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Ninety-six clinical isolates of Staphylococcus aureus from Nigeria were characterized phenotypically and
genetically. Twelve multidrug-resistant methicillin (meticillin)-resistant S. aureus (MRSA) isolates carrying a
new staphylococcal cassette chromosome mec element and a high proportion of Panton-Valentine leukocidin
(PVL)-positive methicillin-susceptible S. aureus (MSSA) isolates were observed. The cooccurrence of multi-
drug-resistant MRSA and PVL-positive MSSA isolates entails the risk of emergence of a multidrug-resistant
PVL-positive MRSA clone.

Staphylococcus aureus is a major cause of both hospital- and
community-acquired infections. In particular, methicillin
(meticillin)-resistant S. aureus (MRSA) strains have been de-
tected worldwide (15), and the prevalence of MRSA varies
among countries and health institutions (2, 4, 27). The emer-
gence of MRSA strains resistant to glycopeptides, as well as
the increasing prevalence in the community (7), highlights the
need for worldwide epidemiological studies of this pathogen.
However, data about the epidemiology and prevalence of
staphylococcal infections in Africa are scarce compared to
information about such infections in the rest of the world.
Studies have indicated low prevalences of MRSA in Nigeria,
Somalia, and Tanzania (1), but high prevalences in South Af-
rica, Zimbabwe, Kenya, Ethiopia, Egypt, Senegal, and the
Ivory Coast have been reported (2, 9, 18). In addition, a recent
study of the genetic diversity of S. aureus strains in a carriage
population from Mali showed a high frequency of a Panton-
Valentine leukocidin (PVL)-positive clone (25). The mecha-
nisms for the emergence and spread of S. aureus clones in
Africa are largely unknown; hence, the characterization of
isolates may provide baseline information needed in establish-
ing effective infection control measures in Nigeria.

In this study, a total of 96 S. aureus isolates obtained be-
tween January and December 2007 from clinical specimens in
six tertiary-care hospitals located in northeastern Nigeria were
characterized. The isolates were identified based on standard
bacteriological procedures (i.e., Gram staining and catalase,
tube coagulase, and DNase testing), and susceptibilities to 12
antibiotics (Table 1) were determined by the disk diffusion

method according to the CLSI guidelines. All the isolates were
susceptible to vancomycin, fusidic acid, and mupirocin, and 12
(12.5%) were resistant to methicillin (i.e., oxacillin and cefox-
itin resistant) (Table 1). The MRSA isolates were multidrug
resistant (i.e., resistant to beta-lactams, along with at least
three other classes of antibiotics), a finding similar to previ-
ously reported findings in other African countries like Mo-
rocco, Kenya, Cameroon, and South Africa (17). MRSA resis-
tance to non-beta-lactams may further increase the medical
expenses and the complexity of patient management, as well as
morbidity and mortality rates since alternative antibiotics may
not be affordable in many African countries.

The genetic diversity of the S. aureus population was as-
sessed by the highly discriminatory double-locus sequence typ-
ing (DLST) method as described previously (20). This method
is based on the analysis of partial sequences (about 500 bp) of
the variable clfB and spa genes. A total of 41 clfB and 46 spa
alleles were observed among the 96 S. aureus isolates evaluated
by DLST, and these alleles represented 53 different DLST
types. The eBURST software was used to cluster DLST types
with identical sequences of at least one allele. Cluster analysis
showed a low level of diversity among the 12 MRSA isolates,
which belonged to a single cluster, while a high level of diver-
sity among the methicillin-susceptible S. aureus (MSSA) iso-
lates (i.e., 10 single-locus variant clusters and 23 singletons)
was observed (Fig. 1). However, one cluster (DLST type 48-43)
was predominant among the MSSA isolates. To confirm the
relationship between S. aureus genotypes from Nigeria and
worldwide clonal complexes (CCs), multilocus sequence typing
(MLST) of at least one representative strain from each of the
main DLST clusters (Table 2) was performed as described
earlier (10). A total of 12 sequence types (STs) were observed
among the 16 isolates analyzed by MLST. The MRSA cluster
belonged to ST 241, while the predominant MSSA cluster was
grouped into ST 152. With the exception of the genetically
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divergent ST 152, all the STs belonged to one of eight inter-
nationally recognized S. aureus CCs: CC1, CC5, CC8, CC9,
CC15, CC30, CC80, and CC121.

