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Abstract

Introduction: Staphylococcus aureus is a significant contributor to bacterial-related mortality globally, often stemming from

pre-existing asymptomatic colonization, including strains resistant to antibiotics. Despite its importance, data on S. aureus
colonization and asymptomatic carriage remains limited in some African region. Here, we conducted a cross-sectional

study to assess S. aureus carriage among healthy adults in the Republic of Congo, while also investigating molecular markers

of antimicrobial resistance.

Methods: Healthy adult volunteers residing in Brazzaville were recruited at the Centre de Recherche sur les Maladies Infec-

tieuses Christophe Mérieux (CeRMI-CM) of the Fondation Congolaise pour la Recherche Médicale (FCRM). After in-

formed consent, nasal and oropharyngeal swabs were collected and processed using standard microbiological procedures to
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isolate S. aureus. Antimicrobial susceptibility testing was carried out by disc diffusion, with confirmation of Methicillin resis-

tance and Panton-Valentine Leukocidin (PVL) by PCR.

Results: Among 175 adults examined, 39 (22%) were colonized with S. aureus. Of these, 29/39 (74%) were nasal carriers,

6/39 (15%) were oropharyngeal carriers and 4/39 (10%) were dual carriers. Methicillin-resistant S. aureus (MRSA) was de-

tected in 4/39 (10%) of asymptomatic individuals. Among all isolates, 9/39 (23%) were positive for PVL (2 MRSA, 7 methi-

cillin-susceptible  S.  aureus  [MSSA]).  Resistance  to  other  antibiotics  was  prevalent  among  MSSA  strains,  notably

Azithromycin and Erythromycin resistance rates of 21% each.

Conclusion: Our study reveals a 22% prevalence of S. aureus colonization among healthy Congolese adults in an urban com-

munity. Moreover, the presence of multi-antibiotic resistant strains underscores the need for further investigation into na-

tionwide prevalence, decolonization strategies, and their implications for the management of hospitalized patients.
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Introduction

Globally, Staphylococcus aureus is one of the lead-

ing causes of bacterial infections related mortality [1]. S. au-

reus is also an important pathogen identified in nosocomial

infections caused by Gram-positive bacteria [2]. The recent

increase in the incidence and severity of Staphylococcal in-

fections has revived interest in studies assessing the burden

of asymptomatic carriage of S. aureus in different communi-

ties  [3].  This  bacterial  species  is  ranked  first  or  second

among bacterial pathogens responsible for bloodstream in-

fections, pneumonia and complicated skin and soft tissue in-

fections [4,5]. These infections commonly arise from pre-ex-

isting asymptomatic colonization. The known sites of S. au-

reus colonization are the nostrils, mouth, skin, and gastroin-

testinal tract [6-8]. It is estimated that up to 30% of the hu-

man population is colonized by S. aureus, including 50% of

adults presenting persistent or intermittent carriage [9,10].

Given the risk of progression from colonisation to infec-

tion, decolonization or eradication of carriage prior to an in-

tervention is common in clinical practice for prevention of

S. aureus related sepsis.

Importantly, several circulating strains of S. aureus
have  developed resistance  to  commonly  used antimicro-

bials, a phenomenon closely linked to their inappropriate us-

age [2]. Managing infections caused by resistant S. aureus
therefore remains a major challenge for healthcare systems

[11]. Severe skin and soft tissue infection, the most com-

mon expression of S. aureus  infection in the community

setting,  is  strongly  associated with the  Panton Valentine

Leukocidin (PVL), a virulence factor independent of methi-

cillin  resistance:  both  methicillin-resistant  and  methi-

cillin-sensitive strains of Staphylococcus aureus [MRSA and

MSSA] can produce PVL [12,13]. To identify the reservoir

of S. aureus infection in the general population, epidemio-

logical investigations involving asymptomatic carriers of S.

aureus are of interest. Indeed, colonization has been shown

to represent a reservoir for pathogenic strains and/or a pre-

infectious stage [3] as well as the starting point for the devel-

opment of nosocomial infections by drug-resistant patho-

gens, a major cause of mortality worldwide [14].

