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Migratory birds are known to spread influenza 
viruses, and the Philippines is a common 
stopover for several species that fly long 

distances.1 Influenza A viruses are a particular global 
health concern because of their zoonotic potential, 
impacting not only humans but also animals and 
wildlife. In 2005, thousands of migratory birds died 
from avian influenza at a major migratory stopover point 
in western China.2 The Philippines is an important 
aggregation and breeding site for migratory birds that 
are distributed across central Asia. In September, they 
migrate southwards from China to Myanmar and over 
the Himalayas to India, returning to China around April. 
Through this migration, avian influenza viruses can spill 
over to new bird species, including domestic poultry, 
across countries and potentially to humans.2

In the Philippines, ducks are a common domestic 
avian species and an important source of meat and eggs 
for the communities that raise them. However, since 
outbreaks of highly pathogenic avian influenza (HPAI) 
occurred in the Philippines in 2017, duck production in 
both commercial and backyard settings has decreased, 
resulting in economic strain and food insecurity.3,4 
Government authorities suspected the HPAI outbreaks 
were linked to bird migration.3 However, because of the 

temporary nature of migratory birds’ residence across 
their flyways, trapping and sampling them is difficult, 
prompting researchers to seek alternative ways to detect 
HPAI viruses. Sampling from water bodies frequented 
by migratory bird populations has been proposed as 
an efficient and effective alternative means of detecting 
the viruses.5 In the Philippines, water bodies such as 
riverbanks, creeks, marshlands, irrigation canals, rice 
fields and bird sanctuaries are known to harbour migratory 
bird populations and are likewise used as grazing sites for 
domestic ducks.

Sampling water to study the prevalence of avian 
influenza viruses began in the late 1970s and has been 
periodically used since then.6 In one 2014 study in China, 
investigators were able to culture H5N1 and H9N2 
avian viruses from natural water bodies for up to 45 
days after migratory birds had stopped there.6 In 2020, 
water sampling became even more widely used due to 
the COVID-19 pandemic,7 during which the discovery 
of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) in water bodies was reported, and since 
then wastewater-based epidemiology has been applied 
as an early surveillance tool.8 In this paper, we employed 
water sampling as a method for assessing avian-to-avian 
transmission and the potential for spillover of HPAI virus 
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strains from migrating birds to domestic poultry in the 
Philippines.

METHODS

Sample collection

Three areas visited by migratory birds in the Central 
Luzon Region of the Philippines were selected for 
sampling: Cabiao in Nueva Ecija province, San Luis 
in Pampanga province and Candaba in Pampanga 
province (Fig. 1). From October 2019 to August 2020, 
samples of environmental water were collected on five 
different occasions from six bodies of water, such as bird 
sanctuaries, riverbanks, creeks, marshlands, irrigation 
canals and rice fields, where migratory birds and ducks 
are typically seen during the migration season and where 
commercial and backyard ducks also commonly graze. 
In the Philippines, the southward migration of birds 

typically peaks between September and November, while 
the northward migration peaks between February and 
April. Google Maps was used to create a sampling grid 
to determine the sampling points. Samples were then 
randomly collected from within the identified sampling 
points. From each identified sampling spot for each body 
of water, 10 water samples of 50 millilitres (mL) each 
were taken at least 5 metres apart. Next, for each group 
of 10 samples, the samples were combined and then 
divided into two pools for each body of water from each 
municipality.

During sample collection, the following information 
was obtained: date and time the sample was collected, 
water temperature, water pH, type of vegetation in 
the area, and presence or absence of migratory birds. 
Fifty mL of viral transport medium was added to each 
50-mL sample, and these 100-mL field samples were 
transported at ambient temperature for testing at the 

Fig. 1. Map of Central Luzon Region, the Philippines, showing the three municipalities where water 
sampling was conducted (Cabiao, Nueva Ecija province; Candaba and San Luis, Pampanga province),  
2019–2020
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Regional Avian Influenza Diagnostic Laboratory in 
Pampanga, Philippines.

