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Abstract: Knowledge of outbreaks and associated risk factors is helpful to improve control of the 
Highly Pathogenic Avian Influenza A(H5N1) virus (HPAI) in Indonesia. This study was conducted 
to detect outbreaks of HPAI H5N1 in endemically infected regions by enhanced passive 
surveillance, to describe the clinical manifestation of these outbreaks and identify associated risk 
factors. From November 2015 to November 2016, HPAI outbreak investigations were conducted in 
seven districts of West Java. In total 64 outbreaks were confirmed out of 75 reported suspicions and 
outbreak characteristics were recorded. The highest mortality was reported in backyard chickens 
(average 59%, CI95%: 49–69%). Dermal apoptosis and lesions (64%, CI95%: 52–76%) and respiratory 
signs (39%, CI95%: 27–51%) were the clinical signs observed overall most frequently, while 
neurological signs were most frequently observed in ducks (68%, CI95%: 47–90%). In comparison 
with 60 non-infected control farms, the rate of visitor contacts onto a farm was associated with the 
odds of HPAI infection. Moreover, duck farms had higher odds of being infected than backyard 
farms, and larger farms had lower odds than small farms. Results indicate that better external 
biosecurity is needed to reduce transmission of HPAI A(H5N1) in Indonesia. 

Keywords: HPAI (H5N1), risk factors; West Java; outbreak investigation; case-control 
 

1. Introduction 

Ever since its first notification in Hong Kong in the late 90s [1,2], Highly Pathogenic Avian 
Influenza A (HPAI) viruses of subtype H5N1 have caused numerous outbreaks in poultry worldwide 
and hundreds of (mostly fatal) cases in humans [3,4]. In addition, because the virus became endemic 
to the poultry populations of several countries in Asia and in Egypt there was ample opportunity for 
reassortment with other AI viruses, which has resulted in a multitude of HPAI virus clades that have 
subsequently circulated globally [5–9]. As long as there are endemically infected regions, new 
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reassortants will arise and pose a threat to global poultry and wild bird populations and to humans 
and other mammals such as pigs and cats. 

To control the spread of HPAI among poultry flocks, biosecurity, early detection and 
depopulation of infected flocks are all of crucial importance. In addition, if vaccination is applied, (i) 
high-quality vaccines should be used based on viruses that are antigenically closely related to 
circulating field strains; (ii) vaccination coverage should be high; and (iii) vaccination should be 
accompanied by adequate surveillance to not result in silent spread of the virus [10]. Information on 
risk factors associated with outbreaks in the countries endemically infected with HPAI may be 
helpful to support control programs to eliminate the virus from such regions in the long run [11,12]. 

Since 2003, HPAI A(H5N1) infections have been endemic to the Indonesian poultry population 
[13]. Collector houses and live bird markets play an important role in the spread of infection [14–16]. 
Nevertheless, knowledge on risk factors for HPAI on poultry farms is also important for the control 
of the infection. Studies into factors associated with HPAI H5N1 outbreaks in Indonesian poultry 
have been previously reported, but they used secondary data, defined outbreaks on clinical diagnosis 
or the outcome of non-validated rapid tests only or did not use controls [17–19]. In addition, to our 
knowledge no risk factor studies concerning the currently circulating virus clade 2.3.2.1c [20,21] have 
been published. Consequently, a study describing the characteristics of outbreaks caused by currently 
circulating HPAI A(H5N1) and quantifying associated risk factors is valuable, in particular because 
the Indonesian poultry sector is expanding due to the growing demand for poultry products. 

West Java is the province in Indonesia which has been affected most severely by HPAI H5N1 
outbreaks, because it has the highest poultry density, intensive poultry trading and a poultry sector 
consisting of various types of poultry, including ducks. The aims of this study were to detect 
outbreaks of HPAI H5N1 in an endemically infected region by enhanced passive surveillance, 
describe the mortality, morbidity and clinical manifestation of these outbreaks and identify 
associated risk factors. 

2. Materials and Methods 

2.1. Poultry Farming in Indonesia 

According to the classification used by the Food and Agricultural Organization of the United 
Nations (FAO), the poultry production in Indonesia can be classified in four sectors [22,23]. Sector 1 
farms are associated with high biosecurity and industrial integrated production. The chickens are 
brought to slaughterhouses and products are commercially marketed. Sector 2 farms have moderate to 
high biosecurity with medium to large scale production. Birds or products are sold via poultry markets 
or slaughterhouses. Sector 3 farms are of low biosecurity and small to medium size. Birds and products 
are usually sold through live bird markets. Backyard chicken farming is classified as poultry sector 4 
and includes the majority of poultry farms in Indonesia. It is commonly practiced in village areas 
with minimal biosecurity. The poultry products of these chickens are mostly for domestic 
consumption. 

