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Inactivation of Avian Influenza Viruses by Alkaline Disinfectant Solution
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Avian influenza viruses cause a considerable threat to humans and animals. In this study, we inves-
tigated whether alkaline disinfectant solution can inactivate H5N1, H3N2, H6N1, and HIN2 subtypes
of avian influenza virus. When H5N1, H3N2, H6N1, and H9N2 avian influenza viruses were treated
with alkaline solution diluted with PBS (pH 7.2) prior to infection into MDCK cells, alkaline dis-
infectant solution (at dilutions up to 107 completely inactivated all avian influenza subtypes tested.
To confirm the inactivation of avian influenza viruses by alkaline disinfectant solution, we used an
immunofluorescence assay with influenza A anti-nucleoprotein antibody and FITC-labeled secondary
antibody to stain MDCK cells infected with avian HIN2 influenza viruses. No staining-was observed
in MDCK cells infected with HON2 viruses that were pre-treated with a 107 dilution of alkaline dis-
infectant solution, while strong staining was observed in MDCK cells infected with HIN2 viruses
without pre-treatment. Our results indicate that alkaline solution could help to control avian influenza

viruses including the highly pathogenic H5N1 subtype.
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Introduction

Avian influenza viruses are the cause of considerable
economic loss to the poultry industry worldwide [2].
Since their first appearance in Hong Kong in 1997, H5N1
influenza viruses are now widespread in many countries
including China, Nigeria, and Thailand [1,5,7,17,21,24].
Avian H5NT1 viruses are highly pathogenic to animals and
humans and are regarded as potential candidates for fu-
ture pandemics [23]. HON2 subtypes of influenza viruses
have become panoptic in many Asian countries including
China, Korea, and Pakistan [3,4,9-11,13-15] and cause eco-
nomic losses to the poultry industry through reduced egg
production and about 10% mortality in broilers. H3N2
and H6N1 avian influenza viruses were reported in ducks
4].

Effective methods of conirolling the outbreak of highly
pathogenic avian influenza viruses in chicken farms in-
clude slaughtering of infected chickens and vaccination us-
ing antigens grown in hens' eggs. As avian influenza vi-
ruses can be transmitted among chickens via the respira-
tory and oral-fecal route, topical use of an effective dis-
infectant may help to control viral transmission. Many
commercially available disinfectants are effective for in-
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activation of viruses such as influenza viruses and corona-
virus [6,16,22]. Suarez et al. [21] showed that five dis-
infectants including phenolic disinfectants (Tek-trol and
one-stroke environ), a quaternary ammonia compound
{Lysol no-rinse sanitizer), a peroxygen compound (Virkon-
5), and sodium hypochlorite (household bleach) were effec-
tive for inactivating avian influenza viruses at the recom-
mended concentrations, but RNA of avian influenza vi-
ruses in samples inactivated with phenolic and quaternary
ammonoia compounds could be detected by reverse tran-
scriptase-polymerase chain reaction (RT-PCR). In the study
using gentian violet (GV) and GV-dyed cotton to inactivate
human influenza virus, human HIN1 influenza viruses
could be inactivated by GV and GV-dyed cotton [16].
Previous studies showed that many other methods could
be used for the inactivation of viruses [6,12,18,20]. Ozone
was effective for the inactivation of enterovirus 71, and
chloride dioxide could degrade poliovirus 1 genome
[12,20]. 1t was also reported that UV light could inactivate
adenovirus serotypes [18]. The study for inactivation of co-
ronavirus showed that alkaline solution was effective in in-
activation of severe acute respiratory syndrome virus
(SARS-CoV) [6]. However, it has not been reported wheth-
er alkaline solution could inactivate avian influenza
viruses. In this study, we investigated whether alkaline
solution can inactivate H5N1, HIN2, H3N2 and H6N1 sub-
types of avian influenza virus.



Materials and methods

Preparation of alkaline disinfectant solution.

Alkaline disinfectant solution (pH 12.2) was prepared by
dissolving Sodiummeta Silisilicate (1g), potassium carbo-
nate (2g), potassium citrate (2g), borex (1g), and silver ni-
trate (0.1g) per litter in water. The formulation of alkaline
solution was found while searching for optimal alkaline
formulations that are effective for the inactivation of avian

influenza viruses.

Avian Influenza Viruses and cell lines.

