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Background: Staphylococcus aureus causes a wide range of infections from mild skin and soft tissue to severe life-threatening
bacteremia. The pathogenicity of S. aureus infections is related to various bacterial surface components and extracellular proteins such
as toxic-shock syndrome (TSS) toxin and Panton-Valentine leukocidin (PVL). In this study we determine the antimicrobial resistance
of isolated strains and their virulence genes in Ethiopia.

Methods: A total of 190 archived S. aureus isolates from four Ethiopia Antimicrobial Resistance (AMR) Surveillance sites were
analyzed. The identification of S. aureus was done by matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF
Biotyper) and antimicrobial susceptibility test (AST) was done using VITEK® 2. Multiplex PCR was used to detect mecd, mecC,
pvl and spa genes and super-antigens (sea, seb, sec, seh and sej staphylococcal enterotoxins).

Results: A total of 172 isolates were confirmed as S. aureus, 9 (5.23%) were methicillin-resistant S. aureus (MRSA) and 163
(94.76%) were methicillin-susceptible S. aureus (MSSA). AST showed that 152 (88.4%) isolates were resistant to penicillin; 90
(52.32%) resistant to trimethoprim-sulfamethoxazole; and 45 (26.16%) resistant to tetracycline. A total of 66 (38.37%) isolates
harbored at least one staphylococcal enterotoxin gene and 31 (46.96%) isolates had more than one. The most frequent enterotoxin gene
encountered was seb 28 (16.28%). The TSST-1 gene was detected in 23 (13.37%). Presence of staphylococcal enterotoxin gene showed
significant association with antibiotic resistance to cefoxitin, benzylpenicillin, oxacillin, erythromycin, clindamycin, tetracycline and
SXT. The pvl gene was detected in 102 (59.3%) of isolates. Isolates from patients below 15 years of age showed significantly high
numbers of pv/ gene (P = 0.02). Presence of sej (P = 0.011) and 7SS7-/ (P <0.001) genes were associated with the presence of pv/
gene.

Conclusion: In this study, isolates were highly resistant to oral antibiotics and the pvl, seb, sea and TSST-1 genes were prevalent.
Keywords: MRSA, enterotoxin genes, Panton-Valentine leucocidin, PVL, Ethiopia

Introduction
Staphylococcus aureus is a part of the normal skin flora and commonly colonizes the nose, respiratory tract, and skin.
S. aureus also causes a wide spectrum of infections ranging in severity from mild skin and soft tissue and osteomyelitis to
severe life-threatening pneumonia and bacteremia.'

Infection with S. aureus is widespread worldwide, and different strains exhibit varying degrees of pathogenesis and
virulence. Certain strains have the potential to spread quickly and be quite virulent. These strains may be associated with

both community and healthcare infections worldwide.” The pathogenicity of S. aureus infections is related to various
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bacterial surface components such as capsular polysaccharide and protein A (e.g., clumping factor and fibronectin
binding protein), and extracellular proteins (e.g., coagulase, hemolysins, enterotoxins, toxic-shock syndrome [TSS] toxin,
exfoliatins and Panton-Valentine leukocidin [PVL]).

In general, the precise roles of individual staphylococcal factors in invasive infections are difficult to assess, but PVL
production has been linked to furuncles, cutaneous abscesses and severe necrotic skin infections.®* Presence of PVL is
associated epidemiologically with community associated methicillin-resistant S. aureus (CA-MRSA) infections, and is
responsible for increased virulence of the organisms.” Toxic-shock syndrome (TSS) toxin and enterotoxins play a part in
the pathogenesis of several important human diseases, including sepsis-related infections, pneumonia and toxic-shock
syndrome.” Staphylococcal enterotoxins also function as superantigens that promote the proliferation of T cells.’
Association of staphylococcal enterotoxins and a toxic-shock syndrome (TSS) toxin with multidrug antimicrobial
resistance MRSA strains, has been reported including those resistant to quinolones or other antibiotics.”

S. aureus is an organism that has the potential to develop antimicrobial resistance rapidly. After penicillin was first
introduced, significant resistance developed in less than 2 years.®® The discovery of methicillin was considered as a relief
at first, however, it started to develop resistance after its introduction. Currently, penicillin resistance is reported from
different studies at over 70% resistance.'®'"

Horizontal gene transfer is the major mechanism of resistance in S. aureus resistance to methicillin and
vancomycin. ' Endogenous resistance is acquired by natural mutation and selection under antimicrobial pressure, and
is also known to play an important role in the clinical setting, providing a major route of resistance to antimicrobials such
as fluoroquinolones, vancomycin (for the intermediate level of resistance), daptomycin, linezolid and more.'*"?

