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Abstract

We characterised 80 Staphylococcus aureus strains isolated from human patients with
SSTls at a rural hospital in Ethiopia. Susceptibility to antibiotic of all strains was tested. The
MLST method was used to type and a phylogenetic analysis was conducted employing the
sequences of 7 housekeeping genes. PCR amplification was used to investigate the pres-
ence of the following virulence genes in all strains: hla (a-haemolysin), tstH (toxic shock syn-
drome toxin), luk PV (Panton-Valentine leukocidin), fnbA (fibronectin binding protein A) and
mecA (methicillin resistance). Most of the strains were resistant to penicillin and ampicillin,
but only 3 strains were resistant to oxacillin, and 1 of them was a true MRSA. The MLST
results showed a high diversity of sequence types (ST), 55% of which were new, and ST152
was the most prevalent. A phylogeny study showed that many of the new STs were phyloge-
netically related to other previously described STs, but bore little relationship to the only ST
from Ethiopia described in the database. Virulence gene detection showed a high preva-
lence of strains encoding the hla, fnbA and pvi genes (98.77%, 96.3% and 72.84%, respec-
tively), a low prevalence of the tst gene (13.58%) and a markedly low prevalence of MRSA
(1.25%). S. aureus strains isolated from patients in a rural area in Ethiopia showed low lev-
els of antibiotic resistance, except to penicillin. Moreover, this study reveals new STs in
Eastern Africa that are phylogenetically related to other previously described STs, and con-
firm the high prevalence of the pv/ gene and the low prevalence of MRSA on the continent.

Introduction

Staphylococcus aureus is a gram-positive bacterium with carrier rates of 25-50% in the general
population as a commensal microorganism, but it can also become an opportunistic pathogen
under certain circumstances. Consequently, it is not only the cause of community-acquired
infection (CAI), but is also one of the most important aetiological agents of hospital-acquired
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infection (HAI) [1]. S. aureus presents high plasticity, conferring an exceptional capacity to incor-
porate genetic material from other strains, and acquire new infection characteristics related to
antibiotic resistance and virulence [2]. Hence, phylogenetic studies are very useful to determine
the relationship and evolution of different strains, even from different parts of the world [3].

As a result of its versatility and adaptability in the antibiotic era, S. aureus has acquired
resistance to most of the antibiotics used to treat it [4]. The clearest example of this are the
methicillin-resistant Staphylococcus aureus strains (MRSA), which express the chromosomal
gene mecA that encodes a PBP2a transpeptidase, which shows a reduced affinity for all avail-
able beta-lactam agents, including penicillin [5, 6]. This gene is located in a small mobile geno-
mic element known as the staphylococcal cassette chromosome (SCC), and is thought to be
acquired through horizontal transfer from coagulase-negative staphylococci [7]. MRSA is
responsible for a large number of serious infections and hospital-related deaths in developed
countries [8, 9], but are also starting to be detected in developing countries [10, 11].

S. aureus can also produce a variety of thermostable extracellular protein toxins which
behave as virulence factors, including superantigens, haemolysins, leukocidins. The most
important of them is the Panton-Valentine leukocidin (PVL), which is a cytotoxin that forms
pores in the membrane, and has been associated with furuncles, cutaneous abscesses and
severe necrotic skin infections, increasing disease severity [12, 13]. This toxin requires the
assembly of two polypeptides, LukS-PV and LukF-PV, into a hetero-oligomeric pore [14].
Although PVL has been related to both community-acquired (CA) MSSA and MRSA
(CA-MSSA and CA-MRSA, respectively), an exceptionally large number of MSSAs which
express PVL has been isolated in Africa; therefore, this continent has been considered an
endemic region for PVL-positive S. aureus strains [15].

As noted above, haemolysins are also an important virulence factor. For example, o-haemo-
lysin (Hla) is a pore-forming cytotoxin that can lead to cell lysis and death, producing
abscesses in different parts of the body [16]. This toxin is also closely associated with skin and
soft tissue infections (SSTI), because it plays a major role in epithelial injury during S. aureus
infection [17]. It is encoded by the hla gene, which is located in the core genome [18].

Another important toxin that affects strain virulence is the toxic shock syndrome toxin
(TSST), which is encoded by the tstH gene [19, 20]. This exotoxin has multiple biological proper-
ties, including the capacity to induce fever, hypotension and lethal shock [21]. The main cause of
toxic shock syndrome in humans is the TSST-1 protein (toxic shock syndrome toxin 1) [22].

