
Abstract
Background: Resistance of Klebsiella species to
conventional antibiotics is often implicated in
increasing nosocomial infections, and is due in part
to enzymatic hydrolysis either constitutively and/or
inductively. Resistance plasmid factors readily
spread mostly through Gram-negative bacterial
isolates through conjugative plasmids.
This study investigated the presence of extended
spectrum beta lactamases (ESBL), profiles of
plasmids detected, and resistance to conventional
antimicrobial agents among clinical isolates of
Klebsiella species from three different sources.
Method: Seventy Gram-negative bacterial and
lactose fermenters from urine, wounds and sputum
specimens from three hospitals in the South West
region of Nigeria were studied after identification
with microbial identification system. Antibiogram
was determined using modified Kirby-Bauer disc
diffusion method. Phenotypic detection of ESBL-
production was carried out using double-disk synergy
tests (DDST). Plasmid DNA were extracted by
alkaline lysis method, electrophoresed, viewed by a
UV-trans-illuminator, with plasmid size and number
determined, following standard protocols
Results: Twenty-nine (29) or 41% of the seventy
clinical isolates were confirmed as Klebsiella species
distributed as: Klebsiella pneumoniae 89.66% (26/
29); Klebsiella oxytoca 6.89% (2/29) and Klebsiella
ozanae 3.45% (1/29). Among the K. pneumoniae
isolates, 13 (50%) were from urine, 8 (30.77%) from
wounds and 5 (19%) from sputum. Multidrug
resistance was observed with the isolates; as 28
(96.5%) were resistance to at least four (4) different
classes of antibiotics. Among the 29 isolates, 14
(48.3%) Klebsiella species were ESBL-producers
while 15 (51.7%) were non-ESBL producers. The
ESBL-producers showed higher antibiotic resistance
compared to non-ESBL producers, particularly with
respect to β-lactam antibiotics. Plasmid DNA, with
sizes range of O.78 - 23 kbp were detected in 17
(58.62%) of the isolates.
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Conclusion: Multidrug resistance (MDR)
phenomenon was observed with Klebsiella species
particularly among the ESBL-producers harbouring
high-molecular weight plasmids. There is need for
routine ESBL-production surveillance and the
rational choice of antibiotics for infection
management, reduction and containment of spread
of antibiotic resistance in clinical settings.
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Abstrait
Contexte: La résistance des espèces Klebsiella aux
antibiotiques conventionnels est souvent impliquée
dans l’augmentation des infections nosocomiales, et
est due en partie à l’hydrolyse enzymatique soit de
manière constitutive et / ou inductive. Les facteurs
de résistance plasmidiques se propagent facilement
principalement à travers des isolats bactériens Gram-
négatifs par des plasmides conjugatifs.
Cette étude a examiné la présence de bêta-lactamases
à spectre étendu (BLSE), les profils de plasmides
détectés et la résistance aux agents antimicrobiens
conventionnels parmi les isolats cliniques des
espèces Klebsiella provenant de trois sources
différentes.
Méthode: Soixante-dix fermenteurs de bactéries
Gram-négatives et de lactose provenant
d’échantillons d’urine, de plaies et d’expectorations
provenant de trois hôpitaux de la région du sud-ouest
du Nigéria ont été étudiés après identification avec
un système d’identification microbienne.
L’antibiogramme a été déterminé en utilisant la
méthode de diffusion du disque de Kirby-Bauer
modifiée. La détection phénotypique de la
production de BLSE a été réalisée à l’aide de tests
de synergie à double disque (TSDD). L’ADN
plasmidique a été extrait par la méthode de lyse
alcaline, soumis à l’électrophorèse, vu par un trans-
illuminateur-UV, avec la taille et le nombre de
plasmides déterminés, en suivant les protocoles
standard
Résultats: Vingt-neuf (29) ou 41% des soixante-dix
isolats cliniques ont été confirmés comme étant des
espèces Klebsiella réparties comme: Klebsiella
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pneumoniae 89,66% (26/29); Klebsiella oxytoca
6,89% (2/29) et Klebsiella ozanae 3,45% (1/29).
Parmi les isolats de K. pneumoniae, 13 (50%)
provenaient d’urine, 8 (30,77%) de plaies et 5 (19%)
d’expectorations. Une résistance aux médicaments
multiple a été observée avec les isolats; parce que
28 (96,5%) étaient résistants à au moins quatre (4)
classes différentes d’antibiotiques. Parmi les 29
isolats, 14 (48,3%) espèces Klebsiella étaient des
producteurs-BLSE tandis que 15 (51,7%) étaient des
non producteurs-BLSE. Les producteurs-BLSE ont
montré une résistance aux antibiotiques plus élevée
que les non producteurs-BLSE, en particulier en ce
qui concerne les antibiotiques â-lactame. L’ADN
plasmidique, avec des tailles allant de 0,78 à 23 kbp,
a été détecté dans 17 (58,62%) des isolats.
Conclusion: Un phénomène de résistance aux
médicaments multiple (MDR) a été observé avec les
espèces Klebsiella, en particulier parmi les
producteurs-BLSE hébergeant des plasmides de haut
poids moléculaire. Il est nécessaire de surveiller
systématiquement la production de BLSE et de
choisir rationnellement les antibiotiques pour la
gestion des infections, la réduction et l’endiguement
de la propagation de la résistance aux antibiotiques
en milieu clinique.

