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Objectives: Recent surveillance of MRSA colonizing patients and healthcare workers in two African countries
(Angola and São Tomé and Prı́ncipe) reported the frequent recovery of oxacillin-susceptible MRSA (OS-MRSA):
Staphylococcus aureus strains that gave positive results with the mecA DNA probe, but had low oxacillin MIC
values characteristic of susceptible S. aureus. This apparent dissociation of the drug-resistant phenotype from
mecA—the primary genetic determinant of resistance—prompted us to perform a more detailed analysis on
nine of the African OS-MRSA strains.

Methods: Oxacillin MIC values were determined by Etest and population analysis profiles with and without induc-
tion of the stringent stress response by mupirocin. Biochemical profiling using SDS–PAGE followed by western
blotting was used for the detection of PBP2A protein produced.

Results: Cultures of the African MRSA strains (ST88-IVa and ST8-V) showed heterogeneous oxacillin resistance in
which the majority of cells exhibited low oxacillin MICs (≤0.75 mg/L), but highly resistant subpopulations were
also present with oxacillin MIC values up to several hundred mg/L and with frequencies of 1024 to 1026. The same
strains after induction of the stringent stress response by mupirocin ‘converted’ the heterogeneous phenotypes
into a more homogeneous and higher level resistance. After induction by oxacillin and mupirocin, each of the nine
African OS-MRSA strains produced PBP2A—the protein product of mecA.

Conclusions: The resistant phenotype of OS-MRSA resembles the phenotypes of historically early MRSA clones. The
nature of genetic determinants responsible for the heterogeneous phenotypes of OS-MRSA remains to be determined.

Introduction
Oxacillin-susceptible MRSA (OS-MRSA) are defined as Staphylococcus
aureus possessing the antibiotic resistance gene mecA and, yet, exhi-
biting a low MIC value of oxacillin (,2 mg/L), characteristic of fully
susceptible strains.1

It seems that the first use of the term OS-MRSA was in 2007 by
Hososaka et al.,1 who described a surveillance study in 11 Japanese
hospitals and found that 1.25% of the MRSA were OS-MRSA.
However, strains with the OS-MRSA phenotype had been described
previously in the USA by Sakoulas et al.2 in 2001 and in Germany by
Kampf et al.3 in 2003. More recently, OS-MRSA strains have been
reported in Europe (in the UK, Germany and Greece),4 – 6 in the
USA7,8 and in Asia.9–11

In a recent surveillance study,12 164 S. aureus strains were
recovered from nasal carriage of patients and healthcare workers
in African hospitals and 29 (17.7%) of the strains showed

properties typical of OS-MRSA: they produced a positive reaction
with a DNA probe indicating the presence of the mecA determin-
ant, but showed oxacillin MIC values of ≤3 mg/L, suggesting that
they expressed oxacillin-susceptible phenotypes.

In the study described here, nine African OS-MRSA strains12 and a
control strain, SA110,2 were characterized by microbiological and
biochemical techniques. Antibiotic-resistant phenotypes were
determined by population analysis of the cultures without and
with the presence of mupirocin (an agent capable of inducing
a stringent stress response and high-level resistance in the
bacteria).13 The heterogeneous phenotype of the cultures could be
converted into high and homogeneous resistance by the inclusion
of mupirocin—an isoleucyl-tRNA synthetase inhibitor—in the
medium.13–15 Protein expression profiles of the strains were com-
pared using SDS–PAGE without and with treatment with sub-MIC
concentrations of oxacillin and mupirocin. The amounts of PBP2A
were compared using a monoclonal antibody against PBP2A.
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The aim of our study was to better characterize and under-
stand the mechanism of this unique antibiotic-resistant pheno-
type of the OS-MRSA strains.

Materials and methods

Bacterial strains and growth conditions
Bacterial strains, which include representatives of the two major OS-MRSA
clones circulating in Angola and São Tomé and Prı́ncipe, are described in
Table 1. S. aureus strains were grown in tryptic soy broth (TSB; Difco
Laboratories, Detroit, MI, USA) at 378C with aeration or on tryptic soy
agar (TSA; Difco Laboratories, Detroit, MI, USA). Bacterial growth was mon-
itored by measurement of the OD at 620 nm (OD620) with a spectropho-
tometer (model 2800; UNICO, Dayton, NJ, USA).

