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ABSTRACT

Extended Broad-Spectrum Beta-Lactamase (ESBL) is an enzyme produced by some bacteria which
is capable of decomposing the third generation cephalosporins. Urinary tract infection (UTI) due to
extended spectrum beta-lactamase (ESBL)-producing bacteria has become widespread and
resistance patterns vary nationally and internationally from one institution to another. This study
examined the prevalence of extended spectrum [-lactamase (ESBL)-producing bacteria in
individuals with UTI accessing health care services in two health facilities in Enugu metropolis. One
hundred and forty-five (145) bacteria isolate from 133 individuals with positive bacteriuria were
subjected to Single Disc and Double Disc Synergy Tests to screen for ESBL. Forty-nine (49) bacteria
isolates (Staphylococcus aureus (n=5), Escherichia coli (n=15), Klebsiella pneumoniae (n=16),
Pseudomonas aeruginosa (n=3), Enterococcus faecalis (n=3) and Proteus mirabilis (n=7)) were
positive for ESBL-producing bacteria accounting for 46.8% prevalence of ESBL-producing bacteria
mediated UTI. The prevalence of ESBL producing bacteria induced UTI is huge and portends a great
danger to the management of bacterial infections. Antimicrobial susceptibility and resistance
surveillance should be institutionalized in management of bacterial infections in order to limit the
spread of resistant strains and reduce antibiotics treatment failure.
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‘Department of Science Laboratory Technology, Federal Polytechnic, Idah,

Enugu.

INTRODUCTION

Extended Spectrum Beta Lactamase
(ESBL) is an enzyme produced by some gram
negative and gram-positive bacteria that
mediates bacterial resistance against  —lactam
antimicrobials (CDC, 2010; Leylabadlo et al.
2017). ESBL inactivates or destroys extended-
spectrum third generation cephalosporins
including ceftazidime, cefotaxime, and
ceftriaxone and monobactams especially
aztreonam, but not cephamycins such as
cefoxitin and cefotetan or carbapenems like
meropenem or imipenem (NCCLS, 1999;
Leylabadloetal. 2017).

Since the ?rst reports of strains of
Klebsiella spp resistant to third-generation
cephalosporins and the ?rst descriptions of the
mechanism of resistance involved, the
epidemiological success of Enterobacteriaceae

producing extended spectrum b-lactamases
(ESBLSs) have become a concern in the ?eld of
medical bacteriology (Drieux et al. 2006;
Ogefere et al. 2015). Bacterial producers of
ESBLs include; Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, K.
oxytoca, Proteus mirabilis, Salmonella enteric,
Neisseria gonorrhoeae, Haemophilus
influenza, Kluyvera species, Enterobacter
aerogenes, Enterobacter cloacae (NCCLS,
1999; CDC, 2010; Ogefere et al. 2015). Most
ESBL-producing bacteria belong to the family
Enterobacteriaceae (CDC, 2010; Andrew et al.
2017; Chukwunwejim et al. 2018). ESBL is
responsible for the increasing antimicrobial
resistances worldwide observed in amino and
ureido penicillin, oxyimino cephalosporin and
monobactams (Omar, 2014). For instance, the
increasing resistance to third-generation
cephalosporins amongst E. coli and Klebsiella
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sppisdueto ESBLs (Andrewetal. 2017).

ESBL is plasmid-mediated and there are
about two hundred different types evolving
through point mutations of the classical TEM-1
and SHV-1 B —lactamases (Huizen, 2017) and
CTX-M types, which evolved via the escape
and mutation of chromosomal 3 -lactamases
from Kluyvera spp (e.g., bla.,,s.) (Ejaz et al.
2013). Others are mobilized from
environmental bacteria (e.g., bla. )
(Overdevestetal. 2011)