2.2. Description of Outbreaks 

From November 2015 to October 2016, outbreak investigations were conducted in seven districts 
of the West Java province: Bandung, Ciamis, Indramayu, Subang, Sukabumi, Purwakarta and 
Tasikmalaya (Figure 1). The study was preceded by a pilot study to explore the feasibility of collecting 
the samples from clinical outbreaks, processing and testing them properly and collecting the 
information. The selected districts were selected based on HPAI H5N1 history, poultry density, and 
presence of various types of poultry and poultry production systems. The investigations were 
conducted in collaboration with the Animal Health Agencies in the districts, who received a financial 
incentive for confirmed outbreaks. 
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Figure 1. The location of outbreaks and control farms 

Poultry farmers reported suspected outbreaks to the district veterinary officers, who 
subsequently visited the farm. They inspected the poultry for the presence of HPAI associated clinical 
signs, such as cyanosis and edema of the head, comb, or wattle, respiratory and neurological signs, 
and lethargy. In addition, the number of sick and dead birds was recorded. In the case that the district 
veterinary officer considered the farm HPAI suspect, samples were collected. Oropharyngeal 
samples and cloacal samples of five sick birds were pooled and stored separately in brain heart 
infusion broth containing antibiotics according to the L237/8 Official Journal of European Union EN 
31.8.2006 under chilled conditions. The samples were delivered by the veterinary officers to the local 
Animal Health Laboratory Cikole of West Java Province, or District Investigation Centre Subang of 
the Directorate General of Livestock and Animal Health Services, at maximum within 48 hours after 
they had been collected. 

2.3. Testing of the Samples 

The samples were tested in the Animal Health Laboratory Cikole and District Investigation Center 
Subang using real-time reverse transcriptase polymerase chain reaction (real-time RT-PCR) targeting 
the M gene detecting any Influenza A viruses from different hosts including avian, equine and other 
species. Samples with CT values less than 40 were considered positive for (HP)AIV and used for 
subtyping by using H5 specific RT-PCRs [24–26]. Samples with a CT value < 30 were subjected to Sanger 
Sequencing at the Eijman Institute for Molecular Biology as described previously [27]. 

2.4. Collection of Epidemiological Data 

The location of each poultry farm was recorded at the village level (Figure S2). Poultry type, 
poultry sector according to Food and Agriculture Organization (FAO) [23,28], open or closed housing, 
the purpose of raising poultry (commercial/non-commercial) and the number of birds were also 
recorded during the visit. Visitors to the poultry in the farms were also documented. Furthermore, the 
date of the first onset of disease according to the farmer, clinical signs presented by the birds and 
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morbidity and mortality were recorded. In addition, the vaccination status was recorded (Figure S2 and 
Table S1). 

Five additional outbreaks detected in the same period in the study region were included; two in 
sector 4 farms in Sukabumi obtained via the Animal Health Laboratory Cikole and three in farms in 
Bogor and Sukabumi obtained from ProLab Diagnostic Laboratory, a poultry industry laboratory, to 
also include sector 1 in the study. 

2.5. Description of Control Farms 

As control farms we selected farms (Table S1) in the study region (to ensure similar exposure to 
HPAI A(H5N1)) without a history of HPAI from the collected questionnaire (Figure S1) . Absence of a 
poultry farm database comprising farmers from all poultry sectors in West Java made random 
selection of control farms not possible. To ensure a representative sample of HPAI free farms in the 
study region local animal health officials with expertise of poultry production in the districts selected 
farms aiming for a representative sample of the major poultry producing farms in their region. In 
addition farms were selected from Sierad Produce to also include sector 1 farms from the study 
region, as they could not be selected by the local animal health officials [29]. From the selected farms 
we included a total of 60 farms without any history of HPAI A(H5N1) infection. 

2.6. Data Analysis 

Seven categorized factors: District, Poultry Type, Housing System, Sector, Farm Size, Purpose of 
raising the poultry and number of incoming contacts were included as dependent variables in the data 
analysis. To prevent imbalance due to small categories districts were grouped in three, namely 
Indramayu, Subang and Rest. Poultry Type was classified as backyard chickens, ducks and others 
(broiler breeders and commercial broilers, laying hens, native chickens, quails, and turkeys). Poultry 
Housing System was grouped as open or closed house; in an open house birds are confined, but the 
poultry house does not have a closed wall. The purpose of raising was household or commercial and 
farm size was categorized as less than 1000 birds per farm and 1000 or more birds per farm. The number 
of visitors were categorized as below or above 10 in the preceding 14 days. 

