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Background

Enterobacteriaceae are Gram-negative bacilli
which can be with or without symptoms colonise
the urinary tract (1). Enterobacteriaceae are
responsible for approximately 80% of Urinary
Tract Infections (UTIls) in humans. They cause
infection both in the community and in hospitals
(2, 3, 4) as reported in hospital and community
settings in Osogbo, Nigeria. These include
Escherichia coli (E. coli), Klebsiella species,
Proteus species and Enterobacter species,

Correspondence:

Ofem, Oluchi G

Department of Medical Laboratory Science
Babcock University, llishan Remo

Ogun State, Nigeria

+2348036608528, Otunemeo@babcock.edu.ng

among others, with E. coli as the leading cause
of UTI (5). Several authors reported that E. coli
was the most prevalent uropathogen in a facility
in Abuja, Ondo and Abakiliki, all in Nigeria (6, 7,
8).

The World Health Organisation refers to
infections caused by organisms that confer
resistance to several antibiotics as multidrug-
resistant organisms. Extended-Spectrum Beta-
Lactamases (ESBL) produce enzymes that
cause multidrug resistance of
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Enterobacteriaceae. Several genes acquired by
ESBL-producing organisms are responsible for
the resistance (9). Temoneira (TEM), Sulfhydryl
Variable (SHV) and Cefotaxime Hydrolysing
Capabilities (CTX-M) variants of ESBL have
been reported severally (2, 10), and they are on
the increase worldwide (3, 11, 12).

This has led to the non-sustainability of the use
of broad-spectrum antibiotics for treatment, since
it leads to an increase in resistance (13). This has
become of great concern worldwide and a threat
to the treatment of both community and hospital-
acquired urinary infections (14). Multi-drug
resistance affects both developed and
developing countries, but is worse in the latter
(15). Due to irrational use of antibiotics, this is
experienced more in developing countries
because there are no polices controlling the use
of antibiotics (14, 15). Resistance to antibiotics
is mainly reported in Gram-negative bacteria.
Antibacterial resistance varies among the various
classes of antibiotics (16). Hospitals are major
sources of the emergence and spread of
multidrug-resistant bacteria, but there is a paucity
of information on antibiotic resistance in natural
environments such as water and soil (17). The
different resistant patterns observed are a major
problem of public health concern (16, 18).
Culture and antibiotic sensitivity of urine samples
are key to the diagnosis of urinary tract infections
(5). Knowledge of common pathogens and their
sensitivity patterns is necessary for the choice of
antibiotic therapy (13, 19). There is a great need
to identify, genetic type of ESBL genes
responsible for the spread of antimicrobial
resistance (18, 20).

This research investigated multidrug-resistant
ESBL-producing Enterobacteriaceae in
community and hospital settings in Ogun State,
southwest Nigeria.

Materials and methods

Study Design

This involved a hospital and community-based
cross-sectional and experimental design.

Study duration
This study was carried out between June and
December 2017.

Study population

The study was carried out among the in-patients
of OOUTH, SHI and healthy individuals living in
ODC within the ages of 5 and 70 years.

Study Site

The study was conducted in three sites, which
include Olabisi Onabanjo University Teaching
Hospital (OOUTH), Sagamu, State Hospital ljaye
(SHI), Abeokuta and Oyan Dam Community

(ODC), all in Ogun State, Western Nigeria.
OOUTH is the only government-owned Tertiary
Medical Institution in Ogun State, SHI is a
secondary hospital in Ogun State, located in
Sokenu, ljaye, Abeokuta North  Local
Government Area of Ogun State, while ODC is
located near the bank of Oyan water reservoir in
Abeokuta North Local Government Area of Ogun
State. Oyan water reservoir is situated within the
coordinates 07°15 — 07°25’ N and 03° 06’ — 03°
18’ E. It is about 20 km Northwest of Abeokuta,
the State Capital. The dam was constructed
across the Oyan River, a major tributary of the
Ogun River. The dam was commissioned on
March 29, 1983, and it is operated by the Ogun-
Oshun River Basin Development Authority. It was
primarily conceived to supply water to Lagos and
Abeokuta, but with auxiliary uses in irrigation and
power generation. During construction, some
villages were submerged, and the displaced
people were relocated to three settlement camps.
Some of the settlers fish on the lake and grow
vegetables along the fertile shoreline as the lake
recedes in the dry season (21).

