https://dx.doi.org/10.4314/ijs.v22i3.18
Ife Journal of Science vol. 22, no. 3 (2020)

MULTIDRUG RESISTANT Escherichia coli AMONG PATIENTS WITH
AT LAFIA, NIGERIA

“?Ya'aba Y., 'Mohammed S. B., 'Adamu A. S., ’Abdullahi S. R.,
*Salihu G. M. and *Yakubu G. Japhet

(NIPRD) Abuja, Nigeria. 2Department of Microbiology, Federal University of Lafia, Nasarawa State, Nigeria.
"Department of Microbiology, Federal University of Technology, Minna, Niger State, Nigeria.
* Corresponding authot's e-mail: yakyabnig@yahoo.com
(Received: 21 October, 2020; Accepted: 9" December, 2020)

Gastrointestinal tract (GIT) in human plays an important role in providing habitat to various microbial
communities including numerous prokaryotic cells numbering over 100 trillion. This study was aimed at
accessing the multidrug resistance (MDR) of E. /i among patients with GIT infections seeking health care at
Dalhatu Araf Specialist Hospital IDASH), Lafia, Nasarawa state, Nigeria. A total of one hundred and fifty (150)
stool samples were collected using sterile sample containers from patients with symptoms of GIT infections in
search of medical care in this hospital. The samples collected were processed using standard microbiological
methods. Out of the total samples collected, 35.3% (53/150) revealed the presence of E. co/i whereas 64.7% did
not. Extended spectrum beta-lactamases (ESBL) were found in 45.3% of E. /i obtained in this study, which
were further used for the antimicrobial susceptibility test. E. /i were more resistant to ampicillin (75.51%),
followed by amoxycillin/clavulanic acid (61.22%) and were least resistant to imipenems (12.25%). In
conclusion, MDR E. /i producing ESBL are abundant among patients with GIT infections visiting DASH,
Lafia. Thus, it is important to determine the genes responsible for this MDR as well as dissemination of
adequate information to the masses visiting the hospital for treatment on the possible effects caused by the
antibiotics abuse

Keywords: Escherichia col, Multiple-Drug Resistance, Antimicrobial, Gastrointestinal tract, Extended Spectrum
Beta-Lactamases, Microbiological methods
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ABSTRACT

INTRODUCTION

Gastrointestinal tract (GIT) in human plays an
important role in providing habitat to various
microbial communities including numerous
prokaryotic cells numbering over 100 trillion
(Sotelo-Coronado ¢# al., 2016). These microbial
cells are acquired sometimes after birth; their
abundance and variation however, changes over
time until a stable microbial community is
established (Sotelo-Coronado ez al., 2016). The
established microbial community remain part of
the GIT of humans as normal flora, while some
confer health benefits others cause diseases when
conditions become favourable (i.e. weakened
immune) causing gastroenteritis among many
other GIT infections worldwide (Gitahi e al,
2018).

The microorganisms often associated with GIT
infections arise through consumption of
contaminated food and water (Rahman ez 4/, 2017,
Son ¢t al., 2018). In developing countries, there has

been a growing concern of the adverse impacts
caused by food borne diseases with a record 2
million lives being lost annually and this figure is
expected to rise by 2050 if measures are not put in
place to curtail this menace (Sell and Dolan, 2018).
Among the microorganisms responsible for GIT
infections, Escherichia coli has emerged the
commonest since it has been frequently isolated
from stool of patients across various studies
(Gitahi e al, 2018; Sell and Dolan, 2018;
Mahmoud et al., 2020).

Escherichia coli are bacteria commonly found in the
environment such as air, water and soil (Dandachi
et al., 2018; Son et al., 2018). They could also be
present in food and inanimate surfaces with
abundant presence in the GIT and feces of
humans and warm-blooded mammals (Melo ¢z a/.,
2015; Fratamico et al., 2016; Zhang et al., 2017; Son
etal.,2018; Mahmoud ¢# al., 2020). Strains of E. coli
are Gram-negative rod-shaped bacteria, which are
0.5 um in diameter and 1.0-3.0 um in length
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(Zhang et al., 2017). They are non-sporulating,
non-fastidious, facultative anaerobes belonging to
the Enterobacteriaceae family (Shabana and Al-
Enazi, 2020). E. co/i are normal flora of the GIT
of humans and have been regarded as harmless
commensals (Onanuga ez a/l., 2019). However,
there are various strains of . co/i such as E. coli
strain 10418 and 25922 that are now pathogenic
due to the possession of virulence genes
(Odonkor and Addo, 2018) and have been found
responsible for numerous infections including
meningitis, hemolytic uremic syndrome,
hemorrhagic colitis, septicaemia, thrombotic
thrombocytopenic purpura and diarrhoea, which
are difficult to treat by most antibiotics (Rahman e#
al.,2017; Onanuga ¢t al., 2019).

