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Abstract

Healthcare-associated infections (HCAIs) remain a major public health con-
cern. The aim of this study was to characterize potential pathogenic bacteria
isolated in high-risk infectious services at the University Hospital Center of
Suru-Léré in Benin. A cross-sectional, descriptive study was carried out on
215 samples with 8 air samples, 20 hand samples and 187 samples of medi-
cal-technical material. Genes for resistance to S-lactam antibiotics (blaTEM,
blaSHV, blaCTX-M and blaOXA-1) were sought. The data were processed
and analyzed using EPI Info version 3.5.4 software. A total of 10 bacterial
species were identified. Of the 319 bacterial strains identified, Staphylococcus
saprophyticus, Staphylococcus aureus and Enterococcus faecalis were predo-
minant at 20.06%, 17.87% and 11.28% respectively. Antibiotic susceptibility
showed that the majority of bacterial strains were multidrug-resistant. Of the
4 resistance genes sought, only the blaTEM and blaSHV genes were found.
The poor microbiological quality observed in high-risk infectious services
could be a risk factor for healthcare-associated infections. It is therefore use-
ful to implement preventive measures in order to prevent or reduce the risk
of healthcare-associated infections.
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1. Introduction

Healthcare-associated infections (HCAIs) remain a major public health concern
[1]. The multiple causes of HCAISs are related to systems, procedures and beha-
vioral practices [2]. The consequences of their occurrence include prolonged
hospital stays, excess costs, high antimicrobial resistance of microorganisms, and
higher mortality or morbidity [3] [4]. To control HCAIs, many preventive measures
have been implemented by the Hospital Infection Control Committees (NICCs).
These main measures concern hand hygiene, isolation of sensitive individuals,
monitoring of antibiotic use, and monitoring of the microbiological quality of
air, water, soil and surfaces. Surveillance is one of the main components of the
policy to reduce HCAIs [3] [5].

The risk of infection is everywhere in health care facilities. The healthcare en-
vironment contributes to the spread of pathogens, despite the progress made in
health safety. Depending on the risk of infection to the patient, the premises of a
health care facility can be classified into four zones. These are the low-risk zone,
the medium-risk zone, the high-risk zone and the very high-risk zone. Thus, to
manage and reduce the health problems that result, first step is to assess the level
of contamination and identify germs in hospitals [6]. The fight against hospital
infectious risks is therefore based on the implementation of rigorous medical
hygiene practices and various preventive measures [7]. The application of inter-
ventions and strategies are likely to reduce the burden of morbidity and mortal-
ity due to HCAIs [2].

In Africa, the prevalence of HCAIs ranges from 2.5% to 14.8% [8]. Informa-
tion on the pathogens responsible for these infections is provided by some data
[9]. In Benin, the issue of HCAIs is not a new one. Strategies to combat this
problem are included in the national hospital hygiene policy in the Republic of
Benin [10]. Several studies have assessed the level of contamination of surfaces,
medical and technical equipment, and premises in health care facilities [4] [11].
This study aimed to characterize potential pathogenic bacteria isolated in high-risk

infectious services at the University Hospital Center of Suru-Léré (CHUZ-SL).

2. Materials and Method

Study setting

This study took place at the CHUZ-SL and the Laboratory of Biology and
Molecular Typing in Microbiology (LBTMM). At the CHUZ-SL, the collection
of samples, morphological characterizations, biochemical characterizations, and
research of the antibiotic sensitivity of the isolated bacteria took place. In the
LBTMM, we looked for virulence factors and resistance genes.

Study population

The study population consisted of surfaces (mattresses, sheets, door handles,
over-blouses, hands of health personnel), air and medical-technical equipment
(incubators, cradles, multiparameter apparatus, gallows, beds, operating table,
surgical lamps, etc.). The departments under investigation were the neonatology,

the recovery room, and the operating theatres.
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Sampling

The sample included 215 samples: 8 air samples, 20 hand samples, and 187
samples of medical-technical equipment.

Data Collection

According to the ISO/DIS 14698-1 standard, we use the swabbing technique
to test for bacteria on technical medical equipment and the hands of health care
personnel. To detect the presence of bacteria in the air, plate count agar (PCA),
blood agar, Chapman agar, Bile Esculin Agar (BEA), Eosin Methylene Blue
(EMB) agar were placed for 30 minutes in the premises of the investigated de-
partments.

