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SUMMARY

Preliminary evidence suggests that direct poultry contact may play a lesser role in transmission
of avian influenza A(H7N9) than A(H5N1) to humans. To better understand differences in risk
factors, we quantified the degree of poultry contact reported by HSN1 and H7N9 World Health
Organization-confirmed cases. We used publicly available data to classify cases by their degree of
poultry contact, including direct and indirect. To account for potential data limitations, we used
two methods: (1) case population method in which all cases were classified using a range of
sources; and (2) case subset method in which only cases with detailed contact information from
published research literature were classified. In the case population, detailed exposure information
was unavailable for a large proportion of cases (H5N1, 54%; H7NO, 86%). In the case subset,
direct contact proportions were higher in H5N1 cases (70-3%) than H7N9 cases (40-0%) (y* =
18-5, P<0-001), and indirect contact proportions were higher in H7N9 cases (44:6%) than H5N1
cases (194%) (x> =155, P <0-001). Together with emerging evidence, our descriptive analysis
suggests direct poultry contact is a clearer risk factor for HSN1 than for H7N9, and that other
risk factors should also be considered for H7INO.
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INTRODUCTION Influenza A(H7N9) emerged in February 2013 in
China and has now caused over 680 WHO-confirmed
cases, with human and avian detections restricted
mainly to China [1].

A significant body of literature examining H5NI1
transmission shows that human infection is strongly
associated with direct, close poultry contact. In their
systematic review of 24 case-control and seroepidem-
iology studies, Van Kerkhove et al. [2] found that
increased risk was usually associated most strongly

with forms of direct contact and less strongly and

Two novel influenza A viruses of direct avian origin
have emerged in the past 20 years as unexpected
causes of severe human disease. Influenza A(H5N1)
emerged in humans in 1997 in Hong Kong SAR
and has spread over several continents in bird and
human populations, with over 840 World Health
Organization (WHO)-confirmed cases to date [l].
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more sporadically with forms of indirect and environ-
mental contact. For instance, a matched case-control
study conducted in Vietnam found substantially larger
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odds ratios for risk factors such as cooking unhealthy
poultry and having unhealthy poultry within the
household, compared to having unhealthy poultry in
the wider neighbourhood [3].

Few equivalent epidemiological studies have been
published examining risk factors for H7N9 transmis-
sion; however, preliminary evidence suggests that dir-
ect poultry contact may play a lesser role in H7N9
transmission, with indirect contact more associated
with this virus. An initial case-control study found
that, similar to H5N1, increased risk of H7N9 infec-
tion was associated with forms of direct poultry contact
and, to a lesser extent, contact with poultry environ-
ments [4]. However, a later case-control study found
that increased risk was associated with indirect poultry
contact at home and visiting live-bird markets and not
with forms of riskier direct contact [5]. Consistently,
Wang et al. [6] found that H7N9 seroconversion rates
in poultry workers were not significantly associated
with forms of direct contact with poultry. A recent
matched case-control study found that infection was
associated with both direct and indirect contact, the lat-
ter being visits to live-bird markets without direct
poultry contact [7]. Descriptive studies show that the
majority of H7N9 cases report some form of poultry
contact, with a wide range of behaviours involving
direct and/or indirect contact [8, 9].

The findings of two studies comparing poultry
exposures between HSN1 and H7N9 are also indica-
tive of differing risk factors, although contact types
(i.e. direct and indirect contact) are not reported,
which is the focus of this study. Cowling et al. [10]
examined all WHO-confirmed cases of H5N1 and
H7N9 reported in China up to 24 May 2013 and
observed that exposure to sick, dead or backyard
poultry (which could be assumed to involve direct
contact) was more frequent in H5NT1 cases, while vis-
iting live-bird markets (which could be assumed to in-
volve indirect contact) was more frequent in H7N9
cases. Wang et al. [11] report a similar finding. The
different temporal and spatial distribution of the
viruses, with H7N9 showing a much higher incidence
rate but far less spatial dispersion, could also be indi-
cative of important differences in risk factors and
mechanisms of spread [12].

