Open Journal of Medical Microbiology, 2021, 11, 18-31
https://www.scirp.org/journal/ojmm

ISSN Online: 2165-3380

ISSN Print: 2165-3372

/
o2o Resmits
0.00 Publishing

Biotyping of Multidrug Resistant
Campylobacter jejuni from Poultry and
Humans in Northern Region of Ghana

Akosua Bonsu Karikari?*, Courage Kosi Setsoafia Saba?, Stephen Wilson Kpordze2

'Department of Clinical Microbiology, School of Medicine and Health Sciences, University for Development Studies, P. O. Box TL

1350, Tamale, Ghana

“Department of Biotechnology, Faculty of Agriculture, University for Development Studies, P. O. Box TL 1882, Tamale, Ghana

Email: *asbuks@yahoo.co.uk, courageousgh@gmail.com, skpordze@gmail.com

How to cite this paper: Karikari, A.B.,
Saba, C.K.S. and Kpordze, S.W. (2021)
Biotyping of Multidrug Resistant Campy-
lobacter jejuni from Poultry and Humans
in Northern Region of Ghana. Open Jour-
nal of Medical Microbiology, 11, 18-31.

https://doi.org/10.4236/0jmm.2021.111002

Received: November 27, 2020
Accepted: March 6, 2021
Published: March 9, 2021

Copyright © 2021 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

Thermophilic Campylobacters are zoonotic bacteria which are universally
famous for causing enteritis in humans. They are normally found as com-
mensals in the digestive tract of food animals with poultry being a major re-
servoir of the pathogenic species. This study highlighted the presence of Cam-
pylobacter in poultry (commercial and domestic) and humans (patients and
asymptomatic individuals) and characterized strains by biotyping and sus-
ceptibility test in the Northern region of Ghana where animal husbandry is
commonly practiced but zoonotic studies are limited. A total of 1087 speci-
mens from stools of humans and cloacal swabs of poultry were screened from
25th October, 2017 to 7th May, 2019. Samples were cultured on modified
charcoal-cefoperazone-deoxycholate agar and isolates identified using stan-
dard microbiological procedures and Lior Biotyping, while the antibiogram of
isolates was determined by the Kirby-Bauer disk diffusion method. The fre-
quency of Campylobacter was 43.1% and 12.9% respectively in poultry and
humans. Campylobacter jejuni were recovered from 84% of commercial birds
and 64% of domestic birds and in humans significantly fewer strains were
observed in patients than asymptomatic individuals (p < 0.05). Biotype dis-
tribution revealed C. jejuni biotype I prevalence in domestic birds, patients
and asymptomatic individuals whereas Bioytype II was largely found in
commercial poultry. All isolated strains of Campylobacter were resistant to
tetracycline and 69.4% of Campylobacter jejuni strains were resistant to eryt-
hromycin. Imipenem and the aminoglycosides were relatively effective as re-
sistance of 10% and below 20% were respectively obtained. None of the en-
dorsed treatment drugs (erythromycin, ciprofloxacin, and tetracycline) can be
admitted in this region due to common resistance found among strains against
these agents.
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1. Introduction

Campylobacters are gram-negative zoonotic pathogens of global significance, es-
pecially the thermophilic species. Of the three species (jejuni, coli, lari), Campy-
lobacter jejuni is vital and liable for colonic colonization in poultry and food-borne
enteritis in humans. Generally, C. jejuni is non-pathogenic in poultry though
freshly hatched chickens are susceptible to ephemeral diarrhea following infec-
tion [1]. Consumers of undercooked poultry meat and products may be at risk of
campylobacteriosis which is a major cause of human enteritis [2].

