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Avian Influenza A Viruses among
Occupationally Exposed Populations,
China, 2014-2016

Appendix

Supplementary Methods

Selection of Study Regions

Shanghai and the 6 provinces selected for study all had previously reported human
infections with avian influenza virus (AlV) or outbreaks of AIVs in poultry; a high density of
poultry and population; were located in different key regions of China, Jiangsu and Shanghai in
the east, Sichuan in the west, Jiangxi and Guangdong in the south, and Henan and Shandong in
the north; and had a local Chinese Center for Disease Control and Prevention willing to take part

in this study.
Questionnaire

We developed a structured questionnaire and administered it to each participant during a
face-to-face interview after obtaining their consent to participate in the study. Questionnaire
information included demographic characteristics (name, sex, age, work address); telephone
number; occupational exposure history variables, including type of exposure (processing, selling,
transportation, feeding and others), duration of work exposure to poultry, and which species of
poultry they were exposed to; status of seasonal influenza vaccination within last 1 year; whether

participant had influenza-like illness within 1 month.
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Analysis of Antigenic Characteristic

Based on the antigenic and genetic characteristics of avian influenza A(H5) reported by
the World Health Organization (WHO) and previous studies (1-3), viruses circulating and
characterized during September 2014—September 2016 in mainland China belonged to clades
2.3.2.1c and 2.3.4.4 of HA genes. The 2.3.2.1c clade contained 2 candidate virus strains
AJchicken/Ghana/20/2015 and A/chicken/Guiyang/1153/2016. Both viruses are located in
different groups and have different antigenic characteristics. We selected an
Alchicken/Shanghai/02.12 HZ199-P/2015 (H5N1-SH199) strain based on the genetic similarity.
Although A(H5) 2.3.4.4 clades are the more prevalent strains and A/Sichuan/26221/2014 is the
recommended reference strain, this clade also could be divided into 2 groups. Based on the
prevalence of viruses, we selected A/pigeon/Sichuan/NCXN29/2014 (H5N1-SC29) and
A/duck/Guangdong/04.22DGCP069-0/2015 (H5N6) for testing antigens, which were slightly

different (Appendix, Figures 1 and 2).

According to data published by WHO, the available A(H7N9) candidate influenza
vaccine virus is A/Anhui/1/2013 or A/Shanghai/2/2013. Additionally, prevalent viruses of H7N9
in China have similar antigenicity, according to a report by Wang, et al. (4). Therefore, the

antigens used in our study could represent the prevalent H7N9 virus (Appendix, Figure 3).

According to data published by WHO, the available influenza A(H9N2) candidate
vaccine virus is the A/chicken/Hong Kong/G9/1997 or derivative virus A/Hong Kong/308/2014-
like (1). Additionally, the G9 clade could be divided into subgroups depending on antigenicity as
reported by Li, et al. (5). Therefore, the antigens we used could represent the prevalent HON2
virus (Appendix, Figure 4). On the basis of previous studies (6,7), antigens of HGNx were
similar, so we believed viruses used in this study could cover prevalent virus subtypes

(Appendix, Figure 5).
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Molecular and Phylogenetic Analyses

Through the antigenic analysis of the different AIV subtypes based on the reports and
phylogenetic methods described previously (1), we performed a detailed phylogenetic analysis
for HA gene segments with other prevailing AlVs. We concluded that selected strains were

representative (Appendix, Figures 1-5).

Hemagglutination Inhibition (HI) Assay

We inactivated antigens by using 0.05% B-propiolactone for HI assay. We treated 100 pL
serum samples with 300 pL of receptor-destroying enzyme (RDE) and incubated in a water bath
at 37°C for 16-18h. Then, we inactivated RDE(II) (Denka Seiken Co. Ltd, https://denka-
seiken.com) at 56°C for 30 minutes before adding 100 uL phosphate buffer saline. To remove
nonspecific inhibitors, we added 25 uL of packed chicken red blood cells (RBCs) to 500 pL of

the mixtures. We incubated solutions in a 37°C water bath for 1h.

We performed serial 2-fold dilutions of RDE-treated serum from 1:10-1:160 in 25 uL
phosphate buffer saline a 96-well microtitration plate. We added 25 uL of 4 haemagglutinin unit
antigens and incubated at room temperature for 45 min. Then we added 50 pL of the RBC
solution and incubated again for 45 minutes at room temperature. We considered titers accurate
when hemagglutination was completely inhibited. We used negative and positive serum control
samples (rabbit antibodies against the specific virus antigen) for each assay. We took titers as the

reciprocal of the dilution levels of the wells. We assigned final titers of <1:10 a value of 1:5.

