g E’, ACTA MICROBIOLOGICA BULGARICA  volume 411 (2025)

Prevalence of Multidrug-Resistant Staphylococcus Haemolyticus isolates
and Their Virulence Factors in Urinary Tract Infections in Saudi Arabia

Outour Tariq Alami'*?, Leena A. Neyaz'?, Fawziah M. Albarakaty', Hesham A. Malak'?,
Majdah M. Al-Tuwaijri!, Khaled Elbanna'**, Hussein H. Abulreesh!**

'Department of Biology, Faculty of Science, Umm Al-Qura University, Makkah, Saudi Arabia

‘Research Laboratories Unit, Faculty of Science, Umm Al-Qura University, Makkah, Saudi Arabia
‘Department of Pathology and Laboratory Medicine, Prince Mohammed Bin Abdulaziz Hospital, Ministry

of National Guard-Health Affairs, Medina, Saudi Arabia
‘Department of Agricultural Microbiology, Faculty of Agriculture, Fayoum University, Fayoum, Egypt

Abstract

Staphylococcus haemolyticus is an emerging multidrug-resistant infectious agent in Saudi Arabian
clinical settings. During this study, urine specimens (1000) of hospitalized and outpatients were screened for
S. haemolyticus prevalence along with antimicrobial resistance profiles and virulence factors. The primary
identification of S. haemolyticus was based on morphological characteristics and clumping factors test. The
presumptive isolates were further confirmed through VITEK MALDI-TOF. S. haemolyticus antimicrobial
susceptibility patterns were examined by the Vitek® 2 compact system whereas antibiotic-resistance and
virulence factors-related genes were detected using PCR. A total of 21 (2.1 %) S. haemolyticus isolates
were recovered from urine samples where 15 isolates (71.5 %) exhibited multidrug resistance patterns. The
results showed that 13 (62 %) isolates were resistant to oxacillin whereas none of the isolates were resistant
to vancomycin, linezolid, and rifampicin. Methicillin-resistance encoding gene (mecA) was detected in
61.9% of isolates. However, resistance genes related to vancomycin (vanA), fluoroquinolones (gyr4), mac-
rolides (ermA), and aminoglycosides (aph(3’)-1lla) were not detected in S. haemolyticus isolates. Biofilm
formation-associated icaD gene was detected in 33.3% of isolates, Panton-Valentine leucocidin encoding
lukS-PV gene in 9.5% of isolates, and fibronectin-binding protein A encoding fnbA gene in 8% of isolates.
This study highlights the rising S. haemolyticus trends in Saudi Arabia, which requires further in-depth
investigation for a better understanding of this pathogen.
Keywords: Staphylococcus haemolyticus, urinary tract infections, antimicrobial resistance, virulence
factors

Pe3rome

Staphylococcus haemolyticus € Bb3HHKBAII MYJITHPE3UCTEHTEH WH(EKIIMO3CH areHT B KIIMHUYHUTE
ycnosus Ha Caynurcka Apabus. [1o Bpeme Ha ToBa npoyuBane, mpoou (1000 6post) oT yprHa Ha XOCTIUTA-
JU3UPAHU U aMOyIaTOpPHU MAlMeHTH Os1Xa U3CJIEBaHU 3a pa3NpocTpaHeHue Ha S. haemolyticus 3aeHO C
npoduIM Ha AHTUMUKPOOHA PE3UCTEHTHOCT M (DaKTOPH Ha BUPYJICHTHOCT. [IbpBHuHaTa uaeHTU()UKAIIUSL
Ha S. haemolyticus ce ocHOBaBa Ha MOP(OJOTUYHU XaPAKTEPUCTHKU U TECT 3a (DAaKTOPU Ha CTPYIIBAHE.
[Ipennonaraemute u3onatu Osixa gombiaHuTenHo noTBbpiaeHH upe3 VITEK MALDI-TOF. Moaenute Ha
AHTUMUKPOOHA YYBCTBUTEIHOCT Ha S. haemolyticus Osixa M3ClieIBAHU OT KOMIIaKTHaTa cuctema Vitek®
2, OKaToO TeHUTE, CBbP3aHH C PE3UCTEHTHOCT KbM aHTUOMOTUIM U BUPYJICHTHU (aKTOPH, OsXa OTKPUTH C
nomotra Ha PCR. O6mmo 21 (2.1 %) uzonara Ha S. haemolyticus 65xa OTKpUTH OT IPOOH OT ypHHa, Kato 15
n3oinara (71.5 %) nokazaxa MOAEIU Ha PE3UCTEHTHOCT KbM MHOXKECTBO JieKapcTBa. Pe3ynrarure noka3sar
chbilo, ue 13 (62%) n3onara ca pe3UCTEeHTHU KbM OKCALIWIIMH, JOKATO HUTO €AUH OT U30JIaTUTE HE € pe3-
UCTEHTEH KbM BAaHKOMUIIMH, JIMHE30IU]l U pudaMnuiuuH. [eH, Konupall pe3sucCTeHTHOCT KbM METUIMIINH
(mecA) e otkput B 61.9% ot nuzonarure. Borpekn ToBa reHH 3a PE3UCTEHTHOCT, CBbP3aHH C BAHKOMUIIMH
(vanA), ¢myopoxunosionu (gyrA), makpomuau (ermA) n amunormuko3uan (aph(3’)-Illa), He ca oTkputn
B u3onarute Ha S. haemolyticus. CBbp3aHUAT ¢ oOpazyBaHeTo Ha Ouoduam icaD ren e otkpur B 33.3%
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oT m3ojnarute, Panton-Valentine neskotmans, koaupaii lukS-PV ren B 9.5% ot uzonarure, u pudpoHek-
THUH-CBBP3BaIll MpoTeuH A, konupan fnbA ren B 8% ot uzonarure. ToBa npoyuBaHe nogauepTaBa HapacTBa-
MTe TeHACHIMHU Ha S. haemolyticus B CaynmuTcka ApaOusi, KOETO U3UCKBA JOMTBJIHUTEIHO 33bJI00UEHO
M3CcIe/IBaHe 3a Mo-100po pa3dupaHe Ha TO3U MAaTOTEH.

