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ABSTRACT

Background: Hospital-acquired infections constitute a significant challenge to patient safety due to the
emergence of multidrug-resistant (MDR) organisms. Multidrug-resistant (MDR) Gram-negative bacteria
have proved to be one of the major leading causes of hospital-acquired infections linked to high morbidity
and mortality. The hospital environment serves as a reservoir for MDR bacteria. This study, therefore, inves-
tigates the burden of MDR Gram-negative bacterial infections from the hospital environment.

Methods: This was a cross-sectional study. Two hundred swab samples were collected from different envi-
ronmental sources at four public hospitals environment in Lagos, Nigeria. Samples were cultured on 5%
blood agar and MacConkey agar (OXOID). Isolates were identified with biochemical tests and confirmed
using the VITEK 2 System with the VITEK 2GN identification card (bioMe rieux, Durham, NC), following
the manufacturer’s directions. Antimicrobial susceptibility testing was performed using the Kirby Bauer disk
diffusion technique. Extended-spectrum beta-lactamase (ESBL) was detected with the double-disk synergy
test. A Modified Hodge test was used to detect carbapenemase production. Multidrug resistance was inferred
from resistance to three classes of antibiotics.

Results: Fifty-nine bacterial isolates were recovered from hospital environmental samples. Thirty (50.8%)
were Gram-negative, while 49.2% were Gram-positive. Klebsiella pneumoniae (40%), Escherichia coli iso-
lates (36.7%), Pseudomonas aeruginosa (10%), Acinetobacter baumannii (6.7%) and Proteus mirabilis
(6.7%) were isolated. Twenty (66.7%) isolates were multidrug-resistant to three classes of antibiotics. Nine
different antibiotic resistance patterns were observed, and five were characterized as multi-drug resistant.
Nineteen isolates (63%) produced ESBL, and 27 (90%) were resistant to meropenem, with 6.7% positive for
carbapenemase.

Conclusion: Inanimate surfaces are a major environmental reservoir for MDR Gram-negative bacteria in
healthcare facilities.

Keywords: Hospital-acquired infections (HAI), Extended-spectrum beta-lactamase (ESBL), Gram-negative,
environmental sources, multi-drug resistance
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1.0 INTRODUCTION

Hospital-acquired infections are a significant challenge to
patient safety due to the emergence of multidrug-resistant
infectious organisms. Multiple resistant bacterial strains
are resistant to three (3) or more classes of antibiotics
used for treatment [1, 2]. Although antibiotics use has
impacted positively during outbreaks in the past, multi-
drug resistant (MDR) organisms have emerged. They are
now associated with morbidity and mortality by reducing
the effectiveness of the available antibiotic therapy [3].

Studies have revealed hospital environments to be poten-
tial reservoirs of multi-drug resistant organisms. In
healthcare facilities, contact with the surfaces of objects
found in the hospital environment is inevitable for both
patients and health professionals. This results in an in-
creased transfer of MDR pathogens. The burden of hospi-
tal environment contamination is more significant in de-
veloping countries due to several underlying challenges

[4].

Most developed countries have surveillance systems that
give regular reports on national trends of endemic hospi-
tal-associated infections, such as the German Hospital
Infection Surveillance System and the National
Healthcare Safety Network of the United States of Amer-
ica [5]. However, studies have revealed that in develop-
ing countries, there are inefficient healthcare systems,
poor infection control policies, and inadequate staffing,
resulting in poor infection control practices and ineffec-
tive surveillance systems [6, 7]. These factors have con-
tributed to the spread of MDR pathogens in hospitals.

Hospital-acquired infections in Nigeria have become a
challenge because of the emergence of multidrug-
resistant organisms that may negatively impact the man-
agement of patients. Few hospitals in developing coun-
tries have adequate infection control programs, and there
is a lack of awareness of the situation by hospital work-
ers. Also, personnel trained in infection control practices
are few. Therefore, an effective infection control pro-
gram will create awareness and reduce mortality, morbid-
ity, and cost resulting from MDR infections in hospital-
ized patients [4, 8, 9].