The aim of our study was to better understand dif-
ferences in transmission risk factors between HS5NI
and H7N9 by systematically classifying the degree of
poultry contact (including direct and indirect)
reported by WHO-confirmed cases of H5N1 and
H7N9, using publicly available information on case
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exposure history. We used two different contact quan-
tification methods to account for potential limitations
with the publicly available data and to determine use-
ful methodologies for future applications.

METHODS

We used an algorithm (see Fig. 1) adapted from
Rabinowitz et al. [13] to classify the degree of poultry
contact reported by WHO-confirmed H5N1 and
H7NO9 cases, using publicly available information on
their exposure history in the 14 days prior to illness
onset. A case was considered as WHO-confirmed if
H5N1 or H7N9 virus infection was confirmed by
the WHO or by a WHO-certified laboratory and
reported as such by the WHO [1].

Classification levels reflected the degree of transmis-
sion risk associated with different poultry contact
behaviours (see Fig. 1 for specific behaviours).
Direct contact was divided into medium- and high-
risk contact, based on the possibility that the viral
concentrations to which humans are exposed affect
the risk of infection [2]. Indirect contact included
proximity to poultry without any behaviours specified
in the direct contact category. If multiple risk beha-
viours were recorded for a given case, classification
was based on the highest risk behaviour.

To account for potential data limitations, we used
two quantification methods. The case population
method included all cases reported by WHO up to
30 September 2014 and used multiple data sources:
WHO [1], ProMED-mail [14], and peer-reviewed
papers. The adapted case subset method [13] was
restricted to a sample of cases who had detailed expos-
ure data from peer-reviewed papers.

To identify published papers, we searched EMBASE
and Medline using the key terms ‘avian influenza’ and
‘risk factor’ or ‘disease transmission’ or ‘environment’.
This yielded 1077 EMBASE entries and 251 Medline
entries. These papers were assessed and selected if
they were published by 31 May 2015, written in
English and provided data on the exposure history of
cases. The reference lists of these publications were
also searched for other relevant papers. This yielded
28 H5N1 and 22 H7N9 papers (50 in total).

Case population method

We developed a database (in Microsoft Excel) con-
taining case-by-case information on all human cases
of H7N9 and H5NI1 reported by the WHO up to 30
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1. Case had direct contact with poultry that involved high
level contact with bodily fluids. Behaviours include:

e slaughtering including draining blood, defeathering,
washing, opening carcass by cutting, evisceration;
s working in poultry sector with slaughtering duties

including LBM vendors and workers participating in

culling;

s clearing throat secretions of fighting cocks by mouth;

e eating raw poultry organs or blood; and

¢ touching poultry diarrhoea.
No |

2. Case had direct contact with poultry that involved low level  Yes
contact with bodily fluids. Behaviours include:
¢ handling live poultry or poultry carcass;
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Yes  High-risk
contact
(direct
contact)
Medium-

risk contact

s raising or having backyard poultry or fighting cocks in (direct
own residence; contact)
e working in poultry sector without slaughtering duties;
e visiting LBM and buying pre-slaughtered poultry;
e preparing/cooking pre-slaughtered poultry meat;
e cating poorly-cooked poultry; and
e having direct contact or close contact with poultry in
which the exact behaviours are unspecified.
No |
3. Case had indirect contact with poultry. Behaviours include: ~ Yes  Low-risk
e visiting an LBM without purchasing poultry; contact
e working in an LBM in non-poultry capacity; = o
R ik ; : (indirect
s living or working in village or neighbourhood which has v
backyard poultry, poultry farms or LBMs; eontact)
¢ attending cockfights;
¢ playing near poultry pen;
e cating well-cooked poultry;
» using fertiliser containing poultry faeces;
s swimming in water body used by poultry;
s having contact with backyard poultry or visiting an LBM
in which the exact behaviours are unspecified; and
¢ being exposed or having contact with poultry in which
the exact behaviours are unspecified.
No |
4. Case was subject to a thorough epidemiological Yes  Zero-risk
investigation and no poultry contact was reported. contact
—
No |
5. No information on poultry contact available and no Yes  Unknown
indication that a thorough epidemiological investigation took contact

place.

