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Abstract Staphylococcus aureus is known worldwide as an
invasive pathogen, but information on S. aureus from blood-
stream infections in Central Africa remains scarce. A collec-
tion of S. aureus blood culture isolates recovered from hospi-
tals in four provinces in the Democratic Republic of the
Congo (2009-2013) was assessed. A total of 27/108 isolates
were methicillin-resistant S. aureus (MRSA), of which >70%
were co-resistant to aminoglycosides, tetracyclines,
macrolides and lincosamides. For MRSA and methicillin-
susceptible S. aureus (MSSA) isolates, resistance to chloram-
phenicol and trimethoprim—sulphamethoxazole (TMP-SMX)
was <10%. However, 66.7% (72/108) of all isolates harboured
the trimethoprim resistance gene dfiG. More than three-
quarters (84/108, 77.8%) of isolates belonged to CC5, CC8,
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CC121 or CC152. Genetic diversity was higher among MSSA
(31 spa types) compared to MRSA (four spa types). Most
MRSA (23/27, 85.2%) belonged to CC8-spa t1476-SCCmec
Vand 17/23 (73.9%) MRSA ST8 were oxacillin susceptible
but cefoxitin resistant. Among MRSA and MSSA combined,
49.1% (53/108) and 19.4% (21/108) contained the genes
encoding for Panton—Valentine leucocidin (/ukS-lukF PV,
PVL) and toxic shock syndrome toxin-1 (zst, TSST-1), respec-
tively. PVL was mainly detected among MSSA (51/53 iso-
lates harbouring PVL were MSSA, 96.2%) and associated
with CC121, CC152, CC1 and CC5. TSST-1 was associated
with CC8-spa t1476-SCCmec V. The immune evasion cluster
(IEC) genes scn, sak and chp were detected in 81.5% of iso-
lates (88/108, equally represented among MSSA and MRSA).
The present study confirms the occurrence of MRSA with
high levels of multidrug co-resistance and PVL-positive
MSSA among invasive S. aureus isolates in Central Africa.

Introduction

Staphylococcus aureus features among the most important
human pathogens worldwide and is capable of causing a va-
riety of infections in healthcare facilities, as well as in the
community. Staphylococcus aureus is well known for its
adaptive versatility and ability to acquire various resistance
and virulence genes, the most famous example being its abil-
ity to acquire beta-lactam resistance due to uptake of the mec
gene (methicillin-resistant S. aureus, MRSA). Numerous
studies have investigated the clinical and molecular epidemi-
ology of S. aureus and MRSA. However, data about the mo-
lecular epidemiology of S. aureus have long remained inade-
quate for the African continent. The present study reports on a
collection of S. aureus isolates recovered from blood cultures
from patients admitted to healthcare facilities in the
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Democratic Republic of the Congo (DRC), Central Africa.
The objectives were to: (1) assess the proportion and genetic
diversity of methicillin-susceptible S. aureus (MSSA) and
MRSA isolates, (2) investigate their phenotypic and genotypic
antibiotic resistance profiles and (3) determine the presence of
virulence factors and immune evasion cluster (IEC) genes in
these isolates.

Materials and methods
Strain collection and identification

A total of 108 S. aureus isolates from blood cultures were
analysed, all of which were collected within the framework
of the Microbiological Surveillance Network of the National
Institute of Biomedical Research (INRB, Kinshasa, DRC) and
the Institute of Tropical Medicine (ITM, Antwerp, Belgium),
which studies bloodstream infections and antibiotic resistance
[1]. Patients recruited were adults and children admitted to the
participating healthcare facilities. Indications for blood culture
sampling after the neonatal period (>28 days old) were: (i) a
body temperature >38 °C or <35.5 °C; (ii) clinical signs of
severe localised infections [pneumonia, meningitis, compli-
cated urinary tract infection, arthritis and osteomyelitis, severe
skin and soft tissue infections (SSTI), gynaecological infec-
tions, peritonitis]; (iii) suspicion of sepsis, typhoid fever or
severe malaria. In the neonatal period, criteria included pre-
mature rupture of membranes, intra-partum fever, low Apgar
score and symptoms such as tachypnoea, cyanosis and lethar-
gy. Basic demographic data (age, gender and geographic ori-
gin) were recorded from the laboratory request form. Neonatal
sepsis was defined by an infection during the first 28 days of
life, and was classified as very early onset (occurring within
the first 72 h of life), early onset (occurring within the first
week) and late onset (occurring after the first week until
28 days of life) [2].