In Ethiopia, studies on antimicrobial resistance (AMR) patterns of S. aureus were mostly based on traditional AST.
The reported clinical MRSA prevalence in Ethiopia using the classical methods, shows a wide prevalence range between
17.5-97.0%.'%'*!> Currently, molecular detection of resistance and virulence genes is limited in clinical isolates in
Ethiopia.'®'” This study therefore, aimed to fill the gap of limited information on the molecular characterization of
virulence, antimicrobial resistance genes and other clinically important genes from archived clinical S. aureus isolates
from four Ethiopia AMR Surveillance sites.

Materials and Methods

Sample Collection and Sites Description

This study was conducted using S. aureus isolates collected from the Ethiopia Antimicrobial Resistance Surveillance
AMR sites. The surveillance was structured to connect sentinel surveillance systems in Ethiopia to a national reference
laboratory at the Ethiopian Public Health Institute (EPHI). Each surveillance site includes laboratories that are either
affiliated with or located within a reference hospital.'® In this study, a total of 190 archived human bacterial isolates (167
wound/pus, 8 blood, 6 ear swabs and 9 other body fluids) were used. These samples were collected from January 2016 to
January 2019 at four active AMR Surveillance sites. The sites included different geographic areas in the country, these
are Tikur Anbessa Specialized Hospital (TASH), Addis Ababa; Amhara Public Health Institute (APHI), Dessie; Ayder
University Hospital (AUH), Mekele and the Clinical Bacteriology and Mycology National Reference Laboratory at
EPHI, Addis Ababa. The isolates were initially identified using classical culture methods using biochemical tests such as
catalase and coagulase at their respective AMR Surveillance sites. All isolates were transported and stored at —80°C at
the National Reference Laboratory in EPHI. Aliquots of the specimen were shipped to the Ohio State University OSU for
further phenotypic and genotypic characterization in February 2019.

Phenotypic Characterization of Staphylococcus aureus

All 190 S. aureus isolates were analyzed at OSU Wexner Medical Center using MALDI-TOF, Biotyper 2.0, Bruker,
following the manufacturer’s protocol. Antimicrobial susceptibility test (AST) was performed using VITEK® 2 XL
(bioMérieux version 08.01) and the result was interpreted following minimum inhibitory concentration (MIC) inter-
pretation guide of Clinical Laboratory Standards Institution (CLSI) M100-S22 (2018). Based on the result of cefoxitin
test, isolates were grouped into MRSA or MSSA."
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Nucleic Acid Preparation

Genomic DNA was extracted using a commercially available kit (QIAamp DNA Kits, Germany) following the
manufacturer’s protocol. Extraction and PCR tests were done at OSU, Infectious Disease Epidemiology Molecular
Laboratory (IDEML). In summary, bacterial colonies were harvested and suspended using molecular grade water in
a micro centrifuge tube and centrifuged for 10 minutes at 7500 rpm. The supernatants were discarded and the bacterial
pellets were re-suspended in 180 pL of lysis buffer. After multiple wash steps the DNA was eluted in 100 uL of
molecular grade water and was stored at —20°C for further analysis.

Amplification of mecA, mecC, pvl and spa Gene and Enterotoxin Genes

For PCR amplification of mecA, mecC, pvl and spa genes, the illustra™ PuReTaq™ Ready-To-Go™ PCR Beads (GE
Healthcare Bio-Sciences, USA) in 25 uL reaction were used following a previously described method.?® Briefly, PCR
reactions were performed with an initial denaturation of 94°C for 5 min, 30 cycles of 94°C, 30 s; 59°C, 1 min and 72°C 1
min and a final extension at 72°C for 10 min.

Additionally, multiplex PCR reactions for the detection of six enterotoxin genes (sea, seb, sec, seh and sej) were
performed according to the previously described protocol.”! The initial denaturation was 95°C for 10 min; followed by
15 cycles of 95°C, 1 min, 66°C, 45 s and 72°C, 1 min; then 20 cycles of 95°C, 1 min, 63°C, 45 s and 72°C, 1 min. The
final extension was at 72°C for 2 min.

