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SUMMARY

In Taiwan, avian influenza virus (AIV) subtypes HSN2, H6N1 and H7N3 have been identified
in domestic poultry, and several strains of these subtypes have become endemic in poultry. To
evaluate the potential of avian-to-human transmission due to occupational exposure, an
exploratory analysis of AIV antibody status in poultry workers was conducted. We enrolled 670
poultry workers, including 335 live poultry vendors (LPVs), 335 poultry farmers (PFs), and 577
non-poultry workers (NPWs). Serum antibody titres against various subtypes of viruses were
analysed and compared. The overall seropositivity rates in LPVs and PFs were 2:99% (10/335)
and 1-79% (6/335), respectively, against HSN2; and 0-6% (2/335) and 1-19% (4/335), respectively,
for H7N3 virus. Of NPWs, 0-35% (2/577) and 0-17% (1/577) were seropositive for HSN2 and
H7N3, respectively. Geographical analysis revealed that poultry workers whose workplaces were
near locations where H5SN2 outbreaks in poultry have been reported face greater risks of being
exposed to viruses that result in elevated HSN2 antibody titres. H6N1 antibodies were detected
in only one PF, and no H7N9 antibodies were found in the study subjects. Subclinical infections
caused by HSN2, H6N1 and H7N3 viruses were thus identified in poultry workers in Taiwan.
Occupational exposure is associated with a high risk of AIV infection, and the seroprevalence of
particular avian influenza strains in humans reflects the endemic strains in poultry in this region.
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INTRODUCTION is a member of the family Orthomyxoviridae and is
further classified into subtypes based on character-
istics of two surface glycoproteins: haemagglutinin
(HA) and neuraminidase (NA). Eighteen HA (H1-
H18) and 11 NA (N1-N11) subtypes have been iden-
tified that circulate in wild birds and bats [1, 2]. Of

these subtypes, only HIN1, H2N2 and H3N2 have

Influenza A virus is a highly infectious respiratory
pathogen that can infect both humans and animals;
it poses a public health threat every year. This virus
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been known to establish stable lineages in humans.
These subtypes have caused sustained epidemics in
human populations since 1918 [3]. In addition, the
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HS, H6, H7, H9 and H10 subtypes have caused infec-
tions in humans since 1959 [4-7]. Sporadic infections
resulting from these subtypes have occurred mainly
as a result of direct viral transmission from infected
birds to humans through direct and indirect contacts
[8, 9]. Human-to-human transmission of these
influenza viruses of avian origin has rarely occurred.

Investigation of the relationship between poultry
exposure and avian influenza infections in human
populations is important for understanding possible
transmission of the disease at the poultry—human
interface. Previous epidemiological and virological
reports have proposed that individuals with intense
occupational exposure, especially poultry-farm and
live-market workers, may be at an increased risk for
avian influenza infection because environmental ex-
posure may promote the transmission of avian
influenza viruses (AIVs) [10-12]. To date, it remains
unclear whether subclinical infections with regionally
predominating AIVs have occurred in these high-risk
populations through direct or indirect poultry contact.
In Taiwan, several subtypes of AIVs, including HSN2,
H6N1 and H7N3, have been identified in domestic
poultry [13-15]. During the past decade, the HSN2
virus, which has low pathogenicity, has become the
predominant infectious agent in chickens. Outbreaks
caused by this virus were reported in 2003-2004 and
2008-2014 [16]. The highly pathogenic avian influenza
(HPAI) A(H5N2) virus was first isolated in Taiwan in
2012; since then, this virus has caused subsequent out-
breaks in several poultry farms [17]. Avian influenza A
(H6N1) virus is frequently isolated from Taiwanese
layers and broilers. It usually presents as a low patho-
genic virus and continuously circulates as an endemic
enzootic agent in animals. In 2013, this virus caused
the first known human infection in Taiwan [6]. The
low pathogenic H7N3 virus caused two outbreaks in
domestic duck farms located in southern Taiwan in
2011 [15].

