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Background. A(H5N1) and A(H9N2) avian influenza viruses are enzootic in Egyptian poultry, and most A
(H5N1) human cases since 2009 have occurred in Egypt. Our understanding of the epidemiology of avian viruses
in humans remains limited. Questions about the frequency of infection, the proportion of infections that are mild or
subclinical, and the case-fatality rate remain largely unanswered.

Methods. We conducted a 3-year, prospective, controlled, seroepidemiological study that enrolled 750 poultry-
exposed and 250 unexposed individuals in Egypt.

Results. At baseline, the seroprevalence of anti-A(H5N1) antibodies (titer, ≥80) among exposed individuals was
2% significantly higher than that among the controls (0%). Having chronic lung disease was a significant risk factor for
infection. Antibodies against A(H9N2) were not detected at baseline when A(H9N2) was not circulating in poultry. At
follow-up, A(H9N2) was detected in poultry, and consequently, the seroprevalence among exposed humans was be-
tween 5.6% and 7.5%. Vaccination of poultry, older age, and exposure to ducks were risk factors for A(H9N2) infection.

Conclusions. Results of this study indicate that the number of humans infected with avian influenza viruses is
much larger than the number of reported confirmed cases. In an area where these viruses are enzootic in the poultry,
human exposure to and infection with avian influenza becomes more common.
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A clade 2.2 avian influenza A(H5N1) virus was detected
first in Egyptian wild birds in 2005 and then in poultry
in 2006. By 2008, the viruses were enzootic in Egyptian
poultry [1, 2] and were detected by surveillance in all
poultry production sectors (commercial and backyard
farms, live bird markets, and abattoirs), in most poultry
species, and in wild birds, throughout the year [3].

These enzootic viruses continued to evolve and were re-
ported to undergo genetic and antigenic drift [4, 5]. In
2011, avian influenza A(H9N2) viruses were detected in
Egyptian poultry [6, 7]. Surveillance data showed the A
(H9N2) and A(H5N1) viruses to be cocirculating and
frequently infecting the same avian hosts [8].

More than 15 years have passed since the first human
cases of avian influenza A(H5N1) infection were report-
ed, and the number continues to rise [9]. The World
Health Organization (WHO) reports 650 confirmed
cases, 386 (59%) of which were fatal [10]. In Egypt,
most cases reported since 2009 have affected backyard
poultry producers. The case-fatality rate in Egypt
(36%) is approximately half the sum of case-fatality
rates in all other affected countries. The epidemiological
data show that most of the confirmed human A(H5N1)
cases in Egypt before 2009 occurred in female patients
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<18 years old. The case-fatality rate increased with age and with
delayed hospitalization and was higher among females [11]. A
(H9N2) viruses also cause human infection, but cases are spora-
dic, and no reported infection to date has been fatal [12, 13].

Our understanding of the epidemiology of A(H5N1) viruses in
humans remains limited. Questions about the frequency of infec-
tion, the proportion of cases that are mild or subclinical, and the
true case-fatality rate remain largely unknown [14,15].Several se-
roprevalence studies reported rates between 0% and 7% and iden-
tified risk factors [16, 17], but their findings were undermined by
issues of study design and/or serological assays. Most studies were
cross-sectional, lacked an unexposed control group and confir-
matory assays, used a low threshold for positivity, or used H5 an-
tigens not circulating in the study geographic area. The debate
over the true seroprevalence of A(H5N1) virus recently intensi-
fied when a meta-analysis estimated it to be 1%–2% [16]. Other
researchers countered that this rate suggests that millions of cases
of A(H5N1) infection have been missed, with little evidence that
these infections have occurred [18].

We set out to determine the extent of human infection due to
these 2 avian influenza viruses in Egypt by determining the
prevalence of antibodies to them, and we sought to identify
the associated risk factors.

