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Abstract

We report in this study for the first time the prevalence of multiple resistant Staphylococcus
haemolyticus in clinical settings in Saudi Arabia. A total of 1060 clinical specimens of hospitalized
patients were screened for the presence of S. haemolyticus in the period between September and
December 2020. Primary identification of the isolates was carried out by colonial characteristics on
mannitol salt agar and clumping factor test, confirmation of presumptive isolates and antimicrobial
susceptibility testing was performed by Vitek® 2, while PCR was employed to detect mecA and vanA
genes. A total of 20 S. haemolyticus isolates were recovered from 20 samples (blood cultures, urine,
nasal swab, wound swab, groin swab, and axilla swab), 90% (P <0.001, x?) of the isolates were multiple
resistant to three antimicrobial agents and more. Resistance to oxacillin was exhibited in 95% of
the isolates, while none of the isolates were resistant to vancomycin and linezolid, yet resistance to
rifampicin was observed in 30 % of the isolates. The findings of this study highlights the emerging
trends of Staphylococcus haemolyticus as potential drug resistant pathogen in hospital settings in Saudi
Arabia, which requires in depth investigation on molecular understanding on antimicrobial resistance
and virulence traits of the strains.
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INTRODUCTION

Staphylococcus haemolyticus is a
coagulase-negative common inhabitant of the
human skin microbiota that has been recognized as
an emerging important opportunistic pathogen®.
Staphylococcus haemolyticus has been commonly
and frequently reported in various nosocomial
infections, particularly catheter-associated
bacteremia?, urinary tract infection3, diabetic foot
ulcer?®, device-associated meningitis® and wound
infections®.

What makes Staphylococcus haemolyticus
frequently encountered in clinical settings is
perhaps its ability to from biofilm and more
importantly its acquisition of multiple resistance to
wide range of antimicrobial drug classes including
glycopeptides?. Resistance to methicillin/oxacillin
has been commonly reported in Staphylococcus
haemolyticus of clinical origin, and this suggests
the bacterium is able to acquire and re-transfer
(reservoir) the SCCmec cassette to other
staphylococci” . Resistance to two or more
classes of antimicrobial agents such as penicillins,
tetracyclines, aminoglycosides, cephalosporins,
quinolones, macrolides and glycopeptides
among Staphylococcus haemolyticus of clinical
importance have been frequently reported in
different parts of the world® % 1°. However, the
prevalence of Staphylococcus haemolyticus in
Saudi Arabia is largely unknown, only two reports
of Staphylococcus haemolyticus in Saudi Arabia has
been published so far. In a survey of the causative
agents associated with urinary tract infection
(UTI) in pregnant women in southern Saudi
Arabia, Staphylococcus haemolyticus was isolated
from one (5.26%) UTI case out of the 151 cases
examined; the antimicrobial susceptibility patterns
of that isolated were not thoroughly investigated®.
Asfour et al.*? reported a case of a premature baby
with an endocardaitis-associated Staphylococcus
haemolyticus that has been successfully treated
with daptomycin in Riyadh. Thus, to the best of our
knowledge, this is the first report to highlight the
prevalence and antimicrobial susceptibility profiles
of Staphylococcus haemolyticus in clinical settings
in Saudi Arabia, particularly in Madinah province
(north western Saudi Arabia).

MATERIALS AND METHODS
Isolation and identification of Staphylococcus
haemolyticus

A total of 1060 clinical samples of
hospitalized patients at Ohud Hospital, Madinah,
northwest Saudi Arabia, comprised of nasal swabs
(320), groin swabs (230), axilla swabs (320) wound
swabs (30), blood cultures (20), ear swabs (20), eye
swabs (10) and urine samples (20) were examined
for the presence of Staphylococcus haemolyticus
in the period from September to December
2020. Samples were cultured on mannitol salt
agar (Oxoid, Basingstoke, UK) and Columbia agar
base (Oxoid) supplemented with 5% sheep blood
(Oxoid), plates were incubated under aerobic
atmosphere at 37 °C for 24-48 hrs3.

