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Abstract Highly pathogenic avian Influenza (HPAI) is an

important zoonotic disease and is becoming a great threat to

poultry industry. India has experienced continual outbreaks

of H5N1 HPAI virus since February, 2006 especially in

Eastern India. Survivability in poultry faeces is an impor-

tant determinant in evaluating the persistence of the virus in

the poultry sheds and their vicinity. In this paper, surviv-

ability of Indian H5N1 HPAI virus in dry and wet poultry

faeces at 42, 37, 24 and 4 �C, respectively is reported. The

effect of different temperatures was determined by linear

regression model and defined in terms of linear equation.

The virus survived up to 18 h at 42 �C, 24 h at 37 �C,

5 days at 24 �C and 8 weeks at 4 �C in dry and wet faeces,

respectively. The coefficients of determination (R2) values

for dry and wet faeces revealed that the difference in viral

persistence in dry and wet faeces at all temperatures was not

very marked. Results of the present study indicated that

H5N1 HPAI virus may remain viable for extended periods

of time in faeces at low temperatures and may act as a long

term source of influenza virus in the environment.

Keywords Avian Influenza � Faeces � H5N1 � Poultry �
Temperature

Introduction

Highly pathogenic avian influenza (HPAI) virus has

become a great threat to poultry and public health because

of its virulence, speed of inter-flock transmission and lack

of prophylactic measures due its variable genetic compo-

sition. In India, the first outbreak of H5N1 avian influenza

was reported in 2006 [7] in Maharashtra, Gujarat and

Madhya Pradesh [20]. However after a successful culling

operation these areas have not encountered any outbreak

since last 4 years [7]. Subsequently in other parts of India,

outbreaks of the HPAI were reported from Manipur [26]

and from Assam, Sikkim and West Bengal [16]. Repeated

outbreaks of the HPAI in West Bengal Assam and Tripura

have since been reported [17, 18].

Aquatic wild birds are the natural reservoir of influenza

viruses [1, 9, 22, 27]. Avian influenza viruses (AIVs)

mainly replicate in the gastrointestinal and respiratory

tracts of the birds and are excreted from the oral cavity,

nostrils, conjunctiva, and cloaca of infected birds [5, 25].

These excretions lead to heavy environmental contamina-

tion and persistence of virus on animate and inmate

objects. Due to the large amount of H5N1 excreted though

poultry faeces, viral persistence in this medium is of great

concern for the spread of the virus and designing control

measures [5].

AIVs are able to survive for fairly long period in bird

faeces [19, 25]. The environmental persistence of virus

depends on many factors such as, local environmental

conditions, viz. temperature, salinity and organic matter

[4]. Several reports suggest that environment may be

contaminated from respiratory secretions and faeces and

may remain infective at ambient temperatures for weeks or

months, even longer in the refrigeration conditions [24].

Isolation of many AIVs subtypes, including H5 has been

reported from unconcentrated surface water [10], mud and

soil swabs and from aquatic birds [14] and environments

where previous outbreaks have been previously docu-

mented [12].
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In India, the disease occurrence showed a pattern that

may be correlated with variation in some environmental

factors.The available reports are inconclusive to determine

the duration of time for which AIV may remain infectious

in faeces. So the present study was designed to assess the

persistence of H5N1 virus in the poultry faeces under

different temperature conditions which are in accordance

with Indian temperature conditions.

Materials and Methods

Virus

Highly Pathogenic Avian influenza virus A\Ck\Sik-

kim\151466\2008H5N1 accessed from repository of

HSADL Bhopal was used in this study. The virus was

propagated in embryonated chicken eggs (ECEs) and

EID50 of the infective allantoic fluid was estimated as per

Reed and Muench method [21]. The EID50 of the stock

virus was estimated to be 1010.33/ml.

Fecal Samples

Fresh fecal sample was collected from SPF chickens

maintained in the SPF unit of the laboratory and was

divided into two parts; one part was used as such as the wet

faeces and another part was dried aseptically in the oven at

50 �C to bring the moisture level below 20 % and used as

the dry faeces. In order to rule out the presence of any

inherent toxicity or infective agent in the fecal sample, both

the dry and wet fecal samples were processed and inocu-

lated in eggs. The eggs were incubated at 37 �C for 5 days.

All the embryos were found to be alive up to 5 days and the

haemagglutination test of harvested allantoic fluids was

negative indicating that the eggs were free from any

infection.

