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ABSTRACT Duck meat consumption in South Korea
has increased in recent years, but no standard about duck
farm-specific biosecurity and hygiene guidelines have yet
been established. We here investigated Salmonella
contamination levels in duck farms to evaluate bio-
security and hygiene practices. We collected 1,116 envi-
ronmental samples from 31 duck farms in Jeonnam
Province, South Korea. The Salmonella-positive farm
rate dramatically increased, from 22.6 to 71.0%, on
introduction of ducklings. As the ducklings aged 4–6 wk,
the positive rate slightly decreased to 64.5%. The Sal-
monella detection rate on each sampled surface, such as
the feed pan (34.4%), wall (33.9%), litter (32.3%), and
nipples (24.2%), was highest at 3 wk of age. The most
frequently detected Salmonella serovars were Salmonella
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London (22.2%), Salmonella Albany (21.6%), Salmo-
nella Bareilly (17.0%), and Salmonella Indiana (16.5%).
Implementation of cleaning and disinfection procedures,
rodent control, and metal house walls significantly low-
ered the prevalence of Salmonella (P , 0.001, P , 0.01,
and P , 0.05, respectively). A high proportion of Sal-
monella isolates exhibited antimicrobial resistance: 100
and 62.9% exhibited resistance to erythromycin and
nalidixic acid, respectively. Furthermore, amajority of S.
Albany and all Salmonella Enteritidis isolates were
multidrug resistant. These results indicate the level of
Salmonella contamination in duck farm environments in
Korea is high. Good biosecurity and hygiene practices are
the most effective measures for controlling Salmonella
contamination.
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INTRODUCTION

Global duck production has grown steadily from 3
million tons to almost 4.4 million tons between 2000
and 2017 (FAO, 2019). Korea is a country with the sev-
enth highest duck consumption rate in the world. Duck
consumption in Korea increased from 46,000 tons in
2004 to 71,000 tons in 2017 (FAO, 2019). Such an in-
crease in duck meat consumption suggests that salmo-
nellosis outbreaks in humans will occur. For example, a
survey conducted in the United Kingdom revealed that
Salmonella contamination of duck meat (29.0%) was
much higher than that of chicken (5.0%) or other poultry
meats (8.0%) (Little et al., 2008). The Health Protection
Agency in the United Kingdom reported 81 cases of
salmonellosis associated with duck. This emphasizes
that duck products are becoming more popular among
consumers and commonly associated with outbreaks of
salmonellosis in human (Noble et al., 2012). As per re-
ports from Korea, Salmonella is frequently isolated
from ducks and duck slaughterhouses (Bae et al., 2013;
Cha et al., 2013; Lee et al., 2016).

Ducks infected with Salmonella do not show any
apparent clinical symptoms but rather exist as asymp-
tomatic carriers (Yu et al., 2008). The only way to pre-
vent outbreaks of salmonellosis is through monitoring
and good hygiene practice (Sylejmani et al., 2016). How-
ever, Salmonella surveillance in duck farms in Korea is
not extensive, and no control guidelines specific to
duck farms have been implemented in Korea to date
(Kim et al., 2018).

Considering the aforementioned informentioned, in
the present study, we investigated the prevalence of Sal-
monella on duck farms in Korea and attempted to assess
the biosecurity factors that could affect Salmonella
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prevalence. In addition, we evaluated the antimicrobial
susceptibility of the isolated Salmonella strains to assess
the severity of antibiotic resistances in the duck farm
environment.
MATERIALS AND METHODS

Farm Selection

As per the livestock statistics for the last quarter of
2017 (Korea, 2018), there were 416 commercial duck
farms in Korea, with an average holding size of 10,000.
The Jeonnam Province alone accounts for 54.5% of total
duck production in Korea, with 245 duck farms located
in close proximity. For the present study, 31 broiler
duck farms from the Jeonnam Province were selected
as representative of most duck farms in South Korea.
The selected farms from Jeonnam Province are located
in the cities of Naju (9 farms), Jangheung (8 farms),
Yeongam (6 farms), Damyang (4 farms), Suncheon (3
farms), and Hampyeong (1 farm), with a farm holding
size of between 8,000 and 30,000.