Laboratory testing

Samples were processed and molecularly screened for 
adenovirus, enterovirus, coronavirus, influenza A virus 
and influenza C virus based on previously published 
methods.9 The 100-mL water samples were vortexed 
and a 200-µL sample from each was pooled by location 
and date into one sample before nucleic acid extraction. 
RNA and DNA were extracted from the samples using the 
QIAamp MinElute Virus Spin Kit (Qiagen, Germantown, 
MD, USA). Samples were then screened by quantitative 
reverse transcription–polymerase chain reaction (qRT–
PCR) for the influenza A virus matrix gene using primers 
and probes. Samples were also examined by qRT–PCR or 
qPCR assays for influenza C virus, adenovirus, seasonal 
coronaviruses and enteroviruses.9 Samples positive 
for influenza A underwent haemagglutinin subtyping at 
the Research Institute for Tropical Medicine in Manila, 
Philippines.

RESULTS

From October 2019 to August 2020, a total of 180 
samples were collected (60 samples per municipality). 
This resulted in 36 pooled samples, 12 from each 
municipality.

The samples were collected in waters of different 
pH (range: 7.0–9.3), varying temperatures (range: 
26–38 °C) and different vegetation types (Table 1). 
Various wild birds were observed in the waters including 
brown and white sparrows (Passer montanus), buff-
banded rails (Gallirallus philippensis), mallard ducks 
(Anas platyrhynchos), storks (Anastomus oscitans) and 
wild ducks (Anas luzonica) (Table 1).

Of the pooled samples, one pool (2.78%) from 
a creek in Cabiao was positive for influenza A virus, 
and two pools (5.55%) were positive for enterovirus: 
one from a riverbank in Candaba and one from a rice 
field in San Luis (Table 1). The detection of influenza 
A virus was consistent with the H9 virus identified by 
haemagglutinin subtyping. The molecular assays for 

influenza C virus, adenovirus and seasonal coronaviruses 
on the pooled specimens were all negative.

DISCUSSION

The Philippines serves as a crucial stopover and 
wintering site for many migratory bird species.10–15 As 
a common resting place for migratory birds, the country 
is at risk for an avian influenza spillover to domestic 
poultry, and potentially humans, due to the mixing of 
many wild bird species from across Australia, Asia and 
Oceania. Environmental sampling of various water bodies 
frequented by both domestic and wild birds yielded 
one pooled sample positive for influenza A virus from 
an area that, at the time of sampling, was inhabited by 
brown sparrows and storks. Two pooled samples were 
also positive for enterovirus. The first was collected in 
an area where brown sparrows were present and the 
second where storks were present. Notably, these same 
species were also seen frequenting sites where no virus 
was identified in the samples. Both kinds of birds are 
migratory and not permanent residents of the Philippines, 
confirming that the selected sites do serve as resting spots 
for such migratory birds, which may visit these waters 
twice annually. Influenza A virus may be transmitted 
from the carrier to the environment through faeces, 
which could then be spread to new avian species through 
contaminated water bodies. Similarly, enteroviruses can 
also be spread through environmental water sources.16

This pilot study was limited in that relatively few 
(n = 180) specimens were collected in a relatively 
narrow geographical region on five occasions during a 
10-month period. Additionally, relatively few viruses were 
detected in these samples, and detailed characterization 
of the influenza A and enteroviruses that were detected 
was not performed. Our study was further limited in that 
the adenovirus assay used in this study was developed 
to detect human adenoviruses and may have missed 
non-human adenovirus strains. Hence, the sampling was 
not comprehensive, and important viruses may not have 
been detected. Regardless, our study found evidence that 
freshwater bodies can harbour influenza A virus. The virus 
can be shed by migratory birds through their faeces, and 
such contaminated water bodies may transmit the virus to 
livestock and possibly to humans. These results highlight 
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a  Positive for influenza A.
b  Positive for enterovirus.
c  Measurements not recorded.
d  Acacia: Acacia mangium; bamboo: Bambusa vulgaris; banana: Musa spp.; camachile: Pithecellobium dulce; carabao grass: Paspalum conjugatum; eucalyptus 