Gram-negative organisms have been implicated as one of
the significant causes of hospital-acquired infections.
There is a need to examine the burden of this group of
bacteria because of its resistance to a wide range of anti-
biotics, including [B-lactams, quinolones, colistins, and
others, unlike the Gram positives. Resistant Gram-
negative bacteria linked to environmental contamination

have been associated with many cases of ventilator-
associated pneumonia, catheter-related bloodstream in-
fections, and other ICU-acquired sepsis, such as urinary
tract infections [10, 11].

Multi-drug resistant Gram-negative organisms have been

recovered from the hospital environmental sources such
as beds and tables where patients and healthcare workers
have direct contact [4]. This development is disconcerting
since pathogens may be easily transferred from contami-
nated surfaces to patients [12].

Therefore, it is pertinent that the hospital environment is
free from contamination by multi-drug-resistant patho-
gens for effective infection control and prevention. This
study determined the burden of multi-drug resistant Gram
-negative pathogens in some public hospitals’ environ-
mental surfaces. The outcome of the study will help gen-
erate baseline data for monitoring the prevalence of MDR
Gram-negative organisms in the hospital environment
and implementing effective infection control strategies in
healthcare facilities.

2.0 METHODOLOGY
2.1 Study Design

This was a cross-sectional study to detect multi-drug re-
sistant Gram-negative organisms in different hospital en-
vironmental sources from September 2021 to November
2021.

2.2 Study Centre

Twelve The study was conducted at Lagos University
Teaching Hospital (LUTH), a tertiary hospital in a metro-
politan city serving more than 21 million people, and
three general hospitals (Randle General Hospital, Su-
rulere, General Hospital Mushin, and General Hospital
Isolo) from three local governments areas serving more
than 7million people. They include. The facilities accom-
modate and offer primary and secondary medical services
to patients from different tribes of the country.

2.3 Study Population

Swab samples were collected across the surfaces of inan-

imate objects and equipment in the hospital environment
and frequently touched surfaces close to patients’ bed’s
surfaces with assumed or visible contamination.

2.4 Sampling Inclusion Criteria

Samples were collected from the surfaces of the wards
door handle, chairs, sinks, freezers, washed bed pans, lab
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benches, infusion stands, nursing tables, and hospital
ward beds. Community and clinical samples were exclud-
ed.

2.5 Sample collection

200 samples were collected from inanimate objects
(hospital ward beds, freezers, washed bed pans, door han-
dles, nursing tables, chairs, infusion stand, and lab bench-
es) at four different hospitals. Samples were collected
with sterile swabs pre-moistened phosphate buffered sa-
line and kept on ice. All samples were processed within
4hr of collection [13].

2.6 Bacterial Isolation and Identification

All samples were cultured on MacConkey and 5% sheep
blood agar (Oxoid, Basingstoke, United Kingdom) and
were incubated aerobically for 24 hr at 370C to detect
Gram-negative bacteria. All isolates were Gram-stained,
identified using biochemical tests, and confirmed using
the VITEK 2 System and the VITEK 2GN identification
card (bioMe rieux, Durham, NC) according to the manu-
facturer’s instructions. Control organisms Enterobacter
hormaechei (Enterobacter cloacae) ATCC700323 and
Stenotrophomonas maltophilia ATCC17666 were run
along with the samples. All Gram-negative isolates were
placed in 15% glycerol broth and stored at -200C [13,
14].

2.7 Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed for all
Gram-negative isolates using the disk diffusion technique
and interpreted according to the standard clinical labora-
tory standard institute (CLSI) [14]. Briefly, ten antibiotics
from different classes were tested against Gram-negative
isolates on Mueller Hinton agar. The antibiotics used
were AMC-amoxicillin-clavulanic acid (30 pg); FOX-
cefoxitin (30 pg); CAZ-ceftazidime (30 pg); CTX-
cefotaxime (30 pg); AK-amikacin (30 upg); CN-
gentamicin (10 pg); TPZ-piperacillin/tazobactam (100/10
ng); MEM-, meropenem (10 pg); LEV -Levofloxacin
(5pg) and CIP- Ciprofloxacin (Sug). All isolates were
inoculated in normal saline and adjusted to 0.5McFarland
standard turbidity. The suspension was inoculated in
Mueller Hinton agar and incubated at 35-37°C for 18-24
hours in ambient air. Control organisms E. coli ATCC
25922 were set up along with the isolates. Results were
interpreted according to CLSI standards [14]. All isolates
resistant to three or more classes of antibiotics were con-
sidered MDR [1].