Microneutralization (MN) Assay

We heat inactivated serum samples at 56°C for 30 minutes and then conducted serial 2-
fold dilutions from 1:20-1:640 in triplicate. We diluted equal volumes of heat-inactivate serum
and virus to the 50% tissue culture infective dose (TCIDso) at 200, added these together, and
incubated at 37°C for 1 h. We used the Reed-Muench method to determine the TCIDso/100 pL.

We transferred the mixture to a confluent layer of Madin-Darby canine kidney cells and
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incubated for 60 h at 37°C with 5% CO>. Then we tested virus hemagglutination activity in 0.5%
RBCs and considered absence of hemagglutination as a positive result for antibodies to the
antigen (8). We used rabbit antibodies raised against homologous viruses as positive controls for
assays. In each assay, we used negative, positive, and cell control serum, and virus back titration.
We used the same negative and positive controls used in the MN assay that we used in HI assays.
We defined the microneutralization titer as the highest dilution of serum that completely
inhibited absence of hemagglutination in 50% of the wells. We assigned final titers <1:20 a value

of 1:10.
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Appendix Table 1. Avian influenza A virus subtypes, reference strains, cutoff values for hemagglutinin and microneutralization

assays, and reference studies for an investigation of avian influenza viruses among poultry workers, China, 2014-2016*

Subtypes Reference strains HI cutoff ~ MN cutoff  Reference no., study location
A(H1N1)pdmO09 AlCalifornia/04/2009 40 80 8, China
H3N2 A/Beijing/CAS0001/2007 40 80 8, China
H5N1 Alchicken/Shanghai/02.12 HZ199-P/2015 (SH199) 20 NA 9, China
H5N1 Alpigeon/Sichuan/NCXN29/2014 (SC29) 20 NA 9, China
H5N6 Alduck/Guangdong/04.22 DGCP069-0/2015 20 NA 9, China
H6N1 AlTaiwan/2/2013 20 20 6, China
H6N6 AJduck/Guangxi/04.10 JX031/2015 20 20 6, China
H7N9 Alchicken/Guangdong/04.22 DGCP098-0/2015 20 40 10, China
HIN2 Alchicken/Guangdong/04.15 SZBAXQO005/2015 40 80 11, Egypt;12, China
H10N8 Alchicken/Jiangxi/B18/2014 20 20 13, China

*HI, hemagglutinin assay; MN, microneutralization assay; NA, not applicable.
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Appendix Table 2. Seroprevalence of avian influenza A virus subtypes in the control group and study population of occupationally-

exposed poultry workers*

Subtypes Participants Seroprevalence, no.(%) p value

H5N1-SH199 Control group 3(1.4) 0.2
Poultry workers 28 (1.3)

H5N1-SC29/H5N6 Control group 3(1.4) 0.04
Poultry workers 75 (3.5)

H6N1 Control group 2(0.9) 0.07
Poultry workers 53 (2.5)

H6N6 Control group 0 (0) 0.5
Poultry workers 8(0.4)

H7N9 Control group 0 (0) <0.01
Poultry workers 82 (3.9)

HIN2 Control group 8 (3.7) <0.001
Poultry workers 237 (11.2)

A(HIN1)pdmO09 Control group 47 (23.6) 0.03
Poultry workers 340 (16.0)

H3N2 Control group 75 (34.7) 0.6
Poultry workers 773 (36.4)

*No. of general population is 216; No. of poultry workers is 2124.

Appendix Table 3. Participants with seroconversion and persistently positive titers for avian influenza H5N1-SH199, China, 2014—

2016*
Length of Dec 2014 Apr 2015 Dec 2015 Apr 2016
Subject ID Age, y/sex Occupation  exposure, y HI MN HI MN HI MN HI MN
Seroconversion
15.8SH14 47, F Seller 16 NAT NA 5 ND 20 40 NA NA
Persistently positive
14.113S124 57, M Seller 30 20 20 20 20 NA NA NA NA
14.11JS31 30, F Processor, 3 20 40 40 40 NA NA NA NA
seller
14.12GD72 34, M Seller 5 20 160 20 160 20 160 20 160
16.1SD031 33, F Processor, 10 NA NA NA NA 20 40 20 40
seller
16.1SD042 58, M Processor, 26 NA NA NA NA 20 80 20 80
seller
16.1JS24 65, F Feeder 2 NA NA NA NA 20 40 20 40

*Bold text represents titers exhibiting seroconversion. HI, hemagglutinin inhibition assay; ID, identification; MN, microneutralization assay; NA, not

available; ND, not detected.
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Appendix Table 4. Participants with seroconversion and persistently positive titers for avian influenza HSN1-SC29, China, 2014—

