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Background. In China, 30 human cases of avian influenza A (H5N1) virus infection were identified through July
2008. We conducted a retrospective case-control study to identify risk factors for influenza H5N1 disease in China.

Methods. A questionnaire about potential influenza H5N1 exposures was administered to 28 patients with in-
fluenza H5N1 and to 134 randomly selected control subjects matched by age, sex, and location or to proxies. Condi-
tional logistic regression analyses were performed.

Results. Before their illness, patients living in urban areas had visited wet poultry markets, and patients living in
rural areas had exposure to sick or dead backyard poultry. In multivariable analyses, independent risk factors for
influenza H5N1 were direct contact with sick or dead poultry (odds ratio [OR], 506.6 [95% confidence interval {CI},
15.7-16319.6]; P < .001), indirect exposure to sick or dead poultry (OR, 56.9 [95% CI, 4.3-745.6]; P = .002), and
visiting a wet poultry market (OR, 15.4 [95% CI, 3.0—-80.2]; P = .001).

Conclusions. To prevent human influenza H5N1 in China, the level of education about avoiding direct or close
exposures to sick or dead poultry should be increased, and interventions to prevent the spread of influenza H5N1 at

live poultry markets should be implemented.

In parallel with the unprecedented epizootic of highly
pathogenic avian influenza A (H5N1) viruses among poul-
try and migratory birds [1], 418 confirmed human cases of
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influenza H5N1 with 257 deaths were reported in 15 coun-
tries from November 2003 through 17 April 2009 [2]. De-
spite widespread human exposure to influenza H5N1 vi-
rus—infected poultry [3, 4], human influenza H5N1 disease
remains rare, and avian-to-human transmission of influ-
enza H5N1 virus is believed to have occurred in most hu-
man cases [5], with rare instances of limited, nonsustained
human-to-human influenza H5N1 virus transmission
[6—8]. Environment-to-human transmission remains a
possibility [5, 9] for some human influenza H5N1 cases
without an identified exposure source. Although influenza
H5NI1 virus has infected multiple species of animals [10,
11], to date, only poultry and wild birds have been impli-
cated in transmission to humans.

Only limited data are available on risk factors associ-
ated with illness caused by human infection with influ-
enza H5N1 viruses. A case-control study conducted dur-
ing the 1997 outbreak of influenza H5N1 in Hong Kong
Special Administrative Region, China, found that hav-
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ing visited a live poultry market the week before illness onset was
the only significant risk factor for influenza H5N1 [12]. Studies
conducted during 2004 in rural Thailand [13] and Vietnam [14]
found that the most significant risk factor for influenza H5N1
was recent direct contact with sick or dead poultry.

Ofthe 38 confirmed human influenza H5N1 cases reported to
date in China, 30 had occurred as of July 2008. Of these, 29 were
identified through surveillance from October 2005 [15] through
July 2008 [2]. These 29 cases occurred sporadically and were
distributed across 18 counties and 11 districts of 13 provinces,
with no obvious geographic clustering. One additional influenza
H5NI1 case occurred during 2003 [16]. To inform prevention
efforts, we conducted a retrospective matched case-control
study to determine risk factors for human influenza H5N1 ill-
ness in China.

SUBJECTS AND METHODS

Patients. In China, all suspected influenza H5N1 cases are re-
ported to the Chinese Center for Disease Control and Preven-
tion (China CDC) through a national surveillance system. A
confirmed case of influenza H5N1 was defined as pneumonia or
influenza-like illness (marked by fever [temperature, =38°C]
and cough or sore throat, with no other confirmed diagnosis),
with laboratory evidence of influenza H5N1 virus infection
with use of viral isolation or reverse-transcription polymerase
chain reaction of respiratory specimens or with a =4-fold in-
crease in influenza H5N1 antibody titer in paired acute- and
convalescent-phase serum samples. All 29 patients with influ-
enza H5N1 who were identified by surveillance from October
2005 through July 2008 were eligible to participate in the study.
Exclusion criteria for patients included insufficient epidemio-
logical data or inability to recruit matched control subjects. A
rural patient was defined as a village resident, and an urban pa-
tient was defined as a city resident.

Control subject selection.
trol subjects were matched with each patient by sex, age (1 year

Up to 5 randomly selected con-

for patients aged <18 years and =5 years for patients aged =18
years), and location. Eligible control subjects were persons who
lived in the same location as the matched patient for at least 3
months before the date of illness onset in the patient.

Two methods were used for random selection of potential
control subjects. For rural patients, population registries from
each patient’s village were used to identify eligible age- and sex-
matched residents at the time of symptom onset in the patient.
Five potential control subjects were selected using randomly
generated numbers from the list of eligible control subjects. For
urban patients, 1 apartment building immediately adjacent to
the patient’s home was selected randomly. One floor in this
building was selected randomly, and all apartments on the floor
were visited to recruit 5 control subjects. Additional control sub-
jects were recruited from adjacent floors if needed. Inclusion

criteria for eligible control subjects were absence of fever (tem-
perature, >37.5°C), feverishness, and respiratory illness during
the 7 days before and after the matched patient’s illness onset
date and having a specimen test seronegative for influenza H5N1
antibodies.

Data collection.  After trained investigators from the China
CDC described the purpose of the study to eligible patients and
control subjects or their proxies and obtained written informed
consent, participants were enrolled. A standardized question-
naire was used to collect information about demographic char-
acteristics, underlying medical conditions, backyard poultry
raising, poultry H5 vaccination coverage levels, type of contact
with sick and/or dead or healthy-appearing poultry, visits to
places where live poultry were kept (e.g., wet poultry markets or
poultry farms and/or factories), eating habits, exposure to other
animals (including wild birds), and exposure to other humans
with acute respiratory illnesses or confirmed influenza H5N1.
Interviews were conducted a median of 360 days (range, 11-486
days) after the date of onset of illness in the patient. A wet poultry
market was defined as a place where small animals and poultry
may be purchased live or slaughtered [17]. Contact with sick
and/or dead or healthy-appearing poultry was defined as direct
contact (e.g., touching) and indirect contact (defined as no phys-
ical contact but being within 1 m of poultry, poultry products, or
poultry feces).