The importance of campylobacteriosis as a foodborne pathogen is established
by surveillance studies reporting 15,918 hospitalizations in the UK [3], 2,000,507
cases in the European Union [4] and an incidence of 12.71 cases per 100.000 in-
habitants in the USA [5]. Inadequate systematic investigations to detect out-
breaks whose strains could serve as a basis for source attribution and risk as-
sessment make it hard to establish factual incidence of the infection in develop-
ing countries [6]. Notwithstanding, campylobacteriosis is viewed as hy-
per-endemic in many developing regions because of numerous factors including
poor environmental sanitation, proximity with animals at native settings in ru-
ral, peri urban and farming communities [7]. Marquis and colleagues recount
live, unrestricted birds kept in close association with humans as key potential
sources of C. jejuni infection [8]. Likewise in the UK, 97% of sporadic infections
have been linked to farmed animals [9]. The degree to which poultry intake is
responsible for human infections is however not precisely known [10].

Resistance trends and biotyping have been used in epidemiological investiga-
tions to track potential sources or supposed routes of campylobacteriosis out-
breaks. Such studies have shown prevalence of different biotypes of species os-
cillating between 40% - 100% in birds including chicken [11] [12]. The sem-
blance of Campylobacter species recovered from human patients and poultry
suggests commonality of infection according to Bruce, et al [13]. This has been
validated by some studies which have shown related types of Campylobacter
from poultry and humans [14] [15].

Antimicrobial therapy in campylobacteriosis is generally recommended in se-
vere cases and immune-suppressed individuals in which case macrolides (first
choice) and fluoroquinolones (second choice) are considered [16]. These drugs
were previously reported to be effective but misuse of antibiotics in both veteri-
nary and human medicine have contributed to escalated incidence of resistant
strains documented worldwide [17].

In evaluating the threat associated with the presence of Campylobacter in
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poultry, it is an essential step to establish primary data including prevalence and
characterization of the pathogen in animal and human population. The North-
ern region of Ghana is an agricultural region with majority of the people en-
gaged in animal husbandry but research on zoonotic infections including cam-
pylobacteriosis is dolefully inadequate. To provide a baseline information on this
important pathogen, the study determined the presence of Campylobacterin the
cloaca of poultry and the stools of symptomatic and asymptomatic individuals,
assessed the resistance patterns of species and compared the biotypes of C. jejuni

in humans and poultry.

2. Materials and Methods
2.1. Study Area

This research was conducted in the Tamale metropolis and Tolon district of the
Northern Region. Tamale, the capital of the Region is the third largest city in
Ghana and located 600 km north of Accra, the capital of the country. Sampling
sites included the Tamale Teaching Hospital (TTH), Tamale Central Hospital
(TCH), six (6) commercial poultry farms in Tamale metropolis and households
which reared domestic poultry in the Tolon district. The Tamale Teaching Hos-
pital is an 800 bed capacity tertiary care facility. It provides referral services to
the three Regions in the northern sector of Ghana. The Tamale Central Hospital
is a 186 bed capacity secondary care facility which supports the teaching hospital
in health care services.

2.2. Sampling

A total of 1087 samples were screened from 25th October, 2017 to 7th May, 2019.
In all, 462 stool samples were collected from patients in both hospitals, 279 stool
samples from asymptomatic individuals from Tolon district, 192 and 154 cloacal
swabs (eswab Copan Italia) respectively from domestic and commercial chicken.
Stool containers were given to household individuals who raised poultry in their
homes and consented to be part of the study. All samples were kept on ice packs in

an insulator box and transported within 2 hours to the laboratory for analysis.

2.3. Processing and Isolation of Campylobacter Species

A loopful of fresh faeces was cultured directly on modified charcoal-cefoperaz-
one-deoxycholate agar (mCCDA Oxoid CM0689) supplemented with CCDA se-
lective-supplement (Oxoid SRO155E). Cloacal swabs were plated directly on
mCCDA agar and kept in a 2.5L anaerobic jar containing Campy-Gen gas gene-
rating kit (Oxoid CN0025A) to keep the microaerobic condition. Incubation was
at 42°C for 48 hours. Plates which showed no growth after 48hrs were declared

negative.

