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Abstract

Background

Campylobacterinfections in HIV positive patients often present with substantial mortality
and morbidity when compared to HIV negative patients.

Aim

This study assessed the prevalence of Campylobacter, antibiotic resistance phenotypes
and genetic factors, and risk of Campylobacter infection associated with living in close prox-
imity to domestic animals in HIV patients with gastric enteritis at Korle-Bu Teaching Hospital,
Accra, Ghana.

Methods

Resistance to different antibiotics was assessed with Kirby—Bauer disk diffusion method. In
addition, all the Campylobacterisolates were tested for ampicillin (blagxa-¢1), €rythromycin
(aph-3-1), tetracycline tet(O), streptomycin (aadE), and the energy-dependent multi-drug
efflux pump (cmeB) resistance genes using multiplex polymerase chain reaction.

Results

Out of a total of 140 (97 females and 43 males) tested patients, 71 (50.7%) patients were
positive for Campylobacter coli. Female patients aged within 31—40 years (31.6%) and 41—
50 years (31.6%) had high frequency of Campylobacter infection. Most of the infected
patients lived in close proximity to chickens (53.5%), however, some patients (14.1%) lived
in close proximity to goats. Phenotypic resistance evaluation revealed widespread resis-
tance to ampicillin (100%), tetracycline (100%), ciprofloxacin (71.8%), erythromycin (69%),
and gentamicin (49.3%). However, limited no of isolates contained blagya-¢1 (1.41%), cmeB
(7.0%) and tet(O (7.0%) resistance genes.
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Conclusion

HIV patients with gastric enteritis were infected with resistant Campylobacter coli. Further
studies are required to examine correlation of infected patients with C. coli and risk of living
in close proximity to poultry birds. There is the need for routine investigation of Campylobac-
terin patients with gastroenteritis in order to assist in the development of strategies for com-
bating diseases involving resistant zoonotic bacteria strains.

Introduction

Campylobacter spp. are zoonotic pathogens and a common cause of food-borne infections [1].
Risk factors associated with acquiring Campylobacter includes the ingestation of raw milk, par-
tially-cooked poultry or pork meat, raw shellfish and contaminated water [2, 3]. Infections
with Campylobacter often leads to gastric enteritis and diarrhoea [4]. However, in the last
decades, Campylobacter spp. are associated with septic arthritis, meningitis, osteomyelitis, neo-
natal sepsis, bacteraemia and proctocolitis. Campylobacter infections occurs in children,
immuno-compromised patients and people with multiple comorbidities [5, 6]. Patients with
HIV have an increase rate of relapsing Campylobacter infections, enteritis, and bacteraemia [7,
8].

Infections with Campylobacter spp. can resolve within 3-7 days, however, in severe cases of
prolonged enteritis or diarrhoea in immune-suppressed patients’, antibiotic treatments may
be required [9, 10]. The fluoroquinolone ciprofloxacin and the macrolides erythromycin, azi-
thromycin and clarithromycin are some of the drugs often recommended for therapy [11],
however, high levels of resistance in Campylobacter have been reported [12, 13].

The incidence of campylobacteriosis have been found to vary in European countries with
notification rate of 45.2 cases per 100,000 inhabitants [14, 15], but in Africa, the prevalence
have been found to vary. In Malawi, 85% of children with diarrhoea were reported to be
infected with Campylobacter jejuni [16], in contrast to studies from Tanzania (9.7%) [8, 17],
and Kenya (23%) [18]. Previous studies in Nigeria and Cameroon have reported a 19% and
9.6% Campylobacter infection rate [19, 20]. In Ghana, studies with non HIV patients have
revealed 17.3% infection rate with high resistance to erythromycin (92.3%) and Beta-lactams
(100%) [21]. However, limited information is available on the prevalence of Campylobacter
associated enteritis or diarrhoea in immune suppressed patients in Ghana. This study aimed to
determine the phenotypic and genotypic antibiotic resistance of Campylobacter isolates from
confirmed HIV infected patients in Ghana with diarrhoea and evaluate the risks of Campylo-
bacter infection to patients living in close proximity to some domestic animals.

Methodology
Study design

The study was an experimental cross sectional study involving 140 adult confirmed HIV
infected in-patients and out-patients with diarrhoea at the Fevers unit of Korle-Bu Teaching
Hospital. Korle-Bu Teaching Hospital (KBTH) is one of the largest health care facilities located
in Accra and it serves to provide health care for all categories of persons in Ghana [18]. The
prevalence of Campylobacter enteritis is unknown in Ghana, so an assumed prevalence of 50%
was used with the sample size formula for proportions by Berry et al., [22] (n = 77 (pq)/E?).
This provided a minimum sample size of 140 HIV patients. We only included confirmed HIV
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infected in-patients and out-patients with diarrhoea (watery bowel movement with or without
blood stools) attending either continuum of care for antiretroviral therapy refill or any medical
condition requiring medical attention at the Fevers unit of Korle-Bu Teaching Hospital from
May 2015 -January, 2016. Consenting patients above 18 years only were included in the study.
Patients refusing to consent to participate in the study and patients with ongoing antibiotic
treatments for gastric enteritis for 1 week were also excluded.

Isolation of Campylobacter spp.

For the isolation of the Campylobacter isolates, approximately one gram of each faecal sample
was mixed in a sterile container using a sterile swab stick. The excess stool samples were wiped
off and the sticks were swabbed onto a (pre-dried) Karmali agar (Oxoid) plate. Plates were
incubated at 42°C for 48 hrs in an anaerobic jar with a gas-generating sachet (Oxoid-Campy-
Genry) to produce micro aerophilic atmospheric conditions to enable the growth of Campylo-
bacter spp. [23]. After 48 hrs incubation, smooth, flat, colourless translucent to grey colonies of
approximately 1 mm on Karmali agar plates were selected. Since the colonies were often
mixed with other bacteria on the Karmali plate, half of the suspected colony was tested for
motility using a phase contrast microscope. Colonies showing positive motility were then puri-
fied by plating the remaining colonies on 5% horse blood agar plates and Karmali plate. The
plates were then incubated for 48 hrs in an anaerobic jar with a gas-generating sachet to pro-
duce microaerophilic conditions. Gram-negative, catalase and oxidase positive isolates were
stored snap-frozen in 30% glycerol broth at 70°C for further molecular identification (using
polymerase chain reaction), antibiotic susceptibility testing and resistance genes
determination.

