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Detecting carbapenem-resistant Gram-negative bacteria with metallo-βlactamase (MBL) producing traits in hospital fomites with no record of
carbapenem use constitutes a serious challenge to the healthcare facility. This
challenge results from the MBL capability of hydrolyzing all beta-lactams,
including carbapenems, complicating antibiotic treatment. In this research, 100
samples comprising 77 hospital fomites (including sinks, beddings, door
handles, and benches) and 23 swabs from the hands of healthcare workers from
children, female and male wards of Mubi General Hospital were analyzed for
Gram-negative bacterial growth. The Gram-negative isolates were screened for
imipenem resistance and MBL production phenotypically by the combined disk
test (CDT) method. The results showed that of all the Enterobacteriaceae
isolates and Pseudomonas aeruginosa recovered from the hospital environment,
only 5 (12.2%) were resistant to imipenem. These includes Escherichia coli
(n=2), Pseudomonas aeruginosa (n=2) and Shigella species (n=1). From the
isolates that were imipenem resistant, only three were phenotypically MBL
producers, accounting for the prevalence of 7.3%, with an isolate each of P.
aeruginosa, E. coli, and Shigella species. Though the occurrence of Gram-negative
bacteria with MBL-producing traits in this hospital environment is low, the
detection of such organisms in the hospital environment is worrisome because
there is no account of carbapenem usage in the hospital, and the gene that
encodes the production of the MBL enzymes are often carried on large mobile
genetic elements.

1. Introduction
The rate at which bacterial isolates, particularly members of the Enterobacteriaceae and Pseudomonadaceae families,
are becoming increasingly resistant to commonly used antibiotics calls for concern. Beta-lactams are the commonly
used antibiotics for therapy against the most severe diseases caused by the bacterial species of these families. The
most potent of the beta-lactams is the carbapenem, which is often promoted for therapy against diseases caused by
extended-spectrum-beta-lactamase (ESBL)-producing organisms, especially among species of Enterobacteriaceae and
Pseudomonadaceae [1].

Resistance to beta-lactam antibiotics is thought to be mediated broadly by two mechanisms; those mediated by
enzymes (such as extended-spectrum beta-lactamases and metallo-β-Lactamase), and non-enzymatic mechanisms
(such as porin channel deletion and efflux pump) [1]. One of the most recognizable and documented mechanisms is
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the production of metallo-β-Lactamases (MBLs). Organisms that harbor transferrable MBL enzymes constitute a
threat to therapy because the enzymes can break down beta-lactams, including carbapenems and inhibitors of betalactamases. The most concerning fact regarding MBL traits is that they are easily disseminated among bacteria of the
same or different species since the gene that code for the MBL traits is most often borne on transferrable genetic
elements [2]. In fact, infections involving MBL bacterial isolates are often difficult to detect and are correlated with
high morbidity and mortality rates [3], aside from the limited therapeutic options and difficulty in treatment [4]. Thus,
persistent infections involving MBL-producing organisms on the surfaces of hospital fomites and the hands of
healthcare workers are not only a threat to therapy but may also affect quality healthcare delivery and impair the
control and management of infections involving resistant bacterial isolates within healthcare settings [2].

Since infections involving MBL isolates are increasing worldwide, timely detection is crucial not only for appropriate
and effective therapy but also for the execution of stringent measures to control their spread within hospital settings
[5][6]. Although the use of molecular techniques to detect MBL bacterial isolates is the gold standard but is not
available for routine use in most if not all of our hospitals. As such, using phenotypic methods, especially imipenemEDTA combined disk, is cost-effective, simple, sensitive, and highly recommended [1]. Therefore, this study was
undertaken to phenotypically unravel the presence of MBL-producing Gram-negative bacteria in non-clinical
specimens from Mubi general hospital.

2. Materials and Methods
2.1. Study Area

This study was conducted at Mubi general hospital. The facility is situated in Mubi-South local government area of
Adamawa State within the coordinates 10o15’54.9"N 13o16’10.0" E.