2.4. Identification and Confirmation of Isolates

Colonies typical of Campylobacter species on mCCDA agar were picked and
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streaked onto blood agar ((Oxoid, Basingstoke, UK) supplemented with 5%
sheep blood, incubated microaerobically at 42°C for 24 hrs. Gram stain, catalase
and oxidase test were performed on all suspected colonies. Isolates were con-
firmed by latex agglutination test (Oxoid, Basingstoke, UK) following manufac-
turer’s instructions. The hippurate test kit (Sigma-Aldrich, 01869) was used to
categorize confirmed isolates into jejuni and non jejuni strains. Isolates were
stored in cryo vials containing brain heart infusion broth (BHI) with 15% glyce-
rol at —20°C prior to susceptibility test and biotyping. Campylobacter isolates

from previous studies [18] [19] were used as controls in this study.

2.5. Biotyping of Campylobacter jejuni Strains

The C. jejuni isolates were typed using the Lior’s scheme where strains are cha-
racterized based on hippurate hydrolysis, rapid H2S production and DNase test
(Lior, 1984). Hippurate hydrolysis was performed using hippurate test kit (Sig-
ma-Aldrich, 01869) and the development of a blue-purple colour indicated a
positive reaction. A positive DNase reaction revealed a large clear zone of hy-
drolysis around a colony on DNase agar plate (Oxoid, UK). Hydrogen sulphide
positive strains exhibited blackening in the test medium (Oxoid, UK, CM0277).

2.6. Antimicrobial Susceptibility Test

The Kirby-Bauer disk diffusion test was carried out on 250 Campylobacter
strains using the following antibiotics (Oxoid, Basingstoke, UK): Ampicillin (10
ug), trimethoprim sulphamethoxazole (25 pg), ciprofloxacin (5 pg), erythromy-
cin (15 pg), gentamicin (10 pg), nalidixic acid (30 ug), chloramphenicol (30 ug),
ceftriaxone (30 ug), norfloxacin (10 pg), amikacin (30 pg), imipenem (10 pg) and
tetracycline (30 pg). Saline suspension of 0.5 Mc Farland standard was inocu-
lated on Mueller-Hinton agar (Oxoid, UK) supplemented with 5% sheep blood,
incubated at 42°C for 24 hours under microaerobic condition using Campy-
GenTM 2.5 L, Oxoid. Susceptibility results were interpreted using EUCAST
guidelines [20] for Campylobacter, but breakpoints for Enterobacteriaceae were
adopted for antibiotics yet to have. Multidrug resistance was defined as resis-

tance to three or more classes of antibiotics.

2.7. Data Analysis

Data was entered into Microsoft Excel and analyzed in IBM SPSS version 20.
Results were presented in tables and graphs. Descriptive statistics as frequencies
and percentages were used. Associations between categorical outcome variables
were calculated by Fisher’s exact test and a P-value less than 0.05 was considered

significant.

3. Results

3.1. Prevalence of Campylobacter in Poultry and Humans

Campylobacter was present in 43.1% of poultry (149/346) and 12.9% of humans
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(96/741) and the difference was significant. In the commercial birds, prevalence
was 50.5% (97/192) while 33.8% (52/154) was found in the domestic birds with a
p = 0.001. In humans, rate of 15.4% (71/462) and 9% (25/279) were recorded re-

spectively among patients and asymptomatic individuals, Table 1.

3.2. Occurrence of Campylobacter jejuni Species in Poultry and
Humans

Out of the 245 Campylobacter isolates confirmed by latex agglutination, only
105 were further characterized with a distribution as follows; 75 poultry strains
(50 commercial, 25 domestic) and 30 human isolates (20 patients, 10 asympto-
matic). Campylobacter jejuni were found in 84% (42/50) of commercial poultry,
64% (16/25) of domestic poultry, 45% (9/20) in patients and 50% (5/10) in
asymptomatic individuals with a statistically significant difference (P = 0.001),
Figure 1.

Table 1. Occurrence of Campylobacterin poultry and humans in Northern Ghana.

