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Highly pathogenic avian influenza A H5N1 viruses remain a
significant health threat to humans given the continued rare
occurrence of human cases with a high case fatality rate. This brief
literature review summarizes available evidence of risk factors for
H5NI1 infection in humans and updates a recent systematic review
published in early 2011. Several epidemiologic studies have been
published to evaluate the risk factors for H5N1 infection in humans,
including contact with poultry and poultry products and non-
poultry-related contact such as from H5N1-contaminated water.
While most H5N1 cases are attributed to exposure to sick poultry, it
is unclear how many may be due to human-to-human transmission.
The collective results of published literature suggest that
transmission risk of H5N1 from poultry to humans may be highest
among individuals who may have been in contact with the highest
potential concentrations of virus shed by poultry. This suggests that

there may be a threshold of virus concentration needed for effective
transmission and that circulating H5N1 strains have not yet mutated
to transmit readily from either poultry to human or from human to
human. However, the mode of potential transmission can be quite
varied throughout different countries and by study with exposures
ranging from visiting a wet market, preparing infected poultry for
consumption, to swimming or bathing in ponds frequented by
poultry. Several important data gaps remain in the understanding of
the epidemiology of H5N1 in humans and limit our ability to
interpret the results of the available H5N1 seroepidemiologic
studies.
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HPAI/H5N1 in humans

The isolation of a highly pathogenic avian influenza (HPAI) A
virus, subtype H5N1 (referred to as H5SN1 in this review), from
a 3-year-old boy in Hong Kong in 1997 was the first detection
of this virus strain in humans and raised concerns worldwide as
to the potential for a pandemic of avian origin with a lethality
in the range of the 1918 pandemic." All of the genes found in
the H5N1 viral strain in Hong Kong originated from avian
viruses."” > While H5N1 has not yet demonstrated the ability to
transmit efficiently from person to person, the high case
fatality associated with reported infection, ongoing spread of
the virus in bird populations, and the potential for influenza
viruses to mutate and adapt to other hosts mean H5N1
remains a continuing public health concern.

As of August 10, 2012, H5N1 infection had been detected
in 608 individuals in 15 countries.” The number of human
cases is not evenly distributed throughout the world, and the
age/gender distribution varies by country. The largest

numbers of human cases reported have been from Indonesia,
Vietnam, and Egypt, each having reported more than 100
cases. No human cases have yet been reported in Western
Europe or the Americas. Although the apparent case fatality
rate (CFR) of H5NI1 is high (approximately 59%), this may
be an overestimate of the true CFR because any milder cases
may never be identified under current surveillance systems in
countries affected by H5N1.

To date, H5N1 remains an avian epidemic with rare and
sporadic spillover into the human population and other
species. The predominant modes of transmission from
poultry to humans remain incompletely understood, and
limited information on how infected individuals were
exposed has restricted our ability to evaluate risk factors
for human infection and implement more refined risk
reduction measures. Field investigations of cases of H5N1
in humans — usually in low- or middle-income countries —
are often difficult to conduct, especially in a timely manner.
Conversely, in some countries, good exposure data have
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been collected during outbreak investigations, but have not
been analyzed or published. Thus, information on potential
exposures, when given, is typically limited to such general
descriptions as “recent contact with sick or dead poultry™ or
the “preparation of sick birds for consumption.”® Although
studies to date have identified more specific variables to
collect data on such investigations (World Health Organi-
zation, WHO Minimum Data Set Report Form: Human
infection with an influenza virus with pandemic potential,
available upon request), more detailed knowledge of the
types of behaviors and interactions with poultry that result
in virus transmission would facilitate more effective and
targeted risk reduction measures at the human—animal
interface.

This report summarizes a recently published review of risk
factors for human H5NI infection® updated with publica-
tions since that review was finalized.

Transmission of HPAI/H5N1 from poultry to
humans

Several epidemiologic studies have evaluated the risk of
transmission of HPAI from poultry to humans (see updated
Tables 1 and 2). These studies have identified several broad
risk factors that may be associated with infection including
close direct contact with poultry and indirect transmission
via environmental contamination. However, despite frequent
and widespread contact with poultry, transmission of HPAI/
H5N1 from poultry to humans continues to be rare.

