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Abstract

In the re-emergence of Highly Pathogenic Avian Influenza (HPAI), live bird markets have
been identified to play a critical role. In this repeated cross-sectional study, we combined
surveillance data collected monthly on Jakarta’s live bird markets over a five-year period,
with risk factors related to the structure and management of live bird markets, the trading
and slaughtering of birds at these markets, and environmental and demographic conditions
in the areas where the markets were located. Over the study period 36.7% (95% ClI: 35.1,
38.3) of samples (N = 1315) tested HPAI H5 virus positive. Using General Estimation Equa-
tion approaches to account for repeated observations over time, we explored the associa-
tion between HPAI H5 virus prevalence and potential risk factors. Markets where only live
birds and carcasses were sold, but no slaughtering was conducted at or at the vicinity of the
markets, had a significantly reduced chance of being positive for H5 virus (OR = 0.2, 95% CI
0.1-0.5). Also, markets, that used display tables for poultry carcasses made from wood,
had reduced odds of being H5 virus positive (OR = 0.7, 95% Cl 0.5-1.0), while having at
least one duck sample included in the pool of samples collected at the market increased the
chance of being H5 virus positive (OR =5.7, 95% CI 3.6-9.2). Markets where parent stock
was traded, were more at risk of being H5 virus positive compared to markets where broilers
were traded. Finally, the human population density in the district, the average distance
between markets and origins of poultry sold at markets and the total rainfall per month were
all positively associated with higher H5 virus prevalence. In summary, our results highlight
that a combination of factors related to trading and marketing processes and environmental
pressures need to be considered to reduce H5 virus infection risk for customers at urban live
bird markets. In particular, the relocation of slaughter areas to well-managed separate loca-
tions should be considered.
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Introduction

Since the first wave of highly pathogenic H5N1 (HPAI H5N1) occurred in 2003/04 in South
East Asia, the virus has managed to maintain itself in several countries, resulting in an endemic
state and regular disease outbreaks. Especially in the early years of the incursion of HPAI
H5N1, many human cases were reported, arousing fears of an emerging human pandemic. By
far, Indonesia reported the highest number of human cases in the region. Interestingly, many
human cases were not reported from areas of high poultry density, but rather from urban
areas in which hardly any poultry is produced. Investigations revealed that most human cases
of not only HPAI H5N1, but also of the more recently discovered strains H7N9 and H10NS,
have been linked to visits of live bird markets (LBM) [1-5]. LBMs provide live poultry that is
frequently slaughtered at the markets and sold to the public or small restaurants. About 70-
80% of poultry meat in Indonesia is distributed through such traditional LBMs with slaughter
facilities [6]. Results from initial surveillance activities implemented in Indonesia revealed a
much higher prevalence of HPAI H5N1 at these LBM compared to poultry producing areas,
indicating that HPAI virus must spread extensively during the trading process. However, there
are important differences in the value chain of backyard poultry (e.g. Kampung or indigenous
chickens) and commercial poultry (e.g. broilers and layers) sold in urban LBMs in Indonesia
(Figs 1 and 2).

Backyard poultry is usually purchased by ‘middlemen’ or small-volume poultry traders who
visit several villages on motorbikes to trade with farmers or they purchase birds from small vil-
lage markets. They then sell these birds at LBMs in rural areas, from where birds are trans-
ported to smaller poultry wholesale markets. There, birds are re-assorted and mixed according
to size, before being transported to larger wholesale poultry markets and further distributed to
LBMs in urban centres (Fig 1). Thus, the time a backyard chicken might spend in transport
can exceed 30 hours (Food and Agriculture Organisation, unpublished data). For broilers, the
trading chain is less complex and shorter (Fig 2). Most broilers are purchased by so-called bro-
kers and subsequently transported by trucks to urban poultry wholesale markets for re-assort-
ment and subsequent sale at urban LBMs. A smaller proportion of owners of broiler flocks sell
their birds directly to LBMs; these are mainly flock owners with flock sizes of less than 5,000
birds. It has been estimated that 70% of the total broiler meat in Indonesia is produced through
contract farms, 20% by independent farms and 10% by large integrated farms [7].

