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Abstract 
Outbreaks of Highly Pathogenic Avian Influenza (HPAI) subtype H5N1 occurred previously for three consecutive 
years, 2006, 2007 and 2008 in Kano State, Nigeria, causing heavy economic losses to farmers and the government. 
It was against this background that risk factors for the occurrence and spread  of HPAI H5N1 among commercial 
poultry farms in the State were evaluated. A total of 64 farms comprising 32 affected (AF) and 32 non -affected 
(NAF) farms were enrolled for this study. Questionnaires were designed and administered to the selected farms 
through interviews with farm owners or farm managers during on-site visits. Information on flock profile including 
farm characteristics and environment, husbandry practices, biosecurity practices, farm trade practices and 
employee activities were obtained and analyzed. Pearson Chi square and Fisher’s exact tests were used to 
compare categorical variables. Values of p< 0.05 were considered significant. Odds ratios (OR) and 95% confidence 
intervals (CI) were calculated to measure the strength and statistical significance of  associations between the 
variables and occurrence and spread of HPAI H5N1 in commercial poultry farms in the State. The most significant 
risk factors were the presence of untreated surface water on farms (OR 18.6, 95%CI 2.24 – 154.34, p = 0.001), 
exchange of egg crates between traders and farmers (OR 12.1, 95%CI 1.43 – 102.61, p = 0.006), allowing egg crates 
of traders into poultry pens (OR 11.67, 95%CI 2.37 – 57.86, p = 0.001) and allowing rodents/wild birds access to 
poultry feed (OR 3.65, 95%CI 0.23 – 1.87, p = 0.024). It was recommended that veterinary inspection to enforce 
and encourage best biosecurity practices for the poultry farms should be introduced and sustained.  
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Introduction
Nigeria was the first country in Africa to be affected 
by the Avian Influenza (AI) type A H5N1 virus, with 
HPAI outbreaks initially reported at a commercial 
farm in Kaduna State in January, 2006 (Adene et al., 
2006; Fusaro et al., 2009; Ekong et al., 2012). 
Between 2006 and 2008, a total of 1, 654 suspected 
outbreaks were reported from 32 of the 36 States 
and the Federal Capital Territory (FCT), of which 299 
were confirmed to be HPAI H5N1 positive from 27 
states and FCT (Ekong et al., 2012; Henning et al., 
2012). Considering the previous outbreaks in Asia, 
Africa, and Europe, the AI H5N1 virus still represents 
a global threat for the poultry industry (FAO, 2004). 

The spread of AI subtype H5N1 virus infection in Asia 
and beyond poses threats to both human and animal 
health (Morris & Jackson, 2005). However, little 
reliable epidemiologic data exists on the routes of AI 
H5N1 virus transmission and perpetuation in poultry 
within affected countries (Kung et al., 2007).  These 
countries do not have the capacity to effectively 
manage, eliminate and control animal diseases, and 
humans generally live closely with poultry (Joannis et 
al., 2006). To minimize the risk of AI H5N1 virus 
incursion at poultry farm level, it is important to 
investigate and assess the risk status of poultry 
farms and to communicate this to the farmers.
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Although, studies on HPAI H5N1 risk factors have 
been conducted in Nigeria (Fasina et al., 2011; 
Metras et al., 2012), data on biosecurity practices 
and contacts in poultry farms in Kano State are rare. 
The present study aims to complement previous 
reports on risk factors and further define their roles 
in the occurrence and spread of HPAI H5N1 in 
commercial poultry farms in Kano State.  
 
Materials and methods 
Areas of the study 
Kano State is located on Latitude 11° 30' 0 N and 
Longitude 8° 30' 0 E in North-Western Nigeria, with 
an area of 42,592.8 km

2
. The State is comprised of 

44 local government areas (LGAs), has an estimated 
human population of 9, 383, 682 people (2006 
census) and poultry population of 3, 852, 135 birds; 
comprising 3, 528, 000 rural and 324, 135 
commercial poultry as at 2003 (Adene & Oguntade, 
2006). 
 
Sample Size and Sampling Technique  
Based on the assumption of a worst case scenario 
that 50% of the farms being investigated may have 
HPAI problems (Salman et al., 2007), 64 commercial 
poultry farms comprising 32 affected (AF) and 32 
non affected (NAF) farms were selected by simple 
random sampling (through balloting) from a list of 
128 registered poultry farms obtained from Avian 
Influenza Control Project (AICP) office, Kano and 
enrolled for this study.  
 
Questionnaire Design and Administration 
A questionnaire developed and designed for this 
study was first pretested at five farms (However, the 
farms were not subsequently used in the study). The 
questionnaire was then modified according to new 
variables encountered during prestesting. In the final 
questionnaire, 57 variables covering information 
about farm characteristics and environment, 
husbandry practices, biosecurity measures employed 
on the farm, feed and water sources and employee 
activities, farm trade practices and employee 
protection were evaluated. The questionnaires were 
administered to farm owners or managers through 
interviews during on-site visits. Personal 
observations of farm premises and activities were 
used to validate the responses of the respondents 
during the questionnaire administration. The non 
affected farms were first visited for biosecurity 
reasons. 
 

Data Analysis 
Data obtained from the 64 registered commercial 
farms were analyzed using the Statistical Package for 
Social Sciences (SPSS) software package, version 15 
(SPSS Inc., Chicago, IL, USA). Pearson Chi square (X

2
) 

and Fisher’s exact tests were used to compare 
categorical variables. Values of p≤ 0.05 were 
considered significant. Odds ratios (OR) and 95% 
confidence intervals (CI) were calculated to measure 
the strength and statistical significance of 
associations between risk factors and HPAI 
occurrence. 

