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Abstract

Background and Aim: In Indonesia, highly pathogenic avian influenza (HPAI) HSN1 outbreaks in poultry are still reported.
The disease causes a decrease in egg production and an increase in mortality; this has an impact on the economic losses
of farmers. Several studies have considered that ducks play a role in the HPAI endemicity in the country; however, little is
known about whether or not the type of duck farming is associated with HPAI HS virus infection, particularly within clade
2.3.2.1c, which has been predominantly found in poultry since 2014. A cross-sectional study was conducted to determine
the HPAI seroprevalence for H5 subtype clade 2.3.2.1c in laying ducks that are kept intensively and nomadically and to
determine the associated risk factors.

Materials and Methods: Forty-nine duck farmers were randomly selected from ten sub-districts in Purbalingga District,
Central Java, Indonesia; a cross-sectional study was implemented to collect field data. Based on an expected HPAI
prevalence level of 10%, estimated accuracy of = 5%, and 95% confidence interval (CI), the total sample size was calculated
at 36 individuals. Samples must be multiplied by 7 to reduce bias; thus, 252 ducks were taken as samples in this study.
Considering that the maintenance and duck handling were uniform and farmers complained that the effect of activity to
take duck samples would reduce egg production, this study only took samples from 245 ducks (oropharyngeal swabs and
serum). Those samples were taken from five birds on each farm. Hemagglutination inhibition tests examined the serum
samples for HPAI H5 Clade 2.3.2.1c, and pool swab samples (five swabs in one viral media transport) were examined
by real-time reverse transcription-polymerase chain reaction (QRT-PCR) test for influenza Type A and HS subtype virus.
Information regarding farm management was obtained using a questionnaire; face-to-face interviews were conducted with
the duck farmers using native Javanese language.

Results: Serum and swabs from 245 ducks were collected in total. For individual birds, 54.69% (134/245) of serum samples
were H5 seropositive. Seroprevalence among nomadic ducks was 59.28% (95% CI: 0.48-0.61), which was higher than
among intensively farmed ducks (48.57%, 95% CI: 0.38-0.58). Farm-level seroprevalence was 50% (95% CI: 0.30-0.69)
for nomadic ducks but only 28.57% (95% CI: 0.11-0.51) for intensively farmed ducks. The farm-level virus prevalence
(proportion of flocks with at least one bird positive for influenza Type A) was 17.85% (95% CI: 0.07-0.35) for nomadic
ducks and 4.76% (1/21) for intensively farmed ducks (95% CI: 0.008-0.23). All influenza Type A positive samples were
negative for the HS subtype, indicating that another HA subtype Al viruses might have been circulating in ducks in the study
area. A relationship between duck farms that were HS seropositive and their maintenance system was present; however, this
relationship was not significant, the nomadic duck system detected 2 times higher H5-seropositive ducks than the intensive
farming system (OR: 2.16, 95% CI: 0.33-14.31).

Conclusion: This study found that the seroprevalence of HPAI in the duck population level in Purbalingga was 54.69%
and demonstrated that the nomadic duck farming system was more likely to acquire HPAI H5 infection than the intensive
farming duck system. Other risk factors should be further investigated as the diversity of the farming system is partially
related to HPAI H5 infection.
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usually do not show clinical symptoms of the disease;
however, some Al virus strains can cause severe ill-
ness and death in chickens, ducks, and turkeys [1].
Based on the pathogenicity in chickens, the Al virus
can be divided into two types: Highly pathogenic Al
(HPAI) and low pathogenic Al (LPAI) [1,2]. Although
there have been many combinations of Al subtypes
(H1-H18 and N1-N11), HPAI outbreaks in poultry
are mainly caused by H5 or H7 subtype viruses [3,4].
HPAI outbreaks in poultry in Indonesia were first
reported in 2003 [1,5]. The majority of disease out-
breaks in poultry were reported from gallinaceous
species (chickens, quails, and turkeys) from differ-
ent production sectors due to infection through the
H5N1 subtype virus of clade 2.1.3. However, since
the incursion of the HS5N1 clade 2.3.2.1c virus in
2014, the poultry outbreaks were not only found from
gallinaceous birds but also reported from waterfowl,
including ducks, Muscovy ducks, and other aquatic
birds [6]. In domestic ducks, the HSN1 clade 2.3.2.1¢
caused high mortality in young ducks and a drop in
egg production in laying ducks [7].

