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Abstract

Objectives Campylobacter jejuni has been classified as a member of priority pathsg
group due to the rapid emergence of multidrug tasissolates. In the present study we
planned to determine the prevalence, antibiotist&sce patterns and source tracking of
clinical C. jguni isolates from pediatric diarrheal patients in Bta.

Methods: A total of 150 stool samples from children weregassed for the presence of
Campylobacter jgjuni using culture, biochemical tests and by speciesip PCR.
Antibiotic susceptibility of the isolates was debtemed by disc diffusion method and
metallo-beta-lactamase (MBL) producers were detleasing gene specific PCR. Source
tracking was done using source predictive PCR.

Results: Campylobacter jgjuni was present in 54.6% of the processed samples Mor
than 80% of the isolated strains were resistaitdat of 12 antibiotics tested. High level
of susceptibility was observed against imipenem2%) and tigecycline (9.7%). Six
isolates (7.3%) were metallo-beta-lactamase pradwned were positive for at least one
of the five metallo-beta-lactamase genes. Souawkitng showed that 57.3% of the
isolates belonged to livestock associated clug§igrt¢ C6) and 42.8% were assigned to
non-livestock /environmental clusters (C7-C9). &se$ belonging to livestock cluster had
high Multiple Antibiotic Resistance (MAR) index &lue<0.001) as compared to non-
livestock.

Conclusion: High prevalence of multidrug resistatitjejuni among pediatric diarrheal
patients was observed. Moreover, association gktisolates to livestock clades suggest
transmission to human population via food chain aregence of imipenem resistant

MBL producingC. jguni can lead to serious public health concerns.
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1. Introduction

Diarrhea, despite being preventable and treatablstfill the second leading cause of
mortality among children less than five years of,agorldwide [1]. Diarrheal illness can
be caused by both viral and bacterial infectidCampylobacter jejuni has been listed as
one of the most frequent bacterial cause of diariherecent years [2,3C. jguni is a
foodborne pathogen that is transmitted to humams handling or consumption of
undercooked meat (poultry, cattle and pigs), ra¥ mmd untreated water [4,5].
Campylobacteriosis is generally a self-limitingedise but antibiotics like macrolides
(azithromycin and erythromycin) and fluoroquinoler{eiprofloxacin) are recommended
in some cases, for instance in treatment of imroompromised patients [6,7]. Over the
past two decades the emergence of multidrug resiStaejuni especially against
erythromycin, fluoroquinolones and tetracycline é&een reported from both
developing and developed countries [7@8]jguni, being a zoonotic pathogen acquires
antimicrobial resistance mainly through use of ¢hastibiotics as prophylaxis in animal
farming [9, 10,11]Disproportionate use of antibiotics in livestocklustry results in
development of more resistant isolates either byirttroduction of mutations or
acquisition of antibiotic resistance genes throhghzontal gene transfer from other
bacteria [12,13]. Nevertheless, sources other liliastock such as wild birds and pets
have been recently reported to contribute to timepgdobacteriosis burden [10,14,15].

Over the past years many outbreaks of campylobasighave been reported due to
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consumption of water contaminated with domesticaid animal fecal material as well
as sewage discharge [4, 16, 17, 18]. Source ditribaan not only help to identify the
origin of C. jguni infection but also help solve the puzzle by lirkextremely drug
resistant pathogens circulating in human populatespecially among vulnerable
children to infection source. Genotyping@fjguni isolates by MLST has been
commonly employed for the clonal clustering of stseon the basis of potential source;
however, it does not take into account geneticpiadian to specific environment/niche.
A source predictive Multiplex PCR, based on adaptjenotypes identified by
microarray analysis, has been developed by Stab#br(2013) to clusteC. jgjuni
isolates into livestock and non-livestock group3, [20, 21, 22, 23]. This source
predictive PCR method has been shown earlier taigegacomparable results in source
tracking of human isolates to MLST [19]. In develapcountries like Pakistan, this

source predictive PCR method provides a reliabtecieap alternate for genotyping of

human isolates to predict their origin [30]. Thegent study was aimed to investigate the

prevalence and antibiotic resistance profil€ofejuni among paediatric diarrheal
patients; possible linkage of human infectionguwedtock or non-livestock sources
(water and wildlife) using source predictive magkand linking antibiotic resistance

potential of the isolates to a particular source.