Antimicrobial resistance is a threat to the

management of infections (Sievert et al.2013).
The increasing resistance to the more
commonly used antibiotics has made empirical
treatment more difficult as resistant
microorganisms are more difficult to treat,
hence requiring alternative medications or
higher doses of antimicrobials (Dai, 2010).
UTIs complicated by ESBL organisms tend to
lead to uncertain outcomes and prolong
hospitalisation, especially as these organisms
tend to be multi-drug resistant (Teklu et al.
2019). Although these infections were
previously only limited to hospitals, they have
found their way into the community (Gharavi et
al. 2021).
X Managing UTI mediated by ESBL-
producing bacteria is difficult due to the ability
of ESBL to cause bacterial resistance, making
therapy with f-lactam antimicrobials
ineffective (Chukwunwejim et al. 2018).
Resistant microbes being more difficult to treat
and may result in increased morbidity and
mortality, especially amongst UTI patients on
intensive care and high-dependency units (Dal,
2010; Omar, 2014). The prevalence of ESBL-
mediated antibiotics resistance among patients
with UTI in Enugu is not well known, and there
is evidence of treatment failure following
administration of some classes of third
generation cephalosporin which were hitherto
active. Understanding the magnitude of the
problem posed by ESBL is a major step in
addressing the challenge. Hence, this study
aims to determine the prevalence of ESBL
producing bacteria in individuals with
presumptive UTI attending clinic at ESUT
Teaching Hospital and Omniscient Medical
Diagnostic Centre, Enugu.

MATERIAL AND METHODS

Study Design

This is a cross-sectional and facility-based
study in which participants with presumptive
urinary tract infection attending clinic in Enugu
State University Teaching Hospital and
Omniscient Medical Diagnostic Centre were
examined for urinary tract infection and
bacteria isolates in those with bacteriuria
screened for ESBL.

Study Population

Individuals with presumptive urinary tract
infection accessing medical care at Enugu State
University Teaching Hospital and Omniscient
Medical Diagnostic Centre Enugu between
Apriland August 2019 that had bacteriuria were
studied. All adult individuals with suspected
UTI whose willingness and consent were
obtained were included, while those who
refused to participate by not giving consent as
well as female patients menstruating were
excluded.

Ethical Considerations

Ethical permission for the research was
obtained from Enugu State University Teaching
Hospital Ethical Committee. The three ethical
principles namely; safety, privacy and
confidentiality of participant's information
were maintained. The guidelines on the conduct
of biomedical research by the Council of
International Organization of Medical Sciences
(CIOMS) and that of the International
Conference on Harmonization — Good Clinical
Practice (ICH-GCP) were followed on the
course of the research.

Samplesize

A total of 385 patients were studied. The
sample size was determined using Cochran's
sample size formula by Bartlett et al. (2001).

n,=(Z°pa)/e’

Where:

e =the desired level of precision (i.e. the margin
oferror) (0.05)

p = the (estimated) proportion of the population
which has UTI (0.5)

g=1-p.
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z = constant depending on confidence level
(A 95 % confidence level gives Z values of
1.96)
€=0.05,p=0.5,2=1.96
Substituting the above figures in the
formula: n, = (Z°pq)/e’
n,=((1.96)°(0.5) (0.5))/(0.05)" = 385.

Sampling Strategy

Convenient sampling strategy was used to
select participants in the study. Urine specimen
collection was scheduled for Mondays and
Wednesdays in the month of April — August
2019 until the sample size of 385 was reached.
The two days were selected conveniently to
make for enough time for urine specimen
analysis and for space management in the
incubator.

Urine sample collection

The participants were advised on how to
collect a “Clean catch’ mid-stream urine. The
specimens were coded to ensure anonymity and
confidentiality with demographic details of the
patients regarding age and gender properly
recorded before transported to Omniscient
Medical Diagnostic Centre, Enugu, Enugu
State for further processing.

Urineculture

The urine specimens were cultured on
Blood agar, MacConkey agar and Cysteine,
Lactose, and Electrolyte Deficient (CLED) agar
using streaking method (Ochei and Kolhatkar,
2000). The culture was incubated at 37°C for 24

hours and the plate read. UTI isolates were
subjected to gram staining and biochemical
tests for identification.

Identification of Isolates

Gram staining and a combination of
conventional biochemical testing techniques
including catalase and coagulase tests for S.
aureus, indole test for suspected E. coli, citrate
and malonate utilization tests for suspected K.
pneumoniae, and oxidase test for suspected P.
aeruginosa, Bile Resistance test for E. faecalis,
and motility test for P. mirabilis were carried
out.