S. aureus pathogenesis is essentially related to the expression of surface fibronectin binding
proteins (FnBPs). FnBP-A protein is widely found in body fluids, blood clots and extracellular
matrices and its main function appears to be related to the capacity for protein-mediated adhe-
sion of most eukaryotic cells, but it also binds S. aureus cells and serves as an adhesion sub-
strate for various microorganisms. This represents a crucial step in the colonisation of host
tissue and development of infection [23, 24]. FnBP-A toxin is a glycoprotein formed by two
similar subunits and is encoded by the gene fnbA located in the chromosomal DNA [25].

Although S. aureus infections represent a serious pathogen problem worldwide, studies
have largely focused on affluent regions and developed countries, and little information is
avaijlable on developing countries, especially in East Africa, and particularly in Ethiopia [26].
The Gambo General Rural Hospital is located in the Oromia Region (Ethiopia). Between 2014
and 2018, 80 strains identified as Staphylococcus aureus were isolated from patients with exten-
sive, deep subcutaneous purulent lesions, mostly community-acquired SSTIs, which caused
recurrent infection in some cases. These strains were mostly methicillin-susceptible
(CA-MSSA), except for one resistant CA-MRSA. It is not known if this high virulence was due
to the effect of socio-economic and nutritional conditions of the indigenous population or to
intrinsic or acquired virulence factors.
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The general aim of the present study was to characterise the strains isolated from a rural
hospital in Ethiopia in order to determine the origin of their virulence. To this end, susceptibil-
ity to antibiotic was tested, and strains were typified by MLST and their sequences were used
to study their phylogenetic evolution. Then, the presence of several virulence genes was inves-
tigated to determine the origin of the strains’ virulence.

Materials and methods
Strains

Between June 2014 and June 2018, 80 Staphylococcus aureus strains were isolated at Gambo
General Rural Hospital from different human samples, mainly SSTIs but also from some
patients with osteomyelitis, leprosy and pyomiositis. Most of the strains belonged to children
(50), but 22 of them were isolated from adults, and age date of 8 of them could not be collected.
In general, strains appeared to be highly virulent and all patients presented deep and extensive
lesions, mostly ulcers, and recurrent infection in some cases.

Four different S. aureus subsp. aureus strains from the Spanish Type Culture Collection
(CECT 976, CECT 957, CECT 435 and CECT 4439) were used as reference controls for differ-
ent experiments.

In this study, the DNA of each strain was extracted using the UltraClean™ Microbial DNA
Isolation Kit (MoBio Laboratories Inc., 12224-250) according to the manufacturer’s instruc-
tions, and this DNA was used for all analyses.

Clinical signs, medical histories and patient characteristics were collected to study any pos-
sible relationship with strain characteristics. This study was authorised by the Gambo General
Rural Hospital management.

Ethics statement

After asking to the hospital, the study didn’t require any ethics statement because no work was
developed with human samples. Strains were isolated directly from the patients to plates.

Strains were collected not only for this study, but also for diagnosing of infection. Patient
identifying information was collected by medical doctors as part of the routine hospital patient
care procedure, and a number was assigned to each patient.

Information arrived at the laboratory with this number after isolating and identifying all
strains. Patient consents for collecting their clinical signs, medical histories, and characteristics
were obtained during de admission of the hospital as a part of the routine hospital patient care
procedure.

Identification of strains

First, the preliminary identification of the strains was confirmed by MALDI-TOF (matrix-
assisted laser desorption/ionisation-time-of-flight) (MALDI Biotyper System, Bruker), and by
partial amplification of 16S gene using the 27F and 1492R primers and sequencing, according
to the procedure described by Lane (1991). All sequences were compared against each other
for similarity using NCBI-BLAST and the nucleotide collection database (http://blast.ncbi.
nlm.nih.gov/Blast.cgi).

