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Background: Antimicrobial resistance (AMR) is an emerging threat to global health security. Globally, an estimated
700,000 deaths are attributed to AMR annually. Annual deaths due to AMR are projected to reach 10 million by 2050
if current trends persist. Extended Spectrum p-Lactamases (ESBLs) have the ability to hydrolyse penicillins,
cephalosporins up to the third generation, and monobactams, but not f-lactamase inhibitors such as clavulanic acid.
ESBLs undergo continuous mutation, leading to the development of new enzymes with over 400 different ESBL
variants described. This study aimed to detect selected CTX-M genes, SHV,and TEM genes in Extended Spectrum
Beta-Lactamase producing Klebsiella pneumoniae and Pseudomonas aeruginosa in Jos, Nigeria.

Methodology: A total of 110, non-replicated isolates of Klebsiella pneumonia and 125 isolates of Pseudomonas
aeruginosa were identified phenotypically from clinical specimens of patients at a tertiary hospital in Jos, North-
central Nigeria. The isolates were screened for ESBL production using the disk diffusion method of the Clinical
Laboratory Standard Institute (CLSI) breakpoints. Phenotypic confirmation of ESBL production was done using the
double-disc synergy test. Multiplex PCR was used to detect ESBL genes.

Results: Fifty (45.5%) of the 110 isolates of Klebsiella pneumoniae and 9(7.2%) of the 125 isolates of Pseudomonas
aeruginosa were ESBL-positive. Typing of 20 representative ESBL isolates (17 Klebsiella and 3 Pseudomonas spp)
showed the presence ofblaCTX-M1, blaCTX-M9, and blaSHV genes in these isolates. All 20 (100%) isolates had the
blaCTX-M1 gene. The blaSHV gene was detected in 16(80%) while CTX-M9 was detected in 6(30%) of the isolates
studied.

Conclusion: The study showed that there is a high prevalence of ESBL genes among isolates of Klebsiella
pneumoniae and Pseudomonas aeruginosa in North-central Nigeria. This emphasizes the need for continuous
surveillance and coordinated infection prevention and control to curtail its spread.
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Introduction

Beta-lactam antibiotics are commonly used to treat bacterial infections. The increased use of these agents
has been associated with the emergence of beta-lactamase-mediated bacterial resistance, and subsequent
development of extended-spectrum beta-lactamase (ESBL) producing bacteria.[!'The selective pressure
exerted by the third-generation cephalosporins, especially in critical care centers leads to amino acid
substitutions by plasmid-determined beta-lactamases. These amino acid substitutions result in the production
of ESBLs that are capable of inactivating oxyimino-beta-lactam antibiotics.?!

Both Gram-positive and Gram-negative organisms produce beta-lactamases, but it is a more common feature
of the latter.’] While the Gram-positive organisms release beta-lactamase into the extracellular space, the
Gram-negative release it into the periplasmic space of the organism.!

ESBLs are a rapidly evolving group of beta-lactamases that can hydrolyze penicillins, cephalosporins up to
the third generation, and monobactams but are inhibited by beta-lactamase inhibitors such as clavulanic
acid.*! ESBLs under continuous mutation, causing the development of new enzymes showing expanded
substrate profiles. The first plasmid-mediated ESBL in Gram-negative bacteria was discovered in the early
1960s and was later detected in Klebsiella in Europe, Germany, and France in 1980, 1983, and 1985
respectively.[¥JAt present, more than 400 different ESBL variants have been described.”) Temoniera (TEM)
and Sulphydryl variables (SHV) were predominantly the major types, however, CTX-M (cefotaximase) type
is increasingly becoming important.[*!

Beta-lactamase-mediated antibiotic resistance is the predominant mechanism for resistance to beta-lactam
antibiotics in Gram-negative organisms. In recent years, antimicrobial resistance has become a significant
human health issue.l” Several organisms in both hospitals and communities thwart treatment because they
are resistant to many antibiotics.'®! Klebsiella pneumoniae is widely reported as a common ESBL-producing
organism and is an important causative agent of hospital-acquired infections.[’\Pseudomonas aeruginosa is
notorious for multidrug resistance causing widespread infections and leading to substantial morbidity and
mortality especially in immune-compromised patients.®!