Transmission of Al infection occurs through
direct contact from infected birds through respiratory,
conjunctival, or nasal mucus and feces; or indirectly
through dust, feed, drinking water, farm workers,
equipment, pens, shoes, clothes, and vehicles contam-
inated with Al virus and infected live chickens [1,3,8].
Waterfowl, including ducks and Muscovy ducks, can
act as carriers of the virus without showing clinical
symptoms; waterfowl usually act as a source of trans-
mission and infection to chicken and turkey farms. It is
unknown whether vertical or congenital transmission
occurs because there is no scientific or empirical evi-
dence [1,9,10]. The HS subtype virus of clade 2.3.2.1c
has mainly been found in poultry in Indonesia since
2014; there have not been many studies investigating
whether ducks play a role in the endemicity of HPAI in
Indonesia. Purbalingga was selected as a representative
district for endemicity based on the final report of the
HPAI endemicity study in Indonesia [11], conducted
by the Directorate General of Livestock and Animal
Health Services, Ministry of Agriculture, in collabo-
ration with Food Agriculture Organization ECTAD
Indonesia between 2016 and 2017. HPAI cases have
been reported in this district each month throughout
consecutive years; the district has a poultry popula-
tion representative of both commercial and backyard
poultry keeping, with a mixture of chicken and duck
farms, collector yards, and live bird markets trading
in poultry. The study results confirmed that the area,
as a representative of Java, is still endemic for HPAIL
The study also stated that the virus was detected in all
enterprise types, including commercial farms, live bird
markets, collector yards, nomadic duck flocks, and
villages. The HPAI viruses were confirmed in layer,
broiler, duck, and kampong chickens [11].

A previous study showed that scavenging ducks
(ducks kept to wander in the paddy field or nomadic

system ducks) are a potential source of HPAI infection
for backyard chickens [10], but specific control
measures for HPAI cases in nomadic duck farms
have not been developed. The following encom-
passes a cross-sectional study to determine the HS5
clade 2.3.2.1c seroprevalence in laying ducks in the
Purbalingga District of Central Java, Indonesia, also
to investigate whether the farming system (intensive
and nomadic) has an association with HPAI H5 sub-
type clade 2.3.2.1c infection on duck farms. Insight
into HPAI control in ducks can be gained from this
study. Previous studies have focused only on the
epidemiology of the older virus clade 2.1.3 [10,12];
however, these outbreaks have rarely been detected in
poultry in Indonesia.

This study was conducted to determine the HPAI
seroprevalence for HS subtype clade 2.3.2.1¢ in laying
ducks that are kept intensively and nomadically and to
determine the associated risk factors.

Materials and Methods

Ethical approval and informed consents:

All procedures performed in this study, including
the collection of serum and oropharyngeal and cloacal
swabs samples were in accordance with Animal Care
and Use Committee, Faculty of Veterinary Medicine,
Universitas Gadjah Mada Indonesia (Approval no.
0028/EC-FKH/Int/2019).

All human subjects gave their consent for the
collection of information, with the agreement that
any identifying details of the individuals would not
be published.

Study area

The present study was undertaken in March 2019
as a recommendation research of the HPAI endemicity
study of the previous research conducted in 2016-2017
in Purbalingga, by the Directorate of Animal Health,
Ministry of Agriculture, Republic of Indonesia, and in
collaboration with the Food Agriculture Organization.
Purbalingga District, in Central Java Province, was
selected for the study area given that the district is
quite representative of poultry market chains, includ-
ing native backyard chickens, commercial farms,
nomadic ducks, poultry collectors, and live birds
markets.

Field sampling was conducted on small and
medium scale commercial sectors (sector 3), which
are maintained intensively and nomadically in ten
sub-districts in Purbalingga: Kaligondang, Padamara,
Purbalingga, Kemangkon, Mrebet, Kejobong,
Kalimanah, Rembang, Bobotsari and Bukateja,
Central Java, Indonesia (Figure-1).

Study design and study population

This study was conducted on 21 intensive farm-
ing duck farms and 28 nomadic duck farms (based
on data from Agricultural Services of Purbalingga
District in 2016). The average scale of the animal
farming business was 100-500 heads/farm, and the
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Figure-1: Duck farms sample location in Purbalingga District, Central Java, Indonesia.

duration of maintenance ranged from 14 to 20 months
with egg production between 60% and 70%.