Few seroepidemiological studies of AIVs in high-
risk populations in Taiwan have been performed.
Recently, a study conducted by the Taiwan Centers
for Disease Control (Taiwan CDC) reported that
1-4% of individuals in contact with H5N2-infected
chickens were suspected to have been subclinically
infected by the virus [18]. This finding emphasises
that occupational exposure to infected poultry may
pose a high risk of avian influenza infection in
human populations. To better understand potential
subclinical avian influenza infections in individuals
who have frequent contact with poultry in Taiwan,
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we conducted an exploratory analysis in poultry work-
ers for the presence of antibodies against HS5N2,
H6N1 and H7N3 viruses, all of which have caused
infections in domestic poultry in Taiwan. Because
four imported human cases of infection with the
influenza A(H7N9) virus were confirmed in Taiwan
between March 2013 and April 2014, this virus was
also included in the study.

METHODS
Study subjects

A total of 1247 subjects, including 670 poultry work-
ers and 577 non-poultry workers (NPWs), were en-
rolled in the study. The poultry workers were further
sub-classified into 335 live poultry vendors (LPVs)
and 335 poultry farmers (PFs); the LPVs and PFs in
this study were randomly selected from 1148 live poul-
try stalls and 11 296 poultry farms to be representative
of the regional distribution of LPVs and PFs in 22 cit-
ies and counties in Taiwan. The 577 NPWs without a
history of poultry vending or farming were selected as
control subjects and were chosen to match the poultry
workers by sex, age, and workplace for each farm or
stall. Written informed consent was obtained from
all subjects, and the study was reviewed and approved
by the Institutional Review Board of the Taiwan
CDC. During the study period from May 2012 to
July 2012, participants were interviewed by staff mem-
bers at Taiwan CDC and local health agencies. A
written questionnaire was completed for each partici-
pant by one of these staff members to obtain the per-
sonal background information, previous poultry
exposure histories, and influenza vaccination histories,
among other information. In addition, a single whole
blood specimen was collected from each subject for
antibody measurements.

Viruses for antibody testing

Four AIVs, subtypes of H5N2, H6N1, H7N3 and
H7N9, were used as the antigens for the haemag-
glutination inhibition (HI) test in this study. The
A/Taiwan/2/2013(H6N1) and A/Taiwan/1/2013(H7N9)
viruses were human strains isolated from clinical spe-
cimens of infected patients. The A/chicken/Taiwan/
1209/2003(H5N2) and A/duck/Taiwan/A1741/2011
(H7N3) viruses were provided by the Taiwan
Animal Health Research Institute. All four viruses
were propagated in the allantoic cavity of 9-day-old
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embryonated chicken eggs, according to standard
procedures [19]. These viruses were selected for the
following reasons. The A/chicken/Taiwan/1209/2003
(H5N2) virus was the prototype and representative
isolate of the H5N2 viruses circulating in Taiwanese
chickens and was antigenically similar to the descend-
ant chicken H5N2 viruses from 2003 to 2012 in
Taiwan based on the results of HI tests conducted
with ferret antisera (M. C. Cheng, unpublished data).
Furthermore, phylogenetic analysis of A/chicken/
Taiwan/1209/2003(H5N2) and other chicken H5N?2 iso-
lates in Taiwan has also indicated that these viruses
grouped together forming two sub-clades [20]. The
Alduck/Taiwan/A1741/2011(H7N3) virus was a rep-
resentative isolate from the two low pathogenic outbreaks
in domestic ducks in southern Taiwan. To determine the
risks of human infection with the A/Taiwan/2/2013
(H6N1)-like and A/Taiwan/1/2013(H7N9)-like viruses
before these viruses were first identified, the two human
isolates were used to test sera collected in 2012.

Serum specimen processing and HI assay

Whole blood samples were centrifuged at 1000 g for
10 min at 4 °C, and serum specimens were then collected
and stored in aliquots at —20 °C. Before antibody mea-
surements, serum specimens were incubated with recep-
tor destroying enzyme (RDE, Denka Seiken, Japan) at a
ratio of 1:3 at 37 °C overnight to remove non-specific HA
and were then heat inactivated at 56 °C for 30 min.
RDE-treated sera were further diluted with PBS to a
final dilution of 1:10. The resulting sera were used in
the HI assay at Taiwan CDC without prior adsorption
with erythrocytes.

