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Abstract

Background: Purulent skin infections due to Staphylococcus aureus
are common in hospitals and are frequently due to secondary bacterial
infections. The aims of this study were to evaluate antibiotic resistance
and to describe the factors associated with Staphylococcus aureus purulent
skin infections.

Methods: This is a descriptive and cross-sectional study of 179 results of
cytobacteriological examinations of pus over a period of 18 months, from
January 2021 to June 2022, at the laboratory of the University Hospital of
Befelatanana.

Results: Among the 179 cytobacteriological examinations of pus, 131 cases
were positive showing a hospital prevalence of 73.2%. Among the germs
identified, 46 cases (25.7%) were represented by isolates of Staphylococcus
aureus. Regarding the associated factors, subjects aged 60 and over (30%)
(p=0.32; NS), women (32.8%) (p=0.11; NS) and patients hospitalized in
Internal Medicine departments (39.3%)(p=0 .02) were the most affected by
Staphylococcus aureus purulent skin infections. Concerning the results of
the antibiograms, the resistances of the isolates of Staphylococcus aureus
to Penicillin G (97.8%), to Doxycycline (56.5%) and to Cotrimoxazole
(41.3%) were the highest. Methicillin-resistant Staphylococcus aureus
isolates were rare (4.3%) and all isolates were susceptible to Vancomycin.

Conclusion: The prevention of cutaneous suppuration in vulnerable
people is very important in hospital departments as well as hospital hygiene
measures to fight against nosocomial infections. Similarly, it is necessary
to limit the use of broad-spectrum antibiotics in hospital departments to
control the evolution of Staphylococus aureus isolates towards increasing
antibiotic resistance.
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Introduction

Skin and skin structure infections are among the most common infectious
diseases, with an estimated incidence of almost 500 cases per 10 000 person-
years [1]. Skin and skin structure infections vary in severity and depth, from
mild infections that can be treated with topical antibiotics to life-threatening
necrotizing fasciitis requiring surgical intervention. In an immunocompetent
host, the vast majority of these infections are due to Staphylococcus
aureus and -hemolytic streptococci, primarily Streptococcus pyogenes [1-2].
Staphylococcus aureus is the predominant pathogen identified in skin infection
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due to its greater proclivity, compared with streptococci,
to form abscesses, which also increases the probability of
obtaining a positive culture [1, 3]. The treatment of these
purulent skin infections due to Staphylococcus aureus is
sometimes difficult because of the presence of multi-resistant
isolates such as Methicillin-Resistant Staphylococcus Aureus
(MRSA) isolates. Thus, we carried out this study to better
understand the current situation of Staphylococcus aureus
skin infections in Madagascar. The aims of this study were
to evaluate antibiotic resistance and to describe the factors
associated with Staphylococcus aureus purulent skin
infections.

Materials and Methods
Study design

This is a descriptive and cross-sectional study of 179
results of cytobacteriological examinations of pus over
a period of 18 months, from January 2021 to June 2022 at
the University Hospital Center Joseph Raseta Befelatanana
(CHUJRB) in Antananarivo, Madagascar.

Study setting

This study was carried out in the laboratory of the CHUJRB
which is located in Antananarivo city in the Analamanga,
region in Madagascar. This laboratory is a general-purpose
medical analysis laboratory open 24 hours a day, 7 days a
week. This laboratory receives biological samples from
patients hospitalized in Antananarivo hospitals or outpatients.
The biological analyzes carried out in this laboratory are
represented by hematological, biochemical, immunological,
virological, parasitological and bacteriological analyses.

Participants

All Dbacteria identified by the cytobacteriological
examinations of pus during the study period were include
in this study. All bacteria identified in other samples were
exclude from the study. Similarly, all bacteria identified in
cytobacteriological examinations of pus outside the study
period were also exclude from the study.

Variables

The dependent variable was represented by the positivity of
the CBEU showing Staphylococcus aureus. The independent
variables were represented by the age, the gender, the clinical
information, the departments and the results of antibiogram
of each Staphylococcus aureus isolates.