2016*
Age, Length of Dec 2014 Apr 2015 Dec 2015 Apr 2016
Subject ID ylsex Occupation exposure, y HI MN HI MN HI MN HI MN

Seroconversion
14.11SC60 61/M Seller 5 5 ND 20 40 NAT NA NA NA
14.11SC64 62/M Seller 2 5 ND 20 40 NA NA NA NA
14.11SC55 52/F Seller 6 10 40 40 80 NA NA NA NA
14.11JSWX54 48/F Seller 24 5 ND 20 80 NA NA NA NA
16.1SD76 39/M Processor, 17 NA NA NA NA 5 ND 20 40
seller
Persistently positive
14.11JS73 45/F Seller 10 20 20 20 40 NA NA NA NA
14.11JSWX39 43/F Others 20 20 80 40 40 NA NA NA NA
14.11SC86 50/M Seller, 5 20 40 20 40 NA NA NA NA
transporter

14.11JSWX40 49/M Other 30 20 40 20 40 NA NA NA NA

*Bold text represents titers exhibiting seroconversion. HI, hemagglutinin inhibition assay; ID, identification; MN, microneutralization assay; NA, not

available; ND, not detected.

Appendix Table 5. Participants with seroconversion and persistently positive titers for avian influenza H5N6, China, 2014-2016*

Length of Dec 2014 Apr 2015 Dec 2015 Apr 2016

Participant ID  Age,y/sex Occupation exposure, y HI MN HI MN HI MN HI MN
Seroconversion

14.113S67 50, F Seller 10 5 ND 20 20 NA NA NA NA

14.11SC85 57, F Seller, transporter 30 5 ND 20 20 NA NA NA NA

14.12GD72 34, M Processor, seller 5 10 ND 10 ND 5 ND 80 40
Persistently positive

14.11SC98 61, M Processor 14 20 40 20 40 NA NA NA NA

14.113S123 58, F Processor 4 20 80 20 160 NA NA NA NA

14.113S122 43, F Other 2 20 20 20 20 NA NA NA NA

*Bold text represents titers exhibiting seroconversion. HI, hemagglutinin inhibition assay; ID, identification; MN, microneutralization assay; NA, not

available; ND, not detected.
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Appendix Table 6. Participants with seroconversion and persistently positive titers for avian influenza H6N1, China, 2014-2016*

Length of Dec 2014 Apr 2015 Dec 2015 Apr 2016
Participant ID Age, y/sex  Occupation
exposure,y  HI MN HI MN HI MN HI MN
Seroconversion
14.113S82 47/F Feeder 10 5 ND 20 40 NA NA NA NA
14.12HN91 40/M Other 5 5 ND 40 80 NA NA NA NA
14.12 GD7 61/M Other 2 5 ND 5 ND 20 160 NA NA
15.5JS1 59/F Feeder 23 5 ND 20 40 NA NA NA NA
16.1JS112 59/M Seller 13 NA NA NA NA 5 ND 20 40
16.1JS54 28/M Feeder 3 NA NA NA NA 5 ND 20 80
Persistently positive
14.11JS39 43/F Other 20 20 40 20 40 NA NA NA NA
14.11JS6 40/F Processor, seller 12 40 320 20 80 NA NA NA NA
14.11JSWX06 27/IM Seller 5 40 80 40 80 NA NA NA NA
14.11JS99 59/M Feeder 2 40 40 40 40 NA NA NA NA
14.113S102 33/IM Feeder 3 40 80 40 40 NA NA NA NA
14.113S12 60/M Processor, seller 13 40 40 40 40 NA NA NA NA
14.113S85 50/M Feeder 6 20 80 20 80 NA NA NA NA
14.11JSWX49 43/F Selling 24 20 40 20 40 NA NA NA NA
16.1JS24 65/F Feeding 2 NA NA NA NA 20 160 20 160
14.12 GD 09 54/F Seller 4 40 20 NA NA 10 ND 20 20
14.12GD72 34/M Seller 5 160 40 160 40 80 20 5 ND
14.12GD115 28/F Seller 3 40 40 40 40 20 80 20 80

*Bold text represents titers exhibiting seroconversion. HI, hemagglutinin inhibition assay; ID, identification; MN, microneutralization assay;

NA, not available; ND, not detected.