Introduction

Staphylococcus  haemolyticus, a coagu-
lase-negative inhabitant of human skin microbiota,
is an emerging opportunistic pathogen (Eltwisy et
al., 2022; Rossi et al., 2024). It has been common-
ly reported in nosocomial infections such as cathe-
ter-associated bacteremia, bacteremia, urinary tract
infections, wound infections, diabetic foot ulcers,
and device-associated meningitis (Chang et al.,
2018; Vijayan et al., 2019; Argemi et al., 2019; Elt-
wisy et al., 2020; Alhusain et al., 2020; Eltwisy et
al., 2022; Verma et al., 2024). Biofilm formation
is an important virulence factor of S. haemolyticus
that favors its widespread prevalence and multid-
rug resistance (MDR) (Fredheim et al., 2009; Cze-
kaj et al., 2015; Eltwisy et al., 2022). Methicillin/
oxacillin resistance is quite common in clinical S.
haemolyticus suggesting its ability to acquire and
re-transfer (reservoir) the staphylococcal chromo-
some cassette mec (SCCmec) to other staphylococ-
ci (Hosseinkhani et al., 2018; Chang et al., 2018;
Rossi et al., 2024). There are multiple reports of
S. haemolyticus resistance to antibiotics belong-
ing to three or more antimicrobial classes includ-
ing quinolones, penicillins, glycopeptides tetracy-
clines, macrolides, aminoglycosides, and cepha-
losporins in different regions of the globe (Barros
et al., 2012, Silva et al., 2013; Manoharan et al.,
2020).

S. haemolyticus prevalence is largely un-
known in Saudi Arabia with only a few reports.
A cross-sectional study identified S. haemolyti-
cus among 1000 bacterial pathogens in tertiary
care hospital samples in Al-Qassim from January
to December 2011 without elaborating on the S.
haemolyticus source (Said et al., 2014). Howev-
er, the study reported resistance patterns to eryth-
romycin, oxacillin, benzylpenicillin, clindamycin,
gentamicin, ciprofloxacin, and tetracycline (Said et
al., 2014). During a urinary tract infection (UTI)
survey of pregnant women in southern Saudi Ara-
bia, S. haemolyticus was detected in one (5.26%)
patient out of the total 151 examined cases (Alshabi
et al., 2019). Asfour et al. (2018) reported a pre-
mature baby suffering from endocarditis-associat-
ed S. haemolyticus infection that was successfully
cured with daptomycin. A recent study investigated
different specimens (1060 samples) of hospital-
ized patients in Medina and found low S. haemo-
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Iyticus prevalence (1.9%, n = 1060) (Alahmadi et
al., 2021). However, most isolates (90%) exhibited
multidrug-resistance patterns.

The current study investigated the prevalence,
antimicrobial susceptibility patterns, and virulence
factors of UTI-associated S. haemolyticus in two
Saudi Arabian cities. The study further highlights
the epidemiology of UTI-associated S. haemolyti-
cus cases in Saudi Arabia.

Materials and Methods

Sampling

Midstream urine samples (1000) were col-
lected from two clinical settings in Makkah and
Medina cities in Western and North-Western Saudi
Arabia. Male (450) and female (550) samples were
collected from hospitalized and outpatients in ster-
ile urine collecting bottles from August to Decem-
ber 2021. The samples were transported to the lab-
oratory in the icebox, and microbiological assays
were initiated on the same day of sampling.