Material

The different culture media used were Chapman Agar, PCA, Mueller Hinton,
BEA, DNAse, EMB, Uriselect, Blood Agar, Mueller Hinton Broth, Brain Heart,
Yeast Casamino-acid Pyruvate (YCP). During the study, we used various rea-
gents such as Gram stain reagents, PCR reagent kit, Coomassie Blue, 10% hy-
drochloric acid, hydrogen peroxide, oxidase strip, rabbit plasma, API® 20 E, and
antibiotic discs. The equipment used consisted of refrigerators, freezers, ordi-
nary microscope, mechanical balance, oven at 37°C, autoclave, thermocycler,

Electrophoresis Tank, ultra-violet trans-illuminator.

3. Data Analysis

Culture and isolation of bacteria

The swab technique was used to search for bacteria on medico-technical
equipment and on the hands of health personnel. Sterile moistened swabs were
passed in close parallel streaks, rotating them slightly. This gesture was repeated
in the same area with streaks perpendicular to the horizontal streaks. The swabs
returned to their protective cases were sent to the laboratory.

The agar plates placed for air sampling were incubated for 24 hours at 37°C.
The swabs were inoculated in 5 mL Mueller Hinton (MH) broth and then incu-
bated for 24 hours at 37°C. Bacterial growth resulted in the turbidity of the MH
broth and the presence of colonies on the agar plates. A fresh state and Gram
staining were performed on the cloudy broths. Each cloudy MH broth was then
inoculated by the depletion isolation technique on agar plates such as Chapman,
EMB, BEA, blood agar, Uriselect. The agar plates inoculated were incubated at
37°C for 24 hours.

Identification of bacteria

The study of morphological, cultural, and biochemical characteristics allowed
the identification of isolated bacteria. After incubation, we performed Gram
stain controls and the following biochemical tests: the search for coagulase,
DNAse, catalase, oxidase, and the identification by the API 20E gallery [12]. We
used the radial immunoprecipitation technique or Ouchternoly method to detect
Panton-Valentine Leukocidin (LPV), a toxin produced by staphylococci [13]
[14].
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Antibiogram

Antibiotic susceptibility was studied using the MH agar diffusion method
(Table 1). The MH agar is inoculated by flooding with a 0.5 McFarland bacterial
suspension. Antibiotic discs are deposited on the inoculated agar and dried. In-
cubation is done at 37°C in an oven for 24 hours. The interpretation was made
according to the recommendations of the Antibiogram Committee of the French
Society for Microbiology. Phenotypic detection of ESBL production was also
performed [15] [16]. The antibiotics tested are grouped together in Table 1.
These antibiotics were chosen according to the recommendations of the French
Society of Microbiology.

Search for resistance genes using molecular genetic markers

This research was carried out using the Polymerase Chain Reaction (PCR)
technique.

Extraction of DNA

The extraction of DNA from the bacterial strains was done according to the
method adapted from Rasmussen and Morrisey [17]. The bacterial strains trans-
planted from MH agar were emulsified in 1 mL of MH broth. After incubation at
37°C for 18 hours, the resulting bacterial cultures were centrifuged at 12,000
rpm for 5 minutes. After the second wash, heating in a dry bath at 95°C for 20
minutes was done. The supernatant obtained after centrifugation was transferred
to another Eppendorf tube. 500 pl of 100% ethanol was added. After further
centrifugation, the supernatant obtained was discarded. The DNA is collected in
a mass at the bottom of the Eppendorf tubes. This DNA pellet was then dried at

room temperature under the laminar flow hood.

Table 1. Different families of antibiotics according to the discs tested.

Groups Antibiotics Charge
Penicillin G (P) 1lug
Ampicillin (AMP) 10 pg
Penicillins
Amoxicillin (AML) 25 g
Amoxicillin + Clavulanic acid (AMC) 30 ug
B-LACTAMINS
Carbapenems Ertapenem (ETP) 10 pg
Cefoxitin (FOX) 30 ug
Cephalosporins

Cefotaxime (CTX) 30 ug

Monobactams Aztreonam (ATM) 30 ug
Gentamycin (GN) 10 pg/500ug

AMINOSIDES

Netilmicin (NET) 10 ug

CYCLINES Tétracycline (TE) 30 ug

Macrolides Erythromycin (E) 15 pg

M.L.S
Lincosamides Lyncomycin (MY) 15 pg
Norfloxacin (NOR) 10 pg
QUINOLONES
Ciprofloxacin (CIP) 5ug
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DNA Amplification