Procedures in laboratory

The pus sample is collected in a swab and quickly
transported to the laboratory at room temperature. Arrived
at the laboratory, the swab is inoculated into 4 types of
culture media (brain heart broth, blood agar, chocolate agar
and uriselect). After culture, the technician performs direct
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examinations (between slide and coverslip and after Gram
staining) to identify germs or other elements. The next day,
the technician identifies the different bacterial colonies that
are present on the culture media by carrying out different
bacterial identification tests. Regarding Staphylococus aureus
isolates, they are Gram-positive cocci, arranged in clusters,
catalase positive and coagulase positive. After identifying the
Staphylococcus aureus isolates, the technician performs the
antibiogram. The antibiotic discs tested were glycopeptides
(vancomycin), aminoglycosides (gentamycin, tobramycin),
sulphonamides (cotrimoxazole), cyclins (tetracyclines),
quinolones  (ciprofloxacin), lincosamides (lincomycin),
macrolides (erythromycin), penicillins (penicillin G) and
methicillin (oxacillin). The interpretative reading of the
results of the antibiograms made it possible to identify the
resistance and the sensitivities of the PGCs to the discs of
antibiotics tested.

Data collection

Data are collected from register notebooks and
antibiogram result sheets.

Data analysis

The entry and processing of data were performed on Epi-
info 3.5.2 software. Proportions are presented as numbers
(percent) and were compared using the chi-square test.
Results were considered significant if p was 0.05 or less, with
a 95% confidence interval.

Ethical considerations

The authorization of this study by an ethics committee
was not necessary because we analyzed isolates of bacteria.
Nevertheless, the authorization of the director of the
establishment was obtained before the data were collected in
the registers. Likewise, the seizure was done anonymously to
maintain confidentiality.

Results

Hospital prevalence of bacterial purulent skin
infections

Among the 179 cytobacteriological examinations of
pus, 131 cases were positive showing a hospital prevalence
of 73.2% (figure 1). Among the germs identified, 46 cases
(25.7%) were represented by isolates of Staphylococcus
aureus.

Factors associated with Staphylococcus aureus
purulent skin infections

Regarding the associated factors, subjects aged 60 and
over (30%) (p=0.32; NS), women (32.8%) (p=0.11; NS)
and patients hospitalized in Internal Medicine departments
(39.3%)(p=0 .02) were the most affected by Staphylococcus
aureus purulent skin infections (table 1).
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Antibiotic resistance of Staphylococcus aureus
isolates responsible for purulent skin infections

Concerning the results of the antibiograms, the resistances
of the isolates of Staphylococcus aureus to Penicillin G
(97.8%), to Doxycycline (56.5%) and to Cotrimoxazole
(41.3%) were the highest. MRSA isolates were rare (4.3%)
and all isolates were susceptible to Vancomycin (figure2).

Discussion

Hospital prevalence of bacterial purulent skin
infections

In this study, 73.2% of cytobacteriological examination of
pus were positive showing bacterial infections. Other studies
have also shown the high frequency of bacterial infections in
suppuration [4-5]. Indeed, other causes of skin suppuration
are rare, such as parasitic, viral and mycological infections,
traumatic causes or cancers. In this study, 25.7% of cases were
represented by isolates of Staphylococcus aureus. Indeed,
the literature confirms that Staphylococcus aureus is the
most common bacteria causing purulent skin and soft tissue
infections [6]. Other studies have also found that the most
commonly implicated pathogens in purulent skin infections
include gram-positive bacteria, mainly Staphylococcu aureus,
and coagulase-negative staphylococci (CoNS) [7-8].

According to the literature, the isolates of CoNS,
that constitute the skin microbiota, play a pivotal role in
the orchestration of cutanecous homeostasis and immune
competence. This balance can be promptly offset by the
expansion of the opportunistic pathogen Staphylococcus
aureus, which is responsible for the majority of bacterial skin
infections. Staphylococcus aureus carriage is also known
to be a precondition for its transmission and pathogenesis.
Recent reports suggest that skin-dwelling CoNS can prime
the skin immune system to limit the colonization potential of

m Positive results  m Negative results

Figure 1: Hospital prevalence of bacterial purulent skin infections
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Table 1: Factors associated with Staphylococcus aureus purulent
skin infections