Isolation and identification of S. haemolyticus

The samples were cultured on mannitol salt
agar (Oxoid, UK) and Columbia blood agar base
(Oxoid) supplemented with sheep blood (5%) (Ox-
oid). The plates were incubated (24-48 h) at 37°C
under aerobic atmosphere (Alhusain et al., 2020;
Alahmadi et al., 2021). Maststaph™ kit (Mast
Group Ltd, UK) was used to perform a clumping
factor test, Gram staining and catalase tests were
also used to initially identify presumptive S. hae-
molyticus colonies (Alahmadi et al., 2021). Then,
the Vitek® Matrix-Assisted Laser Desorption lon-
ization Time-of-Flight system (VITEK MAL-
DI-TOF) (BioMerieux, France) was employed to
differentiate S. haemolyticus from other clinical co-
agulase-negative staphylococci (CoNS) such as S.
lugdunensis, S. epidermidis, and S. hominis (Preda
et al.,2021). Briefly, a loopful of bacterial colonies
grown at 35°C for 24 h in trypticase soy agar (Ox-
oid) was placed on a stainless-steel MALDI-TOF
plate and covered with Brucker matrix (IpL).
MALDI Biotyper Compass software was used for
identification at scores of > 2. The procedure was
repeated in case of lower scores.

Antimicrobial susceptibility testing
A 0.5 McFarland (1.5 x 108 CFU/mL) inocu-
lum in sterile saline water (3 mL, 0.45%) was used



for antimicrobial susceptibility testing in terms of
minimum inhibitory concentration (MIC) through
Vitek®2 compact system (BioMeriex) (Alahmadi
et al., 2021). Antimicrobial agents of 12 different
classes were used, which included fluoroquinolo-
nes [ciprofloxacin, moxifloxacin, and levofloxa-
cin], penicillins [oxacillin and benzylpenicillin],
glycopeptides [vancomycin and teicoplanin], ami-
noglycosides [gentamicin and tobramycin], lincos-
amides [clindamycin], macrolides [erythromycin],
tetracyclines [tetracycline and tigecycline], ans-
amycin [rifampicin], oxazolidinones [linezolid],
fusidane [fuscidic acid], nitrofurans [nitrofuranto-
in], and folate pathways antagonist [trimethoprim/
sulfamethoxazole]. The guidelines of the Clinical
and Laboratory Standards Institute were followed
to interpret S. haemolyticus antimicrobial suscepti-
bility patterns (CLSI, 2023). Three screening tests
such as inducible clindamycin resistance screening,
beta-lactamase screening, and cefoxitin screening
were performed for all 21 isolates using the Vitek 2
compact system.

Multiple antibiotic resistance index (MARI)

MARI was calculated by dividing the antibi-
otics facing isolate resistance by the total number of
tested antibiotics (Khan et al., 2024). MARI > 0.2
and < 0.2 depict the origin of isolates from frequent
and less frequent antibiotic usage areas, respective-
ly (Al-Ghamdi et al., 2024).

PCR-based detection of antimicrobial resistance
and virulence factors-encoding genes

Molecular detection of antimicrobial resist-
ance (mecA, vanA, gyrA, ermA, and aph(3’)-1lla)
and virulence factors (icaD, ukS-PV, fnbA, and
fmnbB) encoding genes was performed using primers
listed in Table 1. Briefly, a Total RNA kit (Geneaid
Biotech Ltd, Taiwan) was used for the DNA extrac-
tion. The PCR reaction was comprised of primers (1
uL of 100 pM, pH 8), template DNA (1 uL), dH,0
(18 uL), and Ultr-Pure Tag PCR master mix (5 pL).
A Veriti 96-Well Thermal Cycler (Applied Biosys-
tems, USA) was used for PCR with an initial de-
naturation (94°C for 2 min) followed by 45 cycles

Table 1. Antimicrobial resistance and virulence factors-encoding genes, primer sequences, and product size

Genes encoding antimicrobial resistance

@5 8 g

: . SE a8

Gene Function Primer sequence cé g 22 %
e \ , Abulreesh

" Methicillin F5-AAAATCGATGGTAAAGGTTGGC-3 579C 533 et al

MEEL T resistance R 5-AGTTCTGGAGTACCGGATTTGC-3' ‘('32 31'7)
vana Vancomycin F 5-ATGAATAGAATAAAAGTTGCAATAC-3’ 579C 1029 iba‘;lre“h

resistance R5-CCCCTTTAACGCTAATACGAT-3’ 2 01'7)