Susceptibility to antibiotics

Susceptibility to antibiotics was analysed by the microdilution broth method using an auto-
mated MicroScan system and interpreted with EUCAST expert rules. Briefly, strains were
inoculated on Trypticase™ Soy Agar IT with 5% Sheep Blood plates (Becton Dickinson,
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254053) and incubated for 24 h at 37°C. An isolated colony of each strain was selected for inoc-
ulation on a MicroScan™-Pos MIC Panel Type 33 (Beckman Coulter, B1016-173), a multicell
panel with different antibiotics and concentrations. Panels were incubated for 20 h at 37°C in
the MicroScan autoScan4 system (Siemens, B1018-280) with the WalkAway-96 system, which
measured final absorbance at 450 nm in each well to determine the presence or absence of
growth and therefore susceptibility to antibiotics. This system uses strain S. aureus ATCC
25923 as control for this panel. The antibiotics tested were as follows (tested concentrations
expressed in pg/mL): penicillin (0.12-0.25,8), ampicillin (0.25, 4-8), amoxicillin + clavulanic
acid (4/2-8/4), oxacillin (0.25-2), cefoxitin (4), ceftaroline (0.5-1), imipenem (4-8), gentami-
cin (1-8), tobramycin (1-8), amikacin (8-32), vancomycin (0.25-16), teicoplanin (1-16), dap-
tomycin (1-4), nitrofuorantoin (32-64), ciprofloxacin (1-2), levofloxacin (1-4), moxifloxacin
(0.5-1), erythromycin (0.5-4), clindamycin (0.25-2), quinupristin/dalfopristin (1-4), pristina-
mycin (1-2), tetracycline (1-8), minocycline (1-8), linezolid (1-4), trimethoprim-sulpha-
methoxazole (2/38-4/76), rifampicin (0.5-2), fosfomycin (32-64), mupirocin (256) and
chloramphenicol (8-16).

Moreover, age of patients was taking into account for comparing with the prevalence of
resistances found in each strain.

Strain typing by MLST

MLST analysis was used to typify all strains (Jolley, Bray, & Maiden, 2018). For that purpose,
amplification of 7 housekeeping genes (arc, aro, glp, gmk, pta, tpi and yqi) was carried out
using the PCR conditions described on the S. aureus MLST website (S1 Table), and sequences
were obtained by the Sanger method using multi-capillary sequencing (ABI PRISM 3130XL,
Applied Biosystems). Then, sequences for each gene from each strain were analysed with BioE-
dit software and compared with the S. aureus MLST database (https://pubmlst.org/saureus/).
In accordance with this database, one allele was assigned to each sequence, and the combina-
tion of 7 alleles comprised a specific sequence type (ST) for each strain.

Phylogeny study
Firstly, phylogenetic analysis with all the strains and ST that belong to S. argenteus and S.
schweitzeri was performed to discard that strains belong to these species rather than S. aureus.

Then, another phylogenetic analysis was realized with each ST determined previously by
MLST typing to know their phylogenetic relations.

Both phylogenetic studies were conducted using the sequences obtained from the 7 house-
keeping genes employed in the MLST study. First, the 7 sequences were concatenated in order
to create a unique sequence for each strain, and then a multiple alignment of all these
sequences was performed with the BioEdit software. G-block software (version 0.91b) was
used to eliminate highly variable areas of the sequences. Next, the appropriate substitution
model was selected using the jModelTest application (version 2.1.10). Lastly, a maximum like-
lihood tree was generated and analysed using Mega X software.

Virulence genes detection by PCR

The virulence genes analysed were hla, tst, pvl, fubA and mecA, that codifies for o-haemolysin,
toxic shock syndrome toxin, Panton Valentine leucocidin, fibronectin binding protein A and
methicillin resistance, respectively. The analyses were carried out by partial PCR amplification
of the genes in all strains, under the conditions described in S1 Table [27]. To detect amplified
genes, PCR products were resolved using electrophoresis in 1.2% agarose gel (D1 Low EEO,
Conda, 8018). The reference controls used to detect each virulence gene were: CECT 976 for
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hla, CECT 957 for tst, CECT 435 for lukS/F-PV, CECT 976 for fnbA and CECT 4439 for mecA,
all from the Spanish Type Culture Collection (Spanish initials: CECT). In addition, a molecu-
lar weight standard (¢X174-Hae III digest, Takara Bio Inc., 3405A) was included to determine
the size of the amplified fragments.

On other hand, SCCmec typing was performed for positive mecA strains, using multiplex
PCR described previously [28]. Furthermore, the amplified fragment was sequence and com-
pared with Genbank database.