The PCR reaction was done in thermal cyclers. Primers of the 16S - 23S gene
were used to identify strains of staphylococci. The primers blaTEM, blaSHV,
blaCTX-M, and blaOXA-1 were used to search for resistance genes of Gram-
negative bacterial strains. The reaction volume for the search for the different
genes was 25 pl. It contained 7.5 pl of bacterial DNA; 2.5 pl of each primer (F
and R) and 12.5 yul of Master Mix 2X. The program used for the amplification of
the 16S - 23S gene was as follows: initial denaturation at 94°C for 2 minutes fol-
lowed by 25 cycles (denaturation at 94°C for 1 minute, hybridization at 47°C for
7 minutes, elongation at 72°C for 2 minutes) followed by a final elongation at
72°C for 10 minutes. The program used for the amplification of the blaSHYV,
blaCTX-M and blaOXA-1 genes was an initial denaturation at 94°C for 10 mi-
nutes, 30 cycles (denaturation at 94°C for 40 seconds, hybridization at 60°C for
40 seconds, elongation at 72°C for 1 minute) and a final elongation at 72°C for 7
minutes. The program used for the amplification of the blaTEM gene was as fol-
lows: initial denaturation at 94°C for 5 minutes; 30 cycles (denaturation at 94°C
for 30 seconds, hybridization at 52°C for 30 seconds, elongation at 72°C for 1
minute) and final elongation at 72°C for 10 minutes [18]. The sequences and
fragments of the 16S - 23S, blaTEM, blaSHV, blaCTX-M and blaOXA-1 primers
used are presented in Table 2.

Agarose gel electrophoresis

The verification of the presence of DNA was done by agarose gel electropho-
resis. The size of the PCR products was determined by comparison with a DNA
ladder of the molecular weight marker. This molecular weight marker contains
DNA fragments of known size. The 1.2% agarose gel was prepared by dissolving
1.2 g of the agarose gel in 100 ml of TBE 1X (Tri Base EDTA). The prepared so-
lution is boiled. 1 pl of BET (Ethidium Bromide) was added after slight cooling.

The BET intercalates between the nitrogen bases. It emits ultraviolet fluorescent

Table 2. Different resistance genes of interest.

Primers Primer sequences (5' > 3") Genome size Reference

OT-F 5-ATTGGGTGCACGAGTGGGTTAC-3
blaTEM 467 [18]
OT-R 5-ATAATTGTTGCCGGGAAGCTAG-3’

SHV-F 5-AGCCGCTTGAGCAAATTAAAC-3’
blaSHV 713 (18]
SHV-R 5-ATCCCGCAGATAAATCACCAC-3’

CTX-F 5-TTAGGAARTGTGCCGCTGYA-3
blaCTX-M 688 [18]
CTX-R 5-CGATATCGTTGGTGGTRCCAT-3'

OXA-1-F  5-GGCACCAGATTCAACTTTCAAG-3’
blaOXA-1 564 [18]
OXA-1-R  5-GACCCCAAGTTTCCTGTAAGTG-3’

G-1 5-GAAGTCGTAACAAGG-3’
16S - 23S 237 - 437 (18]
L-1 5-CAAGGCATCCACCGT-3’
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light. The gel containing the BET was poured into the vessel. The fine combs are
placed in the warm gel. They are removed after solidification of the gel. They
leave holes in the gel called wells. This gel is then deposited in the migration ba-
sin. It was deposited respectively in the wells: 8 pl of the 100 base pair molecular
weight marker (Biolabs), a negative control, a positive control, and PCR prod-
ucts (or dissolved DNA pellets). Migration on 1.2% agarose gel was performed
in TBE 1X buffer, under a constant voltage of 100 V for 30 minutes. The agarose
gel was visualized using an ultra-violet transilluminator. Wherever fluorescence
is emitted, BET can be said to be present. If there is BET, it means that there are
nitrogenous bases. Nitrogenous bases signal the presence of DNA in PCR prod-
ucts or DNA pellets.

Statistical analysis

The data were processed and analyzed using EPI Info version 7 and MiniTab

17 software.