Spiking of the Virus in the Faeces and Titration

of Virus in Virus-Faeces Mixture

The spiking of faeces (dry and wet) was done in order to

ensure a final virus concentration of around 106 EID50/ml,

which is often shed by the infected chickens in the faeces

[8]. Briefly, both dry and wet faeces were spiked with the

original virus (EID50 1010.33/ml, diluted 1:100) in the ratio

of 1 part diluted virus: 1 part faeces and triturated with

mortar pestle to ensure proper mixing. The spiked faeces

were incubated at 37 �C for 30 min to ensure proper

adsorption of the virus to the faeces. EID50 of the virus-

faeces mixture (dry and wet faeces) was estimated as above

[21] and was confirmed to be 106 and 106.5/ml for dry and

wet faeces, respectively.

Temperature Treatments of the Virus-Faeces Mixtures

Survivability of virus in faeces was examined at 24, 37, 42

and 4 �C. Spiked faecal samples (100 mg) were aliquoted

into the 2 ml screw capped vials. Four sets of 30 vials were

made for both dry and wet faeces; each set was stored at

the four different temperatures mentioned above. The

samples at 4 �C were the processed for isolation of virus

every week; 24 �C every 24 h and 37 and 42 �C were

processed every 6 h. Positive control and negative control

for both dry and wet faeces was kept at -80 �C and pro-

cessed along with the treated samples.

Processing of Treated Faeces

After incubation at different temperatures as described

above the spiked fecal samples were processed for virus

isolation by inoculating into ECEs [28] at the specified

time intervals. For each specified time interval, the positive

and negative control faecal samples were also processed

simultaneously for egg inoculation.

Hemagglutination (HA) Test

Twenty-five microlitres of 19 phosphate buffered saline

was dispensed into each well of a plastic V bottomed

microtitre plate (M/s. Greiner, Germany). In the first well

25 ll of harvested allantoic fluid was dispensed and two

fold serial dilutions of virus were made from 1:2 to 1:212.

Further, 25 ll PBS was dispensed in each well and finally,

25 ll of 1 % (v/v) chicken RBCs were dispensed in all the

wells. The last row of the microtitreplate was kept as RBC

control, which was prepared by dispensing 50 ll of PBS

and 25 ll of 1 % chicken RBCs. The plate was gently

tapped for mixing and incubated at the room temperature

(20–25 �C) for 30 min in a biosafety cabinet. The HA titer

was determined by tilting the plate and observing the

presence or absence of tear shaped streaming of the RBCs

against the RBC control. The reciprocal of highest dilution

giving complete haemagglutination (no streaming) was

taken as the end-point HA titer (http://www.oie.int/downld/

AVIAN%20INFLUENZA/A_AI-Asia.him).

HA-negative allantoic fluids were repassaged up to third

passage and tested for HA before considering the allantoic

fluids to be negative for virus isolation. The experiment

was replicated thrice.

Statistical Analysis

The survivability of virus was determined by calculating

the percent infectivity [13] as determined by the percentage

of infected (Haemagglutination positive) embryos out of

the total number of embryos inoculated. The variables
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considered for the statistical analysis consisted of percent

infectivity as dependent variable and time as the indepen-

dent variable. The effect of different temperatures on the

survivability of H5N1 was determined by linear regression

model and defined in terms of linear equation. Coefficient of

determination (R2) indicated the goodness of fit of a model.

Results

Survivability at 42 �C

The duration of survivability was determined in terms of

the percent infectivity to the ECEs in first passage and

recovery of the virus in subsequent passages as described

earlier [13]. The virus lost 60–65 % infectivity within 12 h

of incubation (Table 1) and could not be detected in first

passage after 12 h, on second passage the virus was

recovered up to 18 h but after 18 h virus was not detected

by HA test as well as in RT-PCR [11] and real time RT-

PCR even after the third passage. The linear regression

analysis indicated that the expected survival of virus was

21 h against the observed value of 18 h. The coefficients of

determination (R2) values for dry and wet faeces were

estimated to be 0.9486 and 0.9446, respectively, indicating

that the difference in the expected values and the observed

values of the virus in dry and wet faeces at 42 �C was not

significant (Table 3).

Survivability at 37 �C

At 37 �C, virus lost 80–85 % infectivity within 18 h in first

passage. On second passage the virus was recovered only

up to 24 h (Table 1). The regression analysis showed that

virus was inactivated faster at 37 �C as the observed sur-

vival of virus was 24 h for both dry and wet faeces and it

was consistent with expected value of 30.6 and 26.27 h, in

dry and wet faeces, respectively. The coefficients of

determination (R2) values for dry and wet faeces were

estimated to be 0.7439 and 0.9311, respectively (Table 3).

