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Aim: Thermophilic Campylobacter is the first cause of gastroenteritis infection in human. Nowadays, the
prevalence of Campylobacter spp. is higher than other bacteria causing intestinal infection such as
Salmonella and Shigella. This study was designed to compare the frequency of Campylobacter species in
poultry slaughterhouse workers and poultry meat sellers (exposed group) and in healthy people (non-
exposed group) in Arak city.

Materials & Methods: Among the 104 samples, 52 samples were collected from the slaughterhouse
workers and poultry meat sellers, and 52 samples were collected from the control group. The stool
samples were taken from the slaughterhouse workers, poultry meat seller, and healthy people who had
not received antibiotics for the last two weeks. For enrichment, the samples were enriched in Preston
broth medium at 37°C for 48 hrs under the microaerophilic conditions. Then they were sub cultured
using a passive filtration method on Brucella agar at 37°C for 72 hrs under the microaerophilic conditions.
Finally, the samples were directly tested using genus- and species specific PCR primers.

Findings: Of 52 samples collected from the slaughterhouse workers and poultry meat sellers, 11
(21.1%) samples were positive for the presence of Campylobacter spp. by PCR, and of 52 samples
collected from the healthy people, 2 (3.8%) samples were reported as positive. The most frequent
species isolated from the 2 groups were C.jejuni (53.84%) and C.coli (23.07%), respectively.
Conclusion: Chicken is identified as one of the important sources of Campylobacter infections in humans,
which may contaminate poultry Slaughterhouse workers and chicken meat sellers, which in turn, they
could potentially transmit Campylobacter strains to healthy people and chicken meat.
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Frequency of Campylobacter in human ...

Introduction

Campylobacter spp. are considered as the
important pathogens common among
humans and domesticated animals
worldwide . Campylobacter species are
typically gram-negative rods with spiral,
curved, gull wing and seagull shapes.
Campylobacter spp. are small (with 0.2-0.9
um wide and 0.2 - 5.0 pum long) and doesn’t
have spores 231, They have a corkscrew-like
movement . Campylobacter is known to
be a microaerophilic bacterium requiring
to a specific conditions (10% CO2, 5% 02
and temperatures 37-42°C) for growth!® ©l,

After 24 to 48 hours of incubation, the
colonies are gray, mucoid, and rough
appearance, also similar to rain drop with
metallic luminosity or no luminosity!”l.

Among the Campylobacter spp., C. jejuni,
C. coli, C. hyointestinalis, C. upsaliensis,
C. fetus, C. lari, and C. sputorum are
clinically of great importance. The
most common clinical symptoms of
Campylobacter infections include
abdominal pain, diarrhea, headache
and lethargy ©® Also about 10% of
Campylobacter infections lead to the
Guillain-Barre syndrome, Miller Fisher
syndrome, Respiratory arthritis,
Recurrent syndrome, Septicemia, and
irritable bowel syndrome (IBS) & °l
Campylobacter is transmitted to humans
through contaminatedfoods, particularly
chicken carcasses, vegetables, fish, milk
and non-pasteurized dairy products 19,

Thermophilic Campylobacter is the first
cause of gastroenteritis infection in
humans ©1Y, These bacteria account
for 2-10% of diarrheas in human,
and the frequency of Campylobacter
in  slaughterhouses  poultry  meat
was reported to be about 80% [12l. In
slaughterhouses, even though the health
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principles are strictly observed, there are
many opportunities for the transmission
and spread of Campylobacter strains
from poultry carcasses to slaughterhouse
workers and healthy chickens 131,
Campylobacter spp. are fastidious bacteria
due to the need for specific environmental
conditions, specific medium, and so
on for growth. As a result, no accurate
information is available on the frequency
of this bacterium in people at risk such
as slaughterhouse workers, poultry meat
seller, and healthy people.

Objective: Therefore, the purpose of this
study was to compare the frequency of
Campylobacter species in slaughterhouse
workers and poultry meat sellers and in
healthy people (control group).

Materials and Methods

Primary isolation: Code of medical
ethics of this study was IR.ARAKMU.
REC.1396.247. This study was a descriptive
cross-sectional study conducted by easy
sampling method during May 2018 to
September 2018. Among the 104 samples,
52 cases were collected from the exposed
group, including chicken slaughterhouse
workers and chicken meat sellers and
52 samples were collected from the non-
exposed group, including people whose
jobs were not related to the chicken meat.
The stool samples were collected from
clients referred to the health centers of
Arak city for obtaining health cards.
Inclusion criteria were as follows: not
receiving antibiotics for at least two weeks
before sampling and not having any clinical
symptoms.