Presumptive Staphylococcus haemolyticus
colonies on mannitol salt agar and blood agar
were initially identified by means of clumping
factor test, using the Maststaph™ kit (Mast
Group Ltd, Liverpool, UK), further identification
and confirmation was achieved by Vitek® 2
system (BioMerieux, Marcy-I’Etoile, France)* to
distinguish between Staphylococcus hameolyticus
and other coagulase-negative staphylococci
of clinical relevance (e.g. S. epidermidis, S.
hominis and S. lugdunensis). Antimicrobial
susceptibility in terms of minimum inhibitory
concentration (MIC) of confirmed Staphylococcus
haemolyticus was carried out by means of Vitek”
2 system (BioMerieux), antimicrobial agents
belonging to nine different classes were as follows:
benzylpenicillin, oxacillin (penicillins), levofloxacin,
moxifloxacin (fluoroquinolones), gentamicin,
tobramycin (aminoglycosides), vancomycin,
teicoplanin (glycopeptides), erythromycin
(macrolides), clindamycin (lincosamides),
tetracycline, tigecycline (tetracyclines), linezolid
(oxazolidinones), nitrofurantoin, fuscidic acid,
rifampicin and trimethoprim/sulfamethoxazole
(miscellaneous agents).

PCR based detection of resistance genes (mecA
and vanA)

Molecular detection of mecA
and vanA genes, using primer (F
5’-AAAATCGATGGTAAAGGTTGGC-3” / R
5’-AGTTCTGGAGTACCGGATTTGC-3’( and primer
(F 5’-ATGAATAGAATAAAAGTTGCAATAC-3’ / R
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5’-CCCCTTTAACGCTAATACGAT-3’) respectively was
achieved by PCR, as described earlier by Abulreesh
et al.®3. Briefly, the bacterial DNA was extracted by
the Total RNA kit according to the manufacturer’s
instructions (Geneaid Biotech Ltd, New Taipei
City, Taiwan). The PCR reaction was prepared
by adding 1 pl of primers (mecA F, mecA R) and
(vanA F, vanA R) (100 pM pH8), 1 ul of template
DNA, 18 pl of dH,O and 5 pl of Ultr-Pure Tag PCR
master mix (Geneaid Biotech Ltd, New Taipei
City, Taiwany). Thermal cycling was performed on
Veriti 96-Well Thermal Cycler (Applied Biosystems,
Massachusetts, USA) with an initial denaturation
at 94 °C for 2 min, then followed by 45 cycles of
denaturation at 94 °C for 20 seconds, annealing at
57 °Cand 54 °C for 30 seconds for mecA and vanA
respectively and elongation at 72 °C for 1 minute. A
final elongation step was utilized at 72 °C for 7 min
before running the samples on 1.5% gel using the
M12 Complete Electrophoresis Package (Edvotek
Inc, Washington D.C., USA) for 40 min at 90 voltage.
The amplification bands were visualized under
UV light using the ChemiDoc-It2 Imaging System
(Analytik Jena GmbH, Jena, Germany).

RESULTS

Of the 1060 samples collected during
the period of September and December 2020,
from hospitalized individuals at Ohud Hospital in
Madinah, only 20 samples (1.9 %) were positive
for Staphylococcus haemolyticus (Table 1), this
was on the basis of colonial morphology on
mannitol salt agar (colonies with reddish zones),
negative reaction of clumping factor test and final
confirmation by Viteck® 2 system. Staphylococcus
haemolyticus were more prevalent in groin
swabs (45 %), followed by urine samples (20 %)
(Table 1). All 20 Staphylococcus haemolyticus
isolates exhibited resistance to one or more
antimicrobial agent class (Table 2). Multiple
resistance (resistance to three antimicrobial
classes or more) was observed in 18 isolates,
while one isolate from urine was resistant
to benzylpenicillin and showed intermediate
resistance to erythromycin, likewise one isolate
obtained from groin swabs exhibited resistance
to benzylpenicillin, oxacillin and tetracycline only
(Table 2). Therefore, Chi-Squared test (x?) showed
that the number of Staphylococcus haemolyticus

exhibiting multiple resistance are significantly (P
<0.001) higher than non-multiple resistant isolates
(Table 2).

