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Abstract

The epidemiology of methicillin-susceptible Staphylococcus aureus (MSSA) in Africa is poorly documented. From January 2007 to March
2008, 555 S. aureus isolates were collected from five African towns in Cameroon, Madagascar, Morocco, Niger, and Senegal; among
these, 456 unique isolates were susceptible to methicillin. Approximately 50% of the MSSA isolates from each different participating cen-
tre were randomly selected for further molecular analysis. Of the 228 isolates investigated, 132 (58%) belonged to five major multilocus
sequence typing (MLST) clonal complexes (CCs) (CCI, CCI5, CC30, CCI2l and CCI52) that were not related to any successful
methicillin-resistant S. aureus (MRSA) clones previously identified in the same study population. The luk-PV genes encoding Panton—
Valentine leukocidin (PVL), present in 130 isolates overall (57%), were highly prevalent in isolates from Cameroon, Niger, and Senegal
(West and Central Africa). This finding is of major concern, with regard to both a source of severe infections and a potential reservoir
for PVL genes. This overrepresentation of PVL in MSSA could lead to the emergence and spread of successful, highly virulent PVL-posi-

tive MRSA clones, a phenomenon that has already started in Africa.
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genetic backgrounds and associated virulence factors is
important for understanding the dynamics of the emergence
of hospital-acquired MRSA and CA-MRSA.

It is now established that the population structure of
MSSA is genetically more diverse than that of MRSA, and
that MRSA originated from a limited number of epidemic
MSSA lineages through transfer of the staphylococcal cas-
sette chromosome mec (SCCmec) [3]. This suggests that
some MSSA genetic backgrounds may not provide a stable
genetic environment for SCCmec integration [3]. Few data
on the population structure of MSSA lineages, their rela-
tionship to MRSA lineages and associated virulence factors
are available in Africa as compared with industrialized
countries [4—10], but ongoing surveillance of MSSA lineages
is important to anticipate the emergence of virulent
MRSA.

Here, we report the molecular characterization of MSSA
isolates in five major African towns, namely Antananarivo
(Madagascar), Casablanca (Morocco, Maghreb), Dakar (Sene-
gal, West Africa), Niamey (Niger, West Africa), and Yaounde
(Cameroon, Central Africa), by means of accessory gene reg-
ulator (agr) typing, multilocus sequence typing (MLST), staph-
ylococcal protein A (spa) typing, and toxin profiling.

Antimicrobial susceptibility was also evaluated.

Materials and Methods

Study population

All patients with suspected staphylococcal infection were
pre-included in seven major tertiary-care centres located in
five major African towns, namely Antananarivo (Madagascar),
Casablanca (Morocco), Niamey (Niger), Dakar (Senegal), and
Yaounde (Cameroon), between January 2007 and March
2008 (January 2007 to June 2007 in Casablanca). Patients
were subsequently included in the study if S. aureus infection
was confirmed. A standardized specific medical questionnaire
was completed during hospitalization, to collect demographic
data, the medical history over the previous 12 months, the
reason for admission, and the time between admission and
sample collection for culture. If more than one S. aureus iso-
late with the same spa type was recovered from the same
patient, only the first was included. Isolates were considered
to be community-acquired if recovered by culture from a
sample obtained within 48 h after admission in a patient
with no risk factors for nosocomial acquisition in the previ-
ous year, namely hospitalization or surgery, use of an
indwelling catheter or a percutaneous device, or frequent
exposure to healthcare facilities for an underlying chronic

disorder. All other isolates were considered to be hospital-
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acquired. Owing to the large number of strains collected,
about half of the MSSA isolates from each different partici-
pating centre were randomly selected for further molecular
analysis. The study protocol was approved by local ethics

committees.

Microbiological analysis, DNA extraction, mecA detection,
agr typing, and toxin gene profiling

S. aureus identification and genomic DNA extraction were
performed as previously described [3]. Isolates were
screened for genes encoding staphylococcal enterotoxins A,
C, D, H, M, P, and R (seq, sec, sed, seh, sem, sep, and ser),
toxic shock syndrome toxin | (tst), exfoliative toxins A, B,
and D (eta and etb), Panton—Valentine leukocidin (PVL) (luk-
PV), class F LukM leukocidin (lukM), and f-haemolysin (hib),
as previously described [I1].

Spa typing

Spa sequence typing was performed on S. aureus isolates
with the Ridom Staph Type standard protocol (http://www.
ridom.com/doc/Ridom_spa_sequencing.pdf) and the Ridom
SpaServer, which automatically analyses spa repeats and
assigns spa types (http://spa.server.ridom.de). By application
of the BURP algorithm implemented in Ridom StaphType
software version 1.4 (Ridom GmbH, Wiirzburg, Germany),
spa types with more than four repeats were clustered into
different spa clonal complexes (CCs), with the calculated

cost between members of a group being 4 or less.