Gram staining of direct smear: First,
using a sterile swab, fresh smear samples
were prepared (sampling was done from
muciod parts of samples having mucoid
form). The smears were fixed using
methanol. Modified gram staining was
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performed for smears using a commercial
Gram Staining Kit (Labtron, Iran). The
opposite color was 3% fuchsin.

Culture: Fresh samples were inoculated
in Periston broth (Ibresco.lran.i23124)
containing amphotericin B (10 mg / 1),
cycloheximid (10 mg / 1), cefoperazone (8
mg / 1), vancomycin (10 mg / 1), rifampin
(10 mg / 1) and polymyxin (10 mg / I).
Cultures were incubated at 37°C in jar
under the microaerophilic conditions (5%
02, 5% C0O2, 10% H2 and 80% N2) for 72
hr. The microaerophilic conditions in the
jar was provided using jar Whitley Gassing
System.

Enriched samples were inoculated using
passive filtration by 0.45 pm cellulose
acetate filter (filter bio.china) on Brucella
agar (Ibresco.lran.i23026) containing
5% sheep blood. Brucella agar was
incubated at 37°C for 48 hrs under the
abovementioned conditions. After 24 to 48
hours of incubation, the colonies are gray,
mucoid, and rough appearance, also similar
to rain drop with metallic luminosity or no
luminosity. Campylobacter bacteria were
obtained from the chicken specimens as
the quality control and positive control of
culture media.

DNA extraction from the stool: DNA
extraction kit (Farogen, Iran) was used
to purify DNA from stool. The core of the
kit used in this study was columnar. The
quality of the extracted DNA was confirmed
using a nanodrop machine (Eppendorf,
Germany), DNA samples were stored at
-20°C.

PCR of the 165 rRNA Gene: The PCR assay
was designed to detect Campylobacter
strainsin genuslevel by 165rRNA gene with
a product size of 856 bp Y. The reaction
mixture contained 7.5 pl Mastermix (Yekta
Tajhiz Azma, Iran), 3.5 pl of DNA 50 ng
and 0.7 pl of each forward and reverse
primers (10 pmol)(Copenhagen, Denmark.
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The final volume was adjusted to 15 pl
by adding distilled water in molecular
grade. The PCR reaction was carried out
in a thermocycler machine (Eppendorf,
Germany) under the following temperature
conditions: an initial denaturation step at
95°C for 5 min, followed by 35 repeating
cycles including denaturation at 95°C
for 1 min, annealing 56.4°C for 55 sec,
extension at 72°C for 1 min, and a final
extension at 72°C for 10 min. PCR product
was tested using 1% Agarose gel (Gene
Fanavaran, Iran) electrophoresis (Padideh
Nozhen Pars, Iran). Also, 1% agarose gel
was studied by gel doc system (Quantum
ST4. Germany). DNA extracted from
Campylobacter colonies isolated from
chicken was used as a positive control,
and distilled water was used as a negative
control.

Multiplex-PCR assay: Multiplex-
PCR technique was used to identify
Campylobacter species. The purpose of the
multiplex-PCR technique was to detect the
C. coli, Cjejuni, C.fetus, C.hyointestinalis,
C.lari and C.upsaliensis species. The list of
species-specific primers properties and
the expected amplicon sizes are shown in
Table 1. The reaction mixture contained
12.5 pl of PCR Mastermix (Yekta Tajhiz
Azma, Iran), 3.5 pul of DNA (50 ng), and 0.7
ul of each primer) (Copenhagen, Denmark),
and the final volume was adjusted to 25
ul by adding distilled water in molecular
grade.

PCR conditions were as follows: an initial
denaturation step at 95 °C for 5 min,
followed by 30 repeating cycles, including
denaturation at 95 °C for 1 min, annealing
at 56.4 °C for 55 sec, extension at 72 °C for
1 min, and a final extension at 72 °C for 10
min. The PCR product was studied by gel
doc system (Quantum ST4. Germany). DNA
extracted from Campylobacter colonies
isolated from chicken was used
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Table1) Primers used to detect Campylobacter genus and species

Size

Species Target gene (bp) Primer Sequence (5’ to 3’) Reference

Table 2) Participants’ demographic characteristics and the P-value of each attribute

Exposed Non-exposed

Group Character P-value
Frequency Percentage Frequency Percentage

Infection Epidemiology and Microbiology Winter 2019, Volume 5, Issue 1
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as a positive control and distilled water, in
molecular grade was used as a negative control.
After data collection, data were analyzed
using SPSS software and chi-squared test,
and results were studied in exposed and
non-exposed groups respectively

Findings

Direct smear: The direct smear of specimens
were stained by modify gram staining method.
According to the microscopic observations of
the prepared slides, in 28 out of 52 samples
from the exposed grou and in 11 out of 52
samples from the healthy people (non-exposed
group), the result were positive for the presence
of Campylobacter-like organisms (Fig. 1).