A Fluoroquinolones F 5-AATGAACAAGGTATGACACC-3 60°C 223 Kwak et
& resistance R 5-TACGCGCTTCAGTATAACGC-3’ al. (2013)
ermA Macrolides F 5-AAGCGGTAAACCCCTCTGA-3 54°C 190 Duran et

resistance R5-TTCGCAAATCCCTTCAAC-3’ al. (2012)
aph(3’)- Aminoglycosides F5-AAATACCGCTGCGTA-3’ 54°C 242 Duran et
IIa resistance R 5-CATACTCTTCCGAGCAA-3 al. (2012)

Genes encoding virulence factors
icaD Biofilm F5-GAACCGCTTGCCATGTGTTG-3’ 56°C 483 Kord et al.

formation R5-GCTTGACCATGTTGCGTAACC-3’ (2018)

LES-PY Leucocidin F5-AGTGAACTTATCTTTCTATTGAAAAACACTC3 o .. ‘:tb;lre“h
R5-GCATCAASTGTATTGGATAGCAAAAGC-3' 2 01'7)
fupa Tibronectin- F 5-CACAACCAGCAAATATAG-3' soC 136 ‘;b;he“h

binding protein A R 5'-CTGTGTGGTAATCAATGTC-3' (20 1'7)
fnbB Fibronectin- F 5-GTAACAGCTAATCGAATTGATACT-3 55C 524 Tristan et

binding protein B R 5-CAAGTTCGATAGGAGTACTATATGTTC-3 al. (2003)




of denaturation (94°C for 20 s), annealing for 30 s
[(57°C for mecA, vanA, lukS-PV, and fnbA), (54°C
for ermA, and aph(3’)-Illa)), (60°C for gyrAd),
(55°C for fubB), and (56°C for icaD)], and elon-
gation for 1 minute at 72°C. A final elongation step
was performed for 7 min at 72°C. Gel electropho-
resis (1.5% gel) of PCR samples was carried out in
M12 Complete Electrophoresis Package (Edvotek
Inc, USA) for 40 min at 90 v. A ChemiDoc-It2 Im-
aging System (Analytik Jena GmbH, Germany)
was used to visualize amplification bands under the
UV light.

Controls

S. aureus ATCC 49775, S. aureus ATCC
6538, S. aureus ATCC4330, and S. aureus ATCC
33591 served as the control strains.

Results

S. haemolyticus prevalence in urine samples

The data revealed only 39 (3.9 %) CoNS-pos-
itive samples out of 1000 urine samples from two
hospitals in Makkah and Medina.

Table 2. Prevalence of S. haemolyticus in urine samples

Prevalence by gender

Sample origin N P/CoNS (%)  P/Sh (%)
Male 450 12 (2.7) 7 (58.4)
Female 550 27 (4.9) 14 (51.9)
Total 1000 39 (3.9) 21 (53.9)
Prevalence by location
Makkah 385 22 (5.7) 14 (63.7)
Medina 615 17 (2.8) 7 (41.2)
Total 1000 39 (3.9) 21 (53.9)

N = total number of samples, P/CoNS = number of positive
samples for coagulase-negative staphylococci, P/Sh = number
of positive samples for S. haemolyticus

Twenty-one of these samples (53.9%) were
positive for S. haemolyticus, whereas the remain-
ing CoNS were identified as S. epidermidis (Table
2). Thus, the overall S. haemolyticus prevalence re-
mained at 2.1% in a total of 1000 urine samples.
Seven of the detected S. haemolyticus isolates (58.4
%, n = 12 CoNS) came from the male samples
whereas 14 isolates (51.9 %, n =27 CoNS) were of
female origin (Table 2).

Antimicrobial susceptibility profiles of S.
haemolyticus

All the S. haemolyticus isolates (21, 100 %)
were resistant to benzylpenicillin whereas oxacillin
resistance was noted in 13 (61.9 %) isolates. Eryth-
romycin and clindamycin resistance were noted in
17 (80.9 %) and 5 (23.8 %) isolates, respectively
(Table 3). All the oxacillin-resistant isolates re-
mained positive during the cefoxitin screening test
whereas all the S. haemolyticus isolates (21, 100 %)
were positive for the beta-lactamase screening test
(Table 4). Only, 4.8 % of isolates were positive to
inducible clindamycin resistance screening. These
isolates exhibited resistance to both clindamycin
(lincosamides) and erythromycin (macrolides)
whereas other isolates remained negative for in-
ducible clindamycin resistance screening (Table 4).

