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Abstract

Background: The alarming rise in multi-drug resistant (MDR) zoonotic pathogens, including Campylobacter spp.,

has been threatening the health sector globally. In Bangladesh, despite rapid growth in poultry sector little is known
about the potential risks of zoonotic pathogens in homestead duck flocks. The aim of this study was to understand
the occurrence, species diversity, and multi-drug resistance in Campylobacter spp., and identify the associated risk fac-
tors in duck farms in Bangladesh.

Methods: The study involved 20 duck farms at 6 sub-districts of Mymensingh, Bangladesh. Monthly occurrence of
Campylobacter spp. in potential sources at the farms during February-September, 2018, was detected by culture and
PCR-based methods. Campylobacter isolates were examined for resistance to different antimicrobials. Risk factors, con-
cerning climatic and environmental disposition, farm management, and anthropogenic practices, of Campylobacter
infection were estimated by participatory epidemiological tools.

Results: Occurrence of Campylobacter spp. was detected in overall 36.90% (155/420) samples, more frequently in
drinking water (60%, 30/50), followed by cloacal swab (37.50%, 75/200), egg surface swab (35%, 35/100) and soil of
the duck resting places (30%, 15/50) but was not detected in feed samples (n = 20). PCR assays distinguished the
majority (61.30%, 95/155) of the isolates as C. coli, while the rest (38.70%, 60/155) were C. jejuni. Notably, 41.7% (25/60)
and 31.6% (30/95) strains of C. jejuni and C. coli, respectively, were observed to be MDR. The dynamics of Campylobac-
ter spp., distinctly showing higher abundance during summer and late-monsoon, correlated significantly with tem-
perature, humidity, and rainfall, while sunshine hours had a negative influence. Anthropogenic management-related
factors, including, inadequate hygiene practices, use of untreated river water, wet duck shed, flock age (1-6 months),
and unscrupulous use of antimicrobials were identified to enhance the risk of MDR Campylobacter infection.

Conclusion: The present study clearly demonstrates that duck farms contribute to the enhanced occurrence and
spread of potentially pathogenic and MDR C. coli and C. jejuni strains and the bacterial dynamics are governed by a
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combined interaction of environmental and anthropogenic factors. A long-term holistic research at the environment-
animal-human interface would be integral to divulge health risk reduction approaches tackling the spread of Campy-

lobacter spp. from duck farms.

Keywords: Campylobacter, Semi-scavenging duck, Risk factors, Multidrug resistance, Bangladesh

Background
Along with the huge growth of the human population,
and consequently, overexploitation of natural resources,
habitat degradation, biodiversity loss, and ecosystem
disruption, there have been increasing incidences of
zoonotic diseases throughout the world. In Bangla-
desh, one of the most densely populated countries with
rapidly growing poultry sector, ducks are in the second
position after chicken to meet people’s demand for meat
and eggs [1]. Duck farming, as a part of backyard poul-
try is a significant component of alternative livelihood
for the poor communities in this country, and usually the
reared ducks are allowed to utilize the semi-scavenging
system with less care of veterinary attention [1, 2]. How-
ever, ducks are considered as a potential reservoir of
zoonotic infectious organisms, including virus species
like the highly pathogenic avian influenza virus (HPAIV)
and pathogenic bacteria like Campylobacter spp. [3, 4].
Campylobacter spp. are Gram negative, spiral or slightly
curved, microaerophilic, non-spore forming, and motile
bacteria with single flagellum at one or both poles [5]. In
both developing and developed countries, Campylobac-
ters are frequently isolated among the important enteric
pathogens associated with gastroenteritis in human pop-
ulations, especially in children under 5 years, adolescents
aged 15-25 years, and immunocompromised persons [6—
8]. In the case of campylobacteriosis in humans, C. jejuni
constitutes an overwhelming majority (>90%) of the
infections, while C. coli dominates among the rest cases
[7]. In Europe, over 200,000 cases of campylobacteriosis
have been reported annually, however, the actual num-
ber of cases is estimated to be approximately 9 million
[8]. Campylobacter spp. have been occasionally reported
to inflict Guillain-Barré syndrome, Reactive Arthritis,
Miller Fisher syndrome, and Irritable Bowel syndrome
[5]. In broiler chicken and cattle, C. jejuni is the dominant
species, accounting>80% among the isolates of thermo-
philic Campylobacter spp., whereas C. coli predominates
(>90%) among those from wild ducks and swine [3, 7]. In
comparison to extensive research on Campylobacter spp.
among the broiler and layer chickens, there have been
relatively less investigations on the occurrence and risk
factors of this pathogen among the duck flocks, particu-
larly, in developing countries.

Transmission of Campylobacter spp. in human usu-
ally happen through consumption of contaminated meat,

water and milk products [9]. Apart from unhygienic
handling of poultry animals or their edible products,
environmental components contaminated with poul-
try excreta are important risk factors for Campylobacter
infections, particularly, at farms and abattoirs [10, 11]. A
summer peak in the prevalence of Campylobacter-posi-
tive poultry flocks coinciding with increased infection
in humans has been reported in a number of countries
[12, 13]. Variation in temperature, 2—-6 weeks prior to
the reported infections has been notified as to the most
important climatic predictor of campylobacteriosis inci-
dence, which may be also influenced by sunshine hours,
and relative humidity [14—16].

In the recent decades, the worldwide rise in multi-drug
resistance (MDR) among the microbial pathogens at
an alarming frequency have imposed a significant chal-
lenge to the health of humans and animals. Large-scale
applications of antimicrobials, mostly in an imprudent
manner, in medical, agriculture, livestock, and poultry
sectors are thought to induce selective pressure favor-
ing the occurrence of MDR pathogens [17, 18]. Although
Campylobacter infections are mostly self-limiting, anti-
microbial agents, including erythromycin, tetracycline,
aminoglycosides, and fluoroquinolones are often used,
particularly, for immunocompromised patients [18—20].
In Bangladesh, despite increasing efforts by the Govern-
ment to promote the prudent use of antimicrobials, [21]
these agents are still widely applied. In this densely popu-
lated country, MDR infections from the emergent poultry
sector is a major concern to public health. Consequently,
Campylobacter isolates showing an increasing frequency
of resistance to antimicrobials, including nalidixic acid,
tetracycline, fluoroquinolones, and macrolides, have
been reported for both in healthy animals and human
cases of gastroenteritis and diarrhea [10, 11, 22—-24].