A/chicken/korea/51/2003 (HIN2), A/Duck/Korea/S17
/2003 (H6N1), A/Chicken/Korea/S6/2003 (H6N1) and A/
Hong Kong/212/2003 (H5N1) viruses were passaged six
times in MDCK cells before use in the study. Infectious vi-
ral titers in culture supernatant were determined by logl0
tissue culture infectious dose 50 (log10TCIDs) end point.
To determine log 10 tissue culture infectious dose 50
(logwTCIDsg), viruses were serially 10-fold diluted in MEM
supplemented with Ipg/ml of trypsin before the diluted
viruses were infected into MDCK cells in 96-well plates in
quadruplicate. The infected cells were incubated in the hu-
midified incubator (37°C, 5%C0,) for 72 h before the viral
presence was determined by hemagglutination assay using
0.5% turkey red blood cell. Logy tissue culture infectious
dose 50 (logwTCIDsy)) was calculated as described pre-
viously [19]. This work was done at BSL3+ facility.

Madin Darby canine kidney (MDCK) cells purchased
from the American Type Culture Collection (ATCC,
Rockville, MD) were maintained in Minimal Essential
Medium (MEM) supplemented with 1% penicillin and
streptomycin, 25mM Hepes buffered solution (Gibco BRL),
and 10% fetal calf serum (Gibco BRL).

Treatment of avian influenza viruses with alkaline
disinfectant solution.

Alkaline disinfectant solution was serially diluted
10-fold with PBS (pH 7.4). A 315 pl detergent dilution was
mixed with 100TCIDso(35 ul, about 0.01 m.o.i.) virus and
incubated at room temperature inside the tissue culture
hood for 2 hours. The diluted viruses were infected into
MDCK cells in 96 well plates in quadruplicate and in-
cubated in the humidified incubator (37°C, 5%COy) for 3
days. At three days after infection, the presence of viruses
was determined by logys tissue culture infectious dose 50
(logTCIDsp) in MDCK cells.
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Treatment of avian influenza viruses with formalin
solution.

Formalin solution was serially 10-fold diluted with PBS
(pH 74) and a 315 pl of diluted formalin was mixed with
100TCIDs(35 pl, about 0.01 m.oi.) virus. Mixed viruses
were incubated at room temperature inside the tissue cul-
ture hood for 2 hours before they were infected into
MDCK cells in 96 well plates in quadruplicate. The in-
fected cells were incubated in the humidified incubator for
3 days. The presence of viruses were determined by
logioTCIDsp in MDCK cells

Immunofluoresence assay.
HIN2 viruses (100TCIDsy) (35 pl) were treated with a

100-fold dilution of alkaline solution (315 pl) at room tem-
perature for 2 hours. Treated or untreated HIN2 viruses
were infected into MDCK cells grown on chamber slides. At
48 hours post infection, the cells were fixed with 80% cold
acetone and stained with mouse anti- influenza A nucleo-
protein monoclonal antibody (Serotech, Oxford, UK) and
FITC-labeled secondary anti-mouse antibody. The cells were
observed under fluorescence microscope (Olympus, Japan).

Results

Alkaline disinfectant solution is effective in inactiva-
tion of avian influenza viruses.

We initially tested whether alkaline disinfectant solution
could inactivate virulent avian influenza viruses HIN2,
H3N2, and H6N1. Of these, HIN2 influenza viruses are
enzootic in poultry in many Asian countries including
Korea and China [4,8]. HON2, H3N2 and H6N1 viruses
were inactivated by alkaline disinfectant solution in a con-
centration-dependent manner. Viruses treated with high
concentrations of alkaline disinfectant solution (undiluted
to 10°* dilution) did not survive in MDCK cells, while vi-
ruses treated with dilutions from 10™- t010® were not
inactivated. Treatment with 107 dilution of alkaline dis-
infectant solution reduced virus titers up to 3 fold com-
pared with those of untreated viruses (Fig. 1A). As a pos-
itive control, we used formalin. Formalin (37%) was seri-
ally 10-fold diluted with PBS (pH 7.4) before the diluted
formalin reacted with HIN2, H3N2, and H6N1 avian influ-
enza viruses. The replication of HIN? influenza viruses in
MDCK cells was completely inhibited up to 1000-fold dilu-
tion of formalin, while that of H3N2 and H6N1 influenza
viruses were completely inhibited up to 100-fold dilution
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Fig. 1. Alkaline disinfectant solution inactivates HIN2, H3N2,
and H6N1 subtypes of avian influenza viruses. Viruses
were treated with alkaline disinfectant solution or for-
malin for 2 hours at room temperature before infection
into MDCK cells. The infected cells with HIN2, H3N2
and H6N1 subtypes were added with MEM media con-
taining trypsin (1 pg/ml), and were incubated for 3 days
at the humidified incubator (37°C). The inactivation tit-
ers were determined by TCIDsy in MDCK cells. A.
Inactivation of HIN2, H3N2, and H6N1 viruses by alka-
line disinfectant solution, B. Inactivation of H9N2,
H3N2, and H6N1 viruses by formalin, C. Inactivation of
H5N1 viruses by alkaline disinfectant solution. Data are
the mean of quadrant *+ standard errors.

of formalin (Fig 1B).