Fig. 1. Algorithm for classification of WHO-confirmed cases based on reported poultry contact.

September 2014. To check the comprehensiveness of
the database, cumulative case totals by month, year
and country were calculated and compared to corre-
sponding totals published by the WHO [15]. This indi-
cated that the database was missing 21 H5N1 cases that
were reported in Indonesia in 2009. These cases were
added to the database using the Food and Agriculture
Organization’s EMPRES-i database [16]. Compared
to WHO case totals, an additional five H5N1 cases
remained missing from Vietnam and Indonesia. These
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could not be matched to EMPRES-i records and were
therefore left as missing. No H7N9 cases were missing.

We selected a subset of 25 H5N1 and 18 H7N9
publications (43 in total) from the 50 identified in
the literature search (86%) which contained identify-
ing information on cases. ProMED-mail archives
were searched using ‘avian influenza’ and ‘human’ as
key words in the subject field. Due to a high volume
of posts regarding HS5N1 and limited research
resources, posts made after 2005 were excluded for
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HSN1. The identified posts provided additional ex-
posure information for 7/72 H5NT1 cases (9:7%).

If there was conflicting information between sources,
WHO reports were ranked highest, followed by pub-
lished research and ProMED-mail. However, conflict-
ing information was rare. Two authors (A.B. and C.
M.B.) independently categorized, according to the clas-
sification described in Figure 1, the first year of cases for
HSN1 (n=52) and H7N9 (n = 373). The results were
compared and there were no disagreements so one
author (A.B.) categorized the remaining cases.

Case subset method

We selected a subset of publications from those iden-
tified in the literature search which reported on epi-
demiological investigations of cases and included
detailed exposure information that allowed cases to
be confidently categorized using the classification al-
gorithm. For H5N1, 21 papers met these criteria; for
H7N9, 22 papers (43 papers in total; 86% of 50 pub-
lications identified in the literature search).

Using the epidemiological information provided in
these papers, two authors (A.B. and C.M.B.) inde-
pendently categorized cases in 10 papers (five for
each virus). The results were compared to reach a con-
sensus. One author (A.B.) categorized the remaining
papers. When cases were reported in more than one
paper, all data were compiled and considered during
classification so that cases were not duplicated.

Data analyses

The number and proportion of cases in each contact
category were calculated. The proportion of cases in
the medium- and high-risk categories were similar be-
tween H5N1 and H7N9. To simplify comparisons,
cases in the medium- and high-risk categories were
categorized as direct contact and analyses thereafter
focused on direct contact rather than on the medium-
and high-risk categories separately. Statistical ana-
lyses were not used to compare proportions in the
case population because we assumed that WHO
records provided complete information about virus
occurrence (a census rather than a sample). For the
case subset, we conducted y* tests to compare contact
proportions between viruses and exact binomial tests
of goodness of fit to compare direct and indirect con-
tact proportions within each virus.

During classification of the case population, there
were concerns regarding a substantial number of
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Table 1. Frequency and percentage (in parentheses) of
WHO-confirmed cases of HSN1 and H7N9 by level of
poultry contact in the case population, the sensitivity
analysis and the case subset, to 30 September 2014

Contact type HS5NI1 H7NO
Case population
Unknown 217 (32:0) 191 (42-3)
Zero 2 (0-3) 3(0:7)
Unspecified contact 146 (21-5) 195 (43-1)
Low (indirect) 119 (17-6) 22 (49)
Medium 142 (20:9) 32 (7'1)
High 52 (7°7) 9(2:0)
Medium + high (direct) 194 (28:6) 41 (9°1)
Total 678 452
Sensitivity analysis
Indirect + unspecified contact 265 (39-1) 218 (48-2)
Direct + unspecified contact 340 (50-1) 236 (52-2)
Indirect + proportional 170-3 (25-1) 76:7 (17-0)
distribution of unspecified
contact*
Direct + proportional 2887 (42-6) 181-3 (40-1)
distribution of unspecified
contact*®
Case subset
Unknown 15 (8-6) 7 (10-8)
Zero 3(17) 3(4-6)
Low (indirect) 34 (19-4) 29 (44-6)
Medium 87 (49-7) 18 (27-7)
High 36 (20-6) 8 (12:3)
Medium + high (direct) 123 (70-:3) 26 (40-0)
Total 175 65