Appendix Table 7. Participants with seroconversion for avian influenza H6N6, China, 2014-2016*

Age, Length of Dec 2014 Apr 2015 Dec 2015 Apr 2016
Participant ID y/sex Occupation exposure, y HI MN HI MN HI MN HI MN
15.8SH2 62/M Seller 32 NA NA ND 20 40 NA NA
15.8SH46 35/M Seller 3 NA NA ND 20 40 NA NA
15.8SH46 66/F Seller 8 NA NA ND 20 40 NA NA
16.1JS24 65/M Seller 2 NA NA NA NA 5 ND 20 40

*Bold text represents titers exhibiting seroconversion. HI, hemagglutinin inhibition assay; ID, identification; MN, microneutralization assay; NA, not

available; ND, not detect

ed.
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Appendix Table 8. Participants with seroconversion and persistently positive titers for avian influenza H7N9, China, 2014-2016*

Age, Length of Dec 2014 Apr 2015 Dec 2015 Apr 2016
Participant ID y/sex Occupation exposure, y HI MN HI MN HI MN HI MN
Seroconversion
14.113S79 46/F Feeder 10 5 ND 40 20 NA NA NA NA
14.113S77 59/F Feeder 23 5 ND 80 20 NA NA NA NA
14.113S108 54/M Transporter 10 5 ND 40 40 NA NA NA NA
14.11GD63 23/M Seller 5 5 ND 20 20 5 ND NA NA
14.12SH6 29/M Seller 5 5 ND NA NA NA NA 40 20
15.8SH48 31/M Seller 2 NA NA 5 ND 20 20 NA NA
15.8SH25 23/M Seller 3 5 ND 20 40 NA NA NA NA
16.1SD32 46/F Processor, seller 20 NA NA NA NA 10 ND 40 320
16.1JS110 27/IM Seller 13 NA NA NA NA 5 ND 20 80

Persistently positive

14.113S73 45/M Seller 10 20 160 20 160 NA NA NA NA
14.113S22 44/M Seller 8 40 80 40 80 NA NA NA NA
14.11J811 29/M Seller 10 20 40 20 80 NA NA NA NA
14.11JX100 46/F Seller 10 20 80 20 80 NA NA NA NA
14.12HN48 47/F Seller 18 20 160 20 80 NA NA NA NA
14.113X60 42/F Seller 3 80 40 80 40 NA NA NA NA
14.113S27 34/F Processor, seller 7 20 40 20 40 NA NA NA NA
14.11ISWX25 47/F Seller 8 20 40 40 40 NA NA NA NA
14.11ISWX7 35/F Seller 5 80 80 80 160 NA NA NA NA
14.11JSWX11 47/F Seller 10 20 80 20 80 NA NA NA NA
14.11JS76 56/F Feeder 22 80 40 40 40 NA NA NA NA
14.12HN52 46/F Seller 6 40 320 80 160 NA NA NA NA
16.13S24 46/F Feeder 2 NA NA NA NA 20 160 40 160
15.1SH23 37/F Seller 8 20 20 NA NA NA NA 40 40
14.12GD1 47IF Seller 18 20 40 20 40 5 ND 5 ND

*Bold text represents titers exhibiting seroconversion. HI, hemagglutinin inhibition assay; ID, identification; MN, microneutralization assay; NA, not

available; ND, not detected.
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Appendix Table 9. Participants with seroconversion and persistently positive titers for avian influenza HON2, China, 2014-2016*