tree: Eucalyptus deglupta; water hyacinth: Eichhornia crassipes; water lilies: Nymphaea spp.; lotus: Nelumbo nucifera; para grass: Brachiaria mutica; tall 
grass: Saccharum spontaneum; vines: Ipomoea batatas; water spinach: Ipomoea aquatica; wild spinach: Amaranthus viridis; wild tamarind: Leucaena 
leucocephala.

e  Brown or white sparrow: Passer montanus; buff-banded rail: Gallirallus philippensis; mallard duck: Anas platyrhynchos; stork: Anastomus oscitans; wild duck: 
Anas luzonica.

Municipality, 
province, type of 
water body

pH
Temperature 

(°C)
Vegetation type presentd Migratory birds 

presente Collection date
Collection 

time

Table 1. Summary of water samples collected from three municipalities in the Philippines, 2019–2020

Cabiao, Nueva Ecija

Riverbank 8.7 29
Camachile, tall grass, water 

hyacinth, water lilies
Brown sparrow 8 November 2019 14:16

Creeka 7.7 26 Water hyacinth, water lilies
Brown sparrow, 

stork
29 October 2019 15:06

Marshland 8.2 37
Camachile, para grass, vines, 
water spinach, wild tamarind

Stork 8 November 2019 13:28

Irrigation canal 8.4 38 Para grass
Brown sparrow, 

stork
8 November 2019 12:58

Rice field –c –c Para grass Stork 28 August 2020 10:36

Bird sanctuary 8.4 32 Wild spinach
Brown sparrow, 
buff-banded rail, 

stork
8 November 2019 10:45

Candaba, Pampanga

Riverbankb 8.5 31
Bamboo, banana, para grass, tall 

grass
Brown sparrow 7 November 2019 13:01

Creek 7.0 33 Tall grass, water spinach
Brown and white 
sparrows, stork

31 October 2019 14:05

Marshland 7.7 32
Water hyacinth, water lilies, water 

spinach
Stork 31 October 2019 13:35

Irrigation canal 7.8 30 Wild tamarind Stork 31 October 2019 13:01

Rice field 8.6 32 Para grass, water spinach
Brown sparrow, 

stork
8 November 2019 13:25

Bird sanctuary 7.3 31
Lotus, eucalyptus tree, water 

hyacinth, water lilies, wild 
spinach, wild tamarind

Brown sparrow, 
stork, wild duck

31 October 2019 13:43

San Luis, Pampanga

Riverbank 8.3 27
Tall grass, water hyacinth, water 

lilies
Brown sparrow 7 November 2019 12:02

Creek 8.5 27
Carabao grass, tall grass, water 

hyacinth water lilies

Brown sparrow, 
mallard duck, 

stock
7 November 2019 12:15

Marshland 9.3 31 Acacia, water hyacinth, water lilies Stork 7 November 2019 11:15

Irrigation canal 8.0 26 Tall grass Brown sparrow 7 November 2019 10:40

Rice fieldb 8.1 27 Rice grass Stork 31 October 2019 11:30

Bird sanctuary 8.2 27
Water spinach, water hyacinth, 

water lilies
Brown sparrow, 
stork, other birds

28 November 
2019

10:45
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the significant risk posed by the practice of allowing 
domestic ducks to forage near freshwater bodies visited 
by migratory birds. Ducks, once infected, can potentially 
spread the virus to other birds and sometimes to humans. 
This study may serve as an example of an alternative 
strategy for surveillance of avian influenza viruses among 
migratory birds. Our hope is that water surveillance might 
help to mitigate HPAI infections among poultry, such as 
the epizootics that occurred in the Philippines during 
2017 and January 2022.17

Acknowledgements

The authors thank their international partners for 
supporting the study, as well as the laboratory personnel 
from the Regional Avian Influenza Diagnostic Laboratory 
and the Research Institute for Tropical Medicine for their 
kind assistance.