Direct routes of poultry-to-human infection of H5N1 may
include contact with aerosolized virus, infected blood or
bodily fluids via food preparation practices (e.g., slaughtering,
boiling, defeathering, cutting meat, cleaning meat, removing
and/or cleaning internal organs of poultry), consuming
uncooked poultry products, or through the care of poultry
(either commercially or domestically). Little is understood
about H5N1 transmission via indirect routes; though, recent
studies have suggested an association between exposure to a
contaminated environment (e.g., water, cleaning poultry
cages or their designated areas, using poultry feces for
fertilizer)”'® and infection through either ingestion or
conjunctival or intranasal inoculation of contaminated water
and soil or via fomites on shared equipment or vehicles
transporting products between farms. Live animal markets
have also been shown to be a potential source of H5NI
circulation in poultry and infection source to humans.” "'
Other pathways may exist but are currently unknown.

Several epidemiologic studies have been published to
evaluate the risk factors for H5N1 infection in humans,
including contact with poultry and poultry products and
non-poultry-related contact such as from H5N1-contami-
nated water (see references in Table 2). Most H5N1 cases
are attributed to exposure to sick poultry, while it is
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Table 1. Possible risk factors for human infection with HPAI/HSN14 '°

Mode of Transmission Risk factor

Exposure to poultry at live
animal/wet market

Work in retail poultry market

Presence of sick/dead poultry in
the household

Butchering poultry

Preparing poultry for restaurants

Presence of sick/dead poultry in
the neighborhood

Direct touching poultry that died
unexpectedly

Preparing/cooking (no specific
practices identified) unhealthy
poultry

Feeding poultry

>10% mortality among poultry
within which poultry workers
had worked within past 2 months

Gathering poultry and placing
them in cages or designated areas

More data needed*

Poultry-to-human
transmission

Human-to-human
transmission

Indirect transmission Environmental contamination No water
source in the household

Swimming or bathing in ponds

Changing bed linens

Handling money

*No human-to-human transmission risk factors for infection were
identified from seroprevalence studies; however, possible human-
to-human transmission may have occurred in several clusters in other
countries (see* 7 18),

unclear how many may be due to human-to-human
transmission.® 7> '

Tables 1 and 2 summarize possible risk factors for
infection identified through epidemiologic investigations of
human H5N1 cases. The collective results of these studies
have shown that transmission risk of H5N1 from poultry to
humans may be highest among individuals who may have
been contact with the highest potential concentrations of
virus shed by poultry.” ' This suggests that there may be a
threshold of virus concentration needed for effective trans-
mission and that circulating H5N1 strains have not yet
mutated to transmit readily either from poultry to human or
from human to human. However, the mode of potential
transmission can be quite varied throughout different
countries and by study with exposures ranging from visiting
a wet market, preparing infected poultry for consumption, to
swimming or bathing in ponds frequented by poultry.

Non-poultry exposure-related H5N1 exposures, defined as
any contact not involving touching poultry or poultry
products, for example, exposure to HS5NI1-contaminated

© 2013 Blackwell Publishing Ltd

27 |



[ Van Kerkhove

Annod pajdsjul o}
aJnsodxa pajeadal yum
s323[gns 104 uonRd4Ul
LNSH JO 95UspIAS ON
Aiynod
pa1234ul 0} 3Insodxad
9}dSSP UOISSIWSUBIY
uewny-o3-Ajnod
JO 9DUSPIAS PaYIWIT

9DUIPINS PAYIWIT
pealdsapim
SeM Jdd 4O asn
‘SPAIq plim pa1d3jul
0} 2Jnsodxa Ypm
s12[gns 104 uonRdR4UI
LNGH O @>uspins ON

palyIIUpI

10U S10128} Sl D14139dS
Annod pa1dajul o}
2Jnsodxa pajeadal yim
s322[gns 1oy uonRde4ul

LNSH JO 90UspiAS ON

palUapI
10U $1038} S d11dadS

suoliesado
Bulnd> Aiynod
ul PaAJOAUL D
pue AMd Buowe
uoIssIWsueI}
uewny-o}
-Ayinod paywi

SUON

pa1en|eas 10N

SUON

SUON
seale 3ealgino
LNGH Ul s3onp pue sus>aiys
Bunsrybneys buljjss ‘buisiel
Buipnjpul ainsodxa |euolednddQ