2.2. Sampling technique

Hundred non-clinical samples were collected from the hands of consented healthcare workers (23) and surfaces of
hospital fomites (77), including sinks, beddings, door handles, and benches. The samples were collected using sterile
swab sticks and were immediately introduced into appropriate differential bacteriologic media. The used media were
MacConkey agar, Salmonella-Shigella agar, Eosin Methylene Blue agar, and Cetrimide agar. All media were incubated
aerobically for 24hrs at 37 oC. Discrete colonies of the isolates were sub-cultured onto sterile nutrient agar slants and
kept at refrigeration temperature for further use

2.3. Bacteria Identification

After Gram-staining, each bacterial isolate was identified on the Microgen A kit [7]. Each of these test kits is a plastic
strip containing 12 microwells with dehydrated constituents that could identify 12 biochemical characteristics,
namely lysine, ornithine, hydrogen sulfide production, glucose, mannitol, xylose, indole, urease production, Voges
Proskauer, citrate utilization, tryptophan deaminase (TDA), and ortho-nitrophenol-β-galactoside (ONPG). The
outcomes of the 12 (GN-A kit) microwell test strips after the addition of test isolate and 24 hrs incubation were
converted to a 4 -digit octal code that was used to validate the identity of the tested bacterial isolate using Microgen ID
computer software version 2.0.8.33. However, Pseudomonas aeruginosa was identified based on its reaction to the
Cetrimide agar plate.

2.4. Screening for imipenem resistance

The Kirby-Bauer disk diffusion method was used to screen the identified bacterial isolates for imipenem resistance.
For each bacterial suspension, 0.1ml corresponding to 0.5 McFarland standard was smeared on Mueller-Hinton agar
(MHA) plates using a sterile swab stick, and an imipenem disk (10 µg) was positioned on the seeded plate and was
kept at 35-37oC for 18-24 hrs in an incubator. Then, strains with an inhibition area diameter ≥23mm were considered
sensitive, while strains with an inhibition zone diameter ≤19mm were taken as resistant [8]. The method was
replicated on each bacterial isolate tested for confirmation.
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2.5. Checking for Metallo-β-lactamase (MBL)

The presence or absence of MBL was screened among bacterial isolates resistant to imipenem by combined disk tests
(CDT). In this method, two imipenem disks (10 µg each) were positioned 10-12 mm apart in a Mueller Hinton Agar
(MHA) plate previously seeded with the test organism, and 10µl (750 µg) of 0.5 M EDTA solution, prepared by
dissolving 18.6 g of the salt form to 100 ml and was adjusted to pH of 8.0 using NaOH, was added to one disc. The
inhibition zone of ≥4 mm in diameter difference between imipenem disk + EDTA and imipenem disk alone was
deduced as an affirmative result for MBL production [9]. The method was replicated on each bacterial isolate tested
for confirmation.

2.6. Ethical consideration

Verbal informed consent was obtained from the healthcare workers of the hospital, and consent was sought and
obtained from the management of the hospital. The hospital management and the participating healthcare workers
were aware of the goal and objectives of the study.

3. Results

The results showed that of all the Enterobacteriaceae isolates and Pseudomonas aeruginosa recovered from the
hospital fomites and the hands of healthcare workers, only 5 (12.2%) were resistant to imipenem and were taken as
prospective Metallo-beta-lactamases (MBL) producers. These includes Escherichia coli (4.89%), Pseudomonas
aeruginosa (4.89%) and Shigella species (2.44%) (Table 1).
From the isolates that were imipenem resistant, only three were phenotypically MBL producers, accounting for the
prevalence of 7.32%. These isolates were E. coli, P. aeruginosa, and Shigella, with one isolate each (Table 2).
Table 1. Frequency of imipenem resistant Gram-negative bacterial isolates

Isolates

Escherichia coli
Shigella spp
Pseudomonas aeruginosa
Others
Total

Number of samples
with GNB
15
2
11
13
41

Number and percentage
of IMP-GNB
2 (4.89%)*
1 (2.44%)
2 (4.89%)
0
5 (12.20%)**

Sources of IMP-GNB
Sink, beddings
Beddings
Sink, beddings

GNB: Gram-negative bacterial isolates
IMP-GNB: Imipenem-resistant Gram-negative bacterial isolates
* The percentages are based on the number of GNB isolates of each bacterial category
** The percentage is based on the total number of GNB isolates

Table 2. Frequency of metallo-β-lactamase producing Gram-negative bacterial isolates