Isolates were collected between June 2009 and December
2013 and originated from 13 healthcare facilities located in
four (out of 11) provinces of the DRC: Bas-Congo (n=58),
Kinshasa (n=25), Oriental Province (n=22) and Equateur
(n=3). Staphylococcus aureus were initially recovered and
identified by standard techniques (Gram staining, catalase test,
coagulase and DNase production). Only the first S. aureus
isolate per patient was considered. Isolates were stored in
tubes of tryptone soya agar (Oxoid, Basingstoke, UK) and
shipped to the ITM for confirmation and antibiotic resistance
testing.

Diagnosis of MSSA and MRSA: genetic diversity

At the Belgian National Reference Centre (NRC) for
S. aureus, all isolates were confirmed as MSSA or MRSA
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by a 16S rRNA-nuc-mecA triplex polymerase chain reaction
(PCR) [3]. spa typing and clustering into spa clonal com-
plexes (spa CCs) were performed using default parameters
set by the Ridom StaphType software (exclusion if <5 repeats;
clustering if cost is <4), as previously described [3].
Multilocus sequence typing (MLST) was performed for all
spa types detected among MRSA (n=4) and for one
Panton—Valentine leucocidin (PVL)-positive (n=9) or toxic
shock syndrome toxin (TSST)-positive (n=1) spa type per
spa CC for MSSA [3]. For those spa CCs which contained
only MSSA isolates negative for PVL and TSST, MLST was
derived from the Ridom SpaServer if available (http:/www.
spaserver.ridom.de/). Sequence types (STs) were clustered in
MLST CCs by the Based Upon Related Sequence Types
(BURST) algorithm using default parameters (http:/eburst.
mlst.net/). The staphylococcal cassette chromosome mec
(SCCmec) type was determined by multiplex PCR assay for
all MRSA by determination of the type of ccr and mec gene
complex [3].

Assessment of phenotypic and genotypic antibiotic
resistance

Susceptibility to 13 antibiotics [penicillin, cefoxitin, gentami-
cin, kanamycin, tobramycin, erythromycin, tetracycline, cip-
rofloxacin, clindamycin, trimethoprim—sulphamethoxazole
(TMP-SMX), chloramphenicol, linezolid and mupirocin]
was tested for all isolates by the disc diffusion method
(Rosco Diagnostica, Taastrup, Denmark), according to the
recommendations of the Clinical and Laboratory Standards
Institute (CLSI) [4]. Vancomycin minimum inhibitory con-
centration (MIC) values were determined by the Etest
macromethod (bioMérieux, Marcy 1’Etoile, France) [5]. For
all MRSA (mecA-positive), cefoxitin and oxacillin MIC
values were determined by broth microdilution (Sensititre,
TREK Diagnostic Systems, England) and interpreted accord-
ing to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST, clinical breakpoints version
7.0). For all experiments, S. aureus ATCC® 25923, ATCC®
25213 and ATCC® 43300 were used as quality control
strains.

Resistance genes for macrolides and/or lincosamide antibi-
otics [erm(A), erm(B), erm(C) and erm(T)], for aminoglyco-
sides [aac(6")-aph(2"), aph(3') and ant(4")] and for tetracy-
clines [fet(M) and fet(K)] were determined by PCR for isolates
showing resistance to the respective antibiotics. The presence
of trimethoprim resistance genes dfi'G and dfiK was assessed
by multiplex PCR for all isolates [3, 6].