Sample Size Determination

The sample size was determined using the
formula of (22):

Kish’s method helps adjust for different selection
probabilities and response rates among various
strata within a population.

n= Z2 PQ/e?

Z = 1.96 (for 95% confidence level)

P = the frequency of occurrence of an event:
The research conducted in the hospital at ljaye,
Abeokuta, Ogun State, Nigeria, showed the
prevalence of ESBL in urine samples of
hospitalised patients as 9.6% (23).

P =0.096

Cl = 0.05 (for confidence interval)

Q= 1-P= 1-0.096= 0.904

n=1.962 X 0.096 X 0.904/ 0.052

3.84 X 0.096 X 0.904/ 0.0025 = 133.30

Preparation of Culture Media

All media used in this study were prepared
according to the manufacturer’s instructions
(Oxoid).

Sterilisation of Culture Media and Other Materials
Sterilisation of culture media, glass petri dish and
sterile water used in this study was carried out in
an autoclave (model LS-50L, Axiom Medical
LtD.UK, Serial number: 16L-1679). The
sterilisation was done at 121°C temperature, 15
pounds per square inch (PSI) pressure for 15
minutes. The working benches, hot air oven and
storage refrigerators were sterilised using 10%
Jik solution.

Inclusion Criteria
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Inclusion criteria for hospitalised patients and
community participants

Any in-patient hospitalised for more than 24
hours in OOUTH and SHI within the ages of 5 and
70 years, whose consent was obtained. Any
individual between the age range of 5 and 70
living in the selected community, whose consent
was obtained.

Exclusion Criteria

Exclusion Criteria for hospitalised patients and
community participants

Non-hospitalised patients in OOUTH and SHI,
within the age range of 5 to 70, and inpatients
within the ages of 5 and 70 years who had not
spent up to 24 hours.

All patient who did not give their consent. Any
patient who does not fall between the age range
of 5 and 70 years in OOUTH and SHI. Anybody
who does not fall within the age range of 5 and
70 years, and anybody living outside the selected
community. People whose consent was not
obtained.

Sample Collection

The research participants were given labelled,
sterile universal bottles with instructions on how
to collect mid-stream urine samples. All samples
collected were transported to the Laboratory in
ice packs and processed within 4 hours of
collection in the laboratory (Department of
Medical Laboratory Science, Babcock University,
llishan, Ogun State, Nigeria).

Culture of Urine Samples

Urine samples were cultured on Cysteine
Lactose Electrolyte Deficient medium (CLED)
and Blood Agar plates using an inoculating loop
to deliver 0.02 mL. All incubations were done at
37 °C for 18 to 24 hours, and the plates were
examined for bacterial growth.

Identification of Bacterial Isolates

They were Gram-stained and viewed using the
microscope. Biochemical tests were also carried
out to identify the isolates. API 20E was used for
further identification of the isolates.

Identification of the Isolates Using APl 20E

The stock culture was reactivated by sub-
culturing on CLED medium to obtain an 18- 24-
hour-old culture. A colony of the bacteria was
suspended in 5 mL of sterile distilled water. The
APl 20E test compartments were filled with
bacterial suspension as instructed by the
manufacturer. Water was put into the supplied
tray, with the APl 20E test strip placed on it,
covered and incubated at 37 °C for 24 hours. The
reactions, based on colour to the different
biochemical reagents, were noted, matched with

the chart provided by the manufacturer and
converted to numerical codes. The codes were
read with a profile index to identify the bacteria.