Sample Collection

For the study, 1,116 samples were collected from 31
duck farms between December 2017 and April 2018, in
accordance with the National Poultry Improvement
Plan (USDA, 2012), with minor modifications. Briefly,
various environmental samples were collected using a
sterile surgical gauze moistened with buffered peptone
water (Difco) on farms when the ducks were absent (dur-
ing the prerearing period) and on farms housing 1- to 3-
wk-old and 4- to 6-wk-old ducks. Six random sites on the
wall and nipple, and nine random sites on the feed pan
were swabbed, covering an equivalent surface area of
the duck house. Three samples from the same site were
pooled into 1 test sample. The litter of 10 g that treated
with 1 litter test sample was collected from 15 random
sites, and 3 litter samples were collected. Fifteen random
site were also swabbed to collect 10 g for 1 dust test sam-
ple. Consequently, 3 feed pan, 2 wall, 2 nipple, 1 dust,
and 3 litter samples were individually collected for
each flock.
Salmonella Isolation and Serotype
Identification

Pre-enrichment broth (Difco) was added to all sam-
ples at a 1:10 sample-to-broth ratio, and the mixtures
were incubated at 37�C for 22 to 26 h. Then, 0.1 mL of
the pre-enriched sample was transferred to 10 mL of
Rappaport–Vassiliadis enrichment broth (Difco) and
again incubated at 42�C for 24 to 48 h. After incubation,
the Rappaport–Vassiliadis enriched samples were
streaked onto RAMBACH agar (Difco) and xylose lysine
tergitol 4 agar (Difco) by using a 3-mm inoculation loop
and incubated at 37�C for 22 to 26 h. Three suspected
Salmonella colonies were picked from each plate, and
their identities were confirmed by detecting the invA
gene by PCR (Rahn et al., 1992). Using the White–
Kauffmann–Le Minor scheme (Grimont and Weill,
2007), Salmonella colonies (1–3 per plate) were sero-
typed by using commercial Salmonella O and H antisera
(Difco). If several colonies isolated from the same sample
had an identical serotype and antimicrobial susceptibil-
ity pattern (see the following), only 1 of the colonies was
selected, at random, and included in subsequent
analysis.
Antimicrobial Susceptibility Testing

Antimicrobial susceptibility was determined by using
the disk diffusion method on Mueller–Hinton agar, as
detailed by the Clinical and Laboratory Standards Insti-
tute (CLSI, 2017). Eighteen antimicrobial agents were
tested, at the following concentrations: ampicillin
(10 mg), amoxicillin/clavulanic acid (20/10 mg), amika-
cin (30 mg), ceftazidime (30 mg), cefotaxime (30 mg),
cephalothin (30 mg), ciprofloxacin (5 mg), cefuroxime
(30 mg), cefazolin (30 mg), erythromycin (15 mg), cefe-
pime (30 mg), cefoxitin (30 mg), gentamicin (10 mg),
kanamycin (30 mg), nalidixic acid (30 mg), streptomycin
(10 mg), tetracycline (30 mg), and trimethoprim/sulfa-
methoxazole (1.25/23.75 mg). The antimicrobial suscep-
tibility test results were interpreted in accordance with
CLSI M02 and M07 criteria (CLSI, 2017). If a Salmo-
nella colony was resistant to at least 3 antibiotic classes,
it was defined as multidrug resistant.
Biosecurity Factor Analysis

Selected factors pertaining to biosecurity were catego-
rized and evaluated as independent “biosecurity factors.”
These factors included geographical location, cleaning
and disinfection (C&D), dog presence, flock size, the
type of duck house, rodent control, distance to other
farms, and history of avian influenza outbreaks (based
on personal interviews with the growers). The statistical
package SPSS 23 was used for biosecurity factor analysis
for each farm. Two-sample t test and ANOVA were used
to evaluate the associations between biosecurity factors
and Salmonella-positive farms in each production cycle.
Differences were considered significant atP, 0.05. If the
P-value is less than 0.05, it was determined to be an
important biosecurity factor related to the prevalence
of Salmonella.
RESULTS

Prevalence of Salmonella on Duck Farms

We tested various environmental samples (n 5 1,116)
collected on duck farms for the presence of Salmonella.
Before the introduction of new ducklings, the detection
rate of Salmonella was relatively low (7.5, 0.0, 3.2, 3.2,
and 1.6% in the litter, nipple, feed pan, wall, and dust
samples, respectively) (Figure 1A). After the introduc-
tion of ducklings, the Salmonella-positivity rate
increased up to 35.9% (Figure 1A). From 4 wk after