4. Results

Bacterial species present in medical-technical equipment, hands of per-
sonnel and the air

About 81% of the bacterial strains were isolated from medical-technical
equipment. A total of 10 bacterial species were identified (Acinetobacter bau-
mannii, Enterobacter cloacae, Enterococcus faecalis, Klebsiella pneumoniae, Pro-
teus vulgaris, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus
epidermidis, Staphylococcus saprophyticus, Streptococcus agalactiae). The most
frequently isolated were Staphylococcus saprophyticus (20.06%), Staphylococcus
aureus (17.87%), Enterococcus faecalis (11.28%) and Acinetobacter baumannii
(10.66%). Among the 10 bacterial species identified, 3 were found at all sampling
sites at the same time. In neonatology, the predominant bacterial species was
Staphylococcus aureus (23.91%). It was followed by Enterococcus faecalis (13.04%)
and Pseudomonas aeruginosa (11.96%). In the recovery room, Enterococcus
faecalis (20.27%) and Staphylococcus saprophyticus (18.92%) were the most iso-
lated bacterial species. These two bacterial species were found at all sampling
sites. In the operating theatres, Staphylococcus saprophyticus was the most iso-
lated (26.79%). It was found at all three sites.

Resistance profile of identified bacteria to antibiotics

Gram-positive bacterial resistance to the families of antibiotics tested

The strains of Enterococcus faecalis had 7 different antibiotic resistance pro-
files with multidrug-resistance observed in 73.08% of cases. Most strains of Sta-
phylococcus aureus (89.66%) were multidrug-resistant (MDR) with 9 different
resistance patterns observed. The vast majority (92.30%) of Staphylococcus epi-
dermidis strains were MDR with 6 different resistance patterns. Strains of Sta-
phylococcus saprophyticus had 9 different resistance profiles with 85.71% of
strains being MDR. A MDR of 91.67% was observed with 6 resistance profiles

for Streptococcus agalactiae strains (Table 3).
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Table 3. Observed resistance profiles for Gram-positive bacteria.

Resistance patterns observed for strains of Staphylococcus epidermidis

1 2 3 4 5 n % OBSERVATION
AML' - AMCS - PR - CTXS GNR - NET® TER ER - MYR CIPS - NOR® 3 23.08 BMR
AMLR - AMC' - P? - CTX? GNR-NET®  TER ER - MYR CIPR - NORR® 3 23.08 BMR 92.30%
AML® - AMCS - PR - CTXR GN® - NETS TER ER - MYR CIPR - NOR®R 2 15.38 BMR
AML®} - AMCS - PR- CTX! GN' - NET® TER ER - MYR CIPR - NORR 2 15.38 BMR
AMLR - AMC' - PR - CTXR GNR - NET® TER ER - MY! CIP® - NORR 2 15.38 BMR
AML' - AMCS - PR - CTXS GN'- NET® TER E'- MY® CIP® - NOR® 1 7.70 /

Total 13 100.00

Resistance patterns observed for strains of Staphylococcus saprophyticus

AMLR - AMC! - PR - CTX® GNR-NETS  TER ER - MYR CIPR - NORR® 5 17.87 BMR

AMLR - AMCR - PR- CTXR GNR-NET®R  TER ER - MYR CIP} - NORR 4 14.29 BMR

AMLR - AMCR - PR - CTX? GNR-NET®  TER ER - MYR CIP} - NORR 3 10.71 BMR

AMLR - AMC! - PR - CTX® GNR-NET®  TER ER - MYR CIP} - NOR®R 3 10.71 BMR 85.71%
AMLR - AMC' - PR - CTXR GNR-NET®  TE! ER - MYR CIP® - NORR 3 10.71 BMR