Frequency (%)

Sample Source P-value
No. of Sample No. of Positive
Poultry 346 149 (43.1)
Humans 741 96 (12.9)
Total 1087 245 (22.5) 0.001
Commercial poultry 192 97 (50.5)
Domestic poultry 154 52(33.8)
Total 346 149 (43.1) 0.001
Patients 462 71(15.4)
Asymptomatic individuals 279 25 (9.0)
Total 741 96 (12.9) 0.001

Totel
Asymptomatic individuals
Patients

Total T —
Domestic poultry T —
Commercial poultry I —

0 10 20 30 40 50 60 70 80 90
Frequency (%)

= Non-C.jejuni =C.jejuni

Figure 1. Distribution of C. jejuni strains among the sampling sources.
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3.3. Distribution of Campylobacter jejuni Biotypes in Poultry and
Humans

The distribution of Biotypes revealed Biotype I dominance in asymptomatic in-
dividuals (80%; 4/5), patients (66.7%; 6/9) and domestic poultry (56.3%; 9/16) as
Biotype II was prevalent in commercial poultry (59.5%; 25/42) but none among
patient strains. Biotype III was mainly found in patients (33.3%; 3/9) and com-
mercial poultry (14.3%; 6/42) but 0% in asymptomatic individuals. Biotype IV
was only isolated from poultry, one (1) isolate each from commercial and do-
mestic sources. Overall, Biotype I was more common among human strains
(71.4%, 10/14) as Biotype II were to poultry (51.7%, 30/58), Table 2.

3.4. Resistance of Campylobacter Species in Poultry and Humans

All isolated poultry and human Campylobacter strains were resistant to tetracyc-
line. Resistance to erythromycin was up to 80% in poultry strains and among
human strains up to 90% was recorded. The B-lactam drugs; ampicillin and cef-
triaxone performed poorly as both poultry and human strains exhibited resis-
tance ranging from 68% - 95%. Among the fluoroquinolones, norfloxacin was
most effective (12% - 30%), followed by nalidixic acid (20% - 45%) but relatively
high resistance was observed against ciprofloxacin (48% - 70%). Highest suscep-
tibility of strains were recorded in aminoglycosides and imipenem (100% - 80%).
In general, patient strains showed significantly higher resistance (p = 0.001),

Figure 2.

3.5. Resistance Pattern of Campylobacter jejuni and Non-Jejuni
Species

Campylobacter jejuni resistance to erythromycin was 69.4% and 0% resistance

was recorded among the non-jejuns strains. Against trimethoprim sulphame-

thoxazole (SXT), nalidixic acid and chloramphenicol, non-jejuns strains signifi-

cantly showed higher resistance, P = 0.001. Campylobacter jejuni strains showed

greater resistance to ciprofloxacin, norfloxacin, amikacin and imipenem, Figure 3.

Table 2. Biotypes of Campylobacter jejuni from poultry and humans.

No. of Percentage frequency (%)
Sources o —
isolates Biotype-1 Biotype-II Biotype-III  Biotype-IV

Poultry
Commercial 42 10 (23.8) 25 (59.5) 6 (14.3) 1(2.4)
Domestic 16 9 (56.3) 5(31.3) 1(6.3) 1(6.3)
Total 58 19 (32.8) 30 (51.7) 7 (12.1) 2(3.4) 0.170
Humans
Patients 9 6 (66.7) 0 3(33.3) 0
Asymptomatic 5 4 (80.0) 1 (20.0) 0 0
Total 14 10 (71.4) 1(7.1) 3(21.4) 0 0.084
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Figure 2. Resistance trends of Campylobacter species from the various sources.
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Figure 3. Resistance pattern of Campylobacter jejuni and non-jejuni strains.

