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Serologic Evidence of Avian Influenza Virus
Infections Among Nigerian Agricultural Workers

John Okoye,1 Didacus Eze,1 Whitney S. Krueger,2 Gary L. Heil,2 John A. Friary,2 and
Gregory C. Gray2*
1Department of Veterinary Pathology and Microbiology, University of Nigeria, Nsukka, Nigeria
2College of Public Health and Health Professions, and Emerging Pathogens Institute, University of Florida,
Gainesville, Florida

Nigeria has had multiple incursions of highly
pathogenic avian influenza A (HPAI) H5N1
virus into its poultry population since 2006.
This study aimed to determine if Nigerians
exposed to poultry had evidence of avian influ-
enza virus transmission to man. Between 2008
and 2010, 316 adult farmers and open market
workers and 54 age-group matched, non-
animal exposed controls were enrolled in
a prospective, population-based study of
zoonotic influenza transmission in four towns
in southeastern Nigeria. Questionnaire data
and sera obtained at the time of enrollment
were examined for evidence of previous
infection with 10 avian influenza virus strains.
Serologic studies on sera collected at the time
of enrollment showed modest evidence of
previous infection with three avian-origin
influenza viruses (H5N1, H5N2, and H11N1)
and one avian-like H9N2 influenza virus,
with eight (2.4%) of animal-exposed subjects
and two (3.7%) unexposed subjects having
elevated microneutralization assay antibody
titer levels (ranging from 1:10 to 1:80). Statisti-
cal analyses did not identify specific risk
factors associated with the elevated anti-
body titers observed for these zoonotic
influenza viruses. These data suggested only
occasional virus transmission to humans
in areas thought to have been enzootic for
avian influenza virus. Prospective data from
this cohort will help the authors to better
understand the occurrence of zoonotic
infections due to avian influenza viruses in
Nigeria. J. Med. Virol. 85:670–676,
2013. � 2013 Wiley Periodicals, Inc.

KEY WORDS: influenza A virus; avian; zoo-
noses; occupational exposure;
communicable diseases; emer-
ging; agriculture; seroepide-
miologic studies

INTRODUCTION

The Federal Republic of Nigeria is the most popu-
lated country in Africa. Home to more than 170 mil-
lion people within 36 states [CIA, 2012], Nigeria is
comprised of diverse groups/ethnicities with many dif-
ferent agricultural practices. Since highly pathogenic
avian influenza (HPAI) H5N1 virus was first detected
and confirmed in Africa in Kaduna State in
February 2006 [Joannis et al., 2006], several other
states in Nigeria have reported HPAI virus infections
among millions of domestic and wild birds [Henning
et al., 2012]. One human case and death due to infec-
tion with H5N1 virus occurred in February 2007. The
last recorded outbreak of H5N1 virus infection among
domestic birds occurred in northern Nigeria in late
2008.

The Central and Northern States of Nigeria are
mainly involved in cattle, sheep, and goat production
as they have large areas of savannah grassland. Com-
prised mainly of rain forest, poultry production is con-
centrated in Southern Nigeria. While larger breeder
farms are located in the Southwestern States of
Nigeria near Lagos, the Southeast is the second larg-
est poultry and swine producing area of Nigeria. Mod-
ern confined animal feeding operations (CAFOs) have
not yet fully supplanted small poultry farming
in Nigeria. Smaller-scale village/backyard poultry
farming and wet markets still exist, especially in
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Southeast Nigeria, where biosecurity measures are
not employed and workers do not wear protective
clothing. Poultry are not vaccinated against avian in-
fluenza virus [Cattoli et al., 2011], and when out-
breaks do occur, the ‘‘stamp out’’ policy is employed as
their control measure. Nigerians are not commonly
vaccinated against seasonal human influenza viruses;
although a recent study has demonstrated a willing-
ness to receive pandemic influenza A (H1N1) vaccine
by health care workers [Fatiregun et al., 2012].