An adult household member (e.g., parent or legal guardian)
who was closely familiar with the participants was interviewed as
a proxy for any patient who died, was severely ill and unable to
respond, or was aged <10 years and for control subjects aged
<10 years. For questions posed to patients about activities and
exposures that occurred during the 2 weeks before their illness
onset, control subjects were asked about the same activities and
exposures during the same reference period.

Epidemiological and clinical data for 20 (71%) of the 28 pa-
tients enrolled in the study were previously collected during field
investigations by China CDC staff as a public health response.
These data were compared with the data collected from patients
in our case-control study. Discrepancies were resolved in favor
of the data obtained during the earlier field investigations.

If a proxy for any patient or control subject was unable to
provide sufficient information for the study or refused to partic-
ipate or if no suitable proxy could be identified, the patient or
control subject was excluded from the study. Up to 2 visits were
made in 1 week to recruit eligible persons to participate in the
study. If selected control subjects were unavailable or declined
participation, the next eligible control subject was recruited to
participate in the study.

Serological testing. A single blood specimen was collected
from surviving patients with influenza H5N1 and from matched
control subjects at enrollment for influenza H5N1 serological
testing, which was performed at the National Influenza Center
(China CDGC; Beijing) with use of a microneutralization assay
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[18] in a biosafety level 3 enhanced laboratory and with use of a
modified hemagglutinin-inhibition assay with horse red blood
cells under biosafety level 2 conditions, as described elsewhere
[19]. Antigens for the assays were selected to match the genetic
and antigenic characteristics of the influenza H5N1 virus strains
that infected the matched patients, if available, or that were
known to be circulating at the same times when and locations
where the cases occurred. Serum samples were tested in dupli-
cate by 2 separate microneutralization assays conducted on dif-
ferent days. A serum specimen with an influenza H5N1 neutral-
izing antibody titer of =1:80 was considered to be positive, with
confirmation by the hemagglutinin-inhibition assay with horse
red blood cells [20, 21]. Control subjects whose specimens tested
seropositive for influenza H5N1 antibodies were excluded from
the final analyses.
Statistical analyses.
control subjects were entered in duplicate and were verified us-

Questionnaire data from patients and

ing EpiData software. Data were analyzed using SAS, version
9.13 (SAS Institute). Median and range values were calculated
for continuous variables and were compared between urban and
rural patients with use of the Wilcoxon rank sum test. For cate-
gorical variables, frequencies of urban cases and rural cases were
compared using Fisher’s exact test. Baseline characteristics of
patients and control subjects and independent associations be-
tween exposures and influenza H5N1 disease were compared
using exact conditional logistic regression. Matched odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated for
potential influenza H5N1 risk factors. For multivariable exact
conditional logistic analyses, we included variables with P < .10
in univariate matched analyses for the initial model. Backward
conditional logistic regression was performed by excluding vari-
ables with P > .10. In matched analyses, if any patient was miss-
ing exposure data, the data for all matching control subjects were
excluded. However, if any control subject was missing exposure
data, only the data for that control subject were excluded. All
statistical tests were 2-sided, with a significance level of &« = .05.

Study approval. The study protocol was approved by the
Institutional Review Board of the China CDC. Written informed
consent to participate in the study was obtained from adult par-
ticipants or, for deceased patients, from family member proxies.
A parent or legal guardian provided written consent for partici-
pants aged <18 years; participants aged 10—17 years also pro-
vided written informed assent.

RESULTS

Twenty-eight patients (97%) with influenza H5N1 were enrolled in
the study. We excluded 1 case of influenza H5N1 that occurred in
military personnel with insufficient data: 1 from 2003 [16] and 1
from 2007 [22]. Among the 28 enrolled patients, influenza H5N1
virus was detected by isolation for 23 (82%), by reverse-
transcriptase polymerase chain reaction and serologic testing for 3

Table 1. Baseline characteristics of participants in a case-
control study of influenza H5N1 in China.

Control
Patients subjects

Characteristic (n = 28) (n = 134) Pe
Age, median (range), years 29 (6-62) 29 (5-66)
Female sex 15 (54) 74 (55)
Location

Urban area 10 (36) 49 (37)

Rural area 18 (64) 85 (63)
Han ethnicity 25 (89) 118 (88) NA
Interviewed by proxy 22 (79) 24 (18) NA
Highest level of education

llliterate 3(11) 7 (5) .485

Primary school 8 (29) 50 (37)

Junior high school 9(32) 40 (30)

High school 5(18) 19 (14)

College or higher 3(11) 18 (13)
Annual household income, RMB®

<2000 9(33) 42 (33) .978

2000-4999 8 (30) 35(27)

5000-10,000 4 (15) 19 (15)

>10,000 6(22) 33 (26)
Current smoker 6 (21) 25 (19) .835
Seasonal influenza vaccination

within past year 0(0) 2 (2)¢ NA

NOTE. Data are no. (%) of participants, unless otherwise indicated. NA,
not available (because of small sample size or because data distribution was
not suitable for conditional logistic regression model).

@ Comparison of frequencies between patients and control subjects were
analyzed by exact conditional logistic regression. Matched factors (age, sex,
and location) were excluded from analyses. When the P value was calculated,
if any patient was missing exposure data, the data of all matching control
subjects were excluded. If any control subject was missing exposure data,
only the data from that control subject were excluded.

b Data are for 27 patients and 129 control subjects. Exchange rate: US$1 is
equal to ~7.1 RMB.

¢ Data are for 131 control subjects.

(11%), and by serologic testing only for 2 (7%). All recruited con-
trol subjects agreed to participate, and none withdrew from the
study. Four patients (3 rural and 1 urban) were matched to <5
control subjects because of unavailability of eligible control sub-
jects. Samples from all control subjects tested seronegative for influ-
enza H5N1 antibodies. The final study population included 28 pa-
tients with influenza H5N1 and 134 matched control subjects. Data
for patients (18 died, 1 was severely ill, and 3 were aged <10 years)
were obtained by proxy interviews more often than were data for
control subjects (22 [79%] vs. 24 [18%)]). The baseline characteris-
tics of patients and control subjects were similar for highest educa-
tion level attained, annual household income, and smoking history
(table 1).