Since the discovery of antibiotics in 1940s, many
lives have been saved and lots of diseases have
been prevented (Dandachi e# a/., 2018). This has
however changed over the last three decades
owing to the resistance put up by infectious
bacteria to antimicrobial drugs. This resistance has
been widely associated to the indiscriminate use
of antibiotics, self-prescription, production of
counterfeit drugs and their use in animal
husbandry as growth promoters has resulted in
the influx of resistance genes into the
environment (Son ez al., 2018). E. coli plays an
important role in the dissemination of these
resistant genes through contamination of varying
food products globally, both from animals and
non-animal origins (Son e# al, 2018). The
dissemination of these resistant genes in R-
plasmids could take place through conjugation,
transduction, and transformation, which could be
within the same species (l.e. from parent to
offspring) known as vertical gene transfer or to
other species known as horizontal gene transfer
(Kallau ez al., 2018; Onyeadi and Agbagwa, 2019).
These genes encoding for resistance to one or
more class of antibiotics, when inside the genome
of a receptive cell, get integrated into the DNA
and produce resistance effects through various
mechanisms (Onyeadi and Agbagwa, 2019).

The mechanism utilized by E. co/i to resist the
effects of most prescribed antimicrobial agents is
through the production of extended spectrum

beta-lactamases (ESBL) (Ruppe ¢#al.,2015). ESBL
are hydrolysing enzymes made up of
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carbapenemases, betalactamases and
cephalosporinases, which act on various
antimicrobial agents rendering their efforts
useless or ineffective (Igwe ez a/, 2016). Some
strains of E. coli possess genes encoding for this
ESBL and are very difficult to treat; they are
responsible for deaths of patients due to their
resistance to first-line medication (Rasheed ¢# a/,
2014). Aside ESBL, some strains of E. co/i also
possess genes coding for fimbrial adhesins (which
promote colonization in the GIT) (Son et al.,
2018); ampC genes, aerobactin system, K capsule
and hemolysin which enhances E. ¢/ resistance to
serum killing (Igwe ez a/., 2016). With the help of
these cascade means of resistance, F. co/i have
been able to evade two or more classes of
antibiotics (i.e. tetracycline, penicillin, polymyxin,
cephalosporins, macrolides, and sulphonamides
among many others) (Kallau ¢ 4/, 2018) making
its inclusion as a multidrug resistant bacterium as
characterized by World Health Organization
(WHO) (Son et al., 2018). Since E. co/i is a major
causative agent of GIT infections leading to
morbidity and mortality, its abundance in the
environment needs to be paid more attention.

As such, this study was aimed at assessing the
multidrug resistance of E. co//among patients with
GIT infections secking health care services at
Dalhatu Araf Specialist Hospital, Lafia, Nasarawa

state.

MATERIALS AND METHODS

Study Location

The study was carried out in Dalhatu Araf
Specialist Hospital IDASH) Lafia. Lafia is the state
capital of Nasarawa state located in the North
central part of Nigeria lying at latitude 8°29'30”"
North of the equator and longitude 8°310” East
of Greenwich Meridian (Akwa ez al., 2007). The
state has a total inhabitant of 330,712 (NPC, 2000;
Akwa et al., 2007). It is presently described that
Lafia has a population of about 127, 236 (WPR,
2019).

Ethical Clearance

The ethical approval for the study was obtained
from the Ethical Committees of Dalhatu Araf
Specialist Hospital, Lafia, Nasarawa state, Nigeria
in accordance with the code of ethics for
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biomedical research involving human subjects.
Participants were recruited after they were given
associated health talk on the aim and significance
of the research.

Sample Collection

A total of one hundred and fifty (150) stool
samples were collected using sterile sample
containers from patients with symptoms of
gastrointestinal tract (GIT) infections attending
medical clinic in Dalhatu Araf Specialist Hospital
(DASH) Lafia, Nasarawa state, Nigeria. The
samples collected were processed and analysed at
Microbiology Laboratory of Federal University
of Lafia, Nasarawa state.