It is likely that H5N1 virus is enzootic in this
densely populated nation; however, influenza surveil-
lance among humans and animals in Nigeria is poor
due to its weak public health infrastructure and agri-
culture assistance programs. This lack of animal and
human health control measures, along with inade-
quate risk perception among poultry workers [Fatire-
gun and Saani, 2008; Fasina et al., 2009; Musa et al.,
2010; Paul et al., 2012], likely help to facilitate HPAI
H5N1 virus spread. Identifying subclinical human
infections and risk factors for zoonotic influenza virus
transmission may help to expand control and preven-
tion strategies in Nigeria [Ortiz et al., 2007; Metras
et al., 2012].

OBJECTIVES

The aim of this study was to determine if poultry
workers, or people working in the open bird markets,
in Nigeria had more evidence of zoonotic influenza
virus infections compared to Nigerians not occupa-
tionally exposed to poultry.

STUDY DESIGN

A total of four institutional review boards reviewed
and approved the study (see Grant Sponsor informa-
tion). Eligible study participants (�18 years old and
self-reporting no immunocompromising conditions)
were recruited in the towns of Nsukka, Udi, and
Enugu in Enugu State and the town of Abakaliki in
Ebonyi State, all in southeastern Nigeria. Consenting
participants were interviewed by University of

Nigeria in Nsukka (UNN) staff field workers who
completed enrollment forms and collected sera at the
participant’s place of employment. Animal exposure
was classified as exposure to domesticated poultry (in-
cluding chicken, ducks, geese, turkeys, and pigeons)
as part of daily activities for �5 cumulative hr/week.
Animal-exposed participants were enrolled at poultry
production facilities, open bird markets, and small
backyard poultry farms. Modern biosecurity measures
are not aggressively enforced in these settings. Along
with demographic information and medical history,
community, household, and occupational animal expo-
sures were assessed with the study’s enrollment ques-
tionnaire. The questionnaire captured flock/herd size
for various types of domestic poultry and other ani-
mals, well as years of exposure, such that animal ex-
posure could be classified in an continuous or ordinal
fashion (e.g., 1,000 chicken-years or 1,000 duck-
years). Age group matched non-animal exposed con-
trols with no self-reported household and occupational
animal exposure were recruited from UNN.

Laboratory Methods

Whole blood specimens (10 ml red top tube) were
transported at 10–158C to the laboratory at UNN
within 24 hr after collection. Upon arrival, specimens
were accessioned and blood tubes spun at 3,000g for
15 min to separate serum. All collected serum was
aliquoted and frozen at �808C. Frozen sera were
transported on dry ice to the University of Florida for
testing.

Influenza virus strains were selected by the hemag-
glutinin (H) type for their best geographic and tempo-
ral proximity to the study population (Table I). The
hemagglutination inhibition (HI) assay as previously
described [Gill et al., 2006; Myers et al., 2006, 2007;
Ramirez et al., 2006; Kayali et al., 2008] was con-
ducted to study human sera for antibodies against hu-
man influenza A viruses. A microneutralization (MN)
assay adapted from previous reports by Rowe et al.
[1999], Gill et al. [2006], Myers et al. [2007], Gray
et al. [2008], and Khuntirat et al. [2011] was used to

TABLE I. Viruses Used in Serological Studies

Avian viruses Human viruses

A/Migratory duck/Hong Kong MPS180/2003(H4N6) A/Brisbane/59/2007(H1N1)a

A/Chicken/Nigeria/2007/1132123(H5N1) A/Mexico/4108/2009(H1N1)a

A/Nopi/Minnesota/2007/462960-2(H5N2) A/Brisbane/10/2007(H3N2)a

A/Teal/Hong Kong/w312/97(H6N1)
A/Water fowl/Hong Kong/Mpb127/2005(H7N7)
A/Migratory duck/Hong Kong/MP2553/2004(H8N4)
A/Hong Kong/1073/1999(H9N2)b

A/Migratory duck/Hong Kong/MPD268/2007(H10N4)
A/Chicken/New Jersey/15906-9/1996(H11N1)
A/Duck/ALBERT60/1976(H12N5)

Unless otherwise indicated, serologic study was performed using the microneutralization assay.
aVirus studied with hemagglutination inhibition assay.
bVirus of avian origin but isolated from a human.
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detect antibodies against a large panel of avian and
avian-like influenza A viruses.

