetmic.2014.02.042
https://doi.org/10.3390/pathogens10050630
https://www.cdc.gov/flu-in-animals/about/bat-flu.html
https://doi.org/10.1637/0005-2086-64.2.135
https://doi.org/10.1371/journal.ppat.1009879
https://probe.usp-pl.com/index.php/PPAS/article/view/2262
https://probe.usp-pl.com/index.php/PPAS/article/view/2262
https://doi.org/10.7589/JWD-D-24-00021

ABANICO VETERINARIO E-ISSN 2448-6132 Creative Commons (CC BY-NC 4.0) 8
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario

abanicoveterinario@gmail.com abanicoveterinarioaves@gmail.com abanicoveterinariosalud@gmail.com

INEGI (Instituto Nacional de Estadistica y Geografia). 2016. Conociendo Sonora. México.
Pp. 4. https://tinyurl.com/inegi2016ConociendoSonora

INEGI (Instituto Nacional de Estadistica y Geografia). 2023. Censo Agropecuario 2022.
Resultados oportunos del estado de Sonora. México. Pp. 14.
https://tinyurl.com/inegiCensoAgropecuario2022

ISA P, Paulin LF, Hernandez J, Montalvo-Corral M, L6pez S, Arias CF. 2022. Phylogenetic
analysis of avian influenza viruses from migratory waterfowl at Pacific wetlands.
Veterinaria México OA. 9: e702. ISSN: 2448-6760.
https://lwww.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2448-
67602022000100307

KENT CM, Ramey AM, Ackerman JT, Bahl J, Bevins SN, Bowman AS, Boyce WM,
Cardona CJ, Casazza ML, Cline TD, De La Cruz SE, Hall JS, Hill NJ, Ip HS, Krauss S,
Mullinax JM, Nolting JM, Plancarte M, Poulson RL, Runstadler JA, Slemons RD,
Stallknecht DE, Sullivan JD, Takekawa JY, Webby RJ, Webster RG, Prosser DJ. 2022.
Spatiotemporal changes in influenza A virus prevalence among wild waterfowl inhabiting
the continental United States throughout the annual cycle. Scientific Reports.
12(1):13083. ISSN: 2045-2322. https://doi.org/10.1038/s41598-022-17396-5

KULAK MV, llinykh FA, Zaykovskaya AV, Epanchinzeva AV, Evstaphiev IL, Tovtunec NN,
Sharshov KA, Durimanov AG, Penkovskaya NA, Shestopalov AM, Lerman Al, Drozdov
IG, Swayne DE. 2010. Surveillance and identification of influenza A viruses in wild aquatic
birds in the Crimea, Ukraine (2006-2008). Avian Diseases. 54:1086-1090. ISSN: 0005-
2086. https://doi.org/10.1637/9272-020510-ResNote.1

LEFRANCOIS T, Hendrikx P, Ehrhardt N, Millien M, Gomez L, Gouyet L, Gaidet N,
Gerbier G, Vachiéry N, Petitclerc F, Carasco-Lacombe C, Pinarello V, Ahoussou S,
Levesque A, Gongora HV, Trotman M. 2010. Surveillance of avian influenza in the
Caribbean through the Caribbean Animal Health Network: surveillance tools and
epidemiologic studies. Avian Diseases. 54:369-373. ISSN: 0005-2086.
https://doi.org/10.1637/8787-040109-ResNote.1

LEYVA-GARCIA G, Garcia-Reséndiz K, Cordova-Robles N, Montalvo-Corral M, Garcia-
Herndndez J. 2025. Bird community characterization and landscape affinities at an
intensive agriculture region in northwest Mexico. The Southwestern Naturalist. 68(4):263-
275. ISSN: 0038-4909. https://doi.org/10.1894/0038-4909-68.4.3