Resistance to benzylpenicillin was
exhibited by all 20 (100%) isolates, while oxacillin
resistance was found in 19 (95%) isolates, this
was confirmed by cefoxitin screening where all
isolates resistant to oxacillin were positive for
cefoxitin screening test, further confirmation of
oxacillin resistance was shown by the detection
of mecA gene (533 bp product) (Table 2, Fig. 1) in
all 19 isolates exhibiting MIC (0.5 pg or above) for
oxacillin (Tables 2, 3)

Resistance to erythromycin and
clindamycin was exhibited by 17 (85%) and 10
(50%) isolates respectively. Only 10% of the
isolates exhibited positive to inducible clindamycin
resistance screening (Table 2), these isolates were
resistant to both clindamycin (linecosamides)
and erythromycin (macrolides) (Table 2). The test
was negative in about eight (40%) of the isolates
exhibiting resistance to both erythromycin and
clindamycin (Table 2).

None of the isolates (100%, n = 20)
exhibited resistance to any of the antimicrobial
agents belonging to glycopeptides (vancomycin
and teicoplanin), oxazolidinones (linezolid), and
nitrofurantoin (miscellaneous agents) however
resistance to rifampicin (miscellaneous agents)
was observed in four isolates only (20%) originating
from blood cultures (two isolates), and one isolate
from groin swabs and urine culture respectively
(Tables 1, 2). Susceptibility to vancomycin was
further confirmed by the absence of vanA gene
from all 20 isolates (Table 2).

Resistance to gentamicin, tobramycin,
levofloxacin, moxifloxacin, fusidic acid and
trimethoprim/sulfamethoxazole were also
observed in Staphylococcus haemolyticus reported
in this study (Tables 1, 2). The MIC values of
Staphylococcus haemolyticus isolates exhibiting
resistance to more than six antimicrobial classes
are shown in Table 3. As shown in the table, the
majority of the isolates exhibited MIC of >= 4 pg
for oxacillin, with only one isolate from exhibited
an MIC of 0.5 ug and another one with MIC of
1ug, the MIC for oxacillin resistant staphylococci
is >0.25 pg.
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Fig. 1. Agarose gel electrophoresis (1% agarose) for mecA gene amplified size 533 bp as compared with 1 kbp
ladder lane 1. Positive results are in lanes 2 (SHB1), 4 (SHB2), 5 (SHU2), 6 (SHW1), 7 (SHA1), 8 (SHN1), 9 (SHG) and

10 (SHG), negative result in lane 3 (SHU3).

DISCUSSION

Epidemiological studies showed that
Staphylococcus haemolyticus comes second to
Staphylococcus epidemidis as the most frequently
encountered coagulase-negative staphylococci
associated with nosocomial infections®. Emerging
Staphylococcus haemolyticus has been associated
with a wide range of nosocomial infections such
as bacteremia, UTI, and wound infection® 4>
16, the results obtained in this study report for
the first time in Saudi Arabia the incidence of
highly resistant Staphylococcus haemolyticus in
blood cultures, UTI, wound infections among
hospitalized patients, despite the low incidence
of Staphylococcus haemolyticus in this study,
the majority of the isolates exhibited multiple
resistance to three and more antimicrobial classes.
Although Staphylococcus haemolyticus is part
of the human resident microbiota, the highly
resistant isolates found in the nasal cavity and on
the skin (groin) of hospitalized patient warrant
attention in the handling of these patients given
that they may be a source for the dissemination of
these multiple resistant strains within the hospital
environment which may be problematic since
Staphylococcus haemolyticus is highly adaptable
to hospital environments particularly on clinical
devices® .

In this study 90% of the Staphylococcus
hameolyticus isolates exhibited multiple resistance
(to three and more antimicrobial classes) (P
<0.001, x?). Multiple resistant Staphylococcus
haemolyticus of clinical origin are increasingly
encountered worldwide 8214151618 \\e observed
that 100% and 95% of the isolates were resistant
to benzylpenicillin and oxacillin respectively, this
result was also supported by cefoxitin screening,
which is widely accepted as a surrogate for the
detection methicillin resistance in staphylococci?®,
as well as the detection of mecA gene by PCR
in these isolates. Similar results were reported
elsewhere?, the high prevalence in pinicillins
resistance in Staphylococcus haemolyticus
is perhaps explained by the high diversity
of staphylococcal cassette chromosome mec
(SCCmec) element that is carried by Staphylococcus
haemolyticus strains’ ® 2, this high diversity of
the Staphylococcus haemolyticus SSCmec genes
suggest that the bacteria is an important reservoir
for the dissemination of these genes among other
staphylococci within health care settings?® 2.