All PCR amplifications were done using SimpliAmp Thermal cycler (Applied Biosystems, Singapore). The PCR
products were run in gel stained with ethidium bromide and the images were captured and visualized with UV light using
Alphalmager instrument and FluorChem HD2 software. Product sizes were determined by comparison with a 100-bp
gene ruler DNA ladder in gel reader. The following reference strains were used as positive control in PCR-amplifications
of the tests: ATCC 14458, ATCC 13565, ATCC 25923, ATCC 23235 and ATCC 19095.

Statistical Analysis

Data were analyzed using STATA version 14.2. Cefoxitin screening by site and the prevalence of S. aureus by site were
generated using summary tables. Logistic regression models were fitted to determine the association between antimi-
crobial resistance and staphylococcal enterotoxin genes of S. aureus, association between pv/ and antimicrobial resistance

and pvl and sample type.

Results

Socio-Demographic Characteristics of Participants

Type of infection and socio-demographic data were available for 124 of the 190 subjects. Among the 124 subjects, 78
(63%) were males and 46 (37%) were females. The ages ranged from 11 days to 84 years with a mean age of 26.5 years
(standard deviation of the mean 20.21) and median age of 23 years. Most were in the age group of 0-14 years (39,
31.45%) (Table 1).

Confirmation of S. aureus and MRSA

Out of 190 previously identified S. aureus isolates at site level, 172 isolates were confirmed as S. aureus using MALDI-
TOF. Overall 18 (9.47%) could not be identified as S. aureus during confirmation. One of the isolates was not identified
and the remaining 17 (8.94%) of the isolates were identified as other organisms. Eight (47.05%) were coagulase negative
Staphylococcus spp., 5 (29.41%) were Enterococcus spp., 2 (11.76%) were Exiguobacterium aurantiacum and the
remaining 2 (11.76%) were identified as Escherichia coli and Proteus mirabilis. From the 172 confirmed S. aureus,
nine (5.23%) were MRSA. Five of the MRSA isolates were from AUH and four isolates were from EPHI (Table 2). All
MRSA isolates were identified in the year 2018.
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Table 1 Demographics of Study Participants

Age Sex Total, n (%)
Female, n (%) Male, n (%)

0-14 16(34.78) 23 (29.48) 39(31.45)
15-24 12(26.09) 16(20.51) 28(22.58)
25-45 11(23.91) 26(33.33) 37(29.84)
45-55 1(2.17) 4(5.13) 5(4.03)
>55 6(13.04) 9(11.53) 15(12.909)
Total 46(37.1) 78(62.9) 124(100)

Table 2 Methicillin-Resistant and Susceptible Staphylococcus aureus by Site

Site of Collection Cefoxitin Screen

MRSA MSSA Total
AUH 5(12.82) 34 (87.17) 39 (100.0)
APHI 0 (0) 25 (100.0) 25 (100.0)
EPHI 4 (4.49) 85 (95.50) 89 (100.0)
TASH 0 (0) 19 (100.0) 19 (100.0)
Total 9 (5.23) 163 (94.76) 172 (100.0)

Abbreviations: AUH, Ayder University Hospital; APHI, Amhara Public Health Institute; EPHI,
Ethiopian Public Health Institute; TASH, Tikur Anbessa Specialized Hospital; MRSA, methicillin-
resistant Staphylococcus aureus; MSSA, Methicillin-susceptible Staphylococcus aureus.

Antimicrobial Resistance

Out of 172 S. aureus isolates tested for antimicrobial resistance, 152 (88.37%) were resistant to penicillin; 90 (52.32%)
were resistant to trimethoprim sulfamethoxazole (SXT); 45 (26.16%) were resistant to tetracycline and 31 (18.02%) were
resistant to clindamycin. None of the isolates were resistant to ceftaroline, vancomycin, linezolid and daptomycin.

Of the 11 isolates resistant to oxacillin, two were cefoxitin screening negative. Nine (5.23%) isolates were confirmed
as MRSA (Table 3).

The antibiotic resistance of MRSA strains revealed that 8 (88.88%) were resistant to tetracycline and 5 (55.56%)
resistant to SXT. Four (44.44%) of the isolate were resistant to ciprofloxacin, levofloxacin and erythromycin. All MRSA
isolates were susceptible to vancomycin, linezolid, daptomycin and ceftaroline (Table 3).