Virulence factors and immune evasion cluster genes

For all S. aureus isolates, the presence of the genes lukS-lukF
PV, tst, eta and etb, encoding Panton—Valentine leucocidin
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(PVL), toxic shock syndrome toxin-1 (TSST-1) and exfolia-
tive toxins A (ETA) and B (ETB), respectively, was deter-
mined by PCR as previously described [3, 5].

The presence of IEC genes scn, sak and chp, encoding the
human-specific immune evasion proteins SCIN (staphylococ-
cal complement inhibitor), staphylokinase and CHIPS (che-
motaxis inhibitory protein of S. aureus), respectively, was de-
termined by an in-house developed multiplex PCR using the
following primers scn2-Fw: TTTAGTGCTTCGTCAATTTC,
scnl-Rev: CTAGCACAAGCTTGCCAACA (amplification
product of 247 bp), sakl-Fw: TGGGACAACAAAAC
CTTTTTC, sakl-Rev: CGATGACGCGAGTTATTTTG
(307 bp product), chpl-Fw: ACGGCAGGAAGTACACA,
chpl-Rev: TTCATTCGTTTTTCCAGGACCA (393 bp prod-
uct), 16S rRNAI: GTTATTAGGGAAGAACATATGTG, 16S
rRNA2: CCACCTTCCTCCGGTTTGTCACC (750 bp prod-
uct, internal control gene). MRSA252 and a strain from the
Belgian NRC for S. aureus, 2010S029 [7], were used as pos-
itive controls, and MRSA COL was used as a negative con-
trol. The PCR program was as follows: 15 min at 95 °C;
25 cycles of denaturation for 30 s at 95 °C, annealing for
90 s at 57 °C and elongation for 90 s at 72 °C; and a final
elongation step of 10 min at 72 °C.

Results
Suspected focus of S. aureus bacteraemia

For 95 (88.0%) out of 108 isolates, information about the
suspected clinical source of bacteraemia was registered on
the laboratory request form. For many patients, more than
one source was registered, giving a total of 128 sources reg-
istered (Table 1). The most frequent sources included suspi-
cion of severe malaria (for 29.5% of isolates), meningitis
(15.8%), complicated urinary tract infection (14.7%) and
pneumonia (11.6%, of which one with empyema); skin infec-
tions were registered in only 2.1% of isolates (both PVL pos-
itive). Detailed results can be consulted in Table 1.

Proportion of MSSA and MRSA: genetic diversity

Out of the collection of 108 S. aureus strains, 27 (25.0%) were
identified as MRSA. The demographic characteristics of pa-
tients with MRSA and MSSA bacteraemia are shown in
Table 2. Overall, patients’ median age was 4 years (range:
1 day to 92 years) and 53.9% (n=55) were female. No sig-
nificant differences were observed in the MRSA/MSSA rates
between gender, age groups or geographic origin. Nearly one-
third (30.5%) of the S. aureus isolates were recovered from
children <1 year old and over half (55.2%) from children
<5 years old, corresponding to the higher number of blood

Table 1  Suspected focus of bacteraemia for 108 Staphylococcus
aureus isolates (Democratic Republic of the Congo, DRC), 2009-2013)

Number Proportion (%) Proportion (%) of the

of the total total number of isolates
number of with data available
diagnoses (n=95)
(n=128)
Sepsis 1 0.8 1.1
Pneumonia 11 8.6 11.6
Meningitis 15 11.7 15.8
Other 52 40.6 54.7
No data 13
Malaria 28 21.9 29.5
Skin 2 1.6 2.1
Endocarditis 1 0.8 1.1
Typhoid fever 3 23 32
Complicated 14 10.9 14.7
urinary tract
infection
Neonatal infection 1 0.8 1.1
Total number of 128 100.0

diagnoses of
anticipated focus
of bacteraemia®

Cases with human immunodeficiency virus (HIV) were not counted as an
anticipated focus of bacteraemia

*The total number of diagnoses exceeds the total number of isolates
because, for several isolates, more than one focus of bacteraemia was
registered

cultures sampled in these age groups (respectively, 27.6%
and 56.9% of all blood cultures).