S. haemolyticus isolates also showed resist-
ance to gentamicin (9.5 %), tobramycin (14.3 %),
ciprofloxacin (38.1 %), levofloxacin (42.9 %), and
moxifloxacin (33.4 %) (Tables 3 and 4). S. haemo-
Iyticus isolates (100%, n=21) were not resistant to
rifampicin (ansamycins), glycopeptides (vancomy-
cin and teicoplanin), fusidic acid (fusidane), oxazo-
lidinones (linezolid), trimethoprim/sulfamethoxaz-
ole (folate pathway antagonist), and nitrofurantoin
(nitrofurans) (Tables 3 and 4). Multidrug resistance

Table 3. Antimicrobial resistance patterns of UTI-associated S. haemolyticus

No. of resistant S. haemolyticus
Sample type N/P Resistance patterns by gender
BP Ox G To Le Mo E Ci Li ClI Te Va Tet Ti Nit FA Rif TS
Urine (M)  450/7 7 3 1 1 2 2 7 2 0 3 0 0 4 0 O O 0 O
Urine (F) 550/ 14 14 10 1 2 7 5 0 6 0 2 0 0 6 0 0 O 0 O
Total 1000/21 21 13 2 3 9 7 7 8 0 5 0 O 10 O O O O O
Resistance patterns by location
Urine (MK) 385/14 14 11 2 3 5 3 1 5 0 4 0 0 9 0 0
Urine (MD) 615/7 7 2 0 0 4 4 6 3 0 1 0 0 1 0 0
Total 1000/21 21 13 2 3 9 7 17 8 0 5 0 0 10 O 0

N = total number of samples, P = number of S. haemolyticus positive samples, M = male, F = female, MK = Makkah, MD =
Medina, BP = benzylpenicillin, Ox = oxacillin, G = gentamicin, To = tobramycin, Le = levofloxacin, Mo = moxifloxacin, E =
erythromycin, Cl = clindamycin, Li = linezolid, Te = teicoplanin, Va = vancomycin, Tet = tetracycline, Ti = tigecycline, Nit =
nitrofurantoin, FA = fucidic acid, Rif = rifampicin, TS = trimethoprim/sulfamethoxazole, Ci = Ciprofloxacin.
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Table 4. Antibiotic resistance profiles, and MARI of UTI-associated S. haemolyticus

Isolate No.of  Cefoxitin Inducible Beta-
number Origin Resistance profile Classes  screent clil?damycin la.ctarnase MARI
resistancef  resistance**
SHU7 Female BP, Ox, Ci, Le, Mo, E, Cl 4 + - 04
SHU14 Female BP, Ox, Ci, Le, Mo, Tet 3 + - + 0.4
SHU16 Female BP, Ox, Ci, Le 2 + - + 0.2
SHU33 Female BP, Ox, Tet 2 + - + 0.2
SHU353 Female BP, Ox, To, E, Tet 4 + - + 0.3
SHU410 Female BP, Ci, Le, Mo, E 3 - - + 0.3
SHU438 Female BP, Ox, Ci, Le, Mo, E 4 + - + 0.4
SHU312 Female BP, Ox, E 2 + - + 0.2
SHU439 Female BP, Ox, Ci, Le, Mo, E 3 + - + 0.4
SHU298 Female BP, Ox, E, Tet 3 + - + 0.2
SHU398 Female BPE 2 - - + 0.1
SHU395 Female BP 1 - - + 0.05
SHU347 Male BP, E, Tet, Cl 4 - - + 0.2
SHU129 Male BP, Ox, E, Tet 3 + - + 0.2
SHU162 Female BP, Ox, E, Tet 3 + - + 0.2
SHU405 Male BP, E, Cl, Tet 4 - - + 0.2
SHU455 Male BP E, 2 - - + 0.1
SHU60 Male  BP, Ox, G, To, Ci, Le, Mo, E 4 + - + 0.5
SHU233 Female BP, Ox, G, To, E, Cl, Tet 5 + + + 0.4
SHU185 Male BP, Ci, Le, Mo, E 3 - - + 0.3
SHU31 Male BP, E, CI, Tet 4 - - + 0.2
Total (%) 15(71.5) 13(61.9) 1 (4.8) 21 (100)
E)Zt)alMDR N=21 15(71.5)
Total MDR
from N=7 6(85.7)
male (%)
Total MDR
from N=14 9 (64.3)
female (%)

BP = benzylpenicillin, Ox = oxacillin, G = gentamicin, To = tobramycin, Le = levofloxacin, Mo = moxifloxacin, E = erythromy-
cin, Cl = clindamycin, Li = linezolid, Tet = tetracycline, Nit = nitrofurantoin, FA = fucidic acid, Rif = rifampicin, Ci = cipro-
floxacin, MARI = multiple antibiotic resistance index, MDR =. Multidrug resistance. Cefoxitin screeni = Screened by Vitek
2 compact system. Inducible clindamycin resistancet# = screened by Vitek 2 compact system. Beta-lactamase resistance** =

screened by Vitek 2 compact system.