A relationship between MLST STs and the presence of virulence genes was investigated
using Canoco software (version 5.12), conducting a constrained redundancy analysis (RDA).

Results
Strain identification

Besides MALDI-TOF identification of Staphylococcus aureus, the 16S ribosomal sequences
obtained from each sample were compared in the database and identification of the samples as
S. aureus was confirmed with at least 98% identity for all of them.

Susceptibility to antibiotics

Results for the MicroScan analysis of all strains are shown in Table 1. Resistance to B-lactam
antibiotics was: 88.75% to penicillin, 86.25% to ampicillin, 3.75% to oxacillin and 1.25% to
cefoxitin and imipenem. No resistance was detected to ceftaroline.

With regard to B-lactam antibiotics, 3 of the total strains showed resistance to oxacillin, but
only 1 of them (strain 73) showed resistance to cefoxitin and imipenem, but also to quinolones
(ciprofloxacin, levofloxacin and moxifloxacin).

It is important to note that strain 73 showed the most resistance to the antibiotics used in
the assay (13 of 29), and was the only strain isolated that showed resistance to cefoxitin,

Table 1. Results of MicroScan analysis, showing number and percentage of resistance and intermediate susceptibility (in brackets) of S. aureus strains to different
antibiotics (rows) pen: penicillin, amp: ampicillin, amc: amoxicillin + clavulanic acid, oxa: oxacillin, fox: cefoxitin, cpt: ceftaroline, ipm: imipenem, gen: gentamicin,
tob: tobramycin, amk: amikacin, van: vancomycin, tec: teicoplanin, dap: daptomycin, nit: nitrofuorantoin, cip: ciprofloxacin, lvx: levofloxacin, mxf: moxifloxacin,
ery: erythromycin, cli: clindamycin, q-d: quinupristin/dalfopristin, prs: pristinamycin, tet: tetracycline, min: minocycline, 1zd: linezolid, sxt: trimethoprim-sulpha-
methoxazole, rif: rifampicin, fof: fosfomycin, mup: mupirocin, chl: chloramphenicol.

Antibiotic Number of resistant (and
intermediate) strains

pen 71
amp 69 (1)
amc 3
oxa 3
fox 1
cpt 0
ipm 1
gen 12
tob 14
amk 15
van 0
tec 0
dap 0
nit 1
cip 1

https://doi.org/10.1371/journal.pone.0230031.t001

% of resistant (and Antibiotic Number of resistant (and % of resistant (and
intermediate) strains intermediate) strains intermediate) strains
88.75 lvx 1 1.25
86.25 (1.25) mxf 1 1.25
3.75 ery 15 18.75
3.75 cli 23 (9) 28.75 (11.25)
1.25 q-d 0 0
0 prs 0 0
1.25 tet 42 52.5
15 min 5 6.25
17.5 lzd 0 0
18.75 sxt 4 5
0 rif 2 25
0 fof 1 1.25
0 mup 2 2.5
1.25 chl 4 5

1.25
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imipenem, trimethoprim-sulphamethoxazole and to all the MLS group (macrolides, lincosa-
mides and streptogramines).

Finally, strains that belonged to adult patients presented more number of resistances than
children patients, despite the second group was higher.

Strain typing by MLST

The results of MLST typing indicated high diversity, and according to the database, over half
of the strains (N = 44, 55%) presented new STs (N) (S2 Table). Most of the new ST's [38] pre-
sented new allele combinations that did not correspond to any ST in the database, while for
the remaining 6 ST's, there was no match in the MLST database for at least one of the 7
sequences studied and they could not be assigned to any described allele. All these new ST's
were submitted to database, where a new number of ST was assigned for each one. Most of the
new STs [34] comprised only 1 strain, but 4 of them grouped various strains: ST N04 (strains
28,29, 65 and 83), ST N34 (strains 56, 59 and 74), ST N33 (strains 39 and 46) and ST37 (strains
79 and 84).

We also defined a number of new alleles described for each gene: 2 for the arc, aro and yqi
genes, 1 for glp and pta, and 0 for gmk and tpi.

Among the STs previously defined in the database (45%), 10 only included 1 strain, another
two comprised 2 strains (ST5 and ST3224) and ST121 and ST15 comprised 3 and 4 strains,
respectively. The sequence type ST152 was the most prevalent (15 strains) in this study,
although with a low percentage (18.75%) with respect to all the strains isolated (Table 2).