In Bangladesh, there remains a lack of systematic
information on the occurrence, socio-environmental
risk factors, and multi-drug resistance of Campylobac-
ter spp. in ducks and wild birds in this country. Various
studies have noted that apart from climatic influences,
other factors related to farm management, e.g., unhy-
gienic practices, increasing age of birds, flock size, insuf-
ficient sunlight or ventilation, and even interface with
wild birds could influence the occurrence of Campy-
lobacter spp. in poultry flocks [11, 24—26]. Despite its
natural link with Campylobacter, duck or duck farms as
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a source of campylobacteriosis in humans has remained
unexplored in Bangladesh. This study aimed to under-
stand the occurrence of Campylobacter spp., and their
drug resistance patterns, in semi-scavenging duck flocks,
reared at household premises in this country. Moreover,
the sociodemographic traits, farm management practices
and climatic factors that may contribute to increased
occurrence of Campylobacter spp. were also assessed to
identify the major socio-environmental drivers and risk
factors of these potentially harmful bacteria associated
with duck farming.

Methods

Study sites

The study involved socio-environmental surveillance
at 20 semi-scavenging duck farms in 6 sub-districts
(Mymensingh Sadar, Muktagachha, Phulpur, Tarakanda,
Gouripur and Trisal) of Mymensigh district in Bang-
ladesh (Fig. 1). The study farms were selected based on
consultation with local livestock offices, with the inclu-
sion criteria: number of reared ducks at least 200, and a
single farm from each village. At least 2 farms from each
sub-districts were selected.
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Collection of animal and environmental samples

Samples representing the potential sources of Campy-
lobacter spp. in duck farms were collected during April-
August, 2018 for microbiological analysis. Considering
an expected prevalence of Campylobacter spp. in 50% of
the ducks, a sample size of 385 at least was needed for a
95% confidence interval, according to the following for-
mula [27].

n=2p(1-p)/d*

where n represents the sample size needed; Z? the
Z-score at 95% confidence interval (1.96); p, the expected
proportion (50%) of Campylobacter spp.; and d, the
expected margin of error (0.05).

However, in this cross-sectional study, five kinds of
samples at various proportions were collected at each of
the 20 duck farms, yielding a total of 420 samples. The
sampling strategy for different contamination sources
was in accordance to the observed trend of Campylobac-
ter occurrence at poultry farms in this region [11]. The
sample diversity represented potential contamination
sources: cloacal swab (CS), egg surface swabs (ES), the

Legend:
© Locaticn of duck farms

Fig. 1 Locations of the duck farms in six sub-districts of Mymensingh district in Bangladesh. A total of 20 duck farms, including 4 from each
of Muktagachha, Mymensingh sadar, Tarakanda, and Phulpur sub-districts and 2 from each of Trishal, and Gouripur sub-districts (upazila) were
surveyed
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soil of the duck resting places (S), drinking water (DW),
and feed (F). At individual farm level, category-wise sam-
ple numbers were CS (n=10), ES (n=5), S (n=2-4),
DW (n=2-4) and F (n=1), respectively. Overall, from
all the duck farms, a total of 200, 100, 50, 50, and 20 sam-
ples of CS, ES, S, DW, and F, respectively, were obtained.

During each sampling of DW, S, and F, at least three
sub-samples were randomly collected and pooled
together. The source of DW was either tube-well or
natural surface water of the river/canal. Feed samples
represented the commercially formulated products (a
mixture of ingredients: cereal grains and plant or animal
by-products, vitamin and mineral supplements). These
commercial feeds were regularly served to the ducks,
which were also allowed for natural scavenging. The ES
samples were obtained from the newly laid eggs. Aseptic
measures were followed while collecting these samples
in various amounts, ie., 3-5 g (wet weight) for CS and
ES, 100 g for soil and feed samples, and 500 mL for DW.
The swab samples were collected in a sterile cotton swabs
and preserved immediately in Cary-Blair transport media
while the rest of the samples were kept in sterile plastic
containers. All the samples were transported in an insu-
lated foam box with a cold chain (temperature, 4—6 °C)
and processed within 6 h of collection.

Isolation and identification of Campylobacter spp.

by culture based methods

Isolation of Campylobacter spp. was carried out follow-
ing the filtration-based culture method [28]. In brief, the
swab samples (1 g each) and soil or feed samples (10 g
each) were suspended in 1 and 10 mL, respectively, of
sterile phosphate buffer saline (pH 7.4). A 100 pl portion,
in three replicates, of the suspensions was spread onto
a membrane filter (mixed cellulose ester type, 0.45 pum
pore size, 47 mm diameter; Sartorius Stedim Biotech,
Germany). In the case of DW, at least three replicates of
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a 100 mL portion were filtered. After sample inoculation,
each of the membrane filters was overlaid on a blood agar
medium (blood base agar no. 2; HiMedia, India), supple-
mented with 5% defibrinated sheep blood, and allowed to
stand for 30 min at room temperature. The filter paper
was then removed and the blood agar plate was incu-
bated at 37 °C for 48 h within a thin-type jar in micro-
aerophilic condition (5% O,, 10% CO,, and 85% N,) using
AnaeroPouch®MicroAero (Mitsubishi Gas Chemical
Co., Inc.). Presumptive colonies of Campylobacter, which
appear grey, flat, and irregularly spreading, were screened
from the incubated blood agar medium and sub-cultured
on the same medium following the procedures described
above. The pure culture of each isolate was then sub-
jected to Gram’s staining and observed under a micro-
scope. Campylobacter-like isolates, which appeared
Gram-negative and curve- or spiral-shaped cells, were
subjected to species-differentiating biochemical assays,
including motility test, catalase, oxidase, and hippurate
hydrolysis, according to standard procedures [5].

PCR-based confirmation of Campylobacter spp.