Conflicts of interest

The authors have no conflicts of interest to declare.

Ethics statement

As this study involved only water sampling, no ethical 
review was required.

Funding

This study was the product of a Respiratory Diseases 
Training Program conducted at the Duke–National 
University of Singapore Medical School in Singapore 
during 23–27 July 2018. The training programme and 
pilot study were made possible through funding from the 
United States Department of State.

References
1. Francisco MA. World migratory bird day: 5 key facts about Philippine 

migratory birds. Flip Science [Internet]; 2020. Available from: 
https:// www .flipscience .ph/ plants -and -animals/ 5 -facts -migratory 
-birds -philippines/ , accessed 1 July 2024.

2. Chen H, Smith GJ, Zhang SY, Qin K, Wang J, Li KS, et al. 
Avian flu: H5N1 virus outbreak in migratory waterfowl. 
Nature. 2005;436(7048):191–2. doi:10.1038/nature03974 
pmid:16007072

3. Lee H, Lao A. Transmission dynamics and control strategies 
assessment of avian influenza A (H5N6) in the Philippines. Infect 
Dis Model. 2018;3:35–59. doi:10.1016/j.idm.2018.03.004 
pmid:30839942

4. Salvador R, Tanquilut N, Macmac R, Na Lampang K,  
Chaisowwong W, Pfeiffer D, et al. Evaluation of strategies 
using simulation model to control a potential outbreak of highly 
pathogenic avian influenza among poultry farms in Central Luzon, 
Philippines. PLoS One. 2020;15(9):e0238815. doi:10.1371/
journal.pone.0238815 pmid:32913363

5. Rönnqvist M, Ziegler T, von Bonsdorff CH, Maunula L. Detection 
method for avian influenza viruses in water. Food Environ 
Virol. 2012;4(1):26–33. doi:10.1007/s12560-011-9075-4 
pmid:23412765

6. Zhang H, Li Y, Chen J, Chen Q, Chen Z. Perpetuation of H5N1 
and H9N2 avian influenza viruses in natural water bodies. J Gen 
Virol. 2014;95(Pt 7):1430–5. doi:10.1099/vir.0.063438-0 
pmid:24671753

7. Santarpia JL, Klug E, Ravnholdt A, Kinahan SM. Environmental 
sampling for disease surveillance: Recent advances and 
recommendations for best practice. J Air Waste Manag Assoc. 
2023;73(6):434–61. doi:10.1080/10962247.2023.2197825 
pmid:37224401

8. Zamhuri SA, Soon CF, Nordin AN, Ab Rahim R, Sultana N,  
Khan MA, et al. A review on the contamination of SARS-CoV-2 in 
water bodies: transmission route, virus recovery and recent biosensor 
detection techniques. Sens Biosensing Res. 2022;36:100482. 
doi:10.1016/j.sbsr.2022.100482 pmid:35251937

9. Gray GC, Robie ER, Studstill CJ, Nunn CL. Mitigating future 
respiratory virus pandemics: new threats and approaches to 
consider. Viruses. 2021;13(4):637. doi:10.3390/v13040637 
pmid:33917745

10. Huang Z, Zhou X, Fang W, Zhang H, Chen X. Autumn migration 
routes and wintering areas of juvenile Chinese egrets (Egretta 
eulophotes) revealed by GPS tracking. Avian Res. 2021;12(1):65. 
doi:10.1186/s40657-021-00297-y