Antibiotic susceptibility testing

Campylobacter isolates were subjected to Kirby-Bauer disc diffusion sensitivity testing per the
guidelines of the Clinical and Laboratory Standard Institute (CLSI) with Mueller Hinton Agar
supplemented with 5% defibrinated horse blood [24]. The following antibiotics purchased
from Thermo Scientific™ Oxoid (United Kingdom) were used: ampicillin, ciprofloxacin,
chloramphenicol, erythromycin, streptomycin, gentamicin and tetracycline.

Briefly, on each agar plate, a sterile loop was used to touch two to three morphologically
similar colonies of Campylobacter spp. and this was inoculate into sterile 0.85% sodium chlo-
ride (NaCl) solution until a turbidity of 0.5% McFarland’s standard was obtained. A loopful of
the suspension was transferred on to a Mueller-Hinton agar plate with 5% sheep blood, and a
sterile cotton swab was used to streak the entire surface of the plate. The lid of the agar plate
was left ajar for 3-5 mins to allow excess surface moisture to be absorbed before the applica-
tion of drug impregnated disks. The agar plates were incubated at 42°C for 24 hrs in an anaer-
obic jar with a gas-generating sachet to produce microaerophilic conditions. After incubation,
zone diameters around the antibiotic discs was measured and classified as sensitive or resistant
based on the CLSI [24] and EUCAST [25] break points (Table 1). The reference strains used
for quality control of antibiotic discs were Campylobacter jejuni ATCC 33560, Enterococcus,
faecalis ATCC 29212, Escherichia coli ATCC 25922, and Staphylococcus aureus ATCC 29213.

DNA extractions

DNA extraction was carried out using the Modification of “CTAB method”, in Current Proto-
cols in Molecular Biology (1997) 2.4.1-2.4.5 by John Wiley & Sons, Inc.

Extractions of DNA was carried out by first preparing a cell lysis buffer with adding 50 mL
of 10% SDS (sodium dodecyl sulphate), 10 ml of 5M NaCl (sodium chloride), 100ml of 0.5M
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Table 1. Guidelines for interpreting antimicrobial susceptibility results for Campylobacter spp.

Zone diameter breakpoint(mm)

Antibiotic Disk Content pg Susceptibility > Resistance < Reference

Ampicillin 10 14 14 EUCAST break point for
Enterobacteriacae [25]

Ciprofloxacin 5 26 26 EUCAST break point for C coli
and C. jejuni [25]

Erythromycin 15 24 24 EUCAST break point for C. coli
[25]

Tetracycline 30 30 30 EUCAST break point for C. coli
and C. jejuni [25]

Gentamicin 10 17 14 EUCAST break point for
Enterobacteriacae [25]

Chloramphenicol 30 17 17 EUCAST break point for
Enterobacteriacae [25]

Streptomycin 10 15 12 CLSI break point [24]

https://doi.org/10.1371/journal.pone.0240242.t001

of EDTA (Ethylenediaminetetraacetic acid), 25 ml of 0.5M Tris (pH = 8) to 315 ml of deionized
water. The mixture was autoclaved and left to cool to room temperature. After the preparation,
450 pl of cell lysis buffer was dispensed into a 2 ml sterile eppendorf tubes containing harvested
Campylobacter spp. cells and 15 pl of proteinase K (20mg/ml) was added. This was briefly mixed
by inverting the tube gently for 30 secs and the mixture was incubated at 56°C for 6 hrs. Then
200 pl of 5M NaCl was added and inverted for 15 secs and the mixtures were allowed to stand for
5 mins at room temperature before being centrifuged at 12,000 g for 10 mins. The supernatant
was collected into a sterile 2ml eppendorf tube and the sediments were discarded. Cold absolute
isopropanol (800 pl) was added to the supernatant and the mixture was inverted for 30 secs
before being frozen at -20°C for 30 mins and then re-centrifuged at 12,000 g for 15 mins. The
supernatant was discarded and 400 pl of 70% of ethanol was used to wash the DNA pellet col-
lected. This was centrifuged at 12,000 g for 10 mins and the supernatant was discarded. The tube
containing the pellet was left opened to allow the pellet to dry up for 1 hr. before 100 pl of nucle-
ase free water was added to the DNA pellet. The mixtures were allowed to sit on the bench for 6
hrs before being used in PCR analysis. DNA was finally stored at -20°C for further use.

Species identification

The Campylobacter species identification was first performed using conventional methods that
included the catalase, oxidase and hippurate hydrolysis tests [23]. PCR was then used to con-
firm species identifications using primers purchased from Integrated DNA Technologies, Inc.,
USA (https://www.idtdna.com) for the Campylobacter genus specific 23S rRNA gene and spe-
cies specific regions of Campylobacter jejuni, C. coli, C. lari and C. upsaliensis (Table 2). In
each PCR reaction tube, a mixture of 25 ul contained 12.5 pl of NEB one taq 2X master mix
buffer, 0.5 pl of 10 uM of each oligonucleotide primers, 2 ul DNA template and 9.5pl of nucle-
ase free water [26]. Cycling condition were set at 95°C for 5 mins, 30 cycles of denaturation at
95°C for 30 secs., annealing at 59°C for 30secs., extension at 68°C for 2 mins. and ending with
a final extension at 68°C for 10 mins. The PCR products were then electrophoresed on a 2%
agarose gel stained with ethidium bromide.

Molecular analysis of Campylobacter for resistant genes

Resistance genes investigations were carried out in all the isolates. The genomic DNA
extracted above for the Campylobacter isolates were tested for tet(O), aph-3-1, cmeB and
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Table 2. Primers used for PCR in this study.

Primer Sequence (5’-3) Amplicon Annealing
Primer Forward Reverse Sizes (bp) Temperatures Reference
CJF acttctttattgcttgcectge gccacaacaagtaaagaagc 323 59°C [26]
CCF gtaaaaccaaagcttatcgtg tccagcaatgtgtgcaatg 126 59°C [26]
CLF tagagagatagcaaaagaga tacacataataatcccaccc 251 59°C [26]
CUF aattgaaactcttgctatcc tcatacattttacccgagcet 204 59°C [26]
CFF gcaaatataaatgtaagcggagag Tgcagcggccccacctat 435 59°C [26]
23SF tataccggtaaggagtgctggag atcaattaaccttcgagcaccg 650 59°C [26]
tet(O) gcgttttgtttatgtgeg atggacaacccgacagaag 559 49°C [27]
cmeB tcctagcagcacaatatg Agcttcgatagctgcatce 241 49°C [28]
blaoxa-s1 agagtataatacaagcg Tagtgagttgtcaagcc 372 49°C [28]
aphA-3-1 tgcgtaaaagatacggaag Caatcaggcttgatcccc 701 49°C [28]
aadE1 gaacaggatgaacgtattcg Gcatatgtgctatccagg 837 49°C [29]

https://doi.org/10.1371/journal.pone.0240242.t002

blaoxa.e1 genes using PCR. In each PCR reaction tube, a mixture of 25 pl contained 12.5 pl of
NEB onetaq 2X master mix buffer, 0.1 pl of 10 uM of each of the resistant gene primer
(Table 2), 2 ul DNA template and 9.5 ul of nuclease free water was used [26].