Antibiotic susceptibility
Antibiotic susceptibility was determined by Etest (bioMérieux) and popula-
tion analysis profiles (PAPs). The Etest was done by spreading a small ali-
quot of overnight culture diluted to an OD620 of 0.08 onto TSA plates with
and without a sub-MIC concentration of mupirocin (0.03 mg/L) and adding
an oxacillin Etest strip onto the surface of the plates.13 MIC values of oxa-
cillin were determined after 48 h of incubation at 378C.

PAPs were done on overnight cultures diluted with TSB and plated onto
TSA plates with and without a sub-MIC concentration of mupirocin
(0.03 mg/L)13 and serial (2-fold) dilutions of oxacillin according to the
population analysis method described previously.16

Typing methods
Chromosomal DNA for PFGE was prepared as described previously.17

Chromosomal DNA for PCR was prepared as previously described.18,19

MLST, based on the sequences of seven house-keeping genes,20,21 was
performed in accordance with published procedures. SCCmec types were
determined using described protocols.16,17

Protein analysis
Staphylococcal membrane proteins were prepared following the method
described previously.13 SDS–PAGE and western blotting were performed

for the detection of PBP2A in membrane preparations of the nine African
OS-MRSA strains and the reference strain SA110, using methods described
previously.13 In order to induce the mecA gene and optimize expression
of the resistant phenotype, 0.5 mg/L oxacillin and 0.03 mg/L mupirocin
were added to the growth medium. For detection of b-lactamase, a nitro-
cefin assay was performed in a 96-well plate. Colour change of nitrocefin
from yellow to red was examined with 50 mL of each bacterial culture at an
OD620 of 0.5 by adding 2 mL of nitrocefin solution (stock: 1 mg/mL
in DMSO).

Results and discussion
The properties of the nine OS-MRSA strains originating in Africa
and the OS-MRSA strain SA110 (often used as a reference for
MRSA with this phenotype) are shown in Table 1. The four isolates
from Angola (ANG44, ANG49, ANG278B and ANG293A) and three
of the five isolates from São Tomé and Prı́ncipe (STP33, STP74A
and STP254) showed the characteristics of the so-called ‘African
clone’ (ST88-SCCmec type IVa) widely spread in this continent,
while the two remaining isolates from São Tomé and Prı́ncipe
(STP59 and STP292) belonged to ST8-V, the major clone circulat-
ing in the country.

The oxacillin-resistant phenotype of the nine African strains
was evaluated by Etest (Figure S1, available as Supplementary
data at JAC Online) on agar medium with or without supplemen-
tation by mupirocin, an agent that was shown to boost levels of
oxacillin resistance by triggering the stringent stress response in
bacteria.13,20 All African strains exhibited substantially increased
levels of oxacillin resistance in the presence of mupirocin, except
for two strains—strains STP292 and STP59, which showed moder-
ate or little effect by mupirocin (Figure S1H and I). These two
strains share a common MLST type ST8, SCCmec type V, spa
type t451 and show PFGE subtypes that differ in a single band.
The other strains belonged to ST88-SCCmec IVa.

The antibiotic-resistant phenotype of the nine African strains
was also evaluated by PAPs (Figure 1). In cultures of each of the
strains, the majority of the bacteria had low oxacillin MICs: cells
began to lose viability when exposed to even low concentrations
of oxacillin (,1.5 mg/L). However, highly resistant subpopulations

Table 1. Strains, isolation origins and dates, clonal types and oxacillin susceptibility (without and with mupirocin)

Strain Year Country PFGE spa type MLST (ST) SCCmec

Oxacillin MIC (mg/L)

without MUP with MUP

ANG44 2012 Angola B2 t186 88 IVa 1 24
ANG49 2012 Angola B4 t1951 88 IVa 0.5 96
ANG278B 2012 Angola B1 t325 88 IVa 1 .256
ANG293A 2012 Angola B4 t786 88 IVa 0.75 96
STP33 2010 São Tomé and Prı́ncipe B2 t786 88 IVa 0.28 .256
STP74A 2010 São Tomé and Prı́ncipe B3 t186 88 IVa 0.5 192
STP254 2012 São Tomé and Prı́ncipe B1 t786 88 IVa 0.38 .256
STP292 2012 São Tomé and Prı́ncipe C4 t451 8 V 0.5 8
STP59 2010 São Tomé and Prı́ncipe C12 t451 8 V 0.75 1.5
SA110 2000 USA t064 8 IVd 1.5 .256

MUP, mupirocin.
SA110 was an OS-MRSA isolate from a patient at the Beth Israel Deaconess Medical Center in 2000.2 Typing of the isolate was carried out in the cur-
rent study.
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Figure 1. PAPs of the nine African strains on oxacillin plates with and without supplementation by a sub-MIC concentration of mupirocin. MUP, mupirocin.
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of bacteria were also present in cultures of each of the African
strains with frequencies varying from 1024 to 1026 and the resist-
ance level of these subpopulations was quite high with MIC values
often exceeding 100 mg/L oxacillin.