MLST

The associated MLST CCs were allocated with the Ridom
SpaServer [12], if possible. To confirm the concordance
between the MLST and spa CCs, MLST was performed as
described elsewhere [I3] on a set of representative strains
from each spa type found within the five major spa CCs,
each spa CC including more than 20 strains, and also within
the spa CCs corresponding to three major MRSA CCs
(associated MLST CC5, CC8, and CCB88) described else-
where [3,4].

Antimicrobial susceptibility

Susceptibility to penicillin, oxacillin, cefoxitin, gentamicin,
kanamycin, tobramycin, tetracycline, erythromycin, lincomy-
cin, pristinamycin, fosfomycin, fusidic acid, rifampicin, pefloxa-
cin, co-trimoxazole and vancomycin was determined by each
participating laboratory, following the guidelines of the French
Society for Microbiology. S. aureus strain ATCC 25923 was
used for quality control. External quality control was ensured
by the French National Antibiotic Reference Centre (Institut

Pasteur, Paris).
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Statistical analysis
Pearson’s chi-square test and Fisher’s exact test were used
as appropriate to test associations between qualitative vari-

ables. Significance was assumed at p <0.05.

Results and Discussion

In total, 542 S. aureus-infected patients were included during
the study period. The relatively small size of the sample
reflects the clinical situation in Africa, including a lack of rou-
tine bacteriological samples and frequent initiation of antibi-
otic therapy before biological sampling. Six hundred and nine
biological samples were taken, and 555 S. aureus isolates
were collected; among these, 456 unique isolates were sus-
ceptible to methicillin. Sixty-one per cent of isolates were
recovered from male patients. The patients’ mean age was
29.8 years (range |-84 years; median 26 years, 25th percen-
tile 13 years, 75th percentile 44 years). About half of the
MSSA isolates from each site (228 in total) were randomly
selected for molecular studies. The number of isolates
selected per site is shown in Table |. The isolates were
mainly associated with skin and soft tissue infections (SSTls)
and surgical site infections at all the sites except in Dakar,
where all types of infection were noted. The lack of routine
blood culture probably explains the small number of isolates
associated with bacteraemia/septicaemia and osteomyelitis.
The 86 unique MRSA isolates collected simultaneously have
been already described elsewhere [4]. They belonged mainly
to three major clones (defined by their sequence type (ST)
and SCCmec type), namely ST239/241-lll (n = 34, 40%), a
well-known pandemic clone, and two atypical clones, ST88-
IV (n = 24, 28%) and ST5-IV (n = 18, 21%). Almost all of the
isolates (94%) belonging to the latter clone were PVL-posi-
tive, suggesting that the spread of MRSA carrying luk-PV

genes is a cause for concern, especially in Dakar and possibly
throughout Africa.

The 228 MSSA isolates belonged to 87 spa types. The
BURP algorithm separated 222 isolates into 16 spa CCs and
19 singletons (groups represented by a single type). Four spa
types (six strains) shorter than five repeats were excluded
from the clustering. A total of 44 spa types assigned to eight
spa CCs were investigated by MLST, and 16 STs were found.
Each spa CC corresponded to one MLST CC, confirming the
excellent concordance of these typing methods (Table 2)
[12]. More than half of the isolates (n = 132, 58%) belonged
to only five MLST CCs: CCIl2I (19%), CCI5 (12%), CCI
(9%), CCI152 (9%), and CC30 (9%). The remaining isolates
belonged to CC8 (6%), CC5 (4%), and CC88 (3%), as well as
eight spa CCs (13%) with no founder and 19 singletons
(13%) (Tables 2 and SI).

The five major CCs recovered in our study shared signifi-
cant features (Table 2): (i) an unusually high prevalence of
luk-PV genes encoding PVL; (ii) detection in at least three
participating centres, indicating their wide geographical distri-
bution; (i) presence in both the hospital and community set-
tings; and (iv) susceptibility to most of the antibiotics tested,
except for penicillin (91% of resistant isolates), tetracycline
(46%), and co-trimoxazole (22%).