Length of Dec 2014 Apr 2015 Dec 2015 Apr 2016
Participant ID Age, y/sex Occupation exposure, y HI MN HI MN HI MN HI MN
Seroconversion
14.11JS102 33/F Feeder 3 10 20 40 80 NA NA NA NA
14.113S114 43/F Transporter 16 NA NA NA NA 10 ND 40 160
14.113S8 57/IM Processor, seller 25 10 40 40 80 NA NA NA NA
14.113S95 61/M Feeder 15 NA  NA NA NA 10 160 40 80
14.11JSWX45 50/F Feeder 25 NA  NA NA NA 5 ND 160 320
14.12GD4 40/F Seller 10 20 40 10 ND 80 160 20 80
14.12GD11 38/F Seller 11 5 ND 5 ND 40 160 NA NA
14.12GD53 49/M Processor 11 40 40 10 ND NA NA 40 80
14.12GD72 34/M Seller 5 20 80 20 80 80 320 40 160
14.12SC39 55/F Processor 1 5 ND 10 ND 80 80 20 80
14.12SC7 42/M Seller 5 10 ND NA NA 5 ND 80 80
14.12GD17 31/M Seller 2 10 ND 10 ND 40 80 5 ND
15.5GD91 33/M Seller 3 NA NA 10 ND 40 80 80 640
15.8SH64 54/M Processor 6 NA NA 10 ND 40 80 NA NA
16.1GD1 40/F Seller 6 NA NA NA NA 5 ND 80 320
16.1GD21 33/F Seller 1 NA NA NA NA 5 ND 40 160
16.1GD40 42/F Seller 8 NA NA NA NA 5 ND 40 160
16.1GD74 28/M Seller 5 NA NA NA NA 5 ND 40 160
16.1JS30 62/M Feeder 1 NA NA NA NA 5 ND 40 80
16.1JS51 47/M Feeder 1 NA NA NA NA 5 ND 40 160
16.13S57 44/M Feeder 2 NA NA NA NA 5 ND 40 160
16.1SD76 39/M Processor, seller 17 NA NA NA NA 10 ND 80 160
16.5GD99 30/F Seller 3 NA  NA NA NA 5 ND 40 160
Persistently positive
14.113S22 44/M Seller 8 40 160 40 320 NA NA NA NA
14.11JS3 53/M Seller 20 40 160 40 160 NA NA NA NA
14.113S31 30/F Processor, seller 3 40 640 40 320 NA NA NA NA
14.113S5 47/F Processor, seller 15 NA NA NA NA 40 160 40 640
14.113S85 50/M Feeder 6 40 160 40 80 NA NA NA NA
14.113S89 52/M Feeder 9 40 160 40 80 NA NA NA NA
14.11JSWX06 28/M Seller 5 160 160 160 320 NA NA NA NA
14.11ISWX7 35/F Seller 5 40 160 80 160 NA NA NA NA
14.11JSWX8 47/F Seller 10 40 320 80 320 NA NA NA NA
14.113X100 46/F Seller 10 40 320 40 160 NA NA NA NA
14.11JX66 48/F Seller 8 80 320 80 640 NA NA NA NA
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Length of Dec 2014 Apr 2015 Dec 2015 Apr 2016

Participant ID Age, y/sex Occupation exposure, y HI MN HI MN HI MN HI MN
14.11SC28 59/F Seller, feeder 8 40 320 80 160 NA NA NA NA
14.12GD1 A47/F Seller 8 40 80 40 80 10 ND 20 160
14.12GD23 28/F Seller 6 40 160 80 160 NA NA NA NA
14.12GD24 33/F Seller 10 80 160 80 80 5 ND NA NA
14.12GD3 40/F Seller 9 80 ND 80 320 NA NA NA NA
14.12HN102 34/M Other 6 40 160 40 160 NA NA NA NA
14.12HN52 46/F Processor, seller 6 40 320 40 80 NA NA NA NA
15.5GD113 35, M Seller 0.5 NA NA 40 80 NA NA 40 160
15.5SC143 31/F Seller 6 NA NA 80 80 80 160 NA NA
15.8SH12 50/F Seller 30 NA NA 80 320 40 640 NA NA
15.8SH62 48/F Seller, feeder 17 NA NA 40 80 40 160 NA NA
16.1JS101 49/M Seller 7 NA NA NA NA 80 320 80 320
16.13S102 46/M Seller 9 NA NA NA NA 40 160 40 160
16.13S107 42/F Seller 15 NA NA NA NA 40 160 40 160
16.1JS109 55/F Seller 13 NA NA NA NA 160 160 160 640
16.1JS110 27/IM Seller 13 NA NA NA NA 40 160 40 160
16.1JS111 49/F Seller 13 NA NA NA NA 160 640 160 640
16.1JS112 24/M Seller 13 NA NA NA NA 40 160 40 160
16.1JS120 45/F Seller 6 NA NA NA NA 40 80 40 160
16.1JS15 46/F Feeder 4 NA NA NA NA 40 160 40 160
16.1JS24 65/F Feeder 2 NA NA NA NA 40 160 40 160
16.13S96 52/F Seller 20 NA  NA NA NA 80 320 80 320
16.1SC19 45/M Seller 1 NA  NA NA NA 80 160 80 80
16.1SD1 30/M Processor, seller 1 NA NA NA NA 40 160 80 640
16.1SD18 35/F Processor, seller 15 NA NA NA NA 40 160 40 80
16.1SD2 39/M Processor, seller 10 NA NA NA NA 40 80 40 80
16.1SD21 46/M Processor, seller 6 NA NA NA NA 40 160 40 80
16.1SD33 48/M Processor, seller 20 NA NA NA NA 80 160 40 160
16.1SD40 37IF Processor, seller 13 NA NA NA NA 40 320 80 160
16.1SD58 30/M Processor, seller 5 NA NA NA NA 40 160 40 80