Figure 1) Gram stain modified by fuchsin color of
stool specimen

Culture: Culture method results were negative
for all human stool samples, and no colony was
grown up on Brucella agar medium.

PCR of 16S rRNA genes for identifying
the genus Campylobacter from direct
stool specimen: According to the PCR of
16S rRNA gene for identifying the genus
Campylobacter from the direct fecal
specimens, among the 52 samples in the
exposed group, 11 samples were positive
(8 samples from slaughterhouse workers
and 3 samples from poultry meat sellers).
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And 2 out of 52 samples in the non-exposed
group, were positive for the presence of
Campylobacter spp. (fig. 2).

Figure 2) PCR results of 16S rRNA gene to identify
the genus Campylobacter, No. 1: Ladder 50bp, No. 2:
Negative control, No. 3: Positive control, No.4 to No.
11: Campylobacter species

Sensitivity and specificity of direct smear
in diagnosis of disease versus PCR:
Among the 104 smears, 28 slides (71.8%) of
the exposed group and 11 slides (28.2%) of
the non-exposed group were positive. Also,
11 out of 28 slides of the exposed groups,
and 2 out of 11 slides of the non-exposed,
were confirmed by PCR assay. PCR assay was
considered as Gold standard. The remaining
26 samples were considered as samples
containing Campylobacter-like organisms.
Sensitivity and specificity of direct smear
were calculated as, 76.92% and 13.63%
respectively, using Medcalc software (Table
3). Also Positive Predictive Value (PPV) and
Negative Predictive Value (NPV) of direct
smear were calculated as, 25.64% and
95.38% respectively, using Medcalc software
(Table 3).

Multiplex-PCRforidentifying Campylobacter
species:

The results of Campylobacter species
frequency in exposed and non-exposed
groups and multiplex-PCR were presented
in Table 4 andFig. 3, respectively.
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Table 3) Sensitivity and specificity of direct smear

Confidence interval 95%

Percentage
Up Down
Sensitivity 76.92 46.19 94.96
Specificity 68.13 57.53 77.51
Positive likelihood ratio 241 1.58 3.68
Negative likelihood ratio 0.34 0.12 0.92
Positive predictive value 25.64 13.04 4213
Negative predictive value 95.38 87.10 99.04

Table 4) Distribution of Campylobacter species in both case and control groups

Species Group P-Value
Exposed Non-exposed
Percentage Frequency Percentage Frequency

C. jejuni 9.6 5 3.8 2 0.04
C. coli 5.8 3 0 0 0.04
C. jejuni,

C. hyointestinalis 38 2 0 0 0.04
C. upsaliensis 1.9 1 0 0 0.04
Negative 78.8 41 94.2 50 0.04

Figure 3) Multiplex-PCR results on electrophoresis gel. A) No.1: Ladder 50 bp, No.2: Positive control C. coli
(502bp), No. 3, 4: C. coli (502bp). B) No.1: Ladder 50 bp, No.2: Negative control, No. 3: C. upsaliansis (86 bp),
No. 4: C. hyointestinalis (1250 bp), and C. jejuni (161 bp).
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Discussion

C. jejuni and C.coli are the most common
Campylobacter species associated with
gastroenteritis  infection in  humans,
which are present in chicken bowel 1719
Due to the use of high temperatures and
antibiotics in culture media, there is no
precise information about the incidence of
other non-thermophilic species 2% 2. The
incidence of Campylobacter infection around
the world has been reported annually to be
about 400 million people 1!

Most studies mainly consist of two groups
of symptomatic patients as case and
asymptomatic people as control group, in
which asymptomatic group is divided into
two groups of exposed and non-exposed to
the contaminated material or equipment.
In this study, as people under study were
asymptomatic and healthy but at risk for
the occupational exposure to Campylobacter
spp., and as the subject matter of this study
has been rarely examined; therefore, to reach
an accurate conclusion, this study results
were, compared with the control groups,
results of other studies.