Characterization of ESBL-producing
isolates

Isolates were characterized for ESBL
production using Single Disk method in which
cefotaxime (30 pg) and ceftazidime (30 ug)
were placed aseptically at a distance of 30 mm
apart on Mueller-Hinton agar plate previously
inoculated with standardized inoculum of the
test bacterium (CLSI, 2011). ESBL production
was confirmed in the isolates by the double disk
synergy test (DDST) method described by CLSI
(2011).

Statistical Analysis

The data were analysed by SPSS 23
software. To compare qualitative variables, chi-
square test was applied. Level of significance
was P <0.05.

RESULTS
Prevalence of ESBL-producing bacteria mediated UTI among studied participants in Enugu

metropolis

S. aureus oli

K. pneumoniae P. aeruginosa E. faec

Number and species of ESEL-producing isolates
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Figure 1: Number and species of ESBL-producing isolates among the studied participants
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Out of 133 urine samples that were positive for Klebsiella pneumoniae (n=16), Pseudomonas
bacterial urine test, 49 isolates were ESBL-  aeruginosa (n=3), Enterococcus faecalis (n=3)
producing accounting for ESBL-mediated UT] and Proteus mirabilis (n=7) were implicated as
prevalence rate of 46.8%. Staphylococcus  showninFigure 1.

aureus (n=5), Escherichia coli (n=15),

Sex Distribution of ESBL isolates

Figure 2: Sex Distribution of ESBL isolates in patients with self-reported urinary tract
infections in Enugu metropolis

Results of sex distribution of ESBL isolates had a prevalence of 34.7% (*/,,) as shown in
showed that the prevalence of ESBL-mediated  Figure 2. E. faecalis was found only in females.
UT I in females was 65.3% (*/,,) while males

Number of ESBL isolates per Age group
=64 yrs
55 - 64 yrs

45 - 54 yrs

B Mumber af EZBL 150lates

Figure 3: Age Distribution of ESBL producing bacteria in individuals with presumptive
urinary tract infections in Enugu metropolis
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Age distribution of ESBL producing respectively (Figure 3). Age group 15-24years
bacteria showed that participants in 25 —  had prevalence of 2%, 35-44years had 8%, 45-
34years and >64 years age groups had 54years had 3%, while 55-64years had 7%
prevalence of ESBL-mediated UTI accounting respectively (Figure 3).
for 32.7% and 26.5% of the infection

Table 1: Occupational distribution of ESBL-producing bacteria in individuals with
presumptive urinary tract infections in Enugu metropolis based on the occupation

Civil servant 19(38.8%)
Business people 14(28.6%)
Student 5(10.2%)
Unemployed 4(8.2%)
Farming 7(14.3%)

Infection due to ESBL-producing bacteria was unemployed and 14.3% among farmers
38.8% among civil servants, 28.6% in business  respectively (Table 1).
people, 10.2% among students, 8.2% in the

Educational level with thenumber ESBL-producing bacteria
18

1a

14
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Figure 4: Distribution of ESBL-producing bacteria in individuals with presumptive
urinary tract infections in Enugu metropolis based on educational level of the
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The prevalence of ESBL-producing
bacteria mediated UTI  was 34.7% among
participants with tertiary level of education,
13.0% among secondary school students, 14%
in those with primary level of education, and
4.2% for those with non-formal education
respectively. Figure 4 presents the prevalence
of ESBL-producing bacteria mediated UTI
among individuals with presumptive UTI in
two selected health facilities in Enugu
metropolis.