Cycling condition was set at 95°C for 5 mins, 35 cycles of denaturation at 95°C for 30secs,
annealing at 49°C for 45 secs, extension at 68°C for 2 mins and ending with a final extension
at 68°C for 10 mins. The PCR products were then electrophoresed on a 2% agarose gel stained
with ethidium bromide. The sizes of the various amplicons was determined by comparison
with 100 bp ladder. Some of the amplified DNA generated with positive specific primers were
sequenced in order to confirm the identity of resistance genes detected.

Data handling and statistical analysis

The data generated were entered into Microsoft Excel and analyzed using GraphPad Prism
software, version 6. In all cases, p-values less than 0.05 were considered statistically significant.
Initially, the association between each exposure and the presence of infection was assessed
using the Pearson’s Chi-squared test. Odds ratios were then computed to measure the direc-
tion and strength of association. Prevalence was calculated by dividing the number of occur-
rences of Campylobacter species in the HIV infected patients by the total number of tested
HIV infected patients.

Ethics approval and consent

The study was approved by the Noguchi Memorial Institute for Medical Research Institution
Review Board, University of Ghana, Legon (Ethics approval reference Number: NMIMR-IRB
CPN 035/14-15). Participation was voluntary and written consent from patients was taken in
accordance with the ethical committee’s guidelines. Patients attending the hospital on clinic
days were only included in this study after a signed written informed consent was obtained.

Results
Prevalence of Campylobacter isolates in male and female patients

Out of a total of 140 (97 females and 43 males) tested consenting patients, 71 (50.7%) patients
were infected with Campylobacter spp. (Table 3). Sixty one percent of females and 38.7% of the
males were infected with Campylobacter. Female patients aged within 31-40 years (31.6%) and
41-50 years (31.6%) were the age groups mostly infected. Whilst males aged between 41-50
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Table 3. Distribution of ages and Campylobacter coli infections in patients.

Females
Ages Total No. of Tested female patients Campylobacter
(n=97) Positive (n = 57, %) Odds ratio P-value
20-30 8 5(8.8)
31-40 35 18 (31.6)
41-50 30 18 (31.6) 1.583 0.0991
51-60 18 12 (21.1)
61-70 4 3(5.3)
71-80 2 1(1.8)
Males
Ages Total No. of tested male patients Campylobacter
(n=43) Positive (n = 14, %) Odds ratio P-value
20-30 2 0
31-40 6 0
41-50 14 9(64.3) 1.589 0.3758
51-60 12 4(28.6)
61-70 5 1(7.2)
71-80 4 0

https://doi.org/10.1371/journal.pone.0240242.1003

years (64.3%) and 51-60 years (28.6%) were predominantly infected, lower prevalence was
found for both male and female patients within 20-30 and 71-80 years respectively (Table 3).
The difference in rate of infection in the males and females was not significant (P < 0-05).

Risk factor of domestic animals and Campylobacter infection

Seventy three percent (52/71) of the infected patients reported to live in close proximity to
domestic animals (Table 4). Most of the positive patients had contacts with chickens [53% (38/
71)] and dogs [14.1% (10/71)]. A few of the Campylobacter culture negative patients also lived
in close proximity to chickens [31.9% (22/69)] and dogs [11.6% (8/69)]. The difference in
Campylobacter positive patients and negative patients living in proximity to domestic animals
was not statistically significant (P < 0-05).

Prevalence of Campylobacter spp.

Campylobacter coli [50.7% (71/140)] was the predominate species isolated. None of the Cam-
pylobacter isolates in this study produced any species-specific band for Campylobacter upsa-
liensis, Campylobacter jejuni and Campylobacter lari.

Table 4. Distribution of ages of patients and contact with domestic animals patients.

Positive Patients (n = 71) Negative Patients (n = 69)
: Domestic Animals Domestic Animals
Ages Cats Dogs chickens Goats Cats Dogs chickens Goats
20-30 0 0 2 1 0 0 0 1
31-40 0 1 12 3 0 1 9 2
41-50 1 2 10 5 0 1 7 3
51-60 0 0 10 0 1 1 6 2
61-70 0 0 3 1 0 0 0 0
71-80 0 0 1 0 0 0 0 0
Total (%) 1(1.4) 3 (4.2) 38 (53.5) 10 (14.1) 1(1.4) 3(4.3) 22 (31.9) 8(11.6)

https://doi.org/10.1371/journal.pone.0240242.t1004
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Antibiotic resistance and resistance genes profiles of Campylobacter
isolates

All the Campylobacter isolates were resistant to ampicillin (100%) and tetracycline (100%)
(Table 5). Whilst resistance to chloramphenicol, erythromycin, gentamicin and ciprofloxacin
were 28.2%, 69%, 49.3% and 71.8% respectively.

All the Campylobacter coli isolates were tested for tet(O), aph-3-1, cmeB and blagxa_¢; anti-
biotic resistance genes. This study revealed a few (7%) of the C. coli isolates resistant to cipro-
floxacin contained the cmeB gene (Table 5). Though high (100%) phenotypic resistance to
tetracycline was detected, only six (8.4%) Campylobacter isolates was positive for the tet(O)
gene. In addition, blagxa ¢1 gene was present in only one ampicillin resistant isolate, and aadE
gene was present in four streptomycin resistant isolates.

Discussion

Campylobacter spp. have been identified as the etiologic agent in sporadic cases of gastroenter-
itis and gastrointestinal infection in both developed and developing counties [30]. Even though
this hospital-based study with 140 HIV positive patients within the ages of 20-80 years with
watery diarrhea is small to make any statistical significant information on seasonal (raining or
dry season) distribution, however, this is the first study to evaluate the prevalence of Campylo-
bacter spp. infections in HIV infected patients in Ghana and the potential risk of patients living
in close proximity to domestic animals.

The prevalence of Campylobacter infection

The overall prevalence of Campylobacter infection in the tested patients with diarrhoea was
50.7%. This prevalence is higher than previous prevalence reported in Germany (18.6%) [31],
Southern Ireland (4.7%) [32], Kenya (12.7%) [33], and Malawi (14%) [16]. The differences in
prevalence in the different countries may be associated with varying seasonal differences, sen-
sitivity of detection methodologies, scope of the case profile studied, as well as differences in
the standard and stringency of biocontrol protocols, surveillance bias, food practices, and cli-
matic conditions [15].