A total of 163 (94.76%) were methicillin-susceptible S. aureus (MSSA); 143 (87.73%), 85 (52%) and 37 (22.69%)
were resistant to benzylpenicillin, SXT and tetracycline respectively. Clindamycin and erythromycin showed 28 (17.17%)
and 27 (16.56%) resistance. Other tested antimicrobial agents showed below 2% resistance (Table 3). Over all the percent
resistance to antimicrobial agent is higher in MRSA than MSSA.

mecA, mecC, pvl and spa Gene Detection
All 172 isolates tested positive for the presence of spa gene whereas mecA gene was detected in nine of the isolates. None
of the tested isolates were mecC positive. Out of all S. aureus isolates 102/172 (59.30%) possess the pvl gene.

None of the mecA positive isolates had the pv/ gene. The overall MSSA isolates that were positive for pvl gene were
102/163 (62.57%). Of these 91/102 (89.22%) were from pus specimens. There was no significant association between
specimen type and presence of pvl gene (Table 4). However, there was a significant increased number of pv/ gene
presence in the age 14 years and below (Table 4).

Presence of pvl was also associated with the presence of the enterotoxin genes. Specifically, presence of sej and TSST-/
gene were significantly associated with the presence of pv/ gene (Table 5).
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Table 3 Antimicrobial Susceptibility Pattern of Methicillin-Resistant and Methicillin-
Sensitive Staphylococcus aureus Strains to Different Antibiotics

Antibiotics MSSA (163) MRSA Total
Resistance (%) Resistance (%) Resistance (%)
Cefoxitin 0(0) 9(100) 9(5.23)
Benzylpenicillin 143(87.73) 9(100) 152(88.37)
Oxacillin 2(1.23) 9(100) 11(6.39)
Ceftaroline 0 (0) 0 (0) 0 (0)
Gentamicin 0(0) 2(22.22) 2(1.16)
Ciprofloxacin 3(1.84) 4(44.44) 7(4.06)
Levofloxacin 1(0.61) 4(44.44)* 5(2.90)
ICR 26(15.95) 2(22.22) 28(16.27)
Erythromycin 27(16.56) 4(44.44) 31(18.02)
Clindamycin 28(17.17) 3(33.33) 31(18.02)
Linezolid 0(0) 0 (0) 0(0)
Daptomycin 0(0) 0 (0) 0(0)
Vancomycin 0(0) 0 (0) 0(0)
Tetracycline 37(22.69) 8(88.88) 45(26.16)
Nitrofurantoin 0(0) 2(22.22) 2(1.16)
Rifampicin 1(0.61) 2(22.22) 3(1.74)
SXT 85(52) 5(55.56) 90(52.32)

Note: *Intermediate is considered as resistant.
Abbreviations: ICR, Inducible Clindamycin Resistance; SXT, Trimethoprim-Sulfamethoxazole; MRSA,
Methicillin-resistant Staphylococcus aureus; MSSA, Methicillin-susceptible Staphylococcus aureus.

Table 4 Association of the Presence of pvl Gene with Specimen Type and Age

Specimen OR P Age OR P

Pus 1.82 0.411 <=14 435 0.022
Blood 1.67 0.615 15-24 232 0.198
Ear 0.5 0.535 24-45 1.13 0.847

Notes: 95% Confidence Interval were used, significant P-value (<0.05) are shown in bold. Significant
correlations between the presence of pvl gene and resistance to tetracycline and SXT.
Abbreviations: OR, odds ratio; P, P-value.

Table 5 Association of Antimicrobial Resistance and Staphylococcal Enterotoxin
Genes Among pvl Gene Positive Isolates

Antibiotics OR P setg OR P

Benzylpenicillin 0.89 0811 setg 0.5 0.047
Oxacillin 0.59 0.714 sea 1.44 0.457
Erythromycin 0.49 0.094 seb 0.92 0.855
Clindamycin 0.45 0.056 sec 0.89 0.904
Tetracycline 0.47 0.049 seh 0.34 0.149
SXT 7.69 <0.001 sej 0.07 0.011

TSST-1 0.02 <0.001

Note: 95% Confidence Interval were used, significant P-values (<0.05) are shown in bold.
Abbreviations: OR, odds ratio; P, P-value; setg, staphylococcal enterotoxin genes; SXT, Trimethoprim-
Sulfamethoxazole.