Therefore, the high HPAI virus prevalence observed at LBM is probably related to the dura-
tion poultry remains in the trading chain before being sold at LBM and is influenced by the
number and frequency of contacts of susceptible birds with infected poultry or with HPAI
virus contaminated surfaces. Since it is difficult to acquire data explaining these associations,
conclusion on the impact of trading on HPAI virus spread are mainly based on infectious dis-
ease modelling [8, 9] supported by empirical evidence describing varying HPAI prevalence on
farms, at wholesale and at retail markets [10, 11]. The connectivity of LBMs has been described
as a factor impacting on LBM H5 virus prevalence [5], probably representing the movements
of poultry traders between LBMs. Particularly in areas with high LBM density, movements are
likely to be shorter and consequently the HPAI virus might possess a greater chance of staying
viable during these movements. Additionally, virus survival in the market environment, such
as in poultry cages, drinking water and water puddles has to be considered [10]. Also since
birds frequently stay overnight at markets, these birds might become a “reservoir” for HPAI
virus spread [9, 10, 12, 13]. Research studies on LBMs in Indonesia have identified slaughter-
ing of poultry at the LBM as an factor that increased the risk of a LBM being tested positive for
HPAI H5N1 [13]. Factors that reduced the risk of HPAI H5N1 at LBMs included clear zoning
with separation of sale and slaughter and daily waste disposal [13, 14]. Studies in China
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Fig 1. Value chain for backyard poultry traded from producers to live bird markets in Indonesia.
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supported that effective waste disposal and regular disinfection helped to reduce the risk of
HPAI infection [15, 16].

However, most of these studies focussed only on one group of risk factors, either market
characteristics or environmental and infrastructural conditions that might be associated with
HPAI virus prevalence while using cross-sectional diagnostic data collected only at a single
time point.

In our study, we combined regular surveillance results collected repeatedly from LBMs in
the Greater Jakarta region, Indonesia, over a period of five years with information on market
characteristics, trading parameters, market density, environmental conditions and sampling
characteristics to provide holistic insights into the HPAI H5 infection dynamics at LBMs.

Materials and methods

Environmental LBM surveillance, sample collection and HPAI H5 virus
testing

The data collection was conducted in the 13 districts of the Greater Jakarta region, which
included the following: Bekasi, Bogor, Jakarta Barat, Jakarta Pusat, Jakarta Selatan, Jakarta
Timur, Jakarta Utara, Kota Bekasi, Koa Bogor, Kota Depok, Kota Tangerang, Tangerang and
Tangerang Selatan. The Government of Indonesia, in collaboration with the Food and Agri-
culture Organisation (FAO), has been conducting environmental LBM surveillance since
2009. It involves the collection of environmental samples from individual vendors. A vendor
represents a single retailer who sells live birds or poultry carcasses to customers and who may
or may not slaughter birds on site. The number of vendors in a market can vary greatly,
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Fig 2. Value chain for commercial broilers traded from producers to live bird markets in Indonesia.
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between one and more than 50 (Food and Agriculture Organisation, unpublished data). Ini-
tially, surveillance of LBMs in Jakarta included all of the 260 identified LBMs, but to reduce
the costs associated with these activities, surveillance was reduced to 86 LBMs in 2012. A risk-
based approach was used to select LBMs that should undergo further surveillance: LBMs were
ranked according to their completeness of surveillance data and frequency of HPAI H5 posi-
tive results, and by ensuring that a good geographic coverage of all districts in the Greater
Jakarta region is maintained (with the number of markets under surveillance in each district
being proportional to the total number of live bird markets being present in the respective
district).

LBM'’s were visited approximately monthly by a government official and a pooled environ-
mental sample was collected from six vendors, with one environmental swab obtained per ven-
dor. Monthly collection of pooled samples commenced in March 2009, but in May 2012,
sample collection was changed from a monthly to a quarterly protocol, and returned to
monthly sampling in February 2013.