Mots clés: Espèces Klebsiella, producteurs-BLSE,
plasmides, résistance aux antibiotiques

Introduction
Klebsiella bacterial species are widely recognized
as important opportunistic pathogens in hospital
patients, representing 3–8% of all nosocomial
bacterial infections and ranking second behind
Escherichia coli as a cause of nosocomial Gram-
negative infections [1, 2]. Infections with Klebsiella
are caused mainly by K. pneumoniae and K. oxytoca
in a proportion estimated at 2 to 1 [3], and to a much
lesser degree, K. oxytoca has been isolated from
human clinical specimens. Klebsiella pneumoniae
accounts for a significant proportion of hospital-
acquired urinary tract infections, pneumonia,
septicemia and soft tissue infections [4-6]. This is
because K. pneumoniae has the ability to spread
quickly from the gastrointestinal tract of the patients
and further, by hands of health care personnel to
colonize other patients, and thereby lead to
nosocomial clonal outbreaks [2]. Hospital outbreaks
of multidrug-resistant (MDR) Klebsiella spp.,
especially those in neonatal wards, are often caused
by new strains, the so-called extended-spectrum-â-
lactamase (ESBL) producers.

ESBLs mediated resistance to extended
spectrum â-lactams, including third generation
cephalosporins and monobactams such as aztreonam
are common [7]. Extensive use of broad-spectrum
antibiotics in hospitalized patients has led to both
increased carriage of Klebsiella and subsequently, the
development of multidrug-resistant strains that produce
ESBLs [8]. ESBLs have been reported worldwide in
many different genera of Enterobacteriaceae and
Pseudomonas aeruginosa [9]. Outbreak of Klebsiella
pneumoniae carrying ESBLs genes has been
documented [10, 11]. The prevalence of ESBLs varies
among different geographical location and from country
to country [12].

The genetic expression of antibiotic
resistance may be plasmid or chromosomally-
mediated. Plasmid - mediated ESBLs is often
accompanied with resistance that is restructured to
other classes of antibiotics [13, 14). These
transferable plasmids enabled K. pneumoniae to
rapidly acquire antibiotic resistance [15, 16]. There
are reports of infections with ESBL-producing
Enterobacteria isolates with evidence of multi-
resistant plasmids, particularly among E. coli and
Klebsiella species in Nigeria [17, 18]. This study
investigated ESBL-production, plasmid content and
their possible role in antibiotic resistance of clinical
isolates of Klebsiella species and highlighted the
public health implications.

Materials and methods
Sample collection and identification
A total of seventy (70) isolates were collected for
this study and were distributed as follows. Fifty-five
isolates of lactose fermenting bacteria from urine,
wounds and sputum were collected from the
Microbiology Departments of two hospitals in South
West Nigeria: 35 isolates from the University College
Hospital (UCH) Ibadan and 20 isolates from Obafemi
Awolowo University Teaching Hospital (OAUTH)
Ife while 15 isolates were collected from the
University of Ilorin Teaching Hospital (UITH) Ilorin
over a period of seven months (January – July 2014).
Klebsiella pneumoniae ATCC 13883 used as a
reference organism was obtained from the
Department of Pharmaceutical microbiology,
University of Ibadan, Nigeria. The isolates were
identified and confirmed as Klebsiella spp. with the
use of the Microbact® Gram-negative identification
kit (Oxoid, UK).