The HI assay was used to investigate the existence of
specific antibodies against various AIVs in human sera
and was performed as previously described [21]. Serial
twofold dilutions of RDE-treated sera were prepared in
96-well V-bottom microtitre plates for the analysis of
H5N2, H6N1 and H7N9 antibodies and in 96-well
U-bottom plates for the analysis of H7N3 antibodies;
25 ul/well of the virus antigens (4 haemagglutination
units) were added to their respective wells. After a
60-min incubation period at room temperature, 50 ul
of 1% horse (for H5N2 subtype), 0-5% turkey (for
HO6N1 and H7N9) or 0-75% guinea pig (for H7N3) ery-
throcytes were added and mixed gently. The plates were
incubated at room temperature for 60 min. HI titres were
expressed as the reciprocal of the highest dilution of
serum that inhibited virus-induced haemagglutination.
Sera that tested negative at a dilution of 1:10 were
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indicated to have a titre of <10. Back titrations were
also performed, and titres were only accepted when
both replicates yielded matching results. When perform-
ing HI assays, human sera that had previously been
shown to have elevated titres against H5N2 virus,
mouse sera raised against H6N1 virus and ferret sera
raised against H7N9 virus were used as positive controls
to validate the test procedure. Pre-immune sera collected
from naive mice were used as negative controls.

Statistical analysis

Questionnaire data were manually entered in dupli-
cate, and data-entry problems, as well as inconsisten-
cies, were verified. Pearson’s x test and Fisher’s exact
tests were used to compare categorical variables of
demographic data. Logistic regression was used to cal-
culate the odds ratio and P value. Statistical signifi-
cance was considered when a P value of <0-05 was
obtained. All tests were performed with SPSS v. 14
(SPSS Inc., USA) and were two-tailed. ArcGIS
v. 10.0 software (ESRI, USA) was used to demon-
strate the locations (districts/towns/villages) of poultry
outbreaks and subjects with elevated antibody titres
against AIVs.

RESULTS
Demographics

Detailed demographics of the 1247 study subjects are
presented in Table 1. Of the poultry workers, 59%
were male and more than 60% were aged > 50 years
(mean age 52-3 years, range 17-83 years) in LPVs
and 541 years (range 24-89 years) in PFs. Most of
the subjects had worked in the poultry industry for
more than 10 years (LPVs 86:6%, PFs 79-4%) and
had close contact with poultry every day (LPVs
90-5%, PFs 94-:0%). The majority of LPVs and PFs
had not received H5N1 and/or seasonal influenza vac-
cines during the 2 years prior to the specimen collec-
tion date. For NPWs, the ages ranged from 21 to 88
years (mean age 53-2 years). Their education level
was higher (P <0-05) than that of poultry workers.
More than 50% of the NPWs received seasonal
influenza vaccines in 2010 and/or 2011, whereas the
HSNI1 vaccination coverage was still low. Overall, a
higher proportion of PFs did not use personal protec-
tive equipment (PPE) compared to LPVs (LPVs:
2:1%, PFs: 12:5%; »*=27-0, P <0-0001). Of the PPE
used, the most common were gloves, boots and masks.
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Table 1. Demographic characteristics of the 1247 study subjects

