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SUMMARY.

Aguatic habitats play a critical role in the transmission and maintenance of low-pathogenic avian
influenza (LPAI) viruses in wild waterfowl; however, the importance of these environments in

the ecology of H5N1 highly pathogenic avian influenza (HPAI) viruses is unknown. In laboratory-
based studies, LPAI viruses can remain infective for extended durations (months) in water, but the
persistence is strongly dependent on water conditions (temperature, salinity, pH) and virus strain.
Little is known about the stability of HSN1 HPAI viruses in water. With the use of an established
laboratory model system, the persistence of 11 strains of HSN1 HPAI virus was measured in
buffered distilled water (pH 7.2) at two temperatures (17 and 28 C) and three salinities (0, 15,000,
and 30,000 ppm). There was extensive variation between the 11 H5N1 HPAI virus strains in the
overall stability in water, with a range similar to that which has been reported for wild-bird—origin
LPAI viruses. The H5N1 HPAI virus strains responded similarly to different water temperatures
and salinities, with all viruses being most stable at colder temperatures and fresh to brackish
salinities. These results indicate that the overall stability and response of HS5N1 HPAI viruses in
water is similar to LPAI viruses, and suggest there has been no increase or loss of environmental
survivability in H5N1 HPAI viruses.

RESUMEN.

La supervivencia en el agua de virus euroasiaticos de la influenza aviar altamente patégenos HSN1
varia entre las cepas.

Los hébitats acuaticos juegan un papel fundamental en la transmisién y en el mantenimiento

de la influenza aviar de baja patogenicidad (con las siglas en inglés LPAI) en aves acuaticas
silvestres, sin embargo, la importancia de estos ambientes en la ecologia del virus H5N1 de la
influenza aviar altamente patdgena (con las siglas en inglés HPAI) es desconocida. En estudios
de laboratorio, los virus de baja patogenicidad pueden permanecer infectantes durante periodos
prolongations (meses) en el agua, pero la persistencia depende fuertemente de las condiciones del
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agua (temperatura, salinidad, pH) y la cepa del virus. Poco se conoce acerca de la estabilidad

de los virus de influenza aviar altamente patégenos H5N1 en el agua. Con el uso de un sistema
modelo de laboratorio establecido, se midi6 la persistencia de 11 cepas de virus de influenza
altamente patdgenos H5N1 en agua destilada amortiguada (pH 7.2) con dos temperaturas (17

y 28 C) y con tres niveles de salinidad (0, 15,000 y 30,000 ppm). Hubo una amplia variacién
entre las 11 cepas de virus H5N1 de la influenza aviar altamente patdgena con respecto a la
estabilidad general en el agua, con un rango similar a lo que se ha reportado con los virus de

baja patogenicidad de aves silvestres. Las cepas del virus HSN1 de la influenza aviar altamente
patégenos respondieron de manera similar a las diferentes temperaturas del agua y salinidad,

y se observo que todos los virus eran mas estables a temperaturas mas frias y en agua dulce

en comparacion con salinidades salobres. Estos resultados indican que la estabilidad global y la
respuesta de los virus H5N1 de la influenza aviar de alta patogenicidad en el agua es similar a los
virus de baja patogenicidad y sugieren que no ha habido un aumento o pérdida de la capacidad de
supervivencia en el medio ambiente con los virus altamente patégenos H5N1.
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Avian influenza (Al) viruses are maintained in wild waterfowl populations through an
indirect fecal—oral route involving contaminated water on shared aquatic habitats (10).
Virus-contaminated waterfow! habitats also are a source for virus spillover into aberrant
hosts, such as domestic poultry (9). Several laboratory-based studies have evaluated the
stability of wild-bird—origin low pathogenic (LP) Al viruses in water (2,4,13,14,15,19),
and collectively, these studies have shown there is a wide range of environmental fitness
phenotypes among LPAI viruses maintained in wild birds, including strains of the same
hemagglutinin (HA) subtype (2,13). Overall, wild-bird—origin LPAI viruses are relatively
stable in water, which presumably facilitates environmental transmission; however, the
persistence of these viruses is highly dependent on basic water conditions, including pH,
temperature, salinity, and microbial flora (2,15,18).