The predominant Campylobacter spp. Identified in this study was C. coli, which is the strain
responsible for 25% of all gastroenteritis cases caused by Campylobacter species [10]. Findings
in the study are in contrast to studies from USA, Paris, and South Africa which reported a

Table 5. Prevalence of phenotypic antibiotic resistance and resistance genes in Campylobacter coli isolates.

Antibiotic Tested by disc diffusion No. of Phenotypic resistant C. coli (%)
Resistant genes tested No. of isolates positive for resistance genes
Ampicillin 71 (100)

blaoxa-e1 1(1.41)

Erythromycin 49 (69.0)

Ciprofloxacin 51(71.8)

cmeB 5(7.0)

Tetracycline 71 (100)

tet(O) 6(8.4)

Streptomycin 45 (63.4)

aadE 4(5.6)

Gentamicin 35(49.3)
chloramphenicol 20 (28.2)

https://doi.org/10.1371/journal.pone.0240242.t1005
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higher prevalence of C. jejuni than C. coli [34-36]. The high prevalence of C. coli detected in
this study may suggest that faeces of infected domesticated animals is enabling the spread of C.
coli in the environment and thus allowing contamination of the patients [37]. This may also be
because in most developing countries, exposure to Campylobacter infections are common in
early life, leading to development of protective immunity in children and continuous asymp-
tomatic excretion that can be a potential risk to immune compromised patients [38, 39].

Antibiotic resistance and resistance genes

Opver the years, antibiotic resistance in Campylobacter spp. in humans and animals has become
a public health concern in both developed and developing countries [13], however information
on Campylobacter in HIV patients are limited. Campylobacter infections are self-limiting, and
antibiotics such as macrolides (erythromycin), fluoroquinolones (ciprofloxacin) and tetracy-
cline may be recommended in severe cases or in immunocompromised patients [40]. However,
in this study most of the Campylobacter coli isolates were resistant to tetracycline (100%), cipro-
floxacin (71.8%) and erythromycin (69%). In contrast to this study, a previous study reported
lower resistance for tetracycline (55%), erythromycin (38.9%) and ciprofloxacin (33.3%) in C.
coli isolates from patients with dysentery [34] in South Africa. Whilst a similar study in Kenya
reported varying resistance to tetracycline (57.1%), ciprofloxacin (28.9) and erythromycin
(85.1%) [40], in India, a study from 2010 to 2012 reported an increase in resistance to ciproflox-
acin and erythromycin from 71.4% to 86.1% and 6.1% to 22.2% respectively in children [41].
The varying prevalence observed in the different countries may be associated with varying levels
of dependency on fluoroquinolones, macrolides and tetracyclines in clinical practice and possi-
ble utilization of some of the antibiotics in veterinary practice or animal husbandry [1, 2].

In this study, all the Campylobacter isolates were resistant to tetracycline, but only six of the
resistant isolates contained the tet(O) gene. In contrast to this study, a previous study by
Shobo et al., [34] in South Africa reported tet(O) gene in all tetracycline resistant C. coli and C.
jejuni isolates. Similarly, a previous study from a different region in Ghana (Kumasi) reported
a 92% tetracycline resistance to C. coli isolates in patients with enteritis, however the study did
not evaluate the prevalence of tet(O) gene. Tetracycline resistance is primarily mediated by the
ribosomal protection protein (tetO) that are located on a self-transmissible plasmid or in the
chromosome when it is not self-mobile [42]. The low prevalence of tet(O) gene in the tetracy-
cline resistant isolates in this study may be associated with the contribution of efflux pumps
for tetracycline resistant isolates which are not associated with the expression of tet(O) gene
[43]. The multidrug efflux gene cmeB which is able to confer intrinsic resistance to fluoroquin-
olones and macrolide was present in a few of the resistant isolates [44]. The lower prevalence
of cmeB in the C. coli strains might indicate a higher sequence variation in the cmeB gene in
the tested isolates, and probably the involvement of other periplasmic fusion protein
(CmeABC) genes with the intrinsic resistance in the Campylobacter isolates [45, 46]. Other
putative efflux pumps including CmeDEF and CmeG, [46-48] and antibiotic exclusion via the
major outer membrane porin (MOMP) [49], lipooligosaccharide and capsule [50] can also
contribute to intrinsic resistance. The role of CmeACDEFG genes in our isolates needs to be
further studied to determine other specific target pathways for antimicrobial resistance.

None of erythromycin-resistant isolates harboured the aph-3-1 gene, however, four strepto-
mycin resistant C. coli isolates contained the aadE gene. Resistance to the above antibiotics is
generally due to inactivation of the drugs by aminoglycoside phosphotransferases (APH) or
adenylyltransferases (AAD) [3], the presence aadE in C. coli constitutes further evidence for
the occurrence of genetic transfer of information from gram positive to gram-negative bacteria
under natural conditions [51].
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Domestic animals and risk factors for Campylobacter infections

The consumption of raw milk, pork or poultry products and contact with animals are a signifi-
cant risk factor for Campylobacter enteritis [3, 52]. Out of the 71 positive Campylobacter
patients, 73% reported to live in close proximity domestic animals in contrast to the negative
patients (49%). Most of the patients however, reported to live in close proximity to poultry
birds or were engaged in poultry husbandry. Campylobacter spp. (primarily C. jejuni and C.
coli) are commensals in birds and commonly associated with enteritis in domesticated animals
and humans [53]. Other species such as C. fetus, C. helveticus, C. hyointestinalis, C. lari, C.
upsaliensis, C. sputorum, and C. ureolyticus can infect a wide range of food animals such as
poultry, cattle, pigs, sheep and ostriches; and in pets, including cats and dogs [54, 55]. Findings
from this study are in conformity to Potter et al., [52] study in the United States which
reported that persons living or engaged in poultry husbandry are at a higher risk for Campylo-
bacter infections. We did not collect information on the types of antibiotics used in the feeds
or for treatment of the domesticated chickens. This was due to the relatively small number of
patients who were willing to enrol in the study did not have sufficient information to enable
the study evaluate such information or the association of patients infections with rural or
urban location.

Nevertheless, reported incidence and prevalence of Campylobacter infections among
persons infected with human immunodeficiency virus (HIV) occur at a higher rate than
what is observed in the general population [56, 57]. Close monitoring and differential
diagnosis of Campylobacter in HIV patients with persistent diarrhoea is required even if
the organism is not identified in stools [59]. This is because the severity and duration of
Campylobacter infections are more likely to be increased among HIV-infected persons
[58, 59].

