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a b s t r a c t
We conducted a matched case–control study to evaluate risk factors for infection with
highly pathogenic avian inﬂuenza (HPAI) H5N1 virus in poultry farms during the epidemic
of 2006–2007 in Nigeria. Epidemiologic data were collected through the use of a questionnaire from 32 case farms and 83 control farms. The frequency of investigated exposure
factors was compared between case and control farms by using conditional logistic regression analysis. In the multivariable analysis, the variables for (i) receiving visitors on farm
premises (odds ratio [OR] = 8.32; 95% conﬁdence interval [CI] = 1.87, 36.97; P < 0.01), (ii)
purchased live poultry/products (OR = 11.91; 95% CI = 3.11–45.59; P < 0.01), and (iii) farm
workers live outside the premises (OR = 8.98; 95% CI = 1.97, 40.77; P < 0.01) were identiﬁed
as risk factors for HPAI in poultry farms. Improving farm hygiene and biosecurity should
help reduce the risk for inﬂuenza (H5N1) infection in poultry farms in Nigeria.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
In 1996, a geese farm was infected in Guangdong, China
with the highly pathogenic H5N1 strain of avian inﬂuenza
(HPAI H5N1). That particular incident was to mark the
onset of a major catastrophe in the poultry industry world
wide as the virus from the farm acquired several new biological properties and became the progenitor of several
other HPAI H5N1 viruses-the key among which is the Zgenotype (Xu et al., 1999; Guan et al., 2002; Li et al., 2004).
The virus has caused the death or culling of over 300 million
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multiple avian species and spread to at least 50 countries,
including 467 human infections and 282 human fatalities
(OIE, 2010; WHO, 2010).
Several factors have been determined to be responsible
for the dissemination of inﬂuenza virus in poultry. Bavinck
et al. (2009) showed that raising of multiple species in
backyard poultry and living in close proximity to infected
commercial farm premises increases the risk of infection.
Backyard poultry have also been found to be an important source of spread and persistence of HPAI H5N1 in
South East Asia (Tiensin et al., 2005). Thompson et al.
(2008) also found out that large population of birds within
farm premises, poor biosecurity and presence of outside
birds, especially the Egyptian geese, were associated with
increasing the risk of infection of ostriches with the H5
inﬂuenza virus. Layer type operation has been associated
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with infection in the Netherlands (Thomas et al., 2005).
Finally, a study by Nishiguchi et al. (2007) proved that
introduction of end-of-lay chickens, sharing of farm equipment, poor biosecurity and proximity to infected farms
are important risk factors for infection with HPAI H5N2 in
Japan.
Nigeria was the ﬁrst African country to report HPAI
infection in February 2006, when the HPAI H5N1 virus
was ﬁrst detected in a commercial poultry farm in Kaduna,
Northern Nigeria. The virus thereafter spread rapidly to
other commercial and backyard poultry and infected 25 of
36 states of Nigeria including the Federal Capital Territory
(National Veterinary Research Institute records). Approximately 711,000 birds of various species died and a total
of 1,264,191 were culled. One human fatality was also
reported and conﬁrmed in Lagos, South-West Nigeria in
early 2007.
In Africa, despite reports on the genetic/biological
constituents/properties of HPAI H5N1 viruses of African
origin (Ducatez et al., 2006, 2007; Njouom et al., 2008;
Couacy-Hymann et al., 2008; Cattoli et al., 2009; Fasina
et al., 2009), the epidemiologic aspects of HPAI H5N1
virus infection in poultry have not been investigated.
Although previous studies have provided an epidemiologic framework for investigation of risk factors for HPAI
H5N1 virus in poultry (Henzler et al., 2003; Thomas
et al., 2005; Bouma et al., 2009; Busani et al., 2009),
study ﬁndings and proposed prevention strategies may
not apply to the conditions of Nigeria in view of variations in climatic conditions, poultry practices, and the
socioeconomic and cultural orientations of agricultural
populations in this geographic region. The aims of this
study were to investigate and identify risk factors for HPAI
H5N1 virus infection in poultry farms in Nigeria during
2006–2007.

