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Abstract

Background: Antimicrobial resistance surveillance and infection risk assessment are important for optimizing the quality of
healthcare in hospitals.
Objectives: This study aimed to evaluate the antimicrobial resistance and infection risks in Tertiary hospitals in Benin.
Methods: Bacteriological examinations were carried out on swab samples from the hospital environment at Sakété-Ifangni Hospital
and Menontin Hospital in Benin. The environmental swabs were supplemented with wound swabs from Menontin Hospital. In both
hospitals, antibiotic susceptibility of the isolated strains was determined by the agar diffusion method.
Results: The results showed that coagulase-negative staphylococci (45%) comprised the most isolated species in the environment of
the Surgery and Operating Departments of Sakété-Ifangni Hospital, followed by Staphylococcus aureus (27.50%) and Proteus spp. (15%).
At Menontin Hospital, only one specimen was sterile from wound swabs. From environmental swabs, 29 out of 45 samples were
positive. Staphylococcus aureus (31%), Escherichia coli (15%), and coagulase-negative staphylococci (12%) were the most isolated species
from wounds. Strains of coagulase-negative staphylococci (29%), Pseudomonas aeruginosa (15%), and Proteus mirabilis (12%) were the
most common strains in swabs. The study of the adequacy of treatment of infections caused by bacteria responsible for wound
suppuration showed that 52% of the wounded received appropriate antibiotic treatment. At Menontin Hospital, many isolated
strains from room environment samples were found in the wounds of the patients. In both hospitals, the isolated strains were
multiresistant to conventional antibiotics.
Conclusions: These data show how surveillance of infection risks and antimicrobial resistance is important to prevent healthcare-
associated infections.
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1. Background

Healthcare-associated infections are nowadays a real
public health problem with a significant socioeconomic
burden on patients (1). They are of particular concern be-
cause they combine antimicrobial resistance, which is also
a significant threat to public health (2). This dual tandem is
a major concern in health care facilities in both developing
and developed countries (1).

Multidrug-resistant organisms have the particularity
of being in a hospital environment because of not only the
intensive use of antibiotics for the treatment of patients
but also the presence of antibiotic residues in liquid ef-

fluents and patients (3). Added to this are invasive medi-
cal procedures and devices and non-compliance with hy-
giene rules that increase the probability of exposure of pa-
tients to these germs (4). These organisms can colonize the
surfaces of the hospital environment and equipment (5-8).
The biological risk is, therefore, very high.

Surgical services and the operating theater are partic-
ularly affected by the biological risk. Superinfection of
wounds, for example, is of particular concern for public
health because of the risk of serious bacterial infections, in-
cluding gas gangrene and tetanus, which can lead to long-
term disability, chronic wound infection, bone infection,
or even death. The presence of an injury in a care facility is,
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therefore, a risk for the patient because of the presence of
multidrug-resistant germs, invasive gestures, and equip-
ment.

Faced with this urgency, which is due to the multi-
resistant nature of the bacteria involved in nosocomial
infections, standard precautions represent the first bar-
rier measures to be implemented and constitute the ba-
sic strategy for the prevention of cross-transmission of mi-
croorganisms (9-11). In developing countries such as Benin,
many factors can hinder compliance with standard pre-
cautions. These include the lack of training of health care
personnel (12) and inadequate resources for good applica-
tion of standard precautions. In support of standard pre-
cautions, an infection risk assessment of health services is
necessary to assess the probability of emergence and the
incidence of multidrug-resistant bacteria proliferation in
the hospital environment. Studies carried out in the ref-
erence university hospitals have shown a real risk linked
to the presence of multidrug-resistant bacteria in health
care facilities. We can cite, among others, the studies im-
plemented by Degbey et al. (13), and Degbey et al. (14),
and Ouendo et al. (15), carried out in the departments
of the Center National Hospitalier et Universitaire HKM
de Cotonou. These studies have shown poor knowledge
and poor application of standard precautions in environ-
ments heavily contaminated with multidrug-resistant bac-
teria. A study by Dougnon et al. (16) showed the contami-
nation of the operative wounds of women with cesarean
sections by multidrug-resistant bacteria coming from the
environment of the sampling room of the University Hos-
pital of the Mother and Child-Lagoon of Cotonou. The in-
volvement of invasive procedures in the occurrence of bac-
teremia linked to catheters was also noted by this study.
Similar results have been noted for secondary hospitals
such as the secondary hospital of Abomey-Calavi/So-ava
(17).

