Folia Microbiologica (2024) 69:1043-1052
https://doi.org/10.1007/512223-024-01148-1

ORIGINAL ARTICLE q

Check for
updates

Characterization of virulence factors and antimicrobial resistance
in Staphylococcus spp. isolated from clinical samples

Natalia Pedretti’ - Ramona Iseppi? - Carla Condo? - Shakira Ghazanfar® - Patrizia Messi? - Alessandro Di Cerbo® -
Carla Sabia?

Received: 27 November 2023 / Accepted: 1 February 2024 / Published online: 17 February 2024
© Institute of Microbiology, Academy of Sciences of the Czech Republic, v.v.i. 2024

Abstract

The virulence factors, antibiotic resistance patterns, and the associated genetic elements have been investigated in Staphylococcus
species. A total of 100 strains has been isolated from clinical samples in the Microbiology Laboratory of Hesperia Hospital, Modena,
Italy, and identified as Staphylococcus aureus (65), Staphylococcus epidermidis (24), Staphylococcus hominis (3), Staphylococcus
saprophyticus (3), and Staphylococcus warneri (5). All the strains were analyzed to determine phenotypic and genotypic characters,
notably the virulence factors, the antibiotics susceptibility, and the genetic determinants. The highest percentage of resistance in
Staphylococcus spp. was found for erythromycin and benzylpenicillin (87% and 85%, respectively). All S. aureus, two S. epidermidis
(8.3%), and one S. saprophyticus (33.3%) strains were resistant to oxacillin. The methicillin resistance gene (mecA) was detected by
polymerase chain reaction (PCR) amplification in 65 S. aureus strains and in 3 coagulase-negative staphylococci (CoNS) (8.6%).
With regard to the virulence characteristics, all the S. aureus were positive to all virulence tests, except for slime test. Among the
CoNS isolates, 19 (79.1%) S. epidermidis and one (33.3%) S. saprophyticus strains resulted positive for the slime test only. The results
obtained are useful for a more in-depth understanding of the function and contribution of S. aureus and CoNS antibiotic resistance
and virulence factors to staphylococcal infections. In particular, the production of slime is very important for CoNS, a virulence fac-
tor frequently found in infections caused by these strains. Further investigations on the genetic relatedness among strains of different
sources will be useful for epidemiological and monitoring purposes and will enable us to develop new strategies to counteract the
diffusion of methicillin-resistant S. aureus (MRSA) and CoNS strains not only in clinical field, but also in other related environments.
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Introduction

Staphylococcus species are frequently isolated from clinical
specimens. These bacteria are widespread in the environ-
ment and are commensal inhabitants of the skin, mucous
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membranes, and other body sites in humans and animals.
Staphylococcus aureus is the leading causative agent of a
broad variety of illnesses, ranging from minor infections of
the skin to severe diseases like pneumonia and bacteremia,
and it is also responsible for hospital-acquired infections
(HAIs) with surgical wounds and indwelling medical device
infections (Tong et al. 2015).

Treatment of S. aureus infections is complicated by anti-
biotic resistance, and methicillin-resistant S. aureus (MRSA)
and multidrug-resistant S. aureus (MDRSA) cause more severe
infections in hospitalized patients, being endowed with high
pathogenic potential, e.g., carrying gene coding for virulence
factors and antimicrobial resistance. Resistance to methicillin
and related antibiotics is attributed to mecA gene expression,
which alters penicillin-binding protein (PBP-2) to PBP-2a,
resulting in loss of target affinity (Zhan and Zhu 2018).

