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Research Note—
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SUMMARY. The objective of this study was to determine the prevalence of avian influenza viruses (AIV) in bobwhite quail
(Colinus virginianus) populations from the rolling plains of Texas, U. S. A. A total of 1320 swab samples (652 tracheal swabs and
668 cloacal swabs) and 44 serum samples were collected from wild-captured or hunter-harvested bobwhite quail from November
2009 to April 2011 at the Rolling Planes Quail Research Ranch, Fisher County, Texas, U. S. A. The presence of AIV in the swabs
was determined by real-time reverse-transcription–PCR (rRT-PCR) and all samples positive or suspicious by rRT-PCR were
further processed for virus isolation in embryonated chicken eggs. A total of 18 (1.4%) swab samples tested positive for AIV by
rRT-PCR (cycle threshold [Ct] values ,35): 13 cloacal swabs (1.9%) and 5 tracheal swabs (0.8%). In addition, 100 (7.6%) swab
samples were considered suspicious (Ct values 35.1–40): 69 cloacal swabs (10.3%) and 31 tracheal swabs (4.7%). No virus was
isolated from any of the rRT-PCR–positive or suspicious samples tested. Additionally, 44 serum samples were screened for AIV
antibodies and were negative. The results presented here indicate low prevalence of AIV in wild populations of bobwhite quail.

RESUMEN. Nota de Investigación—Investigación sobre el virus de la influenza aviar en codornices norteñas silvestres del Estado
de Texas.

El objetivo de este estudio fue determinar la prevalencia de virus de influenza aviar (AIV) en las poblaciones de codornices
norteñas (Colinus virginianus) de las llanuras de Texas, en los Estados Unidos. Un total de 1320 muestras de hisopos (652 hisopos
traqueales y 668 hisopos cloacales) y 44 muestras de suero fueron recolectadas de codornices silvestres capturadas o cazadas desde
noviembre del año 2009 a abril de año 2011 en el Rancho de Investigación de Codornices Rolling Planes, en el condado de Fisher
en Texas. Se determinó la presencia del virus de la influenza aviar en los hisopos mediante un método de transcripción reversa y
reacción en cadena de la polimerasa en tiempo real (rRT-PCR) y todas las muestras positivas o sospechosas por rRT-PCR se
procesaron para el aislamiento del virus en huevos embrionados de pollo. Un total de 18 muestras de hisopos (1.4%) resultaron
positivas para el virus de influenza aviar por rRT-PCR (valores de ciclo umbral [CT] menores a 35): 13 hisopos cloacales (1.9%) y 5
hisopos traqueales (0.8%). Además, 100 muestras de hisopos (7.6%) se consideraron sospechosas (valores de Ct de 35.1–40): 69
hisopos cloacales (10.3%) y 31 hisopos traqueales (4.7%). No se aislaron virus de ninguna de las muestras positivas o sospechosas
analizadas por rRT-PCR. Además, 44 muestras de suero fueron examinadas para detectar anticuerpos contra el virus de influenza
aviar, las cuales fueron negativas. Los resultados presentados aquı́ indican una baja prevalencia de virus de influenza aviar en las
poblaciones silvestres de codorniz.

Key words: bobwhite quail, avian influenza, Texas

Abbreviations: AI 5 avian influenza; AIV 5 avian influenza virus; ELISA 5 enzyme-linked immunosorbent assay; rRT-PCR 5
real-time reverse-transcription–polymerase chain reaction

Wild waterfowl and shore birds are the natural reservoirs of all
avian influenza viruses (AIV) (18); however, these viruses are
occasionally transmitted to terrestrial birds where they can cause
varying degrees of disease from asymptomatic infections to severe
systemic disease (16). Highly pathogenic (12) and low pathogenic
(1,2,15) AIVs of different subtypes have been isolated from
commercial quail populations throughout Asia and North America
(10,20) and more recently from commercial bobwhite quail
(Colinus virginianus) in Egypt (4). Additionally, numerous reports
have shown that quail are susceptible to infection with many
different AIVs (3,7,8,19). However, to our knowledge, the
prevalence of AIV infections in wild quail populations has not
been investigated.