The sample sites for the pooled samples were selected based on research by Indriani et al.
2010, who tested a multitude of environmental sampling sites at markets and found six loca-
tions to be the most sensitive for the detection of H5N1 [13]. The environmental sampling
conducted with swabs included the following locations: 1) the cutting board, 2) the de-feather-
ing drum, 3) the waste bins, 4) the cutting knife, 5) the cleaning cloth and 6) the display sur-
face. Government officials collecting the samples were instructed to change the vendors they
select for sampling every month, without applying a specific pattern. If no slaughtering was
conducted at the LBM, swabs were collected from the display areas of poultry carcasses,
including processing and cutting boards, as well as knives used to process carcasses. Pooling of
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the six swabs in one tube containing virus transport medium was conducted at the LBM.
Pooled samples were kept in ice boxes and transported to the DKI Jakarta Animal Health Lab-
oratory (BKHI laboratory) on the same day. Samples were stored at -20° C for a maximum
period of 60 days.

RNA extraction was carried out using QiampR Viral RNA Mini Kit (Qiagen inc.). The RNA
template was used for Influenza A virus detection (M gene) with the Influenza Virus Type A &
Avian Influenza Virus TagMan PCR assay [17]. A H5 subtype PCR was conducted if a sample
tested M-gene positive. Until 2014, H5 testing was conducted using a conventional PCR and
was later changed to Real Time PCR. All testing protocols followed the procedures recom-
mended by the Australian Animal Health Reference Laboratory (AAHL) [17].

Risk factor data collection

Risk factor information on LBM trading, poultry processing and selling practices was collected
through questionnaire surveys conducted between 2008 and 2014 on LBMs in the Greater
Jakarta region. Questionnaires used in the surveys were pilot-tested with at least five interview-
ees and modified if required. The government officials conducting the surveys were trained in
interviewing techniques for each survey during one to two-days workshops. The following sur-
veys were conducted:

1. A survey of poultry markets (wholesale and retail) was carried out in 2008 to describe the
trading volume and practices (Food and Agriculture Organisation, unpublished data). The
geographical locations of these poultry markets were used to calculate their density (num-
ber of markets/square km) for each of the districts in the Greater Jakarta region. The infor-
mation was also used to calculate the average distance between the centroid of districts
supplying the poultry and the district centroid of the market (representing the average dis-
tance for transportation of poultry to the LBM).

2. A survey of all the 86 LBM’s under surveillance was carried out in March 2013 by govern-
ment officials, as part of the routine monthly surveillance activities. The survey was
designed by FAO Indonesia and explored general trading information, data on volumes
and species of poultry traded and data on slaughtering facilities (Food and Agriculture
Organisation, unpublished data).

3. A follow-up survey was conducted in February 2014 by local government officers during
the monthly surveillance activities. Data were collected on the market layouts, positioning
of live bird holdings, slaughtering facilities and slaughtering and cleaning practices, as well
as implementation of control and biosecurity practices. Subsequently, the physical structure
of LBMs was categorized. Since LBMs differ significantly with regard to their layout of
slaughtering and live bird storage facilities, the eight most common designs were captured
in reference sketches in a participatory approach with government officials involved in the
surveillance activities. Markets were then categorized as per the layout sketch that most
resembled their structure.

A total of 22 risk factors potentially influencing HPAI H5 virus prevalence were compiled
from the survey data. This included data on market characteristics (district of market location,
market layout, most dominant poultry species traded and trading volume), data on the poultry
management at the markets (material of poultry cages, methods used for stacking of poultry
cages, material of display tables, type of surface area used for slaughter and if birds were staying
overnight on the market), density of poultry retail and wholesale markets and average distance
between market and location from where poultry was supplied to the market (kilometre). In
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addition, total monthly rainfall (mm) data for each month in the study period for Jakarta was
sourced from “Weather Underground” (https://www.wunderground.com). Furthermore, data
on the specific characteristics of each pooled sample were recorded: if samples were obtained
from broilers only, if at least one sample of the pool was obtained from a Kampung chicken, if
at least one sample of the pool was obtained from a duck, if samples were obtained from the
slaughter or from the display area only. Thus a total of 29 risk factors were compiled.

Statistical analysis

If a LBM pool tested H5 virus positive, the market was considered as H5 positive for this sam-
pling occasion. LBM H5 virus prevalence was calculated by the dividing the number of positive
market pools obtained per month by the total number of markets sampled in that month. Fur-
thermore, the LBM H5 virus prevalence for the whole observation period was calculated.
Binominal exact Clopper-Pearson confidence intervals were calculated for all prevalence val-
ues [18].