2. Objectives

In this context, this study was initiated to evaluate the
antimicrobial resistance and infection risks in Tertiary hos-
pitals in Benin. The tertiary hospitals of Sakété-Ifangni and
Menontin were chosen as the study cases.

3. Methods

3.1. Sampling

The samples were collected by swabbing the hospital
environment (surgery equipment, door keys, mattresses,

operating beds, benches, staff, and surgical instruments)
and wounds according to the methodology described by
Bankole et al. (18). The swabbing of the hospital envi-
ronment was done in both hospitals (tertiary hospitals of
Sakété-Ifangni and Menontin). Wound samples were only
collected from the Tertiary Hospital of Menontin because
during the study, there were a lot of injuries in this hospi-
tal. The collected samples were kept free and taken imme-
diately to the laboratory for bacteriological analyses. The
collected swabs were put in coolers with cold accumula-
tors (4°C) before being transferred to the laboratory (max-
imum 30 min).

3.2. Bacteriological Examination

The collected samples were examined bacteriologi-
cally according to conventional methods. We spilled 2 mL
of sterile broth on swabs. The suspensions were incubated
at 37°C for 18 h. These suspensions were then inoculated
on Mueller Hinton agar and Mannitol salt agar, followed by
incubation at 37°C for 24 h. Each type of colony was trans-
planted to obtain a pure strain, followed by microscopic ex-
amination (wet preparation and Gram staining). Biochem-
ical tests were performed according to the results obtained
in Gram staining. For Gram-negative bacilli, the performed
tests were oxidase test, glucose fermentation test, and real-
ization of the API 20E gallery for Enterobacteriaceae differ-
entiation. Biochemical tests for the identification of Gram-
positive cohorts were catalase, free staphylocoagulase, and
DNase production (16, 18).

3.3. Antibiotic Susceptibility Test

Depending on the bacterial species identified, two pan-
els of antibiotics were used to test the susceptibility of the
strains to antibiotics. We followed the Kirby-Bauer method
(19), which consisted of the diffusion of antibiotic discs on
Mueller Hinton agar according to the recommendations of
the French Society of Microbiology. The inhibition zone di-
ameters were compared to the inhibition diameters pro-
posed by the CA-SFM (20). The choice of antibiotic discs was
inspired by the recommendations of the French Society for
Microbiology and conformed to those used by Dougnon et
al. (16).

Antibiotics used for susceptibility testing of cocci
strains included penicillin (P), oxacillin (OX), cefoxitin
(FOX), clindamycin (DA), erythromycin (E) (15 µg), pristi-
namycin (PT) (15 µg), and oxacillin (5 µg). Antibiotics used
for susceptibility testing of bacilli strains included amoxi-
cillin (AX), clavulanic acid + amoxicillin (AMC), ceftriaxone
(CRO), aztreonam (ATM), and imipenem (IPM).
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4. Results

4.1. Biological Risks at Sakété-Ifangni Hospital

The bacteriological examination of swabs from sur-
faces and instruments revealed the presence of germs
in all samples. Thus, 42 bacterial strains were isolated
from 35 samples. The distribution of the isolated bacte-
ria is as follows: coagulase-negative staphylococci (SCNs)
(45%), Staphylococcus aureus (27.5%), Pseudomonas aerugi-
nosa (15%), and Proteus spp. (12.5%). Figures 1 and 2 present
the resistance profile of cocci and bacilli strains, respec-
tively, isolated from Sakété-Ifangni hospital.

4.2. Biological Risk at Menontin Hospital

We collected 105 samples from Menontin Hospital, con-
sisting of 60 wound swabs and 45 environmental swabs.
After the bacteriological examination, only one sample
was sterile (2%) while 75% of the samples were infected by
two strains from wound swabs. For environmental swabs,
29 out of 45 were positive and 41 bacterial strains were iso-
lated.

The study of the sociodemographic data of the
wounded showed that there were 50% women and 50%
men in the sample. The study of the causes of wounds
showed that the majority of the patients (57%) had wounds
due to injuries, followed by cesarean (23%), burns (2%) and
others surgery (18%).

Staphylococcus aureus (31%), Escherichia coli (15%), and
coagulase-negative staphylococci (12%) were the predomi-
nant species isolated from wounds. Strains of coagulase-
negative staphylococci (29%), Pseudomonas aeruginosa
(15%), and Proteus mirabilis (12%) were the most common
strains in swabs from room environments (Figure 3).