Figure 1. Salmonella isolation rate from various sampling sites at 3 time points. The fluctuation in the Salmonella isolation rate at each time point
and sampling site is shown as the Salmonella positivity rate (A) and the number of positive samples (B).
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the introduction of ducklings, the detection rate
decreased by approximately 11.4% (4.9–15.0%)
(Figure 1A). Similarly, the actual number of Salmo-
nella-positive samples was highest when the ducklings
were 1–3 wk of age, followed by when they were 4–6
wk of age.
Distribution of Salmonella Serotypes

In this study, 194 Salmonella isolates were classified
into 10 serovars of Salmonella enterica subspecies. The
relative serotype frequency is illustrated as a pie chart
in Figure 2. The two most frequently isolated serotypes
were Salmonella London (43 isolates; 22.2%) and Salmo-
nella Albany (42 isolates; 21.6%), followed by Salmo-
nella Bareilly (33 isolates; 17.0%), and Salmonella
Indiana (32 isolates; 16.5%). The detection rate of Sal-
monella Typhimurium and Salmonella Enteritidis, the
2 major zoonotic serotypes subject to stringent govern-
mental intervention, was considerably high (14.9 and
3.1%, respectively). Because all Salmonella serotypes
cause serious salmonellosis, a poultry farm with any Sal-
monella contamination could become a serious threat to
public health. In Table 1, we summarize the numbers of
Salmonella-positive farms identified in the present
study, with data presented as per rearing period and Sal-
monella serotype. Alarmingly, 12.9 and 25.8% of farms
rearing 1- to 3-wk-old ducklings were contaminated
with S. Enteritidis and S. Typhimurium (Table 1). Mi-
nor serotypes, such as Salmonella Daula, Salmonella
Figure 2. Salmonella serotype frequency (n 5 194). All Salmonella
isolates were assigned to 10 serovars. The proportion (%) of each serovar
is illustrated as a donut pie chart.
Fyris, Salmonella Nyborg, and Salmonella Sinstorf,
were identified on several farms.

Antimicrobial Susceptibility Analysis

Antimicrobial resistance of the isolates is summarized
in Figures 3 and 4. All isolates were resistant to erythro-
mycin (194 isolates; 100%). A large proportion of the
Salmonella isolates were resistant to nalidixic acid (122
isolates; 62.9%), followed by ampicillin (85 isolates;
43.8%), trimethoprim/sulfamethoxazole (77 isolates;
39.7%), tetracycline (74 isolates; 38.1%), cefazolin (39
isolates; 36.6%), streptomycin (39 isolates; 20.1%), and
ciprofloxacin (23 isolates; 11.9%).

The majority of S. Bareilly (24 isolates; 72.0%) and S.
Indiana (39.0%; 13 isolates) isolates were only resistant
to nalidixic acid and erythromycin. However, S. Albany
(42 isolates; 100.0%) isolates were resistant to at least 6
antimicrobials. S. Enteritidis (6 isolates; 100.0%) iso-
lates were resistant to at least 12 antibiotics, including
gentamicin and third-generation cephalosporins such
as ceftazidime and cefotaxime.

Analysis of Biosecurity Factors

We next analyzed the correlation between the bio-
security factors and the numbers of Salmonella-positive
farms in each production cycle. The serotypes and the
origin of samples were not included for the analysis.

Salmonella prevalence was significantly higher when
C&D were not conducted (P , 0.001) and when
nonmetal duck houses were used (P , 0.001), regardless
of the production cycle. Similarly, rodent control had a
significant impact on reducing Salmonella prevalence
(P , 0.001) in farms housing 1- to 3-wk-old and 4- to
6-wk-old ducks. On the other hand, the geographical re-
gion, flock size, dog presence, avian influenza history,
and distance to the nearest poultry farm did not signifi-
cantly affect Salmonella prevalence.
DISCUSSION

In this study, we evaluated the Salmonella contamina-
tion status of the duck farm environment and assessed
the effect of biosecurity factors on bacterial



Table 1. Prevalence of Salmonella serotypes in 31 commercial duck farms.