Sample Preparation and Isolation of Escherichia
coli

Escherichia coli were isolated from the faecal
samples as described by Kallau e# o/ (2018) and
Gitahi ez al. (2018) by first suspending 5 g of the
faecal sample into 45 ml of buffered peptone
water to make a 10" dilution. The sample was
incubated at 37 °C for 24 hrs. After the incubation
period, 10-fold serial dilution was done using
0.85% sterile saline solution and aliquots of 0.1 ml
was withdrawn aseptically from well vortexed test
tubes labelled 10” and 10" and dispensed into
neatly labelled Petri plates respectively. About 15
ml of molten MacConkey agar (MCA) was
dispensed aseptically into the Petri plates
containing the aliquots. The MCA plates were
mixed gently to obtain an even mixture and were
allowed to solidify before incubating them in an
inverted position for 24 hrs in the incubator at 37
°C. Isolates with characteristics features of E. coli
were further isolated, purified and stored in
nutrient agar (NA) slant bottles in the refrigerator
at 4 °C for further biochemical characterization,
identification and antimicrobial susceptibility test

(AST).

Biochemical Identification

The presumptive microorganisms were subjected
to Gram staining including various biochemical
tests such as: indole, oxidase, methyl red, Voges
Proskauer, motility, triple sugar iron, citrate and
sugar utilization tests (galactose, lactose, sucrose
and glucose). Reagents used in this study were all
obtained from BDH Chemical Ltd, England with

205

strict adherence to manufacturet's instruction
during their preparations (Cheesebrough, 2000;
Onyeadiand Agbagwa, 2019).

Phenotypic detection of Extended Spectrum
Beta-lactamases (ESBL) Production
Production of extended spectrum beta-
lactamases (ESBL) by strains of E. /i was
assessed utilizing combination of antibiotics
diffusion methods. The strains were standardized
to turbidity of 0.5 McFarland standards before
inoculation on the surface of solidified Muller
Hinton agar (MHA) using a sterile swab stick.
Standard antimicrobial discs of amoxicillin-
clavulanate (30 pg), cefotaxime (30 pg) and
ceftazidime (30 ug) were placed aseptically 20 mm
away from each other using forceps. The MHA
plates were allowed to stand for 30 mins to allow
pre-diffusion before it was then incubated for 24
hours at 37 "C. The zones of inhibitions were
measured using metre rule and evaluated. The
isolates whose zone of inhibition of both
cefotaxime and ceftazidime were greater than
zones of inhibition of amoxicillin-clavulanate
were taken as positive producers of ESBL
(Onanuga ez al., 2019; Mahmoud ez al., 2020).

Antibiotic Susceptibility Tests

The antibiograms of the test isolates were carried
out following the methods documented by
Clinical and Laboratory Standard Institute
(Adeyemi ¢ al., 2015). The test isolates were first
adjusted to 10 cells equivalent to turbidity of 0.5
McFarland standards before using a sterile swab
stick to surface inoculate onto Muller Hinton agar
(MHA). The plates were then allowed to stand for
30 minutes to ensure pre-diffusion of testisolates.
The standard antibiotics discs were placed
aseptically on surfaces of inoculated MHA using
sterile forceps and allowed to pre-diffuse for 15
mins before incubating it in the incubator for 18
hrs at 37 “C. After incubation period, the MHA
plates were brought out and readings of zone of
inhibition were taken in millimeter (mm) using the
meter rule. The antibiotic discs used include:
ceftazidime (30 pg), imipenem (30 pg), ceftriaxone
(30 ng), gentamycin (10 ug), ampicillin (30 pg),
streptomycin (30 pg), cefotaxime (30 pg),
amoxycillin/clavulanic acid (30 ng), ciprofloxacin
(5 pg), and sulphamethoxazole/trimethoprim (25

Hg)-



206

Data Analysis
The data were analysed using SPSS (version 20)
statistical software.

RESULT

Prevalence of Escherichia coliin Stool Sample
Out of one hundred and fifty (150) stool samples
collected from patients with symptoms of gastro-
intestinal tract infections at Dalhatu Araf
Specialist Hospital, Lafia, 53 (35.3%) of the
samples reported the presence of E. co/z, whereas
97 (64.7%) of the samples did not detect presence
of E. coli.

Escherichia coliProducing ESBL

Out of 53 samples screened for E. co/i producing
ESBL, 45.3% were reported to be positive, which
were further used for the antimicrobial
susceptibility test.