The mecA gene is part of a mec complex found on
mobile genetic elements called the Staphylococcal Cassette
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Chromosome mec (SCCmec). Different and specific types
of structural organization of SCCmec elements have been
found in S. aureus of humans and animals (Jiang et al.
2019) and in methicillin-resistant coagulase-negative
staphylococci (CoNS). To differentiate between MRSA and
CoNS positive for mecA, the fem genes (femA and femB)
were used, which encode proteins that influence the level
of methicillin resistance of S. aureus. Moreover, there is
an increasing interest in other virulence determinants that
S. aureus produces and how they impact disease. Different
virulence factors encoded by diverse genes play a major role
during pathogenesis. Such factors include Panton—Valentine
Leucocidin toxins (PVL) (encoded by [ukS/F-PV and lukE/D
genes), capable to damage erythrocytes and membranes
of host defense cells (Shallcross et al. 2013), fibronectin-
binding proteins (fnbA and fnbB) involved in tissue invasion,
exfoliative toxins (ETs, etb and eta genes), arginine catabolic
mobile element (ACME, arcA gene), B-hemolysin (Hlb, hlb
gene) (Burlak et al. 2007), toxic shock syndrome toxin-1
(TSST-1, st gene), accessory gene regulator (Agr, agr gene),
and a-hemolysin (Hla, hla gene) (Heilmann et al. 2019).
Lastly, in recent years, despite their commensal status,
CoNS have also been implicated as a cause of infections.
CoNS cover a large and continuously expanding group of
bacteria, with more than 50 species described so far, cur-
rently distributed into 41 main species, divided into more
than 20 subspecies (Becker et al. 2020). CoNS infections
represent an emerging public health problem, largely linked
to the demographic aging of people, which creates older,
multimorbid, and immunocompromised patients. In nosoco-
mial environments, CoNS are transmitted mainly by medi-
cal and/or nursing procedures, followed by colonization and
growth on indwelling device’s surface. The degree of patho-
genicity expressed by the members of this group is the result
of a series of factors such as the development of different
host defense strategies and the presence of strain-specific
virulence characteristics. Some of the key virulence factors
associated with CoNS are (1) adhesion factors, CoNS have
surface proteins and adhesins that enable them to adhere to
several different surfaces including abiotic (polyethylene,
stain steel, rubber, and glass) or biotic surfaces (living tis-
sue or abiotic surfaces covered with proteins) and medical
devices. These adhesins help establish initial infections
and facilitate biofilm formation. (2) For biofilm formation,
CoNS are known for their ability to form biofilms on vari-
ous surfaces, including medical devices like catheters and
prosthetic implants. Biofilms are complex structures made
up of bacterial cells encased in a matrix of extracellular
polymeric substances (EPS), which protect them from the
host’s immune response and make them resistant to antibiot-
ics. This is a significant virulence factor, as it allows CoNS
to persist and cause chronic infections. (3) For toxin pro-
duction, while CoNS typically produce fewer toxins than S.
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aureus, some strains can release toxins like hemolysins and
exotoxins that contribute to their virulence. (4) For immune
evasion mechanisms, CoNS can employ strategies to evade
the host immune system, such as resisting phagocytosis and
interfering with immune responses. (5) For intracellular per-
sistence, some CoNS species can invade and persist within
host cells, enabling them to evade immune responses and
treatment. (6) For iron uptake mechanisms, CoNS may have
iron acquisition systems that allow them to scavenge iron,
an essential nutrient, from the host environment, promoting
bacterial growth and survival. (7) For antibiotic resistance,
many CoNS strains have developed antibiotic resistance,
making them challenging to treat with conventional anti-
biotics. Methicillin-resistant coagulase-negative staphylo-
cocci (MR-CoNS) have become a clinical concern, as they
can cause infections that are resistant to multiple antibiotics
(Franca et al. 2021).

The virulence capacity of CoNS, associated with path-
ogenic processes, increases above all in the presence of
other risk factors, such as immunosuppression, long-term
hospitalization, or the use of medical devices (catheters,
joint prostheses, and others) (Argemi et al. 2019). The
most frequently involved species are Staphylococcus epi-
dermidis, Staphylococcus haemolyticus, Staphylococcus
saprophyticus, Staphylococcus capitis, and Staphylococ-
cus lugdunensis (Cadieux et al. 2014). S. epidermidis,
from the CoNS group, is the most frequently isolated
of each group, and for this reason, it is the main studied
CoNS species. S. epidermidis is a saprophyte that is part
of the normal mucosa and skin microflora and emerged,
together with S. aureus, as a frequent etiologic agent of
infections associated with catheters and other indwelling
medical devices. In humans, most of the isolates corre-
spond to CoNS represented by S. epidermidis, considered
to be the most abundant species that lives on the skin, and
is also frequently encountered in the hospital environment,
where healthcare workers may have a role in the transmis-
sion of S. epidermidis to patients (Cherifi et al. 2014).
Some isolates have become increasingly concerning, as S.
lugdunensis, a pathogenic bacterium with a high virulence
feature responsible for skin infections (Garcia-Malinis
et al. 2021), highly acute, and destructive events of infec-
tive endocarditis with high mortality rates (Argemi et al.
2018). It is important to note that the specific virulence
factors and the degree of virulence can vary among differ-
ent CoNS species and strains belonging to this heterogene-
ous group, that includes both non-pathogenic and faculta-
tive pathogenic species, with distinct virulence potential
levels (Rosenstein and Gotz 2013). Thus, factors leading
to staphylococcal infections are both host- and bacterial
cell-dependent, and the fate of infection is influenced by
bacterial characteristics (such as bacterial tolerance and
resistance to antimicrobials or the production of different
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virulence factors that promote bacterial adherence and/
or invasion) and host defense mechanisms (Larsson and
Flach 2022). All these characteristics favor the survival
and persistence of bacteria in hostile environments and
lead to difficult-to-treat infections with long and some-
times severe evolution (Preda et al. 2021).