DNA templates from presumptive isolates of Campy-
lobacter spp., detected by culture-based methods, were
prepared following the boiling method [29]. The 16S
rRNA gene-based PCR was performed for the identifi-
cation of the genus Campylobacter using primers and
thermal conditions according to Samosornsuk et al. [30].
Species-specific detection of C. jejuni was done following
a previously established hippuricase gene-based (kipO)
PCR assay [31], with a slight adjustment of thermal con-
dition. The identity of C. coli was confirmed following the
cdtC gene-based multiplex PCR assay [32]. All primers
(Macrogen Inc., Korea) and thermal conditions for the
PCR assays used in this study are described in Table 1.
In each PCR, the reaction mixture (25 pl) was prepared
by mixing 12 pl master mixtures (Promega, USA), 1 pl of

Table 1 List of primers and thermal condition used for molecular identification of Campylobacter species

Primer Sequence (5'-3) Target Amplicon PCR condition (30 cycle) References

size (bp)

Denature Annealing Extension

16S9F GAGTTTGATCCTGGCTC 16S rRNA 1530 94°C,30s 47°C, 305 72°C,90s Samosornsuk et al. [21]
1651540R AAGGAGGTGATCCAGCC
HIP400F GAAGAGGGTTTGGGTGGTG hipO gene 735 94°C,30s 55°C,30s 72°C,45s Linton et al. [22]
HIP1134R AGCTAGCTTCGCATAATAACTTG
Cj-cdtCU1 TTTAGCCTTTGCAACTCCTA Gj-cdtC 524 94°C,30s 53°C,30s 72°C,30s Asakura et al. [23]
Cj-CdtCR2 AAGGGGTAGCAGCTGTTAA
Cc-CdtCU1 TAGGGATATGCACGCAAAG Cc-cdtC 313
Cc-CdtCR1 GCTTAATACAGTTACGATAG
CfspCU2 AAGCATAAGTTTTGCAAACG Cf-cdtC 397
CfspCR1 GTTTGGATTTTCAAATGTTCC

Cj: C. jejuni; Cc: C. coli; Cf: C. fetus
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each forward primer (10 pmol), 1 pl each reverse primer
(10 pmol), 3 ul DNA template and rest deionized water.
The PCR reactions were carried out using a thermocy-
cler (Astec, Japan). PCR products (5 pl) were analyzed
by 2% agarose (Invitrogen, USA) gel electrophoresis,
followed by staining of the gel with ethidium bromide
(0.5 ug mL™") and de-staining with distilled water, 10 min
each. Afterward, the gel images with PCR amplicons
were captured using a UV transilluminator (Biometra,
Germany).

Antimicrobial susceptibility test

All isolates of C. jejuni and C. coli were tested for their
antimicrobial susceptibility by disk diffusion method
[24]. Eight commonly used antimicrobial agents at
standard doses were used: amoxicillin (AMX) (30 pg),
azithromycin (AZM) (30 pg), ciprofloxacin (CIP) (5 pg),
erythromycin (ERY) (30 pg), gentamycin (GEN) (10 pg),
norfloxacin (NOR) (10 pg), streptomycin (STR) (10 pg),
and tetracycline (TET) (30 pg) (HiMedia, India). Initially,
cells from freshly grown broth-culture (Mueller—Hinton
broth, HiMedia, India) of each Campylobacter isolate
were harvested by centrifugation and then suspended in
sterile normal saline (pH 7.4). The turbidity of each cell
suspension was adjusted to a 0.5 McFarland standard. A
portion of the cell suspension was uniformly inoculated,
using a sterile cotton swab, on the entire surface of Mul-
ler Hinton agar (HiMedia, India), supplemented with 5%
defibrinated sheep blood, to produce a confluent lawn of
bacterial growth. After drying of the inoculum, 4 anti-
microbial discs were placed on each agar plate, which
was then incubated in the inverted position at 37 °C for
48 h under microaerophilic conditions (5% O,, 10% CO,,
and 85% N,). The zone of growth inhibition (diameter)
of each antimicrobial agent was evaluated according to
the interpretative criteria as described by the Clinical
and Laboratory Standards Institute [33]. E. coli strain
ATCC 25,922 was used as a quality control organism. The
results were confirmed by conducting at least two repli-
cates of each disc diffusion experiment.

Surveillance on sociodemographic status, farm
management and climatic factors

Participatory epidemiological (PE) methods [34], includ-
ing semi-structured interviews, direct observation and
focus group discussions (FGDs) were conducted during
April-August, 2018 to understand the variations in soci-
odemographic status and farm management practices
that may influence the occurrence of Campylobacter spp.
in the semi-scavenging duck flocks. During each FGD,
the participation of at least three duck farmers, includ-
ing the owner, for each of the selected farms (n=20) was
ensured. Response to individual queries was attained
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through consensus among the participants. Prior to each
survey, conducted by an experienced team comprised
of a couple of veterinarians, the study objectives were
explained and verbal consent was obtained from the par-
ticipants. A total of 20 FGDs, one for each selected farm,
were conducted according to the standard procedures
[35]. Semi-structured questionnaire-based surveillance
was made to understand potential risk factors in the duck
farms. In this purpose, farm management, hygiene, and
environment-related variables, e.g., number, and age of
the reared ducks, scavenging sites, type of feed, source
of drinking water, floor condition, sunlight and ventila-
tion facilities, cleaning of the floor and feeder, disinfect-
ants use, hand washing, handling of ducks, veterinary
health care facilities, use of antimicrobials and vaccines,
duck waste disposal, and wild animal/bird-duck interac-
tions were considered (see Additional file 1). Sociodemo-
graphic information, e.g., profession, education, training,
and experience in duck rearing, were also collected.
Results obtained from PE methods were verified by direct
observations and recorded in pre-formatted question-
naires in hard copies.

Among the climatic variables, daily data of tempera-
ture (minimum, mean, and maximum values), rainfall,
relative humidity, and sunshine hours of the study region
(Mymensingh District) for the tenure January—Sep-
tember, 2018, were obtained from the archives of Accu-
Weather (https://www.accuweather.com/). Climatic data
were transformed into monthly average and compared
with the concurrent occurrence of Campylobacter spp. in
different components of the duck farms.

Data management and statistical analyses

Data were imported into Microsoft Excel 10 (Microsoft
Corporation, Redmond, WA, USA) spreadsheet from
the hard copies, and cleaned, coded, and checked for the
integrity of the data set. Descriptive statistics with pro-
portion percentage and 95% confidence interval (CI) of
the data representing variations in socio-environmental
conditions and bacterial occurrences were performed
using the Epi info 7 software [36].

