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Community and hospital acquired infections caused by drug resistant organisms especially the
extended spectrum B-lactamase producers among members of the family Enterobacteriaceae have
been on a global increase. Such infections could lead to an increased healthcare costs, morbidity
and mortality. The Extended Spectrum B-lactamases are enzymes produced by some bacteria to
inactivate group of B-lactam antibiotics such as penicillin and its derivatives as well as broad
spectrum cephalosporins including monobactams. The enzymes have been the key source of
multidrug resistance among many Gram-negative bacteria. Previous studies conducted on
Extended Spectrum B-lactamase (ESBL) in Gombe Specialist Hospital focused more attention on
the occurrence of the ESPL producing bacteria in clinical samples. This study aimed at
phenotypic detection of ESBL producing bacteria from some selected contact surfaces in the same
hospital for the first time to the best of our knowledge. One hundred and fifty (150) samples
were collected from contact surfaces such as door handles, wheelchairs, ATM machines etc.
using sterile swab sticks. The samples were cultured on nutrient and MacConkey agar plates to
isolate bacterial contaminants. The bacterial isolates were identified using standard procedures.
Gram negative isolates were screened for the potential ESBL producers using CLSI breakpoint
and phenotypically confirmed using double disc synergy test (DDST). The results obtained
confirmed high ESBL producers among E. coli with 20 (44.40%) followed by K. pneumoniae
with 15 (33.30%) and then P. mirabilis having the least confirmed isolates. In conclusion, the
ESBL producers detected from the contact surfaces suggest the adoption of more personal and
environmental hygiene practices to limit the spread of drug resistant organisms and possible
outbreak of nosocomial infections.

INTRODUCTION

[1]. Hospital environment plays a crucial role in the transmission
of drug resistant organisms which increase the risk of acquiring

Contaminated hospital contact surfaces such as equipment, water
supplies and medicine have been described as the common
sources of infection outbreaks due to drug resistant pathogens.
General guidance aimed to preventing and controlling
contamination has been made available by healthcare
departments, specialist societies and manufacturers. However,
the role played by contaminated environmental surfaces towards
the development of healthcare related infections is worrisome

nosocomial infections associated with a high morbidity and
mortality [2]. Antibiotic resistance due to pathogenic bacteria has
been on the increase due to a number of factors such as versatility
of genetic system of microorganisms especially under stress
condition of control agent(s). Bacteria develop resistance to
antibiotics through several mechanisms such as mutation and
exchange of genetic materials using plasmids, transposons and
chromosomes which collectively alter the cell membrane of the
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target cells to prevent the entry of control agents or simply by
developing substitute enzymes which are entirely not the drug
target or produce drug inactivating enzymes such as ESPLs [3-
4].

The ESBL are used by some bacteria to hydrolyse group of
B-lactam antibiotics such as penicillin and its derivatives as well
as broad spectrum cephalosporins including monobactams [4].
These enzymes have been the key source of multidrug resistance
among Gram-negative bacteria and could be categorised into
diverse classes like Sulthydril variable gene (SHV-2) and
Temoniera gene (TEM-3) representing the notable ones reported
in Germany as far back as 1982 and 1987, respectively.
Subsequent subtypes were derived from the SHV-2 and TEM-3.
Other relevant and widely spread ESPL phenotype reported
globally in Escherichia coli are referred to as cefotaximases
(CTX-M). Five (5) main groups of certain CTX-M containing
over 100 various CTX-M types have been phenotypically
confirmed [5-6]. Many enteric Gram-negative rods such as
Morganella  morganii, Escherichia coli, and Klebsiella
pneumoniae are known to produce ESPLs as established by
previous reports [4,7]. The worldwide distribution of E. coli
strains that produce CTX-M class of extended-spectrum p-
lactamases has become worrisome as a result of new
microbiological and epidemiological features [8]. Surely, E. coli
remains a commensal organism in the gastrointestinal tract of
human beings and has been the most commonly detected
organism in different community and hospital settings.
Therefore, an increased detection of multidrug resistant E. coli
could result into overuse of the available potent antibiotics like
carbapenems and probably the emergence of carbapenem-
resistant organisms [9].

According to a report by Ibrahim ez al. [10], a co-production
of carbapenemase and ESPL was detected from both E. coli and
K. pneumoniae isolated from different clinical samples. Other
study has confirmed high occurrence of ESBL producing E. coli
and K. pneumoniae from clinical samples [11] while another
report showed that E. coli and K. pneumoniae were among the
multidrug resistant bacteria detected from various surfaces of
health care environment [2]. In this study, we report the detection
of ESBL producing bacteria from some contact surfaces in
Gombe State Specialist Hospital for the first time to the best of
our knowledge.