Antibacterial Sensitivity Test

The identified bacteria were tested for their
sensitivity to different classes of antibiotics using
ABTEK brand antibiotics (20). The classes of
antibiotics used include: cephems (ceftazidime
30ug, cefuroxime 30upg, cefixime 5ug),
aminoglycosides (gentamicin 10u9),
fluoroquinolones (ofloxacin 5ug, ciprofloxacin
5ug), beta-lactam/p-lactamase inhibitor
combination (Augmentin 30ug) and nitrofurans
(nitrofurantoin 300ug).

The Kirby-Bauer method of disc diffusion
technique was used in performing the antibiotic
sensitivity testing (24), on Mueller Hinton agar
using inocula that matched with turbidity of 0.5%
Macfarland standard (24). This was done in
duplicates and incubated using Medfield
Equipment and Scientific England (DNP-9052-1)
incubator overnight at 37 °C for 24 hours. The
zone of inhibition by the bacteria was measured
and recorded. Control was set up simultaneously
using Escherichia coli ATCC 25922. The average
of the zone of inhibition in the duplicate plates
was interpreted as sensitive, intermediate and
resistant using (25).

Detection of ESBL Genes from the Isolates

All the isolates were resistant to at least three
antibiotics; they were termed multidrug-resistant
isolates. Three different primers of ESBL types
described by (26) was used to detect the
presence of ESBL genes Multiplex PCR method
in these multidrug-resistant isolates. This
technique was carried out using the Solis
Biodyne 5X HOT FIREPol Blend Master mix
CTX-M, TEM and SHV primers.

Results

A total of 167 (40%) bacteria were identified as
Gram-negative bacilli from the sites 63 (37.7%),
49 (29.3%) and 55 (32.9%) from ODC, OOUTH
and SHI, respectively. The bacteria isolated
include Escherichia coli 104(62.3), Klebsiella
pneumoniae 10(6.0), Escherichia fergusonii 5
(3.0), Klebsiella ozaenae 21(12.6), Xenorhabdus
luminescens 6(3.6.), Hafnia alvei 4(2.4),
Leclercia adecarboxylate 2(1.2), Proteus penneri
7(4.2), Enteroobacter agglomeran 8(4.8). The
number of the bacteria in OOUTH, ODC and SHI
respectively include; Escherichia coli 25(24.0),
35(33.7) and 44(42.3), Klebsiella pneumoniae;

4(40.0), 2(20.0) and 4(40.0), Escherichia
fergusonii 3(60), 1(20) and 1(20), Klebsiella
ozaenae; 6(28.6), 11(52.4) and 4(19.5),

Xenorhabdus luminescens 1(16.7) and 4 (66.7)
Hafnia alvei 2(50%), 2(50%) and Leclercia
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adecarboxylate 3(42.9%), Enteroobacter
agglomeran: 4 (50%), 2(25%) and 2 (25%)

o OGUTH apc
Site

There was a significant difference in the type and
number of bacteria identified from the different
sites at a p-value of 0.024 (Figure 1).

SHI

Fig. 1 Frequency Distribution of Bacteria Isolated from Different Sites

All the K. pneumoniae were resistant to all the
antibiotics tested. Furthermore, K. ozaenae are
resistant to cefixime 15 (100%), Augmentin 15
(100%), ceftazidime 12 (80%), ciprofloxacin 12
(80%), cefuroxime 11(73.3%), and nitrocefin
11(73.3%). The resistance of E. coli ranges
between 57.9% and 97.4%. It is interesting to
note that the only E. fergusonii, H. alvei and L.
adecarboxylate were 100% resistant to all the
antibiotics tested. There was no statistically
significant difference in the resistance activity of
the multidrug-resistant organisms to the
antibiotics used in this study (Supplementary
Table 1).

ESBL genes were identified using molecular
methods with blaCTX-M, blaSHV, and blaTEM
primers. A total of 96 (90.6) blaTEM genes were
identified, followed by blaCTX-M 33(31.1).
blaCTX-M genes did not exist alone; rather, they
co-existed with TEM. Therefore, a total of 33
(31.13%) blaTEM/blaCTX-M were identified.
blaTEM genes that existed alone were 63
(59.4%). No blaSHV genes were identified. SHI
had the highest percentage of ESBL, followed by
ODC. Similarly, blaCTX-M and the combination
of blaCTX-M and blaTEM were identified in the
same order: 5(15.2%), 25(75.8%) and 3(9.1%)
(Figure 2).

