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ABSTRACT

Multiple antibiotic resistance in Campylobacter jejuni has been
increasing significantly due to the excessive use of antibiotics in poultry
farming. The usage of manure as fertilizer for growing vegetables has
posed a risk of contamination with antibiotics resistance C. jejuni strain.
Several types of vegetables that are commonly consumed as raw will
pose significant risk of contracting campylobacteriosis which is difficult
to treat with conventional antibiotics. The goal of this study was to
characterize the C. jejuni isolated from selected vegetables against 10
types of antibiotics from six classes of antibiotics commonly used in
clinical and  agricultural  setting, namely  aminoglycosides,
fluoroquinolones,  glycopeptides, macrolides, beta-lactams, and
tetracyclines. Thirteen C. jejuni isolates were subjected to antibiotic
resistance test using disk diffusion method on Muller Hinton agar. The
antibiotic resistance profile was analysed and multiple antibiotic
resistance (MAR) index was determined. C. jejuni isolates were found to
be highly resistant towards beta-lactam class at 80.8% and glycopeptides
at 76.9%. However, they were sensitive towards fluoroquinolones and
aminoglycosides at 5.1 and 7.7%, respectively. Eleven C. jejuni isolates
had MAR index more than 0.20 which indicated the contamination was
from high risk sources. Thus, more biosafety measures are required to
prevent C. jejuni cross contamination on farms and at retail outlets.

Keywords: antibiotic resistance, MAR index, Campylobacter jejuni,

vegetables

INTRODUCTION

Campylobacter cells are Gram negative mainly slender, spiral curved
rods shape, 0.2 to 0.8 um wide and 0.5 to 5 um long. There are some
species that are mostly curved or straight rods shape. Most cells of the
species are motile with cork- screw motion performed by a single polar
unsheathed flagellum at one or both ends of the cell. On the other hand,
there are cells of some species that are non-motile or have multiple
flagella. For biochemical characteristics, several species of Campylobacter
grow in anaerobic condition with fumarate or nitrate as electron acceptor
and hydrogen, formate or succinate are present to supplement electron to
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the microorganisms. Campylobacter only grow under microaerobic
condition (Nachamkin et al., 2007). Campylobacter spp. is microaerophilic
and has to cope with oxidative stress and the toxic products produced from
oxygen metabolism. However, these organisms do survive in food in
sufficient numbers to cause infection in human, despite these limitations
(Humphrey, 1995).

Campylobacter spp. continue to be the one of the pathogen frequently
implicated with bacterial gastrointestinal infections in humans. They are
fastidious microorganism but are capable of overcoming many stresses in
the foods, in the environment and in the host defense mechanism to cause
diseases (Murphy et al., 2006). There are 11 species within the genus
Campylobacter but C. jejuni and C. coli are recognized to be pathogenic
and responsible for campylobacteriosis in human. Between the two
pathogens, cases of C. jejuni infections are more frequently reported. C.
Jejuni is known to be fragile microorganism that do not readily cultured in
laboratory agar media. It is sensitive to environmental stresses such as
atmospheric oxygen (Hoffman et al., 1979), high temperature (Blaser et al.,
1980), and drying (Doyle and Roman, 1982).

Disease caused by Campylobacter spp. infection are generally self-
limiting without the need of antibiotics prescription (Belanger and
Shryock, 2007). Antibiotics treatment may be required to those who are
immunocompromised, elderly, young children or pregnant women
especially in cases of prolonged enteritis and septicemia (Allos, 2001).
Among the available antibiotics, fluoroquinolones and macrolides are
commonly administered in cases of prolonged campylobacteriosis (de
Saussure, 2009; Hill et al., 2006). Besides, erythromycin and tetracycline is
also popular and drug of choice for treating severe campylobacteriosis
because it is highly effective with minimal toxicity (Trachoo, 2003;
Adedayo and Kirkpatrick, 2008).

Antibiotic-resistance among foodborne pathogen is becoming a
worldwide problem which pose significant threat to public health and it is
also an important food safety issue. Different types of bacteria were
becoming more resistant towards antibiotics with certain strains had
developed resistance to different antibiotics (Mansouri-najand, 2012).
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Introduction of flouroquinolones in the 1980s had offered a new means to
treat acute gastroenteritis (Winstrom and Norrby, 1995; Dryden et al.,
1996) but Chai et al. (2008) had found out C. jejuni isolates were
resistance toward fluoroquinolone group of antibiotics and the resistance
was related to commercial farm practices. After the reports of
Campylobacter resistance to fluoroquinolones being reported since 1990°s
(Aarestrup and Engberg, 2001), macrolides are being considered as a
favourable drug for treating campylobacteriosis even though there are also
cases of Campylobacter resistance to this agent (Vlieghe et al., 2008).