MATERIALS AND METHODS

Sample Collection

A total of one hundred and fifty (150) samples were collected
from different contact surfaces such as door handles,
wheelchairs, stretchers, sinks, and ATM machine in Gombe State
Specialist Hospital, Gombe State, Nigeria. The samples were
brought to Department of Microbiology, Gombe State University
for analysis.

Isolation and Identification of Bacteria

The samples were cultured on MacConkey agar and nutrient agar
plates prepared according to manufacturer’s instruction and
incubated for 24 h at 37 °C. Cultural and morphological
characteristics of the bacterial colonies were studied and
identified the Gram negative isolates using some biochemical
tests such as indole test, urease test, citrate utilization test,
catalase test, triple sugar ion test, and motility test according
Cheesbrough, 2006 [12] as described by Garba et al. [13].

Standardization of Inoculum

The Gram-negative isolates were cultured on Mueller Hinton
Agar plates and incubated for 24 h at 37 °C. Following the
incubation, a few loopful of colonies were dissolved in sterile
normal saline (3-4 ml) using sterile wire loop to match 0.5
McFarland standards for sensitivity test according to
Cheesbrough, 2006 [12] as quoted previously [5,13].

Screening of Isolates Based on Clinical Laboratory

Standard Institute (CLSI) breakpoint test

Sensitivity of the standardized inocula of the isolates to
Cefotaxime (CTX 30 pg, Oxoid England) and Ceftadizime (CAZ
30 pg, Oxoid England) discs was investigated on prepared
Mueller Hinton agar plates as described in Kirby Bauer methods
and suggested by NCCLS ,1999. Sterile swap sticks were
immersed into test tubes containing the test organism. Excess
fluid was removed by pressing the sticks at the wall of each tube
prior to inoculating the Mueller Hinton agar plates by streaking
the surface of the media evenly in three directions. The plates
were left to stand for 3-5 min for the surface of the agar to dry.
Sterile forceps was used to place the Oxoid discs on the
inoculated plates. Within 30 min of disc application, the plates
were incubated aerobically for 24 h at 37 °C after which zones of
growth inhibition were recorded.

Phenotypic Detection of ESBL Production using Double Disc
Synergy Test

The suspected ESPL producing isolates from the CLSI
breakpoint test were subjected to double disc synergy test for
confirmed detection of ESBL according to standard method
described by Jarlier et al [14]. In this test, standardized inocula
of Gram-negative bacteria were swabbed onto Mueller Hinton
agar plates. A susceptibility disc of Amoxicillin-Clavulanate
commonly known as Augmentin (AMC 30 pg, Oxoid England)
was placed at the centre of each plate and discs containing
cefotaxime and ceftadizime were placed 15 mm alongside the
central Augmentin disc. After 30 min of pre-incubation time at
room temperature to enable pre-diffusion of the antibiotics into
the medium, the plates were incubated aerobically for 24 h at 35
°C after which zones of inhibition were read.

RESULTS

Isolation and identification of bacteria

A total of one hundred and fifty (150) bacteria have been isolated
from different hospital contact surfaces as described in the
methodology section. The bacteria were identified based on
cultural characteristics, Gram staining and biochemical tests.
According to Gram staining reactions, the bacteria were
separated into sixty (60) Gram positive and ninety (90) Gram
negative. The Gram-negative isolates were identified as
Escherichia coli (35), Klebsiella pneumoniae (29), and Proteus
mirabilis (26).

Occurrence of Suspected ESPL-Producing Bacteria

The ninety (90) Gram negative bacteria comprising of
Escherichia coli (35), Klebsiella pneumoniae (29), and Proteus
mirabilis (26) have been screened for ESPL production using
CLSI breakpoint. Eighty (80) isolates of these bacteria were
found to be positive for the screening test with E. coli having
higher number of suspected positive isolates (30), followed by K.
pneumoniae (26) and then P. mirabilis (24) (Fig. 1).
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Fig. 1. Suspected ESBL Producers among the Isolates Based on CLSI.