Antibiotic resistance varies according to geographic locations and is directly proportional to the use and
misuse of antibiotics.’)It is a major problem for health care delivery, particularly in developing countries
where apart from a high level of poverty, ignorance, and poor hygienic practices, there is also a high
prevalence of fake and spurious drugs of questionable quality in circulation coupled with poor hospital
infection prevention and control measures.!'”'This study aimed to identify the molecular subtypes of ESBL-
producing Klebsiella pneumoniae and Pseudomonas aeruginosa in a tertiary hospital in Jos, North-central
Nigeria.

Materials and Methods

Study Area

The study was conducted at a tertiary health institution with a bed capacity of 600 and a major referral
center serving many states in North-central Nigeria.

Study Design
This was a prospective hospital based cross-sectional study.

Clinical Isolates
A total of 110 and 125 isolates of Klebsiella pneumoniae and Pseudomonas aeruginosa respectively,
isolated from clinical specimens of patients between May 2016 and May 2017 were used for this study.
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Sampling Method
A convenience sampling technique was employed in this study.

Screening Test for ESBL

The isolates were screened for ESBL production using the disk diffusion method according to the Clinical
Laboratory Standard Institute (CLSI) guidelines. All isolates with reduced susceptibilities to ceftazidime (30
png) disk (zone of inhibition <22mm), and ceftriaxone (30 pg) disk (zone inhibition <25 mm) were
considered positive for ESBL production.[!!]

Confirmatory Test for ESBL

A phenotypic confirmatory test for ESBL was conducted using the double-disc diffusion test (DDDT)
according to the CLSI guidelines.[!'"Briefly, a disc of ceftazidime (30 pg) and a disc of ceftazidime plus
clavulanic acid combination (30/10pug) were placed 25mm apart from center to center on a lawn culture of
the test isolate on Mueller Hinton Agar (MHA) plate and incubated overnight at 37°C for 24 hours. Any
isolate that showed a >5 mm increase in zone diameter of growth inhibition for ceftazidime/clavulanic acid
compared to the zone diameter of growth inhibition of ceftazidime alone was considered ESBL
positive.!'1Klebsiella pneumoniae ATCC 700603 and Escherichia coli ATCC 25922 were used as positive
and negative control respectively.

DNA Extraction from Isolates

This was done wusing Phenol-Chloroform Method based on Silva and Silva with little
modifications.['*Bacterial cell lysates were prepared from 0.5 mL of overnight cultures on Tryptic Soy
Broth (TSB). After centrifugation at 12000g for 10 minutes, the bacterial pellets were washed with 500uL of
Tris-hydrochloride-ethylene diamine tetra-acetic acid (EDTA) (TE) buffer (10 mM Tris-HCI, pH 7.5; 1 mM
EDTA) and centrifuged again. The pellets were resuspended in 200 pL of TE buffer and incubated at 37°C
for one hour. Fifteen microliter of proteinase K, 20 mg/mL, was added and the suspension was incubated at
56°C for one hour. The suspension was then heated at 95°C for 15minutes to inactivate the proteinase K. An
equal volume of phenol-chloroform was added, and the mixture was centrifuged at 12000g for 10 minutes.
The supernatant was extracted with an equal volume of phenol-chloroform and then chloroform. The DNA
in the supernatant was mixed with 2 volumes of 95% ethanol and stored overnight at -20°C. The mixture
was then centrifuged at 12000g for Sminutes. The DNA pellet was washed with ice-cold 70% ethanol,
recentrifuged, and dried by tube inversion. The DNA was suspended in 100uL of sterile TE, pH 7.5,
quantified in a spectrophotometer (at 260 nm), and kept frozen at -20°C until used for PCR.[!?]

Amplification of TEM, SHV, CTX-M1, CTX-M2, and CTX-M9 Genes

The Multiplex PCR was done to identify bla TEM, blaSHV, and blaCTX-M genes simultaneously.!'*) The
sequences of primers used for detection of the bla TEM gene were: 5'-TCGGGGAAATGTGCGCG-3" as a
forward primer and 5'-TGCTTAATCAGTGAGGCACC-3" as a reverse primer. The two primers included a
950bp fragment. For the detection of the blaSHV gene, the sequences of primers used were 5'-
TATCTCCCTGTTAGCCACC-3" as a forward primer and 5-GATTTGCTGATTTCGCTCGG-3' as a
reverse primer. The two primers included an 800bp fragment.