2. Materials and methods
2.1. Study location and time period
Field and laboratory investigations were conducted in
Nigeria from February 2006 to October 2007. During this
time-period, a total of 1205 poultry farms with suspected
disease outbreaks were investigated, and 299 virus isolates of HPAI H5N1 were recovered from 26 of 36 states
in Nigeria (Fasina et al., 2009). This epidemiologic investigation was conducted within a subset of the 26 states
where one or more poultry farms reported HPAI H5N1
virus infections in 2006–2007. Seven states were randomly
selected so that at least two states from each of the affected
regions would be investigated. The ﬁnal selection included:
2 states from the North (Kano, Kaduna); 3 states from
the Central region (Bauchi, Plateau, Federal Capital Territory); and 2 states from the South (Ogun, Lagos; see Fig. 1).
This design was meant not to assess the farms representative of all Nigerian poultry farms, but high-risk farms
(those located within infected states). Within the selected
states, case and control farms were selected as indicated
below.
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Fig. 1. Spatial representation of case and control farms in a case–control
study on poultry farms in Nigeria. Sampled populations were taken from
the infected areas using stratiﬁed random sampling approach.

2.2. Selection of cases
Case farms were randomly selected from the list of
infected farms so that ﬁve farms from each of the selected
states would be sampled (n = 35). Of those, questionnaires were completed and retrieved from thirty-two farms
(n = 32). All the 32 farms met the double criteria of a
case farm clinical signs – sudden heightened mortality,
dyspnoea, coughing, wheezing, decreased food and water
intake, decreased or cessation in egg production; and positive virological tests conducted at the National Veterinary
Research Institute, Vom (Joannis et al., 2008).
2.3. Selection of controls
Control farms were randomly selected from a group of
farms located in the same states that reported infection
in 2006–2007 (sample frame: 2111). Serum samples had
been collected and tested at the same time the epidemic
occurred (to monitor other diseases), which produced
seronegative test results for HPAI H5N1 virus. Control farms
were selected to generate a ratio of 2.59:1 (83 farms).
The control farms were matched individually to case
ﬂocks using ﬂock size (<500 or >500; P-value for measure of
association between cases and controls = 0.015, two-tailed
at 95% conﬁdence interval, McNemar test value = 5.898).
2.4. Epidemiologic questionnaire
A structured questionnaire was designed, validated,
and applied during farm visits for data collection of epi-
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Table 1
Univariable analysis of risk factors associated with poultry farms diagnosed with HPAI H5N1 virus infection in a case–control study on poultry farms in
Nigeria.
Variable

Category

Cases

Controls

Location (urban)

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

19
12
11
20
19
12
3
28
23
8
14
17
8
23
11
20
10
21
12
19
15
16
23
8
15
16
29
2
30
1
31
0
3
28
26
5
17
14
29
2
22
9
27
4
22
9
14
17
18
13
8
23
7
24
4
27

46
32
31
47
51
27
11
67
73
5
24
54
47
31
64
14
49
29
24
54
34
44
53
25
41
37
73
5
73
5
72
6
6
72
69
9
38
40
71
7
69
9
65
13
69
9
26
52
46
32
17
61
40
38
22
56

Primary occupation (poultry)
Education (secondary maximum)
Egg/spent layers disposed on farm
Kept other birds/animals
Visit other farms
Receive visitors on premises
Purchase live poultry
Have infected neighborhood
Foot bath
Gate/fence
Changing room
Farm cloth and boots
Shower bath
Tyre dip
Log book
Use of biosecurity
Indiscriminate disposal of farm waste
Self prepared feed
Borrow farm equipment
Untreated water source
Pool/bird sanctuary
Water birds visit farm premises
Problems with rodent pests control
Outside vaccinators operate in farm
Bird proof buildings/pens
Workers live outside premises
Inappropriate disposal dead chickens

demiologic interest that took place during the months
of July–October 2007, when farm managers were interviewed. Data on the following items were collected
from each farm: location, primary occupation of the
farm owner, education level of key decision makers (owner or manager), method of product disposal,
number of layers, raising of other birds/animals, farm
workers visit neighbouring farms, farmer and workers receive visitors within the farm premises, whether

OR
1.00
0.95
1.00
1.16
1.00
1.25
1.00
1.57
1.00
5.91
1.00
0.60
1.00
3.69
1.00
6.50
1.00
3.48
1.00
0.65
1.00
0.74
1.00
0.66
1.00
1.11
1.00
1.16
1.00
0.52
1.00
ND
1.00
0.76
1.00
1.52
1.00
0.83
1.00
0.71
1.00
3.51
1.00
0.69
1.00
0.96
1.00
0.60
1.00
1.10
1.00
0.71
1.00
4.06
1.00
2.51