Results 
The most significant risk factor associated with farm 
characteristics and environment for AI H5N1 
occurrence was the presence of untreated surface 
water on farms, which had the strongest point 
estimate of risk (odds ratio (OR) 18.6), and a high 
statistical significance (p = 0.001), despite a wide 
95% confidence interval (CI) of 2.24-154.34 (Table 1). 
Other significant risk factors associated with farm 
environment include:  presence of open water 
reservoir on farm (OR 2.26, 95% CI 0.80-6.36, p = 
0.011), with more AF farms (46.9%) at risk than non 
NAF farms (28.1%); dense vegetation around farm 
(OR 2.17, 95% CI 0.03-0.87, p = 0.020), with more 
NAF farms (93.8%) at risk than AF farms (71.9%); 
presence of bush around  poultry pens (OR 1.99, 
95% CI 0.70-5.62, p = 0.013), with more AF farms 
(71.9%) at risk than NAF farms (56.3%); presence of 
tall trees around farm (OR 1.51, 95% CI 0.42-5.38, p 
= 0.022), with majority of AF farms (84.4%) at risk 
than NAF farms (78.1%); and sharing of fence 
between farms (OR 3.46, 95% CI 0.64-18.65, p = 
0.031), with more AF farms (18.8%) at risk than NAF 
farms (6.3%) (Table 1). Of the risk factors associated 
with husbandry practices, allowing rodents/wild 
birds to access poultry feed (OR 3.65, 95% CI 0.23-
1.87, p = 0.024) and vaccination of birds against AI 
(OR 3.21, 95% CI 0.32-32.6, p = 0.002) were most 
significant (Table 2). Other significant risk factors 
associated with husbandry practices include: relying 
on middlemen (distributors) for the supply of day-
old or point-of-lay birds (OR 1.21, 95% CI 0.06-0.68, 
p = 0.007), with more AF farms at risk; presence of 
free range and water birds (ducks, geese, local 
chickens, etc) on farm (OR 2.71, 95% CI 0.63-11.59, p 
= 0.018), with more AF farms (21.9%) at risk;  
keeping flocks of different ages on farm (OR 2.16, 
95% CI 0.79-5.92, p = 0.031), with more AF farms 
(65.6%) at risk; and farm employee also keeping 
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Table 1. Risk factors associated with farm characteristics and environment for the occurrence of avian influenza in 

commercial poultry farms in Kano State 

S/N Variable Response (%) p value Odds 

ratio 

95% Confidence 

interval Non affected 

farms 

Affected 

farms 

1 High poultry density in the 

area: 

No 

Yes 

 

 

25 (78.1) 

7 (21.9) 

 

 

11 (34.4) 

21 (65.6) 

 

 

0.001 

 

 

6.82 

 

 

2.24 – 20.71 

2 Open water reservoir on 

farm: 

No 

Yes 

 

 

23 (71.9) 

9 (28.1) 

 

 

17 (53.1) 

15 (46.9) 

 

 

0.011 

 

 

2.26 

 

 

0.80 – 6.36 

3 Dense vegetation around 

farm: 

No 

Yes 

 

 

2 (6.3) 

30 (93.8) 

 

 

9 (28.1) 

23 (71.9) 

 

 

0.020 

 

 

2.17 

 

 

0.03 – 0.87 

4 Bush around poultry pens: 

No 

Yes 

 

14 (43.8) 

18 (56.3) 

 

9 (28.1) 

23 (71.9) 

 

0.013 

 

1.99 

 

0.70 – 5.62 

5 Presence of tall trees on 

farm: 

No 

Yes 

 

 

7 (21.9) 

25 (78.1) 

 

 

5 (15.6) 

27 (84.4) 

 

 

0.022 

 

 

1.51 

 

 

0.42 – 5.38 

6 Untreated water surface on 

farm: 

No 

Yes 

 

 

31 (96.9) 

1 (3.1) 

 

 

20 (62.5) 

12 (37.5) 

 

 

0.001 

 

 

18.6 

 

 

2.24 – 154.34 

7 Farm shares fence with 

another farm:   

No 

Yes 

 

 

30 (93.8) 

2 (6.3) 

 

 

26 (81.3) 

6 (18.8) 

 

 

*0.031 

 

 

3.46 

 

 

0.64 – 18.65 

*Fisher’s Exact Test 

 
poultry (OR 2.78, 95% CI 0.50-15.52, p = 0.030), with 
more AF farms (15.6%) at risk (Table 2). The most 
significant risk factor associated with movement of 
personnel, equipment and waste disposal were 
parking of vehicles close to poultry pen (OR 3.78, 
95% CI 0.92-15.60, p = 0.05), allowing free access to 
poultry pens (OR 1.88, 95% CI 0.33-2.37, p = 0.012), 
with NAF farms (43.8%) at higher risk; non restriction 
of visitors (OR 2.60, 95% CI 0.83-8.13, p = 0.025), 
with AF farms (37.5%) at higher risk; non use of 
farm-specific clothes for staff (OR 2.70, 95% CI 0.63-
11.59, p = 0.018), with AF farms (21.9%) at higher 
risk; non use of pen-specific foot wear (OR 1.72, 95% 

CI 0.23-2.23, p = 0.054), with AF farms at higher risk; 
disposal of dead birds through refuse dump (OR 
2.13, 95% CI 0.12-2.16, p = 0.052), with more case 
farms (25.0%) at risk; and improper disposal of 
poultry litter (OR 1.12, CI 042-3.07, p = 0.008), with 
NAF farms at higher risk (Table 3). The most 
significant risk factors associated with farm trade 
practices were the exchange of egg crates between 
traders and farmers (OR 12.13, 95% CI 1.43-102.61, 
p = 0.006)  and allowing egg crates of traders into 
poultry pens (OR 11.67, 95% CI 2.37-57.86, p = 
0.001). Other significant risk factors include: poultry 
dealers and catchers wearing the same clothing 



Page 43 of 64 (SJVS, Vol. 10 no 2) 
 

Sokoto Journal of Veterinary Sciences, Volume 10 (Number 2). December, 2012 

between farms (OR 2.22, 95% CI 0.06-0.93, p = 
0.030) and allowing entry of poultry traders into 

farm premises (OR 3.81, 95% CI 0.88-11.52, p = 
0.030) (Table 4). The study also revealed that some 

factors may pose significant risks for human 
infection with AI H5N1 viruses among workers in the 
poultry farms. These include non use of farm-specific 
clothes (OR 2.70, 95% CI 0.63-11.59, p = 0.018), non 
wearing of hand gloves during farm operation (OR 
1.56, 95% CI 0.16 – 1.93, p = 0.051), non use of face 
mask during operation (OR 1.44, 95% CI 0.43-4.77, p 
= 0.015) and non washing of hands before and after 
farm operations (OR 1.73, CI 025-2.19, p = 0.008). 
The aforementioned risks were all higher in the AF 
farms (Table 5). This study revealed that 29 (51%) of 

the 57 risk factors evaluated were significant 
(p≤0.05). Based on the principles of biosecurity, 
21(72.4%) of the 29 significant risk factors were 
observed in the AF farms; with 6 (20.7%), 5 (17.2%) 
and 10 (34.5%) associated with isolation, traffic 
control and sanitation, respectively (Table 6). Based 
on behavioral practices and physical infrastructure, 
22 (75.9%) of the 29 significant factors were also 
observed in the AF farms; with 16 (55.2%) and 6 
(20.7%) associated with behavioral practices and 
physical infrastructure, respectively (Table 7).  

