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Abstract
Objective and Background – Avian Influenza virus subtype H5N1 is widely distributed among all over the world and is very important from public health, animal health and economic point of view. The virus is excreted in high concentrations in secretions and excretions including feces & it is transmitted by direct contact and indirectly through contaminated feed and water and fecal material carried through personnel, equipments. This study was carried out to check the efficacy of different disinfectants to inactivate the H5N1 virus. Efficacy of three disinfectants including ethanol (70%), NaOH (1% and 2%), and a commercial disinfectant, D125® in different dilutions were tested in inactivating the Indian H5N1 virus in poultry feces. Efficacy of disinfectants was determined by comparing the reduction in % infectivity of virus to embryonated chicken eggs in test group and control group. 
Key words: Avian Influenza, H5N1, Disinfectants, Poultry, Feces, EID,
Introduction 	
Avian Influenza virus subtype H5N1 has been responsible for the ongoing panzootic among domestic poultry and other birds all over the world and has caused great economic loss in the poultry industry including India (Dubey et. al., 2008). The major cause for concern from this subtype is its zoonotic potential that resulted in fatalities in over half the humans it had infected. Most of the human infections reported were the result of direct or close contact with H5N1 virus infected poultry or contaminated surfaces (Claas et al.,1998). India has been encountering regular outbreaks of H5N1 virus since 2006 (Dubey et al., 2008; Murugkar et al., 2008) and repeated outbreaks of the disease particularly in Tripura, West Bengal and Assam have since been reported (Nagarajan et al., 2009, Tosh et al., 2011).  Since it is excreted in high concentrations in feces (Geering et al.,1995), the H5N1 virus is highly contagious and can be transmitted by direct contact with infected migratory birds and scavenging birds like crow in native surroundings as well as indirectly through contaminated feed and water and fecal material carried through personnel, equipments (Swayne and Halvorson, 2003). 
To control and eradicate the H5N1 virus during an outbreak, it is very necessary to effectively disinfect all contaminated surfaces. The H5N1 HPAI virus is included in risk group 3 infectious agents and the laboratory worker has a potentially high risk of occupational infection. Thus, handling of HPAI virus in the laboratory requires BSL-3 facility (OIE, 2008). The recommended personal protection procedures in the laboratory also entail use of effective disinfectants for the working area, equipment and handlers. However, the suitability of these disinfectants depends on the number of factors, viz., the dilution factor, duration of disinfectant treatment, physical and biological nature of the fomites, impact on the environment, toxic side effects, etc. Evaluation of commercially available disinfectants and some commonly used chemicals as disinfectants in the laboratory and their concentration of proven efficacy in a minimum contact time for the farms as well as the laboratories is important while developing effective disinfection protocols. Survivability of H5N1 virus varies for different isolates due to the continuous evolution by mutation (Stallknecht et al., 1990). Hence, in the present study, we evaluated the efficacy of different disinfectants in inactivating the Indian H5N1 virus in poultry feces under the simulated laboratory conditions.