A descriptive analysis was performed to compare exposures
between urban and rural patients (table 2). Urban patients
(n = 10) had a higher level of education and a higher annual
household income and were significantly more likely to have
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Table 2. Demographic characteristics and exposures of 28 ur-
ban and rural patients with human influenza A (H5N1) in China.

Urban Rural
patients patients
Characteristic (n=10) (n=18) Pe
Age, years
Median (range) 30 (15-52) 25 (6-62) 443
6-14 0(0) 5 (28) 132
15-59 10 (100) 12 (67)
=60 0(0) 1(5)
Female sex 3(30) 12 (67) 114
Highest level of education
llliterate 0(0) 3(17) .006
Primary school 0(0) 8 (44)
Junior high school 5 (50) 4(22)
High school 2 (20) 3(17)
College or higher 3(30) 0(0)
Annual household income,
RMBP
<2000 0(0) 9 (53) <.001
2000-4999 1(10) 7 (41)
5000-10,000 3(30) 1(6)
>10,000 6 (60) 0 (0)
Travel history® 3(30) 1(6) 116
Occupational poultry exposured 1(10) 3(17) >.99
Household with backyard
poultry 0(0) 15 (83) <.001
Exposure to healthy-appearing
poultry® 10 (100) 17 (94) >.99
Exposure to sick and/or dead
poultryf 1(10) 14 (78) .001
Visited a wet poultry market 10 (100) 7 (39) .002
Raised animals in home? 1(10) 14 (78) .001
Lack of indoor water supply 0(0) 14 (78) <.001
Exposed to persons with fever
and respiratory symptoms 0(0) 1(6)" >.99
Exposed to a person with
confirmed influenza H5N1 1(10) 0(0) $857

NOTE. Data are no. (%) of patients. Boldface indicates statistical signifi-
cance.

@ Comparison of frequencies between urban and rural patients were ana-
lyzed by Fisher's exact test; median age was compared with the Wilcoxon
rank sum test.

b Data are for 17 control subjects. Exchange rate: US$1 is equal to ~7.1
RMB.

¢ Travel outside home township (for rural patients) or outside home city (for
urban patients) for >24 h during the 2 weeks prior to the patient’s illness
onset.

d Defined as workplace exposure to live poultry (e.g., poultry farm and/or
factory or wet poultry market), not including backyard poultry exposure.

¢ Includes direct and indirect contact with apparently healthy poultry.

f Includes direct and indirect contact with sick and/or dead poultry.

9 Includes cats, pigs, dogs, cows, and goats.

" A family cluster was reported in Yu et al. [15].

" A family cluster consisting of confirmed son and his father was reported in
Wang et al. [8].

visited a live poultry market, compared with rural patients
(n = 18;10[100%] vs.7 [39%]; P = .002). Rural patients were
significantly more likely than urban patients to raise backyard

poultry (15 [83%] vs. 0 [0%]; P < .001) or other animals (14
[78%] vs. 1 [10%]; P = .001), to have had exposure to sick or
dead poultry (14 [78%] vs. 1 [10%]; P = .001), and to lack an
indoor water supply (14 [78%] vs. 0 [0%]; P = .001). One ur-
ban patient was exposed to a person with confirmed influenza
H5N1 before illness onset [8]. One rural pediatric patient was
exposed to an ill sister with fever and respiratory illness 2 days
before illness onset [15].

In univariate analyses including all participants, the most sig-
nificant risk factor was direct contact with sick or dead poultry
(OR, 34.7[95% CI, 4.3-276.9]; P = .001). Visiting a wet poultry
market (OR, 3.1 [95% CI, 1.2-7.9]; P = .019) and having an
underlying medical condition (OR, 5.2 [95% CI, 1.3-19.9];
P =.018) were also statistically significant. Other significant
risk factors are listed in table 3. In univariate analyses restricted
to rural participants, the most significant risk factors were direct
contact with sick or dead poultry (OR, 29.8 [95% CI, 3.7-241.5];
P =.001) and indirect contact only (OR, 11.3 [95% CI, 2.2—
58.5]; P = .004). Although a higher proportion of urban pa-
tients than control subjects visited a wet poultry market during
the 2 weeks before illness onset (100% vs. 45%), these propor-
tions could not be compared statistically (table 3).

Among the participants, 5 patients (18%) and 6 control sub-
jects (4%) had pertinent underlying medical conditions. Of the 3
female patients, all were adults, including 2 who were pregnant
and 1 who had a 10-year history of chronic bronchitis. Of the 2
male patients, 1 was aged 15 years and had a 10-year history of
minimal-change glomerulopathy that required treatment at the
time of illness onset, and 1 was aged 24 years, had Salmonella
bacteremia identified at the time of onset of respiratory symp-
toms, and had intermittent fevers during the previous 3 months
[8]. Of the 6 adult control subjects, 4 were pregnant women, 1
was a woman who reported anemia, and 1 was a man with
chronic bronchitis.

In multivariable analyses including all participants, signifi-
cantindependent H5N1 risk factors were direct contact with sick
or dead poultry (OR, 506.6 [95% CI, 15.7-16319.6]; P < .001),
indirect exposure to sick or dead poultry (OR, 56.9 [95% CI,
4.3-745.6]; P = .002), and visiting a wet poultry market (OR,
15.4 [95% CI, 3.0—-80.2]; P = .001). Direct contact (OR, 67.3
[95% CI, 5.8—783.8]; P < .001) and indirect exposure to sick or
dead poultry (OR, 25.4 [95% CI, 2.4-274.3]; P = .008) re-
mained independent risk factors for influenza H5SN1 when mul-
tivariable analyses were restricted to rural participants.