Antibiotic susceptibility testing
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Antibiotic susceptibility test was carried out by the
modified Kirby-Bauer technique [19]. Antibiotic disc
used were ciprofloxacin (5µg), nitrofurantoin
(300µg), ceftazidime (30µg), cefuroxime (30µg),
gentamicin (10µg), cefotaxime (30µg), augmentin®
(30µg), ofloxacin (5µg), imipenem (10µg) and
ceftriaxone (30µg). The diameters of zone of
inhibition were measured and interpreted as
susceptible (S), intermediate (I) or resistant (R)
according to CLSI guidelines [20].

Determination of ESBL production
Isolates were subjected to initial screen test according
to CLSI guidelines using ceftazidime (30µg) and
ceftriaxone (30µg) disc diffusion; isolates showing
d” 22mm with ceftazidime (30µg), d” 25mm with
cefotaxime (30µg) and d” 27mm with aztreonam and
d” 22mm with cefpodoxime (10µg) were identified
as potential ESBL producers. Phenotypic detection
of ESBL was done using the double disk synergy
test (DDST). Mueller Hinton agar plates were
inoculated with strains of Klebsiella spp. recovered
from wound, urine and sputum specimens.
Amoxicillin-clavulanate disc (20μg/10μg) was then
placed at the centre of each of the inoculated plates.
Discs containing ceftazidime (30μg), cefotaxime
(30μg) and cefepime (30μg) (Oxoid, UK)
respectively were placed 20mm (centre to centre of
the discs) from the amoxicillin-clavulanate disc. The
plates were incubated aerobically at 37°C overnight.
After overnight incubation, a clear extension of the
edges of the zones of inhibition of any of the
cephalosporin antibiotics towards the disc containing
clavulanic acid is described as synergy indicating
the presence of an ESBL [21].

Plasmid profiling
Plasmid DNA was extracted from the fourteen (14)
multidrug resistant isolates using alkaline lysis
method [22]. Extracted plasmid DNA was
electrophoresed at 60-100v on 0.8% agarose gel and
stained with 1mg/ml of ethidium bromide. The gel
was photographed with a Polaroid camera under the
view of a UV trans-illuminator. DNA molecular
weights and distance migrated were determined
according to Kim et al. [23].
Determination of minimum inhibitory concentration
(MIC)
Agar dilution method according to CLSI [20] was
used for the determination of the MIC of ceftriaxone
and ciprofloxacin on clinical isolates (n=11) of
ESBL-producing Klebsiella pneumoniae and the
reference strain. Various concentrations of the
antibiotics ranged 128-0.03µg/ml were prepared in a
decreasing order, and 2mls of the varying
concentrations were seeded into 18mls of Mueller
Hinton agar and allowed to set. Organisms from
overnight broth culture with turbidity equivalent to
the 0.5 McFarland standard (1.0 x 108 cfu/ml) was
then streaked on each plate. All plates were incubated
at 370C for 24 hours. The MIC was taken as the
minimum concentration of the antimicrobial drug
where no visible growth was detected.

Statistical analysis
Pearson’s chi-square and correlation coefficient was
analysed using MATLAB and R-Package software.
Statistical determination of ESBL production and
plasmid presence in relation to clinical sources, as
well as determination of correlation between
percentage resistance and plasmid positive isolates
were done.