Antibiotic susceptibility revealed that Gram-negative
bacilli had high beta-lactam resistance levels, except to
imipenem for which low resistance was noted only for Es-
cherichia coli strains, Pseudomonas aeruginosa, and Acineto-
bacter spp. (Table 1). Many strains isolated from the room
environment were found in the wounds of patients, as
well.

For Gram-positive cocci strains, there was no evidence
of resistance to vancomycin, except for Staphylococcus au-
reus where 8% of the cases of resistance were noted (Table
2).

The study of the adequacy of treatment of infections
due to the bacteria responsible for wound suppuration
showed that for 38% of the wounded, no antibiotic treat-
ment was used (just antiseptics were used). For 52% of the
wounded, the antibiotic treatment was in line with the re-
sults of the antibiogram. However, 10% of the wounded

were not receiving antibiotic treatment in line with the re-
sults of the antibiogram.

5. Discussion

This study aimed to evaluate the antimicrobial resis-
tance and infection risks in Tertiary hospitals in Benin.
The tertiaries hospitals of Sakété-Ifangni and Menontin
were chosen as the study cases. The evaluation of the
infection risk at Sakété-Ifangni hospital showed the pres-
ence of SCN (45%) as the predominant species, followed
by Staphylococcus aureus (27.50%) and Pseudomonas aerugi-
nosa (15%). Many other studies highlighted the role of these
pathogens in the contamination of surfaces and nosoco-
mial infections (6, 7, 9). Even if our study agrees with
the study by Afle et al. (17), as regards the presence of
these germs, they differ in the prevalence of germs found.
Indeed, this study revealed the predominance of Staphy-
lococcus aureus, Klebsiella spp., and Acinetobacter bauman-
nii. Klebsiella pneumoniae, Escherichia coli, and Enterobac-
ter cloacae were the predominant germs found in the envi-
ronment of the National University Hospital Center HKM
of Cotonou (15). These discrepancies show the diversity
of pathogens involved in contamination according to the
hospital center. It would, therefore, be important to estab-
lish a map of germs according to health centers in order to
better control the spread of multidrug-resistant bacteria
responsible for infections associated with healthcare set-
tings. The study of antibiotic resistance showed numerous
resistant strains in accordance with the literature (21, 22).
The strong presence of SCN is an indicator of poor hand hy-
giene. The study by Degbey et al. in 2016 (14) already high-
lighted the poor quality of hand hygiene among health
professionals in Benin, but it is well known that hand hy-
giene alone can reduce 80% of the frequency of infections.
It is important that these health professionals adopt good
practices in the healthcare setting (23).

Out of 60 festering wounds swabbed at Menontin Hos-
pital, 59 showed the presence of at least one bacterium.
Moreover, 75% of wound pus samples contained two bac-
terial strains. The production of pus by wounds is the
most visible sign of colonization of the wounds by bacte-
ria. Therefore, wounds can be contaminated by microor-
ganisms that colonize the surfaces and air. In this hospi-
tal, the material used during dressing (pliers, compress,
scissors, beans, and trays) was contaminated, which high-
lights the problem of sterilization and preservation of the
sterilized material. These results corroborate those ob-
tained by Degbey et al. in 2013 (13) in a study on the quality
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Figure 1. Resistance profile of cocci strains isolated from Sakété-Ifangni hospital. FA: fusidic acid, 10µg; OX: oxacillin, 5µg; VA: vancomycin, 30µg; E: erythromycin, 15µg; PT:
pristinamycin, 15 µg; FOX: cefoxitin, 30 µg;, P: penicillin, 10 µg.

Table 1. Resistance Profile (%) of Gram-Negative Bacilli Isolated From Menontin Hospital

AX AMC CRO ATM IPM

W E W E W E W E W E

Escherichia coli 95 100 82 50 82 50 91 50 9 0

Klebsiella
pneumoniae

100 100 66 100 66 100 33 100 0 0

Enterobacter cloacae 100 - 100 - 33 - 33 - 0 -

Proteusmirabilis 88 80 66 60 33 60 33 60 0 0

Pseudomonasaeruginosa 92 83 75 67 62 67 50 67 25 17

Acinetobacter spp. 82 - 70 - 60 - 60 - 16 -

Abbreviations: AMC, clavulanic acid + amoxicillin; ATM, aztreonam; AX, amoxicillin; CRO = ceftriaxone, E, environment; IPM, imipenem; W, wound.