DISCUSSION

We identified 3 independent risk factors for human influenza
H5NT1 disease in China, including direct contact with sick or
dead poultry, indirect exposure (being within 1 m without direct
contact) to sick and/or dead poultry, and visiting a wet poultry
market. Direct contact with sick or dead poultry was the most

H5N1 Risk Factors in China « JID 2009:199 (15 June) 1729



VN (6€) 9v/8L (06) 0L/6 e (L[=90)C¢C (02) eg/LL  (€€) 8L/9 00 (6¥L-L1)0'G (L2) 6T L/SE Q) 8z/51 1ejew je Buusiybnels
Asyinod passeulm pue 183iew Aynod 1om palIsIA
VN (S¥) 6¥/cc  (0OL)OL/OL Gzl (8'evozl (S¢) v8/6z  (BE) 8L/L 6L0° (6L=C'L)L'€E (8¢) €€L/LS (L9)8z/LL 1o31ew Asynod Jom pausIp
ainsodxa 193iew Alynod 19pA
VN (0) 6Y/0 (oL)oL/L VN (1) gg/L (9g) 8L/01L VN (L veL/L (6e) 8z/LL pswnsuoy
o T 00" (G85-Cc2) €Ll (9) e8/v (€€) 8L/9 00 (G85-c2) gLl () eel/y (12) 82/9 (W | uyum) 1081009 10811pUl AjlUQ
VN (0) 617/0 (oL)oL/t L00" (S L¥Z-L'€)86C (9) v8/v (vv) 81/8 L00" (6'9/Z-€V) L'VE () ecLy (ce) 8z/6 100D }081IQ
Asynod peap Jo/pue 321s 0} sainsodx3
VN (¢g)ev/OV  (00L)OL/OL 689 (8C-¢0)80 (69)98/65  (£9)8L/CcL  0L9 (Cy-t0 gL (v£) vEL/66 (6£) 82/2T Anjnod Butieadde-Ayijesy psuinsuo)
elL  (rel-1'09'L (9) 6¥7/€ (LL) e/l 769" (€c—c0) L0 (8v) v8/0y  (L¥) LL/L el (r'2=€0) 80 (ce) eel/ey (Lg) 9z/8 (W | uyum) 1083100 10811pUl AlUQ
90¢" (8'0L~V0) €S (8) 8¥/v (0z)oL/e 660° (7'01-80)6'C (ce)eg/Le  (€9) L6 €Yo’ (ol-0'L) g€ (€z) eel/Le (Lv) L2/LL 10B1U09 1081IQ
Aiynod Buieadde-Ayyesy 01 seinsodx3y
€Lo’ (L'SP-9'L) ¥'8 (9) €8/ (82) 81/9 €Lo’ (L'§7-9'L) ¥'8 () zeL/s (81) 8z/9 %(08> ©0eIOA0D UOIIBUIOORA
LST (CL1-60)¥'¢ (8) €8/L (L1)8L/g LST (CL1-G0)¥'C () celL/L (LL)8z/e %(08= ©0eIOA0D UOIIBUIOORA
94 (98) €8/LL  (G9) 8L/0L 194 (Le)zeL/ozL  (LL) 82/0C [MO}I81BM O13SBUOP ON
UOIIBUIDOBA GH [MO}JIS1BM D11S8W0(J
oLo’ (9'1e-9'L) L'L (G2)sL/6L (09) 8L/6 oLo 9'1e-9'L) L'L (GL)vel/el (ce) 8z/6 %08> 96BI8A0D UOIIRUIDIBA
0L0° (6°£1-670) 0 (G2)sL/6L (€€) 8L/9 0L0° (6'£1-6°0) 0 (GL)vel/el (¢2) 82/9 %08=< ©6EISA0D UOIIRUIDOBA
194 (0g)sz/Le  (L1)8L/E 194 (0£) vz 1/98 (9v) 8z/ElL Annod pieAxyoeq oN
uoI1eUIDORA GH Alynod pieAdoeg
oLo’ (€92-9'L) ¥'9 (9L) g8yl (vv) 8L/8 oLo (€92-9'L) ¥'9 (L) veL/PL (62) 82/8 |MO}i81em esley
9ce (L'2l-9009¢C (ov) a8/ve  (6€) 8L/L 9¢c (1'z1-9°0)9°C (S2) vEL/VE (S2) 8z/L SUXoIYD asiel AjuQ
19d (bv) ag8/Le  (L1)8L/E 194 (¥9) vEL/98 (9v) 8z/elL Annod pieAyoeq oN
SUSX2IYD 10 p|MOJISIBM D[1SOUIOpP 8SieY
600° (€€5-8'1) L'6 (cL)gs/LL  (e€)8L/9 600° (€e5-8'1) L6 8 veL/LL (c2) 82/9 9sNoy apisul Jussald
LLo (€G1-670) L€ (7¥) G8/LE  (09) 8L/6 LLo (€G61-6'0) L€ (82) vEL/LE (ce) 8¢/6 SN0y 8pISIN0 Jussald
94 (vv) g8/LE  (LL)8L/E 94 (79) ¥€1/98 (97) 8z/EL Anjnod pieAyoeq oN
abed Auynod pieAxdoeq Jo uonedoT
(0) 6Y/0 (0)oL/o L€0 (GLL-L'1)S Y (99) gg/8  (€8)8L/SL  LEO (GL1-L'1) S Y (92) vEL/8Y (¥S) 82/G1L Anjnod pieAsoeq esiey
VN (0) 6¥/0 (oL oL/t 180" (L'06-8°0) €8 (9) a8/ (L1)8L/g 920" (7'GCl-v'L) L'EL () vEL/S (L) 8zl o8Insodxs Anod |euonednaoQ
cce (S1-908¢ (vl ev/L (og)oL/e 80¢ (r'2-00) 20 (S1) gg/elL Q) 8L/L 796 (9e-€0)0°L (S1) veL/0T (L) 8zl qho1siy oAl
e (9ee-L0 LY () 6¥7/C (02)oL/e €L0° (£'9¢-6'0) 9'G (9) a8/v (L1)8L/g 8L0° (661-€L) TS () vEL/9 (81) 8z/s uonIpuod [ealpaw BuiAspun
ed (1D %S6) 4O (617 = u) (0L =u) ed (1D %S6) HO (g8 =) (8L =u) ed (1D %S6) HO (el = u) (82 =) J1010B4 3SU [elIUSIOd
s1o00lgns [SIVEDI=N s1o09lgns sjuaied s100lgns sjuaied
|03uo0) |03uo0) |011uo0)
ueqin leiny

sjuedioiied

"euiyg ui ‘sdnoif [eins pue ueqin Aq paynens pue [jeJano ‘LNGH ezuanpul 1o} s10)ae} ysu [enuajod jo

sashjeue sied-payosjew ajeuenlun g ajqel

1730



'[8] "|e 18 Buepa Ul paniodal sem Jayiey SIY pue UOS PaWIIUOD JO BUIISISUOD 181SN|0 AjlWe} V &