Materials and methods
Virus: Highly Pathogenic Avian influenza virus A/Chicken/India/151466/2008 (H5N1) accessed from repository of HSADL Bhopal was used in this study. The virus was an isolate from the outbreak of H5N1virus in birds in Sikkim during 2008. The H5N1 virus was amplified in ECEs and HA titre of the seed stock allantoic fluid was found to be 29. 
Calculation of EID50: The EID50 titres of the virus and spiked feces were calculated using 9-11 day old embryonated specific pathogen free (SPF) chicken eggs as per Reed and Muench (1938) protocol. The EID50 of A/Ck/Sikkim/151466/2008 (H5N1) virus was found 10-10.33/ml.
Fecal sample: Fresh fecal sample was collected from SPF chickens maintained in the SPF unit at HSADL, Bhopal and stored at -80°C until use. The fecal sample was divided in to two parts, one part was used as such as the wet feces and another part was dried aseptically in the oven at 50ºC overnight to bring the moisture level below 20% and used as the dry feces. 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 Inoculated in Eggs and incubated at 37º C for 5 days. The embryos were found alive upto 5 days and the Haemagglutination of the harvested allantoic fluid was negative indicating that the eggs were free from any infection or any toxic chemicals. 
Spiking of virus in the feces –The spiking of feces (both 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 bird in feces. Both dry and wet feces were spiked with the original virus (EID50 1010.33/ml, diluted 1:100) in the ratio of 1 part diluted virus: 1 part feces and triturated with mortar and pestle to ensure proper mixing. The spiked feces were incubated at 37º C for 30 min to ensure proper adsorption of the virus to the feces. The EID 50 of the virus-feces mixture was estimated as above and was found 106 and 106.5 /ml for dry and wet feces respectively.  
Disinfectant treatment of the spiked feces: Three disinfecting agents, at various concentrations were tested individually for their ability to inactivate the virus in dry and wet feces at various time intervals as shown in Table no. I. Different dilution for all the disinfectants was prepared in the PBS. In order to rule out the presence of any inherent toxicity in the disinfectants that may kill the embryo, the disinfectants at various test dilutions were inoculated in to five embryonated chicken eggs each. 
100 mg spiked feces and 100 μl of respective disinfectants respectively were taken in a 2ml screw capped tubes and mixed properly with the help of micro pestles (Tarsons, India). Virus-spiked dry and wet feces without disinfectant treatment were taken as positive control and the unspiked dry and wet feces with the disinfectants in their respective concentrations were taken as negative controls. All the tubes were incubated at room temperature for different durations as shown in the table I and were processed for virus isolation. 
Virus isolation: Isolation of virus from samples was carried out by inoculation in the embryonated chicken eggs. Before inoculation the samples were processed to remove bacterial and mycotic contaminants. After treatment with antibiotics, the samples were centrifuged and supernatant was taken for virus isolation by egg inoculation as per the protocol by WHO. Isolation of the virus was confirmed by carrying out HA test. To determine the complete inactivation of the virus, the 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 entire experiment was replicated thrice to calculate the percent infectivity and to minimize the error. The HA test was carried out as per the guidelines of OIE (OIE, 2008) 