Phylogeny study
A phylogenetic study was conducted using concatenated sequences of MLST housekeeping
genes for each strain.

First phylogenetic study confirmed that none of the tested strains belonged to S. argenteus
or S. schweitzeri.

About the second phylogenetic study, after aligning all sequences and discarding all hyper-
variable regions, an analysis was performed with jModelTest software, selecting the general
time-reversible model (GTR) and including invariable sites (+I) and rate of variation across
sites (+G) as the best substitution model. This model was used to generate a maximum likeli-
hood (ML) tree with Mega software.

In the ML tree (Fig 1), 15 clusters could be differentiated. The largest group comprised 11
ST, six of them were new, but very similar to other already described. One of these groups (ST
N30, N31 and N32) appeared external to the others with a different but closely related origin
of the tree. ST N8 also appeared in an individual branch, but with a common branch point to
the rest of the strains. The reference strain from Ethiopia (ST727) appeared in a group with ST
N10, and this group was clearly distant from the rest, with a common branch except for the
most external group mentioned previously.

Virulence gene detection

The results of PCR virulence detection are shown in Table 2. The most prevalent gene was hla,
which was detected in all strains except number 24 (thus, 98.77% were o-haemolysin positive
strains). In contrast, strain number 73 was the only one that presented the mecA gene (1.25%
of strains) and one of the three strains did not present the fnbA gene (together with strains 15
and 72), indicating that 96.3% of strains were positive for fibronectin binding protein A. In
addition, a high percentage of strains (72.84%, 59 strains) showed the pvl gene. In contrast, the
tst gene showed a low prevalence with only 11 strains (13.58%).
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Table 2. Virulence gene detection results. Table shows presence (+) or absence (-) of all virulence genes studied (hla,

tst, pvl, fnbA, mecA) and for each strain (first column).
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Table 2. (Continued)
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On other hand, results of SCCmec typing determined that strain 73 belong to type IVa,
according with the expected size and its sequence (S1).

A correlational analysis using Canoco software indicated that in general there was no rela-
tionship between the presence of virulence genes and MLST STs, with an explained cumulative
fitted variation of 61.75% with 2 axes, especially in new ST, where virulent genes were highly

dispersed (S2).

Discussion

In contrast to the rest of the world, the picture of the spread of Staphylococcus aureus infections
in Africa is unclear, especially in Ethiopia, where the few studies available were performed in

densely populated urban areas [11, 15].
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Fig 1. Maximum likelihood tree. This phylogenetic diagram was generated using sequences from the 7 housekeeping
genes from the MLST analysis, and includes all ST found in this study, but also other ST's as reference: the only
sequence from the MLST database from Ethiopia (727), the first ST described (ST1), and one of the most common STs
found in Africa (ST30), apart from ST152 and ST121 also found in this study.

https://doi.org/10.1371/journal.pone.0230031.9001

The study reported here is the first staphylococcal epidemiology study to be conducted in a
rural region in Ethiopia, with low population density. Between 2014 and 2018, in Gambo Gen-
eral Rural Hospital, we isolated 80 S. aureus strains from clinical samples. All of them caused
highly virulent infections with deep and extended lesions, and recurrent infections in some
cases.

One of the most important factors in S. aureus is the presence of antibiotic resistance. Peni-
cillin was the first and most effective antibiotic against S. aureus infections, but also the first
resistance emerged [29]. In our study, most of the strains (88%) showed resistance to penicillin
and ampicillin, a similar percentage to that found in other studies conducted in Ethiopia [30].
Moreover, 3 of the total isolated strains [38, 43 and 73] exhibited resistance to oxacillin and 1
of them (strain 73) was also resistant to imipenem and cefoxitin. This result suggested that
strain 73 was a true MRSA, and this fact was confirmed by amplification and detection of
mecA gene by PCR; which confers resistance to methicillin (MRSA) and to oxacillin, imipe-
nem and cefoxitin, the latter being a good surrogate marker for MRSA detection. Moreover,
type IVa SCCmec was determined for strain 73. In addition, MRSA strain 73 was the only
strain resistant to quinolones. It has been suggested that fluoroquinolones themselves may pre-
dispose patients to infection with MRSA [31]. The percentage of MRSA and resistances to
quinolones (ciprofloxacin, levofloxacin or moxifloxacin) obtained in our study was notably
lower (1.25%) than that reported in other studies conducted in Ethiopia [32]. This difference
may be due to the fact that our study was carried out in a rural area with predominantly com-
munity-acquired infections, whereas the other two studies were conducted in a crowded hos-
pital using samples mainly collected from surgical wounds, suggesting hospital-acquired
MRSA strains.