METHODS

Study Population
We conducted a 3-year controlled, prospective seroepidemio-
logical study that enrolled 750 poultry-exposed subjects in 5
rural Egyptian sites and 250 unexposed control subjects in
Cairo [19]. A convenience sample of 150 individuals was select-
ed in each rural site in the Nile Delta region (the governorates of
Sharkiya, Gharbiya, Qalyubiya, and Kafr El Sheikh) and in
Upper Egypt (the governorate of Fayyoum). Subjects aged ≥2
years were recruited at their residences. At baseline (between
November 2010 and July 2011), the study team completed the
informed consent procedures and interviewed the subjects,
using a tailored questionnaire that measured demographic,
health, and exposure variables. A trained phlebotomist obtained
a blood sample. Two follow-up visits were conducted at 1-year
intervals, and blood samples were again obtained.

Laboratory Methods
Blood specimens were collected in vacuum tubes containing
clotting agents. Clotted blood was kept on ice and delivered
to the laboratory on the same day, where it was stored at 4°C.
On the following day, serum was separated from cells by centri-
fugation for 5 minutes at 1000g and then aliquoted and frozen
at −20°C until use.

The WHOmicroneutralization assay [20]was used to test sera
for antibodies to A/duck/Egypt/M2583A/2010 (H5N1 clade
2.2.1) and A/quail/Lebanon/273/2010 (H9N2 G1-like) viruses.

A(H5N1) virus isolated from a backyard flock in Egypt was se-
lected as an assay antigen, as most reported cases in Egypt in-
volved clade 2.2.1 viruses [21]; the pathogenicity of the assay
virus was rendered low by reverse genetics as previously de-
scribed [22]. The A(H9N2) virus used was a G1-like virus similar
to those circulating in the Middle East. Equal volumes of serum
and virus diluted to 100 median tissue culture infective doses per
milliliter were incubated at 37°C for 1 hour. The mixture was
added to a confluent layer of Madin-Darby canine kidney cells
in 96-well tissue culture plates and incubated for 48 hours.
Virus hemagglutination activity was then tested in 0.5% chicken
red blood cells (RBCs). The absence of hemagglutination was
considered a positive test result for antibodies to the virus. Sera
were inactivated by heating at 56°C for 30 minutes and titrated
out to determine the end point titer. All assay runs included pos-
itive control serum (chicken hyperimmune antiserum against the
specific assay antigens), virus control wells, and cell control wells.
A titer of ≥80 was considered positive.

Sera that tested positive for anti-A(H5N1) antibodies were
further tested by a hemagglutination inhibition (HI) assay
with 1% horse RBCs as previously described [23]. To determine
the extent of antibody cross-reaction with human influenza vi-
ruses, an HI with 0.5% turkey RBCs was used to test for anti-
bodies to 2009 pandemic A(H1N1) virus (A/California/04/09)
and seasonal A(H3N2) virus (A/Brisbane/10/07). For HI assays,
sera were mixed a ratio of 1:3 with receptor-destroying enzyme
(RDE; Denka Seiken, Tokyo, Japan) and incubated at 37°C over-
night. RDE was then inactivated at 56°C for 30 minutes. Sera
were hemadsorbed by mixing 1 part packed RBCs to 19 parts
serum and incubating at 4°C for 1 hour. The RBCs were then
pelleted and the serum separated. Serum was incubated with
an equal volume of a solution containing 4 hemagglutination
units per 25 µL of the antigen at room temperature for 30 min-
utes. The RBC mixture was then added and incubated for 30
minutes at room temperature. Sera were considered positive
for antibodies if hemagglutination was inhibited.

Statistical Analysis
The Pearson χ2 test and the Fisher exact test were used to com-
pare categorical variables. The Student t test was used to com-
pare normally distributed continuous variables. The Mood
median test for independent samples was used to compare
the medians of continuous variables that were not normally dis-
tributed. Logistic regression was used for multivariate analysis.
A P value of < .05 was used to indicate a significant difference.
Analysis was performed by using PASW (SPSS) 18.0 software.