Enterotoxin and Toxic Shock Syndrome Toxin Gene Detection
A total of 66 (38.37%) isolates harbored at least one staphylococcal enterotoxin gene (Table 6). Of these 31 (46.97%) isolates

had more than one enterotoxin gene. Eleven of them had three different genes. The most frequent enterotoxin genes were seb
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Table 6 Staphylococcal Enterotoxin and Toxic-Shock Syndrome Toxin Genes Detection by Site

Toxin Gene AUH (n=39) | APHI (n=25) | EPHI (n=89) | TASH (n=19) | Total (N =172)
sea 9 (23.07%) 3(12.00%) 11(12.35%) 2(10.52%) 25(14.53%)
seb 7 (17.94%) 2(8.00%) 18(20.22%) 1(5.26%) 28(16.28%)
sec | (2.56%) 0(0.00%) 4(4.49%) 0(0.0%) 5(2.90%)

seh 0 (0.0%) 1(4.00%) 6(6.74%) 1(5.26%) 8(4.65%)

sej | (2.56%) 1(4.00%) 7(7.86%) 0(0.0%) 9(5.23%)
TSST-1 2 (5.12%) 2(8.00%) 16(18.0%) 3(15.78%) 23(13.37%)
Isolates with at least one enterotoxin gene 16 (41.02%) 8(32.00%) 36(40.44%) 6(31.57%) 66(38.37%)

Abbreviations: AUH, Ayder University Hospital; APHI, Amhara Public Health Institute; EPHI, Ethiopian Public Health Institute; TASH, Tikur Anbessa Specialized Hospital.

Table 7 Association of Antimicrobial Resistance and Staphylococcal Enterotoxin Genes of S. aureus Isolates

Antibiotics setg OR (P) sea OR (P) seb OR (P) sec OR (P) seh OR (P) sej OR (P) TSST-1 OR (P)
Cef 6.17(0.026) 1.74(0.506) 4.87(0.025) NA 2.42(0.043) NA 3.58(0.088)
Pen 0.73(0.518) 0.96(0.95) 0.71(0.575) NA 0.23(0.053) (1.06)0.96 0.86(0.82)
Ox 4.74(0.026) 1.33(0.724) 3.43(0.064) NA 1.91(0.559) NA 4.27(0.031)
Cipro 4.26(0.089) 2.47(0.297) 2.24(0.351) NA NA NA 1.08(0.942)
Levo 6.77(0.09) 1.49(0.727) 3.79(0.156) NA NA NA 1.65(0.662)
Ery 2.28(0.04) 0.85(0.776) 2.23(0.093) 1.14(0.907) 1.32(0.737) 4.03(0.047) 3.71(0.007)
Clin 2.28(0.04) 0.85(0.776) 1.76(0.249) 1.14(0.907) 1.32(0.737) 6.59(0.007) 4.69(0.001)
Tet 2.62(0.007) 0.49(0.219) 4.79(0.001) 0.70(0.752) 2.38(0.212) 6.36(0.011) 4.75(0.001)
SXT 0.47(0.019) 1.75(0.21) 0.48(0.088) NA 0.10(0.035) NA 0.07(0.001)
Gen NA 6.08(0.207) 5.54(0.231) NA NA NA NA
Nitr NA 6.08(0.207) 5.54(0.231) NA NA NA NA

Rif NA 12.70(0.041) 2.75(0.416) NA NA NA NA

Note: 95% confidence intervals were used, significant P-value (<0.05) are shown in bold.
Abbreviations: setg, staphylococcal enterotoxin genes; OR, odds ratio; P, P-value; Cef, cefoxitin; Pen, Benzyl-penicillin; Ox, oxacillin; Cipro, ciprofloxacin; levo, levofloxacin;
Ery, erythromycin; Clin, clindamycin; Tet, tetracycline; SXT, trimethoprim-sulfamethoxazole; Gen, gentamicin; Nitr, nitrofurantoin; Rif, rifampicin; NA, not applicable.

28 (16.28%) and sea 25 (14.53%), and sec 5 (2.90%) were the least frequent (Table 6). The toxic-shock syndrome toxin gene
was detected in 7SS7-1 23 (13.37%). Isolates from EPHI and AUH had high numbers of enterotoxin genes. The distribution
of enterotoxin gene varied across isolates identified from different specimen types. The highest number of enterotoxin genes
was observed from isolates identified from ear swab 4/6 (66.67%) followed by blood 5/8 (62.50%) and pus 58/150 (38.00%).
Of the 9 MRSA isolates 7 (77.78%) had at least one enterotoxin gene. One of them had three (sea, seb and TSST-1), another
had two (sea and TSST-1) and the remainder had one staphylococcal enterotoxin gene each.