‘[G1] "|e 18 NA ul panodas sem Je1sn|o Ajluley v/
's1e0b pue ‘smod ‘sbop ‘sBid ‘syed sepnjou| o

"9s99b pue SYoNp sepnjoul p

‘alnsodxa Alynod pieAyoeq Buipnjoul 1ou ‘(1831w Asnod 1em 10 Alojoey Jo/pue wiie} Alynod “68) Asnod oAl 01 ainsodxe aoe|dyiom se pauleq o

. "Josuo ssau||l s,1uaned ayy o1 Joud s3eam g ayr Buunp Y pz< 10} (siuaned uegin 1oj) AlID swoy apIsIno Jo (siuaiied [ednu Joj) diysumol auloy apisino _m\.,@._.
papn|oul 81em elep d|gejieAB YlM $108[gns [0J1u0d Jaylo Jo sjusiied payoleul ‘1oAemoy ‘SasAjeue Woly papn|oxa a1em elep Buissiu Yylm s108[gns [0J1U0d pue ‘elep ainsodxe BuIssIL Yyrm me:.mQ 1o} Umuzmxw

aJom sjualied [0J3UOD PaYOleW IO BIEP ‘POIEIND|ED 8I8M SBN[eA 4 PUB YO PaydleW UBYAA "UoissaiBal o11sIBo| [BUOILIPUOD 10BXS AQ pazAjeue aiem Eo.m.ﬁ:m |0J1u00 pue sjuaied cmmiywn. m@ocomcmt UFo.com:mg_ou e

. ‘90UBlajel ‘Joy ‘olel SpPo ‘Y( ‘(uoissaiBal 211sIBO| [BUOINIPUOD AQ pPazAjeuR 8¢ 10U P|NOD UOINQLISIP BIEp 8SNBI8( 10 8ZIS 9|dUES ||eWS JO 8SNBD8J) 8|ge|leAR 10U YN ‘|eAIS1UI 80USPIHU0D
1D ‘[epouwl [eijul 8y} 104 S8sAjeue payoleul 81eleAIUN Ul PSPNIOUl 818M (| = 4 YIM SB|GeLIBA 9SO} PUB ‘0" = 4 S81edIpUl 80Bjp|0g "Paledlpul 8simIaylo ssejun ‘siuedionied jo (%) uopiodoid ale Smn,_ .m_._.oz

VN

89¢"  (¥'e-00v0
L9€ (€00 %0

VN
VN
94

VN
VN
VN
94

(0) 6Y/0
(0) 6%/0

(0) 617/0
(¢ 6v/LL
(c2) eY/LL

(2) BY/L
(cl)6v/9
(98) 6/2t

(cl) 6¥/9
(Cl) 6¥/9
(L2) 6Y/0L
(S9) 6Y/LC

5(0L) OL/L

(0)ot/o

(0)oL/0
(oL oL/t
(0L oL/L

(oL oL/t
(oL ot/
(08)oL/8

(09) 0L/9
(v ot/
(ov) oLy

(0 oL/0

9cL
8ra’
arl’

eS’
e

VN

(Ev-100£0
Ov-50 1L
(6'8-L0)GC

(€Llr-10ve
(ceL-g0)0¢€
94

VN
VN
VN
oy

(0) g8/0
(0) g8/0

(08) 98/89
(ce) g8/Le
(69) 98/0S

(¥) v8/€
() v8/€
(¢6) v8/8L

(1) z8/8
(2) z8le
(l2)zg/LL
(£9) 28/95

(0)8L/0
(9) 8L/L

(82) 8L/l
(6€) 8L/L
(82) 8L/l

Q) LL/L
(cL) Life
(c8) LIyl

(0) £L/0
(c1) Li/e
(€2) LIy
(S9) LL/LL

9cL
£86
63t

(444
LY

LEO
Vo’
290

(Ev-100£0
(927001
(Le-90) 7L

(6'LG-7'0)9'Y
(L'8=¥0) 6L
9y

(98¢-C'1) 8°G

(£€G-1"1) 9L

(1'8-6'008C
1oy

(0 ¥EL/0
(0 ¥EL/0

(L9) vEL/89
(82) vEL/BE
(9¥) vEL/L9

(e eeLy
(L) el
(06) €€L/0Z L

(LD LELL
9 LeL/8
(02) LEL/Le
(€9) LEL/Z8

s (7) 8Z/L
J(v) 82/L

(09) 82/v7L
(62) 82/8
(79) 82/l

(£) Lzl
(L) Le/e
(¢8) L2lee

(81) £2/s
(L) Lz/e
(0€) L2/8
(Ly) Lz/LL

LNGH Bzuanjjul pauLiuod yum suosiod 0} pasodx3

swoldwAs
Aiojesidsal pue JoAs) yum suosiad 01 pasodx]

Aiddns Jaiem Joopul Jo 3oe
S[ewiue pieAdORQ YIM 10BIU0D 10811Q
s|ewl|ue pleA3oeq asiey
s S|ewiue o0} ainsodx3
10B1U0D 1081IQ
(W | uIyam) 1081000 1081IpUl AluQ
10B1UOD ON
1931eW 8y} 18 Aijjnod 8Al| Yim Joeuo)
sawn oL<
sswn 0l-9
sewn G-|
JoneN
JOSUO SSaU||l 81049q SYooM

2 Ulyum 1a31ew Alynod 1om o1 susIA Jo Aouenbal4

1731



significant risk factor for influenza H5N1, consistent with pre-
vious studies [13, 14]. Close indirect exposure to sick and/or
dead poultry was also reported in a descriptive study of Indone-
sian influenza H5N1 [9]. This could reflect inhalation of aero-
solized material contaminated with influenza H5N1 viruses or
contact with surfaces or fomites contaminated with virus or with
fertilizer containing fresh poultry feces, followed by self-
inoculation of the respiratory tract [5]; however, our study de-
sign did not address these mechanisms.