The highly pathogenic avian HS5N1 virus has caused
considerable economic losses to the poultry industry in
many countries since 1997 when this subtype first ap-
peared in poultry in Hong Kong [15]. H5N1 influenza vi-
ruses were inactivated by alkaline disinfectant solution at
dilutions up to 10, while H5NT viruses treated with dilu-
tions from 10> to 107 were not inactivated (Fig. 1B). The
results suggest that alkaline disinfectant solution may be
used for controlling avian influenza viruses including the
highly pathogenic H5N1 influenza viruses. Alkaline dis-
infectant solution or formalin diluted with PBS alone did
not cause damage to MDCK cells used for this study.

Immunofiuorescene assay further confirms that
alkaline disinfectant is effective for inactivation of

avian influenza viruses.

To further confirm the inactivation of avian influenza vi-
ruses by alkaline disinfectant solution, we performed im-
munostaining of cells. Untreated HIN2 viruses and viruses
treated with alkaline disinfectant solution (107 dilution)
were inoculated into MDCK cells for 48 hours before stain-
ing with anti-influenza A nucleoprotein antibody and
FITC-labeled secondary antibody. Cells infected with alka-
line solution-treated HIN2 viruses did not show any stain-
ing, while cells infected with untreated HIN2 viruses were
clearly stained with mouse anti-influenza A nucleoprotein
antibody (Fig. 2). The data indicate that alkaline dis-
infectant solution could inhibit the replication of avian in-

fluenza virus.

Fig. 2. Immunofluoresence staining in MDCK cells. A/chick-
en/korea/51/2003 (HIN2) viruses were treated with
alkaline disinfectant solution diluted in PBS (10?) and
were inoculated in MDCK cells. The infected cells
were incubated for 2 days before cells were stained
with influenza A anti-nucleoprotein antibody and FITC
-labeled secondary antibody. A. MDCK cells infected
with HIN2 viruses treated with alkaline disinfectant
solution. B. MDCK cells infected with untreated HOIN2
virus. (X400)



Discussion

The highly pathogenic H5N1 influenza viruses are en-
demic in poultry in many countries and are regarded as
potential candidates for influenza pandemic [521]. An ef-
fective disinfectant that could be sprayed over animals
would help to control the spread of avian influenza vi-
ruses in poultry. Our study showed that alkaline dis-
infectant solution could inactivate avian influenza viruses
of H5N1, H9N2, H3N2, and H6N1 subtypes.

We showed that alkaline disinfectant solution was very
effective for the inactivation of avian influenza viruses in-
cluding the highly pathogenic H5N1 influenza viruses. As
of August 17, 2006, H5N1 influenza viruses had infected
239 humans and killed 140 (WHO report, http://www.
who.int/csr/disease/avian_influenza/country/cases_table_
2006_08_17/en/print. html). Most of the human infections
with H5NT were mediated by contact with poultry infected
with H5NT1 viruses. Effective disinfectants could be used to
control the spread of H5N1 viruses among poultry. Since
our preliminary data suggest that alkaline disinfectant sol-
ution in dilution of 10° may not be harmful to poultry
(data not shown), it can be sprayed over the birds. Other
disinfectants such as phenolic disinfectants, a quaternary
ammonia compound, a peroxygen compound, and. sodium
hypochlorite have been shown to be effective for in-
activation of avian influenza viruses [22]. It seems that
these compounds may not be directly sprayed over poultry
because of the possibility that these compounds may be
harmful to poultry.

Since all influenza A viruses, including 16 hemagglutinin
and 9 neuraminidase subtypes, are circulating in wild birds
[8,24], it may be impossible to eradicate influenza viruses in
humans and animals. However, use of measures such as
vaccination, antiviral drugs, and efficient disinfectants may
minimize damage caused by newly emerged avian influen-
za viruses.

The effectiveness of alkaline disinfectant solution in the
inactivation of avian influenza viruses is based on in vitro
results. In order for alkaline disinfectant solution to be
used for controlling the outbreaks of avian influenza vi-
ruses on farms, further study such as field trial is needed.