The overall presence of staphylococcal enterotoxin gene showed significant association with cefoxitin, benzylpeni-
cillin, oxacillin, erythromycin, clindamycin, tetracycline and SXT resistance. Staphylococcal seb had association with
cefoxitin and tetracycline resistance. Presence of sea showed a significant association with rifampicin resistance.
Cefixitin and SXT resistance also had association with presence of seh gene. Tetracycline resistance had association
with presence of sej gene. Toxic shock syndrome toxin showed significant association with the oxacillin, erythromycin,
clindamycin and tetracycline resistance (Table 7).

Discussion

In this study it was found that the majority of isolates were MSSA, and these were highly resistant to commonly

used agents such as penicillin, SXT, tetracycline and clindamycin. Over one third of the isolates harbor at least

one staphylococcal enterotoxin gene and the most frequent enterotoxin genes encountered were seb and sea genes.
Among the study age group, pediatric ages was higher in frequency and S. aureus infection was more prevalent in

males. This is consistent with other studies that show S. aureus infection is more prevalent in males than females.'

4840  "tes Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ibrahim et al

Nine percent of isolates identified as S. aureus at the site level were found to be a different organism by MALDI-TOF.
Comparative study of MALDI-TOF and the classical method indicates discrepancy in general and specifically with
Streptococcus sp., and identification of Staphylococcus spp. also encountered some species level discrepancy.”*?* In this
study almost half the discrepancy was in Staphylococcus species level. Misdiagnosis of S. aureus as other staphylococcus
species was also reported in Southern Nigeria in large amounts, that is 85%.%*

Compared with other studies conducted in Ethiopia, we only identified nine (5.2%) MRSA, that is fewer than the
report of other studies in Ethiopia.'®'>!7 Similar to our findings, other studies that used a molecular method also reported
very low MRSA in Ethiopia.'”**> All MRSA isolates were identified in the year 2018. This may be because the number of
S. aureus isolates were lower in the first two years. One of the limitations of the study was that the numbers of isolates
were not proportional in every year because the study used stored isolates from the surveillance and the surveillance was
strengthened and formally started by the first quarter of 2017 in four of the surveillance sites.'®

All S. aureus isolates were susceptible to ceftaroline, linezolid, daptomycin and vancomycin in this study. These
results were consistent with other studies conducted in East Africa.'”?® This is likely due to limited supply of ceftaroline,
linezolid and daptomycin in clinical settings in Ethiopia. It is assuring to know that the isolates were all susceptible to
vancomycin so that patients with severe invasive infections can still have access to effective antimicrobials.

Despite the susceptibility for IV drugs, very high percent resistance has been observed in oral administered drugs
such as penicillin, SXT and tetracycline. Studies conducted in Ethiopia showed a similar resistance pattern for both SXT
and tetracycline.'”” These oral antibiotics are highly prescribed and can lead to resistance.

Eighteen percent resistance to both clindamycin and erythromycin was observed in this study, this is also similar with
other studies conducted in Ethiopia.'” The resistance may be due to the presence of erythromycin ribosome methylase
erm gene, which includes resistance to macrolides, lincosamides and streptogramin.”® Of the total clindamycin resistance,
90% of them are due to inducible clindamycin resistance (ICR). Similarly, other studies also reported higher inducible
clindamycin resistance in Africa.'**%*

Two isolates showed resistance to oxacillin but were susceptible to cefoxitine. Cefoxitine is the best indicator for the
mecA gene and this was confirmed by the molecular characterization which showed that these isolates did not harbor
mecA gene. It indicates that the resistance to oxacillin is mediated by other resistance mechanisms other than mecA
gene.®' Gentamicin resistance was observed only in MRSA (22%) isolates.