Since the same LBM’s were sampled multiple times over the study period, Generalized Esti-
mating Equations (GEE) were used to account for this within-subject correlation. GEE models
are a suitable solution for longitudinal panel data where multiple results are recorded for one
subject and are therefore likely to be correlated, like the HPAT H5 virus status of sampled
LBM:s over time. The correlation matrix in GEE models represents the within-subject depen-
dencies and parameter estimation is conducted using an iterative quasi-likelihood estimation.
We used an exchangeable correlation structure in our model as it produced the best fit,
although GEE models are very robust to correlation misspecification [19]. A weighted GEE
was implemented, where the ‘N of observations/N of time periods for each market’ was the
probability weight in the analysis [20, 21]. A binominal distribution with a logit link function
was used to model the H5 virus status of LBMs. Standard errors were estimated using ‘robust’
Huber/white/sandwich estimators of variance. Continuous predictor variables were standard-
ized by subtracting the mean from each value and then dividing it by the standard deviation,
resulting in a mean of zero and a standard deviation of one for the standardized variables.

We started the analysis with a univariate analysis. Variables with p<0.1 in the univariate
analysis were considered for the multivariable analysis. We also evaluated correlations between
variables using the Pearson correlation coefficient for continuous variables and tetrachoric
and polychoric correlations for dichotomous and categorical variables. If two predictors were
highly correlated (>0.7), only one of the variables was used in the multivariable model. We
used a backward selection processes to develop the final model with predictors significant at
p<0.05. Generalised joint Wald tests were used to test the significance of each fitted categorical
variable with more than two levels. All reported p-values are two sided. Stata 14.0 (Stata Statis-
tical Software, Stata Corporation, College Station, TX, USA) was used for the statistical analy-
ses. Categorized period prevalence values were plotted for each market location using ArcGIS
10.4 (Esri Inc).

Results
Live bird market HPAI H5 virus prevalence

A total of 4,213 pooled LBM samples were collected from 86 LBMs between March 2009 and
July 2014. Although all the 86 LBMs should have been sampled every month, in practice not all
were sampled monthly. Over the study period of 65 months, a single LBM was sampled on
average 51 times ranging from 17 to 59 times. Complete risk factor information and diagnostic
data was available for 79 LBMs, representing 3,579 pooled LBM samples, which were used for
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the analysis. LBMs were trading on average 4,739 birds per day ranging from 65 to 102,900.
The average number of vendors per market was 17, ranging from 1 to 64.

Over the whole study period 36.7% (95% CI: 35.1, 38.3) (N = 1,315) LBM samples tested
HPAI H5 virus positive. The number of LBMs tested and the monthly HPAI H5 virus preva-
lence (including 95% confidence intervals) are displayed in Fig 3. A strong seasonal pattern
was observed with a higher proportion of LBMs testing H5 virus positive in the 2™ half of the
year, peaking between October-February in 2009, 2010, 2011 and also in 2013. The seasonal
peak of the October-February period in 2011 was lower than in the previous years (by only
about 20%). As LBM sampling was infrequently conducted in the 24 part of 2012, clear sea-
sonal patterns could not be observed. During the high risk period of 2013, LBM H5 virus prev-
alence again reached the 2009 values of about 50%.

There was a considerable variation between districts (S1 Table) with Jakarta Timur LBMs
having the largest number of positive samples per district over the study period (78.6%,

N = 191) and Bogor LBMs having the lowest (6.3%, N = 22). Fig 4 shows the categorized H5
virus period prevalence (2009-2014) by LBM location over the whole study period.

Risk factors for live bird market HPAI H5 virus positivity

The proportion of HPAI H5 virus positive and negative samples, the odds ratios for being H5
virus positive (including 95% confidence intervals) and the p-values for all risk factors evalu-
ated are displayed in S1 Table. Twenty-one variables were statistically significant at p<0.1 in
the univariate analysis and were considered for the multivariable model.

After exploring bivariate correlations between potential risk factors, we excluded one of the
two risk factors with a correlation of larger than 0.7. These included Samples from slaughter
area only (correlated with Slaughter at the market) and Market location (correlated with Den-
sity of poultry retail markets in the district and Average distance between market and origin of
poultry sold at market) and Human population density) and Density of poultry wholesale mar-
kets in the district (correlated with Human population density).