For the detection of the blaCTX-M1 gene, the sequences of primers used were 5'-
AAAAATCACTGCGCCAGTTC-3' as aforward primer and 5-AGCTTATTCATCGCCACGTT-3' as a
reverse primer. The two primers included a 415bp fragment.

For the detection of the bla CTX-M2 gene, the sequences of primers used were 5'-
CGACGCTACCCCTGCTATT-3" as a forward primer and 5-CCAGCGTCAGATTTTTCAGG-3' as a
reverse primer. The two primers included a 552bp fragment.
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For the detection of the bla CTX-M9 gene, the sequences of primers used were 5'-
CGACGCTACCCCTGCTATT-3" as a forward primer and 5-ATTGGAAAGCGTTCATCACC-3" as a
reverse primer. The two primers included a 205bp fragment.['4]

Amplification Reactions

The amplification reaction mixture consisted of 1pulof template DNA mixed with PCR mixture, 0.5ul of each
primer of bla TEM, blaSHV, bla CTX-M1, CTX-M2, CTX-M9 genes, and 10.5ul of nuclease-free water.
The conditions for PCR amplification were set according to the following thermal and cycling conditions
starting with a pre-denaturation step at 94°C for 5 min followed by a denaturation step at 94°C for
30seconds, then followed by 30 repeated cycles of denaturation at 94°C for 45 sec, annealing step at 55°C
for 45 sec and extension step at 72°C for 60 seconds and finally one extension step at 72°C for 5 min.['”!

Gel Electrophoresis and Visualization under UV Lights by Transilluminator
The PCR products, standard molecular weight ladder, and negative control were loaded into the agarose gel
and the electrodes connected appropriately and electrophoresis was allowed to run for one hour. This was
followed by visualization of the DNA bands to detect specific amplified products under UV lights by
transilluminator and comparing them with a standard molecular weight marker.['6]

Ethical Consideration
The ethical approval for this study was obtained from the Institution’s Ethics Committee.

Data Analysis
The data entry and analysis were performed using Statistical Package for Social Sciences (SPSS) version 21
(IBM SPSS Inc, USA) and presented in tables and charts.

Results

This study included 235 isolates of Klebsiella pneumoniae and Pseudomonas aeruginosa recovered from
clinical specimens. The overall prevalence of ESBL among the clinical isolates was 25.1% (59/235). Out of
the 110 isolates of K. pneumoniae studied, 50(45.5%) were ESBL positive while, 9(7.2%) of the 125 isolates
of P. aeruginosa, were ESBL positive. This was statistically significant at p<0.0001 (Table 1) (y2 = 45.538,
P <0.0001).

Out of the 59 ESBL producing isolates, 20 randomly selected isolates (17 Klebsiella and 3 Pseudomonas)
were subjected to Multiplex-PCR to determine the possible resistant genes (bla TEM, blaSHV, and CTX-M)
responsible for the production of ESBL (Figure 1 - Plate 1a and Figure 2 - Plate 1b). The isolates were found
to harbor one or more resistant genes. The most prevalent gene was bla CTX-M1 present in all the 20
selected isolates followed by the blaSHVgene that was present in 16 isolates (15 isolates of K. pneumoniae
and 1 isolate of P. aeruginosa). Seven of the isolates were positive for bla CTX-M1, bla CTX-M9, and
blaSHV genes, while bla TEM and CTX-M2 were not detected in any of the selected isolates (Figure 3).
Table 1:

Table 1: Prevalence of ESBL producing K. pneumoniae and P. aeruginosa in a Tertiary Hospital in Jos
North-Central Nigeria.

Organism ESBL Producing Non-ESBL producing (%) Total
(%)
Klebsiella pneumoniae 50(45.5) 60(54.5) 110
Pseudomonas aeruginosa  9(7.2) 116(92.8) 125
Total 59(25.1) 176(74.9) 235
x2 =45.538
P<0.0001

df=1
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Figure 1: Plate 1a: The gel electrophoresis of the Multiplex PCR products shows amplification of SHV,
CTX-M1, and CTX-M9 genes.

Key:

M = ladder which was 100 base pairs (100bp)

SHV = Lane 2, 3, 4, 7-12, and lane 14-20)

GRP 1 =CTX-M1 (Lane 1-17)

GRP 9=CTX-M9 (Lane 2, 3, 4,7, 8, 16, and lane 17)

-VE = Negative control

NEE D

Figure 2: Plate 1b: The gel electrophoresis of the Multiplex PCR products shows amplification of SHV and
CTX-M1 gene.