3.6. Resistance Pattern of Campylobacter jejuni Biotypes in
Poultry and Humans

Most resistance to erythromycin (82.8%) was found in Biotype I. Biotype II
strains generally showed lower resistance, with exception to ciprofloxacin and
norfloxacin where their resistance were more. Resistance of Biotype II to chlo-
ramphenicol was below 10% but up to 52% rate was recorded among Biotypes I
and III strains. Highest resistance to trimethoprim sulphamethoxazole was ob-
served among Biotype III strains, Figure 4. The only two isolated strains of Bio-
type IV were resistant to ceftriaxone but susceptible to erythromycin, nalidixic,
norfloxacin, imipenem and the aminoglycosides. With the exception of chlo-
ramphenicol, resistance difference among biotypes was not statistically signifi-
cant. Multidrug resistance was 94.7% in poultry and 100% among human
strains. Sixty percent (60%) of poultry and human strains were resistant to 4 or 5
classes and up to about 37% to 6 or 7 classes of antibiotics, Table 3.

DOI: 10.4236/0jmm.2021.111002

24 Open Journal of Medical Microbiology


https://doi.org/10.4236/ojmm.2021.111002

A. B. Karikari et al.

120

100
£ 80
Q
2
& 60
K2
8 40
1

| Il |

0 Il L. . I I

S & ¢ & LSS @SS
N I I R . e U S
PN NP RN U CRRPN U SN &
¥ o.E& v & K N \5\- S ¢ & N
© & K & S Q/é‘ <@
S
S
Antibiotics
u Biotype | n=29 = Biotype il n=31 = Biotype Ill n=10

Figure 4. Resistance trends of Campylobacter jejunibiotypes.

Table 3. Multidrug resistance pattern exhibited by poultry and human strains.

Poultry Humans

Multidrug Resistance

No. of Resistant strains (%)

No. of Resistant strains (%)

3 classes of antibiotics

4 classes of antibiotics

5 classes of antibiotics

6 classes of antibiotics

7 classes of antibiotics

8 classes of antibiotics

Total

16 (24.6%)
23 (35.4%)
16 (24.6%)
8 (12.3%)

2 (3.1%)

65 (100%)

2 (6.7%)
10 (33.3%)
8 (26.7%)
4 (13.3%)
5 (16.7%)

1(3.3%)

30 (100%)

4. Discussion

Considering potential risks associated with Campylobacter in poultry, it is im-
portant to identify these strains in the human population. This study isolated
and characterized Campylobacter from poultry and humans and respectively
found prevalence of 43.1% and 12.9% which is higher in the case of poultry but
slightly lower in reference to human, than reported rates in the southern region
of the country [18] [19]. Elsewhere in Canada, comparable rate of 40% was re-
ported in poultry while divergent results of 62%, 87.2% and 90% were recorded
in Morocco, Poland and Cameroon [15] [21] [22] [23]. A review of most studies
across Africa reporting on Campylobacter isolation from stools generally docu-
mented low rates [24], which could be attributed to the isolation method that is
typically culture rather than PCR which is superior and more sensitive in detec-
tion. Recovery of Campylobacter from patients with enteritis is usually greater

than asymptomatic individuals as shown in our study where 15.4% and 9% were

DOI: 10.4236/0jmm.2021.111002

25 Open Journal of Medical Microbiology


https://doi.org/10.4236/ojmm.2021.111002

A. B. Karikari et al.

respectively recorded with supporting reports of 55% rate among patients in Ni-
geria, 16.6% from individuals in contact with food-producing animals in central
Egypt and 11.4% from individuals in eastern Tanzania [25] [26] [27].

Campylobacter jejuni dominance (80%) in poultry was normal, conforming to
literature reports as the most common species found in poultry and its products
[28] [29]. In humans however, more non-jejuni species were recovered and the
explanation could be the possible acquisition from different sources such as oth-
er animals (livestock) and the environment where these non-jejuns strains are
rifer. It was intriguing to find more non-jejuni strains in the domestic birds than
the commercial birds which could be credited to the free access of domestic
birds to the environment and other animals where they could have picked the
strains.