Since its emergence on a domestic goose farm in the Guangdong province of China in 1996
(17), H5N1 highly pathogenic (HP) Al viruses have spread throughout Asia and into Africa
and Europe, resulting in over 380 human fatalities and unprecedented losses to the poultry
industry in the region (5,8,24). Over the last 17 yr, HS5N1 HPAI virus has evolved into a wide
diversity of strains that are genetically and biologically distinct. Genetically, the viruses are
categorized based on the HA gene into different clades and subclades (23). Biologically,
different strains of HSN1 HPAI virus vary in host range and virulence for different avian
and/or mammalian hosts (1).

H5N1 HPAI viruses are established in several regions of Asia and Africa. A key factor
thought to contribute to the endemicity in parts of Southeast Asia is the large domestic
duck farming industry and, specifically, the practice of free-grazing ducks (7). Defining

the range of environmental fitness among H5SN1 HPAI viruses relative to wild-bird—origin
LPAI viruses is a critical step for understanding the risks for HSN1 HPAI viral transmission
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within or between domestic and wild waterfowl populations. Multiple laboratory-based trials
have examined the persistence of HSN1 HPAI viruses in water (4,6,11); however, the vast
majority of these studies have included a single strain or very limited numbers of strains,

and little comparative data exist on environmental survivability among H5N1 HPAI viruses.
To provide basic insights into this topic, we utilized a standardized laboratory-based model
system to measure the persistence of different HSN1 HPAI virus strains in water under
varying temperatures and salinities.

MATERIALS AND METHODS

The following 11 H5N1 HPAI virus strains representing six different clades/subclades
were used in the experimental persistence trials: A/environment (goose pen)/Hong
Kong/485.3/2000 (Subclade 0), A/chicken/Hong Kong/220/1997 (Subclade 0), A/goose/
Vietnam/113/2001 (Subclade 0), A/Vietnam/1203/2004 (Subclade 1), A/egret/Hong Kong/
757.2/2002 (Subclade 1), A/duck/bac lieu/NCVD 07-09/2007 (Subclade 1), A/West Java/
PWT-WI1J/2006 (Subclade 2.1), A/chicken/Nigeria/-228-10/2006 (Subclade 2.2), A/duck/
Vietnam/201/2006 (Subclade 2.3), A/muscovy/Ha Nam/NCVD 07-84/2007 (Subclade
2.3), and A/chicken/Korea/ES/2003 (Subclade 2.5). Working stocks for each strain were
propagated in 9-to-11-day-old, specific pathogen-free embryonating chicken eggs (21), and
resulting viral-infected amnioallantoic fluid (AAF) was titrated in Madin Darby canine
kidney (MDCK) cells (2). Stock titers were calculated with the use of the methods described
by Reed and Muench (16). All trials were performed with isolates after the second or third
passage in eggs. All laboratory work and persistence trials were conducted under biosafety
level 3 enhanced containment at the Southeast Poultry Research Laboratory, Agricultural
Research Service, United States Department of Agriculture.

Experimental persistence trials were performed following a previously published study
design and protocol (2). Briefly, the persistence of each virus strain was determined in
distilled water that was buffered with 10 mM HEPES and adjusted to a pH of 7.2 with 1

N HCI and one of three salinity levels (0, 15,000, and 30,000 parts per million [ppm]) with
sea salt. For each virus strain, infective AAF was diluted 1:100 in each of the modified
water samples, vortexed, and separated into 2.0-ml aliquots in 5.0-ml polystyrene tubes.
The virus-infected water samples for each of the three salinity treatments were divided and
placed in incubators set at 17 and 28 C. The viral-infected water samples held at 28 C
were sampled 0, 7, 14, and 21 days postinoculation (DPI). The samples held at 17 C were
sampled at 0 DPI and at five additional time points, approximately 1-2 wk apart, until 63
DPI. For sampling, duplicate 0.5-ml samples of viral-infected water were diluted 1:1 by
addition of 0.5 ml of 2X, serum-free, Eagle’s minimum essential medium, and titrated on
MDCK cells with standard techniques (2). Results from duplicate titrations were averaged
and logyg transformed prior to analyses. Linear regressions were used to calculate the log
reduction times (Rt) for each virus strain and water-treatment trial, which is the average
number of days required for a 90% reduction in infectivity (i.e., time required for a decrease
of the viral titer by 1 log;g median tissue culture infectious dose [TCIDgg]/ml) (18). The
calculated Rt values for all strains of HSN1 HPAI virus were compared to wild-bird—origin
LPAI viruses that were previously tested under similar water conditions with the use of the
same methodology (2,4).
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RESULTS AND DISCUSSION