AML' - AMCS - P'- CTX? GNS-NETS  TER ER - MYR CIP} - NORR 3 10.71 BMR

AML®R - AMCR - PR- CTXS GN®- NET®  TER ES- MY! CIP® - NOR® 2 7.14 BMR

AML! - AMCR - PI- CTX! GN'-NET®  TE® E'- MYR CIP!- NORR® 1 3.57 BMR

AML' - AMCR - PR - CTX® GN®-NET®  TES E'- MYR CIPS - NOR® 4 14.29 /

Total 28 100.00

Resistance patterns observed for Staphylococcus aureus strains

FOX®- AMLR- AMCR- PR- CTX® GNR -NET® TER E? - MYS CIPS - NOR®? 7 24.14 BMR
FOX®- AML® - AMC® - PR - CTX® GNF-NET'  TE® ER - MY®R CIP® - NOR*? 5 17.25 BMR
FOX®R - AMLR - AMCR - PR - CTXR GNR-NETS  TER E'- MYR CIP® - NORR 3 10.34 BMR
FOX®R - AMLR - AMCR - PR - CTX®R GNR -NET® TER ER - MY® CIP® - NOR® 3 10.34 BMR
FOX®- AMLR - AMCR- PR- CTX! GNR -NET® TES ES- MYR CIP® - NOR®R 3 10.34 BMR 89.66%
FOX® - AML®R - AMC' - PR - CTX® GN' -NET® TER ER - MYR CIP® - NOR® 2 6.90 BMR
FOXS - AML®} - AMCS - P*- CTXS GNR -NET® TER E* - MY CIPS - NORS® 2 6.90 BMR
FOX!- AMLR - AMC' - P* - CTX® GNR -NET! TER E'- MYS CIP® - NOR®R 1 3.45 BMR
FOXS - AMLS - AMC® - P' - CTX® GN®-NET®  TE® ES- MY® CIP® - NOR® 3 10.34 /

Total 29 100.00

Resistance patterns observed for Streptococcus agalactiae strains

AMP®? - AML® - AMCR - P* - CTX® GN*! TER E'- MY® CIP® - NOR*? 7 29.17 BMR
AMP®? - AML! - AMCS - P*- CTX® GN*R TER ER - MYR CIP® - NOR®R 5 20.83 BMR
AMPS - AML! - AMCS - PR - CTX® GN*S TER ER - MY® CIP® - NOR® 4 16.67 BMR 91.67%
AMP®? - AML® - AMC' - P*- CTX! GN*$ TER ER - MY®R CIP' - NOR® 3 12.50 BMR
AMPR - AMLR - AMC'- PR - CTXR® GN*$ TER ER-MYS CIP® - NOR! 3 12.50 BMR
AMPS - AMLS - AMCS - P* - CTX® GN*S TER ES- MY® CIPS - NOR® 2 8.33 /

Total 24 100.00
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Continued

Resistance patterns observed for Enterococcus faecalis strains

AMPR - AML! - AMCS - PR - CTX®
AMPS - AMLS - AMCS - PR - CTX!
AMP® - AMLR - AMCS - PR - CTX!
AMPS - AMLS - AMCS - PR - CTX?
AMP® - AML® - AMCR® - P* - CTX®
AMPS - AMLS - AMCS - P! - CTX®

AMPS - AMLS - AMCS - P! - CTX!

GN*R TER ER - MYR CIP® - NORR 8 30.77 BMR

GN'S TER ER - MY! CIP® - NORR 5 19.23 BMR

GN'R TER ER - MYR CIPS - NORS 3 11.54 BMR 73.08%
GN'R TES ER - MYR CIP' - NOR! 2 7.69 BMR

GN™® TE! E'- MYR CIP' - NORR 1 3.85 BMR

GN'® TER ES-MY® CIPS- NORS 4 15.38 /

GN'® TE! E'- MYR CIP® - NOR! 3 11.54 /

Total 26 100

1: Beta-lactams; 2: Aminoglycosides; 3: Cyclins; 4: Macrolides; 5: Quinolones; BMR: Multi Resistant Bacteria; R: Resistant; S: Sensitive; I: Intermediate.

Resistance of Gram-negative bacteria to the families of antibiotics tested

Antibiotic resistance patterns observed for Acinetobacter baumannii strains
were 7, and a large proportion of these strains (76.48%) were MDR. The strains
of Enterobacter cloacae had 7 different antibiotic resistance patterns and were all
MDR. The 17 strains of Klebsiella pneumoniae had 7 different antibiotic resis-
tance patterns with MDR of 64.70%. Most of the Pseudomonas aeruginosa
strains (82.35%) were MDR with resistance profiles of 6. The isolated Proteus
vulgaris strain showed resistance to all beta-lactam antibiotics and all aminogly-
cosides tested (Table 4).

Resistance factors of Gram-positive bacteria

Search for 16S - 23S genes

Figure 1 shows the electrophoretic profile of the presence of the 16S - 23S
gene. The search for the 16S - 23S gene in strains of staphylococci of all species
showed that all isolates tested possessed this gene. In Figure 1, the bands ob-
served differed by species and molecular weights ranged from 237 bp to 437 bp.

Search for Panton-Valentine Leukocidin in Staphylococcus aureus

None of the Staphylococcus aureus strains isolated produced Panton-Valen-
tine Leucocidin.