The mechanisms of bacterial resistance against antibiotic include
antibiotics degradation by bacterial enzyme, bacterial proteins alteration to
avoid being targeted by antibiotics, and reduce membrane permeability to
antibiotics (Dever and Demody, 1991). Over the years, increase number of
antibiotics resistant cases has emerge in many bacteria strains. Antibiotics
resistance has become an emerging problem as the number of resistance
bacteria strain that isolated from patients has increase enormously.
According to WHO (2011), bacterial antibiotic resistance data are
important for microbial risk assessment study for a particular foodborne
pathogen. The objectives of this study are to determine the antibiotic
resistant profiles and the MAR index of C. jejuni isolates from salad
vegetables.

METHODS

Bacterial Strains

This study included 13 isolates of C. jejuni isolated from various types
of vegetable, from retail outlets around Terengganu, Malaysia. All isolates
were revived with Bolton Selective Enrichment Broth (BB, CM0983B;
Oxoid, Hampshire, England) without supplement and incubated at 42°C for
48 h in an anaerobic jar (AnaeroPack Rectangular Jar 04 L,
FisherScientific) under microaerophilic condition using Anaerocult C
(Merck, Germany).
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Antimicrobial Susceptibility Testing

Antibiotics resistance pattern were performed using disk diffusion
method (CLSI, 2006). C. jejuni isolates in glycerol stock were revived
using Bolton Broth without lysed horse blood (Oxoid, Hampshire,
England) for 48 h at 42°C. The cultures were adjusted to 0.5 McFarland
before being spread uniformly onto Mueller Hinton (MH) agar plates
(Merck, Germany) using sterile cotton swab.

The selected antibiotics were amikacin (Ak) (30ug), gentamycin (Cn)
(10ug), ciprofloxacin (Cip) (5ug), norfloxacin (Nor) (10ug), enrofloxacin
(Enr) (Sug), vancomycin (Va) (Sug), erythromycin (E) (15ug), penicillin G
(P) (10ug), ampicillin (Amp) (10ug), and tetracycline (Te) (30ug). Swab
plates were incubated at 42°C for 48 h under microaerophilic condition
produced by Anaerocult C system (Merck, Germany). Antibiotic disc
dispenser were used to place the antibiotics discs on the agar surface.

Data Interpretation

After 24 h incubation, the diameter of inhibition zones was measured
and the levels of susceptible/resistance were determined based on Clinical
and Laboratory Standard Institute guidelines (CLSI, 2006). Determination
of strains as resistant, intermediate and susceptible was based on the size of
the inhibition zones around every antimicrobial disc. The zone diameters
were measured to the nearest millimetre. Intermediate-resistant isolates
were classified together with resistant isolates for further interpretation of
data (CLSI, 2006).

RESULTS AND DISCUSSION

From the Table 1, all 13 isolates of C. jejuni were tested against 10
types of antibiotics that are frequently used in clinical and agricultural
practices. It was found that C. jejuni isolates were 100% susceptible to
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Gentamicin 120 pug, Ciprofloxacin 5 pug, and Enrofloxacin 5 ug. Highest
resistance of the isolates were found towards Penicillin G 10 pg (92.3%),
followed by Vancomycin 5 pg (76.9%) and Erythromycin 15 pug (53.8%).
Low antibiotic resistance was found against Amikacin 30 pug (13.4%),
Norfloxacin 10 pg (13.4%), and Tetracycline 30 pg (23.1%). C. jejuni
isolates showed highest resistance towards beta-lactams (80.8%),
glycopeptides (76.0%), and macrolides (53.8%). The isolates were least
resistant towards fluoroquinolones (5.1%), followed by aminoglycosides
(7.7%) and tetracyclines (23.1%). Two of the isolates showed MAR index
of 0.20 and the remaining 11 isolates were above 0.20 MAR index (Table
2) which indicated the isolates were possible from high risk source
(Krumperman, 1983).