Serotype

Prerearing 1–3 wk of age 4–6 wk of age

No. of positive farm1

/Total farm (%)
No. of positive farm1

/Total farm (%)
No. of positive farm1

/Total farm (%)

Salmonella London 0/31 (0.0) 6/31 (19.4) 5/31 (16.1)
Salmonella Albany 1/31 (3.2) 4/31 (12.9) 5/31 (16.1)
Salmonella Bareilly 1/31 (3.2) 4/31 (12.9) 2/31 (6.5)
Salmonella Indiana 1/31 (3.2) 5/31 (16.1) 3/31 (9.7)
Salmonella Typhimurium 2/31 (6.5) 8/31 (25.8) 9/31 (29.0)
Salmonella Enteritidis 0/31 (0.0) 4/31 (12.9) 0/31 (0.0)
Salmonella Daula 2/31 (6.5) 0/31 (0.0) 1/31 (3.2)
Salmonella Fyris 0/31 (0.0) 2/31 (6.5) 0/31 (0.0)
Salmonella Nyborg 0/31 (0.0) 0/31 (0.0) 1/31 (3.2)
Salmonella Sinstorf 0/31 (0.0) 1/31 (3.2) 0/31 (0.0)

1A positive farm is a farm from which one or more Salmonella-positive samples were retrieved from the
litter, nipple, peed pan, wall, or dust.
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contamination, to explore critical impact points for the
managing contamination load.

Interestingly, Salmonella positivity was significantly
higher in the farm environment samples collected 1–
3 wk after introducting ducklings than those collected
at 3–6 wk in all sample types (Figure 1). This finding
is consistent with that of previous studies (Tsai and
Hsiang, 2005; Flament et al., 2012; Cha et al., 2013),
which demonstrated that the frequency of Salmonella
isolation from a cloacal swab or liver culture is highest
in 1- to 3-wk-old ducklings. The observed peak of Salmo-
nella positivity at 1–3 wk after duckling introduction is
likely from a high amount of Salmonella in excrement
by the ducklings because the ducklings’ adaptive im-
mune system is not yet fully mature. The lower level of
Salmonella positivity on farms housing 4- to 6-wk-old
ducks is likely because the immunologically mature
ducks excrete much less Salmonella than ducklings
(Tsai and Hsiang, 2005; Yu et al., 2008). Alternatively,
a routine change in husbandry procedures between the
Figure 3. Antibiotic resistance rate of Salmonella isolates. The antibioti
Abbreviations: A, ampicillin; Amc, amoxicillin/clavulanic acid; An, amikacin
Cxm, cefuroxime; Cz, cefazolin; E, erythromycin; Fep, cefepime; Fox, cefoxit
trimethoprim/sulfamethoxazole; T, tetracycline.
rearing periods could artificially lower the Salmonella
contamination load. Special litter treatments, primarily
with 3-wk-old ducks, is a typical duck farming practice
on South Korean duck farms. Special litter treatment,
such as mechanical replacement of caked litter, for
example, using a tractor rotavator, and top-dressing of
the old litter with a light layer of new litter, is reported
to occur more frequently as ducklings grow (Ritz et al.,
2005).
We identified 10 different Salmonella serotypes in the

present study. The most predominant serovar was S.
London (43 isolates; 22.2%). This finding is consistent
with that of a previous report that S. London is one of
the most prevalent serotypes in Korean duck slaughter-
houses (Bae et al., 2013). Other common isolates in this
study were S.Albany (42 isolates; 21.6%) and S. Bareilly
(33 isolates; 17.0%) (Figure 2). Although S. Albany and
S. Bareilly are rarely isolated on duck farms in other
countries, they are frequently observed in the chicken in-
dustry (Zaidi et al., 2006; Cleary et al., 2010; Im et al.,
c resistance rate (%) of Salmonella isolates is presented as a bar graph.
; Caz, ceftazidime; Cf, cephalothin; Cip, ciprofloxacin; Ctx, cefotaxime;
in; G, gentamicin; K, kanamycin; N, nalidixic acid; S, streptomycin; Sxt,