Live poultry vendors Poultry farmers Non-poultry workers
(N=1335) (N =1335) (N=577)
Subjects N % n % n %
Gender
Male 171 51-04 226 67-46 339 5875
Female 164 4896 109 32-54 238 41-25
Age, years
<20 1 0-30 0 0-00 0 0-00
20-29 7 2-:09 7 2-09 12 2-08
30-39 39 11-64 43 12-84 60 10-40
40-49 82 24-48 68 20-30 138 2392
50-59 112 33-43 99 29-55 191 33-10
=60 94 28-06 118 35-22 176 30-50
Mean 52-25 — 54-11 — 53-20 —
Education level
Illiteracy 24 7-16 35 10-45 13 2:25
Elementary school 100 29-85 99 29-55 65 11-27
Junior high school 82 24-48 66 19-70 49 8-49
Senior high school 112 33-43 100 29-85 168 29-12
College 17 5-07 35 10-45 282 48-87
Years of working
<1 year 5 1-49 11 3:28 — -
1-5 years 21 627 31 9-25 — —
6-10 years 19 5-67 27 8-06 — —
>10 years 290 86-57 266 79-40 — —
Frequency of working
Seldom 1 0-30 2 0-60 — —
Once per several month 1 0-30 1 0-30 — -
Once per month 0 0-00 4 1-19 — —
Once per week 30 8:96 13 3-88 — —
Every day 303 90-45 315 94-03 — —
Received H5N1 influenza vaccine
Never 245 73-13 271 80-90 524 90-81
1 dose 34 10-15 28 8:36 24 4-16
2 doses 11 328 15 4-48 15 2-60
>3 doses 41 1224 15 4-48 12 2-08
Uncertain 4 1-19 6 1-79 2 0-35
Received seasonal influenza vaccine
2011
Yes 64 19-10 107 3194 291 50-43
No 270 80-60 225 67-16 285 49-39
Uncertain 1 0-30 3 0-90 1 0-17
2010
Yes 69 20-60 128 3821 307 53-21
No 266 79-40 206 61-49 269 46-62
Uncertain 0 0-00 1 0-30 1 0-17
Personal protective equipment use
None 7 2-09 42 12-54 — —
Gloves 251 74-93 170 50-75 — —
Mask 111 33:13 200 59-70 — —
Hair cover 16 4-78 44 13-13 - -
Goggle 7 2-09 4 1-19 — —
Shoe cover 33 9-85 38 11-34 — —
Boots 301 89-85 249 74-33 — —
Water-resistant apron 306 91-34 100 29-85 — -
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Table 2. Distribution of antibody titres against various avian influenza viruses

No. of serum samples

Virus Antibody Live poultry vendors (N =335) Poultry farmers (N =335) Non-poultry workers (N = 577)

antigen titre* n (%) n (%) n (%)

HS5N2 <1:10 5(1-49) 10 (2:99) 30 (5:20)
1:10 23 (6-:87) 36 (10-75) 100 (17-33)
1:20 170 (50-75) 169 (50-45) 296 (51-30)
1:40 127 (37-91) 114 (34-03) 149 (25-82)
1:80 10 (2-99) 6 (1-79) 2 (0-35)

H7N3 <1:10 307 (91-64) 318 (94-93) 551 (95-49)
1:10 16 (4-78) 9 (2:69) 19 (3-29)
1:20 10 (2-99) 4 (1-19) 6 (1-04)
1:40 2 (0-60) 4(1-19) 1(0-17)

H7N9 <1:10 335 (100-00) 335 (100-00) 577 (100-00)
1:10 0 0 0

H6N1 <1:10 335 (100-00) 334 (99-70) 577 (100-00)
1:10 0 0 0
1:20 0 0 0
1:40 0 1 (0-30) 0

* The cut-off antibody titre (bold font) of seropositivity was 1:80 for HSN2 and 1:40 for H7N3, H7N9 and H6N1 viruses.