SUON
sleah g U0y
Aiynod pasarybnels 103lgns ing
‘PaIYIIUSPI 10U SI01DB} HSU D11DadS
(VAra VWAL
Sjueinesal 4oy Aiynod
Buriedsid (g-z—0-1) 9-1 Asuow
bulpueH ‘(6:5-9-1) L-€ Annod
BulsydIng- :sqor (£-€—€-1) 7T
Aiyinod Buowe Ayjeriow
%0L< (67-G°1) £+ Ansnpul
Aiynod Jsyio/wiel/Aisydiey
/3]ESIOYM “SA [IB13J Ul JIOMN

[papiroid jjoind
ou] [H Buisn aAIlIS0doIas d1aM 89/0

salpognue GH-Nue pey 0g:L< [H
Buisn (s19)In> €) 005/€ pue NIA
Buisn (s19)INd £ L€ ‘Md €81) 00S/0
salpoqiue GH-nue pey [papiroid
H0Ind ou] |H Buisn (%7-0) L6LZ/A

0Z: 1< JI Resse
NI 0 Nd Aq Auaiisodolss
3NI11IS0d0IaS DIIM SINIOM /6/0

08:1< SIaM1

|H pey ,insodxa |euonednddo,,
yum $13[ans (%60) LEZ/C

08:1 < 4§ siam

NIA Ag A1AIISOd0ISS |NGH 01 2nsodxa
Yum siaxiom Aiojesoqe| Gz/0 LNGH O3
2insodxa sAep 17| uBIPaW YHIM AN S62/0

0zE< saMoolyAie Aaxuny yum |H buisn

aA1Isodolas sem ANd (%6:0) OL L/L

S|0JU0d LETL

pue sased aAisodolss |8 buowe

pa1onpuod Apnis |03U0>-35ed

pa1saN 08< NIA buisn aanisodolss

2Q 0} pajewnss alem Md %01
9AIS0doI3Ss B1IM MD (%E) £67/6

suewny o} A1nod

suewny o} Ajnod

suewny o3 A1nod

suewny o3 A1nod

suewny o3 A1nod

suewny o3 A13nod

suewny o3 A13nod

suewny o} Aijnod

9007 Ul noyzbueno

ul AT Ul siaddom Alnod

G070 ‘WeUIBIA
ur Aiynod ur syeaigino
LNGH Pawljuod yim
Suwiley uo BulAll sI9|nd
pue siaxlom Aijnod
600¢-£00¢C
‘eUIyD Ul siaxiom Aiynod

9007 ‘Auewian

‘pueys| usbany uo spuiq

p|IM pesp O UOIID||0d

10} S}9A ‘sIyIom
1USWIUIBACH ‘Uswiall4

euly>
Huopbueno
‘s1axyiom Aiynod

900¢
‘elAbIN

ouey| ‘siaxiom Aiynod
9007 "eulyd
Huopbuenoy

‘s om Aiynod

L661 buo
BuoH ‘siaxiom Aiynod

2c600C "/e 19 buepy

L6002 “fe 32 ZSNYdS

4¢6002 /€ 33 buen

6007 "€ 19 1B

68007 “[e 18 M

££00Z "[e 19 210

£,900€ "€ 19 buep

22007 "€ 12 sabpug

SIIOAN A13|nod :suosiad pasodx3 Ajjeuonedn»no

Sjuswwo)

12%S6
‘40 “HY si03deq Jysiy

(@Anisodouas 9,)
s1nsay asuajeaaidoias

uolssiwsuel |

yealqinQ
Jo Jeap B
uone|ndod Apms

Jedh ‘Apmis

UOND3JUI SNIIA |NGH 10} SIO1e) sl

91en|eAd pue Uoda4UI [BD1UIPGNS Jo ditewoldwAse jo Adusanbaiy syl aulwiSl1ap O} SaIpNls dUa[eARIdoISs JO SHNSaY *Z 3|qel

© 2013 Blackwell Publishing Ltd

| 28



Literature review: H5N1 risk in humans |

BUISS SIY} Ul MO| Sem
UOISSIWISUBJ] UBWINY-0}
-Ainod ‘sypoyy Aiynod
dlsswiop Ul [NSH
PSWIOUOD YU Sabe||IA
ul buiall spelgns
Buowe uondayul