*Bold text represents titers exhibiting seroconversion. HI, hemagglutinin inhibition assay; ID, identification; MN, microneutralization assay; NA, not

available; ND, not detected.
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Appendix Table 10. The number of avian influenza A isolates from live poultry markets during December 2014—December 2015,

China
Sample
Province Sampling date source No. H5N1, no. (%) H5NG6, no. (%) H7N9, no. (%) HIN2, no. (%)
Guangdong 2015 Chickens 490 0 24 (4.9) 4 (0.8) 74 (15.1)
2015 Ducks 1,326 1(0.08) 293 (22.1) 6 (0.5) 60 (4.5)
2015 Environment 342 0 35(10.2) 2(0.6) 46 (13.5)
Total 2,158 1 (0.05) 352 (16.3) 12 (0.6) 180 (8.3)
Jiangxi 2015 Chickens 1,098 0 115 (10.5) 8(0.7) 38 (3.5)
2015 Ducks 735 1(0.1) 90 (12.2) 4(0.5) 8(1.1)
2015 Environment 475 1(0.2) 99 (20.8) 3(0.6) 56 (11.8)
Total 2,308 2 (0.09) 304 (13.2) 15 (0.7) 102 (4.4)
Shanghai 2015 Chickens 481 13 (2.7) 0 19 (3.9) 69 (14.3)
2015 Environment 12 2(16.7) 0 1(8.3) 2(16.7)
Total 493 15 (3.0) 0 20 (4.1) 71 (14.4)
Jiangsu Dec 2014—Mar Chickens 361 10 (2.8) 5(1.4) 18 (5.0) 42 (11.6)
2015
Dec 2014-Jan Ducks 28 4 (14.3) 0 2(7.1) 0
2015
Dec 2014-Mar  Environment 87 11 (12.6) 5(5.7) 21 (24.1) 3(3.49)
2015
Total 476 25 (5.3) 10 (2.1) 41 (8.6) 45 (9.5)
Sichuan Dec 2014—-Apr Chickens 190 1(0.5) 1(0.5) 0 0
2015
Dec 2014—-Apr Ducks 241 2(0.8) 17 (7.1) 1(0.4) 6 (2.5)
2015
Dec 2014-Apr  Environment 85 18 (21.2) 2(2.4) 0 0
2015
Total 516 21 (4.1) 20 (3.9) 1(0.2) 7 (1.4)
Henan Apr 2015 Chickens 245 0 0 0 9(3.7)
Apr 2015 Ducks 11 0 0 0 5 (45.5)
Total 256 0 0 0 14 (5.5)
Total 6,207 64 (1.0) 686 (11.1) 48 (0.8) 419 (6.8)
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Alwhooper swan/Henan/SMX9/2015
100 11 Aenviroment/Henan/SMX1/2015
Al/pochard/Henan/SMX1/2015
Alchicken/Ghana/20/2015
A/Alberta/01/2014
Alchicken/Jiangsu/2477/2014
Alpigeon/Zhejiang/112090/2014

100 | A/environment/Chongqing/20363/2013 Group 1
Alenvironment/Chongqing/20363/2013
Altiger/Jiangsu/01/2013
Alchicken/Jiangsu/927/2013

@ A/duck/Vietnam/NCVD-2848/2013

© Alduck/Vietnam/NCVD-0130/2013
Alenvironment/Chongqing/02412/2012 23.21c
A/Hong Kong/6841/2010 A / H5N1

A/duck/Hunan/S4150/2011
Alenvironment/Hubei/38077/2015
Alenvironment/Chongqing/28922/2014
99 | Alenvironment/Jiangsu/33457/2015
Alenvironment/Jiangsu/33457/2015
Alchicken/Wuhan/HAQL07/2014 Group 2
@ Alenvironment/Chongqing/45233/2015

@ Alenvironment/Chongqing/45121/2015

@ Alenvironment/Chongqing/45138/2015

A Alenviroment/Sichuan/12.11 CDLQ011/2014

A Alchicken/Jiangsu/03.17 WX006-P/2015
Alchicken/Shanghai/02.12 HZ199-P/2015

100

88

99

99

100
89

99

81_ 99

AHubei/1/2010
4‘ — Alduck/Bangladesh/19097/2013 2.3.2.1a

100 Alduck/Bangladesh/19099/2013
100 — A/quail/Nanchang/6631/2013
A/duck/Nanchang/9789/2013
p— Altiger/Yunnan/tig412/2014 23.2.1b
%h—iﬁdenvi ronment/Guangxi/03218/2012