Figure 1 shows that in the presence of mupirocin, the pheno-
type of seven of the nine African strains was converted from a het-
erogeneous into a highly homogeneous phenotype in which the
great majority of bacteria expressed very high levels of oxacillin
resistance. In two strains, STP292 and STP59 (both ST8-V), the
resistance level was increased, but the phenotype remained het-
erogeneous. The results of the PAPs were consistent with the find-
ings obtained by Etest (Figure S1).

A similar, profound, effect of induction of the stringent stress
response by mupirocin was also demonstrated in MRSA strain
SA110 (ST8-IVd), frequently used as a prototype of OS-MRSA.2

Similarly to the case of the African strains, the heterogeneous
resistant phenotype of strain SA110 was converted into a high
and homogeneous resistance in the presence of mupirocin
(Figure 2a and b). PFGE analysis revealed that SA110 had the
same PFGE pattern as a representative of the lineage USA500
(ST8-IV) (Figure 2c).22 The results of Etest and PAPs suggest that
MRSA strains with ST8-SCCmec V such as STP292 and STP59 may
be either more relaxed to the stringent stress response or less sus-
ceptible to mupirocin as compared with the other African strains.

In the next series of experiments, the nine African MRSA strains
were analysed by SDS–PAGE with and without induction of resist-
ance by oxacillin and/or mupirocin (Figure S2A–C). Figure S2(A–C)
and Figure 3 document the production of PBP2A (detected by the
monoclonal antibody specific to this protein) by each of the
African OS-MRSA strains and by the control OS-MRSA strain
SA110 in the presence of oxacillin and mupirocin.

In seven of the nine African OS-MRSA [STP59/ST8-V, STP74A/
ST88-IVa, STP292/ST8-V and the four ST88-IVa strains from
Angola (ANG44, ANG49, ANG278B and ANG293A)], production
of PBP2A was only detectable after induction with both oxacillin
and mupirocin (Figure S2A–C and Figure 3). In the two remaining
strains (STP254 and STP33), the amount of PBP2A was increased
by the addition of mupirocin; the addition of oxacillin had no
impact (Figure S2B and Figure 3), which correlates with the
absence of b-lactamase in these strains (Figure S2B; the fifth
arrow from the top). The absence of expression of b-lactamase
in STP33 and STP254 was also confirmed with a nitrocefin assay
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Figure 2. Oxacillin resistance phenotype of ‘OS-MRSA’ strain SA110—determined by population analysis (a) or Etest (b)—in the absence and presence of
mupirocin added to the growth medium. (c) PFGE profiles of strain SA110 and two strains representing the MRSA clones USA500 and USA300. The PFGE
profile of strain NCTC 8325 was also included as a control. Noteworthy, according to Li et al.,22 USA300 is derived from USA500.
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(data not shown). The production of PBP2A in control strain SA110
was greatly increased by mupirocin and oxacillin (Figure S2A and
Figure 3).

Although each of the nine African OS-MRSA strains were able to
change their phenotypes from susceptible to resistant under
stress conditions, these strains appear to be intrinsically more sus-
ceptible to oxacillin—without induction of the mecA gene—as
compared with most MRSA strains.

The properties of the African MRSA strains belonging to the two
main lineages widely spread in Angola and São Tomé and Prı́ncipe
(ST88-IVa and ST8-V) suggest that they represent resurgence of
clonal types of MRSA, which express antibiotic resistance in a
highly heterogeneous fashion. Strains with these particular resist-
ance phenotypes have already been seen among MRSA clinical
strains in earlier surveillance studies in Europe and the
USA.20,23,24 While the antibiotic resistance level (oxacillin MIC) of
the African strains was low, bordering on susceptibility, data pre-
sented in this communication show that the borderline resistance
of these strains is due to their unusual and extremely heteroge-
neous phenotypes.

While MRSA with comparable highly heterogeneous resistance
have been described before in the literature,2 – 11 the appearance
of MRSA lineages with these properties among clinical strains
recovered with high frequency in a specific geographical area
seems to represent the first case in which MRSA strains with
such highly heterogeneous phenotypes have a significant
representation among clinical specimens.
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