Seroprevalence of HI antibodies to various AIVs

The distribution of HI titres against HSN2, H6NI,
H7N3 and H7N9 viruses in all 1247 study subjects is
shown in Table 2. Based on the results, poultry workers
(LPVs or PFs) have antibody titres against the HSN2
virus (A/chicken/Taiwan/1209/2003) that are signifi-
cantly higher than those of NPWs (P <0-001). The
overall seropositivity rates in LPVs, PFs and NPWs
were 2:99% (10/335), 1-79% (6/335) and 0-35% (2/577),
respectively, with a cut-off value of 1:80. Furthermore,
geographical analysis revealed that poultry workers
whose workplaces (districts/towns/villages) were near
locations where HS5N2 outbreaks in poultry were
reported in 2012 had higher risks of virus exposure result-
ing in elevated H5N2 antibody titres (Fig. 1) [odds ratio
(OR) 56, 95% confidence interval (CI) 1-5-20-8, P=
0-028]. Moreover, higher HI antibody titres to HSN2
virus were observed in LPVs (OR 8-85, 95% CI 1-1-
67-5, P=0-005) and PFs (OR 5-24, 95% CI 0-6-45-0,
P =0-043), than in NPWs. These results indicate that
the persistently regional circulation of HSN2 viruses in
poultry may potentially cause occupational exposure-re-
lated subclinical infections in humans. The vaccination
histories of seasonal influenza vaccines in 2010 and
2011 in LPVs, PFs and NPWs who had H5N2 antibody
titres >1:40 were significantly different (4* =20, P <
0-0001 for received 2010 seasonal influenza vaccine; >
=21-4, P<0-0001 for received 2011 seasonal influenza
vaccine); no difference was observed for histories in the
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three groups with H5N2 antibody titres = 1:80 (> =
0-4, P =0-8 for received 2010 seasonal influenza vaccine;
=18, P=0-4for received 2011 seasonal influenza vac-
cine). For subtype H7, seropositive rates of antibody
against H7N3 virus (A/duck/Taiwan/A1741/2011) in
LPVs, PFs and NPWs were 0-6% (2/335), 1-19%
(4/335) and 0-17% (1/577), respectively, with a cut-off
value of 1:40. Higher rates of seropositivity were
observed in LPVs and PFs compared to NPWs.
However, the differences observed were not statistically
significant (P = 0-14). None of the 1247 serum specimens
were identified as being positive for antibodies against
the H7NO virus (A/Taiwan/1/2013) because they all
had titres <1:10. The seropositivity of HON1 antibodies
was also low in both poultry workers and NPWs. There
was only one PF in southern Taiwan with an antibody
titre of 1:40, while all the other subjects had titres
<1:10. Seasonal influenza vaccination histories of
LPVs, PFs and NPWs were summarized based on the
serological test results (Table 3). The serological test
results, occupations, and vaccination histories of indivi-
duals with high HI titres against various AIVs are sum-
marized in Table 4.

DISCUSSION

This study provides evidence that possible subclinical
avian influenza infections may have occurred in poul-
try workers (LPVs or PFs) and that these poultry
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Fig. 1. Locations of workplaces of poultry workers (PWs) with elevated H5N2 antibody titres and poultry farms where
H5N2 outbreaks were reported in 2012. Workplaces (districts/towns/villages) of PWs and non-poultry workers (NPWs)
with antibody titres against HSN2 virus >1:80 are indicated by black stars and blue triangles, respectively. Locations of
H5N2 outbreaks in poultry that occurred in 2012 in Taiwan are indicated in red.

workers have a higher risk of acquiring infections
compared to the general public. The study also dem-
onstrates that infected poultry are the principal source
of human exposures to AIVs, as evidenced by the
elevated HI antibody titres in poultry workers. The
endemicity of various subtypes of viruses in poultry
in particular countries/regions may contribute to
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their ability to infect local residents. Close contact,
such as consuming uncooked and infected poultry
products, or handling or caring for infected avian spe-
cies, 1s considered to be a source for avian influenza
infection [9]. It has been reported that 10% of poultry
workers were seropositive for HSN1 viruses, and 3-1%
of government workers who were involved in the
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Table 3. Seasonal influenza vaccination histories of live poultry vendors, poultry farmers and non-poultry workers
based on the serological test results

Seasonal influenza vaccination history in past 2 years

Live poultry vendors Poultry farmers Non-poultry workers

(N =335) (N=1335) (N=577)
Virus antigen Antibody titre* 2010 2011 None 2010 2011 None 2010 2011 None
H5N2 <1:10 1 1 4 4 4 6 21 20 8
1:10 6 5 16 15 12 20 61 60 32
1:20 40 36 124 72 62 93 152 145 125
1:40 20 20 102 33 27 76 73 66 70
1:80 2 2 8 4 2 2 0 0 2
H7N3 <1:10 64 59 231 123 104 185 293 280 225
1:10 2 2 14 4 2 5 9 6 10
1:20 2 2 8 0 0 4 5 5 1
1:40 1 1 1 1 1 3 0 0 1
H7N9 <1:10 69 64 254 128 107 197 307 291 237
1:10 0 0 0 0 0 0 0 0 0
HO6N1 <1:10 69 64 254 128 107 196 307 291 237
1:10 0 0 0 0 0 0 0 0 0
1:20 0 0 0 0 0 0 0 0 0
1:40 0 0 0 0 0 1 0 0 0