The dataset was compiled in a Microsoft Excel file and transferred to an open-source integrated R 
environment for statistical analysis and graphics, RStudio (version version 1.1.463, 
https://www.rstudio.com/). 

The association between potential risk factors and HPAI status was determined by logistic 
regression analysis using outbreak (yes/no) as dependent variable and the potential risk factors 
mentioned above as independent variables. Data were analysed using a logistic regression model. First, 
each independent variable was subject to univariate analyses and, subsequently, a full model was made 
including all independent variables, taking into account collinearity. Next, the variables with the 
highest p-value were removed from the model stepwise, until the model with the lowest value of 
Akaike’s information criterion (AIC) was obtained (final model). R package “Stats and MASS, was used 
for logistic regression and the odd ratio’s (OR’s) were calculated using MASS package and confirmed 
using mfx package. 

3. Results 

3.1. Outbreaks Description 

A total of 75 HPAI suspected outbreaks were reported by farmers during the period of this 
study. In 64 of these suspicions (85%) samples turned out positive in real-time M RT-PCR, indicating 
a high specificity of the reporting. With the additional five positive farms, as mentioned in the 
Materials and Methods, a total of 69 outbreak farms are displayed in Figure 1. From 39 of these 
samples a full genome sequence was obtained as decribed previously [27]. 

Most outbreaks were observed in Indramayu (30 farms) and Subang (27 farms). The rest of the 
outbreaks were located in Purwakarta (four farms), Sukabumi (four farms), Tasikmalaya (two farms), 
Bandung (one farm), Bogor (one farm). Descriptive results are presented in Figure 2. Backyard 
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chickens (35 farms) and ducks (19 farms) were the dominant poultry types on the outbreak farms. 
The other affected poultry types were breeders (two farms), commercial broilers (one farm), layers 
(two farms) and native chickens and quails (10 farms) as displayed in Table S1. 

 
Figure 2. Distribution of outbreak and control farms across districts, farm size, poultry type, sector, 
purpose, housing systemand incoming contacts. 

Most HPAI outbreaks were detected on small farms (59 farms housed less than 1000 birds) and 
most farms had an open poultry house and produced poultry for household purposes. From all total 
outbreaks, 47 farms were categorized as sector 4, while 19 farms were categorized as sector 3 and 
three farms belonged to sector 1. Twenty outbreak farms had more than 10 vistors to the farm in the 
preceding fortnight. 

The recorded mortality and morbidity are shown in Figure 3. The highest mortality was reported 
in backyard chickens (average 59%, CI95%: 49–69%), compared to ducks (average 32%, CI95%: 19–45%) 
and others (average 28%, CI95%: 16–40%). Observed morbidity was also highest in backyard chickens, 
with average morbidity of 44% (CI95%: 32–54%), whereas it was 28% in ducks (CI95%: 17–38%) and 23% 
in others (CI95%: 9–37%). Higher mortality than morbidity indicates that a proportion of the birds were 
found dead before the farmers noticed clinical signs. On four farms poultry had been vaccinated, two 
farms with broiler breeders, a duck and a quail farm. The observed mortality was 30% on each of the 
two broiler breeder farms, 50% on the duck and 26% on the quail farm. 



Microorganisms 2019, 7, 327 6 of 13 

 

 
Figure 3. The average mortality and morbidity per farm in the different poultry types and the 
morbidity associated clinical signs. 

The distribution of observed clinical signs over the poultry categories is shown in Figure 3. 
Dermal apoptosis and lesions (64%, CI95%: 52–76%) and respiratory signs (39%, CI95%: 27–51%) were 
overall observed most frequently. Neurological signs were most frequently observed in ducks (68%, 
CI95%: 47–90%). With respect to virus type, H5N1 clade 2.3.2.1c A was associated with more 
neurological signs than the other viruses, where as H5N1 clade 2.3.2.1c B showed more fever lethargy 
and depression. 

Also H5N1 clade 2.3.2.1c A was predominantly in Duck farms with proportion 60%, (CI95%: 14.6–
94.7%) while H5N1 clade 2.3.2.1c B (63%, CI95%: 40.6–81.2%) and reassorted H5N1 (67%, CI95%: 29.9–
92.5%) were mostly discovered in backyard chicken farms as displayed in Figure 4. Interestingly the 
observed clinical signs showed that the neurological signs were also predominantly in Ducks. 
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Figure 4. The number of H5N1 clade 2.3.2.1c A and B and reassorted H5N1 viruses in different poultry 
types (A) and the morbidity associated clinical signs in different subgroup H5N1 clade 2.3.2.1c A and 
B and reassorted H5N1 viruses (B) as mentioned in a parallel study [27]. 

