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Abstract: Dry and wet litters were spiked with the virus to determine the survivability of the virus in litter at 4,37,40,56 and
70°C.
Infected litter packets were exposed to 4°C, 28°C and 56°C, respectively, for different time intervals (½, 12, 24, 48 hr) to
determine the infectivity and haemaglutination activity of the virus. The results were revealed that:
(1)The virus in water was inactivated after 24 hr at 28 and 37 °C and at 40 °C after 60 min. At 56°C the virus lost its
infectivity within 5-15min .At 70oC the virus was killed in a short time and after only 5 minutes of incubation and could not be
recovered.
(2) The results from the pH inactivation test showed that none of the pH levels (5 and 9) were able to inactivate the tested
H5N1 virus following the exposure of 5 min, 10 min and 1 hr.
(3) Litter exposed to 37 oC for ½, 12, 24, 48 hr , all embryos were dead within 48 hr of incubation and all the harvested
allantoic fluid showed haemagglutination ( HA test) were 210,26,25,24 ,respectively.
(4) At 4 °C, the virus was detected up to 30 th day in wet litter only but the virus lost about50 % infectivity
At 37 °C, virus lost 33.32–33.32% , 66.62- 50% infectivity within 12 hr and 24 hr exposure in dry litter, respectively.
Keywords: HPAI H5N1,Physical environment, Infectivity, Haemagglutination, survivability.
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AI viruses can survive in cool and moist conditions,
particularly when organic material is present [5]. Under field
conditions virus has been shown to survive in river water and
faeces [6, 7, 8, 9]. Also, it can survive in the environment for
6 days at 37 ºC [10].

1. Introduction
The AIVs subtype H5N1, belonged to the family
Orthomyxoviridae, genus Influenza A, are negative single
stranded, enveloped RNA viruses. The H5N1 virus also
poses a significant threat to human health as this virus has
been shown to be able to infect humans [1,2] .In order to
limit the animal and human health impact, it is of crucial
importance that H5N1 virus infection in poultry is controlled
and eradicated [3,4].
Highly pathogenic avian influenza (HPAI) is a highly
infectious viral disease that affects a wide range of bird
species. Clinical signs of the disease depend on the strain and
subtype of virus and the species of bird infected. Avian
influenza (AI) is classified according to disease severity, with
two recognized forms: HPAI, also known as fowl plague, and
low-pathogenic avian influenza (LPAI).

For the highly pathogenic form, studies have shown that fecal
material from infected birds may contain up to 16 x 10 6
virions/gm of faeces and one gram contains enough viruses to
infect one million birds [11]. Proper sanitation and
biosecurity cannot be over emphasized; they are the first line
of defense against avian influenza virus (AIV). Thus, all
methods for preventing and controlling the spread of AI V
are related to controlling the contamination of houses,
equipment, wastes and personnel.
One important consideration in this aspect from the
epidemiology point of view could be the close association of
the persistence of virus in the litter and the water bodies
present in the many parts of the poultry farms.

Flu viruses are well-protected from inactivation by organic
material and infectious virus can be recovered from manure
for up to 105 days, especially in high moisture and low
temperature conditions.
9
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Therefore, the objective of the present study was to
determine the survivability of Egyptian H5N1 under various
temperatures and different levels of pH and contaminated
poultry litter.
2. Materials and Methods

incubated at 37°C for 24 h to check sterility. AAF was
diluted in peptone water to have 4 HA unit titer. It was
divided into aliquots in sterilized glass vials with 4 ml each.
Chicken litter was packed in quantities of 300 g in autoclaved
bags and incubated at 121 °C for 60 min. To determine the
moisture content of the chicken litter, 100 g were weighed
before and after drying. 300 grams of sterile chicken litter
were placed under sterile conditions into sterile plastic boxes
with lids. The chicken litter was contaminated with 4 ml of
allantoic fluid of H5N1 diluted in 11 ml of sterile DMEM,
which resulted in a titer of 108.35 EID50/300 g chicken litters.
The packets were exposed to 4°C, 28°C and 56°C,
respectively, for different time intervals ( ½, 12, 24, 48 hr ).
1) Effect of wet and dry conditions on survival of AIV
(H5N1) under variable temperatures in wet and dry litter