Across Africa, the data on S. aureus colonisation

remains scarce. In the Republic of Congo reports from hos-

pital settings on S. aureus infections are limited, with preva-

lences ranging from 28% to 80% [15,16]. So far, no investiga-

tion in the community has been reported. The primary ob-

jective of  this  study was to determine S.  aureus  carriage

among healthy Congolese adults, with a secondary aim to

characterize molecular markers of antimicrobial resistance.

Materials and Methods

Study Population

This cross-sectional study was conducted from 1st

March to 31st July 2022 in Brazzaville, the capital of the Re-

public of Congo. Participants were recruited from all three

areas of Brazzaville, which include the nine districts of the
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city: area 1 in south (Makélékélé, Bacongo, Madibou); area

2 in the center (Poto-Poto, Moungali and Mfilou) and area

3 in the north (Ouenzé, Talangaï and Djiri) as shown in fig-

ure 1. As of 2023, the estimated population of the Republic

of the Congo was 6,142,180 inhabitants, with the majority

residing in urban areas such as Brazzaville, a densely popu-

lated city which hosts one-third of the Congolese popula-

tion [17]. Recruitment efforts included widespread distribu-

tion of flyers across Brazzaville, targeting locations such as

universities, schools, civil society associations and NGOs.

Participation was voluntary, and inclusion criteria required

participants to be at least 18 years old. Pregnant women, in-

dividuals  known to be HIV seropositive,  and those with

compromised  immune  systems  were  excluded  from  the

study.

Figure 1: Brazzaville city localisation, study area circumscriptions

Patient Recruitment and Sample Collection

Eligible participants were recruited by trained per-

sonnel.  Clinical  (date  of  previous  hospitalization,  use  of

antibiotics, history of skin and/or soft tissue infection, smok-

ing, use of hormone contraception for women, socio-demo-

graphic  data  (age,  sex,  residence,  number  of  household

members,  contact  with  animals)  were  recorded  at  enrol-

ment.  While  the  nasal  samples  were  collected by swabbing

both  nostrils  of  everyone  with  a  sterile  cotton  swab,  the

oropharyngeal  swab  was  collected  from  the  same  partici-

pant  by  dabbing  the  larynx  behind  the  tongue.  Each  swab

was preserved in Stuart Amie transport solid medium (Ox-

oid,  Brescia  Italy:  202485200)  and  transferred  immediately

to the microbiology laboratory at room temperature (28°C).

Bacterial  Culture  and Identification of  S.  Aureus

Strains

Conventional  bacterial  culture  was  performed

within 2 hours of  the laboratory receiving the swab. Swabs

were  inoculated  onto  sheep  Columbia  blood  agar

(CM0331B,  Oxoid™,  Germany)  prepared  24  hours  in  ad-

vance by following the manufacturer’s instructions. The in-
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oculation  onto  sheep  blood  agar  of  both  swabs  collected

from each participant were cultured on two separate plates

and incubated at 37°C for 18 to 24 hours. S. aureus was iden-

tified on the basis of the colony morphology followed by ca-

talase and coagulase activity by a Staphytect Plus latex agg-

lutination test (Oxoid) or by rabbit plasma agglutination in

tubes (Becton Dickinson & Co, Lane Santa Maria, Canada)

when the Staphytect agglutination test provided ambiguous

results.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed

using the disc diffusion method according to Clinical Labo-

ratory  Standards  Institute  (CLSI)  guidelines  [18].  Briefly,

colonies  of  pure  bacterial  strains  were  suspended in  sterile

normal saline with a McFarland standard turbidity equiva-

lent  to  0.5,  and  streaked  evenly  onto  Muller  Hinton  Agar

(MHA,  Oxoid,  Strasbourg-France)  plates.  After  allowing

the plates to dry, the following antibiotic discs were placed

onto the plate: Cefoxitin (30 μg), Azithromycin (15 μg), Ery-

thromycin  (15  μg),  Tigecycline  (30  μg),  Linezolid  (30  μg)

and  Vancomycin  (10  μg).  Plates  were  then  incubated  at

37°C for 18 to 24 hours. After the incubation, the inhibition

diameters around each antibiotic disc were measured and in-

terpreted as susceptible (S), intermediate (I) or resistant (R)

in  accordance  with  CLSI  guidelines  [18].  All  isolates  resis-

tant to Vancomycin according to disk diffusion were re-test-

ed using the gradient diffusion (E-TEST, bioMérieux, Mar-

cy l’Étoile, France).