Conclusion

This study revealed that HIV patients with gastric enteritis were positive for Campylobacter
coli. Females who were often infected with C. coli were found to live in close proximity to
poultry birds. The isolated C. coli strains were resistant to tetracycline, ciprofloxacin and
erythromycin, and a few of the resistant C. coli isolates harboured the tested resistance
genes.

Findings from this study emphases the need for the empowerment of diagnostic laborato-
ries in West Africa, especially Ghana, to detect emerging Campylobacter species and the use of
whole genome sequencing to evaluate the correlation between resistance phenotypes and
genotypes in order to understand and assist the development of new strategies for combating
antimicrobial resistance, including improving foodborne disease surveillance programs
involving bacteria of zoonotic importance like Campylobacter.

Strength and weakness

Aside the phenotypic testing of antibiotic resistance in Campylobacter isolates in HIV
patients, the use of PCR to test for resistance genes gave power to the study. However, the
study was limited in accessing the medical history of the patients, hence, our inability to
link our findings to other clinical conditions. We could also not determine the virulence
factors of the culture positive isolates, to confirm the colonization capacity of the bacteria to
the host’s intestinal cells. A bigger multi-regional survey involving HIV and non-HIV
patients which will incorporate treatment and other variables is planned pending appropri-
ate funding. Also, the relatively small sample size of this study may have failed to detect any
C. jejuni among the HIV patients.

PLOS ONE | https://doi.org/10.1371/journal.pone.0240242 October 15, 2020 9/13


https://doi.org/10.1371/journal.pone.0240242

PLOS ONE Campylobacter associated gastric enteritis among patients with Human Immunodeficiency Virus (HIV) in Ghana

Supporting information

S1 Appendix. Results—Campylobacter speciation and resistance genes.
(DOCX)

Acknowledgments

Our appreciation also goes to all the staff of Korle-Bu Teaching Hospital (Fevers Unit) and all
patients for their cooperation and support during the various aspects of the study.

Author Contributions

Conceptualization: Akua Obeng Forson.

Data curation: David Nana Adjei, Michael Olu-Taiwo.
Investigation: Akua Obeng Forson, Marjorie Ntiwaa Quarchie.

Methodology: Akua Obeng Forson, Michael Olu-Taiwo, Marjorie Ntiwaa Quarchie, Harry
Richard Asmah.

Project administration: Akua Obeng Forson.
Resources: Akua Obeng Forson.

Supervision: Akua Obeng Forson.

Validation: David Nana Adjei.

Writing - review & editing: Harry Richard Asmah.

References

1. SilvaJ, Leite D, Fernandes M, Mena C, Gibbs PA, Teixeira P. Campylobacter spp. as a Foodborne
Pathogen: A Review. Front Microbiol. 2011; 2.

2. Hermans D, Pasmans F, Messens W, Martel A, Van Immerseel F, Rasschaert G, et al. Poultry as a
host for the zoonotic pathogen Campylobacter jejuni. Vector-Borne and Zoonotic Diseases. 2012 12
(2):89-98. https://doi.org/10.1089/vbz.2011.0676 PMID: 22133236

3. Friedman CR, Hoekstra RM, Samuel M, Marcus R, Bender J, Shiferaw B, et al. Risk factors for sporadic
Campylobacterinfection in the United States: A case-control study in FoodNet sites. Clinical infectious
diseases: an official publication of the Infectious Diseases Society of America. 2004. 15; 38 Suppl 3:
S$285-96. https://doi.org/10.1086/381598 PMID: 15095201.

4. Acheson D, Allos BM. Campylobacter jejuniInfections: Update on Emerging Issues and Trends. Clinical
Infectious Diseases. 2001; 32(8):1201-6. https://doi.org/10.1086/319760 PMID: 11283810

5. Pacanowski J, Lacombe K, Boudraa C, Lesprit P, Legrand P, Trystram D, et al. Campylobacter Bacter-
emia: Clinical Features and Factors Associated with Fatal Outcome. Clinical Infectious Diseases. 2008;
47(6):790-6. https://doi.org/10.1086/591530 PMID: 18699745

6. Fernandez-Cruz A, Mufioz P, Mohedano R, Valerio M, Marin M, Alcala L, et al. Campylobacter Bacter-
emia: Clinical Characteristics, Incidence, and Outcome Over 23 Years. Medicine. 2010; 89(5):319-30.
https://doi.org/10.1097/MD.0b013e3181f2638d PMID: 20827109

7. Sorvillo FJ, Lieb LE, Waterman SH. Incidence of campylobacteriosis among patients with AIDS in Los
Angeles County. Journal of acquired immune deficiency syndromes. 1991; 4(6):598—-602. PMID:
2023099

8. Coker AO, Adefeso AO. The changing patterns of Campylobacter jejuni/coliin Lagos, Nigeria after ten
years. East Afr Med J. 1994; 71:437—40. PMID: 7828496

9. Oporto B, Juste RA, Hurtado A. Phenotypic and genotypic antimicrobial resistance profiles of Campylo-
bacter jejuniisolated from cattle, sheep, and free-range poultry faeces. International Journal of Microbi-
ology. 2009;Article ID 456573:1-8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0240242 October 15, 2020 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0240242.s001
https://doi.org/10.1089/vbz.2011.0676
http://www.ncbi.nlm.nih.gov/pubmed/22133236
https://doi.org/10.1086/381598
http://www.ncbi.nlm.nih.gov/pubmed/15095201
https://doi.org/10.1086/319760
http://www.ncbi.nlm.nih.gov/pubmed/11283810
https://doi.org/10.1086/591530
http://www.ncbi.nlm.nih.gov/pubmed/18699745
https://doi.org/10.1097/MD.0b013e3181f2638d
http://www.ncbi.nlm.nih.gov/pubmed/20827109
http://www.ncbi.nlm.nih.gov/pubmed/2023099
http://www.ncbi.nlm.nih.gov/pubmed/7828496
https://doi.org/10.1371/journal.pone.0240242

PLOS ONE Campylobacter associated gastric enteritis among patients with Human Immunodeficiency Virus (HIV) in Ghana

10.

1.

12

13.

14.

15.

16.

17.