Based on the expected HPAI prevalence of 10%,
an estimated accuracy of + 5%, and 95% confidence
interval (CI), the total sample size was calculated to
be 36, and according to a previous study [13], samples
were to be multiplied by 7 to reduce bias; thus, 252
ducks were taken as samples in this study. Considering
that the maintenance and duck handling were uniform
and farmers complained that the effect of activity
when taking samples would reduce egg production,
this study only took 245 samples (oropharyngeal
swabs and serum) from 49 duck farmers distributed
around ten sub-districts. The samples were taken from
five birds on each farm.

The selection of farms was carried out by random
sampling. A sampling of ducks at the farm level was
carried out by visual judgment, i.e., looking at ducks to
find those that had symptoms of Al illness; all samples
were collected in March 2019. Management informa-
tion was obtained by a face-to-face questionnaire that
was administered to the duck farmers in their native
Javanese language.

Laboratory testing

Samples were collected by Veterinary staff
officers of the Agricultural Services of Purbalingga
District and sent to the Disease Investigation Center,
Wates, Yogyakarta Province. Serum samples were
tested for antibodies to Al H5-subtype using the hem-
agglutination inhibition (HI) test. HS clade 2.3.2.1c
antigen for HI tests was used because the majority
of circulating HS virus in Indonesia is clade 2.3.2.1c,
which is the only H5 virus clade detected in Central
Java since 2015. Swabs were tested as pool samples
(from five birds) usingreal-time reverse transcrip-
tion-polymerase chain reaction (qQRT-PCR) technique

for the detection of influenza Type A and H5 subtype
viruses.

All samples were obtained from HPAI-
unvaccinated birds, any farms with at least one bird that
showed as HI-H5 seropositive (HI titer >16 [2]) was
considered an HPAI-positive (infected) farm. HPAI-
negative farms had no HI-H5 seropositive results during
the study. Based on farm serology diagnostic result, we
performed qRT-PCR diagnosis. The qRT-PCR results
were not included in the analysis because all the sam-
ples were negative for the H5 subtype virus even though
some samples influenza Type A positive.

Statistical analysis

Data from laboratory test results and question-
naires were combined in Excel 2013 for descriptive
analysis. Data were collected and analyzed using Epi
Info™ 7 (CDC) (https://www.cdc.gov/epiinfo/sup-
port/downloads.html) for binomial logistic regression
analysis to determine the association of risk factors to
HPAI H5NT1 infection (seropositivity).

Results

Descriptive analysis

Farmers of laying ducks in Purbalingga District
were from various backgrounds. In terms of educa-
tion, 57.14% (28/49) of farmers only had an educa-
tion up to elementary school level, 20.40% (10/49)
continued to junior high school, 14.28% (7/49)
gained a high school education, and 4.08% (2/49)
were educated to the undergraduate level. Of the
49 duck farmers, only one farmer had never been to
school formally. Most nomadic duck farmers only
receive an elementary school education, 38.77%
(19/49), while 20.40% (10/49) of intensive duck
farmers had a better formal education, including up
to undergraduate level.
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The average farmers had more than 5 years of
experience raising ducks (69.38%), while 8.16% and
22.44% of farmers had an experience of between 4
and 5 years and <3 years, respectively.

The average number of ducks raised by farm-
ers was 200-500 ducks (21/49 or 42.85%). A total
of 28.57% (14/49) maintained <100 head of ducks.
Farmers who maintained between 100 and 200 ani-
mals were 22.44% (11/49), and only 6.2% (3/49) of
duck farmers kept more than 500 ducks. A total of
36.73% (18/49) of farmer-maintained ducks were
aged between 11 and 18 months, 34.69% (17/49)
maintained ducks older than 18 months, and 28.57%
(14/49) maintained young ducks, aged between 6 and
10 months. Most of the duck farmers showed that
their egg production reached 70%; they did not con-
duct vaccination for disease prevention, particularly
for AL

The treatment of sick ducks was different in
nomadic farmers, 46.42% (13/28) showed that sick
ducks were treated with herbal medicine without a
proper dosage, 32.14% (9/28) sold the sick ducks,
14.28% (4/28) of farmers left the ducks to die, and the
farmers’ family consumed the sick duck 7.14% (2/28).
Intensive duck farmers sold or treated their sick ducks,
as many as 47.61% (10/21) of farmers sold their sick
ducks, and the others claimed to self-treat with herbal
medicines with unclear doses.

