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To determine resistance of highly pathogenic avian in-
fl uenza (H5N1) virus to chlorination, we exposed allantoic 
fl uid containing 2 virus strains to chlorinated buffer at pH 7 
and 8, at 5°C. Free chlorine concentrations typically used in 
drinking water treatment are suffi cient to inactivate the virus 
by >3 orders of magnitude. 

Growing concerns about the public health threat posed 
by highly pathogenic avian infl uenza (HPAI) subtype 

H5N1 has prompted interest in evaluating environmental 
control measures for this virus. The World Health Orga-
nization has noted that more information is needed on the 
effectiveness of inactivation of subtype H5N1 in water (1). 
Since 2002, HPAI (H5N1) has been reportedly isolated 
from >50 different wild avian species, mainly aquatic birds 
in the order Anseriformes (2). Experimentally infected wa-
terfowl shed moderate to large quantities of the virus in their 
feces and respiratory secretions (3,4). HPAI viruses can 
persist in simulated water environments, although gener-
ally for shorter periods than low pathogenic avian infl uenza 
viruses (5,6). Open bodies of water, including drinking wa-
ter reservoirs, can become contaminated by birds that are 
actively shedding virus or by waterfowl carcasses. Surface 
runoff also represents a potential source of contamination 
for groundwater. In terms of avian health, drinking water 
has been implicated in the transmission of avian infl uenza 
among domestic poultry (6–8).

Chlorination represents the most common form of dis-
infection used in water treatment. Most published reports 
on virus inactivation in water have dealt with enteric vi-
ruses, and government guidelines for water treatment have 
focused on this group. Despite general acceptance that 
the outer lipid envelope associated with infl uenza viruses 
would make them susceptible to chlorination, no published 
reports specifi cally address the effect of chlorine on the 
H5N1 subtype of avian infl uenza.

The Study
Two clade 2 strains of HPAI (H5N1) virus were used 

in this study (9): 1 isolated from domestic poultry, A/chick-
en/Hong Kong/D-0947/2006 (courtesy of K. Dytring; Ag-
riculture, Fisheries and Conservation Department, Hong 
Kong Special Administrative Region of China) (10), and 
1 from a wild swan, A/WhooperSwan/Mongolia/244/2005 
(3). The infectious virus was propagated in embryonated 
eggs of specifi c pathogen-free (SPF) leghorn chickens (11), 
and infective amnioallantoic fl uid was harvested 96 h after 
inoculation.

Inactivation experiments were conducted as previ-
ously described (12). The initial chlorine level was cho-
sen to achieve a chlorine residual that would be typical of 
drinking water after satisfying the initial chlorine demand 
of the amnioallantoic fl uid. Briefl y, virus-infected allantoic 
fl uid was diluted (1:1,000) into continuously stirred, chlo-
rinated, chlorine demand–free phosphate buffer (0.05 M, 
pH 7.0 and 8.0). Chlorine measurements were made im-
mediately before the chlorine was neutralized by the addi-
tion of 0.1 mL of sodium thiosulfate (10% w/v). Separate 
reaction vessels were used for each exposure time. Reac-
tion vessels containing only the virus and buffer without 
chlorine served as controls for determination of virus titers 
in the absence of chlorine and were assayed at the end of 
the longest exposure time period (60 s). Negative buffer 
controls without virus or chlorine were also included. All 
test and control samples were treated in the same manner. 
Preliminary investigations indicated that the virus can be 
readily inactivated at room temperature (data not shown). 
To slow the rate of inactivation, experiments were con-
ducted at 5°C.

The infectivity of the samples was quantifi ed by us-
ing microtiter endpoint titration (6), and virus titers were 
expressed as median 50% tissue culture infectious dose 
(TCID)50/mL (13). Primary cultures of chicken embryo fi -
broblasts prepared from 9- to 11-day-old SPF chicken em-
bryos were used in these assays. Virus-infected cells were 
incubated at 37oC under 5% CO2 for 96 h and examined 
by light microscopy for cytopathic effect (CPE). Culture 
plates were stained with 1% (w/v) crystal violet in 10% 
(v/v) neutral-buffered formalin for further examination. 
Failure to produce CPE indicated that the virus was not 
capable of infecting the cells. The neutralized buffer con-
trol without virus did not cause CPE. All experiments were 
conducted in duplicate under Biosafety Level 3 agricultural 
conditions.