Resistance factors of Gram-negative bacteria

The BLSE phenotype was not detected in any of the Gram-negative bacterial
isolates isolated. Of the 4 resistance genes sought (blaTEM, blaSHV, blaCTX-M
and blaOXA-1), only the blaTEM and blaSHV genes were found. They were
more present in the operating rooms (60% blaTEM and 50% blaSHV) than at
the other sites. Figure 2 shows the electrophoretic profile of the blaTEM gene.
Only the samples in wells 3, 5, 6, and 10 possess this gene with a molecular
weight of 467 bp in Figure 2.

The electrophoretic profile of the blaSHV gene is shown in Figure 3. In this
figure, the blaSHV gene is present in the samples in wells 1 and 6 with a mole-

cular weight of 713 bp.
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Table 4. Observed resistance profiles for Gram-negative bacteria.

Resistance patterns observed for Klebsiella pneumoniae strains

AMLR - AMCR - PR - CTXR - ATMR - ETP? NETR- GN® TER CIP' - NOR! 3 17.67 BMR

AMLR - AMCR - PR - CTX®R - ATMR - ETP? NET' - GNR TER CIP® - NOR® 2 11.76 BMR

AMLR - AMCR - PR - CTX®R - ATMR - ETP? NET® - GN*? TER CIPS - NOR! 2 11.76 BMR 64.70%
AML® - AMCR - PR - CTX®?- ATM®? - ETPR NET® - GN®? TER CIP® - NOR! 2 11.76 BMR

AML® - AMC! - PR- CTX®? - ATMR- ETPR NET® - GN*? TER CIPS- NOR® 2 11.76 BMR

AML®R - AMCR - PR CTXR- ATMR - ETPR NET' - GN® TE! CIPS - NOR® 4 23.54 /

AMLR - AMCR - PR - CTXR- ATM® - ETP} NET! - GN® TER CIPS - NOR! 2 11.76 /

Total 17 100.00

Resistance patterns observed for strains of Enterobacter cloacae

AMP? - AML® - AMCR-P*- CTX®*- ATM® - ETP® NET® - GN® TER CIP® - NORS 5 26.32 BMR
AMP® - AML} - AMCR - PR - CTX®- ATMR - ETPS NETR- GN® TER CIP' - NOR! 3 15.78 BMR
AMP®? - AML! - AMCR- PR~ CTX® - ATM®R - ETP? NET® - GN® TER CIP® - NOR® 3 15.78 BMR
AMPR - AMLR - AMCR - PR - CTXR - ATM® - ETP?  NET® - GNR TER CIP' - NOR! 2 10.53 BMR 100%
AMPR - AMLR - AMCR - PR - CTXR - ATM® - ETP?  NET® - GNR TES CIP' - NOR®? 2 10.53 BMR
AMP®? - AML? - AMCR - PR - CTX® - ATMR - ETPR  NET® - GNR TER CIPS - NOR! 2 10.53 BMR
AMP®R - AMLR - AMC!- PR - CTX® - ATM!- ETPS NET®- GNR TER CIPS- NORS 2 10.53 BMR
Total 19 100.00

Observed resistance profile for Proteus vulgaris strain

AMPR - AMIR - AMCR-P*- CTX®- ATM® - ETP®R  NET® - GN*® TE! CIP® - NOR® 1 100 /

Total 1 100.00

Resistance patterns observed for Acinetobacter baumannii strains

AMPR - AMLR - AMCR - PR- CTX® - ATM®R - ETPR  NET® - GN® TER CIPS - NORS 4 23.54 BMR

AMPR - AMLR - AMCR - PR - CTX® - ATMR - ETPR  NET®- GN* TER CIP® - NOR® 3 17.67 BMR

AMPR - AMLR - AMCR - PR - CTXR- ATM® - ETP®*  NET'- GN® TER CIPS - NOR! 2 11.76 BMR 76.48%
AMP? - AMI® - AMC' - P*- CTX® - ATM® - ETP? NET® - GNR TER CIP® - NORS® 2 11.76 BMR