The molecular characteristics of MRSA and MSSA isolates
are displayed in Tables 3 and 4, respectively. Overall, 32 spa
types were found, corresponding to at least 11 STs. Sixty-eight
percent of all strains belonged to five major S. aureus lineages:
CC8 (n=35),CC152 (n=24), CC5 (n=15),CC1 (n=10) and
CCI121 (n=9). The overwhelming majority of MRSA isolates
(23/27, 85.2%) belonged to CC8-spa t1476-SCCmec V, while
the remaining MRSA were assigned to CC88-spa t186-
SCCmec IV (n=1) and SCCmec V (n=1), CC152-spa
t5691-SCCmec V (n=1) and CC5-spa t311-SCCmec IV
(n=1). Although MSSA were genetically more diverse than
MRSA, 85.2% (69/81) of MSSA isolates clustered into five
major lineages only: CC152 (29.6% of MSSA isolates), CC5
(17.3%), CC8 (14.8%), CC1 (12.3%) and CC121 (11.1%).

Antibiotic susceptibility testing and detection of antibiotic
resistance genes
For all MRSA, oxacillin MIC values by broth microdilution

ranged from 0.5 to 64 mg/L and cefoxitin MIC values ranged
from 8 to 32 mg/L. Of the MRSA ST8, 17/23 (73.9%) had an
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Table 2 Demographic

characteristics of the 108 patients MSSA %o MRSA % Proportion of MRSA/total
with S. aureus bloodstream Total number of patients 81 75.0 27 25.0 S. aureus (%)
infection (DRC, 2009-2013)
Female® (%) 41 53.9 14 53.8 25.0
Ageb (range) 4 (0-67) 1 (0-92)
<1 year 22 28.2 10 37.0
Neonatal, very early (<72 h) 3 2
Neonatal, early (<7 days) 0 0
Neonatal, late onset (<28 days) 5 1
Geographic origin
Kinshasa (capital) 16 19.8 9 333 36.0
Bas-Congo (west) 45 55.6 10 48.1 22.4
Oriental (centre) 17 21.0 3 18.5 22.7
Equateur (north) 3 3.7 0 0 0.0

For five patients, data were not available; 41/76 (MSSA) and 14/26 (MRSA) were female, respectively
° For three patients, data were not available

oxacillin MIC value in the susceptible range: 0.5 mg/L (n=1)
or 2 mg/L (n=16). Al MRSA ST8 were classified as resistant
using cefoxitin MIC values, while two were categorised as
susceptible when performing cefoxitin disc diffusion (two iso-
lates had a diameter of 22 mm). MRSA non-ST8 were deter-
mined as resistant, regardless of the method used.

All isolates were susceptible to vancomycin, mupirocin
and linezolid. MRSA were characterised by a multidrug resis-
tance profile, with high resistance rates to aminoglycosides
[92.6%, associated with the aac(6’)-aph(2") gene], tetracy-
cline [85.2%, associated with tet(K)], macrolides—
lincosamides (ML) [74.1%, associated with erm(C)] and cip-
rofloxacin (59.3%) (Table 3). By contrast, MSSA isolates
were less resistant: the highest resistance rates were found
for penicillin (74.1%) and tetracycline (46.9%), but resistance
rates for ML, aminoglycosides, ciprofloxacin, TMP-SMX and
chloramphenicol were below 10% (Table 4). Although only
four isolates (one MRSA and three MSSA) were resistant to
TMP-SMX, almost two-thirds (72/108, 66.7%) of all isolates
harboured the trimethoprim resistance gene dfrG; dfirK was
not detected. Likewise, the resistance rates to chloramphenicol
were below 10% among both MSSA and MRSA isolates.