Molecular Testing for MRSA and PVL Strain Identi-
fication

DNA was extracted from pure colonies using 10%

Chelex (Bio Rad; California, US). In a labelled 2-ml tube, an

equal volume of pure bacterial suspension and 10% Chelex

was  incubated  at  90°C for  1  hour.  The  tube  was  then  cen-

trifuged at 22,378 g, the supernatant was used for PCR.

For the conventional PCR (using the Red Taq Mix

kit, Oxoid), different genes were targeted to confirm the pos-

itivity of the S. aureus using different primer pairs (supple-

mentary table). Firstly, S. aureus species isolated by culture

were confirmed by conventional PCR amplification of the

nuc gene as described [19]. For the identification of MRSA,

we targeted the mecA gene, using the protocol described by

Murakami et al [20]. For PVL detection, we lukS-PV and

lukF-PV [13]. For quality control of culture and PCR confir-

mation, we used S. aureus strain (ATCC 33591). Gel elec-

trophoresis was undertaken on all PCR amplicons in paral-

lel with the 1 kb ladder (Thermofisher, Vilnius, Lithuania)

which served as the rule to estimate the size of amplicons by

using a 2% agarose gel and were visualized using the Gel

Doc CZ instrument.

Data Analysis

Statistical analysis included descriptive analysis for

calculation of percentage, frequency, mean and median val-

ues  and 95% confidence interval  (95% CI).  Associations of

socio-demographic and clinical variables to S. aureus col-

onization were evaluated with the Pearson Chi-square test

and crude Odds Ratios were estimated to quantify effect of

risk factors. GraphPad software (version 9) was used for da-

ta analysis. A P value ≤0.05 was considered significant.

Ethical Approval

The study obtained ethical approval from the inde-

pendent  institutional  ethics  committee  of  the  Fondation

Congolaise pour la Recherche Médicale under number 021-

D/CIE/FCRM/2021. Prior to enrolment, participants provid-

ed  written  informed  consent.  Additionally,  an  administra-

tive  authorization  was  granted  by  the  Ministry  of  Public

Health.

Results

Socio-demographic Characteristics of the Recruited
Participants

One  hundred  and  seventy-five  (175)  participants

were included in this study, of whom 35 (20%) were wom-

en. The median age was 26 years (range 23-29 years). Most

of  the  participants  were  aged  between  18  and  28  years

(n=129,  73.7%).  As  shown  in  Table  I,  most  of  the  partici-

pants were living in the area 1 (50.9%) following by area 2

with 42.3% and 6.9% for area 3.
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Table 1: Socio-demographic characteristics of the study Congolese population and the prevalence of S. aureus colonization

Variables Participants N=175 S. aureus colonisation

Positive %(N=39) Negative%(N=136)

Age group by years (Median [IQ]) (26 [23-29]) -- --

18-28 129 20 (26) 80 (103)

29-39 25 28 (7) 72 (18)

≥40 21 29 (6) 71 (15)

Sex

M 140 20 (28) 80 (112)

F 35 31 (11) 69 (24)

Location

Area 1 89 21 (19) 79 (70)

Area 2 74 24 (18) 76 (56)

Area 3 12 17 (2) 83 (10)

Staphylococcus Aureus Prevalence

S. aureus  was detected in 39 of the 175 partici-

pants, corresponding to an S. aureus colonization of 22%.