The clonality of MRSA strains was further confirmed by
the typing of the staphylococcal cassette chromosome mec
(SCCmec) elements observed in these isolates. Using the mul-
tiplex PCRs described by Kondo et al. (19) and Milheiriço et
al. (23), we found that all the Nigerian isolates carried ccr type
5 and mec class A, as well as a J2 region similar to SCCmec
type III. So far, the combination of these elements had been
observed only in strains simultaneously carrying two SCCmec
elements: SCCmec type III and SCCmercury (6, 19). However,
we did not detect the presence of the mercury operon, sug-
gesting that the Nigerian cassette does not carry SCCmercury

and that it is a new SCCmec element. Recombination between
different SCCmec types and/or local acquisitions may explain
the emergence of new resistance elements (5, 12, 13). Recent
data indicated that the local acquisition of SCCmec elements is
a frequent phenomenon (24), highlighting the need to com-
pare the molecular epidemiologies of MSSA and MRSA.
However, we were not able to establish a link between these
two categories since the genetic background of MRSA was
clearly distinct from that of MSSA. SCCmec elements are
often associated with resistance to multiple classes of antibi-
otics (8). However, resistance determinants may also be car-
ried on other mobile elements, such as plasmids, transposons,
and phages (22), and further investigations are needed to char-
acterize this new cassette and unambiguously link the multi-
drug resistance pattern with this element.

PVL is a toxin responsible for skin and soft-tissue infections
and is often associated with community-acquired MRSA infec-
tions. All isolates were tested for the presence of PVL genes as
described elsewhere (21). Among the 96 isolates, 41 (42.7%)
were PVL positive, but the MRSA isolates were PVL negative
(Fig. 1). The prevalence of PVL-positive S. aureus isolates in
this study was high compared with the data in recent reports
indicating prevalences of less than 10% in several European
countries (16, 26). The Nigerian PVL-positive MSSA isolates
were well distributed among the hospitals, and more (39%)
were recovered from wound specimens than from any other
source. Interestingly, the PVL genes were noted to be present
in almost all the MSSA isolates in the predominant group
(DLST cluster 48-43). This observation supports the finding of
a high prevalence of PVL-positive S. aureus isolates (ST 152) in
a carriage population from Mali (25). Furthermore, a PVL-

TABLE 1. Frequency of resistance of S. aureus (MSSA and
MRSA) isolates to antibiotics

Antibiotic

% of resistant isolates among:

MSSA isolates
(n � 84)

MRSA isolates
(n � 12)

All isolates
(n � 96)

Penicillin 91.6 100 92.7
Oxacillin 0 100 12.5
Cefoxitin 0 100 12.5
Gentamicin 2.4 100 14.6
Erythromycin 3.6 100 15.6
Clindamycin 0 75 9.4
Co-trimoxazole 8.3 100 19.8
Ciprofloxacin 3.6 100 15.6
Rifampin 2.4 0 2.1
Vancomycin 0 0 0
Fusidic acid 0 0 0
Mupirocin 0 0 0

FIG. 1. DLST single-locus variant clustering of 96 S. aureus isolates from northeastern Nigeria by using eBURST. Each circle represents one
DLST type, and the diameter of the circle reflects the frequency (i.e., the number of isolates) of that type. Linked DLST types differ at one of the
two loci (clfB or spa). DLST types represented by only MSSA or MRSA isolates are indicated in black or gray, respectively. DLST types including
PVL-positive isolates are indicated by asterisks (values in parentheses indicate the number of PVL-positive isolates/total number of isolates of that
DLST type).
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positive community-acquired MRSA clone (ST 152) has been
observed in the Balkans and Central Europe (3, 11, 14). The
presence of PVL-positive MSSA isolates (ST 152) in Nigeria
and Mali supports the hypothesis that the MRSA clone origi-
nated in Africa, migrated throughout central Europe, and ac-
quired methicillin resistance (25).

In conclusion, our analysis of isolates from northeastern
Nigeria indicated a high number of PVL-positive MSSA iso-
lates, along with a multidrug-resistant MRSA clone carrying a
novel SCCmec element. The cooccurrence of multidrug-resis-
tant MRSA and PVL-positive MSSA highlights the risk for the
emergence of a multidrug-resistant PVL-positive MRSA
clone. This point further underlines the need for surveillance
studies in Africa and the enforcement of antibiotic stewardship
and infection control to prevent further dissemination of epi-
demic clones.
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