3.2.  Description of Controls 

A total of 60 control farms were included in the study (Figure 1) Distribution of potential risk 
factors across the control farms is shown in Figure 2. The control farms included commercial broilers 
(36 farms), broiler breeders (seven farms), layers (seven farms), backyard chickens (four farms), ducks 
(one farm) and native chickens and quails (five farms). Most control farms housed more than 1000 
birds (55 farms) and kept poultry for commercial purposes (56 farms) and used an open house system 
(47 farms) as displayed in Table S1. 

3.3. Factors Associated with HPAI Outbreaks 

In univariate logistic regression all factors were significantly associated with the odds of an 
HPAI outbreak (Table 1). Multivariate analysis showed, however, that only Poultry Type , Farm Size 
and incoming contacts were significantly associated with HPAI outbreak. The analysis unveiled that 
ducks had 15.4 times higher odds of an HPAI outbreak (CI95%: 1.12–706) compared to backyard 
chickens, while other poultry types had a similar odd compared to backyard chickens. Furthermore, 
larger farms had a much lower odds to get infected than small farms (OR: 0.019, CI95%: 0.00095–0.128). 
Also, farms having at least 10 visitors per fortnight had 13.5 times higher odds (CI95%: 1.7–300) than 
those visited less frequently (Table 1). 
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Table 1. The odds ratio of Outbreak and Control farms with statistical significance univariate and 
multivariate analysis. 

Univariate Analysis 

Factors Categories 
Odds Ratio 

Estimate Std.Err p-Value 

District 
Indramayu Ref [1]   

Subang 0.54 0.16–1.65 0.28851 
Rest 0.054 0.017–0.15 1.46 × 10−7 *** 

Poultry type 
Backyard Chickens Ref [1]   

Ducks 2.71 0.295–44.103 0.502 
Others 0.031 0.008–0.0923 8.75 × 10−9 *** 

Farm size 
<1000 Ref [1]   

≥1000 0.015 0.0044–0.044 5.67 × 10−13 *** 

Housing system 
Closed house Ref [1]   

Open (shed) house 6.085 1.84–27.62 0.00689 ** 

Purpose 
Household Ref [1]   

Commercials 0.054 0.015–0.152 3.86 × 10−7 *** 

Sector 
Sector 4 Ref [1]   

Sector 3 0.038 0.0102–0.1082 2.58 × 10−8 *** 
Sector 1 0.019 0.003–0.086 1.93 × 10−6 *** 

Inbound contacts 
<10 Ref [1]   
≥10 25.106 4.95–458.76 0.002 ** 

Multivariate 
Analysis 

Poultry type 
Backyard Chickens Ref [1]   

Ducks 15.442 1.12–706 0.082084. 
Others 1.222 0.14–26.58 0.869206 

Farm size 
<1000 Ref [1]   
≥1000 0.0190 0.00095–0.12 0.000503 *** 

Incoming contacts 
<10 Ref [1]   
≥10 13.536 1.65–299.88 0.033523 * 

* p < 0.1; ** p < 0.05; *** p < 0.01. 

4. Discussion 

The aims of this study were to detect outbreaks of HPAI H5N1 in an endemically infected region, 
describe their characteristics and identify risk factors associated with these outbreaks. A total of 64 
outbreaks were detected, indicating that HPAI A(H5N1) is still endemically circulating in this part of 
Indonesia, mostly in back-yard chickens and ducks. New findings of the study are the association 
between incoming contacts and the odds of an HPAI A(H5N1) outbreak and a comprehensive 
description of the clinical manifestation of outbreaks in various poultry types of the currently 
circulating virus clade 2.3.2.1c. 

In this study, 75 suspected HPAI outbreaks were reported and 64 of these were confirmed 
(85.3%). This indicates a high specificity of field diagnosis by district animal health officers and 
community-based reporting. Participatory disease surveillance programs may have increased the 
ability of poultry farmers to recognize HPAI outbreaks. The higher specificity of clinical diagnosis in 
this study (85%) than previously observed (29%) [30] also underpins the capability of the district 
animal health officers to collect samples from clinically suspected animals and it indicates that the 
samples have been handled and stored correctly before testing. This shows the potential of an HPAI 
outbreak investigation in Indonesia. In that respect it is notable that the number of detected outbreaks 
in the study period in the seven districts was much higher than during the years before and after 
(http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/statusdetail). This may have 
been due to the use of incentives in this study. On the other hand, results of genetic analyses of the 
samples suggested many undetected outbreaks during the study period [27], indicating that the 
sensitivity of passive surveillance during the study period was still limited. Vaccination may have 
contributed to reduced sensitivity of passive surveillance, as it can lead to silent spread of the virus 
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[10]. Nevertheless, the four vaccinated outbreak farms had a clear clinical manifestation of the 
infection, which could have been due to a mismatch between vaccine and circulating virus or 
improper vaccination of the flocks. 