 
 
 

 
 

Table 2: Risk factors for the occurrence of avian influenza through husbandry practices in commercial poultry 
farms in Kano State 

 Variable No. of responses (%) p 
value 

Odds 
ratio 

95% Confidence 
interval 

Non affected 
farms 

Affected  
farms 

1 Source of bird: 
Middlemen 
Hatchery 

 
17 (53.1) 
15 (46.9) 

 
27 (84.4) 
5 (15.6) 

 
0.007 

 
1.21 

 
0.06 – 0.68 

2 Free range birds on farm: 
No 
Yes 

 
29 (90.6) 
3 (9.4) 

 
5 (78.1) 
7 (21.9) 

 
*0.018 

 
2.71 

 
0.63 – 11.59 

3 Birds of different ages on farm: 
No 
Yes 

 
17 (53.1) 
15 (46.9) 

 
11 (34.4) 
21 (65.6) 

 
0.031 

 
2.16 

 
0.79 – 5.92 

4 Farm vaccinates against avian 
influenza: 
No 
Yes 

 
 
31 (96.9) 
1 (3.1) 

 
 
29 (90.6) 
3 (9.4) 

 
 
*0.002 

 
 
3.21 

 
 
0.32 – 32.60 

5 Rodents/wild birds access feed: 
No 
Yes 

 
9 (28.1) 
23 (71.9) 

 
12 (37.5) 
20 (62.5) 

 
0.024 

 
3.65 

 
0.23 – 1.87 

6 Farm employee also keep 
poultry; 
No 
Yes 

 
 
30 (93.8) 
2 (6.3) 

 
 
27 (84.4) 
5 (15.6) 

 
 
*0.030 

 
 
2.78 

 
 
0.50 – 15.52 

  *Fisher’s Exact Test 
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Table 3: Risk factors for the occurrence of avian influenza through movement of personnel, equipment and waste 
disposal in commercial poultry farms in Kano State 

 Variable Response (%) p value Odds 
ratio 

95% Confidence 
interval Non affected  farms Affected farms 

1 Free access to poultry pens: 
No 
Yes 

 
18 (56.3) 
14 (43.8) 

 
19 (59.4) 
13 (40.6) 

 
0.012 

 
1.88 

 
0.33 – 2.37 

2 Visitors restriction into farm; 
No 
Yes 

 
26 (81.3) 
6 (18.8) 

 
20 (62.5) 
12 (37.5) 

 
0.025 

 
2.60 

 
0.83 – 8.13 

3 Vehicles park close to poultry 
pens; 
No 
Yes 

 
 

29 (90.6) 
3 (9.4) 

 
 

23 (71.9) 
9 (28.1) 

 
 

*0.05 

 
 

3.78 

 
 

0.92 – 15.60 

4 Staff restriction to specific 
pens: 
No 
Yes 

 
 

4 (12.5) 
28 (87.5) 

 
 

20 (62.5) 
12 (37.5) 

 
 

0.002 

 
 

1.09 

 
 

0.02 – 0.30 

5 Farm-specific clothes for staff: 
No 
Yes 

 
29 (90.6) 

3 (9.4) 

 
25 (78.1) 
7 (21.9) 

 
*0.018 

 
2.70 

 
0.63 – 11.59 

6 Use of pen-specific foot wears: 
No 
Yes 

 
23 (71.9) 
9 (28.1) 

 
25 (78.1) 
7 (21.9) 

 
0.054 

 
1.72 

 
0.23 – 2.23 

7 Method of manure disposal 
No 
Yes 

 
19 (59.4) 
13 (40.6) 

 
18 (56.3) 
14 (43.8) 

 
0.008 

 
1.12 

 
0.42 - 3.07 

8 Dead bird disposal by refuse 
dump 
No 
Yes 

 
 

29 (90.6) 
3 (9.4) 

 
 

24 (75.0) 
8 (25.0) 

 
 

*0.052 

 
 

2.13 

 
 

0.12 – 2.16 

   *Fisher’s Exact Test 
 

Table 4: Risk factors for the occurrence of avian influenza through trade practices in  commercial poultry farms in 
Kano State 

 Variable Response (%) P 
value 

Odds 
ratio 

95% Confidence 
interval Non affected farms Affected  farms 

1 Poultry dealers/catchers wear 
same clothing between farms: 
No 
Yes 

 
 

3 (9.4) 
29 (90.6) 

 
 

10 (31.3) 
22 (68.8) 

 
 

0.030 

 
 

2.22 

 
 

0.06 – 0.93 

2 Poultry trader enter farm: 
No 
Yes 

 
28 (87.5) 
4 (12.5) 

 
22 (68.8) 
10 (31.3) 

 
*0.030 

 
3.81 

 
0.88 – 11.52 

3 Egg crates of traders allowed 
into pens: 
No 
Yes 

 
 

30 (93.8) 
2 (6.3) 

 
 

18 (56.3) 
14 (43.8) 

 
 

*0.001 

 
 

11.67 

 
 

2.37 – 57.36 

4 Exchange of egg crates between 
traders and farm: 
No 
Yes 

 
 

31 (96.9) 
1 (3.1) 

 
 

23 (71.9) 
9 (28.1) 

 
 

*0.006 

 
 

12.13 

 
 