The first two major CCs—CCI21 (agr4, spa type t314 or
related, ST121) and CCI5 (agrl, spa type t084 or related,
mainly STI5 (96%))—accounted for 44 (19%) and 27 (12%)
of the 228 isolates, respectively (Table 2). The main toxin
genes were the luk-PV (93%) and sem genes (98%), found in
isolates belonging to STI121, and luk-PV (27%), eta (23%) and
sea (n =6, 23%) in STI5 isolates. These two clones (each
defined by an ST) shared the following features: (i) they have
already been extensively described as major MSSA clones in
many countries in the Americas, Asia, and Europe [10,14,15],
but have also been found in Algeria, Cape Verde Islands,

TABLE I. Distribution of 228 methicillin-susceptible Staphylococcus aureus isolates obtained in five African towns (Antananar-

ivo, Casablanca, Dakar, Niamey, and Yaounde) according to the presence of Panton-Valentine leukocidin (PVL) and the types

of infection®

Ant ivo Casabl Dakar Niamey Yaounde Total

N PVL+,n (%) N PVL+,n(%) N PVL+,n (%) N PVL+,n(%) N PVL+,n(%) N PVL+, n (%)
Bacteraemia 0 0 0o o0 17 8 (47) 0 0 0 0 17 8 (47)
Myositis 0 0 0 0 25 23 (92) 0 0 0 0 25 23 (92)
Osteomyelitis 2 0 0 0 11 8 (73) 5 3 (60) | 1 (100) 19 12 (63)
Pulmonary infection 0 0 0o 0 6 3 (50) 0 0 0 0 6 3 (50)
Skin and soft tissue infection 24 8 (33) 18 3(17) 47 34 (72) 1310 (77) 17 12 (71) 119 67 (56)
Surgical site infection 12 5 (42) 0o 0 7 1 (14) 14 7 (50) 3 3 (100) 36 16 (44)
Genitourinary tract infection 2 0 0o 0 2 0 0 0 0 0 4 0
Unknown type of infection 0 0 0 0 0 0 0 0 2 1 (50) 2 1 (50)
Total 40 13 (33) 18 3(17) 115 77 (67) 32 20 (63) 23 17 (74) 228 130 (57)

N, total number of strains isolated.

©2010 The Authors
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TABLE 2. Molecular characteristics of community-associated methicillin-susceptible Staphylococcus aureus (CA-MSSA) and

hospital-acquired methicillin-susceptible S. aureus (HA-MSSA) isolates obtained in five African towns (Antananarivo, Casa-

blanca, Dakar, Niamey, and Yaounde)

Location (no.)

spa Total luk-PV CA-MSSA
CGCs cc ST (n) spa types (no.) Toxin genes® (no.) (%) HA-MSSA (n = 159) (n=69)
314 121 121 44 t314 (37), t317 (1), t4499 sem (43), luk-PV (41), hib (5), 93 D (19), N (6), A (4), Y (3) D (9),N ()Y
(1), t159 (4), t645 (1) sec (1), selr (1) )
084 15 15 26 t084 (25), t346 (1) luk-PV (7), eta (6), sea (6), hib 27 D (12), N (4), Y (2), A (1), C@3),A@2,D
1403 | t3733 (1) (1 0 D (l) ), Y (1)
127 | 852 19 t127 (19) seh (16), luk-PV (12), sea (11), 63 D (10), C (4), A (1), Y (1), D (3)
sec (3), sem (2), hib (2), tst A (1), C(I)
(1), selp (1)
1402 2 1948 (2) sea (2), sec (1), seh (1), sem (1) 0
355 152 152 15 t1299 (2), t1096 (1), t355 Iuk-PV (14), hib (14), sem (2) 93 N (6), D (5) Y(I), A (1), D (3),D (2)
(12) D (1), A (1)
377 4 t5129 (1), t5047 (1), t4687 luk-PV (4), hib (4) 100
(1), t468 (1)
1471 | t5127 (1) Iuk-PV (1), hib (1) 100
021 30 30 12 t318 (6), t342 (2), 021 sem (I1), luk-PV (11), sea (2), 92 D (5), Y (I), A (1), N (1), D@3),Y(l),D
(2), t5134 (1), t3646 (1) hib (1) D (4) (4)
535 4 t433 (4) sea (4), sem (4), luk-PV (4), hib 100
1)
1472 4 t665 (4) sem (4), luk-PV (4) 100
064 8 8 1 t064 (3), t008 (2), t451 sea (5), hib (2), selp (2), seh (1), 9 D (3), N(3), C (1), D (2) D (3),A(l)
(2), €301 (1), £1705 (1), selr (1), tst (1), luk-PV (1)
t1476 (1), t4688 (1)
1404 2 tl617 (2) selp (2) 0
002 5 5 9 t002 (4), t570 (1), t311 sem (9), luk-PV (3), sed (3), selr 33 Y (3), A (3), N (1), N (I) A (1), D (1)
(3), t4681 (1) (3), sea (2), sec (2), selp (2),
tst (1), hib (1)
730 | 4590 (1) sem (1), selp (1) 0
186 88 88 7 t186 (3), t325 (2), t448 (1) hib (2), sea (1), tst (1) 0 A (3), N (1), D (I), Y (I) A(l)
786 (1)
spa CCs with no foun- 66 luk-PV (28), sem (25), sec (6), 42 D (1), A (8),Y (8), N (7), D (12), A (8), C
der® seh (11), hib (10), sea (7), tst C (5) (5), Y (2
Singleton  spa  types (4), selp (3), eta (2), selr (1)
shorter than five repeats
Total 228 luk-PV (130), sem (104), hib 57 D (74), N (30), A (25), Y D (41), A (13),C