* The cut-off antibody titre (bold font) of seropositivity was 1:80 for HSN2 and 1:40 for H7N3, H7N9 and H6NI1 viruses.

culling of infected poultry also tested positive during
the outbreak in Hong Kong [10]. In the 2003 poultry
outbreaks that occurred in The Netherlands, 49% of
poultry cullers had serological evidence of H7N7 in-
fection [21]. In the USA, 0-8% and 0-3% of agricul-
tural workers experienced a >fourfold rise in
antibodies against avian HSN2 and HIN2 viruses, re-
spectively [22]. Another seroprevalence study conduc-
ted in veterinarians exposed to birds demonstrated
significantly elevated antibody titres against the
HS5N2, H6N2, and H7N2 AIVs compared to healthy
subjects [23]. In Japan, 5% (13/257) of poultry workers
living in Ibaraki, where the HSN2 virus was isolated
from chickens, had a >fourfold increase in neutraliz-
ing antibodies against avian H5N2 viruses [24]. These
data consistently show that occupational exposure to
infected poultry may serve as a potential transmission
route of avian influenza.

In Taiwan, both avian influenza H5N2 and H6N1
viruses have been co-circulating persistently in poultry
and have developed into unique and local lineages
[14, 20]. However, based on data from the surveillance
of AIVs in Taiwan since 1998, only low pathogenic
avian influenza (LPAI) H7N3 virus was detected
from the two low pathogenic outbreaks in domestic
ducks in southern Taiwan [15]. The novel H7N9-like
viruses, which have been identified in China since
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2013, have not been detected in poultry in Taiwan.
The results of the present study suggest that the
H5N2 virus is an important zoonotic agent at
the chicken-human interface in Taiwan. However,
the lower seropositivity observed in LPVs and PFs
against H7N3 virus, compared to that of the HSN2
virus, may be related to the endemic nature of HSN2
compared with the limited detection of H7N3 in
Taiwanese domestic ducks in 2011. No seroreactivity
for antibodies specific to the novel H7N9 virus cur-
rently circulating in China was detected in the subjects,
which is consistent with the observation that no H7N9
virus has been reported to date in Taiwanese poultry.
We were surprised to find that only one subject
(LPV) showed seropositivity to the H6N1 virus in the
study, as the H6NI1 virus is frequently isolated in
Taiwanese chickens and has formed a unique lineage
[14]. A previous study showed that only two (18-1%,
2/11) volunteers were experimentally infected even
when a high infective dose of duck-derived H6NI
virus was used, and none of the volunteers had a detect-
able antibody response [25]. Moreover, the first human
H6N1 virus-infected case had low HI titres (1:80) in
convalescent serum [6]. These observations may indi-
cate that the H6N1 virus exhibits poor immunogenicity
in human populations, which may explain the low
seroprevalence of H6N1 antibodies detected in the
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Table 4. Serological test results, occupation and vaccination histories of individuals with high haemagglutination
inhibition titres against various avian influenza viruses

Vaccination in past 2

Tested antigens years

Subject no. H5N2 H7N3 H7N9 H6N1 H5N1 Seasonal flu Occupation

1 80 <10 <10 <10 — + Live poultry vendor
2 80 <10 <10 <10 — - Poultry farmer

3 80 <10 <10 <10 — — Live poultry vendor
4 80 <10 <10 <10 — — Poultry farmer

5 80 <10 <10 <10 — — Live poultry vendor
6 80 20 <10 <10 — — Live poultry vendor
7 80 <10 <10 <10 — - Poultry farmer