Phenotypic confirmation of ESPL-Production among the
Gram-negative Bacteria

The eighty (80) positive bacterial isolates from the screening tests
have been subjected to phenotypic confirmation using double
disc synergy test as described in the methodology. The
confirmatory test revealed that forty five (45) isolates were
confirmed ESPL producers with E. coli having the highest
number of confirmed cases corresponding to 20 (44.40%)
followed by K. pneumoniae with 15 (33.30%) and then P.
mirabilis having the least confirmed isolates with 10 (22.20%) as
shown in Fig. 2. A suspected ESPL producing organisms is
confirmed positive when it produces an increased zone of growth
inhibition of >5 mm with amoxicillin/ clavulanic acid
(Augmentin) over any of the screening antibiotics placed centre
to centre on agar plates in the double disc synergy test (DDS) as
demonstrated in Fig. 3.
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Fig. 2. Confirmed Phenotypic Detection of ESPL Production among the
bacteria.

E. coli P. mirabilis
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Fig. 3. Confirmation of ESPL production using Double Disk Synergy
Test (DDST). Standardised inoculant of Escherichia coli (a), Klebsiella
pneumoniae (b) and Proteus mirabilis (c) were swabbed on Mueller
Hinton Agar plates and placed Ceftazidime and Cefotaxime discs 5 mm
centre to centre from the central Augmentin disc. The plates were
incubated for 24 hours at 37 °C and recorded the zones of growth
inhibition. The experiments were conducted in replicates and calculated
the average.

DISCUSSION

Nosocomial infections constitute the key public health issue due
largely to their high incidence, severity, as well as economic and
social costs coupled to difficulty of their control. World Health
Organization (WHO) shows that about 8.7% of patients acquire
nosocomial infections, with over 1.4 million people estimated to
have hospital related infectious complications globally. In
general, nosocomial infections may originate from the patient’s
own normal flora (endogenous source of infection), or may be
from pathogens acquired from hospital personnel, the hospital
environment such as air, water, surfaces or even other patients
[2,15].

Contamination of contact surfaces may be determined by
certain characteristics whether the surface is smooth, porous or
rough. It could also be characterised by the physical state of such
surface being it wet, dry, new or old. Contaminated surfaces
represent the major ecological niche of bacteria capable of
producing biofilms. These organisms could last on hospital
surfaces for quite long periods of time ranging from a few days
to about ninety (90) days. Several reports have confirmed
hospital environments as a reservoir for contamination with
multidrug-resistant bacteria [16]. Environment plays a significant
role in transmitting multidrug resistant organisms which suggests
an increased risk of acquiring nosocomial infections. Moreover,
resistance to potent antimicrobial agents has escalated the rate of
morbidity and mortality due to hospital acquired infections [17].
Detection of Extended Spectrum [-lactamases (ESPL)
particularly from hospital contact surfaces is very essential for
deterrence of spread of ESPL producers through cross-
transmission as well as for epidemiological reasons [8].

In this study, forty-five (45) Gram negative bacteria have
been isolated from hospital contact surfaces and phenotypically
confirmed to be Extended Spectrum f-lactamase producers using
Double Disc Synergy Test. As shown in Fig. 2, E. coli had the
highest percentage of occurrence corresponding to 44.40%
followed by K. pneumoniae with 33.30% while the least
occurrence was observed with P. mirabilis having just 22.20%.
Although the incidence of ESPL-producing organisms differs
from one institution to another, previous reports suggest that E.
coli and K. pneumoniae represent the most commonly isolated
ESBL-producing bacteria [11, 6, 10]. The detection of K.
pneumoniae and E. coli from the contact surfaces may suggest
some level of health concerns. K. pneumoniae has been shown to
be very virulent due to its possession of a capsular material made
up of a fibrillious structure that shield the bacterial cell surface
and hinder the penetration of a drug into the bacterial cells.
Moreover, the attachment of somatic O-antigens to host cells
through fimbrial or non-fimbrial ways contributes to the
virulence of this bacterium making it so resistant to third
generation cephalosporins [4].

The three ESPL-producing bacteria detected in this study
are members of the family Enterobacteriaceae. Several reports
showed that most Gram-negative bacteria isolated from various
hospital surfaces and confirmed as ESBLs produces are members
of this family. In line with our findings, Chaoui et al. [2]
published that the predominant bacterial contaminants isolated
from different health care environmental surfaces were members
of the family Enterobacteriaceac out of which 32.3% were
confirmed to be ESBL producers. Another study showed that of
the total bacterial contaminants isolated from hospital medical
equipment, 25.93% were observed to be ESBL- producing
bacteria [18].
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CONCLUSION

ESBL producing bacteria have been phenotypically detected from
different contact surfaces in Gombe state specialist hospital. The
bacteria detected include E. coli with highest percentage of
occurrence followed by K. pneumoniae and then P. mirabilis.
This may suggest the possible transmission of nosocomial
infections caused by these bacteria which are resistant to most
potent antibiotics and at the same time leading to treatment
failure and high cost of infections management.
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