LNSH JO s5uspirs ON

paHw|
SBM UOISSILUSUB.I}
ueWNY-0)-ueWwnH

juaned

LNGH uewny yum

12P1U0D 1D3JIP YUM

MDH Buowe |NSH jo
95USPIAS 2160|0ISS ON

juaned |NGH

uewny YHm 1deuod 10a.ip

YHM MDH bBuowe | NSH
JO 92UspIAS 160[013S ON

juaned |NGH

uewny yim 15eiuod 1dalip

UM MDH bBuowe |NSH
JO 92USpIAS 160J013S ON

UoISSIWISUBI}
uewiny-o3-uewny paywi]

pjo sieak 09 < diem
$123[QNs JO %0t ‘JaAamoy
‘sisquunu Asynod bBuiseanu|
Ainod papajul 01
2Insodxa pajeadal Yum
s123[gns Joj uond4Ul

SUON
€1-0 = 4 ‘1Pewod Annod
oU YHM aA1}Is0dolss Jo
%G ‘SA Ajjnod 03 10e3U0D
pey aAIsodouss Jo 9% |7
"J9AIMOY ‘JUBDIHIUBISUON

3UON

3UON

SUON
ainsodxa Anjnod 1oy}
pa||043U0d ‘(papiroid Yo ou)
S9SED JO UaUl| paqg ay}

Buibueyd o syusired buiyieg

(69-5-00-1)
6E-7 YO A3jnod buisiey

aM pue NI Buisn 0g:1 < salpoqiiue
LNSGH 104 aaiisod paisal s1abejiin LGE/0

aM Aq pawyuod ‘08:L< VSI13 40 NIA

Buisn pa3sal AYAISOdolss sslpogiue

GH Joj aARIsod pa)se) SISYIOM-0D /17/0
$1521U0D Ployssnoy (%L) LS/9

08:1< VSI3 pue 08:L< NN buisn
paisal Anaiisodouss syusiied |NGH
PIWIUOD UM 35e1U0d Ul MDH 09/0
sAesse juspuadapul z Ul Ot < NIA
Buisn paisal Aanisodolss syusized
INGH P3WJIUOD YHM 12BIUO0D 1D3Ip
pey YaIym o %56 ‘MOH buowe £8/0

aM Ag pawupuod ‘08: < NIN buisn
pa31sa} Auninisodouas ‘quaned | NGH
UHM 1De3U0D 1231Ip Ul \\DH buowe Gz/0

M Ag pawlijuod ‘08: 1< NIA
Buisn (MDH pasodxe-uou 60€/Z
‘pasodxd 17/8) (%2) 97S/0L

091:L < IH |19 poojq
paJ 9si0y Buisn aAI}sodoiss S19m 90€

uewny o} Aiynod

uewny o} Aiynod
‘uewny 0} uewnH

uewny o} Aynod
‘uewny 0} uewnH

uewny o1 Aiynod
‘uewny 0} uewny

uewny 01 Aynod
‘uewny 0} uewny

uewny 01 Aynod
‘uewny 0} UewnH

G00Z Ul Ssed uewny
INGH pawlijuod omj se

sabe||IA swes sy} ul bulal|
siabej|in ueipoquie) |einy

1661

‘buoy buoH ‘syusned

LNGH JO S12e3U0D
[BIDOS pUB PjOY3SNoH

4900 "€ 32 Buop

<6661 '€ 32 Z1e)

S1PR1U0D)

|eros pue pjoyasnoH :a4nsodx3 jeuoiyednddo-uoN

700¢ WeulsiA
‘SISYIOM BJdY}EaH

007 Weuiain
'SI9YIOM B1edY}eaH

700¢ puejieyL
'SI9YIOM B1edY}eaH

L661 Buoy
BUOH ‘SIDYIOM B1eDY}ESH

»,S00T /€ 19 ZSHNYPS

5002 "€ 13
war yueyr

2,G00C "/e 19
yeleueyjulesidy

1,000 "€ 19 sabplig

SIIOAN 3JeD Y)|esH :suosiad pasodx3 Ajjeuonedning

suewny o} A1ynod

010z "eulyd
nsbuelr ‘siexiom Aiynod

£00 "elsauopy|

,

oy LOT e 18 ONnH

LNGH JO 22uapiA ON SUON S6b/0  suewny o} Ainod SI9YIOM Wie) pue A1jnod 60102 7€ 39 13qoy
spusaWIWo) 1D%S6 (®nnusodouas 9,) uojssiwisuel] yea1qinQ Jeah ‘Apms
MO “YY sio1e] ysiy s)|nsay adusjenaidoias JO JedA B