(44), sea (40), seh (29), sec
(23), selp (11), eta (8), tst (8),
selr (6), sed (3)

(19), C (1)

A, Antananarivo; C, Casablanca; D, Dakar; N, Niamey; Y, Yaounde; spa CCs, staphylococcal protein A clonal complexes; CC, multilocus sequence typing clonal complex; ST,
sequence type; eta, exfoliatin A; etb, exfoliatin B; etd, exfoliatin D; hib, -haemolysin; lukM, staphylococcal leukocidin; luk-PV, Panton—Valentine leukocidin; se, staphylococcal
enterotoxin; tst, toxic shock syndrome toxin.

“etb, etd, sep, ser and lukM genes were not found in any of the isolates.

PEight spa CCs with no founder (30 isolates), 19 singletons (30 isolates), and six isolates with spa-types shorter than five repeats.

Mali, Nigeria, and South Africa [5,8—10]; and (ii) these two
genetic backgrounds have rarely (CCI5) or never (CCl21)
been identified in MRSA isolates [3], suggesting that they
may not provide a stable genetic environment for SCCmec
integration.

The third and fourth major CCs—CCI (agr3, spa type
tl27 or related, mainly ST852 (90%)) and CCI52 (agrl, spa
type t355 or related, mainly ST152 (75%))—corresponded to
21 (9%) and 20 (9%) isolates, respectively. In ST852, the pre-
dominant toxin genes were seh (84%), luk-PV (63%), and sea
(58%). This clone has rarely been described, with one isolate
having been detected in Germany [l6] and two in Mali [5].
However, CCl is a major worldwide MSSA clonal lineage,
and the putative founder, STI, which was not found in
our study, is a successful CA-MRSA genetic background [3].
Similarly, ST152 has been associated sporadically with a CA-

©2010 The Authors

MRSA genetic background in several countries throughout
Europe (Denmark, Germany, Austria, and Slovenia) [3], and
at a high frequency with an MSSA background in Mali [5] and
Nigeria [7]. The hib and luk-PV genes were usually present
(93%). The fifth CC, CC30 (agr3 and spa type t318 or
related), a successful MRSA lineage [3], corresponded to 20
isolates (9%) belonging mainly to ST30 (60%). The luk-PV and
sem genes were found in the vast majority of isolates (92%).

The absence of common genetic backgrounds between
major MSSA and MRSA clones is one important finding in
this study. Only 7% of MSSA isolates (16 of the 228 isolates)
had a genetic background corresponding to the major MRSA
clones found in the same study population during the same
period [4], namely ST239/241-lll, ST88-1V, and ST5-IV. Only
the latter two genetic backgrounds were present in MSSA
and MRSA lineages (Table 2). The best strategy with which

Clinical Microbiology and Infection ©2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 17, 633639
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to determine whether MRSA clones arise locally via SCCmec
acquisition by successful MSSA clones would have been to
analyse MRSA isolates and a representative MSSA collection
during a period preceding the emergence of MRSA, with the
use of high-resolution genotyping methods. Despite the
absence of such data, our results suggest various hypotheses.
The main MRSA clone, ST239/241-Ill, a well-known pandemic
clone [3], probably did not originate via the introduction of
an SCCmec element into locally dominant MSSA back-
grounds, but was probably imported from abroad, as previ-
ously described [17]. Although most of the MRSA isolates
with the ST5 genetic background were detected in Dakar,
only one MSSA isolate was obtained there, but this does not
exclude an evolutionary link. It has recently been reported
that geographical spread of MRSA isolates with the ST5
genetic background over long distances is rare in comparison
with SCCmec element acquisition [18]. ST88 MSSA isolates
were detected in Antananarivo (n = 4), Dakar (n = I), Nia-
mey (n = ), and Yaounde (n = |), matching the distribution
of ST88-IV MRSA isolates. This latter clone is an atypical suc-
cessful clone found mainly in Africa, suggesting its emergence
from native MSSA. Further studies based on high-resolution
genotyping methods are needed to investigate the evolution-
ary history of this clone [18]. Finally, the high prevalence of
PVL-positive MSSA isolates belonging to CCI152, CC30 and
CCl—genetic backgrounds associated with successful CA-
MRSA [3] and possibly representing a stable genetic environ-
ment for SCCmec integration—could pose a serious public
health threat in future.