Table 1. Antibiotic resistance profile of ESBL producers and non-ESBL producers

Antibiotics ESBL positive (n = 14) ESBL negative (n=15)
R (%) I (%) S (%) R (%) I (%) S (%)

CRX 100 0.00 0.00 86.6 6.7 6.7
CAZ 85.7 0.00 14.2 66.7 0.00 33.3
CPR 64.3 7.1 28.6 100 0.00 0.00
NIT 85.7 7.1 7.1 60 0.00 40.0
AUG 100 0.00 0.00 93.3 0.00 6.7
OFL 64.3 21.4 14.3 73.3 6.7 20.0
CXM 92.9 0.00 7.1 66.6 6.7 26.7
GEN 42.9 7.1 50.0 73.3 0.00 26.7
CTR 57.1 21.4 21.4 46.7 53.3 0.00
IPM 21.4 0.00 78.6 6.7 20.0 73.3

Key: CRX= Cefuroxime, CAZ = Ceftazidme, CPR = Ciprofloxacin NIT=Nitrofurantoin, AUG = Augmentin, OFL = Ofloxacin,
CXM = Cefotaxime GEN = Gentamicin, CTR = Ceftriaxone, IPM = Imipenem.
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Results
A total of 29 (41.40%) of the 70 isolates were
confirmed to be Klebsiella spp., out of which were
Klebsiella pneumoniae 89.66% (26/29), Klebsiella
oxytoca 6.89% (2/29) and Klebsiella ozanae 3.45%
(1/29). Among the K. pneumoniae isolates, 13 (50%)
were from urine, 8 (30.8%) from wounds and 5
(19.2%) from sputum (Tables 2, 3 and 4).

Antibiotic susceptibility showed that 28 (96.6%) of
Klebsiella isolates were resistant to Augmentin®,
followed by cefuroxime 26 (89.6%), cefotaxime 23
(79.3%), ceftazidime 22 (75.8%), ciprofloxacin 21
(72.4%), nitrofurantoin 21 (72.4%), ofloxacin 20
(68.9%), gentamicin 17 (58.6), ceftriaxone 15
(51.7%), and imipenem 4 (13.7%). The multiple
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Table 2. Plasmid profile of sputum isolates (n=5) in relation to ESBL production

Isolates ESBL No of Plasmid Plasmid size (Kbp)

S03 Kpn + 1 23
S04 Kpn - - -
S05 Kpn - 1 1.2
S06 Kpn + 2 22, 1.2
S07 Kpn + - -

Key: Isolates from sputum (S03-S07); Kpn= Klebsiella pneumoniae; + = present; - = absent

Table 3. Plasmid profile of wound isolates(n=9) in relation to ESBL production

Isolates ESBL No of Plasmid Plasmid size (Kbp)

W02 Kpn - - -
W03 Kpn + 2 19.8, 1.1
W04 Kpn - - -
W05 Kpn + 2 19.8, 0.78
W06 Kpn + - -
W08 Kpn + 1 23
W14 Kox - - -
W16 Kpn - 1 23
W18 Kpn + 1 23

Key: Isolates from wound (W02 - W06, W08, W14, W16, W18); Kpn= Klebsiella pneumoniae;
Kox= Klebsiella oxytoca; + = present; - = absent

Table 4. Plasmid profile of urine isolates (n=15) in relation to ESBL production

Isolates ESBL No of Plasmid Plasmid size (Kbp)

U01 Kpn - 1 23
U03 Koz - - -
U06 Kpn - 2 7.8, 2.5
U09 Kpn + 2 6.5, 2.1
U16 Kpn + 1 7.8
U18 Kpn + - -
U19 Kox - - -
U20 Kpn - 1 1.97
U23 Kpn - - -
U26 Kpn + 1 23
U30 Kpn - 1 23
U31 Kpn - - -
U34 Kpn + 1 23
U35 Kpn + 1 23

Key: Isolates from urine (U01, U03, U06, U09, U16, U18, U19, U20, U23, U26, U30, U31, U34, U35); Kpn= Klebsiella
pneumoniae; Kox= Klebsiella oxytoca; Koz= Klebsiella ozanae; + = present; - = absent
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Table 6: MIC of Ceftriaxone and Ciprofloxacin on ESBL
Producers

MIC (µg/ml) on ESBL Producing Klebsiella isolates
Isolates Ceftriaxone Ciprofloxacin

Kpn S03 16.0 0.5
Kpn S06 >128 >128
Kpn S07 16.0 16.0
Kpn W03 8.0 2.0
Kpn W06 128 1.0
Kpn W08 2.0 1.0
Kpn W18 2.0 1.0
Kpn U16 16.0 64.0
Kpn U26 8.0 2.0
Kpn U34 64.0 8.0
Kpn U35 8.0 2.0
Kpn ATCC 13883 0.12 0.02

Key: Kpn= Klebsiella pneumoniae S= Sputum isolates, W=
wound isolates, U= Urine isolates

antibiotic resistance (MAR) index (Table 5) shows
that 28 (96.5%) of the isolates had a MAR index of
>0.4.
MAR index was calculated as a/b, where:
a= Number of antibiotics to which test isolates
depicted resistance.
b= Total number of antibiotics to which test isolates
were. evaluated for susceptibility.