The objective of this study was to determine the prevalence of
AIV in free-roaming quail populations from the rolling plains of
Texas.

MATERIALS AND METHODS

Sample collection. Both cloacal and tracheal swab samples were
collected for AIV testing by trained personnel from either hunter-
harvested or live-trapped wild bobwhite quail at the Rolling Plains Quail
Research Ranch in Fisher County, Texas, U. S. A. The sex and age of the
birds was determined by trained personnel using feathering character-
istics. For age, the absence of buff-tipped coverts indicated the bird was
at least 1 yr of age and was thus classified as adult; birds less than 1 yr of
age were classified as juvenile (11). Swab samples were collected,
processed, and tested as previously described (5,6) with a few exceptions,
as noted. Samples were transported from the field on ice and stored at
220 C until shipped overnight to the laboratory. If the samples arrived
thawed, samples were vortexed, centrifuged at 1,500 3 g for 10 min,
and 100 ml of supernatant was dispensed into 96-well plates for RNA
isolation. If the samples arrived frozen, the samples were thawed and
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then processed as described above. All samples and 96-well plates were
frozen at 280 C until processed for virus isolation or RNA isolation.

RNA extraction, real-time reverse transcription–PCR (rRT-PCR)
and RT-PCR for sequencing. RNA was extracted and rRT-PCR for the
avian influenza (AI) matrix gene was performed as previously described
(5,14). Virus isolation was performed on all AI-matrix rRT-PCR–
positive (cycle threshold [Ct] value ,35) and suspicious (Ct values
35.1–40) samples as previously described (6,17).

Enzyme-linked immunosorbent assay (ELISA) for detection of
AIV antibodies. Forty-four serum samples from live-captured quail
were collected from the jugular vein by trained personnel from the
United States Department of Agriculture, Animal and Plant Health
Inspection Service – Wildlife Services, frozen at 220 C, and shipped
overnight to the laboratory. A commercial ELISA kit (IDEXX
FlockChekTM, AI MultiS-Screen Ab test, Westbrook, ME) was used
to screen for the presence of antibody to AIV following manufacturer’s
protocol.

Statistical analysis. Data were analyzed using Intercooled Stata
version 10 (Stata Corp., College Station, TX).

RESULTS AND DISCUSSION

A total of 1320 swab samples (652 cloacal and 668 tracheal swab
samples) were collected from 688 individual quail. Of the cloacal
swabs collected, 52.7% were from male birds, 44.6% were from
females, and sex was not determined for 2.7%. Of the tracheal swabs
collected, 53.2% and 44.5% were from males and females,
respectively, with 2.3% from birds for which sex was not
determined. The majority of samples were collected from juvenile
birds, 450 (67.4%) cloacal swabs and 439 (67.3%) tracheal swabs,
and age was not determined for less than 0.5% of the tracheal and
cloacal swab samples.

Eighteen (1.4%) swab samples tested positive for AIV by rRT-
PCR (Ct values ,35): 13 cloacal swabs (1.9%) and 5 tracheal swabs
(0.8%). One hundred (7.6%) swab samples were considered
suspicious (Ct values 35.1–40): 69 cloacal swabs (10.3%) and 31
tracheal swabs (4.7%). No virus was isolated from any of the rRT-
PCR–positive or suspicious samples tested. More cloacal swab
samples were suspicious or positive for AIV in the Spring of 2011 as
compared to previous seasons. No significant differences were
observed between adults and juveniles or between males and females
(Table 1).

Presence of AIV genomic material was confirmed in selected
samples by RT-PCR amplification using primers specific to the NS
and NP gene segments, followed by sequencing (data not shown).
No AIV antibodies were detected in 44 quail serum samples tested.