* Unspecified contact cases were distributed to indirect and
direct contact categories in same proportions as original in-
direct and direct contact categories in case population.

cases for which exposure information indicated only
the presence of live poultry contact and not the degree
of contact. Rather than classifying these cases as hav-
ing indirect contact, as specified by our algorithm, we
categorized these cases as ‘unspecified contact’ and
conducted a sensitivity analysis to examine contact
proportions if these unspecified contact cases were (i)
all attributed to indirect contact category; (ii) all
attributed to direct contact category; or (iii) attributed
to indirect and direct contact categories in the same
proportions observed in the case population.

RESULTS

Table 1 shows the frequency and percentage of cases
in each poultry contact category in the case popula-
tion and case subset. Supplementary Tables S1 and
S2 show the number of cases allocated to each poultry
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Fig. 2. Proportion of H5SN1 (n=678) and H7N9 (n=452) cases in each poultry contact category in the case population.
(a) Unspecified contact cases categorized separately; (b) unspecified contact cases added to indirect contact; (¢) unspecified
contact cases added to direct contact; (d) unspecified contact cases proportionally distributed to indirect and direct contact
in same proportions as original indirect and direct contact categories in case population.

contact type in the case subset by country/province
and data source.

Case population

There were 678 HSN1 cases and 452 H7N9 cases in
the case population. As shown in Figure 2a, propor-
tions of unknown contact and unspecified contact
were high for HSN1 (unknown 32-0%, unspecified
21-5%) and particularly for H7N9 (unknown contact
42-3%, unspecified 43-1%). Zero contact was infre-
quent for both viruses (0-3% for HSN1 and 0-7% for
H7N9). This meant that proportions of direct and
indirect contact were low for H5SNI1 (direct 28-6%, in-
direct 17-6%) and particularly for H7N9 (direct 9-1%,
indirect 4:9%). Direct contact proportions exceed in-
direct contact proportions for both viruses.

In the sensitivity analysis, attributing all unspecified
contact cases to indirect contact resulted in higher pro-
portions of indirect contact in H7N9 cases (48-2%)
than H5NI1 cases (39-1%) (Fig. 2b), while attributing
unspecific contact cases to direct contact resulted in
higher proportions of direct contact than indirect
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contact in H7N9 cases (direct 52-:2%) and H5NI
cases (direct 50-1%) (Fig. 2¢). This is due to the larger
proportion of H7N9 cases with unspecified contact.
Proportionally attributing unspecified contact cases
to indirect and direct contact resulted in higher pro-
portions of direct contact than indirect contact in
both H7NO cases (direct 40-1%, indirect 17-0%) and
HSNI cases (direct 42:6%, indirect 25:1%).

Case subset

The case subset comprised 175 H5N1 cases and 65
H7N9 cases: 25:8% and 14:4% of the H5N1 and
H7N9 case populations, respectively. As shown in
Figure 3, cases with unknown contact were less com-
mon by this method and did not differ by virus (8-6%
for H5N1 and 10-8% for H7N9) (4> =0-3, P = 0-60).
Few cases reported zero contact and proportions did
not differ between H5N1 (1-7%) and H7N9 (4:6%)
(=146, P=0-20). Indirect contact proportions
were higher in H7N9 cases (44:6%) than HS5NI1
cases (19-4%) (> = 15-5, P < 0-001), and direct contact
proportions were higher in H5SN1 cases (70-3%) than
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Fig. 3. Proportion of H5N1 (n=175) and H7N9 (n = 65)
cases in each poultry contact category in the case subset.