DISCUSSION

Results of the present study in figure 1
revealed that the prevalence of ESBL enzymes
among the participants with positive bacteria
urine test was 46.8%. Similar studies have been
carried out in some countries. For instance,
Latifpour et al. (2016) and Inies et al. (2012)
reported a prevalence rate of 30% in Korea,
36% in Pakistan, 68% in India, 20% in Algeria,
29% in Spain, 28.4% in Taiwan, 5-10% in
Madrid and 44% in the USA respectively. The
prevalence of 46.8% ESBL-producing bacteria
observed in this study is not consistent with the
prevalence of ESBL- producing bacteria
reported for countries like Korea and Parkistan.
However, higher prevalence rate was obtained
in India, while the values for Algeria (20%),
Spain (29%) and Taiwan (28.4%) were lower
(Rizvietal. 2011; Inies et al. 2012; Latifpour et
al. 2016). The reason for the differences in
prevalence rate reported in this study and those
of other locations could be attributed to either
the development of evidence-based protocols
and guidelines as well as the implementation of
surveillance programs such as Study for
Monitoring Antimicrobial Resistance Trends
(SMART) in some countries or the non-
existence of such interventions in others (Rizvi
et al. 2011; Inies et al. 2012). Other factors
responsible for the emergence of resistant
strains and transfer of resistant genes to other
bacteria leading to the variation in ESBL
prevalence include; increased and prolonged
duration of hospitalization and treatment
procedures as well as frequent use of urinary
catheters in hospitals as well as indiscriminate
and arbitrary use of beta-lactam drugs for
community-acquired infections which differ
from one country to another (Latifpour etal.

2016).

ESBL gene expression was noted among
S. aureus, E. coli, K. pneumoniae, P.
aeruginosa, E. faecalis and P. mirabilis.
However, there was a significant difference (p <
0.05) inthe occurrence of ESBL isolates among
bacteria uropathogens causing UTI in the
present study. For instance, 5(26.3%) of S.
aureus, 15(28.8%) of E. coli, 16(35.6%) of K.
pneumoniae, 3(25.0%) of P. aeruginosa,
3(33.3%) of E. faecalis and 7(87.5%) of P.
mirabilis were ESBL producing. Findings of
this study for E. coli and K. pneumonia was
consistent with ESBL prevalence for
Escherichia coli (25.84%, 37.11% and 47%)
and K. pneumoniae (100% and 37%) reported
in a similar study by Rizvi et al. (2011) while
studying the prevalence of antimicrobial
resistance in urinary tract infections during
pregnancy. Mitu et al. (2019) reported similar
results in a study on extended spectrum beta-
lactamase (ESBL) and AmpC beta-lactamase
producing bacteria in urinary tract infection
patients in Bangladesh. The result however did
not agree with the prevalence of 73% observed
in a similar study by Inies et al. (2012) in a
tertiary care hospital in Madrid. Among the
ESBL producing bacteria isolates in this study,
expression of ESBL was more by Proteus
mirabilis as 87.5% of the organism produced
ESBL. This observation did not agree with the
findings of Omeregie et al. (2010) in a similar
study on urinary tract infections among the
elderly in Benin City, in which Escherichia coli
was the major ESBL-producer.

In this study, both gram-negative bacteria
(E. coli, K. pneumonia, Ps. aeruginosa and P.
mirabilis) and gram-positive bacteria (S. aureus
and E. faecalis) in the ratio of 2:1 were involved
in expression ESBL gene. This is consistent
with the result obtained by Nwachukwu et al.
(2018) in a similar study on the prevalence of
urinary tract infections in pregnant women in
Onitsha, in which more gram negatives than
gram positive bacteria were implicated in ESBL
production. ESBL expression by gram
negatives more than the gram positives could be
attributed to the differences in the genetic
make-up of these two groups of bacteria with
gram negative bacteria having higher chances
of acquisition of ESBL gene from the
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environment through their thin cell wall than
gram positive bacteria with thick cell wall,
changes in the structure of TEM and SHV
enzymes among other factors (Latifpour et al.
2016; Mitu et al. 2019). ESBL Bla genes are
abundant in the Enterobacteriaceae family, and
study has implicated E. coli, a gram-negative
bacterium, as the carrier of the bla,, s Which
serves as a reservoir from where the gene could
be transferred to other gram-negative bacteria
(Overdevestetal. 2011).