The second major finding in this study is the high preva-
lence and high genetic diversity of PVL-positive isolates; luk-
PV genes were detected in 130 (57%) of the 228 isolates
tested, belonging to 39 (45%) of the 87 spa types and to all
the major STs identified here (Table 2). Interestingly, a large
of the backgrounds

described worldwide were observed in our study [3,9,10].

proportion PVL-positive  genetic
The luk-PV genes encoding PVL have been linked in epidemi-
ological studies to deep abscesses, severe necrotizing pneu-
monia, and severe bone and joint infections [19,20], and
recent experimental models support a significant pathological
contribution of PVL [21,22]. This pore-forming toxin targets
human immune system cells, such as polymorphonuclear
neutrophils, monocytes, and macrophages [23]. Depending
on the concentration, PVL pores cause cytokine release and
cell death by apoptosis or necrosis, which undoubtedly con-
tributes to the pathogenicity of PVL-producing S. aureus iso-
lates [24]. As the MSSA isolates obtained in the participating
centres, except for Dakar, were mainly associated with SSTls
(Table 1), infections in which PVL has been strongly impli-
cated [25], a recruitment bias cannot be excluded. Neverthe-

less, our data for Dakar, showing a high prevalence of luk-PV
genes (>47%) regardless of the type of infection, except for
surgical site infections, suggest that PVL-positive isolates are
extensively distributed in Senegal (West Africa). Despite the
different distributions of the types of infection across the
study sites, it is noteworthy that the prevalence of PVL-posi-
tive isolates in SSTIs was significantly higher in Dakar (72%),
Niamey (77%) and Yaounde (71%) (West and Central Africa)
than in Antananarivo (Madagascar) (33%) and Casablanca
(Maghreb) (17%) (p <0.01). Furthermore, the high prevalence
of nasal carriage of PVL-positive MSSA described in Cape
Verde [9] and Mali [5] (West Africa) (>35%) contrasts with
the low prevalence reported in industrialized countries (0.5—
1.4%) [26-28]. All of these data suggest that West and Cen-
tral Africa have a particularly high prevalence of PVL-positive
MSSA isolates, although further investigations on S. aureus
from nasal sources are needed to confirm this high preva-
lence. Finally, no significant difference in the prevalence of
PVL genes was observed between the hospital and commu-
nity settings (p 0.34). When the prevalence of PVL-positive
isolates in the community is high, these isolates are able to
spread in hospitals [29], particularly in Africa, where the per-
manent presence of friends and relatives in hospitals, and the
transfer of some healthcare responsibilities to these persons,
increases the risk of isolate circulation between the commu-
nity and hospital settings [4].

Even though the reasons for this very high prevalence of
PVL-positive MSSA isolates are currently unclear, its implica-
tions in terms of the evolutionary history of S. aureus in
Africa should be investigated. The luk-PV genes are carried
on mobile genetic elements (prophages), implying that PVL-
positive MSSA isolates may represent a reservoir for PVL
genes. These genes could subsequently be incorporated into
S. aureus lineages through horizontal transfer, either before
or after acquisition of the mecA gene [30]. This is a major
concern. Conditions in Africa that increase the risk of inter-
individual transmission (poor access to healthcare services,
poor hygienic and sanitary conditions, overcrowding, etc.),
combined with the high prevalence of PVL-positive S. aureus
isolates, has the potential to lead to massive emergence and
spread of successful and highly virulent PVL-positive MRSA
clones, a phenomenon that has already been described in
Algeria, Cameroon, Morocco, Nigeria, and Senegal [4,6,8].

In conclusion, this study provides an unique overview of
MSSA clones circulating in seven hospitals in five major Afri-
can towns. We studied isolates from only one or two cen-
tres in each country, which may not be representative of the
overall situation. However, the healthcare institutions studied
here were among the main tertiary hospitals in each of the
five countries studied. The high prevalence of luk-PV genes

©2010 The Authors
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among MSSA strains is a major concern, both as a source of
severe infections and as a potential reservoir that could
accelerate the emergence of successful clones that are both
PVL-positive and resistant to methicillin. Moreover, human
mobility may hasten the spread of native African clones, and
thus have a significant future impact on S. aureus epidemiol-
ogy in other regions of the world.
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