Alenvironment/Guangxi/03206/2012

L— A/red-billed starling/Hong Kong/4925/2007

A/HongKong/156/97

001
Appendix Figure 1. Phylogenetic relationship of avian influenza A(H5) clade 2.3.2.1 HA genes in a study
of avian influenza viruses among occupationally-exposed poultry workers, China, 2014-2016. Green dots
indicate sequences similar to recommended vaccine strains. Pink triangles indicate virus strains isolated
by our laboratory. Bold text indicates human virus strains. Red text indicates reference strain used in this

study. Scale bar indicates nucleotide substitutions per site.
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93 A A/duck/Guangdong/02.11 DGQTSJ150-P/2015(H5N6)
84 A/Guangdong/ZQ874/2015(H5N6)
AA/duck/Guangdong/04.22 DGCP069-0/2015(HSNE)
Alchicken/Hunan/04.14 Y'Y XS0833-0/2015(H5N6)
A/Guangdong/99710/2014(HSN6)
I 9g | A/Guangzhou/39715/2014(H5N6)
L— A/environment/Hunan/18478/2014(H5N1)
100 ~ A/environment/Guangdong/01.01 SZSGXJK006-E/20165(H5NE)
A/Shenzhen/TH003/2016(H5NG)
100 | A/Shenzhen/1/2016(H5NG)
A/Shenzhen/TH002/2016(H5N6)
A Alchicken/12.2 NCLT212-P/20145(H5N6)
A Alchicken/11.29 NCJD142-P/20145(H5N6)
_[- Alchicken/Zhejiang/727079/2014(HSN2)
E7 Alchicken/Zhejiang/727155/2014(HSN6)
A/Yunnan/14564/2015(HSN6)
97 Alenvironment/Guangdong/04.16 LGWL008/2015(H5N6)
29 A A/duck/Sichuan/04.08 CDLQ162-P/2015(H5N6)
AJgo 19 /SSLBY/2015(H5N6)
— A/Changsha/1/2014(H5N6)
Alchicken/Jiangsu/WXSB2/2014(H5N6)
Alenvironment/Hunan/28147/2014(H5N1)
84 [ A/duck/Sichuan/NCXN11/2014(H5N1)
AA/pigeon/SichuaVNCXN29/2014(H5N 1)
AJpigeon/Sichuan/NCXN10/2014(H5N1)
Alenvironment/Hunan/98885/2014(H5N6)
AJduck/Shandong/Q1/2013(H5N8)
93  A/environment/Guangdong/GZ55/2013(H5N8)
Alduck/Znejiang/925169/2014(H5N8)
Algoose/Zhejiang/925106/2014(HSN8)
100 700 | 99 1 Algoose/Znejiang/92510412014(HENE)
Algoose/Jiangsu/QD5/2014(H5N8)
A/duck/Eastern China/1111/2011(H5N2)
A/duck/Guangdong/SS1A1/2014(H5N6)
Alenvironment/Guangdong/00299/2014(HSN6)
Alduck/Sichuan/NCXJ15/2014(H5N6)
o ' A/pigeon/Sichuan/04.27 NBXJ743/2014(H5N6)
© Assichuan/26221/2014(H5N6) Minor group
AJduck/Hunan/04.14 YYGK0439-Z-2015(H5N6)
A/duck/Hunan/04.14 YYGK067-0/2015(HSNG)
AJduck/Jiangsuw/WX156/2013(HSN6)
A/duck/Zhejiang/6DK 19-MA/2013(H5N2)

87

Major group

2344

100 100

99 [ A/duck/Eastemn China/008/2008
I- A/duck/Eastem China/108/2008
A/duck/Eastern China/031/2009
100 A/Vietnam/HN31388M1/2007
A/Guangxi/1/2008 |
A/Guangdong/2/2006
AJGuizhou/1/2013
A/Vietnam/HN31432M/2008
A/Hunan/1/2009
Alenvironment/Guizhou/7/2009
A/Anhui/2/2005(H5N1)
A/Anhui/1/2005(HSN1)

2343

| 2342

99
23441

A/HongKong/156/97

—
001

Appendix Figure 2. Phylogenetic relationship of avian influenza A(H5) clade 2.3.4 HA genes in a study
of avian influenza viruses among occupationally-exposed poultry workers, China, 2014-2016. Green dots
indicate available candidate influenza vaccine strains. Pink triangles indicate virus strains isolated by our
laboratory. Bold text indicates human virus strains. Red text indicates reference strain used in this study.