95% CI

P

Reference
0.39, 2.27
Reference
0.47, 2.84
Reference
0.51, 3.05
Reference
0.39, 6.22
Reference
1.53, 22.85
Reference
0.27, 1.35
Reference
1.50, 9.08
Reference
2.55, 16.53
Reference
1.40, 8.69
Reference
0.25, 1.64
Reference
0.31, 1.73
Reference
0.23, 1.89
Reference
0.49, 2.50
Reference
0.18, 7.32
Reference
0.05, 4.89
Reference
ND
Reference
0.19, 3.08
Reference
0.46, 5.00
Reference
0.34, 2.05
Reference
0.13, 3.77
Reference
1.13, 10.92
Reference
0.21, 2.25
Reference
0.28, 3.25
Reference
0.25, 1.46
Reference
0.48, 2.52
Reference
0.26, 1.96
Reference
1.44, 11.47
Reference
0.79, 7.98

NA
0.91
NA
0.73
NA
0.61
NA
0.51
NA
0.01
NA
0.22
NA
<0.01
NA
<0.01
NA
<0.01
NA
0.36
NA
0.49
NA
0.44
NA
0.78
NA
0.87
NA
0.57
NA
ND
NA
0.70
NA
0.48
NA
0.70
NA
0.68
NA
0.02
NA
0.54
NA
0.95
NA
0.26
NA
0.80
NA
0.51
NA
<0.01
NA
0.11

live poultry were purchases from the market during
the epidemic in other farms, if there were infected
farms within 1.0 km, presence of footbath, presence of
gate/fence, changing room, workers are provided with
own cloth/boots, shower bath, tyre dip, log book, presence of preventive materials and application of procedures
meant to reduce burden of diseases, disposal of farm
waste, commercial/local source of feed, use of borrowed farm equipment, water source (well, lake/pool,
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stream, portable/chlorinated/borehole water), presence
of pool/bird sanctuary, presence of water bird, rat
problems, vaccinator of birds (resident vets, shared vaccinator/outside vets, para-veterinarians), whether the house
is screened with netting to exclude wild birds, whether the
workers live outside the farm premises, and the disposal
method for dead bird.
2.5. Statistical analyses
Conditional logistic regression on the dichotomic items
was used to model the odds of being an HPAI H5N1 case
as a function of investigated risk factors. Initial screening
of potential risk factors for HPAI H5N1 infection was performed by use of univariable conditional logistic regression
(Hosmer and Lemeshow, 1989; Cytel Software Corporation,
2000). Variables associated (P ≤ 0.20) with the outcome
of interest (HPAI H5N1 virus infection) were considered
for inclusion in a multivariable logistic regression analysis. Associations between exposure variables (P ≤ 0.20)
were examined, and when a pair of variables was associated (P = 0.05 by use of a 2 test, two-tailed), the exposure
variable judged as most biologically plausible was used
as a candidate in the multivariable analysis. A forward
stepwise approach was used to identify variables associated with infection by use of a 2-sided P-values-to-enter
and P-values-to-remove of 0.05 and 0.10, respectively. Values for the ﬁnal model were considered signiﬁcant at
P ≤ 0.05. Fit of the model to the data was assessed by a
visual examination of residual plots (standardized -ˇ
values vs observation number and -ˇ vs ﬁtted values).
Case–control sets that had farms with extreme -ˇ values and low ﬁtted values were excluded from the analysis
to evaluate their inﬂuence on estimated ORs. In the ﬁnal
model, the adjusted odds ratio (OR) and 95% conﬁdence
interval (CI) were reported.
3. Results
This study included 32 case farms and 83 control farms
in Nigeria. The median ﬂock size of study poultry farms
was 764 (ﬁrst quartile = 351; third quartile = 2500). In the
univariable analysis, 7 variables (kept other birds/animals,
receive visitors on the farm, purchase live poultry, have
infected neighborhood, untreated water source, outside
workers, and inappropriate disposal of dead chickens) were
identiﬁed and further analyzed for biological plausibility, magnitude of association, and statistical signiﬁcance
(P ≤ 0.20, Table 1). In the multivariable analysis, the variables ‘farm receives visitors within the farm premises’,
‘farm purchases live poultry/products’, and ‘farm workers
live outside the premises’ were associated (P ≤ 0.05) with
HPAI H5N1 virus infection (Table 2). Visual examination of
residuals revealed that the delta-beta values for the three
variables kept in the ﬁnal model were not extreme (i.e.,
not >1), which supported overall goodness of ﬁt. Analysis of residuals (set of case and control farms with the
largest delta-beta value and lowest ﬁtted value) indicated
the existence of inﬂuential observations; however, removal
of these observations did not change the ﬁnding of greater
risk associated with ‘farm receives visitors’, purchases of
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Table 2
Multivariable analysis of risk factors associated with poultry farms diagnosed with HPAI H5N1 virus infection in a case–control study on poultry
farms in Nigeria.
Variable