uone|ndod Apnis

(panupuod) -z 3jqeL

29 |

© 2013 Blackwell Publishing Ltd



[ Van Kerkhove

‘uonezijesynau anbejd ‘Nd ‘Aesse 10|q UISISIAA ‘M ‘Aesse uonigiyui—uoneuinibbewsy
‘IH ‘Aesse (NIA) UOIEZI[eiinauo.diw ‘NIA ‘SI93J0M 21edylesy ‘AMDH (SIIOM JusWLIBA0D ‘AMD ‘siaxiom Aijnod ‘Ad ‘uondeioid a4s ‘senolb ‘ssisew Buipnppul Juswdinba aands10.d jeuosiad ‘Jdd

30U3PINS ON
191eM PaYeUILIRIUOD
BIA SUuPWNY O}
JUSWUOIIAUS BY} WO
uoissiwisuely a|qissod
!MO| SEM UOISSILISURI}

uewny-o03-A13nod
UoISsIWSU..}
uewny-o3}-A3nod
JO 9DUSPINS OU
‘syealgino
Aiynod wouy

ainsodxa | NGH 9udsag
syo0l4 Aiyjnod
dlisswop Ul |NSH
PaWLIOJUOD YIIM S3be||IA
ul Buiall syalgns
Huowe uondajul

LNGH JO 95uspins ON

J91eM Pa1eUIWRIUOD
BIA SUPWNY O}
JUSWUOIIAUS BY} WO
uoissiwsuely a|qissod
MO| SEM UOISSIWISURI}

uewiny-o03-A13nod
syd0y4 Ayjnod
dlisswop Ul |NGH
PaWLIOJUOD YIIM S3be||IA
ul buial| syoafgns
Huowe uondajul

INSH JO' 95UspIAS ON

paynupl
10U S10108) XSl D143dS

JUON

paljuap! sioyoey
Sl J3Y10 ON (15-9-86:0 ‘ID
%S6) ST

YO puod ul patpeq/wems

JUON

3UON
(€:96-69-0) 0-S
seale Aynod Jo sabed
WOJ} S939} pPauULd|D/PaAOWRY
(1-7€-860) 8-S seale pajeubisap
10 sebed ul paceld pue Ainod
paisyien (7-:99-89-0) 8-9
92In0s U91eM (2-20L-GZ°L)

€11 YO spuod ul ayjeg/uiIms

3UON
Aiynod
YHM 1DBIUOD 1D31IP INOYHM
Su9ZNID |eJausb a1am spalgns

NI pue |H buisn 59z/0

08:L < NW buisn
salpogiue |NGH 104
annisodolss (%8-7) 004/81

08:1< NIA buisn saipognue
LNGH-11ue 1oy dAIYisod palsal L178/0

Ot L< 9duUddSBION|JOUNLIW]|
Ag pawliyuod NIA buisn saipogiue
SH-Ue Joj apisod paissy L06/0

S|0J3U0D {7¢ pue sased

9A11S0d0J3S / YHM Paldnpuod

Apnis |043U0>—858d PayYdIeA

plo siedhk gL > IV 3w (%/-58)

£/9 08:1 < NW buisn saipognue
LNGH 10} 9A1S0d0Ias (% L) 77£9/L

VSIM3 10 gM Aq pawuiuod
‘08:1< NIA Buisn ‘saipogiue |NGH
Jo4 9AIsod palse} siswle} ZzZe/0

0Z:1 < Si=11 NIA 10 |H pey ,,
suszid [esausb, (%e-1) €86/1

uewny o} Aijnod BLIAQIS 1SN JO SIUSPISDY
£00¢ ‘ased> uewny
LNSH pawliyuo
d se sabej|in awes

9y} ul buinl| siabey|t

ueipoquie) [edny

uewny o3 A13nod

5002 ‘lled
ul N1 € pue sabej|in
8€E Ul Sjuaplisay

uewny o} A13nod

500 Ul sased
uewny yum sabej|ia

uewny o} A1nod 1BYL 7 Ul SIUSPISAY

900¢ ‘ase> uewny
INGH paw.ijuod se
sabe||IA swes ay3 ul buial|

uewny o} Ainod  siabejjia uelpoquie) [einy

700 ‘Puejieyy
uewny o3 A13nod ul siswey Aiynod |einy
euly> buopbueno

suewny o3 Ai3nod ‘siaxiom A1jnod

05600 7€ 19 erexsiny

50102 "/e 19 J3jjiened

/6007 '€ 13 eiyiues

£,6007 7€ 12 [eyaidleq

426007 "[e 39 Buop

148007 /e 33 AofuiH

48007 ‘e 18 N7

SjuUaWIWOD)