Of the 39 participants colonized with S. aureus, a greater

proportion of women were colonized (11/35, 31%) com-

pared to 20% of men (28/140as, Table I). The highest rate of

S. aureus carriage was identified in the age group ≥40 years,

accounting for 29% (6/21) (Table I).

S. aureus carriage according to sampling site was

identified as follows: of the participants carrying S. aureus,

29/39  (74%) carried  S.  aureus  only  in  the  nostrils,  6/39

(15%) carried S. aureus  only in the oropharynx and 4/39

(10%) were dual carriers of S. aureus (Figure 2).

Figure 2: S. aureus colonization prevalence by collection site, in the 39 patients who were found to be positive
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Evaluation of Risk Factors Associated to S. Aureus

Colonization

In Table II the risk factors associated to S. aureus

colonization were assessed. None of the variables was signifi-

cantly associated with S. aureus colonization. No significant

differences (p. value ≤ 0.05) were observed for the risk fac-

tors assessed.

Table 2: Evaluation of risk factors associated to S. aureus colonization

Variables All participants S. aureus colonisation% (n) OR (95% CI) P-value

Age (years)

18-28 129 20 (26) Reference -

29-39 25 28 (7) 1.54 (0.602-3.89) 0.425

≥40 21 29 (6) 1.58 (0.55- 4.36) 0.394

Sex

M 140 20 (28) Reference -

F 35 31.4 (11) 1.83 (0.83 – 4.24) 0.173

Smoking

No 166 23 (38) Reference -

Yes 9 11 (1) 0.42 (0.05-3.47) 0.421

Antibiotics consumption within
last three months

No 112 22 (25) Reference -

Yes 63 22 (14) 1.22 (0.58-2.55) 0.592

Contact with animal

No 145 25 (36) Reference -

Yes 30 10 (3) 0.33 (0.09-1.17) 0.08

Contact with bush meat

No 168 21 (36) Reference -

Yes 7 43 (3) 2.75 (0.58-12.8) 0.198

Antibiotic Resistance Rates

In this study, a prevalence of 10% (4/39) of isolates

carrying the mecA gene (MRSA) and a prevalence of 23%

(9/39) of isolates carrying the PVL gene were reported. It

has been found 5% (2/39) of these strains were simultane-

ously PVL and mecA positive. These two strains were isolat-

ed from men aged of 24 and 26 years old respectively who

lived in the same neighborhood; Moungali, a densely popu-

lated area.

Single,  dual  and  multi-antibiotic  resistances  were

common and of seven antibiotics tested, there was no resis-

tance  to  tigecycline.  Cefaclor  had  highest  resistance  rates

(26%)  expressed  by  the  isolates  tested,  followed  by

Azithromycin and Erythromycin (21% each) with resistance

rates of up to 20%. Although most of these strains presented

a  high  level  of  resistance  to  the  antibiotics  tested,  however

some of them were effective on S. aureus, such as Cefoxitin

(15%) and Vancomycin (13%) with a resistance rate of less

than 16%, as shown in Table III. The comparison of the rate

of resistance between MRSA and MSSA showed that MRSA

strains were susceptible to almost all the antibiotics tested

in this study. Methicillin-sensitive S. aureus (MSSA) present-

ed an important resistance phenotype. Interestingly, none
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of the PVL+ MRSA strains were resistant to any of the test- ed antibiotics. One of the PVL-negative MRSA strain was re-

sistant to only one antibiotic which is Cefoxitin.

Table 3: Antibiotic resistance rate and virulence expression of S. aureus strains

Antibiotics PVL+ (n=9) PVL- (n=30) Total (n=39)n
(%)

mecA+
(MRSA) (n=2)

mecA- (MSSA)
(n=7)

mecA+
(MRSA) (n=2) mecA-(MSSA) (n=28)

AZM 0 0 0 8 (29%) 8 (21%)

FOX 0 2 (29%) 1 (50%) 3 (11%) 6 (15%)

E15 0 0 0 8 (29%) 8 (21%)

TGC 0 0 0 0 0

LZD 0 1 (14%) 0 6 (21%) 7 (18%)