Survivability at 24 �C

At 24 �C, the virus was detected only up to 4th day in both

dry and wet faeces after the first passage and the virus lost

about 80 % infectivity within 4 days (Table 2). However

the virus was recovered up to 5 days in dry and wet faeces

in second passage. The virus was not detected after 5 days

in both dry and wet faeces even after the third passage.

Linear regression analysis indicated that the expected sur-

vival of virus was 5.7 days in dry and 5.9 days in wet

faeces against the observed value of 5 days. The coeffi-

cients of determination (R2) values for dry and wet faeces

were estimated to be 0.9393 and 0.9402, respectively

indicating that the difference in the expected values and the

observed values of the virus in dry and wet faeces at 24 �C

was not significant (Table 3).

Survivability at 4 �C

At 4 �C the virus was found to survive up to 8 weeks in dry

and wet faeces. In first passage the virus was recovered up

to 7th week in dry and up to 6th week in wet faeces. The

virus lost 80 % infectivity on 6th week in wet faeces and

90 % infectivity on 7th week in dry faeces (Table 2). After

8 weeks virus could not be recovered in subsequent pas-

sages. Regression analysis indicated very less difference in

expected survival value and observed value and was cor-

roborated by the R2 values of 0.9526 and 0.9299, for dry

and wet fecal samples, respectively. The estimated duration

of persistence was 8.5 weeks in dry and 8.85 weeks in wet

faeces against the observed value of 8 weeks (Table 3).

Discussion

Environmental temperature plays a very important role in the

survivability of the Avian Influenza virus. India is a tropical

country and the environmental temperature varies in the

range of 24–42 �C in many parts of the country. Surviv-

ability of the H5N1 virus in wet and dry faeces at different

temperatures i.e., 4, 24, 37 and 42 �C was studied, which

corresponded to the range of environmental temperatures

encountered at various geographical locations in the country.

In this study, virus was observed to have survived for only up

to 24 and 18 h at 37 and 42 �C, respectively and up to 5 days

and at 24 �C in both wet and dry faeces. Survivability of virus

in poultry manure at the ambient temperature as reported by

various workers has shown a lot of divergence. The findings

of the present study were in agreement with previous

observations [13] wherein loss of infectivity of AIV H7N2

was reported within 24 h at the temperatures ranging from

30–37 �C in commercial chicken manure and at 15–20 �C

within 2–23 days. Survivability of the virus in the present

Table 1 Percent infectivity of H5N1 avian influenza virus in dry and

wet faeces at 42 and 37 �C

Time (h) 42 �C 37 �C

0 Dry Wet Dry Wet

6 100 100 100 100

12 73.4 66.7 73.4 57.2

18 40 35.8 73.4 46.7

24 0 0 14.4 21.4

30 0 0 0 0

36 0 0 0 0
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study at 37 and 42 �C was however, considerably higher than

that observed by Songserm and coworkers [23], who repor-

ted that the H5N1 virus was inactivated within half an hour at

these temperatures in the presence of sunlight and up to

4 days in shade at 25–32 �C. This implies that exposure of

the virus infected faeces to sunlight could result in hastened

inactivation process due to faster drying and radiation effects

of the sunlight. In contrast, Chumpolbanchorn et al. [6] found

that the H5N1 virus could not be recovered after 24 h at

25 �C in chicken manure. In contrast, Beard and his

coworkers [2] reported that HPAI (H5N2) at 25 �C could be

detected even after 7 days. The contrasting and varying

observations regarding the effect of temperature on virus

survivability during the present study and those reported by

various workers implies the complexity of the factors influ-

encing the virus survivability in the chicken faeces. The

organic content of the faecal material, amount of moisture,

exposure to the sunlight, residual disinfecting chemicals may

all play a role in avian influenza virus survivability.

Linear regression analysis of the virus infectivity in the

embryonated eggs indicated that the observed persistence

of the virus did not deviate from the expected values for all

the temperatures The linear regression model indicated that

the difference in the persistence of the virus in dry and wet

faeces at all temperatures was not very marked and there

was a negative correlation between the virus survival and

temperature and the virus was highly susceptible to the

higher temperature.

Analysis of outbreaks of H5N1 avian influenza in

Eastern India indicated that favorable climatic conditions

could have ensured the persistence of the virus and could

be one of the major reasons for repeated outbreaks. The

temperatures in the western India reach as high as 45 �C

during the summer season and is also very dry. In contrast,

the temperatures in eastern region of the country hover

around 35 �C even in the peak summer season. In addition,

almost all the outbreaks had been reported during the peak

winter months where the temperatures are considerably

low in the region. Favorable temperature coupled with high

humidity in the region makes it more conducive for the

longer persistence of the virus in the environment [6].