RESULTS

Demographic, Health, and Exposure Variables
Eighty-four percent of the study participants (841) were avail-
able for follow-up 1, of whom 93% (785) were available for
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follow-up 2. Table 1 compares the distribution of baseline de-
mographic and health indicator variables in the exposed and
unexposed groups. Unexposed participants were significantly
older than exposed participants, were more frequently skilled
workers or professionals, spent more on food, were more edu-
cated, and had fewer children per household. The exposed
group reported significantly fewer cardiovascular problems
and less use of tobacco products. They reported having received
influenza vaccine but also reported a greater incidence of influ-
enza-like illness during the previous year.

Table 2 shows the distribution of exposure variables in the ex-
posed group. The majority raised backyard poultry (98%) and
were exposed to poultry daily (61%). More than half reported dis-
ease outbreaks in their poultry. More than 20% reported vaccinat-
ing their poultry (but could not accurately describe the types of
vaccines used), of whom 18% reported personally administering
vaccine. More than 93% were exposed to chickens, and more than
80% were exposed to ducks. Exposure to other poultry species was
less frequently reported. A small percentage owned pet birds, cats,
or dogs. None of the subjects reported consistent use and proper
decontamination of personal protective equipment.

Serological Results
The prevalence of positive titers against the 2009 pandemic A
(H1N1) and seasonal A(H3N2) viruses differed by group ac-
cording to time point (Table 3). At baseline, the prevalence of
antibodies to 2009 pandemic A(H1N1) was 26% in the exposed
group, compared with 11% in the control group (P < .001). At
the first follow-up, the prevalence dropped in the exposed group

Table 1. Baseline Demographic and Health Variables Among
Subjects With or Without Exposure to Poultry

Variable
Exposed Group

(n = 750)
Unexposed Group

(n = 250)
P

Valuea

Age, y
Mean ± SD 28.7 ± 18.4 33.3 ± 16.7 <.001b

Median (range) 27 (2–79) 31 (2–76) .031c

Age category, y
<6 79 (10.5) 11 (4.4) <.001

7–16 174 (23.2) 29 (11.6)

17–50 386 (51.5) 164 (65.6)
>51 111 (14.8) 46 (18.4)

Sex

Female 425 (56.7) 158 (63.2) NS
Male 325 (43.3) 92 (36.8)

Monthly cost of food, Egyptian pounds

<500 141 (19.2) 40 (16.8) .045
500–1000 352 (48.0) 99 (41.6)

1001–1500 142 (19.4) 51 (21.4)

>1500 98 (13.4) 48 (20.2)
Indoor water source

Yes 732 (98.0) 248 (99.2) NS

No 15 (2.0) 2 (0.8)
Marital status

Single 325 (43.6) 98 (39.4) NS

Married 383 (51.3) 130 (52.2)
Other 38 (5.1) 21 (8.4)

Children aged <5 y in household, no.

0 387 (51.8) 192 (77.1) <.001
1–3 341 (45.6) 57 (22.9)

>4 19 (2.5) 0 (0.0)
Occupational category

Housewife 154 (20.6) 23 (9.3) <.001

Student 192 (25.6) 39 (15.7)
Unskilled worker 26 (3.5) 34 (13.7)

Skilled worker 130 (17.4) 63 (25.4)

Professional 38 (5.1) 27 (10.9)
Unemployed 190 (25.4) 57 (23.0)

Other 19 (2.5) 5 (2.0)

Educational level
Not educated 249 (33.5) 51 (20.4) <.001

Elementary 184 (24.7) 43 (17.2)

Intermediate 79 (10.6) 22 (8.8)
Secondary 173 (23.3) 78 (31.2)

College 59 (7.9) 56 (22.4)

Chronic lung problems
Yes 35 (4.7) 7 (2.8) NS

No 709 (95.3) 242 (97.2)

Cardiovascular problems
Yes 47 (6.3) 35 (14.0) <.001

No 701 (93.7) 215 (86.0)

Other chronic problems
Yes 39 (5.2) 21 (8.4) NS

No 705 (94.8) 229 (91.6)

Table 1 continued.