Virulence factors and immune evasion cluster genes

Overall, the genes encoding PVL or TSST-1 were detected in
53 (49.1%) and 21 (19.4%) S. aureus isolates, respectively. tst
was mainly detected among MRSA CC8-spa t1476-SCCmec
V (18/21 of TSST-1-positive isolates were MRSA, 85.7%).
By contrast, PVL genes were mainly detected among MSSA
(51/53 strains harbouring PVL were MSSA, 96.2%) and as-
sociated with CC121 (9/9 CC121 isolates harboured PVL
genes), CC152 (23/24), CC1 (9/10) and CC5 (6/14)
(Table 4). None of the MRSA or MSSA isolates carried the
genes encoding ETA or ETB. Overall, IEC genes were

@ Springer

detected in 81.5% of all S. aureus; no difference was observed
for MRSA (77.8% of isolates harboured IEC genes) compared
to MSSA (82.7%). The detailed distribution of IEC genes
according to genotype is displayed in Tables 3 and 4 for
MRSA and MSSA, respectively. The isolates that lacked
IEC genes belonged to CC1 (MSSA), CC8 (MRSA and
MSSA), CC9 (MSSA), CC25 (MSSA), CC88 (MRSA),
CC121 (MSSA) and CC152 (MSSA).

Discussion

Recent studies from various countries have generated infor-
mation about S. aureus as a clinically relevant pathogen in
Africa, but most studies originated from Northern, Western
or Southern Africa. Only in the last several years has informa-
tion on S. aureus as a pathogen in Central Africa become
available [8—10]. As to the present study setting and surveil-
lance network, S. aureus, however, ranked only sixth among
the causative organisms of bloodstream infections, preceded
by, ranked in decreasing frequency, Salmonella Typhi, the
non-typhoidal Salmonella, Klebsiella spp., Escherichia coli
and Enterobacter spp. [1]. As a comparison, a review on
bloodstream infections in sub-Saharan Africa ranked
S. aureus as the fourth most common, accounting for 9.5%
of BSI isolates [11].