Statistical analysis 
Efficacy of different disinfection procedure was analyzed by observing the time required to completely inactivate the virus. The percent infectivity to estimate the effectiveness of the disinfectant was calculated as per the method described by Lu et al., 2003. The formula used to calculate the percent infectivity is as follow:
 Infected embryos (number HA positive)
% Infectivity = ————————————————    × 100
  Total embryos inoculated
The percent infectivity of treated samples was compared with the control group. 
Results and Discussion
	According and OIE and Government of India Action Plan, application of biosecurity measures is the first step in prevention and control of the avian influenza. Besides other logistic controls, disinfection of infected farms and premises is a very necessary step in the biocontainment process during an avian influenza outbreak (Wanaratana et al., 2010). AIVs are known to be relatively easy to be disinfected due to the lipid envelop that increases the sensitivity to dehydration, detergent and surfactants (ARCMAZ, 2000). 
 AIV in its pure form is susceptible to 70% ethanol (Lu et al., 2003). However, ethanol may have limited effect in the presence of organic matter and may not penetrate well into dried organic matter on surfaces. This study showed that the Indian H5N1 AIV virus was completely inactivated by 70% ethanol within 5 min in wet feces and within 15 min in dry feces. Exposure time of less than 3 min was insufficient to inactivate the virus (Table II).  The results are compatible with study of Castro et al., (1998) which showed that AIV H7N2 subtype lost its infectivity only after 5 minutes in the presence of 70% Ethanol. The variation in the efficacy of ethanol to disinfect the virus in the wet and dry feces seems to be dependent on the type and consistency of the medium in which the virus is present. 
Sodium hydroxide (caustic soda) is a member of alkali chemicals and at 2-5% concentration has been reported to completely inactivate avian influenza viruses within 10 min (Capua et al., 2000). It is used extensively for cleaning surfaces, especially when there is accumulated grease and tissue debris (Quinn and Markey, 2001). In this study 1% NaOH was not able to inactivate the virus in 30 min of contact time however the infectivity was reduced (Fig I and II). On the other hand, 2% NaOH was effective in completely inactivating the virus within 15 min of interaction time in both wet and dry feces (Table II). Results reported by Alphin et al. (2009) on LPAI viruses using 2% NaOH are in accordance with our findings in inactivating the virus completely on nonporous surfaces whereas 1% NaOH failed to inactivate the AIV and showed inconsistent results. This suggests that a minimum concentration of 2% of NaOH is required for reliable inactivation of AIVs and is in support to the action plan of DADF (2006) that recommended same concentration of NaOH for use as a disinfectant during avian influenza outbreaks. Its cleaning activity is related to the concentration and to the temperature at which it is used. However, NaOH is known for its corrosive and caustic properties on metals, especially aluminium, and is equally hazardous for workers particularly in higher concentration, if handled carelessly and without proper eye protection, rubber gloves and protective clothing (Jeffrey, 1995). 
As per the manufacturer’s literature, commercially available disinfectant, D125® contains two quaternary ammonium compounds, namely alkyl dimethylbenzyl ammonium chloride and alkyl dimethylethylbenzyl ammonium chloride with a concentration of 2.37% each as active ingredients. The recommended dilution by the manufacturers for effective decontamination of surfaces is 1:64 (v/v). In addition to this recommended dilution, one dilution that was twice in concentration of the recommended dilution (1:32) and one that had half the recommended dilution (1:128) was tested for the efficacy of the disinfectant in the present study The disinfectant inactivated the virus within 15 and 30 min in wet and dry feces respectively, at 1:32 dilution (Fig I and II). At 1:64 dilution, the disinfectant could inactivate the virus in wet feces within 30 min, however in dry feces it failed to completely inactivate the virus within 30 min of treatment. The higher dilution of D-125® in the ratio of 1:128 was not effective (Table II). The result showed that the efficacy of the disinfectant appeared to be concentration-dependant. As the concentration of the disinfectant was increased, there was less viral recovery. Since the commercial product in the present study was based only on the quaternary ammonium compounds, its application for disinfecting the virus present in organic matter would probably be different as compared to that in the other medium. In some previous study, the same disinfectant demonstrated relatively better efficacy against the H5N1 virus present in the chicken allantoic fluid than in poultry faeces wherein 1:64 dilution of the disinfectant was able to completely inactivate H5N1 virus within 15 min (Murugkar et al., 2008). The study suggests that use of any commercial product should be based on the field situation. Many workers have suggested the use of a cocktail of disinfectants in a single product to increase the disinfectant efficacy (Lu et al., 2003). However, any modification in the formulations without proper study could reduce the efficacy of the disinfectants and careful attention must be paid to the mixing of different products (Benedictis et al., 2007). 
The results of this study indicated that 70% ethanol for laboratory work or NaOH (2%) at the field level were effective disinfectants for inactivation of influenza viruses. NaOH should be use in the poultry farms to decontaminate poultry house but has toxicity and corrosivity issues, so it should be used cautiously (Jeffrey, 1995). However, in view of personal safety where toxicity and corrosive nature of the chemicals become the issues of greater importance, D125® in 1:32 dilutions in open areas having accumulation of dried fecal mass and 1:64 dilutions for covered areas with wet or semi-dried fecal mass would be suitable for varied environments. Virucidal activity of the majority of disinfectants is influenced by the interaction with organic material, moisture in medium and outside environment. The effect of disinfectants depends on the time of exposure as well as the temperature. Muhammad et al. (2001) reported that the disinfectants may be effective at half of the concentration when the6contact time is increased to more than 45 min. In the present study, when the concentrations of two of the disinfectants, viz., NaOH (1%) and D125® (1:128) were halved as compared to the most effective concentrations, there was a marked reduction in the efficacy of the disinfectants to inactivate the virus. 
All the treatments in the present studies were carried out at room temperature (24º-26ºC) which is considered optimum for effectiveness of the disinfectants (Samberg and Meroz, 1995). The moisture in the environment acts as a medium for disinfectant to reach inside the feces. This may be the reason for better efficacy of the disinfectants in wet feces than in dry feces in the present study (Table II). In India, a large proportion of poultry population is reared under free range or backyard system and the tropical climate with relatively higher temperatures favour early drying of most of the faecal material that mixes in the soil reducing. The effectiveness of the disinfectants could be reduced in such conditions. During an outbreak, extensive cleaning must be performed inside and outside all infected poultry premises including the nearby structures and those shared by personnel and equipments. Surfaces must be thoroughly wet in order to improve disinfectant activity. Wet cleaning of all the infected premises must be performed systematically from back to front and from top to bottom of the farm (Samberg and Meroz, 1995). Before the use of any disinfectant in infected areas, prior use of detergents or mild alkaline compounds with surfactant action along with water washing at high pressure will ensure more effective disinfection of the area.
Conclusion
Efficacy of a disinfectant under the open field conditions depends on a complex interplay of a wide variety of factors such as properties of disinfectants; characteristic of diluents; type of premises to be decontaminated; presence of organic matter; environmental temperature and humidity, mode of dispensing, etc and it would be impossible to simulate such complex environmental conditions in the laboratory, however, our study has taken into account some of the major factors affecting disinfectant efficacy and can act as a guiding principle in deciding the nature of disinfection protocol to be followed for a specific area.  It is therefore imperative that all the factors mentioned above must be taken into account in order to achieve the goal of decontaminating the infected area and successfully limiting infections to uninfected farms. 
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Table 1: Concentration of disinfectants used in this study
	S. No.
	Disinfectant
	Concentration
	Treatment interval