Disposal of duck carcasses also differed between
nomadic and intensive farmers; 52% (11/21) of inten-
sive duck farmers buried their dead ducks, while
28% (6/21) were burned, and 19% (4/21) of farmers
dumped the carcasses into the nearest river. The num-
ber of nomadic farmers who disposed of duck car-
casses using the river was greater than that of intensive
farmers, being 53.57% (15/28). Only32.14% (9/28) of

nomadic farmers buried their carcasses, and 14.28%
(4/28) burned ducks near their homes.

HPAI (H5) seroprevalence and PCR

Table-1 shows serum samples from ten
sub-districts in Purbalingga that had seropos-
itive results for the HI test against the HPAI
H5 antigen. A titer =16 of HI was considered
positive [2]. The percentage of seropositive sam-
ples from each sub-district: Bukateja (3.27%),
Purbalingga (2.45%), Kemangkon (2.45%),
Rembang (2.45%), Kaligondang (2.04%), Kejobong
(2.04%), Padamara (1.22%), Kalimanah (1.22%),
Bobotsari (0.41%), and Mrebet (0.41%). The farm-
level seroprevalence was 17.96% in total from ten
sub-districts in Purbalingga. Table-2 shows bird-
and farm-level H5 clade 2.3.2.1c seroprevalence in
the study area. Based on maintenance systems, the
farm-level seroprevalence of nomadic duck farms
was higher (50%, 14/28) than that of intensive duck
farms (28.50%, 6/21). The bird-level seropreva-
lence was 59.28% (83/140) for the nomadic system
and 48.57% (51/105) for the intensive system.

Further analysis of molecular testing showed
that the percentage of positive qRT-PCR samples
for Influenza A from each sub-district was: Bukateja
(4.08%), Kaligondang (2.04%), Padamara (2.04%),
Purbalingga (2.04%), and Kemangkon (2.04%), the
other sub-district showed a negative result. The sam-
ples with cycle threshold (Ct) value <40 were consid-
ered positive for the Al virus, and this was adhered to
for HPAI subtype detection using H5 specific primer
and probes [3,14,15].

Risk factor
Relative risk for Al infection in the nomadic sys-
tem was 1.08 times greater than the intensive system.

Table-1: Number of serum and swab samples per district and test results (hemagglutination-inhibition and polymerase

chain reaction) for avian influenza.

Sub-district Number of Hemagglutination-inhibition Number Polymerase chain reaction

serum samples seropositive (%) of swab positive for influenza A(%)
tested N _ samples N N

Nomadic Intensive tested Nomadic Intensive
Bukateja 50 1.63 1.63 10 2.04 2.04
Kaligondang 30 0.82 1.22 6 2.04 0.00
Kalimanah 15 1.22 0.00 3 0.00 0.00
Padamara 15 0.41 0.82 3 2.04 0.00
Purbalingga 35 1.22 1.22 7 2.04 0.00
Kejobong 30 0.41 1.63 6 0.00 0.00
Kemangkon 30 2.04 0.41 6 2.04 0.00
Rembang 30 2.45 0.00 6 0.00 0.00
Mrebet 5 0.00 0.41 1 0.00 0.00
Bobotsari 5 0.41 0.00 1 0.00 0.00
Total 245 10.61 7.35 49 10.20 2.04

Table-2: Bird- and farm-level H5 clade 2.3.2.1 seroprevalence in the study area.

Duck maintenance Numbers of farms Numbers of farms Number Numbers of duck showed
system samples showed seropositive (%) of ducks seropositive (%)
Nomadic 28 14/28 (50.00) 140 83/140 (59.28)
Intensive 21 6/21 (28.50) 105 51/105 (48.57)
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Odds ratio of the study was 2.16; therefore, the inci-
dence of infection with Al in the nomadic system was
2 times higher than in the intensive maintenance sys-
tems (95% CI: 0.33-14.31, p: 0.65).

Discussion

Purbalingga district is one of the main centers of
duck egg production in Central Java Province. It was
selected as the study area as the district is quite rep-
resentative of poultry market chains, including native
backyard chickens, commercial farms, nomadic
ducks, poultry collectors, and live birds markets. In
this region, the majority of the maintenance systems
are carried out by nomadic or free-grazing ducks. This
system allows ducks to forage for themselves around
the house, rice fields, rivers, and ponds; to cut produc-
tion costs, farmers only offer a minimum of feed to
these ducks [16,17].