Consistent with reports from other African countries, the
proportion of MRSA in the present study was 25.0% [8,
12—-14], with no major differences between age groups and
geography. The vast majority of MRSA isolates was assigned
to a single MLST CC8-spa CC1476-SCCmec V PVL-
negative MRSA clone, which has been detected previously
in the DRC [15], Sao Tome and Principe (STP) [16] and at
low frequency in South Africa [17]. It has also been reported
as MSSA in Senegalese patients [18] and pigs [19]. In the
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g 5 E present study, MRSA CC8 were characterised by a multidrug
4 - § E 2 resistance profile on the one hand, and atypical oxacillin sus-
= R = ceptibility on the other hand. The dissociation between oxa-
N é - cillin resistance and presence of the mecA gene has been re-
g . 3 g g ported previously for MRSA ST8 from the DRC, Angola and
= N & E STP [15]. In settings where direct testing for mecA or PBP2a
% g is not available, cefoxitin susceptibility testing should be per-
%L E § E E - formed. According to the present findings, cefoxitin disc Flif—
F@|eceo—-co~- |2 5 3 fusion will identify most MRSA. Cefoxitin MIC determina-
E g % g 3 tion by the Etestdor b;oth micr;)ij;llitsiczl is,lhoweYeli, rez;om—
o 3 - S mended for the identification o isolates with a diam-
U s < % § § eter just above the cut-off of 21 mm. Both MSSA and MRSA
. a £ ::é g t1476 were frequent among the present collection, suggesting
o cfocococ =t ST that MRSA CC8-spa CC1476-SCCmec V might have locally
O s % 5 E arisen through acquisition of the SCCmec V element, followed
% < 2 - ) by clonal spread within the DRC.
g g ~8~-o-8 % : § Two of the remaining MRSA isolates were assigned to a
“n ~ s & A fs .
IR ¥ g _E E/ typical ‘African” MRSA c{lone CC88-SCCmec .IV/V, which
2l ol 5 - z s xR appears to be a predominant MRSA clone in Western,
- Tame e z % e Central and Eastern Africa [8]. One PVL-positive MRSA iso-
g % o § S ; § late belonged to ST152-SCCmec V, a genetic background that
q; éo H o % z = @: has frequently been detected among MSSA from Mali,
:2 § ? cTTes : ) g § Gabon, Nigeria, STP and Cape Verde [16, 20-22]. To the best
g . ?\r z "g =z of our knowledge, this clone has been reported as MRSA only
Z> 5 = R § E § § once from Africa, in Nigeria [13]. By contrast, it appears to be
2 § s £ 2 more frequent as a PVL-positive CA-MRSA clone that circu-
3 2 g % & lates in the Balkan region and in Central Europe [23-25].
S 2 PP 8 é 3 % §r Phylogenetically, ST152 is a divergent genotype that does
b6l i :“% ;d 8 $C 8 g g not cluster within one of the ten major S. aureus lineages
§ g | S §| ~8co-4& 5 E 8 § g (http://eburst.mlst.net/). It has been suggested that this
g '*25 § ‘% é E] %} 'g gneage or(ilginated (iln Af}rli.cz.il,l.mlgrgtted thr(;)l}gh(lut Eentral
E| S e E2 ¥ a9 urope and acquired methicillin resistance. Of note, because
E’ z % —foeo—d E g '-q'é ;:3) § of its nearly absolute association with PVL genes (also
E’ § § % ES é § confirmed for both MSSA and MRSA isolates in the present
E g - = g g éﬂ 28 study), ST152 has been suggested as the original lineage that
= - TTeT T : g ; g _; 2 acquired PVL, after which the genes disseminated throughout
;5; < | e é § % s g _g the S. aureus population [21, 26].
£l g 2 e eoo % iﬁ < £ _§ It is interesting to compare the present results to those ob-
2 E ~ e = 8 g 2 tained in a cross-sectional study of nasal carriage among
g Z = é % % gﬂ.g 8 2 healthcare workers in Kisangani (Oriental Province of the
g|%' % [~eee- | 5% EF £E DRC) [27]. In this study (conducted in 2011), the MRSA rate
§ § E 2 5 §_ g g was 15.6% (10 out of 63 S. aureus isolates). As was the case
g E %é § % g -fg for the blF)od culture 1so'lates, two-thirds of nasal canlgge
8| < £ : g g 0 S. aureus isolates was assigned to four clonal complexes, i.e.
2 z ~8 == =8 2g @ g § = CC5, CC8, CC121 and CC152. Genetic diversity was higher
g 8 P 2 % g2 % ‘2 among MSSA (27 spa types) compared to MRSA (four spa
£ o @§ @§ § £ fo E g ?g g types); among the latter and in line with the present findings,
% 2525255 g '§ gi B § ST8-spa t1476-SCCmec V was the most frequent. MRSA
% 28|l =%¢ 3 g g : N é B nasal carriage isolates had high proportions of multldrug. re-
= Sele== 2 E 7 é é p % sistance (similar to those recorded for the blood culture iso-
- — o O g ; *; § g § g lates), whereas MSSA had lower resistance rates. Although
= § Z e : § % % f;_ = = the proportion of PVL genes was lower (28.5% 2'1mong nasal
1S5S0 " %o Z Saz2E &5 carriage isolates vs. 49.1% among blood culture isolates), the
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proportion of TSST-1-encoding genes was similar (17.5% vs.
19.4%, respectively), as were the associations with particular
lineages: in the nasal carriage group, PVL was also restricted
to MSSA and associated with ST152, ST121 and ST5, where-
as TSST-1 mainly occurred among MRSA and was associated
with ST8-spa t1476-SCCmec V.