Variable
Exposed Group

(n = 750)
Unexposed Group

(n = 250)
P

Valuea

Uses tobacco products
Yes 88 (11.7) 44 (17.6) .018

No 662 (88.3) 206 (82.4)

Ever received influenza vaccine
Yes 17 (2.3) 14 (5.6) .008

No 732 (97.7) 235 (94.4)

Had ILI within the preceding 12 mo
Yes 354 (47.4) 66 (26.4) <.001

No 393 (52.6) 184 (73.6)

Household member had ILI
Yes 356 (47.5) 81 (32.4) <.001

No 393 (52.5) 169 (67.6)

Data are no. (%) of subjects, unless otherwise indicated. Missing responses
were omitted.

Abbreviations: ILI, influenza-like illness; NS, not significant; SD, standard
deviation.
a By the χ2 test, unless otherwise indicated.
b By the Student t test.
c By the median test.
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and increased in the control group but did not differ signifi-
cantly between the 2 groups. At follow-up 2, the prevalence in-
creased to >50% in both groups and was not found to differ
significantly. The prevalence of antibodies to A(H3N2) was
similar at baseline and at follow-up 2 (approximately 30%),

Table 2. Distribution of Exposure Variables Among Subjects
Exposed to Poultry

Variable, Category Subjects, No. (%)

Exposure setting

Backyard 731 (97.5)
Live bird market 3 (0.4)

Commercial farm 16 (2.1)

Days exposed per week
≤2 221 (29.8)

3–6 66 (8.9)

7 455 (61.3)
Disease outbreaks in subject’s

poultry

Yes 397 (52.9)

No 353 (47.1)
Vaccination of poultry

Yes 164 (22.1)

No 577 (77.9)
Personally vaccinate poultry

Yes 29 (17.8)

No 134 (82.2)
Own chickens

Yes 699 (93.2)

No 51 (6.8)
Chickens in neighborhood

Yes 109 (14.5)

No 641 (85.5)
Live chickens in patronized market

Yes 85 (11.3)

No 665 (88.7)
Own ducks

Yes 600 (80.0)

No 150 (20.0)
Ducks in neighborhood

Yes 77 (10.3)

No 673 (89.7)
Live ducks in patronized market

Yes 123 (16.4)

No 627 (83.6)
Own geese

Yes 51 (7.5)

No 631 (92.5)
Own pigeons

Yes 184 (24.5)

No 566 (75.5)
Own turkeys

Yes 93 (12.4)
No 657 (87.6)

Own pet birds

Yes 6 (0.8)
No 744 (99.2)

Own cats or dogs

Yes 27 (3.6)
No 723 (96.4)

Table 3. Results of Serological Testing Among Subjects With or
Without Exposure to Poultry

Antigen, Time
Point, Result

Exposed Group,
Subjects, No. (%)

(n = 750)

Unexposed Group,
Subjects, No. (%)

(n = 250)
P

Value

A(H1N1)

Baseline
Positive 185 (25.7) 25 (10.9) <.001

Negative 536 (74.3) 204 (89.1)

Follow-up 1
Positive 87 (12.7) 24 (17.0) NS

Negative 599 (87.3) 117 (83.0)

Follow-up 2
Positive 335 (51.5) 58 (55.8) NS

Negative 316 (48.5) 46 (44.2)

A(H3N2)
Baseline

Positive 252 (35.0) 74 (32.3) NS

Negative 467 (65.0) 155 (67.7)
Follow-up 1

Positive 42 (6.1) 1 (0.7) .008

Negative 644 (93.9) 140 (99.3)
Follow-up 2

Positive 202 (31.1) 41 (39.4) NS

Negative 447 (68.9) 63 (60.6)
A(H5N1)

Baseline

Positive 15 (2.1) 0 (0.0) .028
Negative 693 (97.9) 224 (100.0)

Follow-up 1

Positive 3 (0.4) 0 (0.0) NS
Negative 679 (99.6) 139 (100.0)

Follow-up 2

Positive 4 (0.6) 0 (0.0) NS
Negative 645 (99.4) 104 (100.0)

A(H9N2)

Baseline
Positive 8 (1.1) 0 (0.0) NS

Negative 700 (98.9) 224 (100.0)

Follow-up 1
Positive 51 (7.5) 1 (0.7) .003

Negative 631 (92.5) 138 (99.3)

Follow-up 2
Positive 38 (5.9) 1 (1.0) .036

Negative 610 (94.1) 103 (99.0)

Missing responses were omitted.