The occurrence of Campylobacter for a particular
month were compared with overall average values for the
concurrent and preceding months of each climatic factor
since the bacterial occurrence in poultry was reported
to be influenced by climatic variations at the time lag
of 2—5 weeks prior [14-16]. The proportion of the farm
samples of each category contaminated with Campylo-
bacter spp. was compared. Correlation and linear regres-
sion analysis between the occurrence of Campylobacter
spp. and individual climatic factors were performed using
“Xact’ (ver. 7.21d, SciLab GmbH, St. Yrieix, France). Sig-
nificant association (considering p<0.05) between the
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prevalence of Campylobacter species and any individual
factors related to farm management was determined by
the Chi-square test using Statistica (ver. 10.0, StatSoft
Inc., USA).

The antimicrobial susceptibility profile of the bacterial
isolates was evaluated according to their differentiation
into three independent groups, i.e., resistant, intermedi-
ate, and susceptible. MDR trait was defined as bacterial
strains showing resistance against at least one antimicro-
bial agent in three or more antimicrobial classes [37]. A
descriptive comparison of resistant patterns of Campy-
lobacter strains with respect to diversity in sources and/
or anthropogenic factors was performed using mean/
median and standard deviation, and also in the form of
the box plots. Differences in the patterns and/or occur-
rence of antibiotic resistance in Campylobacter spp. (C.
coli and C. jejuni) were calculated by the Paired Samples
t-test. A ‘p’ value of < 0.05 was considered significant.

Result

Isolation, identification and occurrence of Campylobacter
spp.

Of 420 samples (N) collected from 20 duck farms
Campylobacter spp. was detected and isolated from
36.90% (95% CI=32.27-41.72%) samples by selective
culture, followed by 16S rRNA gene-based genus-specific
PCR method (see Additional file 2 showing gel images of
representative PCR products).

Among different categories of samples from the duck
farms, the contamination of Campylobacter spp., was
detected more frequently in drinking water (60%, 30/50),
followed by cloacal swabs (37.50%, 75/200) and egg sur-
face swab (35%, 35/100) (Table 2). Among the soil sam-
ples collected from the duck resting places 30% (15/50)
were detected positive but all feed samples (n=20) were
found to be negative for Campylobacter spp. Depending
on sample size, the 95% CI for the positive detection rate
was estimated to deviate ca. 7-15%, the higher the sam-
ple number the lower the percentage deviation (Table 2).

Species-specific detection by PCR assays could differ-
entiate the isolated strains into two species: C. coli and
C. jejuni in 22.62% (95/420, 95% CI=18.70-26.92%) and
14.28% (60/420, 95% CI=11.08-18%) of the total sam-
ples, respectively. Campylobacter isolates which were
positive in the biochemical assay for hippurate hydroly-
sis also yielded positive in hippuricase (1ipO) gene-based
PCR, confirming their identity as C. jejuni. On the other
hand, all isolates of Campylobacter producing negative
results in hippurate hydrolysis test were identified as C.
coli by cdtC gene based multiplex PCR (see Additional
file 2). Overall, among the isolated strains (n=155),
an almost two-third portion (n=95) were identified as
C. coli while the rest were C. jejuni. In drinking water

Page 6 of 17

Table 2 Summary of the occurrence of Campylobacter species
isolated from different type of samples of selected semi-
scavenging duck farms

Sample (N)/Species Positive (n) Occurrence (95% Cl)
Cloacal swab (200)

Campylobacter spp. 75 37.50 (30.78-44.60)

C. jejuni 29 14.50 (9.93-20.16)

C. coli 46 23 (17.35-29.47)
Egg surface swab (100)

Campylobacter spp. 35 35(25.73-45.18)

C. jejuni 13 13 (7.10-21.20)

C. coli 22 22 (14.33-31.39)
Soil of the duck resting places (50)

Campylobacter spp. 15 30 (17.86-44.60)

C. jejuni 6 12 (4.53-24.31)

C. coli 9 18(8.57-31.43)
Water (50)

Campylobacter spp. 30 60 (45.17-73.60)

C. jejuni 12 24 (13.06-38.16)

C. coli 18 36 (22.91-50.80)

Feed (20) 0 0
Overall (420)

Campylobacter spp. 155 36.9(32.27-41.72)

C. jejuni 60 14.28 (11.08-18)

C. coli 95 2262 (18.70-26.92)

Cl confidence interval

samples (n=>50), 24% (95% CI=13.06-38.16%) and 36%
(95% CI=22.91-50.80%) were observed to be contami-
nated with C. jejuni and C. coli, respectively. The higher
prevalence of contamination by C. coli than C. jejuni was
also observed to occur at a similar proportion in all other
kinds of samples (Table 2).

Antimicrobial resistance pattern of C. jejuni and C. coli

In case of the isolated strains of C. jejuni (n = 60), all were
observed to be resistant to amoxicillin (Fig. 2). Among
these strains, 58.33% (n=35) showed resistance against
erythromycin, while 33.33% (n=20) were resistant to
both streptomycin and gentamicin, and 16.67% (n=10)
to both tetracycline and azithromycin. On the other
hand, of 95 strains of C. coli, 94.74% (n=90) exhibited
resistant trait for amoxicillin, 52.63% (n=50) for both
erythromycin and streptomycin, and 15.78% (n=15)
for tetracycline (Fig. 2). The observed trend in the per-
centage occurrence of resistant traits was mostly simi-
lar for both the C. jejuni and C. coli strains. However, a
more frequent occurrence of resistance to streptomycin
was observed for the C. jejuni strains in comparison to
C. coli. In the case of gentamicin, a higher frequency of
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Fig. 2 Antimicrobial resistance traits of A C. coli, and B C. jejuni strains isolated from duck farms. Eight selected antimicrobial agents were checked
at standard doses (ug): Amoxicillin (AMX, 30 pg), Azithromycin (AZM, 30 pg), Ciprofloxacin (CIP, 5 ug), Erythromycin (ERY, 30 ug), Gentamycin
(GEN, 10 pg), Norfloxacin (NOR, 10 pg), Streptomycin (STR, 10 pg), and Tetracycline (TET, 30 ug). The resistance traits were categorized into three
categories: susceptible (S), intermediate (1), and resistant (R) according to Clinical and Laboratory Standards Institute (CLSI, 2016)
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resistance for the C. coli strains (33.33%) in comparison
to C. jejuni (10.5%) was notable.