Some risk factors have been identified
that predispose individuals to community-
associated ESBL infections (Chukwunwejim et
al.2018). These include, but not limited to; old
age, being female, diabetes mellitus, previous
antibiotic usage, recurrent urinary tract
infections, and prior instrumentation to urinary
tract (Yousefipour et al. 2019). The prevalence
of ESBL was higher (65.3%) in females than
34.7% in males (see figure 2). This agrees with
the result of Latifpour et al. (2016) in a similar
study assessing the prevalence of Extended-
Spectrum Beta-Lactamase-producing K.
pneumoniae in which 65% prevalence was
recorded for females while males had 34.7%
with all the E. faecalis (100%) and 71.4% of P.
mirabilis producing ESBL in females against
none and 28.6% in males respectively. The
reason for this is unclear, but some studies
suggest that females are more at risk of
developing infection by uropathogens due to
their anatomical structure (Gharavi et al. 2021).
However, according to Odoki et al. (2019) and
Nwachukwu et al. (2018), gender (female) and
marital status (married) had statistically
significant relationships with UTI. This could
be attributed to sexual activities and hormonal
profile associated with age, gender and marital
status all of which are important predictors of
UTI.

Age groups 25 — 34 years and >64 years
showed ESBL prevalence of 32.7% and 26.5%
respectively as shown in Figure 3. E. faecalis
(66.7%) and P. mirabilis (42.9%) were
involved in UTI among those in the age groups
of 25 — 34 years, while E. coli (40%) and K.
pneumoniae (31.3%) were common among
those in the age group >64 years. There was a
significant difference (p<0.05) in positive
ESBL-producing bacteria urine test based on
age with participants in the age group of 26-30

years showing a higher prevalence (p=0.03).

Civil servants recorded 38.8% prevalence
of ESBL mediated UTI. Wadepohl et al. (2020)
reported that the occupational exposure might
be a possible route of transmission as previous
studies were able to demonstrate increased rates
of colonization with gentamicin-resistant E.
coli in U.S. poultry workers compared with
community references. Participants with
tertiary level of education had 34.7%
prevalence of ESBL mediated UTI as presented
in Figure 4. Although no study had dwelt on the
association between educational status and
prevalence of ESBL producing bacteria. Other
factors of importance in UTI are malnutrition,
poor hygiene and low socio-economic status,
which are common in rural settings (Iseghohi et
al. 2020), and may have association with
Educational status. Iseghohi et al. (2020)
however reported that factors such as patient's
residence, tribe, level of education, marital
status, circumcision, pregnancy, hypertension,
HIV, abortion, sexual intercourse had no
correlation with UTI but can contribute to
reinfection.

CONCLUSION

Antimicrobial resistance is a global threat to the
management of infectious diseases and the
contribution of extended Spectrum Beta
Lactamase (ESBL) is huge. From this study,
ESBL-producing bacteria is responsible for
46.8% positive bacteria urine test with both
gram-negative and gram-positive bacteria
playing role. The frequency of isolation of
ESBL-producing K. pneumonia was higher
than the other isolates, but P. mirabilis exhibited
higher likelihood of ESBL production.
Females, those in the age group 25 — 34 years,
married, civil servants and those with tertiary
level of education were more likely to have
ESBL mediated UTI than others.
Further ESBL surveillance of bacteria
uropathogen in Enugu metropolis is necessary
to fully understand the size of the problem of
ESBL-mediated antimicrobial resistance.
Investigations should be carried out to verify
the role of location and characteristics of
individual in the prevalence in ESBL-
producing bacteria mediated UTI.
Identification of resistance genes involved in
ESBL-mediated antimicrobial resistance is
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recommended.

REFERENCES

Andrew B, Kagirita A, Bazira J. (2017). Prevalence of
Extended-Spectrum Beta-Lactamases-Producing
Microorganisms in Patients Admitted at KRRH,
Southwestern Uganda. International Journal of
Microbiology Volume 2017: 1-5
https://doi.org/10.1155/2017/3183076

Bartlett JE, Kotrlik JW, Higgins CC. (2001).
Organizational Research: Determining Appropriate
Sample Size in Survey Research. Information
Technology, Learning, and Performance Journal, 19,
43-50.