The mechanism of the effect of temperature is not

clearly understood. It may kill or disable the viruses by two

possible ways. High temperature may alter the envelope or

damage the proteins and nucleic acid. Enveloped viruses

can be rendered harmless when their envelope is destroyed,

because the virus no longer has the recognition sites nec-

essary to identify and attach to host cells [29]. High tem-

peratures also denature the proteins, and can result in fatal

mutations or can halt the process of protein synthesis, by

damaging RNA [3]. The positive correlation between the

colder temperatures and the persistence of the virus has

been comprehensively established [2]. Extremely low

temperatures in the environment results in the prolonged

survivability of the virus and enhances the risk of recurrent

bouts of outbreaks in the same geographical regions. Per-

sistence studies of the virus at 48 C was carried out for two

reasons; one was to see the effect of low temperature

environment on the survivability of the virus, and the other

was to see the feasibility of the isolation of the virus from

Table 2 Percent infectivity of

H5N1 avian influenza virus in

dry and wet faeces at 24 and

4 �C

Type of

faeces

Temperature Time

(days)

Percent

infectivity

Temperature Time (weeks) Percent

infectivity

Dry 24 �C 0 100.0 4 �C 0 100.0

Wet 100.0 100.0

Dry 1 78.6 1 100.0

Wet 80.0 100.0

Dry 2 57.2 2 90.0

Wet 66.8 93.4

Dry 3 46.7 3 84.8

Wet 42.8 74

Dry 4 21.5 4 60.0

Wet 21.5 60.0

Dry 5 0 5 40.0

Wet 0 33.34

Dry 6 0 6 33.34

Wet 0 20.0

Dry 7 0 7 10.0

Wet 0 0

Dry 8 0 8 0

Wet 0 0
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the fecal samples that are generally stored at 4 8C in the

laboratories. In this study the virus survived up to 8 weeks

at 4 �C in both wet and dry faeces. The results are in

agreement with observation of previous studies [2] that

showed that the infectivity of H5N2 virus at 4 �C could be

detected after 35 days. The regression analysis indicated

very less difference in expected survival value and

observed value and was corroborated by the R2 values of

0.9299 and 0.9526, for dry and wet fecal samples,

respectively. The regression analysis also indicated very

less difference in the persistence of virus in wet and dry

faeces. Lu et al. [13] reported that AIV H7N2 retained its

infectivity at refrigeration temperature for more than

20 days in experimental field chicken manure.

The variation in the fecal contents, storage conditions of

the samples, exposure to environmental factors, such as

humidity, sunlight, etc., can all play a role in the variation

observed as regards to the survivability of the virus [23].

The survivability depends on the medium in which the

virus is present. The present study showed that persistence

of virus in the water greatly differs from that in faeces, as

in many studies it was reported that the virus survives

longer in the water. The AIVs persisted in distilled water

from 126 to 207 days at 17 �C to 30–102 days at 28 �C

[24]. Another study indicated that a H7N3 subtype pre-

served its infectivity when incubated at 4 �C for 35 days

[15]. One important consideration in this aspect from the

epidemiology point of view could be the close association

of the persistence of virus in the faeces and the water

bodies present in the many parts of the country.

Our study did not show significant difference in the

survivability of the virus in wet and dry faeces. This may

be due to small amount of the sample taken which might

lead to rapid dehydration of the faeces during incubation.

However in large amounts, moisture may protect the virus

in wet faeces and survival may be longer in the wet faeces

than the dry faeces [6].

The observations of the present study that virus in

poultry faeces is susceptible to inactivation within 1 day of

the exposure at the temperatures of 37 and 42 �C indicates

the usefulness of the hot summer months in many parts of

the country where these levels of temperatures are main-

tained for more than 3 months. In addition to the successful

culling and post culling operations, non recurrence of

outbreaks in Western India Maharashtra, Gujarat and

Madhya Pradesh after 2006 could partly be due to

exceedingly high environmental temperature (up to 45 �C)

in the summer that followed the outbreak in February. Such

high temperatures could have inactivated any residual virus

that may be present in the area. In contrast, repeated out-

breaks of HPAI in West Bengal, Assam and Tripura

[16–18] could be correlated with presence of large number

water bodies and favourable environmental conditions i.e.

lower temperature and humidity that might have played a

role in persistence of the virus in the environment. To

control influenza outbreaks or a pandemic, it is of utmost

importance to identify and characterize the different factors

and biological properties of avian strains that could pro-

mote influenza virus persistence and transmission.
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