1.43 – 102.61 

*Fisher’s Exact Test 
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Table 5: Risk factors associated with avian influenza infection among workers in commercial poultry farms in Kano 
State 

  
Variable 

Response (%) p value Odds 
ratio 

95% Confidence 
interval Non 

affected  
farms 

Affected  
farms 

1 Farm-specific clothes for staff: 
No 
Yes 

 
29 (90.6) 

3 (9.4) 

 
25 (78.1) 
7 (21.9) 

 
*0.018 

 
2.70 

 
0.63 – 11.59 

2 Use of pen-specific foot wears: 
No 
Yes 

 
23 (71.9) 
9 (28.1) 

 
25 (78.1) 
7 (21.9) 

 
0.054 

 
1.72 

 
0.23 – 2.23 

3 Hand washing before and after farm 
operation: 
No 
Yes 

 
 

22 (68.8) 
10 (31.3) 

 
 

24 (75.0) 
8 (25.0) 

 
 
0.008 

 
 
1.73 

 
 
0.25 – 2.19 

4 Staff wears hand gloves: 
No 
Yes 

 
24 (75.0) 
8 (25.0) 

 
27 (84.4) 
5 (15.6) 

 
0.051 

 
1.56 

 
0.16 – 1.93 

     *Fisher’s Exact Test 
 
 
Table 6 : Summary of risks for the occurrence of avian influenza in commercial poultry farms  in Kano State based 
on principles of biosecurity 

 Risk area 32 HPAI-Affected farms  32 Non-Affected farms  

1 Isolation 6 (20.7%) 1 (3.5%) 
2 Traffic control 5 (17.2%) 2 (6.9%) 
3 Sanitation 10 (34.5%) 5 (17.2%) 

 Subtotal  21 (72.4%) 8 (27.6%) 

 Total  29 (51%) 

 
 
Table 7: Summary of risks associated with behavioral practices and  physical infrastructure that may contribute to 
the occurrence of avian influenza in commercial poultry farms in Kano State. 

S/n Risk area 32 HPAI-Affected farms  32 Non-Affected farms 

1 Behavioral practices 16 (55.2%) 6 (20.7%) 
2 Physical infrastructure 6 (20.7%) 1 (3.5%) 

 Subtotal 22 (75.9%) 7 (24.1%) 

 Total  29 (51%) 

 
Discussion 
In view of the fact that this study was conducted in 
2009, 2 years after HPAI H5N1 was first reported in 
Nigeria, it is expected that the AF farms would have 
improved in their biosecurity practices. However, 
the finding that these farms were at very high risk of 
contracting the disease implies that there was no 
veterinary inspection to enforce or encourage best 
biosecurity practices after the outbreaks, despite the 
rigorous prevention and control campaign embarked 
upon by the Nigerian government and other 

international organizations against HPAI. Untreated 
surface water in farms was considered to be the 
most significant risk factor likely to contribute to the 
occurrence of AI H5N1 in the commercial poultry 
farms studied. The roles of untreated surface water, 
which is mostly contaminated, and could come from 
an AI-infected premise causing transmission to 
another premise, have been reported (Power, 2005). 
The possible risks could be; run-off from infected 
premises may enter either surface or ground water
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and might travel in ditches downstream to another 
uninfected premise possibly carrying along AI H5N1 
viruses in washed-off manure that was spread onto 
agricultural fields, depopulation, removal or 
composting of infected carcasses (Cardona, 2007). It 
is important to note that AI H5N1 viruses have been 
isolated from surface water in Canada and 
Minnesota, and contaminated surface water has 
been suggested as a short  and long term source of 
AI viruses for domestic birds (Hinshaw et al., 1979; 
Halvorson et al., 1985). The observation that most of 
the commercial poultry farms were located close to 
the metropolitan area of Kano State, in eight of the 
12 LGAs enrolled for this study, might be explained 
by the fact that these farms were sited to be in close 
proximity to the Kano main market, for easy 
channeling of products. This has resulted in the 
creation of high density of poultry farms in the area, 
particularly Kumbotso L.G.A. Consequently, this 
might have been responsible for the high frequency 
of outbreaks reported in the area (AICP, 2008). The 
finding that the AF farms were more concentrated in 
one area when compared with NAF farms is 
consistent with previous reports that high density of 
poultry farms in an area could be a risk factor for the 
introduction and maintenance of AI H5N1 (Kung et 
al., 2007; Swayne, 2008). 
The observation that there was a risk associated 
with relying on intermediaries (distributors) or the so 
called “middlemen” for the supply of day-old chicks 
or point-of-lay hens is consistent with the report of 
Desvaux et al. (2010) who confirmed the role of 
poultry movement and trading activities by 
middlemen as significant risk factor for the 
occurrence of AI H5N1 in Vietnam. Of particular 
concern were those intermediaries, because they 
may mix birds from different sources and distribute 
them to different locations. In some cases, these 
mixing nodes may be important for spreading of AI 
viruses to different farms (FAO, 2008). The finding 
that vaccination of chickens against HPAI was also 
found to be a highly significant risk factor and may 
likely contribute to the occurrence of the disease 
may be explained by a few reasons. Firstly, it has 
been reported that vaccination of chickens against 
the disease with inactivated oil emulsion influenza 
vaccines is known to prevent influenza disease signs 
and reduce virus shedding and spread. However, the 
vaccines do not induce sterilizing immunity in 
chickens, for a number of potential reasons, 
including lack of antigenic match between the 
vaccine and circulating strain of the virus, and 