Abbreviation: NS, not significant.
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while at follow-up 1 it was 6% in the exposed group and 0.7% in
the unexposed group (P = .028).

A significantly higher prevalence of antibodies to A(H5N1)
was detected in the exposed group at baseline (2.1% vs 0%;
P = .028). The control group remained negative at both fol-
low-up points, and the prevalence in the exposed group
dropped to 0.4% and 0.6% a follow-up 1 and 2, respectively
(P > .05). No significant difference was detected in the preva-
lence of antibodies to A(H9N2) at baseline. However, the prev-
alence in the exposed group at follow-up year 1 was 7.5%,
compared with 0.7% in the unexposed group (P = .003). The
same trend was observed at follow-up year 2, when the preva-
lence in the exposed and unexposed groups was 5.9% and 1%,
respectively (P = .036). Importantly, at the low (negative) titers
of 20 and 40, the prevalence of antibodies to both avian viruses
was high in both groups, indicating high cross-reactivity with
antibodies to 2009 pandemic A(H1N1) and A(H3N2) viruses.
At the threshold positive titer of 80, none of the control subjects
were seropositive for A(H5N1) virus, and only 1 subject was se-
ropositive for A(H9N2) virus (Figure 1 and Table 3).

Characteristics of Subjects Seropositive at Baseline
We then focused on the 15 subjects positive for anti-A(H5N1)
antibodies at baseline (Table 4). All were backyard poultry grow-
ers. Their ages were 9 to 50 years, and 10 were female. Each study
site had at least 1 A(H5N1)-positive participant, but the Nile

Delta sites (Gharbiya, Qalyubiya, and Kafr El Sheikh) had the
majority of cases. Cases clustered by household: in Qalyubiya,
2 cases occurred in the same household, and another was in an
adjacent household; in Gharbiya, 4 cases occurred in a single
household, with a fifth case in the same neighborhood, while an-
other 2 cases occurred in a single household in a different neigh-
borhood; and in Kafr El Sheikh, 2 cases occurred in a single
household, and another occurred in the same neighborhood.
Within these clusters, positive subjects were not always blood rel-
atives: 2 clusters included 2 siblings, and 1 cluster included a
mother and her daughter. Only 1 of 15 subjects maintained a
positive titer over the study duration; the others had negative ti-
ters at follow-ups 1 and 2. We also tested the 15 baseline sera by
HI with horse RBCs. All sera but 1 had a detectable titer (7 had a
titer of 80, and 7 had a titer of 40). Findings were similar in sub-
jects with positive titers to A(H9N2) virus (Supplementary
Tables 1 and 2). The age range was 6 to 65 years, and most sub-
jects were female. Cases clustered by household and neighbor-
hood, and many occurred in Fayyoum and in Nile Delta sites.
Only 7 subjects tested positive at both follow-up points. Only 1
subject was seropositive for both A(H5N1) and A(H9N2) virus
exposure (at follow-up year 1).

Risk Factors
Risk factors significantly associated with positive titers are shown
in Table 5. In bivariate analysis, chronic lung disease, exposure to

Figure 1. Titer categories at study time points among subjects with or without exposure to poultry.
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geese, and exposure to turkeys were associated with seropositivity
against A(H5N1) virus. In multivariate analysis, only chronic
lung disease remained significantly associated with A(H5N1) se-
ropositivity. Older age, marital status, and cardiovascular disease
were significantly associated with a positive antibody titer to A
(H9N2) at follow-up year 1. However, in logistic regression, age
17–50 years was the only factor significantly associated with a
positive titer to A(H9N2) virus. In bivariate analysis, older age
(>51 years), being married, chronic heart disease, vaccination
of poultry, and exposure to ducks were associated with positive
antibody titers against A(H9N2) virus at follow-up 2. In logistic
regression, only age >51 years, vaccination of poultry, and expo-
sure to ducks were significant risk factors at follow-up 2.