Due to a low prevalence of elevated antibodies
against the various avian influenza viruses, rapidly
waning titers [Buchy et al., 2010], and the inability to
determine when such an infection might have oc-
curred, a low threshold of antibody titer (�1:10) was
chosen as evidence of previous infection with a strain
of avian influenza virus [Capuano et al., 2007]. Be-
cause cross-reactions from previous infection with hu-
man influenza viruses might confound the serology,
potential confounding was controlled by also testing
sera for cross-reacting antibodies against human in-
fluenza viruses. As the authors have reported previ-
ously [Myers et al., 2006, 2007; Ramirez et al., 2006],
a HI titer �1:40 was accepted as evidence of previous
human influenza virus infection or vaccination.

Statistical Methods

Questionnaire data were manually entered twice in
a relational database (Microsoft, Inc., Redmond, WA)
and verified with structured query language. Ques-
tionnaire and laboratory data were later merged into
a master dataset, using a unique study subject num-
ber. Associations between animal exposure and serolo-
gy results for human and avian influenza viruses

were examined using binary logistic regression. An
exact conditional method was used for sparse data.
Analyses were performed by using SAS v9.2 (SAS
Institute, Inc., Cary, NC).

RESULTS

Participants

Between December 2008 and June 2009, field staff
enrolled 316 poultry-exposed (open markets and
farms) participants in Nsukka, Enugu, Udi, and Aba-
kaliki, all in southeastern Nigeria (Fig. 1). Occupa-
tional exposure to domestic poultry and respective
median animal-years of exposure among these partic-
ipants included layer chickens (3,000 animal-years),
broiler chickens (1,000 animal-years), pigeons (150
animal-years), ducks (38 animal-years), and turkeys
(25 animal-years). Household/community poultry
exposures included market chickens (120 animal-
years), caged birds at home (120 animal-years), chick-
ens at home (75 animal-years), pigeons at home (58
animal-years), and ducks at home (51 animal-years).
Wild birds were not prevalent in these enrollment
areas. Median years worked in a specific occupation
included veterinarian (8 years), poultry farmer (6 years),
poultry market worker (6 years), and poultry industry
worker (4 years). In April 2010, 54 age-group matched

Fig. 1. Map of the four enrollment sites in Enugu State and Ebonyi State, Nigeria.
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non-animal exposed control subjects were enrolled at
UNN. All participants had a mean age of 34.5 years
and 53% were female (Table II). Potential risk factors
for infection differed between the animal-exposed and
unexposed groups. Nearly all of the animal exposed
subjects (96%) reported no access to an indoor source
or water, while only 76% of the unexposed subjects
did not report access (OR ¼ 7.3; 95% CI, 2.9–18.5).
Cardiovascular disease (OR ¼ 7.1; 95% CI, 1.2–infini-
ty) and chronic breathing problems (OR ¼ 10.9; 95%
CI, 1.8–448) were more prevalent among the exposed
group. Animal-exposed participants were also signifi-
cantly more likely to have developed a respiratory ill-
ness in the last 12 months, when compared to the
unexposed subjects (OR ¼ 37.3; 95% CI, 9.5–322).
Participants self-reported their use of personal protec-
tive equipment (PPE) while working with animals.
The majority (88%) of animal-exposed subjects
reported never wearing gloves, but 69% did report al-
ways washing their hands. Eye protection and masks
were never used by most participants (95% and 88%,
respectively).