Consistent with previous studies (2,4,18), the loss of infectivity of HSN1 HPAI viruses

in water over time was dependent on conditions. Both temperature and salinity strongly
influenced viral persistence, with all strains being most stable at the colder water
temperature and at freshwater or brackish salinities (Table 1). The rate at which H5N1

HPAI viruses lost infectivity varied between strains, as did the individual viral responses

to temperature and salinity (Fig. 1). Although there was not adequate representation of
H5N1 HPAI virus strains to evaluate the effect of HA subclade on environmental fitness, our
results suggest there is extensive variability within some subclades (i.e., subclade 1 strains
AlJduck/bac lieu/NCVD 07-09/2007 and Al/egret/Hong Kong/757.2/2002 were the least and
most persistent strains at 17 C and 0 ppm, respectively). Consequently, the HA subclade may
not be a good predictor of environmental phenotype; however, additional studies are needed
to evaluate this further.

The range of Rt values among H5N1 HPAI virus strains reported herein and the response
trends to water temperature and salinity were consistent with results for wild-bird—origin
LPAI viruses tested under similar conditions (Table 2) (2,4,13). A previous study evaluated
the persistence of two H5N1 HPAI virus strains (A/duck meat/Anyang/AVL-1/01 and
Alwhooper swan/Mongolia/244/05) in water under identical conditions with the same
laboratory model system (4). Overall, both strains had low Rt values relative to wild-bird—
origin H5 LPAI viruses, suggesting these viruses had lost some degree of environmental
fitness. However, relative to the 11 H5N1 HPAI virus strains tested in this current study and
subsequently evaluated wild-bird—origin LPAI virus strains (2), the two former H5SN1 HPAI
virus strains (A/duck meat/Anyang/AVL-1/01 and A/whooper swan/Mongolia/244/05) had
Rt values that fell within the range of HSN1 HPAI and LPAI viruses, although both were
relatively low (Table 2). This would suggest that, in contrast to the conclusions of the earlier
study (4), there is no apparent difference in survivability of HSN1 HPAI viruses relative

to LPAI viruses and no evidence to indicate HSN1 HPAI viruses have evolved toward

a reduced environmental fitness phenotype. Rather, with both HPAI and LPAI viruses,
environmental fitness varies between strains and, to date, the viral factors that determine this
fitness are not known. As the overall environmental fitness of a strain is not predictable,
caution must be exercised when extrapolating results and conclusions generated from a
limited number of strains to all HSN1 HPAI viruses.

Although these data suggest strains of H5N1 HPAI and wild-bird-origin LPAI viruses
exhibit a similar potential for persistence in water, the involvement of aquatic environments
in the transmission and maintenance of H5N1 HPAI viruses in domestic and/or wild

aquatic birds is likely dependent on a variety of other factors relating to host, virus, and
environment. In particular, existing experimental and field data indicate H5N1 HPAI viruses
are preferentially excreted via the respiratory tract of waterfowl (3,12,20) in contrast to
LPAI viruses, which are predominately excreted in the feces (22). Such a change in pattern
of excretion likely has significant implications for the transmission of HSN1 HPAI virus
within and between wild and domestic bird populations, as well as for the role that aquatic
environments play in the ecology of this virus.
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AAF amnioallantoic fluid

Al avian influenza

DPI days postinoculation

HA hemagglutinin

HP highly pathogenic

LP low pathogenic

MDCK Maden Darby canine kidney

ppm parts per million

Rt reduction time

TCIDgg median tissue culture infectious dose
REFERENCES

1.

Brown J, Swayne DE, Costa T, and Stallknecht DE. 2011. Experimental infection studies of avian
influenza in wild birds as a complement to surveillance. In: Pandemic influenza viruses: science,
surveillance, and public health. Majumdar SK, Brenner FJ, Huffman JE, McLean RG, Panah Al,
Pietrobon PJ, Keeler SP, and Shive S, eds. The Pennsylvania Academy of Sciences, Easton, PA. pp.
176-200. 2011.