2. Materials and Methods
2.1 Sampling Collection and Identification ofCampylobacter jejuni
A total of one hundred and fifty human diarrheabktamples (including both non-

bloody and bloody diarrheal cases) were colleatech thospitalized pediatric patients
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from December 2014 - September 2015. Samples wdeeted from hospitals of major
cities of Pakistan (Supplementary table 1). Chiith@ge varied from 2 months to 5
years. All the cases were domestic in origin. Tdragles were streaked onto modified
charcoal cefoperazone deoxycho-late agar (MCCDAdI) Basingstoke, UK) and
incubated for 48-72 hrs at 42°C under microaeraphdnditions. Preliminary
identification ofCampylobacter jgjuni colonies was performed by biochemical tests
including oxidase, catalase, indoxyl acetate ap@umate hydrolysis. PCR based
detection was done using primers specifichi@O gene (hippurate hydrolysis gene) [24].
(supplementary table 2)

2.2 Antimicrobial Resistance profiling

Antibiotic resistance profiling of the identified jejuni isolates was carried out using the
following antibiotics: ceftriaxone (CTX)(30 ug) (Oxd, UK), ampicillin (AMP)(10 pg)
(Oxoid, UK), chloramphenicol (C)(30 pg) (Oxoid, UKgtracycline (TE) (30 pg)
(Oxoid, UK), streptomycin (S) (10 ug) (Oxoid, UKjprofloxacin (CIP) (5 ng) (Oxoid,
UK), nalidixic acid (NA) (30 pg) (Oxoid, UK), erytbmycin (E) (30 pg) (Oxoid, UK),
gentamycin (CN) (10 ug) (Oxoid, UK), sulphomethoxaz+ trimethoprim (SXT) (25
K1) (Oxoid, UK), tigecycline (TGC)(15 ug) (OxoidKyandimipenem (IMP) (10 ug)
(Oxoid, UK) [25, 26]. This panel of antibiotics welsosen in accordance with Clinical &
Laboratory Standards Institute (CLSI) guidelined previously reported emerging
resistance reports f@. jguni [25]. Analysis of zone diameter for resistance tirgf of
erythromycin, ciprofloxacin, tetracycline, ampitilland nalidixic acid was done
according to the Clinical & Laboratory Standardstitute (CLSI) (2016) for

Campylobacter and rest of the antibiotics guidalifoe enterobacteriaceae were used
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Multiple antibiotic resistance (MAR) was calculateylusing the formula a/b where ‘a’ is
the number of antibiotics to which a isolate iss&st and ‘b’ is the total number of
antibiotics tested [27].

2.3 Detection of Metallop-lactamase

Phenotypic identification of MBL enzyme in imipenegasistant isolates was performed
using the combined disk method (CDT) [28]. Briethyernight cultures of the test strains
were exposed to one imipenem and another imipengtadiended with ethylene
diamine tetra-acetic acid (EDTA) placed 25 mm aparMuller Hinton agar plates. An
increase o&7 mm in the diameter of the imipenem inhibitory emompared to
imipenem-EDTA disk after 24 hours of incubation ftoned presence of metallo-
lactamase positive organism. To verify the preséniB& genes at molecular level a
multiplex PCR was used. Five primer pairs, spetificcach family of acquired MBLSs,
were used for the detectionldbyyp, blayiv, blaspw, blagim andblasyy genes [29]. The
primers and amplification conditions used are tistesupplementary table 2.

2.4 Source Attribution

To predict the possible origin @. jgjuni in human samples source predictive markers
were used as described by Stabler et al., [21]s&ixce discriminatory genes i.e.,
Cj0056¢ (hypothetical protein), Cj0485 (putativedmreductase), Cj1139c (beta- 1,3
galactosyltransferase), Cj1324 (hypothetical pmt€j1422c (putative sugar
transferase), and Cj1720 (hypothetical protein)ensmnplified in two sets of multiplex
PCRs (M1 and M2). The strain Cj255 from chicken wssd as a positive control with
all target genes present, and nuclease free witena DNA template was used as a

negative control [30]. Primers and the thermal afcption condition used in the two
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multiplex PCRs are mentioned in supplementary tablehe results of PCR were
converted into binary data (based on presencesanale of amplified product) and
analyzed according to the binary code providedtapI®r et al. [21]. Dendrogram based
on this binary data was constructed using PASTSdfévare [31].