Percentage Resistance and Susceptibility of
E. colito Antibiotics

Antibiotic resistance and susceptibility of E. co/i
isolated from the stools of patients is shown in
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table 1. The result showed that E. co// were more
resistant to ampicillin (75.51%), followed by
amoxycillin/clavulanic acid (61.22%) and was
least resistant to imipenem (12.25%), other
antibiotics were also sensitive against . co/7 as
most of them showed percentage of susceptibility
above 40% with the exception of ampicillin
(24.49%) and amoxycillin/ clavulanic (38.78%).

Antibiotics Resistance Phenotypes of
Escherichia coli from Stool of Patients

Thirty-four (34) different pattern of resistance
was observed with ceftazidime (CAZ),
amoxycillin/clavulanic acid (AMC),
sulphamethoxazole/trimethoprim (SXT),
ciprofloxacin (CIP), streptomycin (STR),
cefotaxime (CTX), and gentamycin (GM). Table 2
shows that 49 out of 53 isolates recorded
resistance to two or more antibiotics. More
isolates (18) were found to be resistant to four (4)
different antibiotics followed by 12 isolates, which
were resistant to 3 different antibiotics. However,
6 isolates were recorded to be widest since they
were recorded to resist 8 different antibiotics.

Table 1: Antibiotics Resistance and Susceptibility of E. e/ from Stool of Patients

Reaction CRO  AMC  IPM  CIP  CIX STR  AMP SXT CAZ GM
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
17 30 6 12 18 19 37 25 16 13
R (34.69) (61.22) (12.25) (2449) (36.73) (38.78) (75.51) (51.02) (32.65) (26.53)
32 19 43 37 32 30 12 24 33 36
S (6531) (38.78) (87.76) (75.51) (6531) (61.22) (24.49) (48.98) (67.35) (73.47)
Total 49 49 49 49 49 49 49 49 49 49

Abbreviations: CRO (30 pg) = Ceftriaxone, AMC (30 pg) = Amoxycillin/Clavulanic acid, IPM (30 ng) =
Imipenem, CIP (5 pug) = Ciprofloxacin, CTX (30 ng) = Cefotaxime, STR (30 pg) = Streptomycin, SXT (25 pg) =
Sulphamethoxazole/ Trimethoptim, AMP (30 pg) = Ampicillin, CAZ (30 pg) = Ceftazidime, and GM (30 pg) =

Gentamycin, R = Resistant, S = Susceptible
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Table 2: Antibiotic Resistance Phenotypes of E. co/ifrom Stool of Patients

Phenotypic resistance profile

No. of E. coliisolates (%)

CRO, CTX 1(1.90)
GM, AMP, CRO 1(1.90)
IMP, CTX, SXT 1(1.90)
CIP, AMP, SXT, CRO 2(3.77)
STR, CRO, CAZ 1(1.90)
GM, AMP, STR 1(1.90)
GM, CRO, SXT, STR, 1(1.90)
AMC, AMP, SXT, STR, 1(1.90)
AMC, AMP, CTX, CIP, 2(3.77)
CIP, AMP, CRO, CTX 1(1.90)
GM, AMP, SXT, IMP 1(1.90)
CRO, SXT, IMP 1(1.90)
AMC, CRO, STR 1(1.90)
CTX, SXT, GM 1(1.90)
CTX, STR, CRO 1(1.90)
STR, AMP, CRO, SXT 1(1.90)
AMC, AMP, STR, IMP, 1(1.90)
GM, AMP, CTX, SXT, 2(3.77)
AMC, AMP, GM, SXT, 1(1.90)
AMC, AMP, CAZ, SXT 1(1.90)
CIP, SXT, STR, CAZ 1(1.90)
STR, AMP, CRO, CAZ 1(1.90)
STR, AMC, GM, CTX 1(1.90)
STR, AMP, SXT, CTX 1(1.90)
AMC, AMP, CIP, CAZ, CRO 1(1.90)
AMC, AMP, STR, SXT, CAZ 1(1.90)
AMC, AMP, CAZ, SXT, CRO, CIP, STR 6(11.32)
CAZ, AMP, CRO 2(3.77)
AMP, STR, AMC 1(1.90)
AMC, GM, AMP 1(1.90)
AMC, AMP, STR, CRO, SXT 1(1.90)
AMC, AMP, GM, CTX, SXT 3(5.66)
AMC, AMP, CIP, CRO, IMP 2(3.77)
AMC, AMP 4(7.55)

Abbreviations: CRO = Ceftriaxone, AMC = Amoxycillin/Clavulanic acid, IMP = Imipenem, CIP =
Ciprofloxacin, CTX = Cefotaxime, STR = Streptomycin, SXT = Sulphamethoxazole/Trimethoprim,
AMP = Ampicillin, CAZ = Ceftazidime, and GM = Gentamycin.

