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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.  
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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 β-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 µg); FOX-
cefoxitin (30 µg); CAZ-ceftazidime (30 µg); CTX-
cefotaxime (30 µg); AK-amikacin (30 µg); CN-
gentamicin (10 µg); TPZ-piperacillin/tazobactam (100/10 
µg); MEM-, meropenem (10 µg); LEV -Levofloxacin 
(5µg) and CIP- Ciprofloxacin (5µg). 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 35-37ºC 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]. 

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 (30μg), cefotaxime (30μg), 
ceftriaxone (30μg), and aztreonam (30μg) were placed 
20mm apart (center to center) from the amoxicillin-
clavulanate disk. After 18-20 hours of incubation at 350C
-370C, 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-β-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 5ml of broth was streaked 
on the Mueller Hinton agar plate. 10µg 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 35-37ºC 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.  

 

Adenipekun et al Pan African Journal of Life Sciences (2023): 6(3): 555-563 



 

558 

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

S/N Sites Number of 
samples 
(N=200) 

Number of 
Gram nega-
tive isolates 
(n=30) 

A.baum
anii 

E. coli K. pneu-
moniae 

P. aerugino-
sa 

P. mirabilis 

 1. Beds 60(30%) 6 (20%) 1 - - 3 2 

2. Bed pans 23(11.5%) 3(10%) 1 - 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. 
  
9. 
  
TOTAL 

Infusion stand 
Tables 

5(2.5%) 
  
5(2.5%) 
  
200 

1(3.3%) 
  
1(3.3%) 
  
30 (15%) 

- 
  
  
  
2(6.7%) 

1 
  
1 
  
11(36.7%) 

- 
  
  
  
12(40%) 

- 
  
  
  
3(10%) 

- 
  
  
  
2(6.7%) 
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A.baumanii, produced carbapenemase (Table 3). Nine-
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).  

 

4.0 DISCUSSION 

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 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%) 
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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 A. 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 β-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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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%) 

Key: β-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 

Antibiotic resistance pattern Number of 
isolates 

Number of clas-
ses 

Number of 
ESBL 

Number of 
car-
bapenemase 

AMC CAZ CTX 1 1 1 0 

AMC CAZ FOX PTZ CIP MER AK GEN LEV 
CTX 

8 3 7 1 

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 

CAZ CN 4 1 0 0 

Table 3. Multidrug Resistance Pattern and Production of Beta-lactamases of Isolates from the Hospital Environment  
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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. pneumoniae 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. 

Conflicts of Interest 

The authors declare that there is  no conflict of interests.  

 

Acknowledgment 

The authors acknowledge Mrs Folake Peters, the deputy 
director of medical microbiology laboratory in LUTH for 
her assistance with the equipment and laboratory space  

Authors’ Contributions 

EOA conceived and designed the study, contributed to 
data analysis tools and manuscript writing. LSO contrib-
uted to collection of data, data analysis tools and analysis 
of data. VAA, IMA-S   contributed to data analysis tools 
and analysis of data.  All authors approved the final copy 
of the manuscript. All authors approved the final copy of 
the manuscript.  

 

REFERENCES 
1. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Fal-

agas ME, Giske CG, Harbarth S, Hindler JF, Kahlmeter 
G, Olsson-Liljequist B, Paterson DL. Multidrug-resistant, 
extensively drug-resistant and pandrug-resistant bacteria: 
an international expert proposal for interim standard defi-
nitions for acquired resistance. Clinical microbiology and 
infection. 2012; 18(3):268-81. 

2. Bereket W, Hemalatha K, Getenet B, Wondwossen T, 
Solomon A, Zeynudin A, Kannan S. Update on bacterial 
nosocomial infections. Eur Rev Med Pharmacol Sci. 
2012;16(8):1039-44. 

3. Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial re-
sistance: a global multifaceted phenomenon. Pathogens 
and global health. 2015;109(7):309-18. 

4. Ogunsola FT, Mehtar S. Challenges regarding the control 
of environmental sources of contamination in healthcare 
settings in low-and middle-income countries-a narrative 
review. Antimicrobial Resistance & Infection Control. 
2020;9(1):1-9. 

5. Klevens RM, Edwards JR, Richards Jr CL, Horan TC, 
Gaynes RP, Pollock DA, Cardo DM. Estimating health 
care-associated infections and deaths in US hospitals, 
2002. Public health reports. 2007;122(2):160-6. 

6. Scherbaum M, Kösters K, Mürbeth RE, Ngoa UA, 
Kremsner PG, Lell B, Alabi A. Incidence, pathogens, and 
resistance patterns of nosocomial infections at a rural hos-
pital in Gabon. BMC infectious diseases. 2014;14(1):1-8. 