557

2.8 Extended Spectrum Beta-lactamase (ESBL) Detec-
tion

Phenotypic ESBL production was detected using the
modified double disk synergy test. All strains showing
resistance to third-generation cephalosporins were
screened for ESBL production. An amoxicillin clavula-
nate disk was placed at the center of inoculated plate, and
disks containing ceftazidime (30ug), cefotaxime (30pg),
ceftriaxone (30pg), and aztreonam (30pg) were placed
20mm apart (center to center) from the amoxicillin-
clavulanate disk. After 18-20 hours of incubation at 35°C
-37°C, the diameters of the inhibition zones formed
around the discs were measured with a ruler in millime-
tres (mm). Enhancement of the zone of inhibition of the
oxyimino-f-lactam caused by the synergy with the clavu-
lanate in the amoxicillin clavulanate disk was considered
evidence of ESBL production [14,15]. E. coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853 were
used as control strains.

2.9 Carbapenemase Detection

Carbapenemase was detected with the Modified Hodge
test. A 1:10 dilution of the control strain of Escherichia
coli ATCC 25922 prepared in Sml of broth was streaked
on the Mueller Hinton agar plate. 10pg meropenem disk
was placed in the centre of the test area. The Gram-
negative isolates positive for ESBL and resistant to mero-
penem were streaked in a straight line from the edge of
the disk to the edge of the plate. The plates were incubat-
ed overnight at 35-37°C for 18-24 hours in ambient air.
The presence of cloverleaf-like indentation is indicative
of a positive result. The results of the modified Hodge
test were interpreted according to the CLSI recommenda-
tions: Negative- when there was no distortion of the inhi-
bition zone around the ertapenem disk. Positive - when
there was a distortion of the E. coli ATCC 25922 (strain
indicator). An inhibition zone was noted around the
ertapenem disk and indeterminate when the inhibition of
E. coli ATCC 25922 growths around the streak (tested
strain) was evidenced by a clear area [16].

2.10 Ethical Consideration

Ethical approval for the study was obtained from the
Health Research Ethics Committee, College of Medicine
University of Lagos (CMUL HREC NUMBER: CMUL/
HREC/06/21/880), and approval letters for the study were
collected from Lagos State Hospitals Board.
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3.0 RESULTS

A total of two hundred (200) samples were collected
from the hospital environment from different sources.
Fifty-nine bacteria were recovered from the samples,
including thirty (30) Gram-negative and twenty-nine
(29) Gram-positive bacteria. Gram-negative organisms
were distributed among different environmental sources.
Bacterial isolates were recovered from beds, bed pans,
door handles, sinks, and an infusion stand (Table 1). Five
strains of Gram-negative bacteria were isolated, compris-
ing of Klebsiella pneumoniae (40%), Escherichia coli
(36.7%), Pseudomonas aeruginosa (10%), Acinetobacter
baumannii (6.7%), and Proteus mirabilis(6.7%) isolates.
Six microbial isolates from beds, three Gram-negative
isolates from bed pans (10%), three isolates from the
door handle (10%), 16 Gram-negative isolates (53.3%)
from sinks, and 1 Gram-negative isolate (33.3%) from
the infusion stand and table. The highest number of
E.coli and K. pneumoniae were recovered from the sink,

while P. aeruginosa and A. baumanii were isolated from
the beds (Table 1).

Ten antibiotics belonging to three different classes were
used for susceptibility testing. B-lactams: Ampicillin
AMC-Amoxicillin-clavulanic acid; CTX- Cefotaxime;
CAZ-Ceftazidime; FOX- Cefoxitin; PTZ- Piperacillin-
tazobactam and MER-Meropenem; Aminoglycoside: AK
- Amikacin; CN- Gentamicin; Fluoroquinolones: CIP-
Ciprofloxacin; LEV- Levofloxacin. Many of the isolates
were resistant to the [-lactams (cephalosporins,

cephamycins, carbapenems), fluoroquinolones and ami-
noglycosides studied.