Moreover, the collected strains were tested against ceftaroline. All of them were susceptible,
probably because it is a fifth-generation cephalosporin that is resistant to S. aureus B-lactamase
and has a high affinity for PBPs, including the PBP2a present in MRSA [33].

The total percentage of aminoglycoside-resistant strains detected (15-18%) was similar to
that found in other studies conducted in Africa [34].

The results for the presence of tetracycline resistance showed that 52.5% of the tested strains
were resistant solely to tetracycline and 6.25% to tetracycline and minocycline. These results
are similar to those described as average in the African continent [34].

The analysis of resistance to the MLS;, group (macrolides, lincosamides and streptogrami-
ne,) determined that 28.75% of strains were only resistant to the lincosamide clindamycin
which is very similar that results found in other studies conducted in South Africa (30%) [35].
Resistance to both clindamycin and erythromycin (18%) could be explained by the presence of
genes erm, which includes resistance to macrolides, lincosamides and streptograminy, [36]. All
strains were susceptible to Sinercyd, a combination of streptogramins A and B, the first of
which is not affected by erm ribosomal modifications.

In contrast to the high prevalence of trimethoprim-sulphamethoxazole resistance reported
in the literature (43-84%), we obtained a low percentage of resistant strains (1.25%) [34].
However, research on S. aureus imported from Africa strongly suggests that trimethoprim-sul-
phamethoxazole resistance is emerging around the globe [37].

The use of antibiotics in a rural area in Ethiopia is more restricted than in the country’s
large cities and economic centres, and under these conditions, we would expect to find lower
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levels antibiotic resistance. Our results confirmed this hypothesis and an analysis of the data
showed that resistances were more common in adult patients, who would have been treated
more frequently than children with antibiotics. This finding has also been described in urban
areas and in developed countries, and in our case was especially notable in strain 73, the most
multiple-resistant strain, which was obtained from an adult leprosy patient who had previously
been treated repeatedly with different antibiotics.

Sequencing genomes from different S. aureus strains revealed that the diversity of genes
was high, with 22% belonging to variable regions, rendering the pathogen highly versatile [38].
Hence, surveillance of all S. aureus infections around the world is very important to improve
our knowledge of their virulence, predict the evolution of strains and infection characteristics
and prevent the global spread of multi-resistant or harmful S. aureus.

One important tool for surveillance studies is MLST, which uses an online database not
only for identification but also to provide knowledge about molecular epidemiology and the
global spread of virulent or antibiotic resistant isolates of bacterial pathogens [39]. This analy-
sis has become the method of choice for molecular typing of many bacteria, including S.
aureus, and for comparing strains around the world [40, 41].

We found a high diversity of STs in general and 44 strains with new STs, suggesting that
they did not belong to the same outbreak. This wide diversity has been reported previously in
areview of MLST studies conducted in Africa which mainly focused on Central and West
Africa. The review identified ST30, ST121 and ST152 as the most prevalent S. aureus isolates,
all of which were MSSA [15]. We found two of these (ST121 and ST152) in our study, and
ST152 was the most prevalent of the two, with 15 strains (18.75%). The MLST database
describes 31 isolates of ST152, most of them from Central-West and North Africa, but none of
them from Ethiopia. It is noteworthy that the strains identified as ST152 were collected in dif-
ferent years, which could confirm the stability of this ST in this region.

In our study, ST15 and ST121 were also found with 4 and 3 strains, respectively. The MLST
database describes 486 isolates of ST15 and 104 isolates of ST121, and both have been found in
different parts of the world, including Africa, mainly in the Western region.

Some of the new ST's were similar to other, previously described allelic profiles but con-
tained 1 or 2 different alleles: 9 of them were similar to ST121, another 7 to ST5, 6 to ST15 and
only 1 to ST152.