Oyan Community

The distribution of ESBL-resistant genes
according to age and gender. The gene was

mmm blaTEM
s blaCTX-M + blaTEM

COUTH SHI
Sites of Isolation

Figure 2: Distribution of the different ESBL genes according to the sites of Isolation

more predominant in the age group 16-26, as
presented in Figures 3 and 4.

as

27
Age Groups

Figure 3: Distribution of ESBL genes according to age

= biaTEM
m— LIaCTXM 4 TEM
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Figure 4: Distribution of ESBL genes according to gender

Klebsiella pneumoniae was observed in this
study to harbour the highest percentage of ESBL,
as presented in Figure 5.

Frequency

= blaTEM
blaTEM + blaCTX-M

Bacteria Isolated

Figure 5: Distribution of ESBL genes among the MDR Bacteria Isolated

Discussions

The prevalence of Gram-negative bacilli obtained
in this study is 40%. In the different sites, the
prevalence obtained includes 63 (37.7%), 49
(29.3%) and 55 (32.9%) from ODC, OOUTH and
SHI, respectively. This strongly indicates that the
samples collected from the different hospitals
and the Oyan community harbour relatively the
same number of Gram-negative bacilli. This
further indicates that the participants in this
community were carriers of GNB, implying that
the participants may pose a big challenge to the
community. This finding agrees with a study
carried out by (27) in Babcock University, Ogun
State, Nigeria, who reported a prevalence of 35%
among hospitalised individuals from a similar
study. (28) also obtained 33.3% and 29.3% of
Gram-negative bacilli from two tertiary hospitals
in Osun State, Nigeria. In corroboration, a 43%
prevalence was also obtained by (29) from a
study carried out in a tertiary hospital in Yobe
State, Nigeria.

In contrast, some other authors recorded a higher
prevalence in a study carried out among
hospitalised patients (30) in Katsina and (31). In
a study carried out in two geopolitical zones of
Ondo, the prevalence of Gram-negative bacteria
was reported as 59.5% and 55.6%, respectively.
These are because Gram-negative bacteria are
widely implicated as urine pathogens.
Elsewhere, (32) reported a lower prevalence of
8.5% in a general hospital population on the day

of admission. This lower prevalence compared to
that obtained in this present study could probably
be because the urine samples were collected on
the first day of admission, or the probable
acquisition of the bacteria after 24 hours of
admission in this present study.

The total prevalence of bacteria in the urine of
participants in the Oyan community was 37.7%.
Similar studies carried out in different
communities reported a prevalence of 52% (33),
58.9% (34), 82.4% (35). (36) recorded a lower
prevalence of 25% in a study carried out in a
redemption camp, Ogun State. Varying
prevalence rates were recorded in urban
Nigerian cities such as Ibadan, 57.5% (37),
Lagos, 38.6% (38), Jos, 35.5% (39). The
prevalence of 77.9% was recorded among Prison
inmates in Lafia, Nasarawa State (40). The
differences in the community prevalence may be
due to geographical location and social amenities
of the communities, and the socioeconomic
status and occupation of the inhabitants of the
different communities. This study showcased
that people in their homes may harbour
pathogens as much as hospitalised patients, and
hence, there is a need to investigate the factors
predisposing community members to these
pathogenic organisms.

