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  ABSTRACT   The survival rate of Korean H5N1 highly 
pathogenic avian influenza (HPAI) viruses was inves-
tigated at different temperatures under the laboratory 
conditions. The estimated survival days for a starting 
viral concentration of 106.5 50% egg infectious dose/0.1 
mL were 930, 1,042, and 3,213 d at 4°C; 226, 232, and 
293 d at 20°C; and 51, 55, and 58 d at 30°C for A/
chicken/Korea/ES/03, A/chicken/Korea/IS/06, and 
A/chicken/Korea/Gimje/08 (Gimje/08) viruses, re-

spectively. The stability of the Gimje/08 virus was sta-
tistically significant compared with the other 2 viruses 
except for the data between Gimje/08 and A/chicken/
Korea/IS/06 virus at 30°C. This result indicated that 
the survival rate of 3 Korean HPAI viruses is different 
at various temperatures, which might have partially in-
fluenced the large scale of HPAI outbreak in Korea in 
2008. 
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  INTRODUCTION 
  Avian influenza viruses are classified in the family 

Orthomyxoviridae, genus Influenzavirus A. Avian influ-
enza viruses are relatively unstable in the environment 
and have lipid envelopes readily inactivated by physi-
cal factors, organic solvents, and detergents (Swayne 
and Halvorson, 2003). In the field, however, influenza 
viruses are protected by organic material such as na-
sal secretions or feces, which increase the resistance to 
physical and chemical inactivation (Swayne and Hal-
vorson, 2003). 

  The survival of the influenza viruses outside the 
host is significantly affected by several environmental 
parameters, such as RH, UV radiation, salinity, and 
temperature (Brown et al., 2007, 2009; Weber and Stili-
anakis, 2008; Shahid et al., 2009; zuk et al., 2009). The 
lower winter temperature has been considered as the 
main factor behind the seasonality of influenza preva-
lence (Lowen et al., 2007). However, the survival rate of 
the influenza virus at different temperatures varied be-
tween individual viruses (Brown et al., 2007). Although 
the outbreaks of 2003-2004 and 2006-2007 occurred in 
winter, the 2008 outbreak of highly pathogenic avian 

influenza (HPAI) in Korea occurred in the spring and 
was at a greater scale compared with previous outbreaks 
(Lee et al., 2005, 2008; Kim et al., 2010). There was the 
possibility that the temperature stability of individual 
viruses might have influenced the season and scale of 
outbreaks. Therefore, in this study, we investigated the 
survival rate of HPAI viruses at different temperatures 
using representative Korean H5N1 HPAI viruses from 3 
previous outbreaks in 2003-2004, 2006-2007, and 2008 
for the evaluation of the temperature stability of indi-
vidual HPAI viruses. 

  MATERIALS AND METHODS 

  Viruses 
  Three representative Korean H5N1 HPAI viruses were 

used in this study: A/chicken/Korea/ES/03 (H5N1) 
(ES/03), A/chicken/Korea/IS/06 (H5N1) (IS/06), 
and A/chicken/Korea/Gimje/08 (H5N1) (Gimje/08), 
which were identified by the National Veterinary Re-
search and Quarantine Service of South Korea. Viruses 
were propagated in 9- to 11-d-old specific-pathogen-free 
chicken eggs. 

  Infectivity Assays 
  For the infectivity assay, each virus sample (infected 

allantoic fluid) was diluted with PBS to 106.5 50% egg 
infectious dose (EID50)/0.1 mL and aliquoted into 100 
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Figure 1. Linear regression models for the survival rate of 3 highly pathogenic avian influenza (HPAI) viruses at (a) 4°C and (b) 20°C. The 
symbols represent each HPAI viruses [◊ = A/chicken/Korea/ES/03 (ES/03); □ = A/chicken/Korea/IS/06 (IS/06); ▲ = A/chicken/Korea/
Gimje/08 (Gimje/08)]. TCID50 = 50% tissue culture infectious dose.
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vials and stored at 4, 20, and 30°C in a water bath. 
Virus infectivity was quantified via microtiter endpoint 
titration using primary chicken embryo fibroblast cells 
as described previously (Brown et al., 2007). The virus-
es of each temperature were tested at 3- or 4-d intervals 
until 42 d poststorage (dps). After 42 d, different tem-
perature groups were sampled as follows: the viruses of 
4°C were tested at 56, 119, and 279 dps; the viruses of 
20°C were tested at 56, 87, 119, 156, 248, and 297 dps; 
and the viruses of 30°C were tested at 49 and 56 dps. 
Each virus sample was diluted 10-fold with minimum 
essential medium and inoculated with 5 replicates in 
chicken embryo fibroblast cells in a 96-well microplate. 
Plates were incubated at 37°C under 5% CO2 for 96 h. 
Examination for cytopathic effects was performed with 
an inverted microscope.

Statistical Analysis

To assess the effect of days poststorage on virus titer, 
linear regression analysis was performed. A total of 9 
different models were estimated according to tempera-
ture and viruses. Goodness of fit for these regression 
models was assessed with deviance, Pearson χ2, and 
coefficient of determination (R2). Predictions from the 
regression model and the observed values of virus titers 
were plotted on a log10 scale according to days post-
storage.

Distributions of titers for each virus were compared 
using the least squares method in a GLM. The model 
was adjusted for days poststorage. Pairwise compari-
sons were done between ES/03, IS/06 versus Gimje/08, 
respectively, for the 3 temperature (4, 20, and 30°C). 
Statistical analysis was performed with PAWS 17.0 
(SPSS Korea, Seoul, South Korea).