The only ST in Ethiopia described in the MLST database is ST727. Hence, ours is the first
study in the Eastern region of Africa to identify not only new ST's but also ST's previously
described in other regions of Africa. Moreover, the count of new alleles found in each of the 7
genes showed that the most variable gene in our strains was probably the last one (ygi), while
gmk and tpi seemed to be more conserved genes.

Despite the high diversity observed with MLST analysis, phylogenetic studies showing that
most of the strains were grouped into clusters and that many of the new STs were phylogeneti-
cally related to other, previously described STs. However, a comparison with the only ST
described in Ethiopia according to the MLST database demonstrated that our strains were
clearly dissimilar (except ST N10) and presented a very different evolution.

The virulence analysis was focused on detecting the main virulence genes of S. aureus: hia,
tstH, lukS/F-PV, fnbA and mecA. This analysis indicated a high percentage (72.84%) of PVL-
positive strains. One explanation for this high percentage might be that the clinical symptoms
were mainly cutaneous (SSTI), because PVL is usually associated with furuncles, cutaneous
abscesses and severe necrotic skin infections [12, 42, 43]. However, this high percentage of
PVL-positive strains is in agreement with previous studies conducted in other African coun-
tries (usually on MSSA), suggesting that there is a high prevalence of S. aureus strains present-
ing genes encoding PVL on this continent [44, 45, 46]. It is considered an endemicity that
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could become a reservoir for the emergence of PVL-positive strains. Moreover, it is important
to note that in our study, we found a relationship between ST152 and the presence of PVL.
This relationship was described in the first studies with a CA-MRSA as a sporadic PVL pro-
ducer, mostly located in Central Europe. However, later studies in Nigeria and Mali with PVL-
positive MSSA ST152 isolates have suggested that ST152 divergence might be the result of a
MSSA clone originating in Africa that migrated to Central Europe and acquired antibiotic
resistance there, similar to MRSA [46]. This could explain the prevalence of these infections in
travellers from Africa, and the strong relationship between ST152 and PVL producers [47, 48].

The hla gene was detected in all strains except one [24]. The high prevalence (98.75%) of
this gene was similar to that found in other studies on S. aureus infections in Africa [49, 50]
and throughout the world [51]. It is also important to note that strain 24 was also the most
phylogenetically differentiated from the rest.

Only three of the studied strains did not show the fuba gene [15, 24 and 72]. This is a high
percentage (96.3%) of fnba-encoding genes but is in agreement with previous studies con-
ducted in other African countries [52, 53]. The high prevalence of o-haemolysin and fibronec-
tin binding protein A is not unusual and could explain the high virulence of these infections,
as they play a crucial role in colonisation and infection [16, 24].

We found a low prevalence (13.58%) of strains encoding the tst gene, which is similar to
that found in another study in Congo (17.5%) [54] and to the prevalence of carriers and clini-
cal isolates in Europe (15-25%) [55, 56]. Although TSST-positive infections were initially asso-
ciated with menstruation, the origin of staphylococcal TSS is diverse, and the most common
foci of infection in non-menstrual cases in developed countries are SSTIs [57, 58]. Moreover,
it is important to emphasise that most of the samples (9 out of 11; 82%) were collected in the
same year (2014), suggesting that there was a high rate of acquisition of this gene during that
period.

Statistical analysis showed that there was no relationship between the presence of virulence
genes and MLST STs. This could be explained by differences in the acquisition of virulence
genes described previously and variability in MLST sequences, but might also be due to the
high diversity of STs found.

To sum up, the present study shows a high diversity of S. aureus strains in the same rural
region, which enhances our knowledge of this kind of infection in Eastern Africa.

Conclusions
> This is one of the first studies on Staphylococcus aureus epidemiology in a rural region in
Ethiopia.

> The prevalence of resistance, especially of MRSA, was low compared with that reported in
studies conducted in other parts of Ethiopia and Africa.

> MLST analysis showed high diversity of STs and 44 strains with new STs, most of which
(new and previously defined STs) are described for the first time in Ethiopia.

> Phylogeny studies determined phylogenetic relationships between the new STs and the pre-
viously described ST's, but far from the only Ethiopian ST in the database.

> Virulence gene detection showed a high prevalence of strains encoding pvl, hla and fnba, a
low prevalence of the tss gene, and a markedly low prevalence of MRSA.

> We found no relationship between ST's and the presence of virulence genes, but did observe
a relationship between ST152 and the PVL gene, highly defined in other parts of Africa.
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