12%S6
‘40O “HY si03de] Jysiy

(@nnisodouas 9,)
s}|nsay adusjenaldolas

uoissiwsues | yealqino
JO Je9A B

uone|ndod Apms

1edh ‘Apmys

(panunuod) -z s|qeL

© 2013 Blackwell Publishing Ltd

| 30



environments, may also lead to H5N1 infection.”* 2°2?

Exposure to H5NI1 virus in contaminated feces in garden
fertilizer has been reported as a source of human infection.”
Because birds are known to shed high concentrations of virus
into water sources, transmission from poultry to humans
through contaminated water is also possible.”' The epidem-
iologic investigation of two H5NI1 cases in a single family in
Vietnam suggested that exposure to possibly contaminated
canal water via swimming or washing may have resulted in
infection. However, the role of water in transmission could
not be confirmed.”® More recently, results from environ-
mental sampling within Cambodian villages with confirmed
H5NI1 in domestic poultry flocks and one human case as well
as results from a human seroprevalence study from the same
village identified contaminated water as a potential risk
factor for H5N1 infection.” ® **

Conclusions

Direct and indirect human—poultry contact patterns differ
between countries®> 2%, which demonstrates that the poten-
tial risk of transmission of H5N1 from poultry to humans is
not uniform across age and gender and therefore may not be
uniform within or across countries. The demographic
differences in human cases of H5NI1 to date between
countries may be because contact patterns with poultry
differ between countries. However, it is also suggestive that
the variation in H5N1 incidence by age may not only be due
to exposure and that there may be differences by age in
intrinsic immunologic susceptibility to infection, preexisting
immunity against human influenza A virus, and/or clinical
presentation of disease.

Several important data gaps remain in the understanding
of the epidemiology of H5N1 in humans and limit our ability
to interpret the results of the available H5N1 sero-
epidemiologic studies:

1. First, there remains considerable scope for underreport-
ing of human cases (both mild and severe) and poultry
outbreaks, and we currently lack sufficient exposure data
from the confirmed H5N1 cases around the world to fully
evaluate other potential risk factors (e.g., the environ-
ment) for infection.

2. Second, the number of asymptomatic H5N1 infections
identified via seroprevalence studies may be overesti-
mated because of differences and inconsistencies in assays
used to test for antibodies used by various laboratories.>

3. Third, the influence of genetic and/or immunological
factors on transmission is poorly understood. Although
there have been several suspected clusters of H5NI1
infection (largely among blood relatives) where H5N1
may have been transmitted between humans, the clusters
are difficult to interpret because all suspected family
members may not have been tested for H5N1 and family

Literature review: H5N1 risk in humans

members may have had a common non-human source of
exposure.

4. Fourth, improved knowledge is needed on all potential
routes of transmission of H5N1 from poultry to humans
and the prevalence of risky practices in human popula-
tions. Studies to date have evaluated what are believed to
be the main potential routes through which people can
become infected with H5N1, but we currently lack
sufficient data from the confirmed H5NI1 cases around
the world to fully evaluate other potential risk factors for
infection such as the role of water and other environ-
mental factors.

To fully evaluate the occurrence of human-to-human
transmission, standardized case investigations with detailed
exposure history need to be collected from all suspected cases
and their contacts.”® Direct and indirect exposure to poultry
by species should also be standardized across epidemiologic
studies to facilitate pooled or meta-analyses.

Collaboration between human and animal health sectors is
essential to understand the risk of transmission between
domestic poultry and humans. Current understanding of
exposure remains too general to explain the current pattern or
to predict future cases of H5N1 infection in human popula-
tions; however, the results of the available studies indicate that
indirect exposure to poultry through the environment may
play a role in transmission.'® Rapid, systematic, and stan-
dardized collection of detailed information on poultry contact
patterns in suspected human outbreaks of H5N1 would
improve our understanding of transmission from poultry to
humans. Detailed exposure information detailing direct and
indirect contact should be included in all future human
outbreak investigations as well as seroprevalence studies.
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