Figure 4. Antibiotic resistance profiles of Salmonella isolates. The antibiotic resistance profiles of Salmonella isolates are illustrated as a heat-map.
The color of each cell represents the % of isolates resistant to the indicated antibiotic, as shown in the color legend on the right. Multidrug resistance
(MDR*) was defined as resistance to at least 3 antibiotic classes. Abbreviations: A, ampicillin; Amc, amoxicillin/clavulanic acid; An, amikacin; Caz,
ceftazidime; Cf, cephalothin; Cip, ciprofloxacin; Ctx, cefotaxime; Cxm, cefuroxime; Cz, cefazolin; E, erythromycin; Fep, cefepime; Fox, cefoxitin; G,
gentamicin; K, kanamycin; N, nalidixic acid; S, streptomycin; Sxt, trimethoprim/sulfamethoxazole; T, tetracycline.
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2015). S. Indiana (32 isolates; 16.5%), S. Typhimurium
(29 isolates; 14.9%), and S. Enteritidis (6 isolates;
3.1%) were also isolated and are regularly reported
(Tsai and Hsiang, 2005; Pan et al., 2010; Flament
et al., 2012; Cha et al., 2013). Each of these serotypes
causes food poisoning, and therefore, contamination of
the duck environment could pose a high potential risk
for human food safety (Flament et al., 2012). Notably,
we observed a significant level of contamination with
S. Typhimurium and S. Enteritidis 1–3 wk after the
introduction of ducklings (Table 1), which is signifi-
cantly higher than the levels observed at duck farms in
developed countries, such as Belgium (1.1%), Estonia
(2.3%), and Norway (0.0%) (Flament et al., 2012;
ESFA and ECDC, 2017). The reason for the substan-
tially lower contamination in European countries could
be because duck farms in the European Union have
been under systemic surveillance, via the Salmonella
monitoring system, by the European Food Safety Au-
thority (ESFA and ECDC, 2017). Consequently, to
reduce the risk of salmonellosis outbreaks, the Korean
government should develop advanced biosecurity
(Martelli et al., 2017) and hygiene measures (Sylejmani
et al., 2016) and a surveillance system for Salmonella
on duck farms.
Identifying the primary source of Salmonella contam-

ination on farms is critical for designing an effective bio-
security plan. In this study, we analyzed the
antimicrobial resistance patterns and the point at which
most farms became Salmonella-positive to determine the
primary contamination source. The antimicrobial resis-
tance patterns on the surveyed farms were similar,
though each farm used a different antibiotic practice.
This result suggests that Salmonella likely originated
from a common source. Salmonella incidence of each
serotype on most farms was negative or very low (0–
6.5%) until ducklings were introduced (Table 1), There-
fore, a likely source is the introduction of ducklings and is
probably associated with the breeding farm or hatchery.
Breeding farms and hatcheries have been reported to be
sources of the spread of Salmonella to multiple farms
(Flament et al., 2012; Choi et al., 2014). However, the
present study was primarily aimed at screening for the
prevalence of Salmonella on Korean duck farms, it does
not provide direct evidence to support this notion. The
Salmonella contamination status of the duck breeder
hatchery should be investigated in future studies to
determine whether they are contamination sources.

Erythromycin is a commonly used antibiotic that has
been widely used for the treatment of Riemerella anati-
pestifer infections in the duck industry. Notably, all Sal-
monella serotypes isolated in the present study were
resistant to erythromycin, probably because of its
frequent usage on duck farms (Figure 3). The next high-
est resistance was to nalidixic acid (Figure 3), as re-
ported previously (Lee et al., 2016). Almost all S.
Albany isolates were multidrug resistant, that is, resis-
tant to at least 6 antibiotics, including trimethoprim/
sulfamethoxazole and tetracycline (Figure 4). S. Enteri-
tidis isolates were resistant to at least 12 antibiotics
(Figure 4), including third-generation cephalosporins
and gentamicin. This is a serious concern because
third-generation cephalosporins are critical antibiotics
for the treatment of salmonellosis. Multidrug resistant
S. Enteritidis isolates are reported infrequently
(Flament et al., 2012; Cha et al., 2013). Instead, Korean
duck slaughter houses are reported to have Salmonella
spp. that produce extended-spectrum b-lactamases
(Lee et al., 2016). These findings suggest that future out-
breaks of multidrug resistant and extended-spectrum b-
lactamase–producing Salmonella will likely occur in
South Korea.

We also investigated several biosecurity factors
related to the prevalence of Salmonella in the duck
farm environment. Compared with chickens, ducks
moisten the surrounding environment as part of preen-
ing behavior, and this damp environment favors the pro-
liferation of Salmonella (Murray, 1991). Therefore, C&D
is crucial for preventing the recirculation of Salmonella
on a duck farm during different production cycles



Table 2. Biosecurity factor analysis for Salmonella on duck farms.