Negative Staphylococcus
. results
Associated aureus purulent
or other A . Total
factors . . skin infections p-value
infections _ (N=179)
_ (N=46)

(N=133)

n ‘ % n ‘ %
Age (years)
20-39 30 | 714 12 28.6 42
40-59 40 | 714 16 28.6 56 0.32
>60 28 | 70 12 30 | 40 | (NS)
<20 35 | 854 6 14.6 41
Gender
Female 41 | 67.2 20 32.8 61 0.11
Male 92 | 78 26 22 | 118 | (NS)
Departments
Other 36 783 10 | 21.7| 46
departments
Surgery 17 | 944 1 5.6 18
Internal
Medicine 37 | 607 24 39.3 61 0.02
Traumatology 12 | 85.7 2 14.3 14
Emergency 31 77.5 9 22.5 40
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Figure 2: Antibiotic resistance of Staphylococcus aureus isolates
responsible for purulent skin infections

invaders, and they can directly compete through production
of antimicrobial molecules or through signaling antagonism
[9]. Nevertheless, the immune deficiency or the weakening
of the host will cause the multiplication of isolates of
Staphylococcus aureus resulting in a purulent skin infection
despite of presence of CoNS isolates.

Factors associated with Staphylococcus aureus skin
infections

Regarding the associated factors, subjects aged 60 and
over women were the most affected by Staphylococcus
aureus purulent skin infections but no significant difference.
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Nevertheless, these subjects are part of the vulnerable
personnel. Elderly people have many age-related diseases
(arterial hypertension, diabetes, etc.) which make them
more fragile. Likewise, women are more fragile because of
their physiological state such as pregnancy, menstruation or
breastfeeding. So, the immune deficiency of these subjects
cause the multiplication of isolates of Staphylococcus aureus
resulting in a purulent skin infection [9].

Regarding the departments, patients hospitalized in
Internal Medicine departments were the most affected
by Staphylococcus aureus purulent skin infections with
significant difference. Indeed, the majority of patients
hospitalized in the infectious diseases department show signs
of infections such as fever, hyperleukocytosis, explaining
the increase in patients with purulent skin infections in this
department. Among these services, the dermatology service
is the most concerned because dermatological diseases are
sometimes complicated by skin bacterial superinfection.

Antibiotic resistance of Staphylococcus aureus
isolates responsible for purulent skin infections

Concerning the antibiotic resistance, 97.8% of isolates
of Staphylococcus aureus were resistant to penicillin G.
Indeed, in Madagascar, the population consumes this class of
antibiotics excessively without a medical prescription. In this
study, tetracyclines and cotrimoxazole also begin to show
ineffectiveness. Indeed, these drugs are sold in small grocery
stores and the population can buy them easily. The literature
confirms that the self-medication practiced by the population
favors the increase in the resistance of germs to antibiotics
[10]. Similarly, doctors in Basic Health Centers tend to give
empirical treatments when the patient does not have enough
money for bacteriological analyses. These treatments lead to
excessive and inappropriate use of antibiotics. The literature
confirms that the selection pressure of germs linked to their
frequent exposure to a class of antibiotic promotes their genetic
mutation leading to the emergence of new multi-resistant
strains [11]. For the other classes of antibiotics, resistance has
been low but should still be controlled by reducing their use
in the community and in hospitals as much as possible. In this
study, no resistance to vancomycin was found. Vancomycin
is a broad-spectrum antibiotic and is the standard treatment
for the multi-resistant strains of staphylococci [12]. Thus, it
is very important to control the hospital use of vancomycin
to maintain its effectiveness. Indeed, the increase in the use
of this molecule could lead to the appearance of resistant
strains leading to a therapeutic impasse which can be fatal for
the patient.

Conclusion

This study showed that Staphylococcus aureus purulent
skin infections are common in hospitals. These germs are
opportunistic flora of the skin and cause skin infections in
vulnerable patients. Thus, the prevention of purulent skin

infections in vulnerable people is very important in hospital
departments as well as hospital hygiene measures to fight
against nosocomial infections. Similarly, it is necessary
to limit the use of broad-spectrum antibiotics in hospital
departments to control the evolution of Staphylococus aureus
isolates towards increasing antibiotic resistance.
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