VA 0 0 0 5 (18%) 5 (13%)

AZM = Azithromycin; E15 = Erythromycin; CRO = Ceftriaxone; TGC = Tygecyclin; LZD = Linezolid; VA = Vancomycin

Resistance Rate Between Antibiotics Users and Non-
Users

The  prevalence  of  antibiotic  resistance  between

participants  who  had  used  antibiotics  within  the  last  three

months,  and  those  who  have  not  used,  was  investigated

(Table IV). An increase in resistance rates of S. aureus, iso-

lated from participants who had not used antibiotics in the

last three months, to three specific antibiotics (CC2, LZD

and VA) was observed (P= 0.03; 0.001 and 0.001 respective-

ly). No difference was observed with other antibiotics what-

ever the study group.

Table 4: Resistance rate between antibiotics users and non-users

Antibiotics Overall rate of S.
aureus resistance % (n)

Resistance rate of
strains from antibiotics
users within the last 3
months % (n)

Resistance rate of strains from
non-antibiotic users in the last 3
months % (n)

P. Value

AZM 21 (8/39) 50 (4/8) 50 (4/8) 1.00

FOX 15 (6/39) 50 (3/6) 50 (3/6) 1.00

E15 21 (8/39) 38 (3/8) 62 (5/8) 0.80

TGC 0 0 0 --

LZD 18 (7/39) 0 100 (7/7) 0.001*

VA 13 (5/39) 0 100 (5/5) 0.001*

Discussion

This  study has  several  important  findings.  This  is

the first  study of S.  aureus  colonization in healthy Con-

golese adults from the urban community. It shows a high

prevalence (22%) S. aureus carriage and a high proportion

of MRSA (15%). These findings could have significant im-

pact on management of hospitalized patients for elective or

emergency surgical procedures where preoperative decol-

onization is  important for preventing S. aureus  infection

and requires appropriate use of specific targeted antibiotics.

Whilst these results provide baseline data for future investi-

gations, further studies are required to ascertain country-

wide prevalence,  decolonization and impact  on manage-
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ment of hospitalized patients.

Colonization by S. aureus  represents a potential

risk  for  the  development  of  subsequent  infections  [21].

There is a paucity of available data in the Central Africa re-

gion, but the prevalence of 22% S. aureus carriage in healthy

Congolese participants in this study is lower compared to

that reported by Schaumburg et al., 2013 [22] in Gabonese

population showing the prevalence of 40% and 42%, after

one month delivery, of S. aureus carriage respectively from

mothers  and their  children.  Indeed prevalence from this

was higher compared to what reported from DRC at 13.3%

from population in the community [23].Nasal carriage has

been shown to be the main reservoir involved in human--

to-human transmission of S. aureus in hospitals, as well as

in the community, and is also the main risk factor for infec-

tion, since colonization may be a prerequisite for S. aureus

infection [24]. S. aureus infections in humans are most of-

ten due to the bacteria present at the site of colonization

[25]. In the present study, it is important to note that in the

present study most represented gender was male.

More importantly, of the 39 S. aureus carriers de-

tected in this study, 75% were nasal carriers, only 15% were

oropharyngeal carriers and the remaining 10% were carriers

in both sites. These results suggest that nasal colonization is

the main site for S. aureus colonization in the community in

the Republic of Congo, as demonstrated by Von. Eiff et al.,

2001 [25], who reported that 86% of S. aureus strains collect-

ed from blood and nasal  have identical  clones using the

Pulsed-Field Gel Electrophoresis method. It is therefore im-

portant to control nasal carriage of S. aureus in order to re-

duce the incidence of S. aureus infections in both communi-

ty and nosocomial settings.

Another parameter that needs to be considered in

interpretation of the results is the age of the participants. It

has been reported that S. aureus colonization rates are high

immediately after birth, compared with the elderly in whom

colonization rates appear to decrease over time [26,27].