Isolates

Escherichia coli
Shigella spp
Pseudomonas aeruginosa
Others
Total

Number of samples
with GNB
15
2
11
13
41

Number of MBL-GNB
1
1
1
0
3 (7.32%)*

GNB: Gram-negative bacterial isolates
MBL-GNB: Metallo-β-lactamase producing Gram-negative bacterial isolates
* The percentage is based on the total number of GNB isolates
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4. Discussion
There are increasing reports of carbapenem-resistant Gram-negative bacteria (CR-GNB) in the hospital setting, its
environment, and community-associated infections, which have wide-ranging implications for patient management. In
this research, 5 out of the 41 bacterial isolates (12.2%) were imipenem-resistant Gram-negative bacteria. The low
resistance to imipenem observed in this study was comparable to the 15.2%, 10.6%, and 10.2% carbapenem
resistance reported in Lagos [10], Enugu [11], and Maiduguri [12], respectively. Additionally, the current observed
resistant rates were comparable to other studies [13][14].
On the other hand, lower resistance to imipenem (7.37%) was also recorded [15]. However, higher resistance rates
were reported in Malaysia [9] and Nepal [16], with 29.2% and 18.9% resistance rates, respectively. Nationally, higher
rates of 28.2%, 28.6%, and 36.8% carbapenem resistance among Gram-negative bacteria were also reported in Sokoto
[17], Enugu [18], and Lagos, Nigeria [19]. More so, excessive resistance rates of 82% [20] and 100% [21] were
reported in Iran and China, respectively.

The isolation of imipenem-resistant Gram-negative bacteria from the hospital environment concurs with a report
showing an extensive reservoir of the carbapenem-resistant organism in hospitals environment [17][22]. However,
the low resistance to imipenem in this study could be due to its high cost and unavailability in healthcare settings and
pharmacies of the studied area, which limit its misuse and excessive use. Therefore, bacterial isolates exhibited low or
no resistance against it.

The phenomenon of cross-resistance could be the reason behind the isolation of CR-GNB in the study area with no
previous record of carbapenem exposure. This phenomenon occurs when an organism gains resistance to an
antibiotic to which it was not exposed. This phenomenon could be enhanced by the careless and widespread use of
beta-lactam antibiotics in local healthcare facilities and communities. Furthermore, the observed resistant isolates in
the current study could have been introduced by individuals in search of better healthcare delivery coming back from
other countries where CR-GNB is endemic, as advocated by previous studies [17][23][24]. Additionally, most
carbapenemase genes are carried on transferrable genomic elements, making it convenient for bacteria in a hospital
environment to acquire and disseminate such coding genes successfully and easily [17][25].

The present study documented MBL-producing Gram-negative bacteria when the diameter of inhibition around
imipenem + EDTA disk evaluated against imipenem disk alone was >4 mm. Previous studies reported that phenotypic
methods, especially the CDT in which imipenem and EDTA are used, have high sensitivity and specificities to detect
MBL-producing Gram-negative bacteria, similar to polymerase chain reactions (PCR) [9].

The occurrence of heritable MBLs among Gram-negative bacteria has eventually evolved globally and is gaining
ground [26]. Similar to the finding of this research, several studies have reported the detection of MBL-producing
organisms among imipenem-resistant Gram-negative bacteria by a combined disk test [9][27], particularly
Pseudomonas spp., and E. coli [28]. However, the detection of the MBL trait among Shigella species in this study is
novel and connotes the possible role of the transferrable genomic element in the study area.

MBL-producing organisms are often viewed as multidrug-resistant since they can inhibit the activities of a wide range
of potent antimicrobials [29]. This resistance is enhanced by the presence of mobile genetic elements harboring the
encoding genes. Studies have shown that the transferable genomic materials that carry the encoding genes for
carbapenemase may also carry genes that bestow inhibitory activity against other classes of antimicrobials, resulting
in the emergence of bacterial isolates with multidrug-resistant attributes. These organisms have limited therapeutic
options, and the infections they cause may only be managed by expensive and slightly toxic antimicrobials. Therefore,
numerous scientists have predicted the possible evolution of an era in which antimicrobials would no longer be
effective against infections caused by microbial agents [29-31]. As such, the detection of Gram-negative bacteria with
MBL-producing traits on the surfaces of hospital fomite in the current study with no records of carbapenem use is of
public and clinical concern.
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5. Conclusion
This study revealed the evolution and a low prevalence in the expression of metallo-β-lactamases among carbapenemresistant Gram-negative bacteria from hospital fomites in a hospital with no records of carbapenem use. Therefore,
urgent execution of programs that would ensure appropriate prescription and adequate use of antibiotics in the
clinical and public settings, including measures that will impede the widespread dissemination of these types of
organisms in the healthcare environment is imperative to contain this emerging threat.
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