Acknowledgments

We appreciate Dr. Peiris at The university of Hong
Kong for helping us with the inactivation test of H5N1 vi-

Journal of Life Science 2007, Vol. 17. No. 3 343

rus by alkaline disinfectant solution. This work was sup-
ported by Heung Tech, Chungnam, Korea.

References

1. Areechokchai, D., C. Jiraphongsa, Y. Laosiritaworn, W,
Hanshaoworakul and O'Reilly. 2006. Investigation of avi-
an influenza (H5N1) outbreak in humans-Thailand,
MMWR. Morb. Morta. Wkly Rep. 55, 3-6.

2. Alexander, D. J. 2000. A review of avian influenza in dif-
ferent bird species. Vet. Microbial. 74, 3-13.

3. Banks, ], E. C. Speidel, P. A. Harris and D. J.Alexander.
2000. Phylogenetic analysis of influenza A viruses of H9
haemagglutinin subtype. Avian Pathol. 29, 353-360.

4. Choi, Y. K, S. H. Seo, J. A. Kim, R. J. Webby and R. G.
Webster. 2005. Avian influenza viruses in Korean live
poultry markets and their pathogenic potential. Virol. 332,
529-537.

5. Chen, H, G. ]. Smith, K. S. L, J. Wang, X. H. Fan, J. M.
Rayner, D. Vijaykrishna, J. X. Zhang, L .J. Zhang, C. T.
Guo, C. L. Cheung, K. M. Xu, L. Duan, K. Huang, K.
Qin, Y. H. Leung, W. L. Wy, H. R. Ly, Y. Chen, N. S.
Xia, T. S. Naipospos, K. Y. Yuen, S. S. Hassan, S. Bahri,
T. D. Nguyen, R. G. Webster, J. S. Peiris and Y. Guan.
2006. Establishment of multiple sublineages of H5N1 in-
fluenza virus in Asia: implications for pandemic control.
Proc. Nafl. Acad. Sci. U. S. A. 103(8), 2845-50.

6. Darnell, M. E R, K. Subbarao, S. M. Feinstone and D. R.
Taylor. 2004. Inactivation of the coronavirus that induces
severe acute respiratory syndrome, SARS-Cov. J. Virol.
Methods 121, 85-91.

7. Ducatez, M. F., C. M. Olinger, A. A.Owoade, 5. W. De
Landtsheer, Ammerlaan, H. G. Niesters, A. D. Osterhaus,
R. A. Fouchier and C. P. Muller. 2006. Avian flu: multiple
introductions of H5N1 in Nigeria. Nature 442(7098), 37.

8. Fouchier, R. A, V. Munster, A. Wallensten, T. M.
Bestebroer, S. Herfst, D. Simith, G. F., Rimmelzwaan, B.
Olsen and A. D. Osterhus. 2005. Characterization of a
novel influenza A virus hemagglutinin subtype (H16) ob-
tained from black-headed gulls. J. Virol, 79, 2814-2822

9. Guan, Y, K..F. Shortridge, S. Krauss, P. 5. Chin, K. C.
Dyrting, T. M. Ellis, R. G. Webster and M. Peiris. 2000.
HYN2 influenza viruses possessing H5N1-like internal ge-
nomes continue to circulate in poultry in southeastern
China. . Virol. 74, 9372-9380.

10. Guo, Y. ], S. Krauss, D. A. Senne, I. P. Mo, K. S. Lo, X.
P. Xiong, M. Norwood, K. F. Shortridge, R. G. Webster
and Y. Guan. 2000. Characterization of the pathogenicity
of members of the newly established HIN2 influenza vi-
tus lineages in Asia. Virol 267, 279-288.

11. Li, K. S, K. M. Xu, J. S. Peiris, L. L. Poon, K. Z. Yu, K.Y.
Yuen, K. F. Shortridge, R. G. Webster and Y. Guan. 2003,
Characterization of H9 subtype influenza viruses from the
ducks of southern China: a candidate for the next influen-
za pandemic in humans. ] Virol. 77, 6988 - 6994.



344

12

13.

14.

15.

16.

17.

18.

BBASIRIX| 2007, Vol. 17. No. 3

Lin Y. C. and S. C. Wu. 2006. Effects of ozone exposure
on inactivation of intra-and extracellular enterovirus 71.
Antiviral Res. 70, 147-153.

Mashadi. 2005. Comparative inactivation of adenovirus
serotypes by UV light disinfection. Applied and environ-
ment microbiology 71, 5633-5636.