Few farmers kept their ducks intensively, namely,
by providing regular feed in a permanent cage setup,
with or without a pool provided [16]. Under these cir-
cumstances, ducks are kept in cages for their whole lives
and are fed twice a day using the farmer’s mixed feed.

The moving duck flock population monitored in
this study was layer ducks, representing ducks that are
generally kept for a longer production cycle compared
to meat ducks. Exposure to LPAI H5 or HPAI virus
is likely in layer ducks because of the extended pro-
duction period [18]. Similar to a study by Tran and
Yanagida [18], all moving duck flocks identified for
this study were layer ducks, highlighting that layer
ducks are the most common moving duck production
system in the study area.

Al seropositive results taken from duck farms
were likely exposed to field viruses. The majority of
the ducks sampled were not vaccinated for Al, and only
a few had been vaccinated against Al previously, or
when the farmer bought the duck as day-old duckling
or pullet (young duck), so they are considered as unvac-
cinated ducks. Al vaccination will provide an immune
titer if done at least 2-3 weeks before the sample being
collected. Seropositive results on HI but negative on
RT-PCR can be caused by intermittent shedding [12].
A previous study reported that such Al viruses, for
instance, LPAI H7, could be isolated from ducks [19].
Our study showed that HPAI H5 virus prevalence was
0% due to none of the samples detecting the HS virus
subtype positively. Other AI-HA virus subtypes may
have been circulating in the duck population as we
found from the RT-PCR results, no H5 positive results
from matrix (MA) positive samples. Further study is
necessary to investigate whether ducks play a role in
non-HS5 subtypes circulation in Indonesia.

The prevalence of influenza Type A virus (matrix
gene positive) in adult ducks was around 10% and
will continue to increase if no control program is
instituted [17,20]. Henning et al. [21] stated that their
study resulted in crude bird-level HPAI H5 antibody
prevalence (HI titer >16) was about 15.5% in Vietnam

and 5.3% in the nomadic duck population in Central
Java, Indonesia. The previous study was conducted
before the HS Clade 2.3.2.1c increased in Indonesia;
therefore, the antibody was moderately low. Infected
ducks may exhibit no clinical signs, but they could
excrete a high concentration of viruses that are patho-
genic to other poultry species [21-23].

The study showed that the nomadic system poses
a risk factor for Al virus transmission in the field. As
stated from the previous studies [9,22,24], ducks play
a key role in the maintenance of Al viruses because
they act as a local reservoir and amplification host of
viruses, which can be followed by secondary spread
to other domestic poultry [22]. Most nomadic duck
farms are classified as sector three because they have
low biosecurity and are small to medium-sized [24];
therefore, it is challenging to control poultry diseases,
especially Al if they enter the flock. Farmers have
experienced a decrease in egg production, up to 40%,
due to infection with Al, resulting in the loss of their
capital. The impact of HSN1 in the poultry sector has
significantly affected duck farmers [25]; according to
the farmers, the remunerations of raising ducks are
only enough to cover the basic needs of their family.

The nomadic duck farming system is susceptible
to disease when compared with the intensive rearing
systems [16,17]. It also appears to be conducive for
spreading and transmitting HPAI virus to other domes-
tic birds because (1) flocks often move frequently
and quickly over large distances, (2) flocks use many
different scavenging areas, (3) flocks are exposed to
numerous HPALI risk factors, such as having contact
with other scavenging ducks, wild birds, and domestic
animals, and (4) a large number of people are involved
in transport and management of these flocks [12,22].
A previous study indicated that nomadic or scaveng-
ing ducks are a source of infection for other poultry
and possibly, for humans [24]. Duck flocks graze in
the same rice field where other potentially infected
domestic or wild birds may have grazed; although not
significantly different, this finding requires attention,
especially when it concerns reducing the risk of dis-
ease infection in ducks, particularly in the nomadic
system. When transporting nomadic flocks across
sub-districts, district, or province borders may lead to
the spread of Al viruses over relatively long-distances
and due to a high density of animals kept and herded
together; these result in increased stress levels which
are likely to increase virus shedding and the risk of Al
transmission [9,21,25,26].