18.
19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Guévremont E, Nadeau E, Sirois M, Quessy S. Antimicrobial susceptibilities of thermophilic Campylo-
bacter from humans, swine, and chicken broilers. Canadian Journal of Veterinary Research. 2006; 70
(2):81-6. PMID: 16639939

Belanger AE, Shryock TR. Macrolide-resistant Campylobacter. the meat of the matter. Journal of Anti-
microbial Chemotherapy. 2007; 60(4):715-23. https://doi.org/10.1093/jac/dkm300 PMID: 17704515

Alfredson DA, Korolik V. Antibiotic resistance and resistance mechanisms in Campylobacter jejuni and
Campylobacter coli. FEMS Microbiol Lett. 2007; 277(2):123-32. https://doi.org/10.1111/j.1574-6968.
2007.00935.x PMID: 18031331

Luangtongkum T, Jeon B, Han J, Plummer P, Logue CM, Zhang Q. Antibiotic resistance in Campylo-
bacter. emergence, transmission and persistence. Future microbiology. 2009; 4(2):189-200. https://
doi.org/10.2217/17460913.4.2.189 PMID: 19257846

EFSA. The community summary report on trends and sources of zoonoses, zoonotic agents and food-
borne outbreaks in the European union in 2008. EFSA J 8, 1496-1906. 2010.

Kaakoush NO, Castafio-Rodriguez N, Mitchell HM, Man SM. Global Epidemiology of Campylobacter
Infection. Clin Microbiol Rev. 2015; 28(3):687—-720. https://doi.org/10.1128/CMR.00006-15 PMID:
26062576

Mason J, lturnza-Gomara M, O’Brien SJ, Ngwira BM, Dove W, Maiden MCJ, et al. Campylobacterinfec-
tin in children in Malawi is common and is frequently associated with enteric virus co-infection. Plos
One. 2013; 8(3).

Deogratias A, Mushi MF, Paterno L, Tappe D, Seni J, Kabymera R, et al. Prevalence and determinants
of Campylobacterinfection among under five children with acute watery diarrhea in Mwanza, North Tan-
zania. Archives of Public Health. 2014 May 30; 72(1):17. https://doi.org/10.1186/2049-3258-72-17
PMID: 24932408

KBTH. (Korle Bu Teaching Hospital). Source: http://wwwkbthgovgh/. 2017.

Yongsi HBN. Pathogenic microorganisms associated with childhood diarrhea in low-and-middle income
countries: case study of Yaoundé—Cameroon. International journal of environmental research and
public health. 2008; 5(4):213-29. https://doi.org/10.3390/ijerph5040213 PMID: 19190353

Aboderin AO, Smith S|, Oyelese AO, Onipede AO, Zailani SB, Coker AO. Role of Campylobacter jejuni/
coliin diarrhoea in lle-Ife, Nigeria. East African medical journal. 2002 Aug; 79(8):423-6. PubMed PMID:
12638844.

Karikari AB, Obiri-Danso D, Frimpong EH, Krogfelt KA. Antibiotic Resistance in Campylobacter Isolated
from Patients with Gastroenteritis in a Teaching Hospital in Ghana. Open Journal of Medical Microbiol-
ogy.2017; 7:1-11.

Berry SM, Carlin BP, Jack Lee J, Muller P. Bayesian Adaptive Methods for Clinical Trials. 2010; 38 (
Chapman & Hall/CRC Biostatistics Serie).

Avrain L, Humbert F, L’'Hospitalier R, Sanders P, Kempf I. ’Antimicrobial resistance in Campylobacter
from broilers: associated with the production type and antimicrobial use’,. Veterinary Microbiology.
20083; 96(3):267-76. https://doi.org/10.1016/j.vetmic.2003.07.001 PMID: 14559174

CLSI. Performance Stardards for Antimicrobial Disk Diffusion Tests. Approved Stardard - 12" Ed. CLSI
documents MO2-12, Wayne, PA: Clinical and Laboratory Stardards Institutes. 2015.

EUCAST. The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for inter-
pretation of MICs and zone diameters. Version 7.1. Source: http://wwweucastorg/fileadmin/src/media/
PDFs/EUCAST _files/Breakpoint_tables/v_71_Breakpoint_Tablespdf. 2017.

Wang G, Clark CG, Taylor TM, Pucknell C, Barton C, Price L, et al. Colony multiplex PCR assay for
identification and differentiation of Campylobacter jejuni, C. coli, C. lari,C. upsaliensis, and C. fetus
subsp. fetus. J Clin Microbiol. 2002; 40:4744—7. https://doi.org/10.1128/jcm.40.12.4744-4747.2002
PMID: 12454184

Pratt A, Korolik V. Tetracycline resistance of Australian Campylobacter jejuniand Campylobacter coli
isolates. J Antimicrob Chemother 2005; 55:452—60. https://doi.org/10.1093/jac/dki040 PMID:
15743900

Obeng AS, Rickard H, Sexton M, Pang Y, Peng H, Barton M. Antimicrobial susceptibilities and resis-
tance genes in Campylobacter strains isolated from poultry and pigs in Australia. Journal of applied
microbiology. 2012; 113(2):294-307. https://doi.org/10.1111/j.1365-2672.2012.05354.x PMID:
22672511

Derbise A, de Cespedes G, Solh NE. Nucleotide sequence of the Staphylococcus aureus transposon,
Tn5405, carrying aminoglycosides resistance genes. J Basic Microbiol 1997; 37:379-89. https://doi.
org/10.1002/jobm.3620370511 PMID: 9373952

PLOS ONE | https://doi.org/10.1371/journal.pone.0240242 October 15, 2020 11/13


http://www.ncbi.nlm.nih.gov/pubmed/16639939
https://doi.org/10.1093/jac/dkm300
http://www.ncbi.nlm.nih.gov/pubmed/17704515
https://doi.org/10.1111/j.1574-6968.2007.00935.x
https://doi.org/10.1111/j.1574-6968.2007.00935.x
http://www.ncbi.nlm.nih.gov/pubmed/18031331
https://doi.org/10.2217/17460913.4.2.189
https://doi.org/10.2217/17460913.4.2.189
http://www.ncbi.nlm.nih.gov/pubmed/19257846
https://doi.org/10.1128/CMR.00006-15
http://www.ncbi.nlm.nih.gov/pubmed/26062576
https://doi.org/10.1186/2049-3258-72-17
http://www.ncbi.nlm.nih.gov/pubmed/24932408
http://wwwkbthgovgh/
https://doi.org/10.3390/ijerph5040213
http://www.ncbi.nlm.nih.gov/pubmed/19190353
http://www.ncbi.nlm.nih.gov/pubmed/12638844
https://doi.org/10.1016/j.vetmic.2003.07.001
http://www.ncbi.nlm.nih.gov/pubmed/14559174
http://wwweucastorg/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_71_Breakpoint_Tablespdf
http://wwweucastorg/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_71_Breakpoint_Tablespdf
https://doi.org/10.1128/jcm.40.12.4744-4747.2002
http://www.ncbi.nlm.nih.gov/pubmed/12454184
https://doi.org/10.1093/jac/dki040
http://www.ncbi.nlm.nih.gov/pubmed/15743900
https://doi.org/10.1111/j.1365-2672.2012.05354.x
http://www.ncbi.nlm.nih.gov/pubmed/22672511
https://doi.org/10.1002/jobm.3620370511
https://doi.org/10.1002/jobm.3620370511
http://www.ncbi.nlm.nih.gov/pubmed/9373952
https://doi.org/10.1371/journal.pone.0240242

PLOS ONE Campylobacter associated gastric enteritis among patients with Human Immunodeficiency Virus (HIV) in Ghana

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

Said MM, EI-Mohamady H, El-Beih F, Rockabrand D, Ismail T, Monteville M, et al. Detection of gyrA
mutation among clinical isolates of Campylobacter jejuniisolated in Egypt by MAMA-PCR. J. Infect.
Dev. Cntries. 2010; 4:546-54.