In this study, among the 52 participants in
the exposed group (slaughterhouse workers
and poultry meat sellers), 50 (96.2%) cases
were man and 2 (3.8%) cases were woman,
and among the 52 participants in non-
exposed group (healthy people), 35 (67.3%)
cases were man and 17 (32.7%) cases were
woman. Significant differences (p-value =
0.0001) were reported in the present study.
In a study by Marie et al. (2008-2011) in
Virginia on slaughterhouse workers, among
the 29 slaughterhouse workers, 28 (96.55%)
cases were man, and the ratio of men in
slaughterhouse workers was higher than
women, 22 in their study, the ratio of men to
women is consistent with the present study.
In another study by Ellstrom et al. (2014)
in Sweden, the proportion of women was
reported to be higher than men, in which 17
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cases were woman and 11 cases were man;
in this regard, their study is not consistent
with the present study [23 According to their
study, the reasons for the fewer number
of women than men among the poultry
slaughterhouse workers were inappropriate
working hours and the remoteness of the
slaughterhouse.

According to the results obtained in this
study (Table 2), the frequency of smoking
was higher in exposed individuals who
were Campylobacter positive, which is likely
due to the simultaneous tobacco smoking
in working time. As a result, smoking
can be considered as a risk factor for the
Campylobacter infection.

Various studies have shown that gram
staining of direct smear is one of the primary
ways of detecting these bacteria in stool
samples, which usually should be changed
into the gram dyeing method in order to
better view these bacteria, including the use
of 3% fuchsine for 1 to 2 min. These bacteria
are in the form of gram negative, weakly
colored (sometimes shadow-like), spiral and,
gull wings, which are also the properties of all
Campylobacter-like organisms. In this study,
Among the 104 smears, 28 slides (71.8%) in
the exposed group and 11 slides (28.2%) in
the non-exposed group were positive. Also
11 out of 28 slides of the exposed group, and
2 out of 11 slides of the non-exposed group
were confirmed by PCR assay. The remaining
27 samples were considered as samples
containing Campylobacter-like organisms.
According to the direct smear results, the
risk of infection with Campylobacter species
in the exposed group was 2.545 times higher
than in the non-exposed group. Direct
microscopic observation approach depends
on the expert’s experience 24!

As there is no a similar study to the present
study using direct smear for asymptomatic
individuals, the interpretation of the present
study results with the other studies results
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seems to be illogical, indicating the need for
further studies to be done in this area about
the asymptomatic individuals because these
people can be considered as healthy carriers
in the community.

In this study, among the 104 samples
collected from the slaughterhouse workers,
poultry meat sellers, and healthy people,
no colony was formed on Brucella agar
medium. Ellstrom et al. also conducted a
study in Sweden for two consecutive years
to determine whether Campylobacter
contamination could be transferred from
poultry to slaughterhouse workers. In their
study using culture method, only stool
specimens of workers who were exposed to
chicken meat for a long time were positive.
It can be concluded that long-term exposure
to chicken meat could be considered as a
major problem for healthy people 23 In this
study, the low prevalence of Campylobacter
species and the absence of clinical signs
associated with Campylobacter infection in
people under study may be attributed to the
short duration of workers’ employment in
slaughterhouse, and consequently, the short
duration of exposure to chicken meat, which
can also be the reasons for lack of growth of
Campylobacter colony on a specific medium.
Most of the previous studies have been
carried out on diarrheic patients with
clinical symptoms, including fever, diarrhea,
leukemia, and nausea??, and on animals such
as poultry, dogs, cats, and etc 17 2°1, As the
Campylobacter infection dose was reported
to be 9x10* %26 and as the participants in
this study were healthy and asymptomatic
individuals; therefore, it is probably that
the number of bacteria in these individuals
has not reached the infection dose and not
enough to cause symptoms and colonies.
Frequency of Campylobacter species by
PCR: In this study, using PCR technique,
among the 52 samples collected from the
exposed group, 11 samples (22%) and
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among the 52 samples collected from the
non-exposed group, 2 samples (4%) were
positive; therefore; according to the PCR
results, the risk of Campylobacter infection
in the exposed group was 5.5 times higher
than the other group, and p-value (0.008)
was statistically significant.