Resistance to fluroquinolones was found to be 44% for MRSA isolates while it was 1.8% and 0.6% against
ciprofloxacin and levofloxacin in MSSA strains, respectively. Similarly, the resistance for clindamycin and erythromycin
was higher in MRSA at 44% while MSSA was 18%. Nitrofurantoin and rifampicin resistance also showed higher
percentage in MRSA than MSSA, that is 89% of MRSA isolates are resistant to tetracycline. These findings (the higher
rate of resistance to multiple classes of antibiotics) are consistent in other studies both in Africa and elsewhere.' >332
This might be due to the fact that MRSA strains often possess genes that express resistance to multiple classes of both
B-lactam and non-p-lactam agents.>*

In this research, the spa gene was detected in all isolates; however, other studies found that the change in primer
binding sites resulted in up to 3% non-detection.*®> A similar problem was handled by Votintseva et al, in 2014 using
a new primer.*® Overall, from both MSSA and MRSA strains, virulence gene (pv/) prevalence was found to be 59.30%.
There was a higher percentage on MSSA, at 62.57%. One explanation for this high percentage might be that the clinical
cases were mainly cutaneous, because PVL is usually associated with furuncles, cutaneous abscesses and severe necrotic
skin infections.** The high percentage of PVL-positive strains are in agreement with previous studies conducted in other
African countries indicating that there is a high prevalence of S. aureus strains presenting genes encoding pvl on this
continent.*'” Different studies have demonstrated that PVL is more prevalent in children and presence of PVL is
associated with severe and life-threatening conditions for children below 14 years of age.***’~* In this study significantly
high prevalence of pv/ gene was observed in this age group. Infection prevention should be applied that considers
children 14 and below in the study sites. The presence of pv/ gene was also significantly associated with the presence of
enterotoxin genes such as sej and 7SST-/. In addition, the presence of pvl genes was associated with some antimicrobial
resistance such as tetracycline and SXT. Similarly, a report from Egypt for PVL-positive S. aureus indicated high percent
resistance to penicillin and SXT.*
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Sixty-six (38.37%) of the isolates had at least one of the enterotoxin genes. Of these, 31 (46.97%) isolates had more
than one enterotoxin gene and it is comparable to a previous study in Ethiopia.*” A study conducted in Sudan showed
lower numbers of seb gene and no sea unlike our results.*' Most of the antimicrobial resistance including MRSA and
presence of enterotoxin gene had significant association in this study. This was not the case in a study that was conducted
in another African country.*

The most frequent enterotoxin gene encountered is seb however this is not consistent with other studies.***!
The second most common enterotoxin gene in this study is sea and a different study put sea as the most common
enterotoxin gene.*® The TSST-1 gene is the third most common toxin gene in this study, in other studies in Ethiopia, this
gene is either detected in low amounts or was not detected at all.*>** This indicates that isolates in this study were more
virulent. S. aureus is among the most common bacterial pathogens for ear infections in Ethiopia.**** Presence of
staphylococcal enterotoxin genes were suggested to be associated with otitis media. Since in this study isolates from ear
samples showed slightly more enterotoxin genes, it may be suggestive of serious otitis media in the country.**** Studies
in other places indicate that strains from bloodstream infection are highly virulent with more staphylococcal enterotoxin
gene, however in this study this could not be demonstrated. This might be because the number of isolates from blood
samples was small.'*¢

Despite identification of some virulent factors from this study, it is limited by the retrospective nature of the isolates
tested. Since specimens were not collected to include all sites of infection, some samples such as wound/pus are highly
represented in this study. In addition, in this study no isolates were typed for molecular epidemiologic and evolutionary
purposes. This is because robust genotyping with MLST and/or whole genome sequence (WGS) could not be performed

due to budgetary constraints.

Conclusion

The level of MRSA detected from this study is lower than that reported by other studies in Ethiopia. Although
complete susceptibility has been documented for antibiotics that are less prescribed, there is high resistance to the
majority of commonly used antibiotics. Antibiotic usage regulation should be strengthened in the country. More than
half of the isolates possessed the virulence gene pv/ and about 40% of the isolates harbored at least one
staphylococcal enterotoxin gene such as seb and sea genes. Isolates identified from children aged 14 years and
below had high pvl gene and isolates from ear swabs had the highest enterotoxin gene prevalence. This highlights
that isolates circulating in the study sites are highly virulent and need attention in regard to infection prevention
specific to children and ears. This study improves the understanding of molecular determinants of S. aureus
infections including virulent genes. Overall, there is a need to strengthen laboratory detection methods such as auto-
method identification and detection for site level and molecular level testing capacity of the national reference
laboratory.
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