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Characterization of nosocomial methicillin-susceptible Staphylococcus aureus isolates from Cape Verde
showed that (i) Panton-Valentine leukocidin genes were present in 35% of the isolates and (ii) half of the
collection had the same genetic background as methicillin-resistant pandemic clones. Introduction of the
staphylococcal chromosome cassette mec (SCCmec) into virulent and epidemic isolates could pose serious
threats to public health.

Staphylococcus aureus constitutes a major public health
threat, and methicillin-resistant S. aureus (MRSA) is currently
the most commonly identified antibiotic-resistant pathogen in
many parts of the world. Concerning the African continent,
although there is still a lack of epidemiologic data, MRSA was
reported as a problem in different countries, including South
Africa (6), Zimbabwe (16), Kenya (13), Ethiopia (29), Egypt
(9), Senegal (27), and Ivory Coast (4). In contrast, the preva-
lence of MRSA was very low or nonexistent in Somalia (23),
Nigeria (1), and Tanzania (30).

In a previous study we determined the rates of nosocomial
colonization by staphylococci in Cape Verde islands and the
antimicrobial susceptibility profiles (3). The S. aureus car-
riage rates were around 41%, and all isolates were suscep-
tible to methicillin (3). The aim of the present study was to
obtain insights into the methicillin-susceptible S. aureus
(MSSA) genetic population, including the detection of vir-
ulence determinants, in a country where at least in a par-
ticular period the prevalence of MRSA in colonization sam-
ples seemed to be null.

The MSSA isolates included in this work were collected
during a surveillance study in two hospitals on the two most
populated islands of the Cape Verde archipelago (3). Hospital
Dr. Agostinho Neto is located in Praia, on São Tiago, and
Hospital Baptista de Sousa is in Mindelo, on São Vicente. The
isolates represented colonization samples from patients or
health care workers and were recovered from nasal or wound
swabs. Five isolates from the previous study were not viable
when cultured from the frozen stocks and could not be in-
cluded in the present work.

Pulsed-field gel electrophoresis (PFGE) was performed af-
ter SmaI digestion as described by Chung et al. (7). The re-
sulting band patterns were analyzed by visual inspection fol-
lowed by analysis with BioNumerics software (version 4.0;
Applied Maths, Ghent, Belgium) for relatedness evaluation.
Dendrograms were generated from similarity matrixes calcu-

lated with the Jaccard coefficient, and patterns were clustered
by the unweighted pair group method with arithmetic mean
using an optimization of 1.5% and a tolerance of 1.3%. Profiles
with more than 70% similarity were considered closely related.

spa typing was performed as previously described (17, 26).
The spa types were assigned through the Egenomics and Ri-
dom (http://www.ridom.de/spaserver/) (12) web servers. spa
types with similar repeat profiles were grouped together as part
of the same lineage (spa lineage); lineages are identified by the
same capital letter.

Multilocus sequence typing (MLST) was carried out as de-
scribed by Enright et al. (10), with the exception that primer
arcCF2 (5�-CCT TTA TTT GAT TCA CCA GCG-3�) was
used (8). spa typing and MLST PCR products were purified
with a Wizard PCR Preps purification system (Promega, Mad-
ison, WI) and used as templates for sequencing of both strands
at Macrogen (Seoul, South Korea). MLST alleles and se-
quence types (STs) were identified using the MLST database
(http://www.mlst.net), which was also used to search for earlier
reports on the STs identified during the present study.

The presence of the Panton-Valentine leukocidin (PVL)
and the exfoliative toxin D (ETD) genes, i.e., lukS-PV and
lukF-PV and etd, respectively, was determined by PCR as de-
scribed previously (15, 19).

The characterization of 63 MSSA strains by PFGE resulted
in the definition of 13 different genotypes (Fig. 1). Represen-
tatives of these 13 PFGE patterns (17 isolates) were charac-
terized by spa typing and classified into 17 spa types and 12 spa
lineages. MLST was performed on single isolates of each
PFGE pattern and/or spa lineage identified (13 isolates). All
PFGE types belonged to a different ST, confirming the exis-
tence of 13 distinct clones among the 63 MSSA isolates, whose
main characteristics are shown in Fig. 1.

The genetic studies on the clonal population of the MSSA
isolates in Cape Verde demonstrated that some clones were
very successful. Clone U (spa type 92/t359 or related, ST 669)
was represented by 19% of the isolates (n � 12), whereas the
second and third most prevalent clones, clone J (spa type
651/t301 or related, ST 683) and clone A (spa type 650/t942 or
related, ST 30), had incidences of 16% (n � 10) and 14% (n �

* Corresponding author. Mailing address: The Rockefeller Univer-
sity, 1230 York Ave., New York, NY 10021. Phone: (212) 327-8278.
Fax: (212) 327-8688. E-mail: lencash@mail.rockefeller.edu.

3790



9), respectively. In addition, some of these clones have the
capacity to disseminate between islands: 8 of the 13 clones
occurred in both hospitals (Fig. 2). However, the most success-
ful clone, clone U, was identified in HBS only.

Although no MRSA strains have been found in Cape Verde,
about half of the isolates (46%, n � 29) showed a genetic
background identical (same ST) or very similar (single-locus
variant [SLV] or double-locus variant [DLV]) to the genotypes

of pandemic MRSA clones. For instance, clone J (ST 683) is a
DLV of the Iberian MRSA (ST 247), clone A (ST 30) is an
SLV of EMRSA-16 (ST 36), and clone C (ST 5) has a back-
ground identical to the New York/Japan and Pediatric (ST 5)
clones. Moreover, clone H (ST 508) is an SLV of and clone Z
(ST 45) shares the same ST as the Berlin clone (ST 45) (Fig. 1).
The fact that some of the major MSSA clones established in
Cape Verde correspond to internationally successful MRSA

FIG. 1. Molecular characterization of MSSA strains and comparison with MRSA pandemic clones. On the left is a dendrogram showing the
estimated relationships of PFGE types based on Bionumerics analysis, including representatives of five international pandemic MRSA clones (in
bold). (a) The spa type was assigned through both the Egenomics and the Ridom web servers.