Table 2. Resistance Profile (%) of Gram-Positive Cocci Isolated From Menontin Hospital

P OX FOX VAN DA E PT

W En W En W En W En W En W En W En

S. aureus 60 80 60 80 48 65 8 12 0 0 12 22 0 0

SCN 89 72 89 72 52 80 0 0 0 0 15 28 0 0

Enterococcus
spp.

100 100 100 100 100 100 0 0 70 100 100 100 0 0

S. pyogenes 70 - 70 - 100 - 0 - 80 - 100 - 0 -

Abbreviations: DA, clindamycin; E, erythromycin 15 µg; En, environment; FOX, cefoxitin; OX, oxacillin; P, penicillin; PT, pristinamycin 15 µg, Oxacillin 5 µg; S. aureus, Staphylococcus aureus; S. pyogenes, Streptococcus pyogenes; VAN,
vancomycin 30 µg; W, wounds.

of technical medical equipment used in the operating the-
aters of the Center National Hospitalier Universitaire HKM
de Cotonou. A study by Slekovec et al. (24) showed that

wound care is also a source of contamination of surfaces
and equipment that can spread to subsequent patients. It
is, therefore, a source of the spread of infections within
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Figure 2. Resistance profile of bacilli strains isolated from Sakété-Ifangni hospital. AMX: amoxicillin, 25 µg; AMC: amoxicillin + clavulanic acid, 30 µg; CTX: cefotaxime; CRO:
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Figure 3. bacteria isolated from wound and environment at Menontin hospital
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hospitals. These hospitals need to incorporate good bio-
cleaning and sterilization techniques for technical medi-
cal equipment into their programs in order to control the
risk of infection in hospitals. Among the bacteria involved
in the suppuration of the wounds, we mostly isolated
Staphylococcus aureus (31%), followed by Escherichia coli (15%)
and coagulase-negative staphylococci (12%). They are the
bacteria encountered in nosocomial infections, in general,
and in wound infections, in particular (24, 25). The multi-
resistant nature of the isolated strains is also in agreement
with the hospital origin of the strains because the hospital
strains are well known for their multi-resistance (21). The
comparison of the resistance profiles showed that there
were the same profiles of circulating strains in the environ-
ment and wounds. The resistance proportions obtained
for bacteria isolated from wounds and the environment
in the present study are close to those of bacteria isolated
from wounds and the environment at the University Hospi-
tal of Mother and Child-Lagoon (16). This study, therefore,
confirms the role of the environment, especially the collec-
tion rooms, in the colonization of wounds in patients. It
also shows that the issue of antimicrobial resistance is the
same reality in health centers regardless of levels.

The study of the adequacy of the treatment showed
that for 38% of the infected wounds, no antibiotic treat-
ment was administered and 10% of treatment was contrary
to the result of the antibiogram. Indeed, the action of an-
tiseptics is limited to the bacteria present during the op-
eration although the good quality of antibiotics is needed.
The inappropriate use of antibiotics without screening is
likely to increase the incidence of multidrug-resistant bac-
teria. These results reveal a problem in the prescription of
antibiotics in hospitals. Indeed, the prescription of antibi-
otics requires a good diagnostic approach including the es-
tablishment of an etiological diagnosis either by the isola-
tion and identification of the infectious agent or by sero-
logical tests to establish contact with the pathogen. Oue-
draogo et al. (26). Therefore, before any antibiotic pre-
scription to an injured patient, it is important to carry
out bacteriological examinations of wound swabs to pro-
vide adequate management of wound superinfections by
multidrug-resistant bacteria.

5.1. Limits of the Study

This study was carried out in two Tertiary hospitals in
South Benin. As socio-professional realities are not the
same from one region to another and from one hospital to
another, this study does not reflect the situation in Benin.
A more extensive study is needed in other regions and

other hospitals for a more comprehensive assessment tak-
ing into account all realities. We also suggest that health-
care professionals become aware of the care administered
and the antibiotics prescribed. This will reduce infections
in the healthcare environment.

5.2. Conclusions

This study revealed a significant biological risk in Ter-
tiary hospitals in Benin. This risk is marked by the pres-
ence of pathogenic bacteria in the environment and the
wounds of injured patients. This risk is aggravated by the
multidrug resistance of circulating strains. It is funda-
mental to put in place a strategic policy for the treatment
of wounds. It is, therefore, important that the necessary
means and recommended devices be put in place for bet-
ter prevention of nosocomial infections and good patient
safety.
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