Out of 60 isolated strains of C. jejuni, only 8.33% (n=5)
were resistant to one agent (AMX), while 33.33% (n=20)
were resistant to 2 agents in different categories (AMX-
GEN, AMX-ERY, AMX-STR, and AMX-TET) (Table 3).
Multidrug resistance, i.e., co-resistance to at least three
types of antimicrobials were observed for a total of about
42% strains of C. jejumi. Among these MDR strains,
resistance against 3 antimicrobials, differentiated into
two patterns (AMX-AZM-ERY and AMX-ERY-STR)
were observed for 16.66% strains of C. jejuni, while 25%

of them were resistant to 4 agents, differentiated into
three patterns (AMX-ERY-STR-TET, AMX-AZM-ERY-
GEN and AMX-ERY-GEN-STR). Among the 95 strains
of C. coli, 15.8% (n=15) were resistant to one antimi-
crobial agent (AMX or ERY), whereas almost half por-
tion (47.37%) were resistant to two antimicrobial agents,
differentiated into five patterns (AMX-TET, AMX-ERY,
AMX-NOR, AMX-STR, and AMX-GEN) (Table 3).
Occurrence of MDR strains were observed among a total
of 36.84% (n=35) strains, with resistance to three antimi-
crobial agents of one pattern (AMX-ERY-STR) and four
agents of different combinations (AMX-ERY-STR-TET,
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Table 3 Antimicrobial resistance profile of C. jejuni and C. coli isolates from duck farms
Campylobacter spp Category of resistance (against one Resistance patterns’ No. (%) of strains No. (%) of
or multiple antimicrobials) multidrug
resistant isolates
C. jejuni (n=:60) Against one AMX 5(8.33) 25 (41.67)
Against two AMX-GEN 10 (16.67)
AMX-ERY 10 (16.67)
AMX-STR 5(833)
AMX-TET 5(833)
Against three AMX-ERY-STR 5(8.33)
AMX-AZM-ERY 5(8.33)
Against four AMX-ERY-STR-TET 5(8.33)
AMX-AZM-ERY-GEN 5(833)
AMX-ERY-GEN-STR 5(833)
C. coli (n=95) Against one AMX 10(10.53) 35 (36.84)
ERY 5(5.26)
Against two AMX-STR 20(21.05)
AMX-ERY 10 (10.53)
AMX-NOR 5(5.26)
AMX-TET 5(5.26)
AMX-GEN 5(5.26)
Against three AMX-ERY-STR 15(15.79)
Against four AMX-ERY-STR-TET 10 (10.53)
AMX-AZM-ERY-GEN 5(5.26)
AMX-ERY-GEN-STR 5(5.26)

T Antimicrobial resistance at standard doses (ug): Amoxicillin (AMX, 30 ug), Azithromycin (AZM, 30 ug), Ciprofloxacin (CIP, 5 ug), Erythromycin (ERY, 30 ug), Gentamycin
(GEN, 10 pg), Norfloxacin (NOR, 10 ug), Streptomycin (STR, 10 ug), and Tetracycline (TET, 30 ug)

AMX-E-GEN-STR, AMX-AZM-ERY-GEN) in 15.8%
and 21.05% strains, respectively, of C. coli. Overall, mul-
tidrug-resistant Campylobacter spp., considering those
showing resistance to at least three or more antimicrobial
classes, were observed to constitute ca. 38.70% (60/155)
of the isolated strains. Intermediate resistant isolates,
considered as a group independent from those of resist-
ant and susceptible isolates, were observed for eryth-
romycin, tetracycline, azithromycin, norfloxacin, and
ciprofloxacin, with a more frequent occurrence in C. coli
than C. jejuni (Fig. 2).

Climatic variations and Campylobacter dynamics in duck
farm samples

The monthly occurrence, i.e., overall isolation rate in
different samples, of Campylobacter spp. in duck farms
was observed to be influenced by the variations in tem-
perature, humidity, sunshine hours, and rainfall in the
localities. The trend of climatic influence on the bacte-
rial occurrence was observed to be similar among dif-
ferent types of samples with variable isolation rates (see
Additional file 3 showing the monthly isolation rates of
Campylobacter spp. in different samples). The monthly
occurrence of Campylobacter spp. in duck farm samples

showed an increasing trend, ca. 17-49%, accompanied
by the rise in temperature from April to June (Fig. 3A).
However, Campylobacter abundance showed a drastic
decrease in July, with an overall isolation rate of 25% in
the collected samples. This was likely a consequence of
the dilution impact of monsoon-driven intense rain-
fall during June-July. However, a significant increase in
Campylobacter occurrence, yielding the highest isola-
tion rate of ca. 55% for overall samples, was observed
for the month of August. A large-scale preponderance
of Campylobacter spp. during this late monsoon period
coincided with a warm and humid climate but compara-
tively low amount of rainfall and less duration of sunshine
hours (Fig. 3A). The monthly mean values of temperature
minimum (Tmin), obtained from its daily values, repre-
sented better the temperature variation in comparison
to its maximum (Tmax) and average (Tavg) values. Sta-
tistical analysis comparing the bacterial isolation rate
with individual climatic factors showed that the dynam-
ics of Campylobacter spp. was significantly correlated
with Tmin (p=0.028, r=0.60) and humidity (p=0.026,
r=0.65). On the other hand, rainfall and sun shine hours
showed a positive and negative influence, respectively, on
Campylobacter occurrence, however, in both cases, the
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significance level was comparatively low and the standard
deviation of monthly data was relatively high (Fig. 3B—E).

Duck farm demographics

Of 20 duck farms, a total of 57 representatives who were
directly involved in farm management were interviewed.
These farm managers included the owners (35.10%,
n=20), his/her spouse (29.82%, n=17), son (17.54%,
n=10) and hired employees (17.54%, n=10). Approxi-
mately 25% of the duck rearers had no formal education,
while ca. 23% of them had completed schooling up to pri-
mary level, and the rest had education level between class
VI and class XII. Most of the farmers (94.74%, n=54)
had no training on duck farming, especially, farm man-
agement, biosecurity, and personal hygiene and sanita-
tion practices. Approximately two-third (n=37, 64.91%)
of the informants had 1 to 5 years of experience in duck

rearing, while only a few of them (n=9, 15.79%) had such
experience over 10 years (see Additional file 4 for details).