The intensive rearing system can help prevent the
transmission of HPAI because these farms have better
biosecurity than the nomadic farming system, which
might reduce virus transmission [23,26,27]. HPAI is
still endemically circulating on Java Island, partic-
ularly in ducks and backyard chickens [23,28,29];
despite this endemic circulation, morbidity and mor-
tality observed in outbreaks are still high, and neu-
rological signs in ducks are frequently shown. The
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surviving duck population at Purbalingga District
has seroconverted, indicating that virus replication
occurred despite the absence of disease signs [9,30].
To anticipate the silent transmission and spread of
such Al viruses, duck farmers with support from the
government are encouraged to conduct vaccination
and improved biosecurity practices [31,32].

Conclusion

This study found that the seroprevalence of
HPAI at the duck-level in Purbalingga was 54.69%
and demonstrated that the nomadic duck farming sys-
tem is more likely to acquire HPAI HS infection than
the intensive duck farming system. Other risk factors
should be further investigated as the differentiation of
the farming system is not significantly associated with
HPAI H5 infection.

Authors’ Contribution

WSN, TAK, and IY: Conceptualization. HW,
GS, and IY: Data analysis and laboratory testing.
WSN: Funding acquisition. 1Y: Data Collection.
WSN, TAK, HW, GS, and IY: Resources. 1Y, HW,
GS, WSN, and TAK: Writing, review and editing. All
authors read and approve the final manuscript.

Acknowledgments

We thank the duck farmers who participated
in the study for their cooperation and time. We
also thank to Veterinarians of Purbalingga District
Agriculture Office who help us for collecting samples
and conducting in the field interviews. This study was
supported and funded by Universitas Gadjah Mada,
Yogyakarta, Indonesia on the final project recognition
for Master’s degree 2019 (Grant no. No.2129/UN1/
DITLIT/DIT-LIT/LT/2019).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard to
jurisdictional claims in published map and institutional
affiliation.

References

1. Ministry of Agriculture, Indonesia. (2014) Poultry Disease
Manual. Directorate of Animal Health, Directorate General
of Livestock and Animal Health Services Ministry of
Agriculture of Indonesia, Jakarta, Indonesia.

2. World Organization for Animal Health. Manual of
Diagnostic Tests and Vaccines for Terrestrial Animals.
(Mammals, Birds and Bees). 6% ed., Vol. 1. World
Organization for Animal Health, Paris. Available from:
http://www.oie.int/eng/normes/manual/a_summary.htm.
Retrieved on 24-10-2019.

3. Selleck, P. and Kirkland, P. Avian Influenzas. Available
from: http://www.agriculture.gov.au/sitecollectiondoc-
uments/animal/ahl/anzsdp-avian-inflfluenza-ai.pdf.
Retrieved on 23-10-2019.

4, Wang, G., Zhang, T., Li, X., Jiang, Z., Jiang, Q., Chen, Q.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

and Xu, B. (2014) Serological evidence of H7, H5 and H9
avian influenza virus co-infection among herons in a city
park in Jiangxi, China. Sci. Rep., 4: 6345.

Smith, G.J., Naipospos, T.S., Nguyen, T.D., de Jong, M.D.,
Vijaykrishna, D., Usman, T.B., Hassan, S.S., Nguyen, T.V.,
Dao, T.V.,, Bui, N.A., Leung, Y.H.C., Cheung, C.L.,
Rayner, J.M., Zhang, J.X., Zhang, L.J., Poon, L.L.M.,
Li, K.S., Nguyen, V.C., Hien, T.T., Farrar, J., Webster, R.G.,
Chen, H., Peiris, J.S.M. and Guan, Y. (2006) Evolution and
adaptation of H5N1 influenza virus in avian and human
hosts in Indonesia and Vietnam. Virology, 350(2): 258-268.
Grund, C., Hoffmann, D., Ulrich, R., Naguib, M.,
Schinkdthe, J., Hoffmann, B., Harder, T., Saenger, S.,
Zscheppang, K., Tonnies, M., Hippenstiel, S., Hocke, A.,
Wolff, T. and Beer, M. (2018) A novel European H5N8
influenza a virus has increased virulence in ducks but low
zoonotic potential. Emerg. Microbes Infect., 7(1): 132.
Wibawa, H., Bingham, J., Nuradji, H., Lowther, S,
Payne, J., Harper, J., Wong, F., Lunt, R., Junaidi, A.,
Middleton, D. and Meers, J. (2013) The pathobiology of
two Indonesian H5N1 avian influenza viruses representing
different clade 2.1 sublineages in chickens and duck. Comp.
Immunol. Microbiol. Infect. Dis., 36(2): 175-191.
Sudarnika, E., Ridwan, Y., [lyah, Z.A., Basri, C., Lukman, D.W.,
Wicaksono, A., Sugama, A., Hermans, A. and Nell, A.J.
(2017) Avian Influenza Surveillance in Nomadic Duck Flocks
in Subang, Indonesia. Proceedings of the 1% International
Conference in One Health.