All the K. pneumoniae were resistant to all the
antibiotics tested. The other pathogens, as well,
had varying high resistance to the antibiotics
tested in this study. Various research, including

99



Ofem et. al., Babcock Univ. Med. J.2025 8(2):95-104

this present study, has confirmed that Klebsiella
pneumoniae and Escherichia coli have been
noted worldwide to be the most causative agents
of both hospital and community infections. The
extreme resistance of K. pneumoniae to all the
antibiotics may be due to its notable ability to
form biofilms and capsules, which protect it from
the host immune system and confer antibiotic
resistance on it (41, 42). The resistance of E.
coli ranges between 57.9% and 97.4%. This
agrees with the reports of (43) and (31). (44)
reported that various Gram-negative bacilli can
alter the sensitivity pattern of antibiotics. This
resistant pattern exhibited by K. pneumoniae in
this study is an indication that K. pneumoniae is
taking the lead in multidrug resistance in hospital
and community settings. There is a need to
investigate the resistant genes responsible for
this extreme resistance.

blaCTX-M and blaTEM were identified in this
study. blaCTX-M genes did not exist alone;
rather, they co-existed with blaTEM, although
some blaTEM genes existed alone. No blaSHV
genes were identified. SHI had the highest
percentage of ESBL, followed by ODC. This
study confirms that SHV ESBL-resistant genes
are not present in these sites at the time of this
study. The ESBL genes responsible for
resistance in these sites are blaCTX-M and
blaTEM. also, there is synergy between blaCTX-
M and blaTEM in causing resistance among the
identified pathogens.

Other studies reported by previous researchers
from different locations identified blaTEM at
various percentages

(45, 26). The difference in the various reports of
ESBL prevalence may be attributed to
geographical variations. The co-existence of
blaCTX-M as identified in this study agrees with
the report of (46, 47). ESBL genes are
responsible for resistance to various antibiotics in
these hospital and community settings, and
therefore, this has public health implications. The
mechanisms by which these resistant genes are
transferred to these pathogens are of interest and
should be unveiled by further research.

This study indicates that the ESBL-resistant
genes were predominant in the age group 16-26
and among females. There is a strong indication
that the participants between the ages of 16 and
26 misuse and overuse antibiotics. Presently, in
our society, the use of drugs, including
antibiotics, by people of this age group is on the
increase and therefore is a social and public
health concern. Females harbour more urinary
pathogens because of their short urethra and are
therefore likely to harbour more drug-resistant
pathogens. This result is in line with those of (48,
49), who reported that females harboured more
ESBL producers than males. This study

highlights that the youth are actively misusing
drugs and therefore indicates the need for a
public health campaign and awareness against
the improper use of antibiotics and other drugs.
The factors that predispose youth to the misuse
of drugs should be investigated in further studies.
Klebsiella pneumoniae was observed in this
study to harbour the highest percentage of ESBL
in this study. This is a strong indication that
Klebsiella pneumoniae has shown very extreme
resistance. Many authors have widely reported
the predominance of Escherichia coli in
harbouring ESBL genes over Kilebsiella
pneumoniae (50, 26). However, no significant
difference was observed in the harbouring of
ESBL by the two organisms, which is in line with
the report by (51). (44) reported the prevalence
of ESBL E. coli (39.5%) and Klebsiella
pneumoniae (44%). Similarly, other studies
reported the prevalence as Escherichia coli
(46.5%) and Klebsiella pneumoniae (44.4 %) in
India (47), Escherichia coli (60%) and Klebsiella

pneumoniae (40%) in Tehran, Iran (52).
Escherichia coli (41.5%) and Klebsiella
pneumoniae (54.4%) in Egypt (53) and
Escherichia coli  (65%) and Klebsiella

pneumoniae (68.8%) in Khartoum, Sudan (54).
The trend of high resistance is changing hands
from Escherichia coli in harbouring to Klebsiella
pneumoniae as identified in the present study.
This implies that the acquisition of ESBL genes
among Escherichia coli and Klebsiella
pneumoniae varies according to geographical
location. The factors that are responsible for this
subtle change in trend in antibiotic resistance
should be investigated.

Conclusion

This study has revealed that ESBL genes are not
limited only to hospitalised patients. People in
their homes may also harbour drug-resistant
genes, as observed in this study. This is the case
of the Oyan Community, which could be a public
health threat, until social interventions are made
available
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GNB: Gram-Negative Bacilli

ODC: Oyan Dam Community

OOUTH: Olabisi Onabanjo University Teaching
Hospital
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