insufficient viral antigen in the vaccine (Karunakaran 
et al., 1987; Swayne et al., 2001; Webster et al., 
2006). The implication is that vaccinated birds may 
be protected when infected with the viruses, but 
may continue to shed the viruses in the 
environment. Susceptible birds may be infected with 
the field viruses, and may exhibit clinical signs 
(Capua & Marangon, 2003).  
Secondly, eventhough vaccination of poultry against 
HPAI has been useful in some countries in 
preventing infection and controlling the epizootic 
through limited spread in domestic poultry, no 
country that has employed it extensively has yet 
been able to eliminate the viruses (FAO, 2008). 
While vaccination is certainly a useful tool in the 
control of HPAI, it is never likely to be sufficient on 
its own to eradicate the disease. Besides, vaccination 
of whole populations of poultry requires political 
commitment and investment and this is difficult to 
maintain in the long term (FAO, 2008). It is 
important to note that the long-term circulation of 
the AI H5N1 viruses in a vaccinated population may 
result in both antigenic and genetic changes in the 
virus and this has been reported to have occurred in 
Mexico (Escorcia et al., 2008). 
The non restriction of staff to specific pens may 
encourage cross-infection between pens, as a staff 
may carry infection from an infected to an 
uninfected pen. This may be explained by the fact 
that, most frequently, the clothes, shoes and hands 
of these staff may be contaminated with dust, 
feathers, and excrement containing AI H5N1 viruses 
and may be carried to pens (Cardona, 2007; 
Cardona, 2008). Of particular concern is the risk for 
the occurrence and spread of AI H5N1 viruses 
through poultry litter.  It is important to note that 
the practice of accumulating poultry litter (which is 
mostly used as manure meant for crop farming or 
sold to crop farmers) is common among the poultry 
farms in Kano State. The implication is that, 
accumulated manure might serve as a source for AI 
H5N1 viruses. Given that large quantities of AI H5N1 
viruses are shed in the faeces of infected poultry, an 
emerging market for poultry manure as fertilizer 
may also facilitate the rapid spread of AI H5N1 
viruses from farm to farm (Power, 2005). It has been 
reported that AI H5N1 viruses could survive for many 
weeks in wet poultry manure at cool temperatures 
(4

o
C), and for up to 10 days at 25

o
C (Power, 2005). 

The concentration of the AI H5N1 viruses shed in 
poultry faeces is usually very high. Consequently, 
spread of AI H5N1 viruses through contaminated
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manure from infected premises to a separate 
susceptible flock could occur through the movement 
of people, equipment, vehicles and wild birds (e.g 
egrets) (Power, 2005).  
The finding that highly significant risks for the spread 
of AI H5N1 were associated with allowing egg crates 
of traders into pens and the exchange of egg crates 
between traders and farmers is consistent with 
previous reports that egg crates were found to be 
significant risk for the spread of AI H5N1 viruses 
between farms (Thomas et al., 2005). It has been 
reported that AI H5N1 viruses may be found on egg 
crates and outer surfaces and inside of egg shells 
(Cardona, 2007). The transfer of eggs on crates 
contaminated with AI H5N1 viruses is a potential 
means of spreading of HPAI between farms that 
allow both entry and exchange of egg crates (Power, 
2005; Cardona, 2007). The significant risk observed 
for human infection with AI H5N1 viruses through 
non washing of hands before and after farm 
operations among commercial poultry workers is 
consistent with previous reports (Dinh et al., 2006). 
Although AI type A H5N1 viruses rarely infect 
humans, it is important to mention that as at 
October 7, 2011, 331 (58.6%) of 565 persons 
infected with the viruses and have died of the 
disease in 15 countries of the world (one in Nigeria 
and 52 in Egypt) between January, 2003 to July, 2011 
(WHO, 2012). The virus is excreted in the droppings 
of infected birds and their respiratory secretions 
(Dinh et al., 2006). Transmission to humans could 
occur through contact with infected sick or dead 
poultry or their droppings, or contact with 
contaminated litter or surfaces (e.g egg crates) 
(Anonymous, 2004; ESFA, 2005). The possible routes 
of entry of the virus into humans are the mouth, 
nose, eyes and lungs (Dinh et al., 2006). The  report 
that relatively high rates of H5 and H9 antibody 
seroprevalence was recorded among Hong Kong 
poultry workers have highlighted the potential for AI 
H5N1 viruses to transmit to unprotected humans, 
particularly those with occupational exposure (Dinh 
et al., 2006). Such transmission may increase the 
likelihood of reassortment between a currently 
circulating human virus and an avian virus and thus 
the possible creation of a strain with pandemic 
potential. It is pertinent to mention that all reported 
human cases have coincided with outbreaks of HPAI 
H5N1 in poultry (Mohan et al., 2008). The presence 
of water reservoirs which was observed to be higher 
in the AF farms may contribute to the occurrence of 
HPAI H5N1 outbreak. It has been reported that these 
water reservoirs are sometimes shared by domestic 