8 80 <10 <10 <10 — - Poultry farmer

9 80 <10 <10 <10 — + Poultry farmer

10 80 <10 <10 <10 + — Live poultry vendor
11 80 <10 <10 <10 — + Poultry farmer

12 80 <10 <10 <10 — — Live poultry vendor
13 80 <10 <10 <10 — - Live poultry vendor
14 80 <10 <10 <10 — + Live poultry vendor
15 80 <10 <10 <10 — - Live poultry vendor
16 80 <10 <10 <10 + — Live poultry vendor
17 80 <10 <10 <10 — — Non-poultry worker
18 80 <10 <10 <10 — — Non-poultry worker
19 40 40 <10 <10 — — Live poultry vendor
20 40 40 <10 <10 — - Poultry farmer

21 40 40 <10 <10 — + Poultry farmer

22 40 40 <10 <10 — — Poultry farmer

23 20 40 <10 <10 — + Live poultry vendor
24 40 40 <10 <10 — - Poultry farmer

25 40 40 <10 <10 — — Poultry farmer

26 20 <10 <10 40 — - Poultry farmer

present study. However, the responses can be variable
as data from another study revealed that HA anti-
bodies were detected in subjects tested against a
turkey-origin H6 antigen [26]. Cross-reactive hetero-
subtypic antibodies elicited from heterologous
influenza viruses, such as receiving H5N1 and seas-
onal influenza vaccines, may confound the interpret-
ation of seropositivity [27, 28]. To evaluate this
potential influence, previous influenza vaccination his-
tories, including those of both HSN1 and seasonal
influenza vaccines, of all the subjects were reviewed,
and a correlation between vaccine administration
and serum antibody titres against HSN2 and H7N3
viruses was analysed. No statistical antibody titre dif-
ferences were observed between vaccinated and non-
vaccinated subjects. However, 25-82% of the NPWs
had HI titres of 1:40 against HSN2 virus. As these
subjects reported no exposure history to poultry in
their daily lives, the detected antibody titres were
suggested as basal-level titres that may be related
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to their previous exposure to human seasonal
influenza viruses.

HI, neutralization (NT) and the later modified
microneutralization (MN) methods are considered to
be the most current and commonly used serological
assays for antigenic characterization. Due to labour
intensity and complex technical requirements, the HI
assay has become the most widely used surrogate to
screen human sera for antibodies against influenza
viruses. Antibody titres obtained from the HI method
have been demonstrated to correlate well with those
detected by MN in detecting antibodies against
human and AIVs [26, 29-32]. Different red blood
cells (RBCs) have their own preferences to agglutinate
with specific influenza viruses [33]. Turkey, guinea pig
and human RBCs were recommended for use in HI
tests to detect human antibodies against human
influenza viruses. However, for antibodies against
avian subtype HS5 influenza viruses, several studies
have reported that the sensitivity of the HI assay
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was elevated when horse RBCs were used compared
to those of guinea pigs, turkeys, humans, or chickens
[26, 34]. Therefore, we used horse RBCs in our HI
assay to increase the sensitivity of detection of anti-
bodies against the H5N2 virus, which is also reported
to have high agreement and reproducibility for the de-
tection of HS antibodies [26].

This study has some limitations when interpreting
the serological test results from the field studies.
First, there was no available previous history of
influenza-like illness in the subjects. Hence, the associ-
ation of seropositivity with clinical symptoms, as well
as the severity of clinical illness caused by specific
avian influenza infections, remains unknown.
Second, influenza vaccination histories of the study
subjects were obtained through questionnaires and,
thus, may not be accurate. Third, because there were
no reliable or referenced cut-off values of seropositiv-
ity for different subtypes in previous studies, cut-off
values of seropositivity were set at an HI titre of 40
for H6N1, H7N3 and H7N9 subtypes and at 1:80
for H5SN2. In conclusion, this study indicates that
poultry workers have a higher risk of exposure to
AIVs during occupational activities and consistently
supports the results reported previously by other stu-
dies [10, 21-24]. Therefore, active surveillance for
the early detection and intervention of viral infections
in live poultry should be conducted continuously.
These screenings can improve the control of measures
to prevent AIV-induced human illnesses. For poultry
workers, especially LPVs, the use of appropriate
PPE during their occupational activities is also sug-
gested to mitigate the risk of exposure to AIVs.
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