H7N9 cases (40-0%) (> = 185, P < 0-001). For H7N9,
the proportions of cases reporting direct contact or in-
direct contact did not differ significantly (P =0-79).
For H5NI1, the proportion of cases reporting direct
contact was greater than the proportion of cases
reporting indirect contact (P < 0-001).

DISCUSSION

We quantified the degree of poultry contact reported
by WHO-confirmed cases of H7N9 and H5NI. In
the subset of cases with detailed exposure data, we
found considerable heterogeneity in contact propor-
tions: the proportion of direct contact was substantial-
ly higher for H5N1 than for H7N9 and conversely the
proportion of indirect contact was higher for H7N9
than HS5N1. This finding is consistent with previous
research suggesting that direct poultry contact may
play less of a role in H7N9 transmission relative to
HSNI1 transmission [5-7, 10, 11].

H7N9 infection via indirect poultry contact is pos-
sible although the mechanisms are not well under-
stood. Limited airborne transmission of H7N9
viruses has been shown in ferret experiments [17-19]
and wind-mediated spread of virus-contaminated par-
ticulate matter has been evidenced for other low-
pathogenic avian influenza viruses [20]. H7N9 may
also survive for longer periods in the environment, in-
creasing the risk of transmission via touching of con-
taminated surfaces, as the virus has been found to be
somewhat tolerant to moderately acidic and alkali
conditions which is unusual for Orthomyxoviridae
viruses [21]. However, if indirect transmission is a
risk factor, the physiology of the dose-response rela-
tionship would suggest that direct contact should
pose a higher risk. There is also no systematic reason
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why people with H7N9 would be less likely to have
direct contact with poultry than people with HSNI.

Live-bird markets, to which the majority of H7N9
cases (65%) report exposure [8], are plausible locations
of transmission via indirect contact. These markets
often have no physical segregation of poultry holding,
slaughter and sale areas and likely have suboptimal
disinfection practices [22]. Customers and workers
may become exposed to contaminated poultry faeces,
feathers, viscera and other secretions on surfaces, as
well as contaminated dust or aerosols, even if they do
not visit the poultry section of markets [22]. Given how
common live-bird market exposure is in China, compari-
son of exposure between cases and healthy controls is im-
portant in determining risk. In relevant case-control
studies, visiting live-bird markets, including visiting
without direct poultry contact, is associated with infec-
tion[5, 7]. However, rates of detection of H7N9 in poult-
ry and environmental samples at live-bird markets have
been highly variable and dependent on sampling techni-
ques [22, 23], leaving uncertainty as to the extent of viral
contamination. Interestingly, we have also previously
described lower prevalence of H7N9 compared to
HSN1 in birds, despite a much higher incidence of
H7N9 cases in humans [24].

It is also important to consider whether other ani-
mal vectors may play a role in transmitting H7N9 to
humans. Indirect transmission routes, particularly air-
borne routes, are uncertain and if they do not carry
significant risk, a large proportion of H7N9 cases in
this study lacked a known exposure. Genetic and ex-
perimental inoculation studies have suggested that
non-poultry terrestrial birds, including finches and
sparrows, are vulnerable to H7N9 infection and may
act as vectors for virus transmission to poultry and
humans [25, 26].

To address continued uncertainty surrounding
H7N9 transmission, epidemiological investigations
of new H7N9 and H5NT1 cases should remain a prior-
ity and should routinely investigate indirect and envir-
onmental routes of spread, including analysis of dusts,
aerosols and surfaces. Investigations should also exam-
ine all forms of animal exposure and consider sero-
logical and disease surveillance of animals in direct or
indirect contact with cases. The use of standardized epi-
demiological tools would increase comparability be-
tween the viruses. Better understanding of rates of
exposure to poultry in the general population, especial-
ly in countries with high levels of poultry exposure,
would also be useful. Existing surveys of poultry expos-
ure in China are not easily comparable to case exposure


https://doi.org/10.1017/S0950268816001035

Quantified poultry exposure differs for HSN1 and H7N9 cases

proportions as they report select poultry practices ra-
ther than exposure types, use time periods not equiva-
lent to the viral incubation period (e.g. the past year)
and were usually conducted prior to the H7N9
epidemic [27-29].