11. Kasahara S, Morimoto G, Kitamura W, Imanishi S, Azuma N. Rice 
fields along the East Asian–Australasian flyway are important 
habitats for an inland wader’s migration. Sci Rep. 2020;10(1):4118. 
doi:10.1038/s41598-020-60141-z pmid:32139723

12. Higuchi H. Bird migration and the conservation of the global 
environment. J Ornithol. 2012;153(Suppl 1):3–14. doi:10.1007/
s10336-011-0768-0

13. Koike S, Hijikata N, Higuchi H. Migration and wintering of 
Chestnut-cheeked starlings Agropsar philippensis. Ornithol Sci. 
2016;15(1):63–74. doi:10.2326/osj.15.63

14. Oracion JH, Paalan RB, Canja JD, Sumondong KL. Community 
structure of resident and migratory bird species in Talabong 
mangrove forest, Bais City, Negros Oriental, Philippines. Philipp J 
Sci. 2022;151(2):727–38. doi:10.56899/151.02.15

15. Son SJ, Lee SK, Oh JW, Kim IK, Kim DH, Hyun BR, et al. First 
record of autumn migration of juvenile Chinese egrets Egretta 
eulophotes from South Korea tracked with GPS telemetry. 
Pak J Zool. 2022;54(4):1599–605. doi:10.17582/journal .pjz/ 
20210121080119

16. Jose JPG, Mantaring SD, Guzman JPMD. The need for wastewater 
surveillance of enteroviruses in the Philippines. Lancet Microbe. 
2022;3(8):e562. doi:10.1016/S2666-5247(22)00178-1 
pmid:35752197

17. BAI intensifies measures against avian flu [Internet]. Manila: 
Department of Agriculture, Philippines; 2022. Available from: 
https:// www .da .gov .ph/ bai -intensifies -measures -against -avian -flu/ , 
accessed 16 March 2024.

https://www.flipscience.ph/plants-and-animals/5-facts-migratory-birds-philippines/
https://www.flipscience.ph/plants-and-animals/5-facts-migratory-birds-philippines/
http://dx.doi.org/10.1038/nature03974
http://www.ncbi.nlm.nih.gov/pubmed/16007072
http://dx.doi.org/10.1016/j.idm.2018.03.004
http://www.ncbi.nlm.nih.gov/pubmed/30839942
http://dx.doi.org/10.1371/journal.pone.0238815
http://dx.doi.org/10.1371/journal.pone.0238815
http://www.ncbi.nlm.nih.gov/pubmed/32913363
http://dx.doi.org/10.1007/s12560-011-9075-4
http://www.ncbi.nlm.nih.gov/pubmed/23412765
http://dx.doi.org/10.1099/vir.0.063438-0
http://www.ncbi.nlm.nih.gov/pubmed/24671753
http://dx.doi.org/10.1080/10962247.2023.2197825
http://www.ncbi.nlm.nih.gov/pubmed/37224401
http://dx.doi.org/10.1016/j.sbsr.2022.100482
http://www.ncbi.nlm.nih.gov/pubmed/35251937
http://dx.doi.org/10.3390/v13040637
http://www.ncbi.nlm.nih.gov/pubmed/33917745
http://dx.doi.org/10.1186/s40657-021-00297-y
http://dx.doi.org/10.1038/s41598-020-60141-z
http://www.ncbi.nlm.nih.gov/pubmed/32139723
http://dx.doi.org/10.1007/s10336-011-0768-0
http://dx.doi.org/10.1007/s10336-011-0768-0
http://dx.doi.org/10.2326/osj.15.63
http://dx.doi.org/10.56899/151.02.15
http://dx.doi.org/10.17582/journal.pjz/20210121080119
http://dx.doi.org/10.17582/journal.pjz/20210121080119
http://dx.doi.org/10.1016/S2666-5247(22)00178-1
http://www.ncbi.nlm.nih.gov/pubmed/35752197
https://www.da.gov.ph/bai-intensifies-measures-against-avian-flu/

	Figure 1