Farm management practices and factors influencing
Campylobacter occurrence

Most of the farms (n=16, 80%) were rearing the ‘Khaki
Kemble’ breed of ducks, while a few (n=2, 10%) had the
‘Choruy’ breed and rest (n=2, 10%) of the farms rearing
both types. The surveyed farms had variable conditions
and practices related to farm management which have
been summarized in Additional file 5. The number of
reared ducks was small (200-300 ducks) in 40% (n=38),
medium (300-750 ducks) in 30% (n=6) and large (750—
1500 ducks) in 30% (n=6) of the farms. More than half
portion, 55% (n=11), of the farms had ducks of young
ages (1-5 months), whereas the rest other farms (n=9,
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45%) had matured ducks (age 10-15 months) capable
of egg production. The sources of drinking water were
tube-well water (40%, n=38) and surface water of river
or canal (60%, n=12). More than two-third portion of
the farms (n=14, 70%) had provision of scavenging feed
from watershed and paddy field, however, in other farms,
the scavenging sites were the river and paddy field (n=4,
20%), or pond and paddy field (n=2, 10%). Access to
sunlight was available in 50% of the duck sheds while 20%
of the farms reported the interface of ducks’ scavenging
area with wild animals/birds. The majority of the farms
(n=17, 85%) used duck manure as fish feed in their
ponds. However, all the farms used antimicrobial agents
of different kinds, including gentamycin (50%), enrofloxa-
cin (30%) and oxytetracycline (20%), while 60% of the
farms applied vaccines against common duck diseases
(duck plague and duck cholera).

Concerning hygiene practices, regular cleaning of the
feeder and drinker was practiced in 40% (n=238) of the
farms. Among the selected duck farms, floor cleaning of
duck sheds was practiced on a daily (70%, n=14), weekly
(5%, n=1), and monthly (10%, n=2) basis, and notably,
47% (n=38) farms did not use disinfectant for cleaning
purposes. Majority of the farmers (n=17, 85%) washed
hand with soap after contact with duck and handling of
sick duck was avoided in 70% (n=14) farms (see Addi-
tional file 5 showing variations in anthropogenic factors
and environmental conditions).

Comparison with individual factors of farm manage-
ment and environmental conditions with the isolation
results of Campylobacter spp. revealed that source of
drinking water, wet or dryness of duck shed, the practice
of utensil cleaning, and flock age have profound impact
(p<0.0005) on the overall occurrence of Campylobacter
spp. in duck farm samples (Fig. 4A). Among other fac-
tors, handwashing practice, and sunlight access to the
resting place of the ducks were also observed to influence
the bacterial preponderance but in less magnitude. Con-
sidering the influence of drinking water source, reduc-
tion in Campylobacter occurrence for using tube-well
water in comparison to river water was observed to be
highly significant (p <0.0005) in cloacal swab samples and
significant (p<0.005) in egg surface swab and drinking
water samples but insignificant for soil samples (Fig. 4B).
As potential drivers, the wet condition of duck shed and
irregularity in utensil cleaning were observed to induce
Campylobacter occurrence in a similar fashion, highly
significantly (p <0.0005) in the cloacal swab, significantly
(p<0.005) in egg swab and with marginal significance
(p<0.05) for drinking water samples, but no such influ-
ence for soil samples (Fig. 4C and E). As a potential inter-
vention, regular handwashing was found to be significant
(p<0.05) in reducing the risk of Campylobacter incidence
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in cloacal swab samples. Association with Campylobacter
incidence of flock age 1-6 month and insufficient access
to sunlight was found to be marginally significant for
cloacal swab samples but not in other kinds of samples
(Fig. 4F and G). Detail statistical information of the Chi-
square tests observing the association of a particular fac-
tor of farm management with Campylobacter occurrence
in different sample types are included in Additional file 6.

Discussion

Being the major reservoirs of Campylobacter spp., poul-
try and livestock are mainly accountable for the con-
tinuing transmission of campylobacteriosis throughout
the world. Among the agro-based enterprises, the poul-
try sector has been rapidly increasing, with an annual
growth rate of 15-20% per annum, in densely-populated
Bangladesh [38]. Duck farming is not only a promising
livelihood alternative for the poverty-ridden communi-
ties in this country but also an important mean to enrich
food security, particularly, in rural areas where plant-
origin protein production is still challenging [39]. How-
ever, the rearing of ducks, an important reservoir for
Campylobacter species, may impose an impending risk to
public health. Recent studies have confirmed a close link
between gastrointestinal disorders, caused by pathogenic
microbes, including Campylobacter spp., with the perva-
sive incidence of malnutrition, particularly among chil-
dren under 5 years, in Bangladesh and other developing
countries [40]. Apart from the high prevalence of malnu-
trition, a rapid increase in disease incidences caused by
MDR pathogens is the most challenging threat to pub-
lic health in this developing nation with an agro-based
economy. The large-scale use of antimicrobial agents,
mostly in an imprudent manner, in the rapidly growing
poultry sector is an important cause of MDR infections.
The present study provides an insight into the occur-
rence, antimicrobial resistance traits, and potential risks
of Campylobacter spp. associated with duck farming in
Bangladesh, which could be credited as the first of its
kind.

This survey has investigated the occurrence and its
associated factors of Campylobacter in scavenging duck
farms. The overall occurrence of Campylobacter spp.
observed for the selected farms in this study is in congru-
ence with a number of previous studies [41, 42]. However,
in comparison to this study, there are reports of a higher
incidence of Campylobacter occurrence in duck samples
[43, 44]. The observed dominance of C. coli (ca. 61%)
than C. jejuni (ca. 39%) in duck samples indicates a host-
specific adaptive advantage of the former bacteria and
in accordance with a number of previous investigations
[43, 45]. There are also reports of a higher prevalence of
C. jejuni than C. coli in duck samples [46—48]. Recent
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surveillance conducted in China has observed an over-
all prevalence of Campylobacter spp. in 33.5% of duck
samples, similar to this study, but co-dominance of both
C. jejuni and C. coli (ca. 49 and 47%, respectively) [49].
These variations could be attributable to the differences
in climatic settings, sample types, and analytical methods
[50].