DISCUSSION

A recent critical review of serological reports of A(H5N1) virus
concluded that these studies often suffered from 2major problems:
(1) lack of a control group and (2) use of a titer with a low thresh-
old for positivity or inconclusive results of laboratory assays [24].
Our study design was more stringent than those previously report-
ed. By including a control unexposed group, we were able to ex-
clude cross-reactivity caused by infection or immunization with
other influenza viruses. The decision to define a positive antibody
titer to avian influenza viruses as ≥80 not only met the WHO di-
agnostic criterion but, most importantly, avoided the cross-reactiv-
ity that can result from antibodies to A(H1N1) and A(H3N2)
viruses. Cross-reactivity was evident in our study at titers of ≤40.

A microneutralization assay was our main serological test, and
we confirmed A(H5N1)-positive serological findings by an HI
assay with horse RBCs. Overall, antibody levels were relatively

low (the highest titer was 160), consistent with the low immuno-
genicity of A(H5N1) viruses [25]. Further, most subjects who
tested positive at baseline had a decrease in titer during follow-
up, consistent with clinical trials of human A(H5N1) vaccines
[26]. The antigens used in our study were contemporary isolates
from Egypt, which reduced the likelihood of error from the use of
viruses that differ from those in circulation. The seroprevalence
of antibodies to A(H5N1) in the exposed group was <1% at the
follow-up points, a rate not shown to be significantly different
from that in the control group. A decreased number of confirmed
cases was reported in Egypt during the same period (29 cases in
2010, 39 in 2011, 11 in 2012, and 4 in 2013) [10].This decrease in
seroprevalence and the number of cases remains unexplained.
Two potential factors could be the cocirculation of A(H9N2) vi-
ruses and the continuous genetic drift of A(H5N1) viruses, which
may have introduced changes that reduced its transmissibility to
humans [4, 6].

We targeted backyard poultry growers in Egypt, a population
that is continuously exposed to enzootic A(H5N1) virus and
that comprises most of the world’s recently reported cases. Pre-
vious serological studies were performed in populations likely
to have limited, 1-time exposure. Continuous circulation of
the virus in a population that uses little protective equipment
suggests that more infections among humans are likely.

Our serological data credibly indicate that the prevalence of
A(H5N1) infection is approximately 2% among Egyptians
exposed to poultry. This prevalence demonstrates that the num-
ber of cases is greatly underreported and that the case-fatality
rate is consequently greatly overestimated. The 2% prevalence
amounts to a large number of people who might have been
asymptomatically or mildly infected with A(H5N1) without

Table 4. Characteristics of the 15 Participants Who Were H5 Positive at Baseline

Subject ID Age, y Sex Governorate Household ID Baseline H5 Titer Titer at Follow-up 1 Titer at Follow-up 2
Baseline HI Titer
With Horse RBCs

10 31 M Sharkiya 2 80 10 20 <10
282 38 F Fayyoum 93 160 20 20 80

321 42 F Qalyubiya 107 80 20 20 80

332 9 F Qalyubiya 108 80 20 20 80
419 17 F Qalyubiya 108 80 20 20 80

452 26 M Gharbiya 118 80 20 ND 80

458 41 F Gharbiya 118 160 ND 20 40
461 27 F Gharbiya 118 80 40 10 40

464 9 M Gharbiya 118 80 ND ND 80
487 71 M Gharbiya 121 80 ND ND 40

531 29 F Gharbiya 131 80 10 10 40

576 50 F Gharbiya 131 80 20 20 40
606 14 F Kafr El Sheikh 133 80 20 40 40

666 12 F Kafr El Sheikh 140 80 10 40 80

669 9 M Kafr El Sheikh 133 160 80 80 ND

Abbreviations: ID, identification number; ND, not done; RBC, red blood cell.
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Table 5. Factors Associated With Positive Titers to A(H5N1) or A(H9N2) Influenza Viruses

Factor Seropositive Subjects Seronegative Subjects P Value Unadjusted OR (95% CI) Adjusted OR (95% CI)