Key:

M = ladder which was 100 base pairs (100bp)
SHV = Lane 18, 19, and 20

GRP 1 = CTX-M1 (Lane 18, 19 and 20)
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Figure 3: Frequency of ESBLgenes from isolates of K. pneumoniae and P. aeruginosa from a Tertiary
Hospital in Jos, North-Central Nigeria.

Discussion

This study was conducted to detect selected CTX-M genes, SHV and TEM genes in Extended Spectrum [3-
Lactamase producing Klebsiella pneumoniae and Pseudomonas aeruginosa in Jos, Nigeria. The prevalence
of ESBL among the studied isolates was 25.1%. This was higher than the prevalence of 0.87% reported
among Klebsiella pneumoniae and Pseudomonas aeruginosa in a recent study in Kaduna State, North-
western, Nigeria.l'’l In our study, it was observed that the prevalence of ESBL was higher in Klebsiella
pneumoniae (45.5 % ) than in Pseudomonas aeruginosa (7.2%) which was consistent with observations
made by Chourasia and colleagues in a previous study.!'8] However, a higher ESBL prevalence of 61.2%
and 62.9% among Klebsiella isolates was reported in South-east and North-western Nigeria in 2009 and
2017 respectively.”M!?! Similarly, previous reports from other studies across the world demonstrated a high
prevalence of ESBL among clinical isolates.[20-2!}-122]

Although a general increase in the prevalence of ESBL-producing bacteria is being reported worldwide,
there is a considerable variation in the specific patterns and rates across countries and geographical
regions.[?*24-25] The variations could be due to the differences in the sources and number of the isolates
studied. For instance, the study in Iran was a surveillance study where isolates were pooled from seven
major teaching hospitals across the country, unlike this study that was conducted in one tertiary hospital.

The implication of the high prevalence of multidrug-resistant bacteria is enormous and of great public health
concern especially as it regards healthcare delivery. Infections with these superbugs are associated with
limited therapeutic options, appreciable cost of care, and prolonged hospital stay.?®In addition to
therapeutic challenges, multidrug-resistant pathogens also have a high potential for acquiring additional
resistance and being widely disseminated within the hospital, posing a higher threat to the control of
infections.*”'These organisms are associated with bloodstream infections, hospital-associated pneumonia,
surgical site infections, and other nosocomial infections increasing intensive care unit (ICU) admissions,
morbidity, and mortality.[*®]

The most common resistant gene in this study was the CTX-M1 detected in all the isolates. Other resistant
genes detected were CTX-M9, and SHV, while TEM and CTX-M2 were not detected. These findings were
similar to a recently conducted research in Chad where CTX-M1 was reported as the most common resistant
gene among ESBL-producing Enterobacteriaceae.””! In contrast to this finding, a multi-center study from
tertiary care hospitals in India reported TEM as the most common ESBL gene among clinical isolates of
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Escherichia coli and Klebsiella pneumoniae.*"In addition, a recent study in North-eastern Nigeria identified
the SHV gene as the most prevalent.['*] This variation in the distribution of ESBL resistant genes across
different geographical regions emphasizes the need for regular surveillance to guide the choice of
antimicrobial therapy. These ESBL genes are plasmid-mediated and pose a serious risk for sharing of
resistant genes among bacteria. Outbreaks of ESBL-producing organisms are a great challenge to contain as
there are limited therapeutic options in most developing nations. Notably, poor practice of infection
prevention and control (IPC) in addition to the lack of antibiotic stewardship within most health institutions
could promote the occurrence and spread of resistant bacteria globally.!!

The risk of the spread of resistant genes can be halted by using appropriate infectioncontrol interventions
and antimicrobial stewardship programme.

Conclusion

There is a high prevalence of ESBL-producing Klebsiella pneumoniae with blaCTX-M1 as the most
common type of circulating ESBL gene in Jos, North central Nigeria. This poses great difficulty to the
effective treatment of infections caused by these multidrug-resistant organisms. A coordinated national
policy on infection prevention and control with antimicrobial stewardship would reduce the spread and limit
mutations in these bacterial species.

Limitation of the Study
Lack of positive control strains with the requisite ESBL genes for the multiplex PCR and inability to type all
59 phenotypically determined ESBL isolates.
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