Serology

Sparse serological reactivity was found with the
MN assay against the 10 avian and avian-like influen-
za viruses tested, including the HPAI H5N1 virus

(Tables III and IV). Four animal-exposed subjects
were found to have elevated antibodies against the
A/Hong Kong/1073/1999(H9N2) avian-like influenza
virus, while 3 exposed subjects had elevated titers
against the A/Chicken/New Jersey/15906-9/
1996(H11N1) avian influenza virus. One subject in
each animal exposure group had elevated titers (1:10
and 1:20) against A/Nopi/Minnesota/2007/462960-
2(H5N2). The unexposed subject seropositive for anti-
bodies against the H5N2 influenza virus was also ob-
served to have elevated antibodies (1:80) against the
A/Chicken/Nigeria/1132123/2007(H5N1) influenza vi-
rus. A secondary interview with this subject revealed
approximately 2 years ago he had helped to process
12 live broiler chickens for eating. However, he did
not recall developing any signs or symptoms of subse-
quent influenza-like-illness. Table V details the level
of poultry exposure among the seven poultry-exposed
subjects with elevated antibody titers against avian
influenza viruses. Among subjects exposed to poultry,
chronic breathing problems or a history of respiratory
illness were not associated with elevated MN titers
(P ¼ 0.34 and P ¼ 0.70, respectively).

The HI assay showed reactivity against two human
influenza viruses, with the animal-exposed group sig-
nificantly less likely than the unexposed group to
have elevated antibodies: A/Brisbane/59/2007(H1N1)
(OR ¼ 0.04; 95% CI, 0.02–0.08) and A/Brisbane/10/

TABLE II. Characteristics of Study Subjects Upon Enrollment, Nigeria, 2009

Exposure variables
N

(n ¼ 370)
Exposed

(n ¼ 316) N (%)
Control

(n ¼ 54) N (%)
Unadjusted OR

(95% CI)

Age (years)
>¼60 16 16 (5.1) — 3.8 (0.6–infinity)
40–59 92 76 (24.1) 16 (29.6) 0.8 (0.4–1.6)
20–39 262 224 (70.9) 38 (70.4) Reference

Gender
Female 195 171 (54.1) 24 (44.4) 1.5 (0.8–2.8)
Male 175 145 (45.9) 30 (55.6) Reference

Indoor water
No 344 303 (95.9) 41 (75.9) 7.3 (2.9–18.5)
Yes 26 13 (4.1) 13 (24.1) Reference

Ever received vaccination for human influenza
Yes 1 1 (0.3) — 5.9 (0–228)
No 369 315 (99.7) 54 (100) Reference

Heart disease, hypertension, or stroke
Yes 27 27 (8.5) — 7.1 (1.2–infinity)
No 343 289 (91.5) 54 (100) Reference

Chronic breathing problems
Yes 55 54 (17.1) 1 (1.9) 10.9 (1.8–448)
No 315 262 (82.9) 53 (98.1) Reference

Other chronic medical problems
Yes 8 8 (2.5) — 1.9 (0.3–infinity)
No 362 308 (97.5) 54 (100) Reference

Ever used tobacco products
Yes 25 24 (7.6) 1 (1.9) 4.3 (0.7–183)
No 345 292 (92.4) 53 (98.1) Reference

Developed a respiratory illness in the last 12 monthsa

Yes 187 185 (58.5) 2 (3.7) 37.3 (9.5–322)
No 180 128 (40.5) 52 (96.3) Reference

Unadjusted odds ratio for animal-exposed participants compared to non-exposed control participants with logistic regression, exact method.
aCovariate has some missing data.
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2007(H3N2) (OR ¼ 0.4; 95% CI, 0.2–0.9). Little sero-
logical reactivity was found for the 2009 pandemic
H1N1 influenza virus.