7. Kesah NF, Vincent KP, Chrysanthus N. Healthcare asso-
ciated infections in three hospitals in Dschang, West Re-
gion, Cameroon. Ann Trop Med Public Health. 2013;6
(1):23-9. 

8. Ige OK, Adesanmi AA, Asuzu MC. Hospital-acquired 
infections in a Nigerian tertiary health facility: An audit of 
surveillance reports. Nigerian medical journal: journal of 
the Nigeria Medical Association. 2011;52(4):239. 

Adenipekun et al Pan African Journal of Life Sciences (2023): 6(3): 555-563 



 

562 

9. Okezie OA, Onyemelukwe NF. Nosocomial infection in a 
Nigerian rural maternity centre: A series of 9 cases. East 
African Medical Journal. 2007;84(2):83-7. 

10. Breijyeh Z, Jubeh B, Karaman R. Resistance of gram-
negative bacteria to current antibacterial agents and ap-
proaches to resolve it. Molecules. 2020;25(6):1340. 

11. Chaoui L, Mhand R, Mellouki F, Rhallabi N. Contamina-
tion of the Surfaces of a Health Care Environment by 
Multidrug-Resistant (MDR) Bacteria. Int J Microbiol. 
2019; doi: 10.1155/2019/3236526.  

12. Kramer A, Assadian O. Survival of Microorganisms on 
Inanimate Surfaces. Use of Biocidal Surfaces for Reduc-
tion of Healthcare Acquired Infections. 2014; doi: 
10.1007/978-3-319-08057-4_2. 

13. Adenipekun EO, Jackson CR, Ramadan H, Iwalokun BA, 
Oyedeji KS, Frye JG, Barrett JB, Hiott LM, Woodley TA, 
Oluwadun A. Prevalence and multidrug resistance of 
Escherichia coli from community-acquired infections in 
Lagos, Nigeria. The Journal of Infection in Developing 
Countries. 2016;10(09):920-31. 

14. Clinical and Laboratory Standards Institute. Performance 
standards for antimicrobial susceptibility testing. CLSI 
supplement M100. 2020; m100ed30_sample.pdf (clsi.org)  

15. Garrec H, Drieux-Rouzet L, Golmard JL, Jarlier V, Rob-
ert J. Comparison of nine phenotypic methods for detec-
tion of extended-spectrum β-lactamase production by En-
terobacteriaceae. Journal of clinical microbiology. 
2011;49(3):1048-57. 

16. Ramana KV, Rao R, Sharada CV, Kareem MA, Reddy 
LR, Mani MR. Modified Hodge test: a useful and the low-
cost phenotypic method for detection of carbapenemase 
producers in Enterobacteriaceae members. Journal of nat-
ural science, biology, and medicine. 2013;4(2):346. 

17. Wilson AP, Livermore DM, Otter JA, Warren RE, Jenks 
P, Enoch DA, Newsholme W, Oppenheim B, Leanord A, 
McNulty C, Tanner G. Prevention and control of multi-
drug-resistant Gram-negative bacteria: recommendations 
from a Joint Working Party. Journal of Hospital Infection. 
2016;92:S1-44. 

18. Agbalaya OV, Osuagwu CS, Oduyebo OO. Environmen-
tal Reservoirs of Healthcare Associated Infections in the 
Neonatal Wards of a University Teaching Hospital in La-
gos, Nigeria. Medical Microbiology & Diagnosis. 2021; 
10 (4): 318 DOI: 10.37421/2161-0703.2021.10.318. 

19. Garcia-Cruz C, Aguilar MN, Arroyo-Helguera O. Fungal 
and bacterial contamination on indoor surfaces of a hospi-
tal in Mexico. Jundishapur Journal of Microbiology. 
2012;5(3):460-4. 

20. Ndu IK, Asinobi IN, Ekwochi U, Nduagubam OC, Amadi 
OF, Okeke IB, Iheji CC, Onu NN. The bacterial profile 
and sensitivity patterns of isolates from medical equip-
ment and surfaces in the Children’s emergency room of a 

Nigerian hospital: The bacterial profile and sensitivity 
patterns of isolates from medical equipment and surfaces. 
Med Sci Discov. 2019; 6(9):192-7.  

21. Santos-López A, Rodríguez-Beltrán J, San Millán Á. The 
bacterial capsule is a gatekeeper for mobile DNA. PLoS 
Biology. 2021; 19(7): e3001308. 