Meyer, A., Dinh, T.X., Nhu, T.V., Pham, L.T., Newman, S.,
Nguyen, T.T.T., Pfeiffer, D.U. and Vergne, T. (2017)
Movement and contact patterns of long-distance free-graz-
ing ducks and avian influenza persistence in Vietnam. PLoS
One, 12(6): e0178241.

Henning, J., Wibawa, H., Morton, J., Usman, T.B.,
Junaidi, A. and Meers, J. (2010) Scavenging ducks and
transmission of highly pathogenic avian influenza, Java,
Indonesia. Emerg. Infect. Dis., 16(8): 1244-1250.

FAO ECTAD Indonesia. (2019) Technical Report of
HPAI Endemicity Study in Indonesia. FAO ECTAD
Indonesia, Jakarta, Indonesia.

Henning, J., Pfeiffer, D.U., Stevenson, M., Yulianto, D.,
Priyono, W. and Meers, J. (2016) Who is spreading avian
influenza in the moving duck flock farming network of
Indonesia. PLoS One, 11(3): e0152123.

Martin, S., Meek, A. and Willeberg, P. (1987) Veterinary
Epidemiology Principles and Methods. Iowa State
University Press, lowa.

Heine, H. and Trinidad, L. Rapid Identification and
Pathotyping of Virulent IBDV, NDV and AIV Isolates.
Available from: https://www.australianeggs.org.au/dms-
document/566-rapid-identification-and-pathotyping-of-vi-
rulent-ibdv-ndvand-ai-isolates. Retrieved on 23-10-2019.
Heine, H.G, Foord, A.J, Wang, J., Valdeter, S., Walker, S.,
Morrissy, C., Wong, F.Y. and Meehan, B. (2015) Detection
of highly pathogenic zoonotic influenza virus H5N6 by
reverse-transcriptase quantitative polymerase chain reac-
tion. Virol. J., 12(8): 18.

Pingel, H. (2005) Development of Small Scale Duck
Farming as a Commercial Operation. Workshop Proceeding
on Waterfowls as a new business opportunity. Animal
Husbandry Research Agency. Bogor, Indonesia.

Khan, K., Giasuddin, M. and Rakib-Uz-Zaman, S.M.
(2018) Identification of potential reservoir host of avian
influenza virus from two selected districts in Bangladesh. J.
Biol. Nat., 9(2): 56-61.

Tran, C.C. and Yanagida, J.F. (2014) Economic Analysis
of Duck Production Household Farm Level in Context
of HPAI Subtype H5N1 in the Red River Delta, Vietnam.
East-West Center Working Paper, Environment, Populatiom
and Health Series. No. 3 October 2014. Retrieved on
02-01-2019.

Kim, H.R., Park, C.K., Lee, Y.J., Oem, J.K., Kang, H.M.,

Veterinary World, EISSN: 2231-0916

1143



Available at www.veterinaryworld.org/Vol.13/June-2020/17.pdf

20.

21.

22.

23.

24.

25.

26.

Choi, J.G., Lee, O.S. and Bae, Y.C. (2012) Low pathogenic
H7 subtype avian influenza viruses isolated from domestic
ducks in South Korea and the close association with isolates
of wild birds. J. Gen. Virol., 93(6): 1278-1287.

Retno, F.D. (2015) Penyakit-penyakit Penting Pada Ayam.
PT Medion, Bandung, Indonesia.

Henning, J., Wibawa, H., Yulianto, D., Usman, T.B.,
Junaidi, A. and Meers, J. (2012) The management of small-
holder duck flocks in Central Java, Indonesia, and potential
hazards promoting the spread of HPAI virus. Worlds Poult.
Sci. J., 68(3): 513-528.