2.5 Statistical analysis

Statistical analysis was performed using the Stislétest. Data were considered

significant at a p value &f0.05

3. Results and Discussion

Diarrhoeal disease, world-wide, ranks as the foomtist frequent cause of death. The
estimated diarrheol related disability-adjusted-years (DALY's) burden is
underestimated due inconsideration of the long-t®equelae as a consequence of
undernutrition, increased risk of infectious digeand increased prevalence of protein
energy malnutrition associated with the diseasshiliren under 5[32] . While the
disease affects most of the worlds population, nioee half of the total number of
reported cases and 80% of the child mortalitiesioot South Asia and Africa [2].
Campylobacter jgjuni has been classified by WHO as “High priority pajéoes” due to
emergence of multidrug resistance. Therefore, mewdurveillance is necessary for the
control of disease. The prevalence of multidrugistant isolates df. jguni has been
under reported in developing countries like Pakisteampared to developed countries,
due to lack of proper surveillance programs. In gresent study the prevalence of
multidrug resistanC. jejuni, and their sources of transmission in humamadl cases

was investigated . A total of 150 stool samplesffichildren suffering from diarrhea,
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predominantly belonging to low income group (LI@&gre collected and cultured on
MCCDA agarSupplementary table 1). Biochemically identifiédeuni strains were
further confirmed by PCR using primers againsthip® gene (hippurate hydrolysis
gene).C. jguni was found to be present in 82 samples indicatiredadively high

isolation rate of 54.6% compared to previous regfiarin Pakistan indicating11.3-29.5%
prevalence rates during the years 1993-2013 [2633234]. This increase in prevalence
of C. jguni could be attributed to many reasons includingniesase in antibiotic
resistant strains in the population in the pastyears. To validate this hypothesis, we
compared the antibiotic resistance profile&Cofejuni to that of previously reported
isolates from our laboratory in year 2011-2012 [26]

Antibiotic susceptibility testing of the isolatesosved that most of the isolates, ranging
from 9.8-98% were resistant to tested antibiotibdore than 80% of the isolates were
found to be resistant to the following antibiotiesnpicillin (98%), erythromycin (98%),
streptomycin (94%) and tetracycline (89%), trimetim/sulfamethoxazole (88%),
cefotaxime (83%), gentamycin (80%), nalidixic acifi2%), ciprofloxacin (73%).
Whereas, a moderate percentage of isolates weisgarg@sto chloramphenicol (40%) .
Isolates were more sensitive to imipenem (12% tasisand tigecycline (9% resistant).
Overall 75% of isolates were resistant to more tleaght of the tested antibiotics.
Comparison of resistance profiles 6f jguni isolates from 2011-2012 indicated an
increased rate of resistance to all the testedbiatiis. The percentage of resistant
isolates to ampicillin increased from 40% to 98%eomycin from 53% to 94%,
ciprofloxacin 20% to 73%, erythromycin 27% to 98%tracycline 27% to 89%,

sulphomethoxazole + trimethoprin 40% to 88%, gem@am from 7% to 80%,
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chloramphenicol 20% to 40% and nalidixic acid 138682% [26]. Poultry relate€.
jegluni isolates have earlier been reported to show higksstance to antibiotics due to
their indiscriminate use as a growth promoter saglstreptomycin and erythromycin in
the feed which may lead to cross transmission mdns [35, 36]. The high resistance
profile observed in this study is similar to thaosg@orted in poultry isolates previously,
compared to clinical isolates, suggesting the bssiransmission from poultry to
humans [26, 37, 38, 39].

Antibiotics belonging to the clagslactams have been used as first line of theragytdu
their high efficacy and low toxicity to humans. T¢teoice offf-lactams is reduced to
carbapenems when infections are caused by extespsdrunp-lactamase (ESBL)
producing organisms. Such ESBL producing isolatagtalso been reported@jguni

but studies so far have not reported any resistemcarbapenem. In the present study 10
C. jguni isolates were found to show resistance to imipefreember of carbapenem
family) by the disc diffusion method. MBL enzymdetection through CDT showed that
10% (n=8) of the isolates were MBL positive. PCRpéfication ofblayp, blaym,

blaspy, blagiy andblasyy , genes showed that 7.3% (n=6) of isolates wesgipe for

MBL genes. Three isolates carried bbthyp andblay genes, three isolates carried
eitherblayv, blayyp or blagiy gene. None of the isolates were positive for GINGBM
(Fig. 1). Two isolates out of 8 that showed phepmtyIBL production were PCR
negative for the screened MBL genes. This is tis feport on emergence of imipenem
resistant isolates amo@y jejuni in clinical samples and hence may affect the tneat

and subsequent recovery among patients (Table 1).
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In order to determine the source of transmissioresistant strains, all th@ jejuni