ducks and generally ducks on backyard farms feed 
on nearby reservoirs of water, predominantly, ponds 
made by the poultry farmers for household purposes 
or for aquaculture (Biswas et al., 2009). The 
implication is that these water reservoirs might 
become contaminated with AI H5N1 viruses by virus-
shedding ducks that congregate at these places to 
feed on vegetation, small fish and amphibians that 
may be found in the water (Desvaux et al., 2010). 
The presence of dense vegetation and tall trees 
could indirectly present the risk for the occurrence 
of AI H5N1 among the poultry farms in view of the 
fact that these aforementioned places could provide  
conducive homes and roosting places for rodents 
and wild birds. It has been reported that wild birds 
represent a reservoir for AI H5N1 viruses worldwide 
(Deogu et al., 2003; Hoye et al., 2010). This is a 
concern because many of the birds are migratory 
and travel over long distances across international 
borders (Hoye et al., 2010). Wild birds have been 
shown to introduce novel influenza gene segments 
into a population, that when reassorted with existing 
viruses can generate a dissimilar virus with different  
antigenic and other biological characteristics (Biswas 
et al., 2009). Looking at epidemiological data 
currently available, evidence is mounting that wild 
birds may play an important role in the AI H5N1 
cycle and could be the initial source for some AI 
H5N1 viruses which may be passed on through 
contact with resident water fowl or poultry, 
particularly domestic ducks (Biswas et al., 2009). In 
the event of low pathogenic viruses, the virus can 
undergo mutation or re-assort with viruses in the 
domestic and possibly resident bird populations until 
HPAI occurs (Biswas et al., 2009). The role of these 
wild birds could be complicated by the fact that the 
control of HPAI H5N1 in wild bird populations may 
not be feasible from logistical, environmental and 
biodiversity points of view (Biswas et al., 2009). 
Epidemiological studies have suggested that wild 
birds can play a role in the transmission of AI H5N1 
viruses to domestic poultry and vice versa (Deogu et 
al., 2003). There was evidence of a relationship 
between the risk of rodents and wild birds accessing 
poultry feed and the occurrence of AI H5N1 in 
poultry farms and this is consistent with previous 
reports (Power, 2005). Rodents might contaminate 
feed and litter with their excrement containing the 
AI H5N1 viruses (Cardona, 2007). They are 
particularly important to disease control, because 
they are frequently infected with disease-causing 
organisms and can perpetuate the organisms on a 
farm (Zander et al., 1997). The presence of free
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range birds and water fowls (local chickens, 
domestic ducks, geese, pigeons) was found to be a 
significant risk factor and this was recognized 
previously as a risk factor for HPAI occurrence, 
possibly due to their potential role as a reservoir of 
infection (Webster et al., 1997; Gilbert et al., 2006; 
Paul et al., 2010; Ferro et al., 2010). Infected 
domestic ducks may exhibit no clinical signs, yet can 
excrete high concentrations of AI H5N1 viruses that 
are pathogenic to other poultry species (Wakawa et 
al., 2008; Henning et al., 2010). It has been reported 
that the possible risk factors for AI H5N1 spread in 
Indonesia include duck movements, contacts 
between ducks and other poultry and inadequate 
handling of sick or dead ducks by flock owners 
(Henning et al, 2009; Henning et al., 2010). Similarly, 
scavenging ducks have been implicated as important 
contributors to HPAI H5N1 outbreaks in poultry 
flocks in South-east Asia (Thanawat et al., 2005). In 
similar studies, available evidence indicated that 
free-range domestic birds (chickens, ducks, guinea 
fowls and pigeons), played an important role in the 
spread of HPAI H5N1 in Vietnam and Thailand. In the 
case of pigeons, the risk factor of contact with 
pigeons included two categories: the owner’s own 
domestic pigeons and neighbours’ visiting pigeons. It 
is important to note that keeping pigeons alongside 
commercial poultry is a common practice among 
some poultry farmers in Kano State. The implication 
is pigeons’ feeding and behaviour could probably 
allow them to come in close contact with the 
secretions of HPAI-infected or dead chickens or with 
fomites, enabling them to transmit the virus 
(Chalmers, 2005; Biswas et al., 2009). The practice of 
keeping birds of different ages was significant. The 
implication is that, multiple ages on the same 
premise may constitute a serious disease potential 
from both actively infected birds and recovered 
carriers, particularly if birds of differing ages are 
closely associated through management practices or 
proximity (Zander et al., 1997). The finding that 
allowing free access to poultry pens, non restriction 
of visitors and parking vehicles close to poultry pens 
might pose significant risk for the occurrence of AI 
H5N1 is consistent with previous reports (Cardona & 

Kuney, 2002; Cardona, 2007; Cardona, 2008; 
Henning et al., 2010). Because of their mobility, 
duties, curiosity, ignorance, indifference, 
carelessness or total concentration on current profit 
margin, humans constitute one of the greatest 
potential causes of the introduction of disease 
(Power, 2005). Rarely i s this because they become 
infected and shed the disease agent, but rather 
because they track infectious agents, use 
contaminated equipment, or manage their flocks in 
such a way that spread of disease is inevitable 
(Power, 2005). Poultry catchers and egg t raders that 
were allowed to wear the same clothing between 
farms and also allowed to enter poultry farms were 
considered to be significant risks. The implication is 
that their contaminated clothes and shoes might 
mechanically spread the AI H5N1 viruses from 
infected to uninfected premises (EFSA, 2005; Power, 
2005). The significant risk associated with the 
method of dead bird disposal by refuse dump in this 
study is also consistent with previous reports 
(Cardona & Kuney, 2002). The danger is, infected 
dead birds may be fed upon by wild birds, domestic 
free roaming birds, cats or dogs. It has been 
reported that the disposal in the environment of 
dead birds may raise an additional risk for AI H5N1 
spread, particularly for farming systems 
characterized by free-roaming birds, given 
tendencies toward predation and/or cannibalism 
(FAO, 2006). The report that domestic cats and dogs 
can be infected if they feed on infected chickens has 
also fueled concerns about the risk that AI H5N1 
virus poses to cats and dogs, and subsequently to 
humans who have direct contact with them (Richard, 
2006; Pilaipan, 2010). 
In conclusion, the risks for the occurrence of HPAI 
H5N1 are higher in AF than NAF farms. The AF farms 
have not improved in their biosecurity practices 
despite their previous experiences with outbreaks of 
HPAI H5N1 in the State and government’s campaign 
against the disease. It is recommended that 
veterinary inspection to enforce and encourage best 
biosecurity practices for poultry farms should be 
introduced and sustained. 

 
References
Adene DF & Oguntade AE (2006). Overview of 

poultry production in Nigeria. The Structure 
and Importance of Commercial and Village 
based Poultry Systems in Nigeria: FAO 
Study, 2: 4-27.  

Adene DF, Wakawa AM, Abdu PA, Lombin LH, 
Kazeem, H.M., Sa’idu L, Fatihu MY, Joannis 
T, Adeyefa CAO & Obi TU (2006). Clinico-
pathological and husbandry features 
associated with the maiden diagnosis

 



Page 49 of 64 (SJVS, Vol. 10 no 2) 
 

Sokoto Journal of Veterinary Sciences, Volume 10 (Number 2). December, 2012 

 of avian influenza in Nigeria. Nigerian 
Veterinary Journal, 1: 32-38. 

Anonymous (2004). Avian influenza protecting 
poultry workers at risk. U.S. Department of 
Agriculture. 
http://www.osha.gov/dts/shib/ 
shib121304.html, retrieved 2007-4-10. 

Avian Influenza Control Project (AICP) (2008). List of 
registered commercial poultry farms. Kano 
State Ministry of Agriculture (KNSMA).  

Biswas PK, Christensen JP, Ahmed SU, Das A, 
Rahman MH, Barua H, Giasuddin M, 
Hannan ASM, Habib MA & Debnath MC 
(2009). Risk for infection with highly 
pathogenic avian influenza virus (H5N1) in 
backyard chickens, Bangladesh. Emerging 
Infectious Diseases, 15(12): 1931-1936. 