RESULTS AND DISCUSSION
Using linear regression models, we approximated 

the survival days of 3 HPAI viruses at different tem-
peratures (Table 1; Figure 1). We estimated the 90% 
reduction days of viral titers and the remaining days 
of viral infectivity with linear regression models. The 
estimated days of 90% reduction titers from initial vi-
ral concentration (from 106.5 to 105.5 EID50/0.1 mL; 1 
log10) were 139, 153, and 485 d at 4°C; 23, 31, and 45 d 
at 20°C; and 4, 7, and 9 d at 30°C for ES/03, IS/06, and 
Gimje/08, respectively. The estimated survival days for 
a starting viral concentration of 106.5 EID50/0.1 mL 
were 930, 1,042, and 3,213 d for ES/03, IS/06, and 
Gimje/08, respectively, at 4°C. The estimated survival 
days were 226, 232, and 293 d at 20°C and 51, 55, 
and 58 d at 30°C with ES/03, IS/06, and Gimje/08, 
respectively. Coefficients of determination (R2) values 
for these linear models ranged from 0.80 to 0.98 with 
the exception of the Gimje/08 virus at 4°C (Table 1), 
which indicates that individual models accounted for 
80 to 98% of observed variation in data. Except for the 
data of the Gimje/08 virus at 4°C, all of the other data 
had statistically significant (P < 0.001) relationships 
between virus titers and survival days at each temper-
ature via GLM. All Korean HPAI viruses were more 
stable at lower temperatures, as described in previous 
reports (Stallknecht et al., 1990a,b; Brown et al., 2007, 
2009; Weber and Stilianakis, 2008; Shahid et al., 2009; 
zuk et al., 2009; Wanaratana et al., 2010).

The stability of influenza viruses at specific tempera-
tures was initially reported through the finding that 
influenza viruses retain infectivity in fecal material in 
nonchlorinated water for at least 30 d at 4°C and for 7 d 
at 20°C (Webster et al., 1978). The estimated survival 
days of our study were much longer than previously re-

Table 1. Survival pattern of 3 different H5N1 highly pathogenic avian influenza viruses isolated in Korea according to days poststor-
age (dps), estimated using linear regression model 

Virus1

Regression model2

P-value3

Time (d) 

Slope Intercept R2 90% reduction4 Survival days5

4°C
 ES/03 −0.0069 6.46 0.81 0.02 139 930
 IS/06 −0.0069 6.45 0.80 0.03 153 1,042
 Gimje/08 −0.0020 6.48 0.22 — 485 3,213
20°C
 ES/03 −0.0268 6.08 0.95 <10−3 23 226
 IS/06 −0.0272 6.34 0.97 0.002 31 232
 Gimje/08 −0.0222 6.49 0.96 — 45 293
30°C
 ES/03 −0.1144 5.92 0.97 <10−3 4 51
 IS/06 −0.1144 6.33 0.98 0.05 7 55
 Gimje/08 −0.1112 6.49 0.96 — 9 58

1ES/03 = A/chicken/Korea/ES/03; IS/06 = A/chicken/Korea/IS/06; Gimje/08 = A/chicken/Korea/Gimje/08.
2Linear regression model, virus titer = (dps) slope + intercept.
3Estimated with least squares means in a GLM. Pairwise comparisons were done between ES/03, IS/06 versus Gimje/08, respectively, for the 3 

temperatures (4, 20, and 30°C).
4Days to reduce the starting viral concentration by 90% (1 log10).
5Estimated survival days for a starting viral concentration of 106.5 50% egg infective dose/0.1 mL.
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ported (Stallknecht et al., 1990a,b; Brown et al., 2007). 
It appears that the results by Webster et al. (1978) 
were based on fecal material instead of infected allanto-
ic fluid, which may account for the variation in results. 
Moreover, we eliminated other environmental factors 
such as humidity, UV radiation, and salinity under the 
laboratory conditions. Therefore, in field environmental 
conditions, the survival days can be reduced by other 
physical and chemical factors or can be extended by 
protecting organic materials.

One of the purposes of this study was to investigate 
whether the Gimje/08 virus was more stable in higher 
temperature compared with other HPAI viruses be-
cause the 2008 HPAI outbreaks in Korea occurred in 
the spring, unlike the previous 2 outbreaks, which oc-
curred in the winter. Our study showed that although 
reduction of the survival of the virus was largely depen-
dent on increasing temperature, the survival rate was 
variable between individual HPAI viruses. To examine 
the influence of individual viruses on virus titers and 
survival days, the Gimje/08 virus was compared with 
ES/03 and IS/06 viruses using pairwise comparison 
(Table 1). In our study, with the exception of the data 
between Gimje/08 and IS/06 virus at 30°C, the stability 
of the Gimje/08 virus compared with the other 2 virus 
was statistically significant (P < 0.05). This was consis-
tent with previous reports that the survival of influenza 
virus was significantly influenced by temperature and 
was also variable depending on the virus (Stallknecht 
et al., 1990a,b; Brown et al., 2007). Although the main 
reasons behind this enormous outbreak include the con-
centration of poultry farms in a small area and involve-
ment of the live bird market as described by Kim et 
al. (2010), our results suggested that the temperature 
stability feature of the Gimje/08 virus might have in-
fluenced the large-scale epidemic of HPAI in the spring 
season of 2008.
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