Among the present MRSA isolates, there were high mul-
tidrug resistance rates, particularly among the CC8-t1476-
SCCmec V clone. This is of great concern, since microbio-
logical facilities and second-line antibiotics are rarely avail-
able in the DRC. As to serious MRSA infections such as
bacteraemia, glycopeptides are the treatment of choice, and
besides availability, costs and need for parenteral use, there
are issues of toxicity requiring therapeutic drug monitoring.
Of note, TMP-SMX and chloramphenicol had maintained
activity, with less than 10% resistance among MRSA as
well as MSSA isolates in the present series. TMP-SMX is
a broad-spectrum antibiotic with excellent bioavailability
and tissue penetration, which has currently been assessed
as an alternative treatment option for invasive MRSA in-
fections [28]. The percentage of TMP-SMX resistance ob-
served in our study (3.7%) is lower than the resistance rate
of 30% reported for S. aureus isolated from SSTI in travel-
lers returning from Africa [29]. This percentage is, howev-
er, in line with other studies investigating TMP-SMX resis-
tance among S. aureus from Africa, notably Gabon,
Tanzania and Cape Verde [16, 30]. The fact that nearly
one-third of the S. aureus isolates were recovered from
children <1 year old and over half from children <5 years
old could also have influenced the observed resistance rate.
In line with findings for isolates from Gabon, Namibia,
Nigeria and Tanzania, we did observe a high frequency of
the dfrG gene encoding for trimethoprim resistance [30].
This is a striking but alarming observation, as concurrent
resistance to the sulphamethoxazole component may arise
quickly and preclude the use of TMP-SMX for the empiri-
cal treatment of S. aureus infections [29]. In their study,
Nurjadi et al. warn that susceptibility testing against the
combination TMP-SMX (instead of testing individual com-
pounds) does not allow to detect emerging resistance [30].

As observed for other countries in sub-Saharan Africa, we
found a prevalence of PVL genes that is markedly high com-
pared to S. aureus isolates from Europe, Australia or the USA
[31]. As reported previously from elsewhere in Africa, they
were mainly associated with specific MSSA lineages: CCl1,
CCl121 and CC152 [13, 21, 22, 27, 32]. Although it has been
suggested that SSTI in Africa would be more frequent and
invasive than elsewhere, partly due to the high prevalence of
PVL, skin infections were registered as the suspected clinical
source of bacteraemia in only 2.1% of the isolates in this study
(both PVL positive). Further research is required to elucidate
the relationship between PVL and invasive S. aureus disease
in Africa.

The IEC genes sak, chp and scn encode the immune eva-
sion proteins staphylokinase, CHIPS and SCIN that act spe-
cifically against human cells [33, 34]. They are highly preva-
lent (90%) in S. aureus isolated from humans but (nearly)
absent in animal-derived S. aureus strains [34]. The preva-
lence of IEC genes observed in the present study (81.5%) is
not significantly different to that typically detected among
human isolates. Several recent articles point to the occurrence
of human-to-animal transfer of S. aureus in Africa, followed
by loss of IEC genes as a mean of host adaptation [34]. In our
study, the absence of IEC genes was not linked to a specific
genotype, and was observed for MRSA as well as MSSA.
Staphylococcus aureus isolates with a genetic background al-
so observed in the present study, and belonging to genetic
lineages that are frequently encountered among human
S. aureus, have, meanwhile, been recovered from multiple
animal species in Africa, both domestic and wildlife: cattle
in Uganda (MSSA ST121-t645 [35]), pigs in Senegal
(MSSA ST8-t1476, MRSA ST5-t311-IV and MRSA ST88-
t3489-1V [19]), dogs (MSSA ST152-t11375 [36]) and mon-
keys (ST15 and CC152 [34]) in Zambia and wildlife in the
DRC (ST1 and ST15 [37]).

Conclusion

In conclusion, the present study adds information from
Central Africa to the microbiological map of Staphylococcus
aureus as an invasive pathogen in humans. It confirms the
occurrence of methicillin-resistant S. aureus (MRSA) with
high levels of multidrug co-resistance as well as Panton—
Valentine leucocidin (PVL)-positive invasive isolates in the
Democratic Republic of the Congo (DRC). The impact of this
information calls for the availability of microbiological sur-
veillance as well as appropriate antibiotics.
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