Inactivation levels were determined by comparing 
the log10 transformed TCID50/mL virus titers in the control 
samples with the titers in the chlorine-exposed samples. 
The lowest detectable virus titer was 2.17 log10 TCID50/mL, 
independent of pH or virus strain. Ct values (the chlorine 
concentration, C [mg/L], multiplied by the exposure time, 
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t [min]) were used to determine the rate of inactivation 
for the 2 pH levels. Ct values are commonly used to make 
disinfection recommendations for water treatment and pro-
vide a means for comparing biocidal activity for various 
microorganisms (14). Ct values were plotted against log10 
virus titers to determine Ct values for a given level of inac-
tivation (Table 1).

The results of the chlorination experiments (Table 2) 
represent the means of duplicate experiments differing by 
<0.10 mg/L of free available chlorine. Initial titers of all 
virus preparations yielded log10TCID50/mL values >5.26, 
which enabled Ct calculations for inactivation over sev-
eral orders of magnitude. The A/chicken/Hong Kong/
D-0947/2006 strain preparations exhibited a slightly higher 
chlorine demand, ≈1.5 mg/L after 1 min, compared with 
1.0 mg/L for the A/WhooperSwan/Mongolia/244/2005 
strain during the same time interval. As anticipated, inacti-
vation was slower at pH 8.0 than at pH 7.0. Table 1 lists the 
mean Ct values (mg-min/L) required to achieve 1, 2, and 
3 orders of magnitude inactivation for both strains at the 

2 pH levels. Covariance analysis of the decay coeffi cients 
indicated no signifi cant difference in the inactivation of the 
2 virus strains at pH 8.0 (p = 0.10). Rapid inactivation at pH 
7.0 did not allow for statistical evaluation.

Conclusions
The results of this study confi rm that avian infl uenza 

(H5N1) is readily inactivated by chlorination. Although 
the viral inoculum exerted a considerable initial chlorine 
demand, the maintenance of a free chlorine residual (0.52–
1.08 mg/L) was suffi cient to inactivate the virus by >3 or-
ders of magnitude within an exposure time of 1 minute. 
Chlorine demand would also be anticipated when the virus 
is associated with fecal material. These fi ndings indicate 
that the ability to compensate for an initial chlorine demand 
followed by exposure to a relatively low level of free chlo-
rine for a short time is suffi cient to inactivate the virus by 
chlorination. For drinking water disinfection at conditions 
similar to those used in this study, the US Environmental 
Protection Agency specifi es free chlorine Ct values of 6 
and 8 mg-min/L to achieve enteric virus inactivation of 3 
and 4 orders of magnitude, respectively (14). According to 
our results, these Ct values would be more than suffi cient 
to inactivate HPAI (H5N1) in the water environment. The 
information on chlorine disinfection presented here should 
be helpful for developing risk management procedures re-
garding the role of water in the transmission of the virus to 
humans and poultry.
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Table 1. Ct values (mg-min/L) for inactivation of HPAI (H5N1) 
virus by free chlorine at 5ºC* 

Log10 inactivation 
Strain pH 1.0 2.0 3.0
Hong Kong† 7 0.14 0.27 0.41

8 0.26 0.53 0.79
Mongolia‡ 7 0.13 0.26 0.39

8 0.23 0.46 0.68
*Ct, 0.5(C0 + C0.5)/2 + C0.5 [1–exp (–k (t–0.5))]/k, where C0 = chlorine 
concentration at time zero (mg/L); C0.5, chlorine concentration at 0.5 min 
(mg/L); k, exponential chlorine decay rate; t = time (min). HPAI, highly 
pathogenic avian influenza. 
†A/chicken/Hong Kong/D-0947/2006. 
‡A/WhooperSwan/Mongolia/244/2005. 

Table 2. Inactivation of HPAI (H5N1) virus by free chlorine at 5°C* 

Strain pH Time, s 

Free
chlorine,

mg/L

Virus titer 
log10

TCID50/mL
Log10

reduction
Hong Kong† 7 0 2.08 5.32 NA 

15 ND <2.17 >3.15
30 0.65 <2.17 >3.15
60 0.52 <2.17 >3.15

8 0 2.08 5.70 NA
15 ND 3.88 1.82
30 0.76 2.67 3.03
60 0.59 <2.17 >3.53

Mongolia‡ 7 0 1.86 5.26 NA
15 ND <2.17 >3.09
30 0.85 <2.17 >3.09
60 0.77 <2.17 >3.09

8 0 2.04 5.53 NA
15 ND 3.39 2.14
30 1.10 <2.17 >3.36
60 1.08 <2.17 >3.36

*HPAI, highly pathogenic avian influenza; TCID50, median 50% tissue 
culture infectious dose; NA, not applicable; ND, not determined. 
†A/chicken/Hong Kong/D-0947/2006. 
‡A/WhooperSwan/Mongolia/244/2005. 
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