The final multivariable model included risk factors related to the market characteristics, the
poultry management on the market, the sampling conducted at the market and some environ-
mental factors (Table 1).
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Markets where only carcasses were sold, but no slaughtering was conducted at or near these
markets (market layout: SALE 2 only), had a significantly reduced chance of being positive for
HS5 virus (OR = 0.2 (95% CI 0.1-0.5), p = 0.002). Also, markets where live bird sales were con-
ducted outside the LBM, and slaughter and carcass sales were conducted in separated areas
inside the LBM (market layout: F) had marginally lower odds of being infected with HPAI H5
virus (OR = 0.4 (95% CI 0.2-1.1), p = 0.071). Interestingly, markets where parent stock was
traded or slaughtered (6.3%, N = 5), were more at risk of being H5 virus positive compared to
markets where broilers were traded (OR = 5.7 (95% CI 3.6-9.2), p<0.001). Markets, that used
display tables for poultry carcasses made from wood, had reduced odds of being H5 virus posi-
tive (OR = 0.7 (95% CI 0.5-1.0), p = 0.047), while having at least one duck sample included in
the pool of samples collected at a market increased the chance of the sample being H5 virus
positive (OR = 5.7 (95%CI 3.6-9.2), p<0.001). Finally, the human population density in the
district, the average distance between market and the origin of the poultry sold at market and
total rainfall per month were all positively associated with higher H5 virus prevalence.

Discussion

Our study aimed to identify risk factors for HPAI H5 virus prevalence, by evaluating long-
term surveillance data collected at urban live bird markets in Indonesia. Our results highlight
the role of the poultry trading chain and its impact on the infections status of markets.

There is a strong relationship between human population density and the risk of markets
being virus positive, also highlighted by the fact that district Jakarta Timur, with the highest
population density in the Greater Jakarta region, had also the highest H5 virus prevalence over
the study period. Human population density has been previously described as a risk factor
when identifying HPAI in backyard village chickens through participatory disease surveillance
in Indonesia [22], but detailed trade information such as wholesale market density was not
available in the particular study. Another study found that when comparing correlated road
density and human density with regard to their risk, road density provided the better
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Table 1. Final multivariable model results for risk factors associated with HPAI H5 virus prevalence at live bird markets in the Greater Jakarta Region, Indonesia,

between March 2009 and July 2014.

Risk factor Level N Observations (percent) Univariate analysis Multivariable analysis
H5 negative | H5 positive OR P-value | Wald test OR P-value | Wald
P-value test
P-value
MARKET CHARACTERISTICS
Market layout* 934 (64.3%) | 518 (35.7%) 1 <0.001 1 <0.001
B 537 (58.3%) | 384 (35.7%) | 1.3 (0.8, 0322 1107, 0.786
2.3) 1.6)
o 169 (56.1%) | 132 (43.9%) |  1.3(0.8,| 0.268 15(1.0, | 0.060
2.0) 2.2)
D 33(34.4%) | 63 (65.6%) 3.3(2.3, | <0.001 1.4 (0.8, 0.229
4.9) 2.3)
E 58 (57.4%) | 43 (42.6%) 1.3 (0.7, 0.358 1.1 (0.5, 0.829
2.4) 2.2)
F 120 (79.5%) | 31(205%) | 03(0.1,| 003 04(02,| 0071
0.9) L.1)
SALE only 1 159 (56.0%) | 125 (44.0%) 1.4 (0.7, 0.377 1.3 (0.7, 0.417
2.8) 2.1)
SALE only 2 254 (93.0%) 19 (7.0%) 0.1 (0.0, | <0.001 0.2 (0.1, 0.002
0.3) 0.5)
Most dominant poultry species on the market Broilers 1,592 (66.4%) | 807 (33.6%) 1 <0.001 1 <0.001
Layers 92 (66.2%) | 47 (33.8%) | 1.0(0.7,| 0.849 0.7(0.5,| 0.054
1.5) 1.0)
Kampung 435 (56.3%) | 337 (43.7%) 1.5 (0.8, 0.243 1.3 (0.8, 0.355
Chickens 2.9) 2.2)
Ducks 120 (54.5%) | 100 (45.5%) 1.6 (0.8, 0.149 0.9 (0.5, 0.868
3.0) 1.9)
Parent stock 25(51.0%) | 24 (49.0%) | 2.0 (1.5, | <0.001 5.7 (3.6, | <0.001
2.7) 9.2)
POULTRY MANAGEMENT ON MARKET
Display tables made from wood No 1,032 (58.3%) | 739 (41.7%) 1
Yes 1,232 (68.1%) | 576 (31.9%) 0.6 (9.3, 0.018 0.7 (0.5, 0.047
0.9) 1.0)
SAMPLING CHARACTERISTICS
Samples obtained from at least one duck No 2,083 (65.8%) 1,083 1
(34.2%)
Yes 181 (43.8%) | 232 (56.2%) 1.5(1.1, 0.019 1.6 (1.1, 0.009
2.1) 2.3)
Mean (SD) | Mean (SD)
H5 negative | H5 positive
ENVIRONMENTAL FACTORS
Human population density in the district 9,018.3 (5,023.0) 11,958.9 2.2 (1.8, <0.001 1.6 (1.3, <0.001
(N people/square kilometre) (4,379.6) 2.7)% 1.9)%
Average distance between market and origin of poultry sold at the 16.8 (35.7) 35.9 (47.8) 1.6 (1.2, <0.001 1.3(1.1, 0.011
market (kilometre) 2.0)? 1.6)*
Total rainfall per month (mm) 94.2 (87.1) 113.3 (94.4) 1.2(1.2, <0.001 1.3(1.2, <0.001
1.3)% 1.4)%