Minimum inhibitory concentrations (MICs) of
ceftriaxone and ciprofloxacin were determined on
ESBL producing Klebsiella isolates (and on the
reference strain K. pneumoniae ATCC 13883) with
the result shown in Table 6. The MICs of ceftriaxone
were from 2.0 to >128.0 while that of ciprofloxacin
were from 0.5 to >128.0 on the isolates. According

Table 5: Multiple antibiotic resistance (MAR) index of the Klebsiella isolates

Isolate name/ Resistant pattern MAR Resistant
number index category

Kpn S06 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN, CTR, IPM 1 MDR
Kpn W18 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN, CTR, IPM 1 MDR
Kpn S04 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN, CTR 0.9 MDR
Kpn S05 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN, CTR 0.9 MDR
Kpn S07 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN, CTR 0.9 MDR
KpnW16 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN, CTR 0.9 MDR
Kpn U01 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN, CTR 0.9 MDR
Kpn U26 CRX, CAZ, CPR, NIT, AUG, CXM, GEN, CTR, OFL 0.9 MDR
Kpn U31 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN, CTR 0.9 MDR
Kpn U34 CRX, CAZ, NIT, AUG, CXM, GEN, IPM, CPR, OFL 0.9 MDR
Kpn U30 CRX, CAZ, CPR, NIT, AUG, OFL, CXM, GEN 0.8 MDR
Kpn U17 CRX, CAZ, NIT, OFL, CXM, CTR, CPR, GEN 0.8 MDR
Kpn U18 CRX, CAZ, OFL, CXM, GEN, CTR, CPR, NIT 0.8 MDR
Kpn W03 CRX, CAZ, CPR, AUG, OFL, NIT, GEN, CXM 0.8 MDR
Kpn U35 CAZ, CPR, OFL, AUG, NIT, CXM, CRX, 0.7 MDR
Kpn U23 CRX, CAZ, AUG, CXM, CTR, OFL, GEN 0.7 MDR
Kpn U16 CRX, CPR, AUG, OFL, NIT, CXM, CAZ 0.7 MDR
Kox W08 CAZ, CXM, AUG, OFL, CPR, CRX, GEN 0.7 MDR
Kpn W02 CRX, CXM, AUG, CPR, GEN, NIT, CAZ 0.7 MDR
Kpn W05 CRX, CAZ, NIT, AUG, CXM, CTR 0.6 MDR
Kpn U20 CRX, CAZ, CPR, AUG, OFL, GEN 0.6 MDR
Kpn U09 CRX, CAZ, AUG, CXM, NIT, CTR 0.6 MDR
Koz U03 CRX, CPR, NIT, AUG, OFL, CXM 0.6 MDR
Kpn U06 CRX, CPR, AUG, OFL, IPM 0.5 MDR
Kpn W14 CRX, NIT, AUG, CXM, CTR 0.5 MDR
Kpn W06 CRX, CAZ, AUG, CXM, CTR 0.5 MDR
Kpn S03 CRX, NIT, AUG, CXM, CTR 0.5 MDR
Kox U19 CPR, AUG, OFL, GEN 0.4 MDR
Kpn W04 CRX 0.1

-
Key: Kpn= Klebsiella pneumoniae; Kox= Klebsiella oxytoca; Koz= Klebsiella ozanae
        Isolates numbers between 01 to 35, S= sputum, W= wound, U= urine
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to CLSI equivalent MIC breakpoint [20], out of the
11 K. pneumoniae isolates tested, 4 (58.1%)
demonstrated ciprofloxacin resistance and 6 (5.45%)
showed resistance to ceftriaxone (MIC, > 16 µg/ml),
while 4 (3.64%) were resistant to ciprofloxacin
(MIC, >4). The isolates from wounds were more
susceptible to ciprofloxacin than urine and sputum
isolates.