Table 1. Antibiotic resistance test of Campylobacter jejuni

Class of Antibiotic Disk n No. (%) of samples
antibiotic content Resistant | Sensitive
(ng)
Aminoglycosides | Amikacin (Ak) 0ug 13 2(134) 11 (86.6)
Gentamicin (Cn) 120 ug 13 | 0(0.0) 13 (100.0)
TOTAL 26 | 2(7.7) 24(92.3)
Fluoroguinolones | Ciprofloxacin Spg 13 | 0(0.0) 13 (100.0)
(Cip)
Norfloxacin (Nor) | 10 ug 13 2(134) 11 (86.6)
Enrofloxacin Spg 13 0(0.0) 13 (100.0)
(Enr) TOTAL 39 | 2(5.1) 37(94.9)
Glycopeptides Vancomycin (Va) | Spug 13 10(76.9) | 3(23.1)
TOTAL 13 10(76.9) | 3(23.1)
Macrolides Erythromycin (E) | 15ug 13 7(53.8) 6(46.2)
TOTAL 13 7(53.8) 6(46.2)
Beta-lactams Penicillin (P) 10 pg 13 12(92.3) | 1(7.7)
Ampicillin (Amp) | 10 g 13 | 9(692) 4(30.8)
TOTAL 26 | 21(808) | 5(192)
Tetracyclines Tetracycline (Te) | 30 pug 13 3(23.1) 10 (76.9)
TOTAL 13 | 3(23.1) 10 (76.9)
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Table 2. Antibiogram of Campylobacter jejuniisolates

No. | Isolates Source Antibiotics resistance MAR index
1 LB6 WMI PVaAmpEAk 0.50
2 LBI WMI PAmpTeAk 0.40
3 LB2 WM2 PVaAmpNor 0.40
4 LB3 WMI PVaAmpE 0.40
5 LB4 SP1 PVaAmpE 0.40
6 LB5 SP1 PVaENor 0.40
7 WB2 WMI PVaAmpE 0.40
8 LB7 SP2 PVaAmp 0.30
9 WBI WMI PVaE 0.30
10 WDI WMI PVaTe 0.30
11 WB3 WM2 PVaAmp 0.30
12 WS1 WMI PAmp 0.20
13 WD2 WMI ETe 0.20

LN, Long Bean: WB, Winged Bean: WS, Water Spinach; WD, Water Dropwort WM, Wet
Market: SP. Supermarket.

The exposure of bacteria to antimicrobial agents found in the
environment become the important selective factor for bacterial resistance
towards particular antibiotics. Thus, the antibiotic resistance profile differs
geographically in which different practices in antibiotics administration.
Antibiotic resistance in bacteria is resulted from complex reaction of
environmental and genes mutations, bacterial genome transposition and
genetic material exchange between bacteria (O’Brien, 2002).

Foodbore illness or infection caused by antibiotic resistant C. jejuni
strains cause difficulty in clinical management of serious
campylobacteriosis (Iovine, 2013). Antimicrobial resistant strain will
prolong illness and render irresponsive treatment in patients with
bacteremia. Developing countries recorded highest percentage of antibiotic
resistant enteric infections. Such scenario was thought as a result from
unrestricted usage of antimicrobial drugs in human and animal.

Patient suffering from campylobacteriosis may develop symptoms
which include fever, diarrhoea (blood or without blood), vomiting,
stomachache, muscle and joint pain. Infection in human from
Campylobacter had been previously thought to be around 10000 cells.
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However, several studies have found smaller number of Campylobacter
cells at around 500 cells are capable of causing disease in human. The
difference in the infectious dose can be caused by several reasons such as
the type of food consumed (e.g., meat or vegetables) and the overall
wellbeing of the volunteer (FDA, 2012). The finding was supported by
other researchers that suggest 500 to 800 of highly virulent Campylobacter
strain were capable of infecting human (Black et al., 1988; Robinson,
1981). Once Campylobacter has been ingested, it will take 2 to 5 days
before clinical symptoms appear. The disease will resolved by itself and
may last around 2 to 10 days. Patient infected with Campylobacter may
show distinct food poisoning symptoms of continuous abdominal pain to
such intensity resembling acute appendicitis (Young and Mansfield, 2005;
FDA, 2012).

The sequel for those who has contracted and recovered from
camplybacteriosis may include developing a secondary autoimmune
disease such as reactive arthritis or Guillain-Barre syndrome. These disease
occurs were thought as result of antigen of Campylobacter similar the
antigen on human nervous system which resulted immune cells attack host
cells and cause weakness in muscle, arthritis or paralysis (Havelaar et al.,
2009). Campylobacter characteristics such as motility, adherence, invasion
and toxin production will determine its’ virulence. The mechanism of
pathogenicity on how Campylobacter adhere and invade the intestinal
epithelial cells has not been fully elucidated (Levin, 2007). However, it
was suggested that Campylobacter spiral shape and flagella which enable
rapid motility help it to penetrate through the intestinal lining (Levin, 2007,
Bhavasar and Kapadnis, 2007).