In the poultry production and supply chain, a frequent
occurrence of MDR strains of Campylobacter has been
reported worldwide [51, 52]. Unwise applications of anti-
microbial agents exert selective pressure on the exposed
bacterial populations for the evolvement of resistant
traits. The occurrence of MDR strains of Campylobac-
ter spp. is primarily accredited to the large-scale and
imprudent use of a variety of antimicrobials in the poul-
try and livestock sectors. In Bangladesh, antimicrobials
are indiscriminately used by the poultry farmers, a vast
majority of them following the biased instructions from
the feed and chick traders, and their associated suppli-
ers of antimicrobial agents [53]. Likewise, a large fraction
of C. jejuni and C. coli populations in duck farms in this
study has been observed as resistant to commonly used
antimicrobials, e.g., amoxicillin, erythromycin, strep-
tomycin, and tetracycline. Depending on variable geo-
socio-climatic conditions, diverse patterns of resistance
traits, e.g., a low frequency of erythromycin resistance
but the high occurrence of resistance to ciprofloxacin and
tetracycline among Campylobacter isolates from duck or
poultry samples in Malaysia and Italy, have been noted
[44, 54]. Considering the ‘One health’ perspective [53],
the occurrence of MDR strains among ca. 37 and 42% of
the C. coli and C. jejuni isolates, respectively, in the duck
farm samples point out an alarming situation. Notably,
health hazards from zoonotic infections by some of these
MDR strains showing full or intermediate resistance to
all major kinds of antimicrobials, including p-lactam,
aminoglycoside, quinolone, and macrolide, is very prob-
lematic. A similar situation has been reported for the
prevalent Campylobacter populations in chicken farms
in the study region [11]. Although detected as compara-
tively less abundant than C. coli, the occurrence of MDR
traits in equivalent or higher frequency in C. jejuni strains
isolated from the duck farms (Table 2) could be related
to the natural overwhelming predominance of the latter
species in broiler meats and other poultry products and
human campylobacteriosis [15, 40, 54]. Notwithstanding
is the observed similarity in the percentage occurrence
of different resistance traits between C. jejuni and C.
coli strains (Fig. 2), indicating a salient role of horizon-
tal gene transfer between these two species. MDR traits
in Campylobacter strains are often linked to the pres-
ence of multiple resistant genes in large mobile elements
(e.g., plasmids, Class I integron, conjugative transposon)
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in the bacterial genome [55]. Mutations or modulations
in a number of genes regulating efflux pump systems,
e.g., gyrA and gyrB of DNA gyrase, parC, and parE of
topoisomerase IV, and the cmeB gene of the CmeABC
multidrug efflux pump have been also shown to confer
MDR traits, including resistance to fluoroquinolones, in
Campylobacter spp. [56].

Occurrence in a portion of C. jejuni and C. coli
strains of intermediate resistance for fluoroquinolo-
nes, azithromycin, and erythromycin can be attribut-
able to the natural decay of their active components,
and bacterial exposure to sub-lethal concentration of
these compounds [11]. Antimicrobial residues, at sub-
inhibitory concentrations, can trigger different biologi-
cal effects, such as stress response, enhanced mutation
rate, or genetic recombination events in bacterial popu-
lations, therefore, may have salient impacts to our gut
flora [57]. Unfortunately, the residual content of com-
monly used antimicrobials, including fluoroquinolones,
has been reported for the majority of broiler meats and
livers in Bangladesh [11].

The transmission dynamics of antimicrobial-resistant
bacteria to humans are related to the consumption of
contaminated animal-source food, direct contact with
animals, and exposure to contaminated environmen-
tal sources such as water and dust [58]. As noted in PE
surveillance of this study, the large-scale use of antimi-
crobial agents in all the study farms, in combination
with the extensive use of duck manure for aquaculture
production may impose increased vulnerability to MDR
pathogens among the local residents. Contamination
with Campylobacter spp., including their MDR strains,
of natural surface waters serving as a major source of
drinking water for the reared ducks could be linked to
the discarded duck feces. However, this could explain
only partially the observed occurrence and diversity in
antimicrobial resistance of Campylobacter spp., tak-
ing into account the reported use of antimicrobials at
the study farms. For example, resistance to amoxicil-
lin, erythromycin and streptomycin were observed for
a vast majority of the isolated strains did not match
with the antimicrobial agents applied most frequently
(gentamicin, tetracycline, and fluoroquinolones) at the
duck farms. Therefore, it could be assumed that alloch-
thonous factors, including droppings from wild birds,
and input of sewage materials from poultry farms
nearby, play an integral role in the dynamics and resist-
ance traits of Aeromonas spp. in natural surface waters,
which are used without any treatment as drinking water
in the majority of duck farms. The MDR traits prevalent
among the Aeromonas strains in sources of drinking
water may eventually correlate to the bacterial resist-
ance patterns in the duck samples.
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Analyses made in this study demonstrates that using
of water from rivers or ponds rather than tube-well is
significantly associated with the Campylobacter occur-
rence in not only DW but also in CS and ES samples, i.e.,
water pre-contaminated at natural reservoirs is a domi-
nant factor linked to the bacterial preponderance in duck
samples. This is in congruence with the relatively low die-
off rate of Campylobacter in water [59]. The widespread
occurrence of thermotolerant Campylobacter in natural
surface waters is largely attributable to the frequent con-
tamination of aquatic ecosystems with feces of the res-
ervoir animals, including wild birds, and run-off from
poultry farms or sewage [60]. Potable drinking waters
can be also contaminated in the farm environment due
to a lack of regular hygienic practices, particularly, utensil
cleaning, and significantly influence Campylobacter inci-
dences in CS and ES samples (Fig. 4). Insufficient disin-
fection treatment of drinking water has been recognized
as a significant driver of Campylobacter incidence in
the production and supply chain of broiler chicken [11,
26]. Based on the results of this study, decontaminating
drinking water before serving to the reared ducks, and
proper treatment of duck waste products before discard-
ing them to adjacent aquatic ecosystems could be distin-
guished as important interventions to reduce the risk of
MDR infections caused by Campylobacter spp. derived
from the duck farms.