ESBL production indicated on plate 1 showed
that 14 (48.3%) were ESBL-producers while 15
(51.7%) were non-ESBL-producers. Antibiotic
susceptibility pattern of ESBL and non-ESBL-
producing isolates (Table 1) showed a higher
percentage resistance in ESBL-producing isolates
compared to the non-ESBL – producers, particularly
with respect to beta-lactam antibiotics.
Plasmid DNA was detected in 17 (58.62%) of the
isolates with plasmid size range 0.78 - 23 kbp. Twelve
(12) isolates had one plasmid each, of which seven,
three and two were urine, wounds and sputum isolates,
respectively. Nine (9) of these one-plasmid containing
isolates were 23.0 kbp in size. The other three (3)
had DNA sizes of 19.8 kbp, 7.8 kbp and 1.2 kbp
respectively.
Five (5) isolates had two plasmid DNA, two each
from urine and wounds while the remaining one from
sputum specimens, with DNA sizes range 0.78 - 22
kbp (Tables 2, 3 and 4). One urine isolate with two
plasmids was ESBL-negative while three (3) isolates
without plasmid was positive for ESBL-production
(plate 2 and plate 3).

Statistical analysis
Using the Pearson’s chi-squared test; at P= 0.05 level,
result shows that the P e” 0.05 (P= 0.975), hence
there was no significant difference among the clinical
sources of ESBL producing Klebsiella isolates and
presence of plasmids. However, using Pearson’s
correlation coefficient (R2), result shows that P=
0.000 and R2= 1.000, a high correlation was found
between percentage resistance and plasmid positive
isolates of Klebsiella.

Discussion
Klebsiella species are important pathogens in
nosocomial infections [24], with increasing
resistance to multiple antibiotics [25]. In recent years
following extensive use of the expanded spectrum
cephalosporins, outbreaks of infection caused by
extended spectrum beta lactamase producing K.
pneumoniae has been widely reported throughout the
world [26]. The clinical isolates of Klebsiella spp.
in this study were found to be multidrug resistant
(MDR) with 28 (96.5%) resistant to at least 3
different antibiotics with a MAR index of e”0.4. It
was noted that MAR index values greater than 0.2
indicates high risk source of contamination where
antibiotics are often used [42,43], showing that a
greater proportion of the isolates, having MAR index
e”0.4 are from a high risk source. The high resistance
observed in this study has been corroborated by
previous studies [27, 28].
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Plate 1: Characteristic (key shaped) ESBL pattern of the Klebsiella isolates observed on plates.
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Although significant bacteriuria has been
ascribed to K. ozanae [29], K. pneumoniae (subsp.
pneumoniae) was the most significant specie in this
study. Occurrence of Klebsiella spp. in relation to

anatomical site in this study showed that urine (51.7%)
was the site where most of the isolates were isolated
followed by wound (31.0%) and least is sputum
(17.2%). This shows that Klebsiella is a significant

M          1     2      3        4       5       6      7      8      9   10    11     12
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Plate 2: Agarose gel electrophoresis of plasmid DNA recovered from clinical isolates of Klebsiella spp. Lane M: Lambda DNA/
Hind III marker: Lanes 1 and 11 shows different isolates carrying 23.0 kbp plasmid; Lane 7 carried both 19.8 and 1.1 kbp; Lane 8
carried both 19.8 and 0.78 kbp Lanes 2, 3, 4, 5, 6, 9, 10 and 12 lacked plasmids

Plate 3: Agarose gel electrophoresis plasmid DNA recovered from the hospital clinical of Klebsiella species. Lane M: Lambda
DNA/Hind III marker: Lane 13 shows isolate carrying 19.8 kbp plasmid; Lanes 14, 15, 16, 17, 21, 22, 23 and 24 shows different
isolates carrying 23.0 kbp plasmid; Lanes 18 and 20 isolates lacked plasmids
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factor in the aetiology of urinary tract infection.
Previous works had documented the isolation of
Klebsiella species as the main causative agents of
urinary tract infection [28].