Toc41670847_Toc41672128 Toc42106664Centers for
Disease Control and Prevention (CDC). (2010).
Laboratory Detection of Extended-Spectrum -
Lactamases (ESBLS).

https://www.cdc.gov/hai/settings/lab/lab_esbl.html

Cheesbrough M. (2006). District laboratory practice in
tropical countries. Part 2, 2nd Edn. Cambridge
University Press. London. Pp. 27 - 80

Clinical and Laboratory Standard Institute (CLSI).
(2011). Performance standards for antimicrobial
susceptibility testing. 21 Informational Supplement.
Clinical and Laboratory Standard Institute (CLSI).
M100-S21,2011; 31(1).

Chukwunwejim CR, Eze PM, Ujam NT, Abonyi IC,
Ejikeugwu CP, Abonyi DO, Esimone CO. (2018).
Incidence of community acquired ESBL-producing
bacteria among asymptomatic University students in
Anambra State, Nigeria. European Journal of
Biological Research; 8 (3): 138-147.

Dai B, Liu 'Y, Jia J, Mei C. (2010). Long-term antibiotics
for the prevention of recurrent urinary tract infection
in children: a systematic review and meta-analysis.
Archives of Disease in Childhood. 95 (7): 499-508.

Drieux L, Brossier F, Sougakoff W, Jarlier V. (2006).
Phenotypic detection of Extended-Spectrum B-
Lactamase production in Enterobacteriaceae:
Review and Bench guide. European Society of
Clinical Microbiology and Infectious Diseases,
CMI, 14 (1),90-103.

Ejaz H., Ikram-ul-Haq MS, Zafar A, Javed MM. (2013).
Detection of extended-spectrum [-lactamases in
Klebsiella pneumoniae: Comparison of phenotypic
characterization methods. Pak J Med Sci; 29(3):768-
772.

Gharavi MJ, Zarei J, Roshani-Asl P, Yazdanyar Z, Sharif

M, Rashidi N. (2021). Comprehensive study of
antimicrobial susceptibility pattern and extended
spectrum beta lactamase (ESBL) prevalence in
bacteria isolated from urine samples. Scientific
Reports, 11:578

Huizen J. (2017). What are extended-spectrum beta-
lactamases (ESBL)? Medical News Today.
Available at:
https://www.medicalnewstoday.com/articles/31953
5 (Date Accessed: 21 June 2021).

Inies R-P, Elena M-P, Diego DG, Manuel L-BC, Eduardo
LB. (2012). Extended-Spectrum Beta-Lactamase-
producing Bacteria in a tertiary care hospital in
Madrid: Epidemiology, Risk factors and
Antimicrobial Susceptibility Patterns. Emerg.
Health Threats J. 5: 10.3402/ehtj. v5i0.11589.

Iseghohi F, Igwe JC, Galadima M, Kuta AF, Abdullahi
AM, Chukwunwejim CR. (2020). Prevalence of
Extended Spectrum Beta-Lactamases (ESBLS)-
Producing Escherichia Coli Isolated from UTI
Patients Attending some Selected Hospitals in
Minna, Nigeria. Nig.J. Biotech. 37(2): 56-73.

Latifpour M, Gholipour A, Damavandi MS. (2016).
Prevalence of Extended-Spectrum Beta-Lactamase-
Producing Klebsiella pneumoniae Isolates in
Nosocomial and Community-Acquired Urinary
Tract Infections. Jundishapur J Microbiol; 9(3):
e31179.

Leylabadlo HE, Pourlak T, Bialvaei AZ, Aghazadeh M,
Asgharzadeh M, Kafil HS. (2017). Extended-
Spectrum Beta-Lactamase Producing Gram
Negative Bacteria In Iran: A Review. Afr., J.
Infect.Dis. 11 (2): 39-53.

Mitu FS, Al Marfu MA, Mahanty A, Huda AKMN, Khan
SA, Rahman MM. (2019). Prevalence of extended
spectrum beta-lactamase (ESBL) and AmpC beta-
lactamase producing bacteria in urinary tract
infection patients in Bangladesh. Malayasian
Journal of Microbiology. 15(3): 204 -212.