Virus
H5N1 isolated in Egypt 2012: Phylogenetic analysis of the
HA1 of the two isolated HPAI H5N1 strains {KC699547
[Influenza
A
virus
(A/duck/Egypt/VRLCUR11/2012(H5N1)]. The virus was isolated from infected
duck flock during recent AI outbreaks in Egypt.
Virus propagation
H5N1 virus was propagated in 11 day old chicken
embryonated eggs (CEE) where, tenfold virus dilutions were
inoculated into 11-day-old chicken embryonated eggs in sixreplications and then incubated in a 37 °C humidified
incubator and candled twice a day for 7 days. The virus titers
determined from the allantoic fluid (AF) as ELD50/ml and
evaluated [12]
Haemagglutination (HA) test
HA was carried out for standardization of AI antigen used in
HI test to 4 Haemagglutination units (HAU); as
recommended by [12].

Fresh chicken litter was collected and packed in quantities of
1 g in autoclaved bags and incubated at 121 °C for 60 min.
The packed were divided into two parts; one part was used as
such as the wet litter and another part was dried aseptically in
the oven at 50 °C to bring the moisture level below 20 %
and used as the dry litter.
Spiking of the Virus in litter
The spiking of litter (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 .
Both dry and wet litter were spiked with the original virus
(EID50 1010.33/ml, diluted 1:100) in the ratio of 1 part diluted
virus: 1 part litt and triturated with mortar pestle to ensure
proper mixing [17].
Survivability of virus in litter was examined at 4,37,40,56
and 70°C. Spiked litter samples (1 g) were aliquoted into the
4ml screw capped vials. Five sets of 30 vials were made for
both dry and wet litter; each set was stored at the five
different temperatures mentioned above. Positive control and
negative control for both dry and wet litter was kept at −80
°C and processed along with the treated samples.

Temperature inactivation
The H5N1 virus was subjected to the conditions of various
temperatures. The tested protocol was modified from [13].
Briefly, the H5N1 viruses were added into 15 ml-sterile
screw-capped, polypropylene centrifuge tubes and placed in a
water bath at various temperatures, including 28, 37, 40 , 56
and 70 º C, for 5, 15, 30, 45 and 60 min. Following the
incubation, 0.1 ml of all treated samples was inoculated into
11-day-old CEE in six-replications and followed the
previously described protocol [14].

3. RESULTS AND DISCUSSION

pH inactivation

The virus was inactivated after 24 hr at 28 and 37 °C and at
40 °C after 60 min. At 56°C the virus lost its infectivity
within 5-15min [18].
At 70oC the virus was killed in a short time and after only 5
minutes of incubation and could not be recovered [7].
On the other hand, we recorded that the virus completely
inactivated within 30 min after direct sunlight exposure at an
environmental temperature of 32 to 35°C.
pH inactivation

The H5N1 viruses were subjected to the conditions of
various pH. The tested protocol was modified from [15].
Briefly, infectious AF containing H5N1 viruses with adjusted
pH to2, 5, 9 ,10 and 13, using sodium hydroxide (NaOH) or
hydrochloric acid (HCl) was incubated for 1 ,12 and 24 hr at
room temperature. Following the incubation period, 0.1ml of
all treated samples was inoculated into 11-day-old CEE in
six-replications and followed the previously described
protocol.
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 [16].

The effect of pH condition on the infectivity of H5N1 viruses
is summarized in Table 2. The pH of 5, 9 and 10 had no
effect on the infectivity of the H5N1 viruses regardless of the
tested contact time.
The results from the pH inactivation test in this study showed
that none of the pH levels (5 and 9) were able to inactivate
the tested H5N1 virus following the exposure of 5 min, 10
min and 1 hr. While, a pH 2 and 13 were able to inactivate
the tested H5N1 virus following the exposure of 5 min ,10
min and 1 hr [19,16,20] .