AMPR - AMLR - AMC! - PR - CTXR - ATM! - ETP?*  NET®- GN*® TES CIP' - NOR®? 2 11.76 BMR

AMP® - AML®? - AMCR® - P?- CTX® - ATM* - ETP' NET®- GN® TES CIP® - NOR! 2 11.76 /

AMP® - AML®? - AMC®? - P? - CTX® - ATM® - ETP' NET®- GN° TE® CIPS - NOR! 2 11.76 /

Total 17 100.00

Resistance patterns observed for Pseudomonas aeruginosa strains

AMP® - AML® - AMC®R - P?- CTX® - ATM® - ETP® NET® - GN* TER CIP® - NOR® 4 23.53 BMR
AMP® - AML? - AMCR - P*- CTX® - ATM® - ETP® NET®- GN*® TER CIP® - NORS 3 17.65 BMR
AMPR - AMLR - AMCR - PR - CTXR - ATM®R - ETP®*  NET® - GN* TER CIP® - NOR! 3 17.65 BMR 82.35%
AMPR - AMLR - AMCS - PR - CTXR - ATM® - ETPS NETR® - GN® TER CIP'- NOR® 2 11.76 BMR
AMPR - AMLR - AMCR- PR - CTX® - ATM} - ETPS NET® - GN! TE® CIPS - NOR® 2 11.76 BMR
AMPR - AMLR - AMCR - PR- CTXR- ATM®R - ETP®*  NET®- GN® TES CIPS - NOR! 3 17.65 /
Total 17 100.00

1: Beta-lactams; 2: Aminoglycosides; 3: Cyclins; 4: Quinolones; BMR: Multi Resistant BacteriaR: Resistant; S: Sensitive; I: Intermediate.
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Figure 1. Electrophoretic profile of the presence of the 16S - 23S gene. M: Molecular
weight marker; Wells 1 to 11: Positive samples; PT: Positive control; NT: Negative control.
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Figure 2. Electrophoretic profile of the presence of the blaTEM gene. Molecular weight
marker; PT: Positive control; NT: Negative control; Wells 3, 5, 6 and 10: Positive blaTEM
samples; Wells 1, 2, 4, 7, 8, 9 and 11: Negative blaTEM samples.

713pb
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Figure 3. Electrophoretic profile of the presence of the blaSHV gene. M: Molecular
weight marker; Wells 1 and 6: Positive blaSHV samples; Wells 2, 3,4, 5,7, 8,9, 10 and 11:
Negative blaSHV samples; TP: Positive control; TN: Negative control.
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5. Discussion

The results of this study showed that the air, medical-technical equipment, and
hands of the staff were contaminated with bacteria. Contamination of the hospital
environment is mainly characterized by the interaction between bio-contamination
of surfaces, hands, and airborne contamination. This interaction is ensured in
the environment by the sedimentation of germs from the air on surfaces, floors,
medical-technical equipment, or bedding [19]. The presence of these bacteria in
high-risk infectious services could be a risk factor for healthcare-associated in-
fections. It could also result in inadequate compliance with preventive measures
by healthcare workers. Coagulase-negative Staphylococcus aureus (29.78%) and
Staphylococcus aureus (17.81%) were the majority species identified during the
study. Their presence could be due to a failure in bio-cleaning and sterilization
at CHUZ-SL. These results are comparable to those of Nabila et al, who re-
ported that the bacteria frequently isolated from surfaces at the El Idrissi Hos-
pital in Kenitra, Morocco, are coagulase-negative staphylococci and Staphylo-
coccus aureus [3]. Furthermore, Mora et al. showed that, despite effective clean-
ing procedures and the use of disinfectants, pathogenic bacteria are generally
found on surfaces and other equipment commonly used in hospitals [20].

Taking into account the contamination per department, the predominant
bacterial species isolated in neonatology was Staphylococcus aureus (23.91%).
Similar results were obtained by Degbey et al [21], in the neonatology depart-
ment of the Departmental and University Hospital Center of Ouémé-Plateau
(CHUD-OP), with a rate of 21.95% of Staphylococcus aureus isolated. Never-
theless, there is a dissimilarity in the other bacterial species isolated in the two
neonatology departments. This dissimilarity can be seen in the presence of bac-
terial species such as Acinetobacter baumannii, Enterobacter cloacae, Entero-
coccus faecalis, Pseudomonas aeruginosa, and Streptococcus agalactiae in
CHUZ-SL and their absence in CHUD-OP. This difference in bacterial species
could be due to the composition of the environmental microbiota which differs
from one hospital to another, and from one department to another within the
same hospital. Considering the presence of pathogens present in the recovery
room, the main bacteria isolated were Gram-positive cocci (Enterococcus faeca-
lis, Staphylococcus saprophyticus, and Staphylococcus aureus). Studies con-
ducted on bacterial ecology in intensive care units in Morocco and Cameroon
also revealed the presence of various bacteria. The origin of these bacteria may
be exogenous, through cross-transmission between patients, staff, and the envi-
ronment [22] [23]. About to microbiological quality in operating theaters, bac-
terial contamination was also observed by Gonsu et al [24] in two reference
hospitals in Yaoundé. Degbey et al [11] in their study conducted at the CNHU-
HKM identified the species Enterobacter agglomerans versus Enterobacter cloa-
cae at CHUZ-SL. The biodiversity of microorganisms and the composition of the
environment could explain this difference in bacterial species.