(MDR) [resistance to antibiotics of three or more
classes] was observed in 15 S. haemolyticus iso-
lates (71.4 %). The most common resistance was
observed against penicillins, lincosamides, fluo-
roquinolones, and macrolides. The majority of S.
haemolyticus isolates from male samples presented
MDR patterns (85.7 %, n = 7) whereas more than
half of the female samples exhibited MDR pat-
terns (64.3 %, n = 14). 18 out of the 21 (85.7 %) S.
haemolyticus isolates had a MARI index of > 0.2
(Table 4).
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Antimicrobial resistance and virulence factors-
encoding genes

Methicillin resistance-related mecA gene
was carried by 13 S. haemolyticus isolates (61.9
%) (Table 5, Fig. 1a). The genes associated with
antimicrobial resistance to vancomycin (vanA),
macrolides (ermA), fluoroquinolones (gyrA4), and
aminoglycosides (aph(3°)-1lla) were not detected
in all S. haemolyticus isolates (Table 5).
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Fig. 1. PCR-based detection of genes encoding antimicro-
bial resistance and virulence factors in clinical S. haemo-
Iyticus A) — Methicillin-resistance (mecA)-encoding gene;
B) — Biofilm-formation (icaD)-encoding gene ; C) — Fi-
bronectin-binding protein A (fnbA4)-encoding gene

The virulence factors encoding genes were
detected in different isolates. The presence of bi-
ofilm formation-associated icaD gene was detect-
ed in 33.3% (n = 21) of isolates (Table 5, Fig. 1b)

whereas /ukS-PV encoding gene was noted in 9.5 %
(n=21) isolates (Table 5). The fnbA-encoding gene
was found in 38.1 % (n = 21) isolates whereas fnbB
remained absent in all the S. haemolyticus isolates
(Table 5, Fig. 1c). Notably, three isolates carried
more than one virulence factor-encoding genes.
The isolate SHU398 of female origin and isolate
SHU455 of male origin carried icaD, [ukS-PV, and
fnbA genes (Table 5).

Discussion

Epidemiological studies have revealed that S.
haemolyticus occurrence stands second to the most
frequent CoNS S. epidermidis (Czekaj et al., 2015;
Rossi et al., 2024). S. haemolyticus is often asso-
ciated with various nosocomial infections such as
UTI, bacteremia, and wound infection (Chaudhury
and Kumar, 2007; Teeraputon et al., 2017; Chang
et al., 2018; Suhartono et al., 2019; Kateete et al.,
2020; Alahmadi et al., 2021). This study reports a
high incidence of drug-resistant S. haemolyticus in
UTTs of hospitalized and outpatients in Western and
North-Western Saudi Arabia. S. saprophyticus and
S. epidermidis are the most common UTI-linked
CoNS, however, the association of S. haemolyticus

Table 5. Prevalence of antimicrobial resistance and virulence factors-encoding genes in UTI-associated S. haemolyticus

Elcl)rlljtbeer Origin  mecA vanA  gyrA  ermA aph(3)-Illa  icaD  IukS-PV  fnbA fnbB
SHU7 Female + - - - - . - - i
SHU14  Female + - - - - + - + _
SHU16 Female + - - - - - - - B,
SHU33  Female + - - - - . - - i,
SHU353 Female + - - - - - - - _
SHU410 Female - - - - - - - - i,
SHU438 Female + - - - - . - - i
SHU312 Female + - - - - + - + _
SHU439 Female + - - - - - - - ;
SHU298 Female + - - - - . - - _
SHU398 Female - - - - - + + + -
SHU395 Female - - - - - - - - i,
SHU347 Male - - - - - . - , i
SHU129 Male + - - - - - - - i
SHU162 Female + - - - - - - - B
SHU405 Male - - - - . + - + _
SHU455 Male - - - - - + + + -
SHU60  Male + - - - - + - + .
SHU233 Female + - - - - - - - _
SHU185 Male - - - - - B - + _
SHU31  Male - - - - - + - + B,
Total (%) 13 (61.9) 0 0 0 0 7(33.3) 2(9.5) 8(38.1) 0