Lin Y. P., M. Shaw, V. Gregory, K. Cameron, W. Lim, A 19. Reed, L. ]. and H. Muench. 1938. A simple method of es-
Klimov, K. Subbarao, Y. Guan, 5. Krauss, K. Shortridge, timating fifty per cent endpoints. Am. J. Hyg. 27, 493-497.
R. G. Webster, N. Cox and A. Hay. 2000. Avian-to-human 20. Simonet, J. and C. Gantzer. Degradation of the poliovirus
transmission of HIN2 subtype influenza A viruses: rela- 1 genome by chlorine dioxide. 2006. ]. Appl. Mcirobiol.
tionship between HIN2 and H5N1 human isolates. Proc. 100, 862-870.
Natl. Acad. Sci. U. S. A. 97, 9654-9658. 21. Smith, G. ], T. S. Naipospos, T. D. Nguyen, M. D. de
Lu, X, Renshaw, M., T. M. Tumpey, G. D. Kelly, J. Jong, D. Vijaykrishna, T .B. Usman, S. S. Hassan, T. V.
Hu-Primmer and J. M. Katz. 2001. Immunity to influenza Nguyen, T. V. Dao, N. A. Bui, Y. H. Leung, C. L.
A HIN2 viruses induced by infection and vaccination. J. Cheung, J. M. Rayner, J. X. Zhang, L. . Zhang, L. L.
Virol. 75, 4896-4901. Poon, K 8. Li, V. C. Nguyen, T. T. Hien, ]. Farrar, R. G.
Naeem K., A. Ullah, R. J. Manvell and D. ]. Alexander. Webster, H. Chen, ] S. Peiris and Y. Guan. 2006.
1999. Avian influenza A subtype HIN2 in pouliry in Evolution and adaptation of H5N1 influenza virus in avi-
Pakistan. Vet Rec. 145:560." an and human hosts in Indonesia and Vietnam. Virology
Nagayama A. 2006. Inactivation of influenza A virus by 350(2), 258-68.
gentian violet (GV) and GV -dyed cotton cloth, and bacte- 22. Suarez, D. L. and E. Spackman. 2003. The effect of vari-
rial activities of these agents. ] Infect. Chemother. 12, 73-79. ous disinfectants on detection of avian influenza virus by
Nguyen, D. C, T. M. Uyeki, S. Jadhao, T. Maines, M. real time RT-PCR. Avian Dis. 47, 1091-1095.
Shaw, Y. Matsuoka, C. Smith, T. Rowe, X. Lu, H. Hall, X. 23. Zhou, ]J. Y., H. G. Shen, H. X. Chen, G. Z. Tong, M. Liao,
Xu, A. Balish, A. Klimov, T. M. Tumpey, D. E. Swayne, H. C. Yang and ].X. Liu. 2006. Characterization of a high-
L. P. T. Huynh, H. K. Nghiem, H. H. T. Nguyen, L. T. ly pathogenic HS5N1 influenza virus derived from
Hoang, N. ]. Cox and ]. M. Katz. 2005. Isolation and char- bar-headed geese in China. . Gen. Virol. 87, 1823-1833.
acterization of avian influenza viruses, including highly 24, Webster, R. G, W. J. Bean, O. T. Gorman, T. M.
pathogenic H5N1, from poultry in live bird markets in Chambers and Y. Kawaoka. 1992. Evolution and ecology
Hanoi, Vietnam, in 2001. J. Virol. 79, 4201-4212. of influenza A viruses. Microbiol Rev. 56, 152-179.
Nwachuku, N., C. P. Gerba, A. Oswald and F. D.

22 QYN A5 OB ZRUSFARHI0IZA HEMsl

szl 2k A}

ol g e A 4o 1008) FAG B ZHRAEFAX
P L o] &3 HYMHE LLEHPLEYE *
o] AAHQTD, ¢BE)4 A2ENS Mg stA] ¢S HIN
o] Axte ddA AEA L T YA HINIS zfé}%

(e Je]

72

AR,

s 4=
H5N1, H3N2, H6N1, HIN23 5%1%%’—%}\3}0] HAg BRI 4 AEA

7 }7} MDCK xﬂzoﬂfﬂ F%e A
J2]& HIN2 279 %
HIN

%—T Aol 28

l

AT QU o dAFE FBH 2Egodo)
ZAYT. BBy 2ES
2738 ek 3
MDCKA Z A Z
o] QA=A ket

Qdted =50l € F A

aT
2 =
=

2ozl g as
FAERAR A AE 54

P
p oy
3