12


https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario
mailto:abanicoveterinario@gmail.com
mailto:abanicoveterinarioaves@gmail.com
mailto:abanicoveterinariosalud@gmail.com
https://tinyurl.com/inegi2016ConociendoSonora
https://tinyurl.com/inegiCensoAgropecuario2022
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2448-67602022000100307
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2448-67602022000100307
https://doi.org/10.1038/s41598-022-17396-5
https://doi.org/10.1637/9272-020510-ResNote.1
https://doi.org/10.1637/8787-040109-ResNote.1
https://doi.org/10.1894/0038-4909-68.4.3

ABANICO VETERINARIO E-ISSN 2448-6132 Creative Commons (CC BY-NC 4.0) 8
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario

abanicoveterinario@gmail.com abanicoveterinarioaves@gmail.com abanicoveterinariosalud@gmail.com

LIU K, Gao R, Wang X, Han W, Ji Z, Zheng H, Gu M, Hu J, Liu X, Hu S, Chen S, Gao S,
Peng D, Jiao XA, Liu X. 2020. Pathogenicity and transmissibility of clade 2.3.4.4 highly
pathogenic avian influenza virus subtype H5NG6 in pigeons. Veterinary Microbiology.
247:108776. ISSN: 1873-2542. https://doi.org/10.1016/j.vetmic.2020.108776

MATEUS-ANZOLA J, Gaytan-Cruz L, Montoya-Carrillo C, lvan Sanchez-Betancourt J,
Zarza H, Segura-Velazquez R, Ojeda-Flores R. 2021. Molecular identification and
phylogenetic characterization of influenza A virus at a wildlife-livestock interface in
Mexico. Transboundary and Emerging Diseases. 68:3563-3573. ISSN:1865-1682.
https://doi.org/10.1111/tbed.13962

MARTELLI L, Fornasiero D, Scarton F, Spada A, Scolamacchia F, Manca G, Mulatti P.
2023. Study of the interface between wild bird populations and poultry and their potential
role in the spread of avian influenza. Microorganisms. 11(10):2601. ISSN: 2076-2607.
https://doi.org/10.3390/microorganisms11102601

MONTALVO-CORRAL M, Reséndiz M, Santos-Lépez G, Vallejo-Ruiz V, Reyes-Leyva J,
Hernandez J. 2009. Standardization of a molecular detection method of highly pathogenic
avian influenza virus (H5N1). Acta bioquimica clinica latinoamericana. 43(1):49-52. ISSN:
0325-2957. https://www.redalyc.org/pdf/535/53516745009.pdf

MONTALVO-CORRAL M, Herndndez J. 2010. Genetic analysis of avian influenza virus
from migratory waterfowl in Mexico. Archives of Virology. 155;97-101. ISSN: 1432-8798.
https://doi.org/10.1007/s00705-009-0554-y

MONTALVO-CORRAL M, Lépez-Robles G, Hernandez J. 2011. Avian influenza survey
in migrating waterfowl in Sonora, Mexico. Transboundary and Emerging Diseases. 58:63-
68. ISSN:1865-1682. https://doi.org/10.1111/].1865-1682.2010.01182.x

NALLAR R, Papp Z, Epp T, Leighton FA, Swafford SR, DeLiberto TJ, Dusek RJ, Ip HS,
Hall J, Berhane Y, Gibbs SE, Soos C. 2015. Demographic and spatiotemporal patterns of
avian influenza infection at the continental scale, and in relation to annual life cycle of a
migratory host. PLoS One.10(6):e0130662. ISSN: 1932-6203.
https://doi.org/10.1371/journal.pone.0130662

OSPINA-JIMENEZ AF, Gomez AP, Osorio-Zambrano WF, Alvarez-Munoz S, Ramirez-
Nieto GC. 2024. Sequence-based epitope mapping of high pathogenicity avian influenza
H5 clade 2.3. 4.4 b in Latin America. Frontiers in Veterinary Science. 11:1347509. ISSN:
2297-1769. https://doi.org/10.3389/fvets.2024.1347509