Effects of temperature on survival and virus titre of AIV
(H5N1) in litter
The preserved virus was cultivated in 9 to11-day-old
embryonated chicken eggs. Harvested amnioallantoic (AAF)
fluid was titrated on the basis of haemagglutination (HA)
potential. Peptone water was prepared, autoclaved and
10
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Table 1.Temperature inactivation of the virus at28, 37, 40, 56 and 70 º C, for 5, 15, 30, 45, 60 m 24hr.in and
Exposure
time(min)

Infectivity (%)
28Cº

Temp

37 Cº

40Cº

56Cº

70 Cº

5

6/6

6/6

4/6

1/6⃰

0/6⃰

15

6/6

6/6

2/6⃰

1/6⃰

-

30

6/6

3/6⃰

1/6⃰

0/6⃰

-

4/6
3/6⃰

⃰

⃰

-

-

45
60

2/6
1/6⃰

0/6
0/6⃰

24 hr
0/6⃰
0/6⃰
Infectivity to embryonated chicken eggs (infected embryos) / (total embryos: n=6) per treatment. P˂ 0.05⃰
Table 2.Effect of pH levels on the infectivity of the avian influenza H5N1 viruses.
pH
2
5
9
10
13

⃰

Contac time,5 min
2/6
6/6
6/6
6/6
2/6⃰

⃰

Contact time,10 min
⃰

1/6
5/6
6/6
6/6
1/6⃰

Contact time,1 hr
0/6⃰
5/6
6/6
6/6
0/6⃰

Infectivity to embryonated chicken eggs (infected embryos)/(total embryos: n=6) per treatment. P˂ 0.05⃰
Table 3.Effect of temperature on the survival and virus titre of AI (H5N1) in litter.

treatment.

(n=6) per treatment Infectivity to embryonated chicken eggs (infected embryos)/(total embryos: n=6) per

Effect of temperature on the survival and virus titre of AI
(H5N1) in litter
Results of temperature effect are recorded in Tables and
Figures … .
Exposure of litter to 28 oC for ½, 12, 24, 48 hr led to death
100 % for all inoculated embryonated chicken eggs. All
embryos were dead within 48 hr of incubation and all the

harvested allantoic fluid showed haemagglutination by HA
test. It was noticed that the HA readings were 27,26,25,25,
respectively.
Litter exposed to 37 oC for ½, 12, 24, 48 hr , all embryos
were dead within 48 hr of incubation and all the harvested
allantoic fluid showed haemagglutination ( HA test) were
210,26,25,24 ,respectively.
11
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Contaminated litter exposed to 56 oC for ½, 12, 24, 48 hr and
inoculated in specific pathogen free embryonated chicked
after ½ and 12 hr, showed embryonic death and the harvested
allantoic fluid showed 26 by HA test for both intervals. On
the other hand, exposure to 56 oC for 24 and 48 hr, the
embryos stilled viable with no deaths and the allantoic fluid
were did not show haemagglutination activity for any time of
exposure.
At 4°C infectivity of HPAI (H5N2) was detected after 35
days and for 2 days after incubation at 25°C, but detected for
7 days at 20oC. [21,22].

The persistence of AIV H5N1 was inversely proportional to
temperature [23]. Virus could survive more than 100 days at
4°C but was inactivated after 24 hr at 28°C and after 30 min
at 56°C. At 25°C the virus lost its infectivity within 24 hr.
and at 40oC the virus in the manure was killed in a short time
and after only 15 minutes of incubation, the virus could not
be recovered [18].
On the other hand, the virus completely inactivated within 30
min after direct sunlight exposure at an environmental
temperature of 32 to 35°C. and after exposure for 3 min at
70°C [7].

Table 4.Percent infectivity of H5N1 avian influenza virus in dry and wet litter at 4, 37, 40, 56 and 70°C.
Temp.
Time