! Live Bird Market layouts: A = Slaughter, sale of live birds and carcass sales in same area, B = Slaughter and live bird sales conducted outside and carcass sales inside,

C = Slaughter, sale of live birds and carcass sales in same areas, but separated by individual partitions, D = Slaughter and live bird sales in same areas inside, and

separated from carcass sales by screens, E = Slaughter, live bird and carcass sales inside in separate areas, but no protective screens, F = Live birds sale outside and

slaughter and carcass sales inside and in separate areas, Sale 1 only = No slaughtering at the market, but slaughter facility in vicinity of the market, Sale 2 only = No

slaughtering at the market, and slaughter facility far away from the market

? Odds ratios and confidence intervals are displayed for standardized values

https://doi.org/10.1371/journal.pone.0216984.t001
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indicator, leading to the conclusion that the risk is more likely to be attributable to trading
activities [23].

In our study, we identified a strong correlation between human density and wholesale mar-
ket density and therefore only included human population density in our multivariable model.
However, the density of wholesale markets is likely to be an indicator for density of settlements
and people living in an area as well as an indicator for connectivity between traders. The closer
the wholesale markets are to each other, the shorter the transport time for poultry being traded
between markets. It is also likely that the same traders will visit multiple wholesale markets to
sell birds. Due to the large number of birds being traded at wholesale markets, each market
will ‘provide’ a substantial source of new susceptible birds that can be infected by HPAI H5
virus. This association was recently highlighted by Gilbert et al. 2014, who found that market
density was the most important predictor for market H7N9 prevalence [2]. Interestingly, we
did not find a significant association between retail market density and the market infection
status. Retail markets mainly provide live poultry or carcasses to customers and trading of
poultry between traders at these markets is less common.

We also identified that the distance between the area where poultry originated and the
LBM increased the chance of a LBM being infected. This observation supports the importance
of disease spread during trading, heightened through many players being involved in the
trade, as is the case with backyard chickens. The longer the distances and the more frequent
the re-assortment of poultry, the more time the virus has to find new susceptible hosts.

Higher monthly rainfall also contributed to an increased chance of markets testing H5
virus positive. In wet conditions, the virus can survive for several days and this has been previ-
ously demonstrated to be of importance for virus persistence in LBMs [24]. This supports the
observation of a higher H5 virus prevalence in the rainy season, which lasts between October
and April. Often markets are only partly covered by solid roofs and their floors are not always
made of solid material such as concrete. In rainy conditions, the market floors are likely to be
wet and possibly muddy, increasing the virus survival rate, and enhancing the effect of virus
accumulation in the market.

Opverall, market layouts that did not have slaughtering conducted in the direct vicinity of
the market had lower odds of being H5 virus positive (SALE 2 type of markets). During the
slaughter process, body fluids are released and contaminate surface areas, floors and equip-
ment providing a source for cross-contamination of H5 virus. Confining the slaughter to a sep-
arate location at the LBM, or even better far away from the LBM, where neither live poultry or
displayed carcasses are present, is likely to reduce the risk of H5 spread and the infection risk
for consumers.