Although  in  the  present  study  in  Brazzaville

(RoC), the age group of 18-28 years was the most represent-

ed, S. aureus colonization was reported to be the highest in

the adult age group ≥40 years including more but not signifi-

cant nasal S. aureus infection.

In this study, a prevalence of 23% of PVL+ among

S.  aureus  isolates was reported in the MRSA and MSSA

groups. It is lower than those from Saudi Arabia and Tu-

nisia with 30% and 41%, respectively [10,28]. Among PVL+

S. aureus, a prevalence of 22% (2/9) MRSA was identified,

similar results were observed also in Tunisia [29]. Carriage

of  this  toxin  within  the  Congolese  community  poses  a

threat, as PVL has been shown to reduce the effectiveness of

the immune system by killing neutrophils and other im-

mune cells [30]. In addition, PVL+ isolates are particularly

difficult to treat if nasal carriage develops into infection.

The  molecular  profile  of  only  two  PVL+  MRSA

strains  identified  in  the  present  study  were  sensitive  to  all

tested antibiotics. In contrary to the work reported by Sadar

et al,  2022 showing that PVL+ MRSA strains presenting

higher resistance rate vs PVL+ MSSA strains [31]. Discrep-

ancies in findings may be attributed to sample size, type of

sample, geographical area, methodology used and the preva-

lence of strains with specific antibiogram profile. In com-

parison with the results of Baran et al., 2010 [32] who detect-

ed PVL only among MRSA isolates in Turkey and Santosan-

ingsih et al., 2016 who reported positive PVL only among

MSSA isolates in Indonesia [33], in the current study the

PVL  in  both  MSSA  and  MRSA  isolates  were  detected,

which represents a major public health problem for the Con-

golese population.

A prevalence of  10% of MRSA isolates was found

in this study. In DRC, a prevalence of (33%) MRSA isolates

was reported in healthy participants and these isolates were

significantly  resistant  to  many  more  classes  of  antibiotics

[23].  At  least  20%  of  MSSA  isolates  were  resistant  to

azythromycin,  and  erythromycin  indicating  that  these

antibiotics  are  less  effective  in  therapy  against  S.  aureus.

Malaria is a major cause of hospitalization and in-

-hospital  mortality  among  children  in  Africa  [34],  and  in

the Republic of Congo the disease is endemic, where treat-

ment is almost always combined with at least one antibiotic

tested  in  this  study.  The  high  level  of  resistance  to  these

antibiotics  (Azythromycin  and  Erythromycin)  may  be

linked to their frequent use in the treatment of malaria. Of

the  6  antibiotics  used,  only  one,  Tygecycline,  was  effective
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on all S. aureus isolates tested. This antibiotic must be used

with care, as it conserved its effectivity among all the antibi-

otics we have used against S. aureus isolates. Unfortunately,

no strong legislation in the Congo controls the use or sale of

antibiotics in the community. Antibiotic resistance is a glob-

al public health problem. These results underline the impor-

tance of adopting control measures against the misuse of

antibiotics.

Limits have been identified in this study. First, the

sample collection time was very short. Consequently, the dy-

namics of S. aureus  isolates over a longer period like 12

months  could  not  be  assessed.  Second,  a  multilocus  se-

quence typing (MLST) was not performed, so the associa-

tion between MRSA or MSSA and circulating MLST could

not be established. Third, the use of selective media would

have  increased  the  detection  and  therefore  colonization

rates of S. aureus in addition to the small selection of antimi-

crobial. Fourth, rural or semi-urban areas were not consid-

ered in this study. Differences in the profile of these ecosys-

tems are also important for understanding the mechanism

of  resistance  in  different  regions.  These  shortcomings

should be considered in future studies to provide more in-

formation on S. aureus colonization in the community.

Conclusion

A prevalence of 22%, of S. aureus carriage was re-

ported including the presence of MRSA isolates (10 % of the

S. aureus found in carriers). Among S. aureus isolates, 23%

of isolates tested carried the PVL gene. The profile of PVL

positive MRSA strains was identified, showing the impor-

tance of investing in intensive surveillance of S. aureus in

the community.
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