0

4hr

12hr

24hr

48hr

Condition

W

D

W

D

W

D

W

D

W

4oC

6/6

6/6

6/6

6/6

6/6

6/6

6/6

6/6

6/6

6/6

6/6

37oC

6/6

6/6

4/6

4/6

2/6⃰

3/6⃰

2/6⃰

3/6⃰

0/6⃰

1/6⃰

40oC

6/6

6/6

6/6

6/6

3/6⃰

3/6⃰

0/6⃰

1/6⃰

0/6⃰

56oC

6/6

6/6

5/6

4/6

1/6⃰

1/6⃰

0/6⃰

0/6⃰

70 oC

6/6

6/6

1/6⃰

1/6⃰

0/6⃰

0/6⃰

-

-

⃰

D

7days
W

D

15 days

30 days

W

D

W

D

6/6

6/6

5/6

5/6

0/6⃰

0/6⃰

0/6⃰

-

-

-

-

1/6⃰

0/6⃰

0/6⃰

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Infectivity to embryonated chicken eggs (infected embryos)/(total embryos: n=6) per treatment. P˂ 0.05⃰

At 4 °C, the virus was detected up to 30 th day in wet litter
only but the virus lost about50 % (3/6) infectivity (Table 3).
However the virus was recovered up to 15 days in dry litter
(the virus lost about50 % infectivity) [16].
At 37 °C, virus lost 33.32–33.32% (4/6), 66.62(2/6) - 50%
(3/6) infectivity within 12 hr and 24 hr exposure in dry litter,
respectively. The virus was recovered only up to 48 hr in dry
litter (1/6).
At 40 °C, the virus lost 50 % (3/6) infectivity in both wet and
dry litter within 12 h of incubation (Table 3 ) and after 48 hr
(1/6) in dry litter ,but it could not be detected after 7 days in
and dry litter [17].
At 56 °C, the virus was detected up to 12 hr in wet and dry
litter in percentage of 16.33% (1/6).. But, the virus
completely could not be detected after 24hr in both wet and
dry litter.
At 70 °C, the virus was detected up to 4hr in litter. However
the virus completely could not be detected after 12 hr in
both wet and dry litter.
At high temperatures the virus is destroyed in minutes, the
higher the temperature the shorter the survival time of the
virus ,at 70o, 75o and 80oC, AIV was destroyed in 30, 5 and 1
minutes, respectively [24].

virus and enhances the risk of recurrent bouts of outbreaks in
the same geographical regions.
The mechanism of the effect of temperature may kill or
disable the viruses by two possible ways. High temperature
(> 56 ºC) may alter the envelope or damage the proteins only.
Denatured
proteins can result in fatal mutations
(haemagglutination and infectivity were observed in our
study). The presented data are agree with Kurmi et al. [17]
with 6-6.5 logs of H5N1 virus, in wet and dry chicken feces
no virus was detected at 24 hours at 42 C, 30 hrs at 37 C, 5
days at 24 C, and 7 (wet) or 8 (dry) weeks at 4 C.
High temperature (> 56 ºC) may 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 necessary to identify and attach to
host cells [25, 19, 3, 16, 26, 17] and also can halt the process
of protein synthesis, by damaging RNA.
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.
Proper sanitation and biosecurity cannot be over emphasized;
they are the first line of defense against AI. Thus, all methods
for preventing and controlling the spread of AI are related to
controlling the contamination of equipment and personnel.

In this study the virus survived up to 4 weeks at 4 °C in both
wet and dry litter. Extremely low temperatures in the
environment results in the prolonged survivability of the

Conclusion
12
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From these results we concluded that: (1) AI viruses can
survive in cool, moist and dry conditions, particularly when
organic material is present.(2) H5N1 virus in litter could be
inactivated by increasing temperature above 56◦C for at least
24 hr. In a chicken house, the temperature could be
successfully raised to above 56oC by ordinary litter heaps.
Rising the temperature in an empty house could help in
disinfection, especially in endemic areas. This is useful for
the prevention and control of the spread of the virus. (3) The
survivability of the virus depends on the medium in which
the virus is present. The persistence of virus in the water
greatly differs from that in litter and faeces where, the virus
survives longer in the water. (4) pH =2 and 13 were able to
inactivate the H5N1 virus following the exposure of few
minutes .(5) One important consideration in this aspect from
the epidemiology point of view could be the close association
of the persistence of virus in the litter and the water bodies
present in the many parts of the poultry farms.
However, data from many experiments indicate that heating
to 37 C reduces survival to days, and heating to 56-60 C
reduces survival to minutes to a few hours.
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