A(H5N1) at baseline

Chronic lung problems
Yes 5 (33.3) 30 (4.4) <.001 11.0 (3.5–34.5) 12.6 (3.8–41.7)

No 10 (66.7) 659 (95.6) Reference Reference

Exposed to geese
Yes 6 (40.0) 109 (15.7) .012 3.6 (1.2–10.2) 3.1 (.9–10.4)

No 9 (60.0) 584 (84.3) Reference Reference

Exposed to turkeys
Yes 5 (33.3) 81 (11.7) .011 3.8 (1.3–11.3) 2.7 (.8–9.5)

No 10 (66.7) 612 (88.3) Reference Reference

A(H9N2) at follow-up 1
Age, y

Mean ± SD 43.2 ± 17.3 27.6 ± 18.0 <.001 . . . . . .

Median 46 26 .031 . . . . . .
Age category, y

<6 1 (2.0) 69 (10.9) <.001 Reference Reference

7–16 4 (7.8) 160 (25.4) 1.7 (.2–15.7) 1.9 (.9–4.0)
17–50 28 (54.9) 319 (50.6) 6.0 (.8–45.3) 5.2 (1.1–23.2)

>51 18 (35.3) 83 (13.2) 15.0 (1.9–115.0) 8.5 (.9–85.5)

Marital status
Single 9 (18.0) 285 (45.4) .001 Reference Reference

Married 36 (72.0) 313 (49.8) 3.6 (1.7–7.7) 1.0 (.3–3.0)

Other 5 (10.0) 30 (4.8) 5.3 (1.7–16.8) 1.4 (.3–5.8)
Heart problems

Yes 9 (18.0) 35 (5.6) .042 3.7 (1.7–8.3) 2.1 (.9–5.0)

No 41 (82.0) 595 (94.4) Reference Reference
A(H9N2) at follow-up 2

Age, y

Mean ± SD 45.4 ± 17.4 27.1 ± 18.0 <.001 . . . . . .
Median 53 26 <.001 . . . . . .

Age category, y

<6 1 (2.6) 73 (12.0) <.001 Reference Reference
7–16 4 (10.5) 155 (25.4) 1.9 (.2–17.1) 7.5 (.5–120.2)

17–50 12 (31.6) 309 (50.7) 2.8 (.4–22.2) 4.2 (.6–29.2)

>51 21 (55.3) 73 (12.0) 21.0 (2.8–160.2) 7.4 (3.1–17.4)
Marital status

Single 5 (13.2) 275 (45.4) <.001 Reference Reference

Married 27 (71.1) 305 (50.3) 4.9 (1.8–11.7) 1.1 (.4–3.2)
Other 6 (15.8) 26 (4.3) 12.7 (3.6–44.4) 3.7 (.5–29.5)

Heart problems

Yes 6 (15.8) 33 (5.4) .009 3.3 (1.3–8.4) 0.0 (.3–2.8)
No 32 (84.2) 575 (94.6) Reference Reference

Vaccinate poultry

Yes 15 (39.5) 128 (21.3) .009 2.4 (1.2–4.8) 2.4 (1.1–5.0)
No 23 (60.5) 473 (78.7) Reference Reference

Exposed to ducks

Yes 36 (94.7) 484 (79.3) .021 4.7 (1.1–19.7) 5.7 (1.3–25.2)
No 2 (5.3) 126 (20.7) Reference Reference

Data are no. (%) of subjects, unless otherwise indicated. Statistically significant values are in bold.