13


https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario
mailto:abanicoveterinario@gmail.com
mailto:abanicoveterinarioaves@gmail.com
mailto:abanicoveterinariosalud@gmail.com
https://doi.org/10.1016/j.vetmic.2020.108776
https://doi.org/10.1111/tbed.13962
https://doi.org/10.3390/microorganisms11102601
https://www.redalyc.org/pdf/535/53516745009.pdf
https://doi.org/10.1007/s00705-009-0554-y
https://doi.org/10.1111/j.1865-1682.2010.01182.x
https://doi.org/10.1371/journal.pone.0130662
https://doi.org/10.3389/fvets.2024.1347509

ABANICO VETERINARIO E-ISSN 2448-6132 Creative Commons (CC BY-NC 4.0) 8
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario

abanicoveterinario@gmail.com abanicoveterinarioaves@gmail.com abanicoveterinariosalud@gmail.com

PALACIOS, E. 2019. Monitoring migratory waterbirds in Mexico’s wetlands. Sonoran Joint
Venture. Tucson, AZ. USA. https://sonoranjv.org/coordinated-monitoring-waterbirds-
mexico/

RAMEY AM, DelLiberto TJ, Berhane Y, Swayne DE, Stallknecht DE. 2018. Lessons
learned from research and surveillance directed at highly pathogenic influenza A viruses
in wild birds inhabiting North America. Virology. 518:55-63. ISSN: 0042-6822.
https://doi.org/10.1016/j.virol.2018.02.002

RINGENBERG JM, Weir K, Humberg L, Voglewede C, Oswald M, Root JJ, Dilione K,
Casey E, Milleson M, Linder T, Lenoch J. 2024. Prevalence of avian influenza virus in
atypical wild birds host groups during an outbreak of highly pathogenic strain EA/AM
H5N1. Transboundary and Emerging Diseases. 4009552. ISSN:1865-1682.
https://doi.org/10.1155/2024/4009552

SENASICA (Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria). 2014.
Influenza aviar. México. https://tinyurl.com/senasicalnfluenzaAviar

SHAO Q, Fu F, Zhu P, Yu X, Wang J, Wang Z, Ma J, Wang H, Yan Y, Cheng Y, Sun J.
2023. Pigeon MDAS5 inhibits viral replication by triggering antiviral innate immunity. Poultry
Science. 102(10):102954. ISSN: 1525-3171. https://doi.org/10.1016/}.ps].2023.102954

SHRINER SA, Root JJ. 2020. A review of avian influenza a virus associations in
synanthropic birds. Viruses. 12(11):1209. ISSN: 1999-4915.
https://doi.org/10.3390/v12111209

SIMANCAS-RACINES A, Cadena-Ullauri S, Guevara-Ramirez P, Zambrano AK,
Simancas-Racines D. 2023. Avian influenza: strategies to manage an outbreak.
Pathogens. 12(4):610. ISSN: 2076-0817. https://doi.org/10.3390/pathogens12040610

SPACKMAN E, Prosser DJ, Pantin-Jackwood MJ, Berlin AM, Stephens CB. 2017. The
pathogenesis of clade 2.3.4.4 H5 highly pathogenic avian influenza viruses in ruddy duck
(Oxyura jamaicensis) and lesser scaup (Aythya affinis). Journal of Wildlife Diseases.
53(4):832-842. ISSN: 1943-3700. https://doi.org/10.7589/2017-01-003

SPACKMAN E, Senne DA, Myers TJ, Bulaga LL, Garber LP, Perdue ML, Lohman K,
Daum LT, Suarez DL. 2002. Development of a real-time reverse transcriptase PCR assay
for type A influenza virus and the avian H5 and H7 hemagglutinin subtypes. Journal of
Clinical Microbiology. 40;3256-3260. ISSN: 0095-1137.
https://doi.org/10.1128/JCM.40.9.3256-3260.2002