Thermotolerant Campylobacter, such as Campylobacter jejuni and
Campylobacter coli are most frequently isolated from humans. Human
illness caused by C. jejuni and C. coli estimated at 80% and 18.6%,
respectively and small amount foodborne illness caused by C. fetus
(Gurtler et al. 2005; FDA, 2012). Back in 1972, C. jejuni was mainly
associated with animal disease that cause abortion and enteritis in cattle

and sheeps.
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Campylobacter may cause infection in individuals consuming
contaminated food. However, high risk group such as toddler, children
younger than 5 years old, immunocompromised patient (e.g., HIV/AIDS,
cancer or under immunosuppressive medications) and elderly. It has been
suggested that AIDS patients are 40 times more vulnerable from
Campylobacter infection compared to those within the same age group
with normal and healthy immune systems. Vertical transmission from
pregnant mother to unborn child which cause miscarriages or stillbirths is
extremely rare. It was estimated 0.1% of mortality rate from
campylobacteriosis and infection in healthy person very unlikely to result
in death (FDA 2012).

Bacterial susceptibility against antibiotic would determine the
likelihood of effective treatment at the clinical dosage for severe cases of
infection. Whereas, the resistant strains are more likely irresponsive
towards antibiotics which result in therapeutic failure. Intermediate strains
will pose unpredictable therapeutic success as certain strains are resistance
to antibiotics which render ineffective treatment.

First isolation of aminoglycosides are streptomycin from Streptomyces
griseus and it was effective antibiotic against Gram negative bacteria
(Schatz et al., 1944). Additional aminoglycosides were discovered such as
gentamicin from Micromonospora purpurea (Weinstein et al., 1963) and
amikacin, a type of synthetic aminoglycosides which was synthesed in
vitro (Kawaguchi, 1976). For the mechanism of action, it binds to the 308
ribosomal subunit and interfering translocation of tRNA from the A-site to
the P-site. Therefore, results in bacteria cannot synthesize proteins that
important for its growth.

The quinolones are synthetic antibiotics with a basic structure of dual
ring. Nalidixic acid was first quinolones discovered in year 1960 as the
starting of quinolones antibiotics (Lehtopolku, 2011). Quinolones consists
of four groups which differentiated according to their mechanism of action
(Andriole, 2003; Van Bambeke et al., 2005). Newer compound added into
this family contain fluorine (fluoroquinolones) as well as other functional
substitutions to enhance their efficacy against Gram-negative (second
group), Gram-positive (third group) bacteria and also anaerobic bacteria
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(fourth group). Quinolones antibacterial action targeted inhibition of
bacterial DNA synthesis to prevent replication (Hooper, 2001; Yao and
Moellering, 2003). It targeted DNA gyrase and topoisomerase IV found in
most bacteria that are important in bacterial DNA repair, recombination,
replication, and transcription (Jacoby, 2005). Fluoroquinolones will bind to
these enzymes which render them useless and cause cell death (Hooper,
2001). Since the 1990’s, bacterial resistance to fluoroquinolones has been
reported to increase significantly (Aarestrup and Engberg, 2001).

Macrolides can be extracted from microorganisms such as
Streptomyces and related bacteria or may be semisynthetic. Back in year
1952, the first macrolide isolated is erythromycin. It was found in
Streptomyces erythreus (currently known as Saccharopolyspora erythraea)
(Lehtopolku, 2010). All antibiotics within macrolides share a macrolactone
ring and it is based on this ring structure 14-, 15-, or 16-membered
compounds are being grouped (Bryskier and Butzler, 2005). Macrolides is
considered safe and effective antibiotic against most of the Gram positive,
Gram negative as well as anaerobes microorganism. Macrolides
mechanism of action lies on interrupting proteins synthesis in bacterial
ribosome which consist of large and small ribosomal subunits. The large
508 ribosomal subunit consists of the ribosomal proteins, 23S and 58S
rRNA. The small 30S ribosomal subunits consists of ribosomal proteins
and 16S rRNA. Macrolides inhibition of protein synthesis generally
targeted the large 50S ribosomal subunit which causes ribosome three
dimensional conformation changes and subsequent termination of the
peptide chain elongation (Pfister et al., 2004; Poehlsgaard and Douthwaite,
2005; Yao and Moellering, 2003).