In Ellstrom et al’s (2014) study in Sweden,
out of 28 health poultry slaughterhouse
workers, 7 [22%] cases were positive by PCR
assay, consistent with the present study
results 23, Marie et al. ‘s (20118-2011)
study in Virginia on slaughterhouse workers
shown that among the 1,000 slaughterhouse
workers, 29 [2.9%) cases were positive using
PCR, inconsistent with the present study
results (22

In other countries, poultry slaughterhouses
use automated systems for chicken meat
processing. Chicken drainage is also done
by automatic machines; thus, in this way,
all the chicken internal components are
evacuated. But in Iran, manual handling is
used for poultry processing and evacuation,
and some parts of chicken visceral are
remained. As a result, the higher frequency
of Campylobacter spp. in Iran than other
countries can be justified.

The results indicated that PCR assay was
a very sensitive and useful method for the
isolation of Campylobacter spp. It seems that
the use of transport media such as Preston
broth and Campylobacter optimization
conditions can eliminate this bacterium
colonies. In addition, Bita Bakhshi et al.
(2016) in Iran designed a rapid and accurate
method for the transportation and culture
of the C. jejuni and C. coli-fastidious bacteria
in children with bacterial gastrointestinal
symptoms, and according to their study,
PCR assay is a useful and sensitive method
for the Campylobacter DNA extraction from
feces and colonies [27!,

Sensitivity and specificity of direct smear:
Among the 104 smears, 28 slides (71.8%) in
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the exposed group and 11 slides (28.2%) in
the non-exposed group were positive. Also,
11 out of 28 slides in the exposed group,
and 2 out of 11 slides in the non-exposed
group were confirmed by PCR assay. The
remaining 26 samples were considered
as samples containing Campylobacter-like
organisms. Sensitivity and specificity of
direct smear were calculated as 76.92% and
13.63%, respectively, by Medcalc software.
Negative predictive value (NPV) and positive
predictive value (PPV) of direct smear were
also calculated as 95.38% and 64.25%,
respectively. In a study by Ghosh et al.
(2014) in India, direct microscopy, culture,
and PCR methods were compared to each
other for the detection of Campylobacter
spp. The sensitivity of direct microscopy,
culture, and PCR methods was reported as
63.64%, 37.16%, and 96.66%, respectively.
The direct smear method was reported to
be better than the culture method in the
selective medium [?8 In New Zealand, in
2004, the sensitivity and specificity of the
direct gram staining method were reported
to be 89% and 99.7%, respectively, for the
detection of Campylobacter species in stool
samples 2%

This method can be used to detect
Campylobacter spp. due to its relatively high
sensitivity and specificity in both patients
and apparently healthy people. Direct gram
staining method depends on the staining
method and the expert’s experience and
thus requires standardization
Multiplex-PCR for species detection:
Multiplex-PCR  assay =~ showed  that
Campylobacter spp. can be detected using
857bp target product of 16S rRNA gene.
According to the multiplex-PCR results,
the most frequent isolated species in the
exposed group was C. jejuni with a frequency
of 40% (5 of 13), followed by C. coli with a
frequency of 24% (3 of 13), C. upsaliensis
with a frequency of 8% (1 of 13), and a
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combination of 2 C. jejuni- C. hyointestinalis
species at the same time with a frequency of
16% (2 of 13). C. jejuni with a frequency of
16% (2 of 13) was the only species isolated
from the non-exposed group.

In a study by Toledo et al. (2017) in South
America on the prevalence of Campylobacter
species in healthy children, the frequency
of C. jejuni species was 52.94% (9 of 17),
and the prevalence of C. coli was reported
as 47.05% (8 of 17) 3%, Their study results
were not matched with the present study
results in the non-exposed groups.

In this study, C. jejuni was the most frequent
isolated species with a frequency of 53.8% (7
of 13), this result was higher but consistent
with the results of other studies conducted in
Australia and Sweden on healthy individuals
[23].

Shams et al. (2017) conducted a study in
Iran to identify C. jejuni and C. coli species
using multiplex-PCR assay. Among the 35
Campylobacter positive samples, 33 (94%)
cases were identified as C. Jejuni, and 2
(6%) cases were identified as C. coli. These
results showed that C. jejuni had the highest
frequency among the Campylobacter spp.
Also, in their study, the frequency of C
jejuni was higher than the C. coli species B!
According to the previous studies, C. coli and
C.jejuni are the most common Campylobacter
species isolated from poultry; therefore, the
result obtained in the present study are not
unexpected.

Conclusion: This cross-sectional study
showed that Campylobacter spp. as zoonotic
agents, are asymptomatically able to
clone in occupationally exposed human
and possibly to cause these individuals to
be Campylobacter carriers because this
bacterium can be transmitted from these
people to other people and to food products.
It is recommended that more studies be
done in order to understand the unknown
dimensions of this bacterium epidemiology.
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