	1.
	D-125 ®
	1:32
	5, 15, 30 min

	
	
	1:64
	5, 15, 30 min

	
	
	1:128
	5, 15, 30 min

	2.
	Ethanol
	70%
	1,3, 5, 15, 30 min

	3.
	NaOH
	1% 
	1,3, 5, 15, 30 min

	
	
	2%
	1,3, 5, 15, 30 min

	
	
	
	



Table 2: Percent infectivity of H5N1 AIV in disinfectants treated feces

	Time
Disinfectants
	0 min       
	1 min    
	3 min     
	5 Min   
	15 Min     
	30Min

	
	W
	D
	W
	D
	W
	D
	W
	D
	W
	D
	W
	D

	Control  
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	D-125®(1:32)  
	95                       
	93.4    
	NT  
	NT   
	NT
	NT
	5.5     
	30       
	0(E)    
	11.2     
	0
	0(E)

	D-125®(1:64)  
	90
	 100     
	NT
	NT
	NT   
	NT
	38.9    
	55
	11.1     
	38.9    
	0(E)   
	22.3

	D125®(1:128)
	93.4   
	95
	NT
	NT
	NT
	NT
	44.5
	60
	22.3
	55
	11.2
	44.5

	1%NaOH
	93.4
	100
	NT
	NT
	NT
	NT
	44.5
	45
	16.7
	45
	5.5
	33.4

	2%NaOH
	100
	100
	73.4
	93.4
	66.7
	66.7
	16.7
	43
	0(E)
	0(E)
	0
	0

	70%Ethanol
	93.4
	93.4
	53.4
	66.7
	40
	40
	0(E)
	15
	0
	0(E)
	0
	0


NT: Not tested
W: Wet, D: Dry
(E): Effective in inactivating the virus
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Fig. 1 Effect of disinfectants on H5N1 in dry faeces
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Fig. 2 Effect of Disifectants on H5N1 in wet faeces
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