Gartler M, Alter T, Kasimir S, Fehlhaber K. The importance of Campylobacter coliin human campylo-
bacteriosis: prevalence and genetic characterization. Epidemiol. Infect. 2005; 133(6):1081-7. https://
doi.org/10.1017/S0950268805004 164 PMID: 16274505

Bullman S, Corcoran D, O’Leary J, O’'Hare D, Lucey B, Sleator RD. Emerging dynamics of human cam-
pylobacteriosis in southern Ireland. FEMS Immunol Med Microbiol. 2011; 63:248-53. https://doi.org/10.
1111/j.1574-695X.2011.00847.x PMID: 22077228

Brooks JT, Ochieng JB, Kumar L, Okoth G, Shapiro RL, Wells JG, et al. Surveillance for Bacterial Diar-
rhea and Antimicrobial Resistance in Rural Western Kenya, 1997-2003. Clinical Infectious Diseases.
2006; 43(4):393-401. https://doi.org/10.1086/505866 PMID: 16838225

Shobo CO, Bester LA, Baijnath S, Somboro AM, Peer AK, Essack SY. Antibiotic resistance profiles of
Campylobacter species in the South Africa private health care sector. Journal of infection in developing
countries. 2016; 10(11):1214-21. https://doi.org/10.3855/jidc.8165 PMID: 27886034

Molina J, et al. Campylobacterinfections in HIV-infected patients: clinical, and bacteriological features.
AIDS. 1995; 9(8):881. https://doi.org/10.1097/00002030-199508000-00008 PMID: 7576322

Martinez RM, et al. Campylobacter jejuniand HIV infection. Enferm Infecc Microbiol Clin.1994; 12
(2):90. PMID: 7912110

Keener KM, Bashor MP, Curtis PA, Sheldon BW, Kathariou S. Comprehensive review of Campylobac-
ter and poultry processing. Food Sci Food Saf 2004; 4:105—-16.

Rao MR, Naficy AB, Savarino SJ, Abu-Elyazeed R, Wierzba TF, Peruski LF, et al. Pathogenicity and
Convalescent Excretion of Campylobacterin Rural Egyptian Children. American Journal of Epidemiol-
ogy. 2001; 154(2):166—73. https://doi.org/10.1093/aje/154.2.166 PMID: 11447051

Havelaar AH, van Pelt W, Ang CW, Wagenaar JA, van Putten JPM, Gross U, et al. Immunity to Cam-
pylobacter. its role in risk assessment and epidemiology. Critical Reviews in Microbiology. 2009; 35
(1):1-22. https://doi.org/10.1080/10408410802636017 PMID: 19514906

Ge B, Wang F, Sjolund-Karlsson M, McDermott PF. Antimicrobial resistance in Campylobacter. suscep-
tibility testing methods and resistance trends. Journal of microbiological methods. 2013; 95(1):57-67.
https://doi.org/10.1016/j.mimet.2013.06.021 PMID: 23827324

Ghosh R, Uppal B, Aggarwal P, Chakravarti A, Jha AK. Increasing Antimicrobial Resistance of Cam-
pylobacter Jejuni Isolated from Paediatric Diarrhea Cases in A Tertiary Care Hospital of New Delhi,
India. Journal of Clinical and Diagnostic Research. 2013 01/11; 7(2):247-9. https://doi.org/10.7860/
JCDR/2013/5267.2738 PMID: 23543776

Connell SR, Trieber CA, Dinos GP, Einfeldt E, Taylor DE, Nierhaus KH. Mechanism of Tet(O)-mediated
tetracycline resistance. The EMBO Journal. 2003; 22(4):945-53. https://doi.org/10.1093/emboj/cdg093
PMID: 12574130

lovine NM. Resistance mechanisms in Campylobacter jejuni. Virulence. 2013; 4(3):230—-40. hitps://doi.
org/10.4161/viru.23753 PMID: 23406779

Pumbwe L, Piddock LJV. Identification and molecular characterisation of CmeB, a Campylobacter jejuni
multidrug efflux pump. FEMS Microbiology Letters. 2002; 206(2):185-9. https://doi.org/10.1111/.1574-
6968.2002.tb11007.x PMID: 11814661

Cagliero C, Cloix L, Cloeckaert A, Payot S. High genetic variation in the multidrug transporter cmeB
gene in Campylobacter jejuniand Campylobacter coli. J Antimicrob Chemother 2006; 58:168-72.
https://doi.org/10.1093/jac/dkl212 PMID: 16735430

Wieczorek K, Osek J. Antimicrobial resistance mechanisms among Campylobacter. Biomed Res Int.
2013:340605. https://doi.org/10.1155/2013/340605 PMID: 23865047

Akiba M, Lin J, Barton YW, Zhang Q. Interaction of CmeABC and CmeDEF in conferring antimicrobial
resistance and maintaining cell viability in Campylobacter jejuni. The Journal of antimicrobial chemo-
therapy. 2006; 57(1):52—60. https://doi.org/10.1093/jac/dki419 PMID: 16303882

Jeon B, Wang Y, Hao H, Barton Y-W, Zhang Q. Contribution of CmeG to antibiotic and oxidative stress
resistance in Campylobacter jejuni. The Journal of antimicrobial chemotherapy. 2011; 66(1):79-85.
https://doi.org/10.1093/jac/dkq418 PMID: 21081547

Page WJ, Huyer G, Huyer M, Worobec EA. Characterization of the porins of Campylobacter jejuni and
Campylobacter coli and implications for antibiotic susceptibility. Antimicrob Agents Chemother. 1989;
33(3):297-308. https://doi.org/10.1128/aac.33.3.297 PMID: 2543277