DISCUSSION

Because the kinetics of human infection with avian-
like influenza viruses suggest rapid decline in anti-
bodies (within 11 months after subclinical infections
with H5N1 influenza A virus), and because for this
serosurvey it is unknown when these infections may
have occurred, a low threshold for evidence of previ-
ous infection was considered [Buchy et al., 2010].
Examinations of sera obtained at the time of enroll-
ment yielded modest evidence of previous infection
with avian influenza virus among this Nigerian
cohort. The one non-animal exposed subject with

elevated antibodies against A/Chicken/Nigeria/
1132123/2007(H5N1) had a titer of 1:80, indicating
the subject likely experienced a subclinical H5N1 vi-
rus infection in recent years. One animal-exposed sub-
ject had elevated antibodies against two influenza
viruses examined: A/Hong Kong/1073/1999(H9N2)
and A/Chicken/New Jersey/15906-9/1996(H11N1). Be-
cause of the diverse HA and NA types between the
two viruses, serological cross-reactivity is not sus-
pected; at some time in his life, this subject was likely
exposed to two avian-like influenza viruses.

Antibody titers against the avian H5N2 and H11N1
influenza viruses, and the avian-like H9N2 influenza
virus ranged from 1:10 to 1:40, making it difficult to
discern true infections from cross-reacting antibodies
in view of such a small sample size. Our results are
similar to a previous study conducted in 2006, that

TABLE III. Serological Activity Against Avian and Human Influenza Viruses by Microneutralization and Hemagglutina-
tion Inhibition Assay, Nigeria Enrollment Sera, 2009

Virus strain N
Exposed
n (%)

Controls
n (%)

Unadjusted OR
(95% CI)

A/Chicken/Nigeria/2007/1132123(H5N1)a,b

Positive 1 0 (0) 1 (1.9) –
Negative 368 315 (100) 53 (98.1) –

A/Nopi/Minnesota/2007/462960-2(H5N2)a,b

Positive 2 1 (0.3) 1 (1.9) –
Negative 367 314 (99.4) 53 (98.1) –

A/Hong Kong/1073/1999(H9N2)a,b

Positive 4 4 (1.3) 0 (0) –
Negative 365 311 (98.4) 54 (100) –

A/Chicken/New Jersey/15906-9/1996(H11N1)a,b

Positive 3 3 (0.9) 0 (0) –
Negative 366 312 (98.7) 54 (100) –

A/Brisbane/59/2007(H1N1)b,c

Positive 65 27 (8.5) 38 (70.4) 0.04 (0.02–0.08)
Negative 303 287 (90.8) 16 (29.6) Reference

A/Brisbane/10/2007(H3N2)b,c,d

Positive 113 63 (19.9) 50 (92.6) 0.4 (0.2–0.9)
Negative 256 252 (79.7) 4 (7.4) Reference

A/Mexico/4108/2009(H1N1)b,c,d

Positive 6 4 (1.3) 2 (3.7) 3.0 (0.3–21.4)
Negative 363 311 (98.4) 52 (96.3) Reference

Unadjusted odds ratio for exposed enrollees versus control enrollees with binary logistic regression.
aMicroneutralization assay, Negative ¼ titer < 1:10, Positive ¼ titer � 1:10.
bCovariate has some missing values.
cHemagglutination Inhibition assay, Negative ¼ titer < 1:40, Positive ¼ titer � 1:40.
dFisher exact method used.

TABLE IV. Distribution of Elevated Microneutralization Titers Against the Four Avian Influenza Viruses Among Study
Participants, Nigeria, 2009

Titer

H5N1 H5N2 H9N2 H11N1

Exposed Control Exposed Control Exposed Control Exposed Control

<1:10 315 53 314 53 311 54 312 54
1:10 0 0 0 1 0 0 2 0
1:20 0 0 1 0 3 0 0 0
1:40 0 0 0 0 1 0 1 0
1:80 0 1 0 0 0 0 0 0
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examined the seroprevalence of antibodies against
H5N1 avian influenza virus among poultry workers in
Kano State. While the authors employed an antibody
titer cut-point approach for seropositivity (�1:80) and
reported no evidence of previous infections, workers
did have MN antibodies ranging between 1:10 and
1:40 [Ortiz et al., 2007].