To our knowledge, this is the first study to specifically examine
AIV in the wild bobwhite quail population. Others have tested quail
for AIV, but as opportunistic and not targeted sampling; they also
observed a few positive samples by rRT-PCR and no isolates were
obtained (13). The lack of successful virus isolation in our study is
not particularly surprising in that sample handling was not optimal.
The samples were collected in the field with concerted effort to keep
them chilled until transported back to the office where they were
stored at 220 C until shipped overnight to the laboratory. The
samples were stored for various lengths of time at 220 C prior to
shipping and often arrived at the laboratory having thawed in transit.
The varying lengths of time stored at 220 C should not have been
an issue, because swab samples can be stored for 1 wk to months and
maintain sample integrity (9). The samples arriving thawed would
be a problem because freeze-thaw cycles can be detrimental.
However, the low AIV prevalence detected by rRT-PCR, and the
lack of virus isolation, could also be due to minimal exposure of the
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quail population to AIV as supported by the serologic data presented
in this study.

Our results support the fact that there continues to be little data to
suggest that terrestrial birds such as Galliformes play a major role in
the natural history of AIV. However, additional surveillance, both
serologic and virologic, is needed to confirm these findings.

REFERENCES

1. Cheung, C. L., D. Vijaykrishna, G. J. Smith, X. H. Fan, J. X. Zhang,
J. Bahl, L. Duan, K. Huang, H. Tai, J. Wang, L. L. Poon, J. S. Peiris, H.
Chen, and Y. Guan. Establishment of influenza A virus (H6N1) in minor
poultry species in southern China. J. Virol. 81:10402–10412. 2007.

2. Chin, P. S., E. Hoffmann, R. Webby, R. G. Webster, Y. Guan, M.
Peiris, and K. F. Shortridge. Molecular evolution of H6 influenza viruses
from poultry in Southeastern China: prevalence of H6N1 influenza viruses
possessing seven A/Hong Kong/156/97 (H5N1)-like genes in poultry.
J. Virol. 76:507–516. 2002.

3. Ebrahimi, S. M., S. Ziapour, M. Tebianian, M. Dabaghian, and M.
Mohammadi. Study of infection with an Iranian field-isolated H9N2 avian
influenza virus in vaccinated and unvaccinated Japanese quail. Avian Dis.
55:195–200. 2011.

4. El-Zoghby, E. F., A. S. Arafa, M. K. Hassan, M. M. Aly, A. Selim,
W. H. Kilany, U. Selim, S. Nasef, M. G. Aggor, E. M. Abdelwhab, and
H. M. Hafez. Isolation of H9N2 avian influenza virus from bobwhite quail
(Colinus virginianus) in Egypt. Arch.Virol. 2012.

5. Ferro, P. J., J. El-Attrache, X. Fang, S. N. Rollo, A. Jester, T.
Merendino, M. J. Peterson, and B. Lupiani. Avian influenza surveillance in
hunter-harvested waterfowl from the Gulf Coast of Texas (November 2005–
January 2006). J. Wildl. Dis. 44:434–439. 2008.

6. Ferro, P. J., C. M. Budke, M. J. Peterson, D. Cox, E. Roltsch, T.
Merendino, M. Nelson, and B. Lupiani. Multiyear surveillance for avian
influenza virus in waterfowl from wintering grounds, Texas coast, USA.
Emerg. Infect. Dis. 16:1224–1230. 2010.

7. Giannecchini, S., V. Clausi, L. Di Trani, E. Falcone, C. Terregino, A.
Toffan, F. Cilloni, M. Matrosovich, A. S. Gambaryan, N. V. Bovin, M.
Delogu, I. Capua, I. Donatelli, and A. Azzi. Molecular adaptation of an
H7N3 wild duck influenza virus following experimental multiple passages in
quail and turkey. Virology 408:167–173. 2010.

8. Hossain, M. J., D. Hickman, and D. R. Perez. Evidence of expanded
host range and mammalian-associated genetic changes in a duck H9N2
influenza virus following adaptation in quail and chickens. PloS One
3:e3170. 2008.