Capua I & Marangon S (2003). The use of vaccination 
as an option for the control of avian 
influenza. In: 71

st
 General Session of 

International Committee of the World 
Organization for Animal Health held from 
18-23 May, 2008 in Paris, France. 

Cardona CJ (2007). Recommendations to prevent the 
spread and/or introduction of avian 
influenza virus. 
www.vetmed.ucdavis.edu/vetext/INF-
PO_AI-Recommendations.pdf, retrieved 
2007-04-06. 

Cardona CJ (2008). Farm and regional biosecurity 
practices. In: Avian Influenza (DE Swayne, 
editor). Blackwell Publishing Limited, 
Ames, Iowa, USA, 16: 353-367. 

Cardona CJ & Kuney DR (2002). Biosecurity on 
chicken farms. In: Commercial chicken 
meat and egg production, (DD Bell & WD 
Weaver editors). 5

th
 edition. Kluwer 

Academic Publishers, Norwell, MA, Pp 
543-556. 

Chalmers GA (2005). Avian influenza (‘Bird Flu’) and 
pigeons. www.AI//A:/influenza/Avian 
influenza (‘Bird Flu’) and pigeons.htm, 
retrieved 2005-01-28. 

Deogu M, De Marco MA, Donatelli I, Campitelli I & 
Catelli E (2003). Ecological aspects of 
influenza A virus circulation in wild birds of 
the western paleartic. Veterinary Research 
Communications, 27(1): 101-106. 

Desvaux S, Grosbois V, Pham TTH, Fenwick S, Tollis S, 
Pham NH, Tran A & Roger F (2010). Risk 
factors of highly pathogenic avian 
influenza H5N1 occurrence at the village 
and farm levels in the red river delta 

region in Vietnam. Transboundary and 
Emerging Diseases, 3: 1-11. 

Dinh PN, Long HT, Tien NT, Van TP & Phuong NT 
(2006). Risk factors for human infections 
with avian influenza A H5N1, Vietnam, 
2004. Emerging Infectious Diseases, 
12(12): 1841-1847. 

Ekong PS, Ducheyne E, Carpenter TE, Owolodun OA, 
Oladokun AT, Lombin LH & Berkvens D 
(2012). Spatio-temporal epidemiology of 
highly pathogenic avian influenza (H5N1) 
outbreaks in Nigeria, 2006-2008. 
Preventive Veterinary Medicine , 103 (2-3): 
170-177. 

Escorcia MI, Vazquez ST, Mendez A, Rodriguez -
Ropon E, Lucio GM & Nava GM (2008). 
Avian influenza: genetic evolution under 
vaccination pressure. Virology Journal, 5: 
15-18.  

European Food Safety Authority (EFSA) (2005). 
Animal health and welfare scientific 
report. Animal health and welfare aspects 
of avian influenza. Annexed to the EFSA 
Journal. 
http://www.efsa.europa.eu/en/science/ah
aw/ahaw.html, retrieved 2007-04-17. 

Fasina FO, Rivas AL, Bisschop SP, Stegeman AJ & 
Hernandez JA (2011). Identification of risk 
factors associated with highly pathogenic 
avian influenza H5N1 virus infection in 
poultry farms, in Nigeria during the 
epidemic of 2006-2007. Preventive 
Veterinary Medicine , 98(2-3): 204-208. 

 Ferro PJ, Budke CM, Peterson MJ, Cox D, Rol tsch E, 
Merendino T, Nelson M & Lupiani B 
(2010). Multiyear surveillance for avian 
influenza virus in waterfowl from               
wintering grounds, Texas Coast, USA. 
Emerging Infectious Diseases, 16(8): 1224-
1230. 

Food and Agricultural Organization (FAO) (2004). 
Poultry production sectors.               
http://www.fao.org/docs/eims/upload//2
24897/factsheet, retrieved 2011-09-28. 

Food and Agricultural Organization (FAO) (2008). 
Biosecurity for highly pathogenic avian 
influenza: isuues and options. FAO Animal 
Production and Health, Pp 1-58. 

Fusaro A, Joannis T, Monne I, Salviato A, Yakubu B, 
Meseko C, Oladokun, Fassina S, Capua I, & 
Cattoli G (2009). Introduction into Nigeria 
of a distinct genotype of avian influenza 



Page 50 of 64 (SJVS, Vol. 10 no 2) 
 

Sokoto Journal of Veterinary Sciences, Volume 10 (Number 2). December, 2012 

virus (H5N1). Emerging Infectious 
Diseases, 15(3): 445-447.  

 Gilbert M, Chaitaweesub P, Parakamawongsa T, 
Premashthira N, Tiensin T, Kalpravidh W, 
Wagner H & Slingenbergh J (2006). Free 
grazing ducks and highly pathogenic avian 
influenza, Thailand. Emerging Infectious 
Diseases, 12 (2): 227–234. 

Halvorson DA, Kelleher CJ & Senne DA (1985). 
Epizootiology of avian influenza: effect of 
season on incidence in sentinel ducks and 
domestic turkeys in Minnesota. Applied 
and Environmental Microbiology, 49 (4): 
914-919.  

Henning KA, Henning J, Morton J, Long NT, Ha NT & 
Meers J (2009). Farm- and flock-level risk 
factors associated with highly pathogenic 
avian influenza outbreaks on small holder 
duck and chicken farms in the Mekong 
Delta of Viet Nam. Veterinary Medicine , 91 
(2-4): 179-188. 

Henning J, Wibawa H, Morton J, Usman TB, Junaidi A 
& Meers J (2010). Scavenging ducks and 
transmission of highly pathogenic avian 
influenza, Java, Indonesia. Emerging 
Infectious Diseases, 16(8): 1244-1250. 

Henning J, Bett B, Okike I, Abdu P & Perry B (2012). 
Incidence of Highly Pathogenic Avian 
Influenza H5N1 in Nigeria, 2005-2008. 
Transboundary and Emerging Diseases, 
2012 Apr 25. doi: 10.1111/j.1865-
1682.2012.01331.x., retrieved 2012-08-18. 

Hinshaw VS, Webster RG & Turner B (1979). Wa ter-
borne transmission of avian influenza 
viruses? Intervirology, 11 (1): 66-68. 