The distribution of biotypes in patients, asymptomatic individuals and do-
mestic birds were similar with Biotype I incidence while analogous findings have
been described in Australia, France, Iran and Nigeria [14] [30] [31] [32]. A study
by Nadeau and colleagues revealed almost all invasive strains of C. jejuni be-
longed to biotypes I and II as cell-cytotoxic isolates were associated with III and
IV and further suggested that clonally related isolates have common in vitro vi-
rulence characteristics [33]. The high proportion of C. jejunibiotypes I and II in
both commercial and domestic poultry in this study could therefore be potential
risk for human poultry consumers as infections from these biotypes could be
invasive and consequently dire. But, further studies on virulence factors and an
assessment of the outcomes of infections caused by these biotypes would give a
better understanding of the degree of risk, since invasive properties of C. jejuni
strains can influence the austerity of clinical changes [1].

Routine treatment for Campylobacter infection is erythromycin but fluoro-
quinolones (specifically ciprofloxacin) and tetracycline are alternatively pre-
scribed. Susceptibility to tetracycline was 0% in both poultry and human strains.
This result was not startling because tetracycline which is an over the counter
drug is readily available and among the popular drugs consumed in both veteri-
nary and clinical practice in Ghana. It is frequently used by commercial poultry
farmers and well identified by rural domestic breeders as prophylaxis and treat-
ment drug for poultry infections. It is also routinely prescribed in hospitals to
manage enteritis and other conditions (Personal communication).

Resistance to erythromycin was only observed in C. jejuni (69.4%) as 100%
susceptibility was recorded among non-jejuni strains. Although some countries
have documented low and stable rates of resistance to erythromycin [34] [35]
studies in Ghana and some other African countries have observed contradictory
results [18] [19] [36] [37]. Erythromycin as a drug of choice has performed
poorly against human and animal Campylobacters in Ghana as evidenced in
previous studies in a different region of the country [18] [19]. Some authors
have predicted increased risk of adverse events including Guillain-Barré syn-

drome and severe reactive illnesses with macrolide-resistant Campylobacters
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[38]. Other investigations also envisage an association of macrolide resistance in
clinical C. jejuni strains with some virulence markers and so the use of it in any
ecology may select for such strains [38]. Thus, occurrence of macrolide resistant
Campylobacter could be of public health significance even in the absence of
proof of treatment failure [39]. The carbapenems (meropenem, imipenem) are
among the last line drugs often used in the management of infections caused by
multidrug resistant pathogens in Ghanaian hospitals (Personal communication).
High susceptibility of up to 100% were previously reported [18] [19] but recent
studies indicate increasing resistance though not at alarming levels (10%).

Multidrug resistance was 94.7% in poultry and 100% in humans with 60% of
isolates showing resistance to four or five drugs. Multiple drug resistance inva-
riably leads to expensive health care cost with attendant financial drain particu-
larly on the poor and average patient in a Low Middle Income Country. The
outcome of antimicrobial resistance in animals and humans are emphasis of
commonly used and abused drugs. This became evident in our study where re-
sistance of 10% and below 20% were observed against imipenem and the ami-
noglycosides. Because these drugs are used to manage severe and complicated
infections they are infrequently prescribed and also not readily available for po-
tential abuse.

In view of these, antibiotic resistance surveillance studies in animals, human
and environment have become obligatory especially in under resourced regions
of the country as most studies are focused in the well-resourced regions. Data
from such investigations will inform stakeholders and buttress the need for the

implementation of the national policy on antimicrobial use and resistance.

5. Conclusion

The study found C. jejuni Biotype I and II dominance in poultry and humans,
which might pose some threat to human through consumption of contaminated
poultry to which further studies are recommended to establish the extent of risk.
All isolated Campylobacter species were resistant to tetracycline and patient
strains showed greater resistance. None of the endorsed treatment drugs (eryt-
hromycin, tetracycline and ciprofloxacin) for Campylobacter infections may be
empirically reliable in this region without susceptibility confirmation from the
laboratory. The carbapenems (Imipenem) and the aminoglycosides (amikacin,

gentamicin) on the other hand appeared effective in- vitro.
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