Jeon B, Muraoka W, Scupham A, Zhang Q. Roles of lipooligosaccharide and capsular polysaccharide
in antimicrobial resistance and natural transformation of Campylobacter jejuni. The Journal of antimicro-
bial chemotherapy. 2009; 63(3):462-8. https://doi.org/10.1093/jac/dkn529 PMID: 19147521

PLOS ONE | https://doi.org/10.1371/journal.pone.0240242 October 15, 2020 12/13


https://doi.org/10.1017/S0950268805004164
https://doi.org/10.1017/S0950268805004164
http://www.ncbi.nlm.nih.gov/pubmed/16274505
https://doi.org/10.1111/j.1574-695X.2011.00847.x
https://doi.org/10.1111/j.1574-695X.2011.00847.x
http://www.ncbi.nlm.nih.gov/pubmed/22077228
https://doi.org/10.1086/505866
http://www.ncbi.nlm.nih.gov/pubmed/16838225
https://doi.org/10.3855/jidc.8165
http://www.ncbi.nlm.nih.gov/pubmed/27886034
https://doi.org/10.1097/00002030-199508000-00008
http://www.ncbi.nlm.nih.gov/pubmed/7576322
http://www.ncbi.nlm.nih.gov/pubmed/7912110
https://doi.org/10.1093/aje/154.2.166
http://www.ncbi.nlm.nih.gov/pubmed/11447051
https://doi.org/10.1080/10408410802636017
http://www.ncbi.nlm.nih.gov/pubmed/19514906
https://doi.org/10.1016/j.mimet.2013.06.021
http://www.ncbi.nlm.nih.gov/pubmed/23827324
https://doi.org/10.7860/JCDR/2013/5267.2738
https://doi.org/10.7860/JCDR/2013/5267.2738
http://www.ncbi.nlm.nih.gov/pubmed/23543776
https://doi.org/10.1093/emboj/cdg093
http://www.ncbi.nlm.nih.gov/pubmed/12574130
https://doi.org/10.4161/viru.23753
https://doi.org/10.4161/viru.23753
http://www.ncbi.nlm.nih.gov/pubmed/23406779
https://doi.org/10.1111/j.1574-6968.2002.tb11007.x
https://doi.org/10.1111/j.1574-6968.2002.tb11007.x
http://www.ncbi.nlm.nih.gov/pubmed/11814661
https://doi.org/10.1093/jac/dkl212
http://www.ncbi.nlm.nih.gov/pubmed/16735430
https://doi.org/10.1155/2013/340605
http://www.ncbi.nlm.nih.gov/pubmed/23865047
https://doi.org/10.1093/jac/dki419
http://www.ncbi.nlm.nih.gov/pubmed/16303882
https://doi.org/10.1093/jac/dkq418
http://www.ncbi.nlm.nih.gov/pubmed/21081547
https://doi.org/10.1128/aac.33.3.297
http://www.ncbi.nlm.nih.gov/pubmed/2543277
https://doi.org/10.1093/jac/dkn529
http://www.ncbi.nlm.nih.gov/pubmed/19147521
https://doi.org/10.1371/journal.pone.0240242

PLOS ONE Campylobacter associated gastric enteritis among patients with Human Immunodeficiency Virus (HIV) in Ghana

51.

52.

53.

54.

55.

56.

57.

58.
59.

Pinto-Alphandary H, Mabilat C, Courvalin P. Emergence of aminoglycoside resistance genes aadA and
aadE in the genus Campylobacter. Antimicrobial Agents and Chemotherapy. 1990; 34(6):1294—6.
https://doi.org/10.1128/aac.34.6.1294 PMID: 2168151

Potter RC, Kaneene JB, Hall WN. Risk Factors for Sporadic Campylobacter jejuniInfections in Rural
Michigan: A Prospective Case—Control Study. American Journal of Public Health. 2003; 93(12):2118—
23. https://doi.org/10.2105/ajph.93.12.2118 PMID: 14652344

Huang H, Brooks BW, Lowman R, Carrillo CD. Campylobacter species in animal, food, and environ-
mental sources, and relevant testing programs in Canada. Canadian journal of microbiology. 2015; 61
(10):701-21. https://doi.org/10.1139/cjm-2014-0770 PMID: 26422448

Orhan S, Michael Y, Zuowei W, Qijing Z. Campylobacter-Associated Diseases in Animals. Annual
Review of Animal Biosciences. 2017; 5(1):21-42.

Center for Disease control (CDC). Zoonotic Campylobacteriosis. Source:http://wwwcfsphiastateedu/
Factsheets/pdfs/campylobacteriosispdf. 2013.

Kownhar H, et al. Prevalence of Campylobacter jejuni and enteric bacterial pathogens among hospital-
ized HIV infected versus non-HIV infected patients with diarrhoea in southern India. Scandinavian jour-
nal of infectious diseases. 2007; 39(10):862. https://doi.org/10.1080/00365540701393096 PMID:
17852888

Sorvillo FJ, et al. Incidence of campylobacteriosis among patients with AIDS in Los Angeles County.
Journal of acquired immune deficiency syndromes. 1991; 4(6):598. PMID: 2023099

Allos BM, et al. Campylobacter species. source:http://antimicrobeorg/new/b91asp. 2014.

Perlman DM, et al. Persistent Campylobacter jejuniinfections in patients infected with the human immu-
nodeficiency virus (HIV). Annals of internal medicine. 1988; 108(4):540. https://doi.org/10.7326/0003-
4819-108-4-540 PMID: 3348562

PLOS ONE | https://doi.org/10.1371/journal.pone.0240242 October 15, 2020 13/13


https://doi.org/10.1128/aac.34.6.1294
http://www.ncbi.nlm.nih.gov/pubmed/2168151
https://doi.org/10.2105/ajph.93.12.2118
http://www.ncbi.nlm.nih.gov/pubmed/14652344
https://doi.org/10.1139/cjm-2014-0770
http://www.ncbi.nlm.nih.gov/pubmed/26422448
http://wwwcfsphiastateedu/Factsheets/pdfs/campylobacteriosispdf
http://wwwcfsphiastateedu/Factsheets/pdfs/campylobacteriosispdf
https://doi.org/10.1080/00365540701393096
http://www.ncbi.nlm.nih.gov/pubmed/17852888
http://www.ncbi.nlm.nih.gov/pubmed/2023099
http://antimicrobeorg/new/b91asp
https://doi.org/10.7326/0003-4819-108-4-540
https://doi.org/10.7326/0003-4819-108-4-540
http://www.ncbi.nlm.nih.gov/pubmed/3348562
https://doi.org/10.1371/journal.pone.0240242