with UTIs is rapidly growing. During this study, 21
of 39 CoNS-positive urine samples were identified
as S. heamolyticus (53.9 %) whereas the remain-
ing isolates were identified as S. epidermidis. Phil-
lip et al. (2023) have also reported a predominant
occurrence of S. haemolyticus (41.5 %) in Tanza-
nia’s UTI cases followed by S. epidermidis (36.9
%). Alhusain et al. (2020) examined urine sam-
ples (149) of UTI patients in Iraq (Baghdad) and
detected 31 S. haemolyticus positive samples. In
Indonesia (Ache), S. haemolyticus exceeded all the
CoNS-related infections as well as S. aureus infec-
tions where it emerged as the predominant cause of
UTl-related infections in Zainoel Albidin Hospital
(Suhartono et al., 2019). Eltwisy et al. (2022) stat-
ed that S. haemolyticus is the most common periu-
rethral and urethra-colonizing pathogen in females
and males, and accounts for 10% of UTI cases.
The data of this study revealed that 100% and
61.9% of S. haemolyticus isolates were resistant to
benzylpenicillin and oxacillin, respectively. The
results were also confirmed through the cefoxitin
screening test, which is widely accepted for me-
thicillin resistance detection in staphylococci (Fer-
nandes et al., 2005). Moreover, the mecA gene was
detected in all isolates exhibited resistance to ox-
acillin, which is known to contribute to oxacillin
resistance. Different studies have reported similar
results in Saudi Arabia (Medina) and other regions
around the world (Barros et al., 2012; Alahmadi et
al., 2021). The rising high occurrence of oxacillin/
methicillin-resistant S. haemolyticus could be linked
to the presence of diverse staphylococcal chromo-
some cassette mec (SCCmec) elements (Barros et
al., 2012; Szczuka et al., 2016; Hosseinkhani et
al., 2018). Highly diverse S. haemolyticus SCCmec
genes depict that this pathogen serves as a key reser-
voir for the SCCmec element dissemination among
other staphylococci in healthcare settings (Szczuka
etal.,2016; Azimi et al., 2020; Rossi et al., 2024).
During the study, varying resistance of S.
haemolyticus isolates to ciprofloxacin, moxifloxa-
cin, levofloxacin (Fluoroquinolones), tobramycin,
gentamicin (aminoglycosides), tetracycline (tet-
racyclines), erythromycin (macrolides), and clin-
damycin (lincosamides) was observed. A similar
S. haemolyticus resistance to these antimicrobial
drugs has been reported in the clinical settings of
Jordan (Al-Tamimi et al., 2020), India (Chaudhury
and Kumar, 2007), Taiwan (Chang et al., 2018),
Brazil (Barros et al., 2012), Indonesia (Suhartono et
al., 2019), Iraq (Alhusain et al., 2020), Saudi Ara-
bia (Alahmadi ef al., 2021), Thailand (Teeraputon
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et al., 2017), Uganda (Kateete et al., 2020), and
Poland (Szmraj et al., 2019). The receptibility of
S. haemolyticus towards resistance-mediated genes
contributes to its common resistance against tetra-
cyclines, fluoroquinolones, lincosamides, amino-
glycoside, and macrolides (Qin et al., 2022; Rossi
et al., 2024). The resistance genes such as gyr4,
ermA, and aph(3’)-Illa were not detected in the
examined S. haemolyticus isolates. However, fluo-
roquinolones, macrolides, and aminoglycosides re-
sistance can also be mediated by other genes such
as msr, ermC, and aph(2’) (Pain et al., 2019; Szmraj
et al.,2019; Qin et al., 2022). Inducible clindamy-
cin resistance was detected in only one isolate from
a female patient. Macrolides-lincosamides-strep-
togramin B (MLSB) detection is crucial as these
phenotypes could facilitate resistance to clindamy-
cin (Lewis and Jorgensen, 2005). S. haemolyticus
capability to possess multiple resistance genes and
diverse SCCmec genes promotes multidrug-resist-
ant phenotypes, which could disseminate resistance
genes via horizontal gene transfer to other staphylo-
cocci and biofilm-forming communities within the
hospital environment. This situation might increase
and complicate nosocomial infections due to the
prevalence of resistant S. haemolyticus and other
CoNS species.

Currently, MDR S. haemolyticus infections
are dealt with vancomycin, rifampicin, and line-
zolid (Chaudhury and Kumar 2007; Azimi et al.,
2020). However, S. haemolyticus resistance to
these antibiotics was not detected during this study.
The absence of vanA gene confirmed the van-
comycin-susceptibility, which is in line with the
previous global and Saudi Arabian reports (Teer-
aputon et al., 2017; Chang et al., 2018; Szmraj et
al., 2019; Suhartono et al., 2019; Al-Tamimi et al.,
2020; Kateete et al., 2020; Alhusain et al., 2020;
Alahmadi et al., 2021). Contrarily, Alahmadi et al.
(2021) have reported rifampicin resistance in S.
haemolyticus isolates (30%) from Medina. Other
studies have also demonstrated S. haemolyticus re-
sistance to rifampicin (Hosseinkhani et al., 2018;
Bathavatchalam et al., 2021). S. haemolyticus re-
sistance to glycopeptides (vancomycin and teico-
planin) is a rare phenomenon (Chaudhuary and
Kumar, 2007; Chang et al., 2018; Suhartono et al.,
2019; Al-Tamimi et al., 2020; Alhusain et al., 2020;
Alahmadi et al., 2021). However, heteroresistance
and intermediate vancomycin resistance have been
reported in S. haemolyticus related blood infec-
tions (Bathavatchalam et al., 2021). It depicts that
vancomycin resistance could exist in the subpopu-