. Brown JD, Goekjian G, Poulson R, Valeika S, and Stallknecht DE. Avian influenza viruses in

water: infectivity is dependent on pH, salinity, and temperature. Vet. Microbiol. 136:20-26. 2009.
[PubMed: 19081209]

. Brown JD, Stallknecht DE, and Swayne DE. Experimental infection of swans and geese with highly

pathogenic avian influenza virus (H5N1) of Asian lineage. Emerging Infect. Dis. 14:136-142. 2008.

. Brown JD, Swayne DE, Cooper RJ, Burns RE, and Stallknecht DE. Persistence of H5 and H7 avian

influenza viruses in water. Avian Dis. 51(Suppl.):285-289. 2007. [PubMed: 17494568]

.Chen H, Deng G, Li Z, Tian G, Li Y, Jiao P, Zhang L, Liu Z, Webster RG, and Yu K. The evolution

of H5N1 influenza viruses in ducks in southern China. Proc. Natl. Acad. Sci. U. S. A. 101:10452-
10457. 2004. [PubMed: 15235128]

. Domanska-Blicharz K, Minta Z, Smietanka K, Marche S, and van den Berg T. H5N1 high

pathogenicity avian influenza virus survival in different types of water. Avian Dis. 54(Suppl.):734—
737.2010. [PubMed: 20521724]

. Gilbert M, Chaitaweesub P, Parakamawongsa T, Premashthira S, Tiensin T, Kalpravidh W, Wagner

H, and Slingenbergh J. Free-grazing ducks and highly pathogenic avian influenza, Thailand.
Emerging Infect. Dis. 12:227-234. 2006.

Avian Dis. Author manuscript; available in PMC 2024 November 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brown et al. Page 6

8. Guan Y, Peiris JS, Lipatov AS, Ellis TM, Dyrting KC, Krauss S, Zhang LJ, Webster RG, and
Shortridge KF. Emergence of multiple genotypes of H5N1 avian influenza viruses in Hong Kong
SAR. Proc. Natl. Acad. Sci. U. S. A. 99:8950-8955. 2002. [PubMed: 12077307]

9. Halvorson DA, Kelleher CJ, and Senne DA. Epizootiology of avian influenza: effect of season on
incidence in sentinel ducks and domestic turkeys in Minnesota. Appl. Environ. Microbiol. 49:914—
919. 1985. [PubMed: 4004223]

10. Hinshaw VS, Webster RG, and Turner B. Water-bourne transmission of influenza A viruses.

Intervirol. 11:66-69. 1979.

11. Horm VS, Gutierrez RA, Nicholls JM, and Buchy P. Highly pathogenic influenza A (H5N1) virus
survival in complex artificial aquatic biotopes. PLoS ONE 7:e34160. 2012.

12. Keawcharoen J, van Riel D, van Amerongen G, Bestebroer T, Beyer WE, van Lavieren R,
Osterhaus ADME, Foucheir RAM, and Kuiken T. Wild ducks as long-distance vectors of highly
pathogenic avian influenza virus (H5N1). Emerging Infect. Dis. 14:600-607. 2008.

13. Keeler SP, Lebarbenchon C, and Stallknecht DE. Strain-related variation in the persistence of
influenza A virus in three types of water: distilled water, filtered surface water, and intact surface
water. Virol. J. 10:13. 2013. [PubMed: 23289857]

14. Lebarbenchon C, Sreevatsan S, Lefevre T, Yang M, Ramakrishnan MA, Brown JD, and Stallknecht
DE. Reassortant influenza A viruses in wild duck populations: effects on viral shedding and
persistence in water. Proc. R. Soc. B 279:3967-3975. 2012.