isolates were assigned to strain clusters usingitiey code based on the presence or
absence of amplified products of six source pradiagenes sequences (Fig. 2,3A). The
results showed that isolates were well distrib@tesbng all groups i.e., C1/C2/C3
(14.6%), C4/C6 (26.8%), C5 (15.8%), C7/C8 (24.3%) &9 (18.2%). Overall 57.3% of
the isolates belonged to C1 to C6 clusters whistke teeen previously described as
livestock-associated (Fig. 4B) whereas 42.8% détes belonged to C7 to C9 clusters
predicted to be of non-livestock /environmentagiori[20,21]. The relationship of
livestock and non-livestock associated strains@ieith MAR Index is shown in
phenogram [31] (Fig. 2). The MAR index is a heaitk assessment tool which coupled
with source prediction may be used to determingiif antibiotic resistant strains
which may be linked to sources exposed to higtbaotic use. High values indicate
‘higher-risk’ source of isolate [40]. Interestingin the present study isolates belonging
to livestock cluster had high MAR index (p<0.00bpgpared to non-livestock suggesting
presence of more multidrug resistance among isotatévestock origin (Fig. 4B, 4C).
Excessive use of antibiotics in livestock indusirerts a selective pressure on bacterial
pathogens resulting in development of more resissatates by either mutation or
acquisition of antibiotic resistance genes throhghzontal gene transfer from other
bacteria [12,13].

Pakistan is a livestock raising country with appmeetely 180 million head of livestock
and 1640 million of commercial poultry and a fewlions of poultry in backyard
practices. The poultry industry contributes 26.8%otal meat production in Pakistan.

However, with current farming practices, use ofrardrobials to cure and prevent
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230 disease as well as promote growth have been exéelesiding to a rise in multi-drug
231  resistance in associated microbiota includihggiuni. The association of more resistant
232 C.jguni to livestock clades in the present study deplatsability for such strains to

233 persist and spread, through the food chain, fromnals to humans.. High prevalence of
234  antibiotic resistance and linkage of isolates, waiih MAR index, to livestock clade

235 observed in the present study provide evidencess$iple transmission &@. jejuni from
236 animals to human, thus posing serious health cancer

237

238 4. Conclusion

239  In the present study, a high prevalenc€gfjuni among paediatric diarrheal patients
240  were recorded which were linked to both livestooll aon-agricultural/non-

241  domesticated sources. Association of significamhlper of isolates with high MAR with
242  livestock indicate possible selection and transimmsef these isolates from animals to
243 humans, thus stressing the need to the contrbleoiidiscriminate use of antimicrobials
244 in animal farming.

245
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Table 1: Detail of imipenem resistadtjeuni strains.

Strain ID  Imipenem Phenotypic MBL MAR Source
(Zone of Identification Gene index attribution
Inhibition mm) of MBL cluster
BH14 R (11) + blawe,  0.75 C1/C2/C3
blayim
SH56 R (14) % blaymp 0.83 C1/C2/C3
PH14 R (16) + blasim 0.75 C7/C8
PH2 R (15) + blaysm  0.83 C5
PHS8 R (14) + blame, 0.67 C5
blayim
PH15 R (16) + blayp, 0.75 C1/C2/C3
blayim
AS51 R (13) + - 0.75 C1/C2/C3
PH29 R (17) - - 0.83 C4/C6
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SH58

R (15) T - 0.839 C4/C6

PH11

R (12) - - 0.830.71 C1/C2/C3

Figure Legends

Figure 1

Figure 2

Figure 3

Detection of metallo-b-lactamase€£inguni using multiplex PCR assay
for MBL encoding genes i.ebjayp (188bp),blasiv (390bp), and
blayiv (570bp)

Dendrogram displaying source attributitusters ofC. jejuni strains,
based on binary data of PCR profiles by using UPGiviAlysis
(PAST3.16 Software); Green strain labels MAR=0.35-8lue strain
labels- MAR=0.5-0.75, Red strain labels=0.8-0.9 iffdicate isolates
which are MBL producers.

A) Source predictive multiplex PCR: ldnel00-bp ladder; lane 2, strain
BH20 (mPCR 1); lane 3, strain BH20 (MPCR 2); lanstéain SH11
(mPCR 1); lane 5, strain SH11 (mMPCR 2). mPCR 1llimcdamplification
of genes Cj1422, Cj1139 and Cj0056. mPCR 2 invobmglification of
genes Cj1324, Cj1720 and Cj0485. B) Percentagsotdtes and average
MAR index of isolates attributed to livestock armhrivestock clusters.

C) Percentage of resistant isolates belong tottegsand non-livestock
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435

436

cluster to ceftriaxone (CTX), ampicillin (AMP), dramphenicol C,
tetracycline (TE), streptomycin (S), ciprofloxa¢®@IP), nalidixic acid
(NA), erythromycin (E), gentamycin (CN), sulphomethzole +

trimethoprim (SXT), tigecycline (TGC), imipenem (Rl
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Highlights
» High prevalence of among diarrheal paediatric patients.
* Magority of C. jgjuni (>90%) isolates were multidrug resistant.
» 7.3% of isolates were metallo-beta lactamase producers.

» Livestock associated Isolates had high MAR index as compared to non-livestock.
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Figure 2
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