Interestingly, there was a lower chance of samples being positive when display areas were
made of wood. Although a previous study identified wooden tables as a risk factor for H5 virus
market positivity [13], it did not distinguish between slaughter and display tables. Slaughtered
poultry carcasses are usually displayed either on the floor or on tables made from wood,
ceramic or stainless steel. The latter two provide smoother surfaces, that are probably easier to
clean (an also had lower risk for H5 virus positivity in our study, but not significant at p<0.1).
However, recent research has highlighted that the porosity of wood actually has a microbiolog-
ical advantage [25]. Wood pores generate surface cavities that can trap bacteria in a state unfa-
vourable for their survival, so bacterial growth is extremely limited. Moreover, the natural
biofilms which form on wooden surfaces have been proven to be safe and able to inhibit patho-
genic bacteria growth, although the underlying biological mechanisms need to be further
explored [26].

Finally, our results demonstrated that if pooled samples collected contained at least one
duck sample, then the chance of a market being H5 virus positive was also increased. The role

PLOS ONE | https://doi.org/10.1371/journal.pone.0216984 May 24,2019 10/14


https://doi.org/10.1371/journal.pone.0216984

@ PLOS|ONE

Long term evaluation of risk factors on urban live bird markets in Jakarta Indonesia for H5 avian influenza

of ducks with unapparent clinical signs of HPAI infection in the maintenance of HPAI H5
virus infection has being highlighted previously [27, 28] and a transmission of H5 virus from
infected ducks to chickens or other poultry kept at LBM is likely. Although duck samples rep-
resented only 11.6% (N = 413) of the total number of samples collected in this study, a signifi-
cant proportion of duck samples was positive. Interestingly, markets where parent stock was
the most dominant poultry species (only 1.4% of markets), also has a higher chance of being
HS5 virus positive, probably because these older birds had a higher chance of becoming infected
throughout their lifetime.

Our study used long term surveillance data in combination with data collected during
cross-sectional studies. This implies that some risk factor variables were not regularly evalu-
ated. It is possible that some biosecurity practices might have varied throughout the study
period, but most risk factors we evaluated would have stayed the same (market layout, most
dominant livestock species traded, materials of display tables etc.). However, other risk factors
such as rainfall and type of samples were actually measured repeatedly throughout the study
period (and proved to have a significant association with LBM H5 virus prevalence). We did
not have suitable data available on the dedicated cleaning and disinfection programmes con-
ducted at these markets. Cleaning and disinfection may reduce the virus survival in the market
somewhat, but is unlikely to counter the effect of constant virus influx. Similar observations
were made on LBMs in Bangladesh and New York respectively [14, 29]. Indiriani et al (2010)
observed that frequent solid waste removal had a protective effect on H5 market status, but did
not find other evidence of the impact of cleaning and disinfection [13]. All LBMs in our study
operated seven days a week, so the impact of closing days could not be evaluated. This has
been found to reduce the risk of market infection in other studies [11].

While our study design was not that of a conventional case-control study, it showed that
surveillance conducted over a long time period can provide valuable insights into the risks
associated with HPAI H5 infection at LBMs. Furthermore, our analysis included 79 out of the
total of 260 LBMs in the Greater Jakarta area, which is approximately a third of all LBMs. This
large geographical coverage strengthens the value of our findings, especially considering that
markets had been tested on an average 51 times during the study period.

Opverall, our diagnostic results mirror findings from other studies on LBMs in Asia and all
significant risk factors identified are epidemiologically plausible. We therefore believe that our
results can be extrapolated to countries with similar poultry trading systems.

In summary, our results indicate the reason that LBMs posing a high risk of H5 infection is
a combination of virus accumulation at the markets, spread of virus during the trading process
and environmental pressures. For effective risk reduction of H5 virus infection at urban
LBM:s, all three aspects need to be considered. Possible ameliorative measures could include
the regulation of poultry trading processes, the relocation of slaughter areas at LMMs to well-
managed separate locations and the relocation of wholesale poultry markets outside urban
areas.
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