9. Killian, M. L. Avian Influenza Virus Sample Types, Collection, and
Handling. In: Methods in molecular biology, vol. 436: Avian Influenza
Virus. E. Spackman, ed. Humana Press, Totowa, NJ. pp. 7–12. 2008.

10. Nfon, C., Y. Berhane, S. Zhang, K. Handel, O. Labrecque, and J.
Pasick. Molecular and antigenic characterization of triple-reassortant H3N2

swine influenza viruses isolated from pigs, turkey and quail in Canada.
Transbound. Emerg. Dis. 58:394–401. 2011.

11. Rollins, D., J. Brooks, N. Wilkins, and D. Ransom. Counting Quail.
Bulletin B-6173, Texas AgriLife Extension Service. Texas A&M University,
College Station, TX.

12. Saito, T., C. Watanabe, N. Takemae, A. Chaisingh, Y. Uchida, C.
Buranathai, H. Suzuki, M. Okamatsu, T. Imada, S. Parchariyanon, N.
Traiwanatam, and S. Yamaguchi. Pathogenicity of highly pathogenic avian
influenza viruses of H5N1 subtype isolated in Thailand for different poultry
species. Vet. Microbiol. 133:65–74. 2009.

13. Siembieda, J., C. Johnson, C. Cardona, N. L. Anchell, N. Dao, W.
Reisen, and W. Boyce. Influenza A viruses in wild birds of the Pacific
Flyway, 2005–2008. Vector Borne Zoonotic Dis. 2010.

14. Spackman, E., D. A. Senne, T. J. Myers, L. L. Bulaga, L. P. Garber,
M. L. Perdue, K. Lohman, L. T. Daum, and D. L. Suarez. Development of a
real-time reverse transcriptase PCR assay for type A influenza virus and
the avian H5 and H7 hemagglutinin subtypes. J. Clin. Microbiol.
40:3256–3260. 2002.

15. Sugiura, K., K. Fushimi, T. Takehisa, M. Miwa, T. Saito, Y. Uchida,
and T. Onodera. An outbreak of H7N6 low pathogenic avian influenza in
quails in Japan. Vet. Ital. 45:481–489. 2009.

16. Swayne, D. E., and D. A. Halvorson. Influenza. In: Diseases of
poultry, 11th ed. Y. M. Saif, ed. Iowa State University Press, Ames.
pp. 135–160. 2003.

17. Swayne, D. E., D. A. Senne, and D. L. Suarez. Avian Influenza. In: A
laboratory manual for the isolation, identification, and characterization of avian
pathogens, 5th ed. L. Dufour-Zavala, D. E. Swayne, J. R. Glisson, J. E. Pearson,
W. M. Reed, M. W. Jackwood, and P. R. Woolcock, eds. American Association
of Avian Pathologists, Athens, GA. pp. 128–134. 2008.

18. Webster, R. G., W. J. Bean, O. T. Gorman, T. M. Chambers, and Y.
Kawaoka. Evolution and ecology of influenza A viruses. Microbiol. Rev.
56:152–179. 1992.

19. Yamada, S., K. Shinya, A. Takada, T. Ito, T. Suzuki, Y. Suzuki,
Q. M. Le, M. Ebina, N. Kasai, H. Kida, T. Horimoto, P. Rivailler, L. M.
Chen, R. O. Donis, and Y. Kawaoka. Adaptation of a duck influenza A virus
in quail. J. Virol. 86:1411–1420. 2012.

20. Yee, K. S., C. A. Novick, D. A. Halvorson, N. Dao, T. E. Carpenter,
and C. J. Cardona. Prevalence of low pathogenicity avian influenza virus
during 2005 in two U.S. live bird market systems. Avian Dis. 55:236–242.
2011.

ACKNOWLEDGMENTS

We thank Michael Bodenchuk and Todd Felix from the USDA,
APHIS Wildlife Services for their help obtaining quail serum samples.
This study was partially funded by Texas A&M Agrilife Research and
Extension.

860 P. J. Ferro et al.