Overall morbidity and mortality were higher in backyard chickens than in ducks, which may be 
due to better adaptation of the virus to ducks [31–33]. Nevertheless, clinical signs of HPAI observed 
in the ducks were more prominent than previously reported [31,32]. Neurological signs in particular 
were observed frequently. Also, dermal apoptosis and lesions were observed frequently in ducks, 
but also in backyard chicken. The results suggest that clade 2.3.2.1c of HPAI A(H5N1) is more virulent 
to ducks than the previously circulating clade 2.1.3. Our observations are in line with those observed 
in ducks after experimental inoculation of this virus clade [34], but the background for the difference 
in clinical manifestations of the two different subgroup of A(H5N1) clade 2.3.2.1c (A and B) is not 
clear yet. Previous pathobiological study of A(H5N1) infections showed different clinical 
manifestation of Indonesian A(H5N1) viruses representing clades 2.1.1 and 2.1.3 in ducks and 
chickens [35]. The clinical manisfestation upon experimental infection with A(H5N1) viruses 
representing different groups in clade 2.3.2.1c has not been reported yet. 

Ducks have a higher risk of HPAI than other poultry types, which is in agreement with previous 
studies in Indonesia [36–38]. Free ranging ducks in the post-harvest paddy fields can easily encounter 
AI viruses from wild bird populations or other free ranging ducks. Also, contacts between duck flocks 
support the transmission of HPAI between duck farms in Indonesia [39]. 

Farm size was significantly associated with HPAI in this study. The lower risk of HPAI in larger 
farm size (≥1000 birds per farm) is in contrast with previous studies in Indonesia and a study in 
Thailand [18,40]. Most likely flock size acts as a confounder in this study for better management 
practices, better vaccination programs and better biosecurity in large farms than in small ones in West 
Java [17]. To our knowledge this is the first study showing that an increasing rate of persons visiting 
the farm is associated with an increased risk of HPAI infection. Consequently, advising farmers to 
minimize admittance of visitors to their poultry and ensure visitors follow biosecurity protocols are 
potential measures to reduce HPAI infection. Although Figure 1 shows a clustering of outbreaks 
across the districts, the factor district was deleted in the stepwise backward selection to get to the 
final statistical model, because it was not significantly associated with HPAI outbreak. This implies 
that the significant factors in the final model “poultry type, farms size and incoming contacts” were 
not evenly distributed across the districts and from that the model concludes that it is actually these 
factors that explain the difference between outbreak and control farms, and not the districts. 

This study has its limitations. Vaccination data of control farms were unavailable so the odds of 
vaccination as risk factor could not be quantified. The presence of four vaccinated farms among the 
outbreaks shows, however, that vaccination does not prevent all outbreaks. Participation of farms in 
the study depended on the willingness of poultry farmers and industry to cooperate, which may have 
introduced bias. Nevertheless, this study is unique, because it was based on enhanced passive 
surveillance and structured investigation of suspected outbreaks in a restricted area and time period, 
which has not been performed in Indonesia before.  

Results of this study indicate that the HPAI A(H5N1) virus is still endemically circulating in 
West Java. Also vaccinated flocks can be affected by HPAI, indicating poor match between circulating 
virus and vaccine, or too low vaccination coverage. Further change of the Indonesian poultry 
production system to bigger farms able to invest in proper biosecurity and cold chain slaughter 
systems might improve the HPAI situation on the long term [41–45]. Until then, to reduce virus 
circulation and lower the risk of human exposure increasing vaccination coverage combined with 
outbreak detection in backyard production systems is required, in addition to reducing the rate of 
visitors in contact with poultry as demonstrated by this study. 

5. Conclusions 

HPAI A(H5N1) was still endemically circulating in West Java 2015-2016, in particular in ducks 
and in backyard chickens. Despite the endemic circulation, morbidity and mortality observed in 
outbreaks are still high, and in ducks neurological signs frequently occur. The rate of persons visiting 
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a farm was associated with the odds of HPAI infection. Results indicate that better external 
biosecurity might reduce transmission of HPAI A(H5N1) in Indonesia. 

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1. 
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