lation of a particular bacterial strain (Rossi et al.,
2024). Therefore, despite the absence of vancomy-
cin/teicoplanin, rifampicin, and linezolid-resistant
S. haemolyticus isolates during this study, a wide
and routine surveillance of S. haemolyticus antibi-
otic susceptibility patterns is mandatory (Pain et al.,
2019). During this study, 71.5% of the S. haemolyt-
icus isolates exhibited MDR patterns (resistance to
antibiotics belonging to three or more antimicrobial
classes). MDR S. haemolyticus isolates of clinical
origin are rapidly increasing worldwide and have
been recently reported in Saudi Arabia as well (Bar-
ros et al., 2012; Suhartono et al., 2019; Alhusain et
al., 2020; Alahmadi et al., 2021). This could be due
to the accumulation of resistance-encoding genes in
S. haemolyticus through horizontal gene transfer in
the hospital environment (Qin et al., 2022).

The MARI index of 18 (85.7 %) S. haemolyti-
cus isolates remained equal or above 0.2 suggesting
the origin of these isolates from extensive antibi-
otic usage area (antibiotic misuse by either outpa-
tients or within healthcare settings). These patients
could potentially serve as communal, personal,
and hospital infection sources for MDR S. haemo-
Iyticus strains. This is of serious concern as resist-
ance genes located on mobile genetic elements of
S. haemolyticus could be transferred among CoNS
species (Rossi et al., 2024). Biofilm-forming ca-
pability facilitates the successful adaptation of S.
haemolyticus into hospital environments (Eltwisy
et al., 2022). This pathogen can also form biofilm
on medical devices including orthopedic implants
(Bello et al., 2023). During this study, the icaD
gene belonging to the icaADBC operon was detect-
ed in 33.3% (n = 21) of UTI-associated S. haemo-
Iyticus 1isolates, which is responsible for biofilm
formation in CoNS species. Multiple studies have
reported a lower prevalence of ica operon-related
genes in S. haemolyticus. Fredheim et al. (2009) re-
ported a low carriage of the icaD gene among clini-
cal S. haemolyticus isolates (4.2 %, n = 72) whereas
Panda and Singh (2018) stated the absence of the
icaD and icaAd genes in examined S. haemolyticus
isolates despite their biofilm-forming capabilities.
The data of this study and previous reports of low
icaD gene carriage in S. haemolyticus suggest that
it forms polysaccharide intracellular adhesin-inde-
pendent biofilms (Fredheim et al., 2009; Panda and
Singh, 2018; Eltwisy et al., 2022). This particular
characteristic of S. haemolyticus distinguishes it
from other CoNS species (Panda and Singh, 2018;
Rossi et al., 2024).

The pathogenic mechanisms of S. haemolyt-
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icus are not well understood and it has been previ-
ously considered as a virulent opportunistic patho-
gen (Rossi et al., 2024). However, it is now a fact
that S. haemolyticus carries various virulence fac-
tors-encoding genes (Rossi ef al., 2024). The results
of this study depicted the presence of these genes
in varying degrees among S. haemolyticus isolates.
fnbA and fnbB are adhesive fibronectin-binding pro-
teins, which are crucial for bacterial binding to the
extracellular matrix and thus help in the internali-
zation and invasion of the host cells (Eltwisy et al.,
2020). The fnbA gene was amplified in 38.1% of S.
haemolyticus isolates, which were predominantly
of male origin whereas the fnbB gene remained ab-
sent in all the isolates. Eltwisy et al. (2020) detected
fnbA and fnbB genes in 40% and 100% (n = 10)
of S. haemolyticus isolates from Egyptian diabetic
foot ulcer patients. PVL, a cytotoxin for leukocytes’
lysis, encoding gene was detected in 9.5 % of S.
haemolyticus isolates. PVL is known to enhance the
virulence of S. aureus strains (Gao et al., 2019). To
the best of our knowledge, this is the first report of
a PVL-encoding gene in clinical S. haemolyticus.
However, a low prevalence of the PVL-encoding
gene has been reported in bovine mastitis-associat-
ed CoNS genera in Turkey suggesting its presence
in a few CoNS species of veterinary importance
(Unal and Cinar, 2012; Seker et al., 2022).

Conclusion

This study reports a low prevalence of UTI-as-
sociated MDR and virulent S. haemolyticus in Sau-
di Arabia. Nonetheless, most isolates exhibited
multidrug resistance with the presence of virulence
factors-encoding genes, which could be a serious
concern for the health sector. S. haemolyticus can
adapt to the hospital environment to serve as a do-
nor/recipient of antimicrobial resistance-encoding
genes among nosocomial staphylococci, and hos-
pital personnel. Therefore, this study highlights the
need for further investigations into molecular viru-
lence characteristics, resistance genes, and patho-
genesis of clinical S. haemolyticus in Saudi Arabia.
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