Scale bar indicates nucleotide substitutions per site.
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A Alchicken/Guangdong/04.22 DGCP098-0/2015
A/Anhui/33228/2015
AIGuizhou/03240/2015
@ A/Zhejiang/10/2015
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Alchicken/Zhejiang/DTID-ZJU06/2013
Alchicken/Huzhou/4141/2013
Alchicken/Jiangxi/14482/2014
50 Alilin/10117/2014
97 — @ AlJiangxi/27569/2014
+® A/Shanghai/02/2013
_[— A/Wuxi/4/2013
A/Nanjing/6/2013
— @ AlJiangsu/1/2013
@ A/Shanghai/14/2013
e @ AlFujian/15/2014
+ A/Suzhou/3/2013
t— A/Anhui/1-BALF RG1/2013
+ Alduck/Wuxi/04030204GH/2013
Alchicken/Suzhou/040207GH05/2013
t— A/Anhui/DEWH72-09/2013
+——A/Fujian/16/2014
@ A/Anhui/1/2013
A/Shandong/01/2013
@ A/Henan/01/2013
Alchicken/Jiangxi/12486/2013
AlJiangsu/09041/2014
AlTaiwan/3/2013
A/Shanghai/PD-02/2014
@ AlZhejiang/13/2014
Alliaxing/20/2014
A/Guangdong/03/2013
Alchicken/Shenzhen/138/2014
99 [1 Aschicken/Dongguan/1312/2014
Alchicken/Dongguan/934/2014
80 - AA/environment/Guangdong/QTXC-59/2015
99 4@ Alenvironment/Guangdong/21123/2015
Alchicken/Guangdong/04.16 SZLGWL001/2015
@ A/Guangdong/15SF010/2015
A/Hong Kong/5581/2014
Alchicken/Guangdong/G1381/2014
A/Hong Kong/8194273/2014
@ Alenvironment/Guangdong/22351/2015
A/Guangdong/02496/2014
Alchicken/Guangdong/DG479/2014

98

L @ A/Shanghai/1/2013

Algoose/Guangdong/7472/2012

L——————— A/duck/Zhejiang/11/2011
Alduck/Jiangxi/25186/2009

Al/common teal/Hong Kong/MPM1670/2011

001

Appendix Figure 3. Phylogenetic relationship of avian influenza A(H7) HA genes in a study of avian
influenza viruses among occupationally-exposed poultry workers, China, 2014—-2016. Green dots indicate
available candidate influenza vaccine strains. Blue diamonds indicated reported sequences from this
study. Pink triangles indicate virus strains isolated by our laboratory. Bold text indicates human virus

strains. Red text indicates reference strain used in this study. Scale bar indicates nucleotide substitutions

per site.

Alduck/Fujian/5448/2008
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Alchicken/Henan/SH01/2015
A Alchicken/Sichuan/04.08 CDLQO073-0/2015
Al/chicken/Hubei/2014
Alchicken/Shanghai/HY005/2014
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99 — A/chicken/Jiangxi/20457/2013
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@ Alchicken/Henan/LY-36/2013
A/chicken/Jiangsu/A11/2010

88 lgxlgchickeanuangdong/BlJZO10
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929
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82
87

99

99

Alchicken/Fujian/C1161/2013 | Group 1

A/duck/Hong Kong/Y280/97
A/Shantou/239/98
Alchicken/Henan/LY/2013
_97: AJchicken/Anhui/2/2002
L ® A/chicken/Hong Kong/G9/1997
A/duck/Hong Kong/W213/1997
= Al/chicken/Shandong/244/2002
94 99 Alchicken/St i/F/98
A/duck/Nanjing/06/2003
— Alchicken/Beijing/1/1994
I—':A/Guangzhou/:!ii?:/QQ
) AHK/2108/2003

A/Quail/Hong Kong/G1/97
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L A/duck/Hong Kong/Y439/1997
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Appendix Figure 4. Phylogenetic relationship of avian influenza A(H9) HA genes in a study of avian
influenza viruses among occupationally-exposed poultry workers, China, 2014—-2016. Green dots indicate
available candidate influenza vaccine strains. Blue diamonds indicated reported sequences from this
study. Pink triangles indicate virus strains isolated by our laboratory. Bold text indicates human virus

strains. Red text indicates reference strain used in this study. Scale bar indicates nucleotide substitutions

per site.
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Appendix Figure 5. Phylogenetic relationship of avian influenza A(H6) HA genes in a study of avian
influenza viruses among occupationally-exposed poultry workers, China, 2014—-2016. Diamonds indicate
antigenic characteristics reported from this study. Pink triangles indicate virus strains isolated by our

laboratory. Red text indicates reference strain used in this study. Scale bar indicates nucleotide

substitutions per site.
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