Category

Receive visitors on
premises

No

Purchase live
poultry
Workers live
outside premises

Adjusted OR

95% CI

P

1.00

Reference

NA

Yes
No

8.32
1.00

1.87, 36.97
Reference

<0.01
NA

Yes
No

11.91
1.00

3.11, 45.59
Reference

<0.01
NA

Yes

8.98

1.97, 40.77

<0.01

live poultry/products’, and ‘farms with workers living outside the farms’.
4. Discussion
The use of epidemiologic research methods proved useful in the identiﬁcation of risk factors associated with
poultry farms classiﬁed as infected with HPAI H5N1 virus
during the epidemic of 2006–2007 in Nigeria. While underreporting and/or over-reporting (due to confusion with
other diseases) may have occurred during the epidemic,
given the laboratory results conducted, such possibilities
did not inﬂuence the case and control farms here investigated. Overall, the epidemiologic analysis revealed that
low biosecurity standards contributed to the wide spread
of HPAI H5N1 in poultry farms in Nigeria during the epidemic. Study results should help the national veterinary
authority in Nigeria to justify the allocation of funds to formulate, implement, and evaluate enhanced education and
communication activities on the importance of biosecurity
to prevent future epidemics of HPAI in Nigeria.
Statistical signiﬁcant associations were found among
three risk factors (presence of visitors on farm premises,
purchase of live poultry and poultry products by farmers, and farm workers living outside the farm premises).
The odds of HPAI H5N1 virus infection in farms that
received visitors was higher than that in farms where visitors were received outside the poultry premises (OR = 8.32;
95% CI = 1.87, 36.97). It is noteworthy that most of the visitors that patronize farms in Nigeria are farm gate buyers
who have higher chance of visiting several farms per day.
In the course of conducting their trade, they may inadvertently transmit infection from farm to farm especially from
a newly infected farm where clinical signs are not yet fully
displayed. Similarly, farmers may offer for sale, at a lower
cost, birds suspected to be infected. A previous study has
indicated that transfer of poultry and their products from
one part of the country to another enhances the spread of
avian inﬂuenza H5N1 (Fasina et al., 2009).
Poultry farms that purchased live poultry and poultry
products in the course of the outbreak had higher odds
of being infected with HPAI H5N1 virus (OR = 11.91; 95%
CI = 3.11, 45.59), compared to farms that did not. Sales of
live poultry (a common practice in Nigeria and most parts
of Africa) are associated with rapid dissemination of infections through slaughter, evisceration, improper disposal of
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visceral, ﬂying feathers and contaminated equipment used
by farmers (Henzler et al., 2003).
Farms with farm workers that live outside the farm
had higher odds of infection, compared with farms where
workers live within the premises (OR = 8.98; 95% CI = 1.97,
40.77). One explanation we can offer for this association is
that outside workers are less likely to observe biosecurity
principles and guidelines set by the farms. Such workers raise poultry in their own homes, offered services to
other farms, exchange items with workers from other farm
premises, and rarely change their clothes and shoes when
they report for work (Adene and Oguntade, 2007).
The established risk factors are inherently behavioural:
they can be modiﬁed by human decisions. Given the fact
that both the control and case farms were located in the
same states, the difference observed between non-infected
and infected farms in terms of risk factors ruled out the
role of geography as the determining factor of infection.
Instead, ﬁndings suggest that, at least partially, epidemic
dissemination may be diminished, if not prevented, by simple measures that essentially, involve behaviour. This study
highlight the low cost but high beneﬁt associated with
educational measures meant to prevent epidemic dissemination.
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