For H7N9 prevention and control, our findings, to-
gether with other preliminary evidence [5-9], suggest
that the present focus on avoiding direct contact
with poultry (e.g. Chinese CDC guidelines [30])
should be reviewed and also other risk factors and cor-
responding mitigation strategies considered. There
should also be greater emphasis placed on investigat-
ing indirect and environmental routes of spread, in-
cluding analysis of dusts, aerosols and surfaces.

The utility of detailed and reliable publicly avail-
able data is being increasingly recognized in avian
influenza research. Such data allows higher quality
research to be conducted more rapidly, which is par-
ticularly important for emerging diseases where
uncertainty hinders effective control. However, this
study found important limitations associated with
using publicly available data to investigate exposure
in avian influenza cases. In the case population
method, the information available from WHO [1],
ProMED-mail [14] and the peer-reviewed literature
was incomplete in that many cases lacked any informa-
tion on poultry contact or had vague information that
lacked details required for classification of the degree of
contact (‘unspecified contact’ cases). The latter was
particularly common in the WHO archives. These lim-
itations affected H7N9 cases more than H5N1 cases,
despite the exclusion of post-2004 ProMED-mail en-
tries for HSN1. As illustrated in the sensitivity analysis,
the assumptions made when categorizing the contact
level of the ‘unspecified contact’ cases substantially
impacted the contact proportions. Therefore, at pre-
sent, this ‘case population’ method of measuring expos-
ure is not useful. A recent study [31] similarly
concluded that there is too much uncertainty associated
with the publicly available data to draw conclusions
regarding H7N9 transmission risk factors.

The limitations in the case population exposure
data could be addressed through better reporting by
public health authorities and researchers. With respect
to the latter, detailed de-identified case histories could
be published in online supplementary material. This
data would allow more rapid, comprehensive and
sophisticated analysis of exposure proportions.
Restricting analyses to the subset of cases with
detailed exposure data from the peer-reviewed litera-
ture (the ‘case subset’ method) was also an effective
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way of resolving these limitations and this method
yielded useful epidemiological insights.

Our study is subject to some other limitations. The
case subset was not randomly sampled from the case
population and may not be representative. Recall
bias may have favoured recall of high-level direct ex-
posure for all cases, and indirect exposure for cases
without obvious close contact with poultry. It would
be useful to compare recall of direct and indirect poult-
ry contact in the general population. Incomplete expos-
ure data, along with probable differences in the
measurement and reporting of exposure over time
and place, may have caused misclassifications of poult-
ry exposure and reduced the comparability of the
viruses. However, this was likely a minor issue for the
subset of cases drawn from the peer-reviewed literature
for which detailed epidemiological information was
available. The comparability of H5N1 and H7N9
may have also been reduced by differences in the poult-
ry practices of different countries. Better understanding
of poultry exposure in the general population would be
useful to address this limitation.

In this study, data derived from the published re-
search literature on the degree of poultry contact
reported by WHO-confirmed H5N1 and H7NO cases
yielded useful epidemiological insights into potential
differences in transmission risks. Other exposure
data sources, including WHO [1] and ProMED-mail
[14], were subject to substantial limitations that re-
quire attention before these sources can be used for re-
liably measuring poultry contact proportions. Our
descriptive analysis found that the proportion of
cases who reported direct contact was substantially
higher for H5N1 than for H7N9. Together with emer-
ging evidence, this suggests that direct poultry contact
may be a clearer risk factor for HSN1 than for H7NO.
We recommend further research be undertaken that
involves detailed measurement of poultry exposure
for avian influenza cases and that transmission
mechanisms other than direct poultry contact also
be considered for H7INO.
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