Our finding that visiting a wet poultry market during the 2
weeks before illness onset was a significant risk factor for influ-
enza H5N1 is consistent with findings from a case-control study
conducted during the outbreak of influenza H5N1 in Hong
Kong in 1997 [12]. Although widespread poultry deaths from
influenza H5N1 were noted in wet markets during the outbreak
in Hong Kong, this has rarely been observed in urban China.
Wet poultry markets are considered to be a reservoir and ampli-
fier of avian influenza A viruses, because avian host species are
present together in a high-density setting that can facilitate viral
persistence, cross-species infection, and genetic reassortment
[23, 24]. Influenza H5N1 viral RNA was detected in an environ-
mental specimen collected from a goose cage at a market that an
urban patient with influenza H5N1 had visited before illness
onset [25], which suggests that influenza H5N1 virus transmis-
sion through environmental contamination may occur in urban
areas of China.

Most patients with influenza H5N1 virus infection had previ-
ously been healthy [5, 26]. However, 5 (18%) of the 28 patients
with influenza H5N1 had a pertinent underlying medical condi-
tion before illness onset, which was a significant risk factor for
influenza H5N1 in univariate analysis in our study. Although
studies have shown that pregnant women and persons with
chronic pulmonary disease, renal dysfunction, hemoglobinopa-
thies, or immunodeficiencies are at increased risk of complica-
tions of influenza [27], they may not necessarily be at increased
risk of influenza H5N1 virus infection. We were not able to fur-
ther analyze the specific medical conditions in our study because
of the small numbers, but our data suggest that at least some of
these conditions may be risk factors for influenza H5N1 disease.
Additional factors, including pre-existing immunity or host ge-
netic factors [28], might also contribute to the development of
influenza H5N1 disease, particularly for persons with underly-
ing medical conditions. Additional research is needed to under-
stand the association between underlying medical conditions
and influenza H5N1 disease that we observed.

Chinese patients with influenza H5N1 comprised 2 distinct
populations with respect to poultry exposures. Most rural Chi-
nese persons raise backyard poultry for food production and
income. In contrast, wet poultry markets are sustained by the
demand for freshly slaughtered poultry in urban areas of China.
Not surprisingly, exposures to poultry varied depending on
where the patients lived. Most urban patients had not been ex-

posed to sick or dead poultry or to backyard poultry before ill-
ness onset, but all had visited wet poultry markets, whereas most
rural cases had been exposed to backyard poultry and to sick or
dead poultry. This suggests that public education and interven-
tions to control disease should target different settings. Rural
patients were less educated, poorer, and more likely to lack an
indoor water supply, compared with urban patients—similar to
risk factors identified in Vietnam [14]. Because of the exposure
differences between rural and urban patients, we performed
analyses stratified by patient location in addition to including all
participants. The overall results were similar to the analyses re-
stricted to rural participants alone.

Our study suggests that exposure to domestic waterfowl may
be a greater risk to public health, compared with contact with
chickens. Studies from Vietnam, Thailand, and southern China
have documented that domestic ducks and geese can be infected
with highly pathogenic avian influenza H5N1 viruses without
apparent symptoms [29-31]. Earlier studies, conducted during
1997-2004, suggested that most influenza H5N1 viral shedding
by domestic ducks was in feces, but more recently, a great
amount of influenza H5N1 viral shedding has been detected in
the upper respiratory tract of waterfowl for up to 17 days [31,
32]. Both respiratory and fecal shedding of influenza H5N1 vi-
ruses can cause contamination of the environment and water
sources used by birds and humans [5]. In univariate analyses,
raising waterfowl, such as ducks or geese, was a risk factor for
human influenza H5N1 disease, but raising only backyard chick-
ens was not a risk factor. This finding suggests that domestically
raised waterfowl exposure may pose a greater risk of avian-to-
human transmission, compared with exposure to backyard
chickens in rural areas.

In China, a national influenza H5 poultry vaccination pro-
gram was implemented in 2005 [33]; after that, subsequently
documented decreases in outbreaks of influenza H5 among
poultry were noted [1]. However, the effectiveness of poultry H5
vaccination to reduce the risk of influenza H5N1 virus transmis-
sion to humans is unknown. H5-vaccinated poultry that are in-
fected with H5N1 viruses may shed fewer viruses or may not
display clinical signs of disease but could still be a risk to other
poultry and to humans [34, 35]. Our findings suggest that very
high H5 poultry vaccine coverage may be needed to reduce the
risk of avian-to-human transmission of H5N1 viruses. Universal
influenza H5 vaccination of poultry, including domestic water-
fowl, in conjunction with other control measures, is recom-
mended as an important control strategy by the World Animal
Health Organization and the United Nations Food and Agricul-
ture Organization [36]. The possibility that H5-vaccinated poul-
try may be infected with H5N1 viruses but may not shed enough
H5N1 virus for transmission to humans was suggested by recent
field evidence [37-39]. However, cases of influenza H5N1 con-
tinued to occur in China during 2006-2008, despite the national
poultry H5 vaccination program. A simulation study revealed
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that “silent spread” of influenza H5N1 can occur among poultry
as a result of incomplete immunity at the flock level, even if a
poultry vaccine is effective in individual birds [40]. Poultry H5
vaccine effectiveness studies are needed to examine outcomes,
such as influenza H5N1 virus infection, as well as duration and
quantitative viral shedding among vaccinated poultry, to assess
the public health risk, particularly in urban wet poultry markets.