P. aeruginosa had 100% resistance to meropenem and
ceftazidime. In E.coli, resistance to cefoxitin was high
(100%) and 90.9% to meropenem. K. pneumoniae re-
sistance to meropenem was 100%, and P. mirabilis had
the least resistance but 100% resistance to ceftazidime.
A. baumanii had 100% resistance to cefoxitin and 50%
of the two isolates were resistant to meropenem. Twenty-
seven (90%) of the thirty isolates were resistant to mero-
penem (Table 2).

Isolates were found to be generally multi-drug resistant
with resistance to >3 classes of antibiotics. Twenty iso-
lates show MDR to three classes of antibiotics (Table 3).
Nine antimicrobial resistance patterns were observed
among all the isolates. Five patterns were observed
among the MDR isolates, with pattern AMC CAZ FOX
PTZ CIP MER AK GEN LEV CTX being the most ex-
hibited among eight (8) isolates. ESBL isolates exhibit-
ed six antimicrobial resistance patterns. Seven ESBL
organisms were found to be commonly occurring with
AMC CAZ FOX PTZ CIP MER AK GEN LEV CTX,
and five ESBL isolates had an antimicrobial resistance
pattern of AMC FOX PTZ CIP MER GEN LEV (Table
3). Isolates producing carbapenemase exhibited two dif-
ferent antimicrobial resistance patterns. The two isolates
belonged to the two most commonly occurring patterns
for ESBL. Nineteen (63%) isolates phenotypically ex-
pressed ESBL, and two isolates, P.aeruginosa and

Table 1. Distribution of Gram- negative Organisms among Hospital Environmental Sources

S/N Sites Number of Number of A.baum  E. coli K. pneu- P. aerugino-  P. mirabilis
samples G'ra{n nega- anii moniae sa
(N=200) tive isolates
(n=30)
1. Beds 60(30%) 6 (20%) - - 3 2
2. Bed pans 23(11.5%) 3(10%) - 2 - -
3. Lab Bench 12(6%) 0 - - - -
4. Chairs 20(10%) 0 - - - -
5. Freezers 10(10%) 0 - - - -
6. Door handles 20(10%) 3 (10%) 2 1 - -
7. Sinks 45(22.5%) 16 (53.3%) 7 9 - -
8. Infusion stand 5(2.5%) 1(3.3%) 1 - - -
Tables
9. 5(2.5%) 1(3.3%) 1
TOTAL 200 30 (15%) 2(6.7%) 11(36.7%) 12(40%) 3(10%) 2(6.7%)
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Table 2. Distribution of Gram- negative Organisms among Hospital Environmental Sources

Isolates Antibiotics Resistance (100%) Sensitivity(100%)
1 Pseudomonas aeruginosa Amoxicillin-clavulanic acid 2(66.7%) 1(33.3%)
3 Cefotaxime 1(33.3%) 2(66.7%)
Ceftazidime 3(100%) 0
Cefoxitin 2(66.7%) 1(33.3%)
Piperacillin-tazobactam 3(100%) 0
Amikacin 1(33.3%) 2(66.7%)
Gentamicin 1(33.3%) 2(66.7%)
Ciprofloxacin 2(66.7%) 1(33.3%)
Levofloxacin 1(33.3%) 2(66.7%)
Meropenem 3(100%) 0
2 Escherichia coli Amoxicillin-clavulanic acid 8(72.7%) 3(27.3%)
11 Cefotaxime 4(36.4%) 7(63.6%)
Ceftazidime 4(36.4%) 7(63.6%)
Cefoxitin 11(100%) 0
Piperacillin-tazobactam 7(63.6%) 4(36.4%)
Amikacin 6(54.5%) 5(45.5%)
Gentamicin 6(54.5%) 5(45.5%)
Ciprofloxacin 7(6.6%) 4(36.4%)
Levofloxacin 8(72.7%) 3(27.3%)
Meropenem 10(90.9%) 1(9.1%)
3 Klebsiella pneumoniae Amoxicillin-clavulanic acid 4(33.3% 8(66.7%)
12 Cefotaxime 4(33.3%) 8(66.7%)
Ceftazidime 4(33.3%) 8(66.7%)
Cefoxitin 12(100%) 0
Piperacillin-tazobactam 9(75%) 3(25%)
Amikacin 5(41.7%) 7(58.3%)
Gentamicin 8(66.7%) 4(33.3%)
Ciprofloxacin 7(58.3%) 5(41.7%)
Levofloxacin 7(58.3%) 5(41.7%)
Meropenem 12(100%) 0
4 Acinetobacter Amoxicillin-clavulanic acid 0 2(100%)
buamannii Cefotaxime 0 2(100%)
2 Ceftazidime 0 2(100%)
Cefoxitin 2(100%) 0
Piperacillin-tazobactam 2(100%) 0
Amikacin 1(50%) 1(50%)
Gentamicin 1(50%) 1(50%)
Ciprofloxacin 1(50%) 1(50%)
Levofloxacin 0 2(100%)
Meropenem 1(50%) 1(50%)
5 Proteus mirabilis Amoxicillin-clavulanic acid 0 2(100%)
2 Cefotaxime 0 2(100%)
Ceftazidime 2(100%) 0
Cefoxitin 0 2(100%)
Piperacillin-tazobactam 0 0
Amikacin 0 2(100%)
Gentamicin 0 2(100%)
Ciprofloxacin 0 2(100%)
Levofloxacin 0 2(100%)
Meropenem 0 2(100%)
A.baumanii, produced carbapenemase (Table 3). Nine- 4.0 DISCUSSION