FIG. 2. Clonal distribution between Hospital Baptista de Sousa (Praia, São Tiago) and Hospital Dr. Agostinho Neto (Mindelo, São
Vicente).
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clones provides evidence that the emergence of MRSA isolates
in an environment is not exclusively dependent on the presence
of successful MSSA lineages. A similar observation was re-
cently published from Portugal (2).

Although most MSSA clones in Cape Verde are recognized
as international clonal types, three STs found in the present
study have not been described before (STs 668, 669, and 683).
Interestingly, ST 398, which was detected in a single isolate in
the present study, was recently reported to be resistant to
digestion with SmaI restriction endonuclease (33) and seems
to be associated with pigs and pig farmers (5, 33). Whether the
isolate from Cape Verde was pig related is unknown. However,
there were no signs of resistance to SmaI digestion, and the
isolate was classified as PFGE type V.

A total of 22 (35%) and 5 (8%) isolates tested positive by
PCR amplification for the PVL and ETD genes, respectively.
All but one isolate belonging to STs 30 (n � 8), 121 (n � 6),
1 (n � 4), and 25 (n � 4) were PVL positive, whereas the five
ETD-positive isolates belonged to ST 25 (n � 4) and ST 398
(n � 1). Out of the 22 PVL-positive isolates that were almost
equally distributed among patients and health care workers,
four were recovered from wound infections, whereas 18 were
obtained from nasal samples. We found a proportion of PVL-
positive MSSA isolates that was fairly high (35%) compared
with data in studies from other countries. Melles et al. (21)
found a PVL prevalence of only 0.6% in a large (n � 829)
Dutch collection of carriage isolates, whereas Kuehnert et al.
(18) reported the presence of PVL in 1% of 297 American
MSSA nasal isolates, and Holmes et al. (14) found only 8
PVL-positive isolates (1.6%) among 515 isolates of S. aureus
from different sites of infection. An additional study demon-
strated that PVL genes were very rare in Germany in both
nasal and blood isolates (32). Moreover, the PVL gene has
been reported to be more common in MRSA isolates than in
MSSA isolates (18, 20), particularly among community-ac-
quired MRSA strains of STs 1, 8, 30, 59, 80, and 93 (31).

In the present study, the PVL genes were detected in all
isolates belonging to clones A-ST 30 (with the exception of one
isolate), F-ST 121, G-ST 1, and S-ST 25, whereas etd was
present in all isolates of clones S and V-ST 398. A previous
study comparing the genetic backgrounds of MSSA and
MRSA in Portugal showed some MSSA clonal overlapping
between Portugal and Cape Verde. Although the four PVL-
positive clonal types detected in Cape Verde had been identi-
fied among the Portuguese MSSA nosocomial and/or commu-
nity population, the cytotoxin was found exclusively in clone
F-ST 121 and in a very restricted number of Portuguese iso-
lates (2 out of 19 isolates) (2). Clones ST 1 and ST 30 PVL�

have been described as the most frequent community-acquired
MRSA clones in the United States and Oceania, respectively
(31). ST 121 has been detected among isolates carrying PVL
genes in England and Wales (14), and ST 25 was recently
reported as a highly transmissible clone associated with colo-
nization and infection in the niche of AIDS-infected patients
with a history of drug use (11). It is known that the genes that
encode PVL are carried by different temperate phages and that
S. aureus strains are usually lysogenized by a phage(s) (22).
Our results suggest that hospitals in Cape Verde may represent
a reservoir of PVL-positive clones. However, the reason why
MSSA strains from Cape Verde seem to be more prone to

PVL-converting phage infection is currently unclear. This
study indicates that the acquisition of virulence might confer a
greater advantage to S. aureus than antibiotic resistance genes
in a country and period in which the use of antibiotics is very
limited.

Interestingly, clone A is closely related to phage type 80/81
strains, which became pandemic during the 1950s, causing a
high frequency of skin lesions, sepsis, and pneumonia in chil-
dren and young adults in hospitals and the community (25).
The phage type 80/81 clone is ST 30, carries the PVL genes,
and has been suggested to be the ancestor of the community-
acquired PVL-positive southwest Pacific MRSA clone (ST 30,
SCCmec IV) (24). On the other hand, Taneike et al. recently
reported that the MRSA isolates that caused nosocomial out-
breaks in Japan in the 1980s were ST 30 and PVL positive (28).
This clone was replaced by the PVL-negative New York/Japan
MRSA ST 5 clone in the 1990s and now seems to be re-
emerging in the community after having lost some virulence
genes (28).

In summary, the genetic backgrounds corresponding to five
pandemic MRSA clones were represented among the MSSA
isolates from Cape Verde, and the genes that code for PVL
were detected in a high proportion of strains with different
genetic backgrounds. Although a fitness cost associated with
the maintenance of both SCCmec and the PVL genes may
exist, we should be aware of the eventual emergence of MRSA
strains by the introduction of SCCmec into highly virulent and
epidemic MSSA backgrounds. This could pose an additional
threat to public health, warranting continuing surveillance
studies, namely in African countries.
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