Hoye BJ, Munster VJ, Nishiura H, Klaassen M & 
Fouchier RAM (2010). Surveillance of wild 
birds for avian influenza virus. Emerging 
Infectious Diseases, 16(12): 1827-1833. 

Joannis T, Lombin LH, De Benedictis P, Cattoli G & 
Capua I (2006). Confirmation of H5N1 
avian influenza in Africa. Veterinary 
Record, 158(9):309-310. 

Karunakaran D, Newman JA, Halvorson DA & 
Abraham A (1987). Evaluation of 
inactivated influenza vaccines in market 
turkeys. Avian Diseases, 31 (3): 498-502.  

Kung NY, Morris RS, Perkins NR, Sims LD, Ellis TM, 
Bissett L, Chow M, Shortridge KF, Guan Y & 
Peiris MJS (2007). Risk for infection with 
highly pathogenic avian influenza A virus 
(H5N1) in chickens, Hong Kong, 2002. 
Emerging Infectious Diseases, 13(3): 15-23.  

Metras R, Stevens KB, Abdu PA, Okike I, Randolph T, 
Grace D, Pfeiffer DU & Costard S (2012). 
Identification of potential risk factors 
associated with highly pathogenic avian 
influenza subtype H5N1 outbreak 
occurrence in Lagos and Kano States, 
Nigeria, during the 2006-2007 epidemics. 
Transboundary Emerging Diseases, 2012 
Apr 2. doi: 10.1111/j.1865-
1682.2012.01322.x., retrieved 2012-07-28. 

Mohan M, Trevor F & Feroz MS (2008). Avian 
influenza infection in human. Veterinary 
World, 1(4): 122-125. 

Morris RS & Jackson R (2005). Historical background 
on avian influenza and  emergence of the 
H5N1 strain. Epidemiology of H5N1 avian 
influenza in Asia and implications for 
regional control. A Contracted Report for 
the Food and Agricultural Organization of 
the United Nations, Pp 2-4. 

Paul M, Tavornpanich S, Abrial D, Gasqui P, Charras -
Garrido M, Thanapongtharm W et al., 
(2010). Anthropogenic factors and the risk 
of highly pathogenic avian influenza H5N1: 
prospects from a spatial-based model. 
Veterinary Research , 41 (3): 28. 

Pilaipan P (2010). Experts warn deadly bird flu could 
return. Bangkok Post, 7 May, 2010. 
http://www.bangkokpost.com/learning-
from-news/234486/bird-flu-returns , 
retrieved 2012-07-29. 

Power C (2005). The source and means of spread of 
the avian influenza virus in the Lower 
Fraser Valley of British Columbia during an 
Outbreak in the winter of 2004. 
http://www.inspection.gc.ca/english/anim
a/heasan/disemala/ 
avflu/2004rep/epie.shtml, retrieved 2010-
11-10.  

Richard J (2006). Information on H5N1 in cats. New 
Jersey Department of Health and Senior 
Services, Avian influenza page. 
http://www.state.nj.us/health/flu/pande
mic.shttml., retrieved 2010-01-12. 

Salman  MD, Gillette S & Ridky C (2007). Avian 
influenza in Nigeria. Avian Influenza 
Epidemiology: A Training Workshop in 
Nigeria organized by United State 
Department of Agriculture (USDA), 
Colorado State University and Association 
for Veterinary Epidemiology and 
Preventive Medicine. 10

th
 – 18

th
 

December, 2007, Jos, Nigeria, 1: 1-3. 



Page 51 of 64 (SJVS, Vol. 10 no 2) 
 

Sokoto Journal of Veterinary Sciences, Volume 10 (Number 2). December, 2012 

Swayne DE (2008). Epidemiology of avian influenza 
virus in agricultural and other man-made 
systems. In: Avian Influenza (DE Swayne 
edition), Blackwell Publishing Ltd, Ames, 
Iowa, USA. 4:59-86. 

Thanawat T, Prasit C, Thaweesak S, Arunee C, 
Worongrong H, Mirayam N & Arjan T 
(2005). Highly pathogenic avian influenza 
H5N1, Thailand, 2004. Emerging Infectious 
Diseases, 1(11): 2005. 

Thomas ME, Bouma A, Ekker HM, Fonken AJM, 
Stegeman JA & Nielen M (2005).  Risk 
factors for the introduction of high 
pathogenicity Avian Influenza viruses into 
poultry farms during the epidemic in the 
Netherlands in 2003. Preventive Veterinary 
Medicine, 69 (7): 1–11. 

Wakawa AM, Sa’idu L, Kazeem HM, Fatihu MY, 
Adamu J, Mamman PH, Abdu PA, Bello 
M, & Kwanashie CN (2008). Highly 
pathogenic avian influenza in water 
fowls in Zaria. Nigerian Veterinary 
Journal, 29(2): 55-58. 

Webster RG, Shortridge KF & Kawaoka Y (1997).  
Influenza: interspecies transmission and 

emergence of new pandemics. FEMS 
Immunology and Medical Microbiology, 
18 (4): 275-279.  

Webster RG, Webby RJ, Hoffmann E, Rodenberg J, 
Kumar M, Chu HJ, Seiler P, Krauss S & 
Songserm T (2006). The immunogenicity 
and efficacy against H5N1 challenge of 
reverse genetics-derived H5N3 influenza 
vaccine in ducks and chickens. Virology, 
351(2):303-311. 

World Health Organization (WHO) (2012). 
Cumulative number of confirmed human 
cases of avian influenza (H5N1) reported 
to World Health Organizatio n. 
http://www.who.int/csr/disease/avian_i
nfluenza/country/cases/en/index.html, 
Retrieved 2012-1-19. 

Zander DV, Bermudez AJ & Mallison ET (1997). 
Principles of disease prevention, 
diagnosis and control. In: Diseases of 
Poultry (BN Calnek, HJ Barnes, CW 
Beard, LR McDougald & YM Saif). 10

th
 

edition. Iowa State University Press, 
Ames, Iowa, USA, Pp 583-605.

 

 
 

 

 

 

 

 

 

 

 

 

 

 