Biosecurity factors No. of farms

Prerearing 1–3 wk of age 4–6 wk of age

No. Salmonella-positive farms (%)

Overall 31 7 (22.6) 22 (71.0) 20 (64.5)
Geographic region
Damyang 4 1 (25.0) 4 (100) 4 (100.0)
Suncheon 3 1 (33.3) 1 (33.3) 1 (33.3)
Yeongam 6 0 (0.0) 4 (66.6) 3 (50.0)
Jangheung 8 1 (12.5) 5 (62.5) 6 (75.0)
Naju 9 4 (44.4) 7 (77.8) 5 (55.5)
Hampyeong 1 0 (0.0) 1 (100.0) 1 (100.0)
P-value1 0.664 0.088 0.081

Flock size
Small (,15,000) 11 3 (27.3) 8 (72.7) 7 (63.6)
Medium (15,000–20,000) 9 1 (11.1) 4 (44.4) 4 (44.4)
Large (.20,000) 11 3 (27.3) 10 (90.9) 9 (81.8)
P-value1 0.645 0.076 0.237

Type of house
Iron 8 0 (0.0) 3 (37.5) 3 (37.5)
Noniron (fabric mesh) 23 7 (30.4) 19 (82.6) 17 (73.9)
P-value2 0.0113 0.0143 0.00053

Cleaning and disinfection
Not practiced 8 5 (62.5) 8 (100.0) 8 (100.0)
Either cleaning or disinfection 11 2 (18.2) 9 (81.8) 9 (81.8)
Both cleaning or disinfection 12 0 (0.0) 5 (41.7) 3 (25.0)
P-value1 0.00023 0.0093 ,0.00013

Dog presence
Yes 14 2 (14.3) 9 (64.3) 8 (57.1)
No 17 5 (29.4) 13 (76.5) 12 (70.6)
P-value2 0.321 0.474 0.453

Distance to the nearest poultry farm
,50 m 11 4 (36.4) 9 (81.8) 7 (63.6)
50–500 m 15 2 (13.3) 9 (60.0) 9 (60.0)
500 m– 3 km 5 1 (20.0) 4 (80.0) 4 (80.0)
P-value1 0.403 0.454 0.74

History of past avian influenza outbreak
Yes 7 2 (28.6) 4 (57.1) 5 (71.4)
No 24 5 (20.8) 18 (75.0) 15 (62.5)
P-value2 0.679 0.377 0.677

Rodent control
Yes 18 2 (11.1) 9 (50.5) 7 (38.9)
No 13 5 (38.5) 13 (100.0) 13 (100.0)
P-value2 0.076 0.0013 ,0.00013

1P-value based on two-sample t test.
2P-value based on ANOVA.
3Differences were considered significant at P , 0.05.
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(Shang et al., 2018). Our results confirmed that C&D
was the primary biosecurity factor affecting the preva-
lence of Salmonella on duck farms regardless of the pro-
duction cycle (Table 2). In this context, using metal-type
housing, which is easily cleaned and disinfected, also
contributed to lowering the Salmonella positivity of
farms (P , 0.001) (Table 2). In the case of metal-type
duck houses, cleaning with high-pressure water to
remove dirt and grime is easy, and the metal facilitates
drying, which prevents dilution of the disinfectant. In
addition, metal-type housing is similar to closed ventila-
tion housing on broiler farms. Prevalence of Salmonella
in closed-house broiler farms is significantly lower than
that in open-house broiler farms (Soliman et al., 2020).
Therefore, the prevalence of Salmonella is correlated
with housing type. Another important biosecurity factor
that affected Salmonella prevalence was rodent control
(Table 2). Rodents play an important role in transmit-
ting Salmonella within duck farms and between farms
because they are potent vectors of Salmonella (Hulaj
et al., 2016). Therefore, appropriate biosecurity
measures, such as C&D and rodent control, should be
considered to minimize the spread of Salmonella within
the duck industry.
One limitation of this study was that there was about

2–3 yr lag from sample collection (2017–2018) to report.
Despite the lag in data release, our report provides the
most updated information on Salmonella prevalence of
Korean duck farm, which has not actively reported since
the last report in 2014 (Kim et al., 2016). Such delay in
data publication is often observed in duck farm preva-
lence studies, as the characteristics of Salmonella iso-
lated from duck farms between 2016 and 2017 were
published in 2019 and 2020 (Yang et al., 2019; Mridha
et al., 2020). The inherent technical issues to investigate
duck farms, such as reluctance to release sensitive infor-
mation and scarcity of baseline information, appear to
hamper the update process. Our study could be a base-
line setting for future duck farm prevalence studies to
shorten the gap between sampling and data publication.
In conclusion, we reported a high level of Salmonella

contamination on duck farms, highlighting the need to
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establish an effective surveillance system of Salmonella
in the duck industry. The findings could help to develop
critical control points in biosecurity plans specific to
duck farms.
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