teen Isolates produced ESBL. 52.6% of the 19 isolates
were K. pneumoniae, 36.8% E.coli and 10.5% P. aeru-
ginosa. All other isolates did not express ESBL. Car-
bapenemases were detected in P. aeruginosa and
A.baumanii; each had 50% (Table 4).
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Contaminated surfaces in hospital environments have
been found to increase the prevalence of healthcare-
associated infections [4, 17]. In this study, Gram-
negative bacteria, including K. pneumoniae, E.coli were
found to contaminate the care environment of the pa-
tients and caregivers. Sources of the isolates were dis-
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Table 3. Multidrug Resistance Pattern and Production of Beta-lactamases of Isolates from the Hospital Environment

Antibiotic resistance pattern Number of Number of clas- Number of  Number of
isolates ses ESBL car-
bapenemase

AMC CAZ CTX 1 1 1 0

AMC CAZ FOX PTZ CIP MER AK GEN LEV 8 3 7 1

CTX

AMC FOX PTZ CIP MER GEN LEV 5 3 5 1

FOX PTZ MER AK GEN LEV 3 3 3 0

FOX PTZ MER AK CIP 2 3 2 0

FOX MER CN CIP 2 3 0 0

FOX PTZ MERO 3 1 1 0

FOX MER 3 1 0 0

CAZCN 4 1 0 0

Key:_p-lactams: AMC-Amoxicillin-clavulanic acid, CTX- Cefotaxime, CAZ-Ceftazidime, FOX-Cefoxitin PTZ- Piperacillin-tazobactam,
MER- Meropenem; Aminoglycoside: Amikacin, CN- Gentamicin; Fluoroquinolone: CIP Ciprofloxacin, LEV- Levofloxacin

ESBL- Extended spectrum beta-lactamase

Table 4. Distribution of Carbapenemase and ESBL among
isolates

Bacteria ESBL (19) Carbapenemase (2)
K.. pneumoniae 10(52.6%) 0

E.coli 7(36.8%) 0

P. aeruginosa 2(10.5%) 1(50%)

P. mirabilis 0 0

A . baumanii 0 1(50%)

covered to be from sinks and bed pans in different wards
in the hospitals and the sinks of hospital laboratories.
This is similar to the study by Agbalaya and colleagues
[18] where Klebsiella pneumoniae was the most common
organism isolated from sinks in neonatal wards. Also, in
a study conducted by Gracia-cruz and colleagues [19], K.
pneumoniae was isolated from the feeding flasks, trays,
sinks and infusion lines. However, this contrasts with the
study carried out at the paediatric wards of a teaching
hospital with Staphylococcus aureus being the most prev-
alent organism and 39.4% from Gram-negative bacteria
[20]. Staff, visitors, and vectors can transfer these organ-
isms from reservoirs to patients, which can lead to a well
-defined local outbreak.