14


https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario
mailto:abanicoveterinario@gmail.com
mailto:abanicoveterinarioaves@gmail.com
mailto:abanicoveterinariosalud@gmail.com
https://sonoranjv.org/coordinated-monitoring-waterbirds-mexico/
https://sonoranjv.org/coordinated-monitoring-waterbirds-mexico/
https://doi.org/10.1016/j.virol.2018.02.002
https://doi.org/10.1155/2024/4009552
https://tinyurl.com/senasicaInfluenzaAviar
https://doi.org/10.1016/j.psj.2023.102954
https://doi.org/10.3390/v12111209
https://doi.org/10.3390/pathogens12040610
https://doi.org/10.7589/2017-01-003
https://doi.org/10.1128/JCM.40.9.3256-3260.2002

ABANICO VETERINARIO E-ISSN 2448-6132 Creative Commons (CC BY-NC 4.0) 8
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario

abanicoveterinario@gmail.com abanicoveterinarioaves@gmail.com abanicoveterinariosalud@gmail.com

SULTANKULOVA KT, Dzhekebekov KK, Orynbayev MB, Burashev YD, Melisbek AM,
Barmak SM, Kozhabergenov NS, Issabek AU, Chervyakova OV, Namet AM, Zakarya KD,
Fereidouni S. 2022. Evidence for flock transmission of individual subtypes and strains of
avian influenza viruses: a monitoring study of wild birds in Kazakhstan. Virus Research.
15(320):198898. ISSN: 1872-7492. https://doi.org/10.1016/}.virusres.2022.198898

VERHAGEN JH, Fouchier RAM, Lewis N. 2021. Highly pathogenic avian influenza viruses
at the wild-domestic bird interface in Europe: future directions for research and
surveillance. Viruses. 13(2):212. ISSN: 1999-4915. https://doi.org/10.3390/v13020212

WALKER PJ, Siddell SG, Lefkowitz EJ, Mushegian AR, Adriaenssens EM, Alfenas-
Zerbini P, Dempsey DM, Dutilh BE, Garcia ML, Curtis-Hendrickson R, Junglen S,
Krupovic M, Kuhn JH, Lambert AJ, Lobocka M, Oksanen HM, Orton RJ, Robertson DL,
Rubino L, Sabanadzovic S, Simmonds P, Smith DB, Suzuki N, Van-Doorslaer K,
Vandamme AM, Varsani A, Zerbini FM. 2022. Recent changes to virus taxonomy ratified
by the International Committee on Taxonomy of Viruses. Archives of Virology. 167:2429-
2440. ISSN: 0304-8608. https://doi.org/10.1007/s00705-022-05516-5

WEBBY RJ, Uyeki TM. 2024. An update on highly pathogenic avian influenza A (H5N1)
virus, clade 2.3. 4.4 b. The Journal of Infectious Diseases. 230(3):533-542. ISSN: 0022-
1899. https://doi.org/10.1093/infdis/jiae379

WHO (World Health Organization). 2023. Influenza (Avian and other zoonotic).
Switzerland. https://tinyurl.com/whoAvianinfluenza

WHSRN (Western Hemisphere Shorebird Reserve Network). 2019. Bahia de Tobari.
https://whsrn.org/whsrn_sites/bahia-de-tobari/

Errata Erratum

https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario/errata

15


https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario
mailto:abanicoveterinario@gmail.com
mailto:abanicoveterinarioaves@gmail.com
mailto:abanicoveterinariosalud@gmail.com
https://doi.org/10.1016/j.virusres.2022.198898
https://doi.org/10.3390/v13020212
https://doi.org/10.1007/s00705-022-05516-5
https://doi.org/10.1093/infdis/jiae379
https://tinyurl.com/whoAvianInfluenza
https://whsrn.org/whsrn_sites/bahia-de-tobari/
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario/errata
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario/errata