There are a number of limitations to our findings. Because 20
patients (71%) and 98 matched control subjects (73%) were
asked in 2007 about exposures that may have occurred much
earlier, recall bias may have occurred if patients or their proxies
were more likely than control subjects to recall poultry expo-
sures. Although we interviewed patients with influenza H5N1 or
their proxies long after the patients’ illnesses occurred, nearly all
of the patient data collected in our study were concordant with
data collected during the earlier field investigations. However,
because no exposure data for control subjects were collected
when cases occurred, the potential for differential recall and po-
tential misclassification of some exposures could have intro-
duced bias. A much higher proportion of patients’ responses
than control subjects’ responses were provided by proxy inter-
views because of high mortality among patients, and these prox-
ies may not have known all of the respective patient’s exposures.
We could not verify the poultry H5 vaccination coverage re-
ported by participants who raised backyard poultry. Although
urban control subjects were selected by a method different from
that used for selection of rural control subjects, it is unlikely that
selection bias was a significant limitation. All 28 patients had
laboratory-confirmed influenza H5N1 virus infection, and all
control subjects were seronegative for H5N1 neutralizing anti-
bodies. Therefore, there was no misclassification of patients or
control subjects on the basis of H5N1 virus infection status. A
few collinear variables were included in the multivariable analy-
sis, but this did not influence the final results. Although our
study included a greater number of participants than in previous
case-control studies [ 12—14], the most important limitation was
the small number of patients that precluded precise estimation
of the magnitude of risk factors; our study was underpowered to
detect risk factors among urban patients with influenza H5N1,
because nearly twice as many cases occurred in rural areas. Fi-
nally, it is possible that we did not identify all cases of influenza
H5NI that may have occurred in China during the study period.

Although human influenza H5N1 disease is very rare and per-
sons with the risk factors that we identified seldom develop in-
fluenza H5N1 virus infection [41], interventions based on our
findings may help prevent further influenza H5N1 virus trans-
mission to humans in China. Ongoing education is needed that
results in behavioral change to avoid direct or indirect contact
with sick or dead poultry, which should be removed and dis-
posed of promptly using appropriate protective equipment. In
rural areas, ongoing efforts to achieve and maintain universal
poultry H5 vaccination should be a high priority, especially

among domestic waterfowl, and poultry should be raised outside
the home. In urban areas, consideration should be given to im-
plementing control strategies in wet poultry markets that have
been instituted in Hong Kong Special Administrative Region,
such as only selling H5-vaccinated poultry, segregating bird spe-
cies, improving biosecurity, and having central poultry slaugh-
tering locations, regular disinfection, and a monthly rest day
[42—44]. In addition, the feasibility of the wearing of protective
masks or respirators by workers and visitors to wet poultry mar-
kets could be considered.

Acknowledgments

We thank the Centers for Disease Control and Prevention of the Hunan,
Anhui, Sichuan, Fujian, Guangdong, Hubei, Liaoning, Shanghai, Jiangxi,
Guangxi, Zhejiang, Xinjiang, and Jiangsu provinces and the local govern-
ments that assisted us in coordinating our field investigations, in data collec-
tion, and for logistical support.

References

1. World Organisation for Animal Health. Update on highly pathogenic
avian influenza in animals (type H5 and H7). Available at: http://
www.oie.int/downld/AVIAN%20INFLUENZA/A_AI-Asia.htm. Ac-
cessed 5 August 2008.

2. World Health Organization. Cumulative number of confirmed human
cases of avian influenza A/(H5N1) reported to WHO. Available at:
http://www.who.int/csr/disease/avian_influenza/country/cases_table_
2009_04_17/en/index.html. Accessed 20 April 2009.

3. Fielding R, Bich TH, Quang LN, et al. Live poultry exposures, Hong
Kong and Hanoi, 2006. Emerg Infect Dis 2007; 13:1065-7.

4. Vong S, Coghlan B, Mardy S, et al. Low frequency of poultry-to-human
H5N1 virus transmission, southern Cambodia, 2005. Emerg Infect Dis
2006; 12:1542-7.

5. Writing Committee of the Second World Health Organization Consul-
tation on Clinical Aspects of Human Infection with Avian Influenza A
(H5N1) Virus. Update on avian influenza A (H5N1) virus infection in
humans. N Engl ] Med 2008; 358:261-73.

6. Ungchusak K, Auewarakul P, Dowell SF, et al. Probable person-to-
person transmission of avian influenza A(H5N1). N Engl ] Med 2005;
352:333-40.

7. Kandun IN, Wibisono H, Sedyaningsih ER, et al. Three Indonesian clus-
ters of H5N1 virus infection in 2005. N Engl ] Med 2006; 355:2186—94.

8. Wang H, Feng ZJ, Shu YL, et al. Probable limited human-to-human
transmission of highly pathogenic avian influenza A (H5N1) virus in
China, Lancet 2008; 371:1427-34.

9. Sedyaningsih ER, Isfandari S, Setiawaty V, et al. Epidemiology of cases of
H5N1 virus infection in Indonesia, July 2005-June 2006. ] Infect Dis
2007; 196:522-7.

10. Thiry E, Zicola A, Addie D, et al. Highly pathogenic avian influenza
H5N1 virus in cats and other carnivores. Vet Microbiol 2007; 122:25—
31.

11. Mumford E, Bishop J, Hendrickx S, Embarek PB, Perdue M. Avian in-
fluenza H5NI: risks at the human-animal interface. Food Nutr Bull
2007; 28:S357—63.

12. Mounts AW, Kwong H, Izurieta HS, et al. Case-control study of risk
factors for avian influenza A (H5N1) disease, Hong Kong, 1997. ] Infect
Dis 1999; 180:505-38.

13. Areechokchai D, Jiraphongsa C, Laosiritaworn Y, Hanshaoworakul
W, O’Reilly M. Investigation of avian influenza (H5N1) outbreak in
humans—Thailand, 2004. MMWR Morb Mortal Wkly Rep 2006;
55(Suppl 1):3-6.

14. Dinh PN, Long HT, Tien NT, et al. Risk factors for human infection with

H5N1 Risk Factors in China ¢ JID 2009:199 (15 June) ¢ 1733



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

avian influenza A H5N1, Vietnam, 2004. Emerg Infect Dis 2006; 12:
1841-7.

. YuH, ShuY, Hu S, et al. The first confirmed human case of avian influ-

enza A (H5N1) in mainland China. Lancet 2006; 367:84.

. Zhu QY, Qin ED, Wang W, et al. Fatal infection with influenza A

(H5NT1) virus in China. N Engl ] Med 2006; 354:2731-2.