National Committee for Clinical Laboratory Standards.
(1999). Performance standards for antimicrobial
susceptibility testing. NCCLS approved standard
M100-S9. National Committee for Clinical
Laboratory Standards, Wayne, PA.

Nwachukwu E, Onyebuchi O, Michael O. (2018).
Prevalence of urinary tract infections in pregnant
women in Onitsha, Nigeria. J. Bacteriol Mycol Open
Access. 6(5):284-285

Ochei J, Kolhatkar A. (2000). Medical Laboratory
Science: Theory and Practice. Tata McGraw-Hill
Publishing Company Limited. New Delhi. Pp. 788-
851

An Official Publication of Enugu State University of Science & Technology ISSN: (Print) 2315-9650 ISSN: (Online) 2502-0524 75
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.



Nwobodo et al: Prevalence of ESBL producing bacteria in UTI patients

Odoki M, Aliero AM, Tibyangye J, Maniga JNM,
Wampande E, Kato CD, Agwu E, Bazira J. (2019).
Prevalence of Bacterial Urinary Tract Infections and
Associated Factors among Patients Attending
Hospitals in Bushenyi District, Uganda.
International Journal of Microbiology. 2019.

Ogefere HO, Aigbiremwen PA, Omoregie R. (2015).
Extended-Spectrum Beta-Lactamase
(ESBL)-Producing Gram-negative Isolates from
Urine and Wound Specimens in a Tertiary Health
Facility in Southern Nigeria. Tropical Journal of
Pharmaceutical Research. 14 (6): 1089-1094.

Omar MA. (2014). Extended spectrum beta-lactamase
urinary tract infections [online]. Urol Ann. 6(2):
114-115.

Omeregie R, Ohiotenuanigbarumah |1, AyeEgbe C,
Ogefere H. (2010). Urinary Tract Infections Among
the Elderly in Benin City, Nigeria. Fooyin Journal of
Health Sciences. 2 (3-4): 90-93

Overdevest I, Willemsen 1, Rijinsburger M, Eustace A,
Xu L, Hawkey P, Heck M, Savelkoul P,
Vandenbroucke-Grauls C, Van der Zwaluw K,
Huijsdens X, Kluytmans J. (2011). Extended-
Spectrum B-Lactamase Genes of Escherichia coli in
Chicken Meat and Humans, the Netherlands. Emerg
InfectDis.; 17(7): 1216-1222.

Rizvi M, Khan F, Shukla I, Malik A, Shaheen . (2011).
Rising Prevalence of Antimicrobial Resistance in

Urinary Tract Infections During Pregnancy: Necessity for
Exploring Newer Treatment Options. J. Lab.
Physicians. 3(2): 98-103.

Sievert DM, Ricks P, Edwards JR. (2013). Antimicrobial-
resistant pathogens associated with healthcare-
associated infections: summary of data reported to
the National Healthcare Safety Network at the
Centers for Disease Control and Prevention, 2009-
2010. Infect Control Hosp Epidemiol. 34 (1): 1-14.

Teklu DS, Negeri AA, Legese MH, Bedada TL,
Woldemariam HK, Tullu KD. (2019). Extended-
spectrum beta-lactamase production and multi-drug
resistance among Enterobacteriaceae isolated in
Addis Ababa, Ethiopia. Antimicrob Resist Infect
Control. 8: 39.

Wadepohl K, Muller A, Seinige D, Rohn K, Blaha T,
Meemken D, Kehrenberg C. (2020). Association of
intestinal colonization of ESBL-producing
Enterobacteriaceae in poultry slaughter house
workers with occupational exposure—AGerman
pilotstudy. PLoS ONE. 15(6): €0232326.

Yousefipour M, Rasoulinejad M, Hadadi A, Esmailpour
N, Abdollahi A, Jafari S, Khorsand A. (2019).
Bacteria Producing Extended Spectrum -
lactamases (ESBLs) in Hospitalized Patients:
Prevalence, Antimicrobial Resistance Pattern and its
Main Determinants. Iran J. Pathol. 14(1):61-67.

An Official Publication of Enugu State University of Science & Technology ISSN: (Print) 2315-9650 ISSN: (Online) 2502-0524 76
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.