Resistance to levofloxacin, moxifloxacin
(Fluoruguinolones) gentamicin, tobramycin
(aminoglycosides), erythromycin (macrolides),
clindamycin (lincosamides) and tetracycline
(tetracyclines) was observed in 50% or more of
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the Staphylococcus haemolyticus isolates. Similar
observations were reported from India4, Brazil?,
Taiwan®, Indonesia?®, Jordan®®, Irag3, Thailand®®
and Poland®. Resistance to fluoroquinolones,
aminoglycoside, macrolides, lincosamides and
tetracyclines in Staphylococcus haemolyticus
is not surprising given the remarkable ability
of the bacteria to receive the genes gyrA
and parC (fluoroquinolones), aacA and aphD
(aminoglycosides), ermA and ermC (macrolides),
linA and InuA (lincosamides) and tetK and tetM
(tetracyckines) that mediate resistance to these
antimicrobials?” 22, In addition, Staphylococcus
hameolyticus strains can also carry fusB, drfC
and drfG that mediate resistance to fusidic acid
and trimethoprim respectively’, resistance to
fusidic acid and trimethoprim/sulfamethoxazole
were also observed in our isolates. Inducible
clindamycin resistance was detected in two isolates
only, detection of macrolides-lincozamides-
streptogramin B (MLSB) phenotypes is important
as it suggest the ability of these phenotypes
to develop resistance to clindamycin during
the therapy of the patients?. The ability of
Staphylococcus haemolyticus to possess various
resistance genes, together with their ability to
have a diverse SSCmec genes render them to
be remarkable in developing multiple resistant
phenotypes that could be a source of disseminating
resistance genes of different antimicrobials to
other staphylococci via horizontal gene transfer
in biofilm formations within hospital environment
and that may lead to increase in nosocomial
infections that are difficult to handle.

Multiple-resistance was also noted in
Staphylococcus haemolyticus recovered from the
skin, i.e. groin (95%, n = 9), axial (100%, n =1) and
nasal cavity (1—%, n = 2) of hospitalized patients,
some of the these isolates were resistant to about
seven or eight antimicrobial classes, this is alarming
given the possibility that these patients may act as
a source of infection to health care personnel or
source of contamination of hospital environment
with these multiple resistant strains. The carriage
of drug resistant Staphylococcus haemolyticus in
the nares and skin of healthy as well as hospitalized
individuals has been reported?.

Currently, vancomycin, linezolid and
rifampicin are the treatment of choice for

Staphylococcus haemolyticus infections 2!, our
results showed that resistance to vancomycin
and linezolid do not exist, particularly with the
absence of vanA gene (0% in this study) which
in agreement with what reported worldwide,
however, resistance to rifampicin exhibited by 30%
of the isolates reported in this study is alarming,
emerging Staphylococcus haemolyticus resistant
to rifampicin have been reported’, Resistance
to glycopeptides (vancomycin and teicoplanin)
remains rarely detected in Staphylococcus
haemolyticus*® %1618 Despite the total absence of
vancomycin/teicoplanin, linezolid resistant isolates
and the apparently low prevalence of rifampicin
resistance among Staphylococcus haemolyticus
reported in this study, wide surveillance of
susceptibility patterns of these drugs among
Staphylococcus haemolyticus of clinical origin is
mandatory, since the development of resistance
to these drugs may exist at low levels?’.

CONCLUSION

In conclusion the results reported in this
study shows for the first time the prevalence of
multiple resistant Staphylococcus haemolyticus
within clinical sittings in Saudi Arabia. The observed
prevalence is still low, nonetheless, the majority of
the isolates were multiple resistant and this may
pose significant health threats. Staphylococcus
haemolyticus adapt well to hospital environment
and their ability to serve as recipient and/or donor
of genes encoding for antimicrobial resistance may
promote spreading of antimicrobial resistance to
other nosocomial staphylococci, as well as a source
of infection to hospital personnel. Therefore, this
study on Staphylococcus haemolyticus prevalence
highlighted the need for further investigation about
the molecular basis of virulence properties and the
pathogenesis of Staphylococcus haemolyticus of
clinical origin in Saudi Arabia and their linkage to
resistance genes.
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