DISCUSSION

Resistance to antibiotic has become a threat to
public health and the world at large. Many lives
have been lost and much resources spent in order
to tackle this menace. However, the indiscriminate
usage of antibiotics, over/under dose, self-
prescription, untreated pharmaceutical effluent,
and excessive use of antibiotics in animal
husbandry as growth promoters among many
other conditions have led to widespread of
resistant gene in the environment. Viable bacterial
species pick up these resistant genes and pass it on

through horizontal gene transfer (different
species) or vertical gene transfer (to offspring). E.
coli has been reported to be abundant in
environment with poor sanitary condition
especially in developing countries. The abundant
presence of E. ¢/ has made them to be an
important vehicle for the dissemination of
resistant genes as such, GIT diseases in both
humans and animals, as a result of E. co/, becomes
difficult to treat with conventional antibiotics
(Rasheed ezal.,2014).
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In this study, prevalence of E. co/i was reported to
be 53 (35.3%) from a total of 150 stool samples
screened. This prevalence rate (35.3%) is quite
similar to that of Rahman e a/ (2017), which
reported a prevalence rate of 37.87% from milk,
chicken meat and beef. However, the prevalence in
this study is far above 06.40% reported by
Oluwayinka and Oladayo (2017), who isolated
their microorganisms from wound swab. A high
prevalence (85.4%) of E. cli was however
reported by Kallau ez a/. (2018) from feces of pigs.
This high prevalence reported by Kallau ez al.
(2018) could be as a result of the sanitary practice,
which is mostly low in pig farming as a low
prevalence (6.40%) was obtained from wound
swab as reported by Oluwayinka and Oladayo
(2017). This indicates that E. co/i are abundant in
environment with poor sanitary condition. The
prevalence of E. co/i recorded in this study could
be related to misuse of antibiotics as well as
standard of living of people since the route of
transmission is usually faecal-oral-route.

The antibiograms profile of isolates of E. co/i in
this study is of concern, particularly with
ampicillin  (AMP) (75.51%), amoxycillin
/clavulanic acid (AMC) (61.22%), and
sulphamethoxazole/trimethoprim (SXT)
(51.02%) which all showed resistance above 50%.
The above-mentioned antibiotics are commonly
used by clinicians in treatment of bacterial
infections. If E. co/i continues to build resistance
to these antibiotics, they will be completely
resistant and become a major threat to public
health.

Resistance to multiple antibiotics was seen in this
study. All the isolates of E. co/ii (100%) were
resistant to two or more antibiotics. The rate of
multidrug resistant E. c/i emerging among
patients with GIT infections is alarming and if not
properly checked can escalate to something
difficult to control in the nearest future. In the
antibiogram phenotypic profile in table 2, six
isolates were recorded to be resistant to eight (8)
out of the ten (10) antibiotics tested. This result is
similar to the one obtained by Igwe e a/. (2016),
which reported resistance by strains of E. ¢/ to
multiple antibiotics ranging from 5 to 13.
Likewise, report documented by Son ez a/. (2018),
where strains of E. co/i exhibited resistant to
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various antibiotics ranging from 3 to 9. Various
studies including Kallau ez /. (2018), Rasheed ¢z al.
(2014), Anusha ez al. (2015), Melo ez al. (2015),
Oluwayinka and Oladayo (2017), Zhang ez al.
(2017), Onyeadi and Agbagwa (2019), Onanuga e#
al. (2019) and Shabana and Al-Enazi (2020) all
recorded resistance by strains of E. co/7 to multiple
antibiotics ranging from 2 to 13. As such, it is
important that more attention is paid to ailments
such as GIT infections caused by E. ¢/ to proffer
effective treatment regiments so as to avoid
morbidity and mortality of patients.

RECOMMENDATIONS

With the phenotypic antibiogram pattern of
strains of E. co/i obtained in this study, it is
important to determine the genes responsible for
this multiple-drug resistance as well as
dissemination of adequate information to the
masses visiting the hospital for treatment on the
effects caused by abuse of antibiotics.
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