Antibiotic susceptibility profile of ESBL
positive isolates revealed 100% resistance to
cefuroxime, cefotaxime (92.9%), ceftazidime
(85.7%) and ceftriaxone (57.1%). This similar trend
of resistance by ESBL producers to third generation
cephalosporins have earlier been reported [30].
Cephalosporins, particularly second and third
generation cephalosporins have been used for
Klebsiella infections [31]. The isolates were most
sensitive to imipenem, with 25 (86.2%) showing
susceptibility; this finding is closely related to the
report of the study conducted in LUTH [43].
However, considering the MIC values of ceftriaxone
and ciprofloxacin on the ESBL producing isolates,
according to CLSI equivalent breakpoint
interpretation, the isolates were more susceptible
(63.6%) to ciprofloxacin than to ceftriaxone (45.5%).
Similar observations, and decreased susceptibility of
ESBL producing Klebsiella to fluoroquinolones
(ciprofloxacin) and third generation cephalosporins
(ceftriaxone) have been documented [31-34].
Fluoroquinolones are the next drugs of choice to the
imipenems, therefore high level resistance of ESBL
producing Klebsiella isolates in this study and as
previously reported is worrisome because of limited
availability of antimicrobial alternatives.

In this study, 14 (48.3%) isolates were
ESBL-producers, producing a characteristic key or
T-shaped inhibition zone pattern (plate 1). This is
similar to earlier study conducted by Okesola and
Oni [32], where ESBL prevalence rate was 43.2%,
and 40% prevalence rate was observed by
Babypadmini and Appalarafu [33]. A study in
Abeokuta, Nigeria reported a lower prevalence rate
of 21.6% [18]. ESBL-producing organisms have been
isolated with prevalence rates of 44.6% in Enugu
and 6.7% in Ebonyi, Eastern Nigeria [34]. This result
emphasized the need for application of ESBL-
standard confirmatory tests, and even ESBL-plasmid
detection assays, in hospital laboratories.

Plasmid profiles showed that seventeen
isolates possessed plasmid bands of various sizes,
range 0.78 - 23 kbp (Tables 2-4). The result from
this study is higher than a report from a study
conducted in Lagos University Teaching Hospital
[35], plasmid sizes ranged from 3.0kbp to 4.9kbp but
lower than those reported by other workers that
revealed a very large plasmid DNA  range 11.8kbp
to 35.5kbp [18]. High resistance rate was observed
with plasmid-bearing isolates. Five (20.8%) of MDR

isolates subjected to plasmid profiling revealed the
absence of plasmids. Two wound isolates were
susceptible to two antibiotics each (ofloxacin and
imipenem; gentamicin and imipenem), while two
sputum isolates were susceptible to only imipenem,
indicative of extremely resistance phenomenon
(XDR) [36].

This is not also un-expected since the same
antimicrobial resistance pattern can be encoded by
unrelated plasmids, transposons, phages and
chromosomal genes [37]. The observed differences
in the plasmid sizes of clinical bacterial isolates in
this study were in agreement with that reported
earlier [38]. They showed that plasmids of K.
pneumoniae isolated from human patients were
distributed widely and showed great diversity.

ESBL production is encoded by genes that
are prevalently located on large conjugative plasmids
[39], which are easily transmitted among different
members in the Enterobacteriaceae. Accumulation
of these genes could be responsible for the observed
multidrug resistant phenomenon, as previously
reported [40, 41]. This study has revealed clinical
isolates of Klebsiella from different specimens, with
majority of them harbouring high molecular weight
plasmids, with multidrug resistance.

However, this study is limited by the non-
determination of minimum inhibitory concentrations
of some of the antibiotics, and plasmid-curing which
could have given more insight into the roles played
by the plasmids or otherwise in the observed multi
drug phenomenon.

Conclusion
The study revealed high multidrug resistance of
Klebsiella species carrying plasmids which could aid
the transfer of multidrug resistance to other bacterial
species. The fact that all the ESBL-producers were
MDR is decidedly worrisome, considering the public
health implications like treatment failures and the
associated morbidity and mortality. The data further
showed the imperatives of rational antibiotic usage
to reduce and contain the scourge of antibiotics
resistance.
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