. World Health Organization. A manual for improving biosecurity in the

food supply chain: focusing on live animal markets. Available at: http://
www.searo.who.int/en/Section23/Section1001/Section1110_11528.htm.
Accessed 5 August 2008.

. World Health Organization. Manual on influenza microneutralization

assay. Available at: http://www.who.int/csr/disease/avian_influenza/
guidelines/en/index.html. Accessed 5 August 2008.

. Stephenson I, Wood JM, Nicholson KG, Charlett A, Zambon MC. De-

tection of anti-H5 responses in human sera by HI using horse erythro-
cytes following MF59-adjuvanted influenza A/Duck/Singapore/97 vac-
cine. Virus Res 2004; 103:91-5.

World Health Organization. Recommendations and laboratory proce-
dures for detection of avian influenza A(H5N1) virus in specimens from
suspected human cases. Available at: http://www.who.int/csr/disease/
avian_influenza/guidelines/labtests/en/. Accessed 5 August 2008.
World Health Organization. WHO case definitions for human infec-
tions with influenza A(H5N1) virus. Available at: http://www.who.int/
csr/disease/avian_influenza/guidelines/case_definition2006_08_29/en/
index.html. Accessed 5 August 2008.

World Health Organization. Avian influenza—situation in China:
update 2. Available at: http://www.who.int/csr/don/2007_05_30/en/
print.html. Accessed 5 August 2008.

Kung NY, Morris RS, Perkins NR, et al. Risk for infection with highly
pathogenic influenza A virus (H5N1) in chickens, Hong Kong, 2002.
Emerg Infect Dis 2007; 13:412-8.

Webster RG. Wet markets—a continuing source of severe acute respi-
ratory syndrome and influenza? Lancet 2004; 363:234—6.

Wang M, Di B, Zhou DH, et al. Food markets with live birds as source of
avian influenza. Emerg Infect Dis 2006; 12:1773-5.

World Health Organization. Update: WHO-confirmed human cases of
avian influenza A(H5N1) infection, 25 November 2003—-24 November
2006. Wkly Epidemiol Rec 2007; 82:41-8.

Fiore AE, Shay DK, Haber P, et al.; Advisory Committee on Immuniza-
tion Practices (ACIP), Centers for Disease Control and Prevention
(CDQ). Prevention and control of influenza: recommendations of the
Advisory Committee on Immunization Practices (ACIP), 2007.
MMWR Morb Mortal Wkly Rep 2007; 56(RR-6):1-54.

Pitzer VE, Olsen SJ, Bergstrom CT, Dowell SF, Lipsitch M. Little evi-
dence for genetic susceptibility to influenza A (H5N1) from family clus-
tering data. Emerg Infect Dis 2007; 13:1074—6.

Li KS, Guan Y, Wang J, et al. Genesis of a highly pathogenic and poten-

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

tially pandemic H5N1 influenza virus in eastern Asia. Nature 2004; 430:
209-13.

Chen H, Smith GJ, Li KS, et al. Establishment of multiple sublineages of
H5NI1 influenza virus in Asia: implications for pandemic control. Proc
Natl Acad Sci U S A 2006; 103:2845-50.

Sturm-Ramirez KM, Hulse-Post DJ, Govorkova EA, et al. Are ducks
contributing to the endemicity of highly pathogenic H5N1 influenza
virus in Asia? ] Virol 2005; 79:11269—-79.

Hulse-Post DJ, Sturm-Ramirez KM, Humberd J, et al. Role of domestic
ducks in the propagation and biological evolution of highly pathogenic
H5N1 influenza viruses in Asia. Proc Natl Acad Sci U S A 2005; 102:
10682-7.

Bureau of Veterinary Ministry of Agriculture, P.R. China. Poultry avian
influenza vaccination in China. Available at: http://www.agri.gov.cn/
ztz1/gdztz1/P020061023368529330005.pdf. Accessed 5 August 2008.
Chen H, Deng G, Li Z, et al. The evolution of H5N1 influenza viruses in
ducks in southern China. Proc Natl Acad Sci U S A 2004; 101:10452—7.
World Health Organization. Influenza research at the human and ani-
mal interface. Geneva: World Health Organization, 2006.

World Organization for Animal Health and the Food and Agriculture
Organization. Second FAO/OIE Regional Meeting on Avian Influenza
Control in Animals in Asia. Available at: http://www.oie.int/eng/Avian_
influenza/HPAI%20HCMC%20Recommendations_March%2005.pdf.
Accessed 18 April 2009.

Middleton D, Bingham J, Selleck P, et al. Efficacy of inactivated vaccines
against H5N1 avian influenza infection in ducks. Virology 2007; 359:
66-71.

Ellis TM, Leung CY, Chow MK, et al. Vaccination of chickens against
H5N1 avian influenza in the face of an outbreak interrupts virus trans-
mission. Avian Pathol 2004; 33:405-12.

Beato MS, Toffan A, De Nardi R, et al. A conventional, inactivated oil
emulsion vaccine suppresses shedding and prevents viral meat coloni-
sation in commercial (Pekin) ducks challenged with HPAI H5N1. Vac-
cine 2007; 25:4064-72.

Savill NJ, St Rose SG, Keeling MJ, Woolhouse ME. Silent spread of
H5N1 in vaccinated poultry. Nature 2006; 442:757.

Ortiz JR, Katz MA, Mahmoud MN, et al. Lack of evidence of avian-to-
human transmission of avian influenza A (H5N1) virus among poultry
workers, Kano, Nigeria, 2006. J Infect Dis 2007; 196:1685-91.

Ellis TM, Sims LD, Wong HK, et al. Use of avian influenza vaccination in
Hong Kong. Dev Biol (Basel) 2006; 124:133—43.

Ellis TM, Bousfield RB, Bissett LA, et al. Investigation of outbreaks of
highly pathogenic H5N1 avian influenza in waterfowl and wild birds in
Hong Kong in late 2002. Avian Pathol 2004; 33:492-505.

KungNY, GuanY, Perkins NR, et al. The impact of a monthly rest day on
avian influenza virus isolation rates in retail live poultry markets in
Hong Kong. Avian Dis 2003; 47:1037-41.

1734 « JID 2009:199 (15 June) ¢ Zhou et al.