22. Ayobami O, Willrich N, Harder T, Okeke IN, Eckmanns 
T, Markwart R. The incidence and prevalence of hospital-
acquired (carbapenem-resistant) Acinetobacter baumannii 
in Europe, Eastern Mediterranean and Africa: a systematic 
review and meta-analysis. Emerging microbes & infec-
tions. 2019; 8(1):1747-59. 

23. Friedman ND, Temkin E, Carmeli Y. The negative impact 
of antibiotic resistance. Clin Microbiol Infect. 2016;22
(5):416-22. doi: 10.1016/j.cmi.2015.12.002.  

24. Chandel NS, Budinger GR. The good and the bad of anti-
biotics. Sci Transl Med. 2013; 5(192):192fs25. doi: 
10.1126/scitranslmed.3006567.  

25. Meade E, Slattery MA, Garvey M. Bacteriocins, potent 
antimicrobial peptides and the fight against multi drug 
resistant species: resistance is futile?. Antibiotics. 2020; 9
(1):32. 

26. Cornejo-Juárez P, Vilar-Compte D, Pérez-Jiménez C, 
Ñamendys-Silva SA, Sandoval-Hernández S, Volkow-
Fernández P. The impact of hospital-acquired infections 
with multidrug-resistant bacteria in an oncology intensive 
care unit. International Journal of Infectious Diseases. 
2015; 31:31-4. 

27. Ogbolu DO, Webber MA. High-level and novel mecha-
nisms of carbapenem resistance in Gram-negative bacteria 
from tertiary hospitals in Nigeria. International journal of 
antimicrobial agents. 2014; 43(5):412-7. 

28. Rhomberg PR, Jones RN. Summary trends for the mero-
penem yearly susceptibility test information collection 
program: a 10-year experience in the United States (1999–
2008). Diagnostic microbiology and infectious disease. 
2009; 65(4):414-26. 

29. Hidron AI, Edwards JR, Patel J, Horan TC, Sievert DM, 
Pollock DA, Fridkin SK; National Healthcare Safety Net-
work Team; Participating National Healthcare Safety Net-
work Facilities. NHSN annual update: antimicrobial-
resistant pathogens associated with healthcare-associated 
infections: annual summary of data reported to the Na-
tional Healthcare Safety Network at the Centers for Dis-
ease Control and Prevention, 2006-2007. Infect Control 
Hosp Epidemiol. 2008; 29(11):996-1011. doi: 
10.1086/591861. Erratum in: Infect Control Hosp Epi-
demiol. 2009 Jan;30(1):107.  

30. Mahmud ZH, Kabir MH, Ali S, Moniruzzaman M, Imran 
KM, Nafiz TN, Islam MS, Hussain A, Hakim SA, Worth 
M, Ahmed D. Extended-spectrum beta-lactamase-
producing Escherichia coli in drinking water samples 

Adenipekun et al Pan African Journal of Life Sciences (2023): 6(3): 555-563 



 

563 

from a forcibly displaced, densely populated community 
setting in Bangladesh. Frontiers in public health. 2020; 
8:228. https://doi.org/10.3389/fpubh.2020.00228 

31.  Olowe OA, Grobbel M, Büchter B, Lübke-Becker A, 
Fruth A, Wieler LH. Detection of blaCTX-M-15 extended
-spectrum β-lactamase genes in Escherichia coli from hos-
pital patients in Nigeria. International journal of antimicro-
bial agents. 2010;35(2):206-7. 

32. Ibrahim ME, Bilal NE, Hamid ME. Increased multi-drug 
resistant Escherichia coli from hospitals in Khartoum 
state, Sudan. African health sciences. 2012;12(3):368-75. 

33. Victor LY. Guidelines for hospital-acquired pneumonia 
and health-care-associated pneumonia: a vulnerability, a 

pitfall, and a fatal flaw. The Lancet infectious diseases. 
2011;11(3):248-52. 

34. Osundiya OO, Oladele RO, Oduyebo OO. Multiple antibi-
otic resistance (MAR) indices of Pseudomonas and 
Klebsiella species isolates in Lagos University Teaching 
Hospital. African Journal of Clinical and Experimental 
Microbiology. 2013;14(3):164-8. 

35. Kramer A, Schwebke I, Kampf G. How Long Do Noso-
comial Pathogens Persist on Inanimate Surfaces? A Sys-
tematic Review. BMC Infect Dis. 2006; 6:130. doi: 
10.1186/1471-2334-6-130.  

Adenipekun et al Pan African Journal of Life Sciences (2023): 6(3): 555-563 