Variation in the monthly occurrence of Campylobacter
spp. in the farm samples of this study could be linked to
the variable amplitude of climatic factors. Particularly, a
significant role of increased temperature and humidity
in stimulating the bacterial occurrence was discernible.
Campylobacter colonization in the intestine and caeca of
chicken is reported to fluctuate with seasonal variation in
temperature [12]. A significant increase in the incidences
of Campylobacter infection during the summer months
has been reported for many countries, particularly in the
temperate region [16]. However, the observed negative
influence of increased sunshine hour on Campylobac-
ter occurrence in duck farm samples could be related to
retardation of the bacterial populations with intensified
ultraviolet radiation [61]. On the other hand, a correla-
tion between high humidity and increased Campylobac-
ter occurrence observed for the duck farm samples in this
study is in agreement with results from clinical surveil-
lance and broiler farms [14, 62]. Increased precipitation
and relative humidity can aid to prolonged persistence of
Campylobacter spp. in the environment since the bacte-
ria is sensitive to dry conditions [14]. A positive influence
of increased rainfall on Campylobacter incidence in the
farm samples was also evident from this study, although
a drastic decrease in the bacterial occurrence during July
(Fig. 2) could be attributable to the dilution impact of
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high precipitation events. Elucidated influences of mul-
tiple climatic factors on Campylobacter occurrence may
not always be discernible since the inferences are based
on short-term observations. Previous investigations at
different geo-socio-climatic settings noted that the bac-
terial infection dynamics could partially correlate to the
climatic factors [63, 64]. Nonetheless, the estimated regu-
lation of each of the climatic drivers provides a basis to
predict the bacterial dynamics in duck farms.

In densely-populated countries like Bangladesh, proper
implementation of management strategies to minimize
the risks of Campylobacter and other zoonotic infec-
tions from the growing poultry industries are crucial.
Concerning environmental management, remarkable is
the observed significance between Campylobacter occur-
rence and persistence of wet condition, and insufficient
sunlight in duck sheds, which also support the inferences
made for climatic influences on the bacterial dynam-
ics. As discussed above, using untreated natural surface
water as drinking water, infrequent cleaning of utensils,
and inadequate application of disinfectants are poten-
tial risk factors of Campylobacter occurrence in duck
farms. Farm managers should also think of intervention
strategies considering the age-specific variable suscep-
tibility of ducks to Campylobacter infection. Chicken
flocks aged > 30 days are considered more susceptible to
Campylobacter infection than younger chicks at broiler
farms in the study region [26]. Interestingly, the results
of this study indicate that older ducks above 6 months are
a less potent reservoir of the bacteria. Although not evi-
dent from the observations made in this study, a larger
flock size (> 1500 birds) of poultry animals could be occa-
sionally important determinant of higher Campylobacter
occurrence [26].

Adoption of proper management practices for not only
duck rearing but also maintaining a healthy environ-
ment is largely credited to the enriched knowledge and
educational status of the farmers. Sociodemographic
information obtained in this study showed that most of
the farmers lacked training on duck rearing methods and
many of them discontinued formal education (Additional
file 4). These lacking in education and learning-based
improved knowledge could have indulged inadequate
management practices among the majority farmers favor-
ing the enhanced incidence of Campylobacter occurrence
in the duck farms. A recent surveillance study in Bangla-
desh has also reported that persons having a long term
(10 years or more) experience in poultry farming and
graduate-level education, are more likely to use antimi-
crobial agents in a wise manner [65]. Unfortunately, the
majority of the duck rearers in this study had the farm-
ing experience of fewer than 5 years and none had com-
pleted graduate-level education. Imprudent application
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of antimicrobial agents in the study farms could be also
attributable to the lack of animal health care following
guidelines of the registered veterinarians, as reported
by a vast majority (80%) of the duck rearers, Moreover,
these farmers did not receive any training on biosecu-
rity measures that could play a significant role in limit-
ing their large-scale application of antimicrobial agents,
and disposal of fecal waste from the reared ducks into
natural water reservoirs and adopting other environmen-
tal interventions or protective measures to minimize the
risk of occurrence, and dissemination of MDR strains of
Campylobacter spp.

An important recent strategy to ensure food safety is
the “farm to fork” approach including a comprehensive
understanding of the hazards and control points at all
stages of the food production and supply chain. There-
fore, proper tackling of Campylobacter infections would
require holistic understanding of the interactive link-
ages of disease epidemiology with bacterial transmis-
sion dynamics, associated environmental drivers and
anthropogenic practices at poultry farms. Inferences
made in this study on potential sources and risk factors
of Campylobacter occurrence would lead to formulat-
ing an integrated management approach to prevent or
control Campylobacter infection from ducks reared in
homestead farms. However, analysis of larger samples
through a logistic regression model could signify the
correlation between the risk factors and Campylobacter
occurrence. In conjunction, case—control studies com-
paring the occurrence and genetic traits of potentially
harmful Campylobacter spp. in ducks and among the
infected human populations would provide more insights
into the extent of the associated socio-environmental
determinants.

Conclusion

Results obtained in this study show that duck farms are
a potential source of Campylobacter spp. and may con-
tribute to the incidences of human campylobacteriosis
in Bangladesh. The occurrence of C. coli and C. jejuni
in duck farms is influenced by a combined interaction
of environmental and anthropogenic factors. Among
the climatic variables, temperature and humidity are the
major drivers of Campylobacter dynamics. Untreated
natural surface water, if used as drinking water for the
ducks contributes significantly to the increased occur-
rence of Campylobacter spp. An important concern is
that a large number of C. jejuni and C. coli strains have
become resistant to multiple antimicrobials. Anthropo-
genic interventions including regular cleaning of utensils,
frequent hand washing, provision of sufficient ventila-
tion, and sunlight access are inferred as potentially pre-
ventive to Campylobacter infections. The study also
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suggests an inherent need for awareness building among
the farmers to promote adequate practices regarding
hygiene, water treatment, waste disposal, and adept use
of antimicrobial agents to reduce the spread of MDR
Campylobacter and health hazards associated with duck
farming. Therefore, proper tackling of Campylobacter
infections in humans would require not only detailed
information on disease epidemiology but also a holistic
understanding on how the bacterial transmission dynam-
ics are influenced by the combined impacts of climatic,
anthropogenic, environmental factors. Future research
should focus on horizontal transfer of pathogenic traits
among Campylobacter strains isolated from ducks, poul-
try, wild avian fauna, and human populations and explore
comparative genome analysis tools at the environment-
human-animal interfaces.
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