This study identified 4. baumanii (10%), which have
been found to cause several nosocomial outbreaks in
nursing homes, neonatal wards, and surgical wards. A.
baumannii and Klebsiella pneumoniae can survive on dry
surfaces, including hands, because of their capsules. The
bacterial capsule protects them from outside toxicity and
the host immune system. The bacteria adhere to surfaces
forming biofilms that influence the horizontal acquisition

of new mobile genetic elements and the evolution of
newer strains [21, 22].

Antibiotics have positively affected the management of
infections and diseases in hospitals by killing or slowing
down infections [23, 24]. However, they have been asso-
ciated with immeasurable effects, causing a rise in antibi-
otic resistance in nosocomial and community pathogens.
Multiple drug resistance among bacterial species, more
importantly, the Gram-negative species, has posed a
global threat to antibiotics therapy in hospital infections
at an alarming frequency [25, 26]. This study observed
that resistance to carbapenem was high, and this is alarm-
ing because isolates were found on surfaces in the hospi-
tal environment,. Carbapenem usage is limited to the
management of critical patients. However, it agrees with
the study done on hospital isolates from inanimate
sources and patients with a high level of carbapenem re-
sistance [27]. This is also similar to the study that report-
ed a significant increase in meropenem resistance among
clinical isolates of Klebsiella pneumoniae from 0.6% in
2004 to 5.6% in 2008 [28]. It also correlates with a Na-
tional Healthcare Safety Network (NHSN) study. The
study reported carbapenem resistance in up to 4.0% of
Escherichia coli and 10.8% of K. pneumoniae isolates
associated with certain hospital device-related infections
[29]. Extended-spectrum B-lactamase (ESBL)-producing
bacteria are prevalent worldwide and correlated with hos-
pital infections, but they have been evolving as an in-
creasing cause of community-acquired infections [13,
30]. The spread of ESBL constitutes a significant threat
to public health, and infections with ESBL-producing
organisms have been associated with poor outcomes
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[31]. The increased prevalence of ESBL-producing or-
ganisms is a growing threat to global health due to their
multi-drug resistance. Multi-drug resistance is a signifi-
cant cause of morbid infections and mortality in immun-
ocompromised individuals. In this study, ESBL-
producing isolates were considerably high with a preva-
lence of 50% among K. pneumoniae and E. coli isolates.
This correlates with different studies from different years
and institutions. Extended Spectrum Beta-lactamase
were found mostly in K. preumoniae and E. coli isolates
[30-32].

The increase of multi-drug resistance in Gram-negative
bacteria will inevitably have an adverse effect on patients
and healthcare workers in hospitals. This has led to the
persistence of these infections, which are becoming more
challenging to treat [33]. This study found many Gram-
negative isolates, including Pseudomonas aeruginosa,
Klebsiella pneumoniae and Escherichia coli, to be multi-
drug resistant, similar to other reports from the hospital
environment [34]. Of note in this study is the isolation of
A. baumanii from beds and bedpans. Acinetobacter can
live for three to five months on environmental surfaces
and devices and have often been associated as the source
of outbreaks. Alsothey are resistant to numerous antibiot-
ics including carbapenems which makes therapy difficult
[35]. The persistence of multi-drug resistance Gram-
negative infections which are becoming more difficult to
treat will affect patient care adversely, therefore it is nec-
essary to monitor the infections associated with the hos-
pital environment.

This study reveals surfaces of inanimate objects in the
hospital environment as potential sources of healthcare
associated infections. The isolates recovered from differ-
ent environmental sources were K. pneumoniae, P. aeru-
ginosa, E. coli, A. baumanii and P. mirabilis. MDR was
found in 66.7% of the Gram-negative isolates. A high
number of isolates were also resistant to the carbapenems
and produced extended spectrum beta-lactamases. An
effective infection control programme will increase the
awareness for a clean environment. More samples and
isolates from different hospitals need to be further stud-
ied, to give a more comprehensive picture of the burden
of Gram-negative pathogens on healthcare associated
infections.
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