Henning, J., Le Tri, V., Didik, Y. and Meers, J. (2009)
The Role of Moving Duck Flock in the Spread of Highly
Pathogenic Avian Influenza (HPAI) Virus in Vietnam
and Indonesia. http://www.sciquest.org.nz/node/67812.
Retrieved on 06-06-2020.

Van den Brand, J.M.A., Verhagen, J.H., Kroeze, E.J.B.,
Van de Bildt, M.W.G., Bodewes, R., Herfst, S. Richard, M.,
Lexmond, P., Bestebroer, T.M., Fouchier, R.A.M. and
Kuiken, T. (2018) Wild ducks excrete highly pathogenic
avian influenza virus HSN8 (2014-2015) without clinical or
pathological evidence of disease. Emerg. Microbes Infect.,
7(1): 67.

Karo-Karo, D., Pribadi, E.S.D., Sudirman, FX,
Kurniasih, S.W., Indasari, 1.S., Muljono, D.H., Koch, G.
and Stegeman, J.A. (2019) Highly pathogenic avian influ-
enza A(H5N1) outbreaks in West Java Indonesia 2015-
2016: Clinical manifestation and associated risk factors.
Microorganisms, 7(9): 327.

27.

28.

29.

30.

virus (H5N1). Emerg. Infect. Dis., 14(4): 600-607.

Wibawa, H., Karo-Karo, D., Pribadi, E.S., Bouma, A.,
Bodewes, R., Vernooij, H., Diyantoro, D., Sugama, A.,
Muljono, D.H., Koch, G., Rasa, F.S.T. and Stegeman, A.
(2018) Exploring contacts facilitating transmission of influ-
enza A(HSN1) virus between poultry farms in West Java,
Indonesia: A major role for backyard farms? Prev. Vet.
Med., 156(2018): 8-15.

Smith, G.J.D., Donis, R.O. and World Health Organization/
World Organisation for Animal Health/Food and Agriculture
Organization (WHO/OIE/FAO) HS Evolution Working
Group. (2015) Nomenclature updates resulting from the
evolution of avian influenza A(HS) virus clades 2.1.3.2a,
2.2.1, and 2.3.4 during 2013-2014. Influenza Other Respir.
Viruses, 9(5): 271-276.

Karo-Karo, D., Bodewes, R., Wibawa, H., Artika, M.,
Pribadi, E.S., Diyantoro, D., Pratomo, W., Sugama, A.,
Hendrayani, N., Indasari, 1., Haryadi, M., Muljono, D.H.,
Stegeman, J.A. and Koch, G. (2019) Reassortments among
avian influenza A(H5N1) viruses circulating in Indonesia,
2015-2016. Emerg. Infect. Dis., 25(3): 465-472.

Wibawa, H., Bingham, J., Nuradji, H., Lowther, S., Payne, J.,
Harper, J., Junaidi, A., Middleton, D. and Meers, J. (2014)
Experimentally infected domestic ducks show efficient
transmission of Indonesian H5N1 highly pathogenic avian
influenza virus, but lack persistent viral shedding. PLoS
One, 9(1): e83417.

Rushton, J., Viscarra, R., Guernebleich, E. and McLeod, A. 31. Food andAgricu.lture Organization. FAO ’Rec.ommenda'tions
(2005) Impact of avian influenza outbreaks in the poul- on the Ifrevenpon, Control and Erafilcan‘?n of Highly
try sectors of five South East Asian countries (Cambodia, Pathogenic Avian Influenza (HPAI) in Asia. Food and
Indonesia, Lao PDR, Thailand, Viet Nam) outbreak costs, Agriculture Organization, ) Rome, Italy. Available from:
responses and potential long-term control. World Poult. Sci. http://www.fao.org/docs/eims/upload/210745/glob_strat
J., 61(3): 491-514. HPAI apr07 en.pdf. Retrieved on 22-10-2019.
Keawcharoen, J., Van Riel, D., Van Amerongen, G., 32. Bouwstra, R., Gonzales, J.L., de Wit, S., Stahl, J.,
Besterbroer, T., Beyer, WE., Van Lavieren, R., Osterhaus, A.D., Fouchier, R. and Elbers, A. (2017) Risk for low pathogenic-
Fouchier, R AM. and Kuiken, T. (2008) Wild duck as ity avian influenza virus on poultry farms, the Netherlands,
long-distance vectors of highly pathogenic avian influenza 2007-2013. Emerg. Infect. Dis., 23(9): 1510-1516.
seoskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

1144