As illustrated in Table V, considerable poultry expo-
sure was reported by seropositive subjects. Exposures
to other animals does not likely explain the observed
elevated antibody titers, as these subjects did not re-
port household or occupational to pigs or horses, save
for one subject who had worked for 3 years in the
swine industry.

For potential risk factor analyses, unadjusted odds
ratios were first calculated with simple bivariate anal-
yses between the animal-exposed and unexposed
groups. As illustrated in Table II, there was a signifi-
cant difference between the groups in regards to in-
door water access, history of heart disease, and
chronic breathing problems; however, these associa-
tions could not be correlated with seropositivity
against avian-like influenza viruses. As only eight
subjects were seropositive across four viruses, too few
outcomes were observed to perform meaningful
statistical analyses. A previous case–control study
conducted in Lagos and Kano States, Nigeria, identi-
fied hand washing as a protective factor for HPAI
H5N1 disease occurrence (OR ¼ 0.14; 95% CI, 0.05–
0.37) [Metras et al., 2012]; therefore, access to a
clean water source may very well play a role in
disease transmission. Study results from Metras et al.
also suggested that poultry trade practices and
farm proximities played a role in HPAI H5N1 trans-
mission; however, these variables were not assessed
for this study.

This study had some limitations. Due to political
demonstrations and the University’s exam schedule,
enrollment of the non-animal exposed control group
occurred one year after the animal-exposed group was
enrolled. This delay made comparing antibody preva-
lence between groups difficult, as antibodies wane in
time and circulating viruses differ over time. In addi-
tion, if the viruses used to examine sera reactivity
were antigenically different than those circulating in

Nigeria, then the negative assays may have been un-
reliable. While ideally, all viruses used in the serologi-
cal assays would be sourced from Nigeria, the limited
access to active surveillance programs in Nigeria pre-
vented acquisition of influenza virus strains isolated
in Nigeria. Therefore, available strains with the clos-
est geographic and temporal proximity to Nigeria
were selected. Special efforts were made to ensure
that an HPAI H5N1 virus was sourced from Nigeria.
Due to the occupational setting of targeted enroll-
ments, only adults at least 18 years of age were
enrolled. Many human cases of avian influenza virus
infections have been reported in children and
therefore this study may have excluded a large
subset of the at-risk population [Grose and Choke-
phaibulkit, 2004; Dudley, 2009]. Finally, some of the
reactivity against avian viruses might represent
cross-reactivity from non-avian influenza virus strains
[Kreijtz et al., 2011].

Despite these limitations, this study established a
cohort with distinct exposure to poultry for prospec-
tive studies of zoonotic influenza virus transmission.
Following enrollment, the subjects were monitored on
a monthly basis for influenza-like illness defined as
acute onset of a respiratory illness with a measured
temperature �388C (100.58F) and a sore throat or
cough for 4 or more hours. Sera samples and question-
naires were also collected at 12 and 24 months post-
enrollment to monitor for changes in influenza anti-
body titers. Future reports will examine this prospec-
tive data.
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ments were performed in compliance with relevant
laws and institutional guidelines and in accordance
with the ethical standards of the Declaration of Hel-
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TABLE V. Level of Poultry Exposure Among the Seven Poultry-Exposed Subjects With Elevated Antibody Titers Against
Avian Influenza Viruses

Exposure

Seropositive subject

H5N2 H9N2 H9N2 H9N2 H9N2, H11N1 H11N1 H11N1

Occupation (total years)
Poultry industry worker — 15 9 20 13 — 3
Poultry market worker 6 — — — — — —
Meat processor — — — — — 4 —

Occupational exposure (animal-years since 2003)
Chickens, broilers 600 25,000 4,000 600 — 4,000 2,400
Chickens, layers 600 25,000 6,000 — 15,000 4,000 3,000
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