Based on the results of the antibiogram, it was found that the bacteria isolated

DOI: 10.4236/aim.2021.111001

11 Advances in Microbiology


https://doi.org/10.4236/aim.2021.111001

C. Dégbey et al.

have variable resistance to the majority of the antibiotics tested. This resistance
is also independent of the percentage of bacteria isolated. Indeed, according to
Nabila et a/ [3] some bacteria, although in small proportion, show a high resis-
tance to most of the antibiotics tested. This is the case in this study of Proteus
vulgaris, which had a resistance rate of 66.67% to the antibiotics tested. The ma-
jority of the strains of the 10 bacterial species isolated were MDR bacteria. In-
deed, these different strains were resistant to at least three different families of
antibiotics. This antibiotic resistance by most of the bacteria isolated was also
shown at CNHU-HKM [4] [11]. The existence of a high percentage of MDR
bacteria should be of concern to all stakeholders at different levels. These results
would explain the potential danger that these bacteria would represent for the
health of all patients, health and administrative staff, and visitors to the hospital.

The use of nucleic acid targets, with their high sensitivity and specificity, is an
alternative technique for the precise identification and classification of staphy-
lococcal species [25]. The search for the 16S - 23S gene was positive for all
strains of staphylococci tested. This genotypic confirmation of the Staphylococ-
cus genus ruled out possible phenotypic identification errors. One of the viru-
lence factors of Staphylococcus aureus is the production of Panton-Valentine
Leucocidin. Nevertheless, none of our strains produced this toxin. The strains of
Staphylococcus aureus isolated in this study, although pathogenic, are not viru-
lent. The blaCTX-M, blaSHV, blaTEM and blaOXA-1 genes are related to the
production of ESBLs by gram-negative bacteria. With respect to the production
of S-extended-spectrum lactamases, the phenotypic detection of their presence
was negative for all isolates tested. Amplification of the f-lactam resistance genes
by real-time PCR showed only the presence of the blaTEM and blaSHV genes.
The presence of the blaSHV and blaTEM genes shows that they may be present
without being phenotypically expressed. Furthermore, the presence of the TEM
and SHV genotypes could predict the resistance profile to Cefotaxime (CTX)
and Aztreonam (ATM).

The same finding was made by Maina et al, who found in Nairobi, Kenya,
that the presence of the SHV gene could predict resistance to Ceftazidime [26].
The coexistence of different resistance genes in gram-negative bacteria may ex-
plain their MDR [27] [28]. Therefore, the hospital environment (air, soil, surfac-
es, equipment) contaminated by MDR bacteria can serve as a reservoir for cross-
transmission of these bacteria [29]. This could make therapeutic diagnosis diffi-
cult if they were transmitted to humans and pose a public health problem. This
study carried out on the characterization of potentially pathogenic bacteria
present in the air, on medical-technical equipment, and on the hands of health-
care personnel, could only take into account three services with a high risk of
infection. This does not give a global idea of the pathogenic bacteria in all the

hospital’s departments.

6. Conclusion

This study revealed that the microbiological quality of the technical medical
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equipment, the hands of the health personnel, and the air in some high-risk in-
fectious services at the CHUZ-SL are low. We have indeed observed the presence
of pathogenic bacteria in these services and MDR in the majority of bacterial
strains. Besides, the pathogenicity of these bacteria is strengthened by the acqui-
sition of antibiotic resistance genes (presence of the blaTEM and blaSHV genes).
Consequently, prevention measures should be put in place in order to reduce the
risk of HCAIs. These preventive measures are going to be focused on the obser-
vance of hand hygiene, bio-cleaning, sterilization and disinfection, vaccination

of health care personnel, and training in hospital hygiene.
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