15. Nielsen AA, Jensen TH, Stockmarr A, and Jorgensen PH. Persistence of low-pathogenic HSN7
and H7N1 avian influenza subtypes in filtered natural waters. Vet. Microbiol. 166:419-428. 2013.
[PubMed: 23891171]

16. Reed LJ, and Muench H. A simple method of estimating fifty percent endpoints. Am. J. Hyg.
27:493-497. 1938.

17. Sims LD, Domenech J, Benigno C, Kahn S, Kamata A, Lubroth J, Martin V, and Roeder P. Origin
and evolution of highly pathogenic H5N1 avian influenza in Asia. Vet. Rec. 157:159-164. 2005.
[PubMed: 16085721]

18. Stallknecht DE, Kearney MT, Shane SM, and Zwank PJ. Effects of pH, temperature, and salinity
on persistence of avian influenza viruses in water. Avian Dis. 34:412-418. 1990. [PubMed:
2142421]

19. Stallknecht DE, Shane SM, Kearney MT, and Zwank PJ. Persistence of avian influenza virus in
water. Avian Dis. 34:406-411. 1990. [PubMed: 2142420]

20. Sturm-Ramirez KM, Ellis T, Bousfield B, Bissett L, Dyrting K, Rehg JE, Poon L, Guan Y, Peiris
M, and Webster RG. Reemerging H5N1 influenza viruses in Hong Kong in 2002 are highly
pathogenic to ducks. J. Virol. 78:4892-4901. 2004. [PubMed: 15078970]

21. Swayne DE, Senne DA, and Suarez DL. Influenza. In: A laboratory manual for the isolation and
identification of avian pathogens, 5th ed. Dufour-Zavala L, Swayne DE, Glisson JR, Pearson JE,
Reed WM, Jackwood MW, and Woolcock PR, eds. American Association of Avian Pathologists,
Kennett Square, PA. pp. 128-134. 2008.

22. Webster RG, Yakhno M, Hinshaw VS, Bean WJ, and Murti KG. Intestinal influenza: replication
and characterization of influenza viruses in ducks. Virology 84:268-278. 1978. [PubMed: 23604]

23. World Health Organization. Antigenic and genetic characteristics of influenza A (H5N1) and
influenza A (H9ON2) viruses and candidate vaccine viruses developed for potential use in human
vaccines. World Health Organization, Geneva, Switzerland. 2012.

24. World Health Organization. Cumulative number of confirmed human cases of avian influenza
A (H5NZ1) reported to WHO. [cited 8 Oct 2013]. Available from: http://www.who.int/influenza/
human_animal_interface/H5N1_cumulative_table archives/en/.

Avian Dis. Author manuscript; available in PMC 2024 November 07.


http://www.who.int/influenza/human_animal_interface/H5N1_cumulative_table_archives/en/
http://www.who.int/influenza/human_animal_interface/H5N1_cumulative_table_archives/en/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Brown et al.

Page 7

Avian Dis. Author manuscript; available in PMC 2024 November 07.

Algoose/Vietnam/113/2001 Alduck/Vietnam/201/2006 Alchicken/Hong Kong/220/1997
E E E
3 3 3
o . a a
(&) 5" ) [s) o i
£ . E = y 18
E} S 2
j=2] [=2} [=2
o kel o
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time (in days) Time (in days) Time (in days)
Alchicken/Nigeria/-228-10/2006 Alenvironment/Hong Kong/485.3/2000 Alegret/Hong Kong/757.2/2002
E E E
B 3 i
a a a
O O o O
E. E g E
E E] & E]
j=2 j=2} D
o o o
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time (in days) Time (in days) Time (in days)
Alhuman/Vietnam/1203/2004 Alchicken/Korea/ES/2003 Alhuman/West Java/2006
E E E
3 o 3 3
a e o o
&) ) O [®)
= = ] B
El & E
j=2} [=2) [=2]
kel o o
0O 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70 0O 10 20 30 40 50 60 70
Time (in days) Time (in days) Time (in days)
Alduck/bac lieu/NCVD 07-09/2007 Almuscovy/Ha Nam/NCVD 07-84/2007
— 17°C -0 ppt
g g — = 17°C - 15 ppt
3 3 = = = = 17°C-30 ppt
g 3 pp
e 2
= % 28°C - 0 ppt
3 _g’ E — 28°C-15 ppt
— = == = 28°C - 30 ppt
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time (in days) Time (in days)
Fig. 1.

The infectivity of 11 strains of H5N1 highly pathogenic avian influenza virus in distilled
water over time at two temperatures (17 and 28 C), three salinities (0, 15,000, and 30,000
ppm), and a pH of 7.2. Different shaded lines represent the least-squares regression lines for
each temperature and salinity treatment.
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