Campylobacters are known to be resistant to p-lactam group of
antibiotics especially penicillins and cephaloporins (Van der Auwera and
Scorneaux, 1985). They are seldom being used in clinical treatment for
campylobacteriosis  (Leibovitz et al.,, 2000). p-lactam targeted
peptidoglycan of bacteria cell wall by disrupting the formation of
peptidoglycan which eventually lead to cellular rupture and death (Martin
and Kaye, 2004).
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Streptomyces spp. also produce important antimicrobial agent such as
tetracyclines. Tetracyclines is popular bacteriostatic antibiotic due to its
broad-spectrum action (Chopra, 2003). Even though tetracyclines is
popular antibiotic for campylobacteriosis treatment, it should not be given
to children below nine years old (Moore et al., 2005). Opposite to
macrolides, tetracyclines targeted the small 30S ribosomal subunit and
inhibits peptide elongation (Connell et al., 2003). Tetracyclines resistance
among Campylobacter isolates has been reported in which between year
1999 and 2002, approximately 50% of 203 clinical C. jejuni strains were
resistant to tetracyclines (Gibreel et al., 2005).

C. jejuni resistance towards quinolones and erythromycin had caught
attention of clinician and researcher around the world. Study by Chai et al.,
(2008) reported C. jejuni in ‘ulam’ showed the same pattern as found in
this study that resistancy of Campylobacter isolates towards erythromycin
was high (>50%). Our study found fluoroquinolone, aminoglycosides and
tetracycline were effective against C. jejuni isolates from retail outlets.
These findings contradicted with the finding by Chai et al., (2008) and
other reports that showed C. jejuni high resistance towards
fluoroquinolone. This might be due to the use of quinolone as a
prophylaxis in animal farming which also had affected in vegetable (Han
et al., 2007; Kassa et al., 2007; Rodrigo et al., 2007).

The antibiotic resistance found in C. jejuni was suggested as a result
from the abuse of antibiotic usage in agricultural and clinical setting (Chai
et al., 2008). Wilson (2003) showed resistance to floroquinolones in
Campylobacters can be due to these antibiotics being widely used in
poultry and partly due to fluoroquinolones-resistant Campylobacter strains
being biologically stronger in the chickens and outcompete majority of
fluoroquinolone susceptible strains (Snelling et al., 2005). Chai et al.
(2008) suggested the resistance trend of fluoroquinolone group was due to
the widespread use of these antimicrobial drugs in agriculture industry.
Such practice was thought to be one of the important factor that led to
fluoroquinolone resistant strain in human isolates (Sanchez et al., 1994,
Iovine et al., 2004).
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However, low level of resistance observed in all C. jejuni isolates
towards fluoroquinolone and aminoglycosides group suggested these
antibiotics were not commonly used in agricultural farming. According to
Reina et al., (1992), fluoroquinolones resistant strains has been
increasingly rapidly since early 1990s. The study suggested this trend was
partly contributed by indiscriminate use of these agents and cross-
resistance from enrofloxacin.

Penicillin G had showed high level of antibiotics resistance which is
nearly 92% in all C. jejuni isolates. It is due to the ability of C. jejuni to
produce b-lactamase making the use of drugs from b-lactamase group
suboptimal, especially in serious infections. Our study also found C. jejuni
isolates resistance towards erythromycin is about 53.8% was significantly
higher than other study which recorded 26.8% resistance (Rodrigo et al.,
2007). National Antimicrobial Resistance Monitoring System reported
slow changes in erythromycin resistance with only 2% (4 of 217) in 1997
and 2% (8 of 384) in 2001 (Gupta et al., 2004).

High resistance to erythromycin and tetracycline was reported in
Thailand at 38.3 and 66.2%, respectively (Padungtod et al., 2006). The
study isolated Campylobacter spp. from chicken, pig, dairy and human.
Our finding is in agreement with the study and this suggest the pathogen
contamination might be from high risk source (e.g., animal farming). Over
the years, studies have found the resistance rate of C. jejuni toward
erythromycin isolated from human has changed very little (Navarro et al.,
1993; Sjogren, 1997) even though there is a report of increased percentage
of erythromycin-resistance C. jejuni isolates (Gibreel et al., 2006).

CONCLUSION

Antibiotic resistance profile in C. jejuni isolated from vegetables
differs geographically and greatly affected by the agricultural activities
around the area. Since antibiotics are not commonly used in vegetable
farm, the antibiotic resistance in C. jejuni was thought to be originated
from animal as indicated by MAR index.
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