Abbreviations: CI, confidence interval; OR, odds ratio; SD, standard deviation.
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being detected by the healthcare system. Only the few hundred
cases who developed severe illness, whether due to underlying
health conditions, infectious dose, or genetic predisposition,
were eventually reported. Those cases represent the tip of the
iceberg, and the 60% case-fatality rate applies only to this cate-
gory. However, even the most accurate measurement of seropre-
valence cannot indicate the true extent of human infection with
A(H5N1) viruses, as we know too little about the factors that
determine the timing and likelihood of seroconversion after ex-
posure. Furthermore, given the finding that antibody titers drop
over time, serological studies might miss individuals who were
in fact infected but had a low antibody titer. The considerably
lower case-fatality rate among Egyptian cases than reported in
other countries suggests that different A(H5N1) strains may
cause differential pathogenicity in humans. Hence, our results
are applicable to the current situation in Egypt and do not nec-
essarily apply to other regions, where different A(H5N1) viruses
are circulating. As these viruses continue to undergo drift, it is
important to continue monitoring their effects on exposed
human and poultry populations. Our study showed evidence
of infection with clade 2 A(H5N1) viruses, which are currently
circulating in most affected countries [24]. Positive subjects
clustered by household but were not always blood relatives, sug-
gesting that infection was due to a common exposure, rather
than to genetic predisposition. However, we cannot rule out
the role of genetics in predisposition to avian influenza virus in-
fection, as suggested by others [27, 28].

Serological evidence of human infection with A(H9N2) vi-
ruses has previously been reported in China, Romania, India,
Vietnam, and Cambodia [29–35]. In those studies, the seropre-
valence ranged between 1.2% and 9%. Not dissimilarly, in our
study the seroprevalence of antibodies against A(H9N2) virus
ranged from 5.9% to 7.5%. Serological evidence in our study oc-
curred simultaneously with virus circulation in Egyptian poul-
try. No significant serological response was seen at baseline,
when A(H9N2) virus had not yet been detected in poultry,
but seropositive findings increased significantly when the
virus was known to be infecting poultry. The antigen we used
in our assay was a G1-like virus isolated in 2009 from quail in
Lebanon, as A(H9N2) isolates from Egypt were not available at
the start of the study. We continued to use this virus for follow-
up testing. This virus was found to be genetically identical to the
G1 viruses isolated later in Egypt [7].

Several risk factors for human infection with avian influenza
viruses have been documented [36]. In our study, chronic lung
problems were associated with elevated titers to A(H5N1) virus.
Patients with chronic obstructive lung disease (COPD) are more
susceptible to pulmonary infection and tend to have worse out-
comes when infected with influenza virus [37]. A recent study
found that having COPD is a risk factor for getting sick with
avian influenza H7N9 virus infection in China [38]. Age, vacci-
nation of poultry, and exposure to ducks were associated with

elevated titers to A(H9N2) virus. Vaccination of poultry was a
significant factor only at the time of second follow-up. A likely
explanation is the similar timing of availability of a locally pro-
duced inactivated A(H9N2) vaccine, after A(H9N2) viruses be-
came established in poultry; people using this vaccine may have
been exposed to its antigens. The absence of an association be-
tween poultry vaccination and antibodies against A(H5N1)
virus may be explained by the poor immunogenicity of H5 vi-
ruses. However, most subjects were unable to specify the type of
vaccine used for their poultry. A(H9N2) viruses were detected
in ducks in Egypt, but the prevalence was much lower than that
among chickens [8]. However, duck A(H9N2) viruses in Egypt
are not well studied, and their risk to humans is not well under-
stood. Ducks have been previously associated with human in-
fection with A(H5N1). In Cambodia, swimming in ponds
possibly contaminated by ducks was a risk factor for having an-
tibodies against A(H5N1) [39].

Our study had several limitations. Because we used convenience
sampling, selection bias may have affected our results; however,
poultry-raising practices in Egypt are generally homogenous. Mis-
classification bias may have affected the control group. A propor-
tion of the controls could have been exposed to live poultry in
markets or rooftop coops without revealing this fact to the
study team, as such practices were banned as part of the Egyptian
A(H5N1) control plan. Control subjects could also have traveled
to rural areas to visit family. If some control subjects were misclas-
sified, seroprevalence would have been underestimated.

Seroepidemiological studies are not designed to provide in-
formation about the incidence of disease in humans, the clinical
course of infection, or the rate of secondary human-to-human
infection. The answers to these questions will require large-scale
prospective studies with close follow-up of subjects and their
poultry. Such studies will allow us to verify infection by molec-
ular or culture techniques, determine rates of transmission and
seroconversion, and provide valuable immunological data.
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