This study aims to investigate both coagulase-positive
and coagulase-negative Staphylococcus strains isolated from
clinical samples, evaluating the main virulence factors and
antibiotic resistances.

Materials and methods

Bacterial strain identifications and antimicrobial
susceptibility testing

One hundred Staphylococcus strains were isolated in the
Microbiology Laboratory of Hesperia Hospital, Modena,
Italy. Sites of isolation included nasal and superficial wound
swabs and urine and blood specimens. Each specimen was
subcultured onto Mannitol Salt Agar (MSA, Oxoid S.p.A,
Milan, Italy) and incubated at 37 °C for 24 h. The identifica-
tion of species and antimicrobial susceptibility testing were
performed using the Vitek 2 system and AST-GP 580 card
(bioMérieux Florence, Italy) according to the manufacturer’s
instructions. Briefly, three to five colonies of Staphylococ-
cus spp., with a concentration of approximately 0.5 McFar-
land, were inoculated into a sterile 0.45% NaCl solution.
Then, the solution was loaded with the card into the Vitek 2
system and incubated for 5-8 h. Antibiotics tested included
clindamycin, daptomycin, erythromycin, gentamicin, cip-
rofloxacin, levofloxacin, linezolid, mupirocin, oxacillin,
benzylpenicillin, rifampicin, tetracycline, trimethoprim/
sulfoxide, tigecycline, and glycopeptides (teicoplanin, van-
comycin). VITEK® 2, an automated ID/AST analyzer, uses
the Advanced Expert System (AES) that integrates EUCAST
Expert and breakpoint documents (European Committee on
Antimicrobial Susceptibility Testing EUCAST 2023). AES
also determines the phenotype of isolates by comparing their
antibiogram with MIC distributions of resistant and wild-
type organisms stored in the AES database, which utilizes
a MIC distribution concept very similar to the EUCAST
wild-type MIC distributions.

Virulence factor determination

Hemolysin production

For the hemolysis test, the isolate was transferred onto
Petri plates containing Tryptic Soy Agar (TSA, bioMé-

rieux, Florence, Italy) supplemented with 7% horse blood
and incubated at 37 °C for 24 h. The p-hemolytic reaction

leads to complete lysis of the erythrocyte cells with the
appearance of a clear halo around the colony, while the
a-hemolytic reaction involves the partial lysis of the
erythrocyte cells (Iseppi et al. 2020). Streptococcus pneu-
moniae ATCC 49619 was used as a positive control for
a-hemolysis and S. aureus ATCC 25923 for f-hemolysis.

Lipase and lecithinase production

Lipolytic activity was determined on plates containing 2%
agar base, 1% peptone, 1% yeast extract, 0.1% CaCl2, and
2% Tween 80 (Jessen et al. 1959). Lecithinase production
was studied in Baird—Parker agar (bioMérieux, Florence,
Italy) (Matos et al. 1995). In both tests, a positive result
was indicated by the formation of an opaque halo around
the colonies after incubation at 37 °C for 48 h.

DNAse and thermonuclease activity

Nuclease (DNAse) and thermonuclease (TNAse) were
determined by the metachromatic toluidine blue O agar
diffusion-DNA technique, according to Lachica et al.
(1971). For both tests, S. aureus ATCC 25923 and S. epi-
dermidis ATCC 12228 were used as positive and negative
controls, respectively.

Hyaluronidase activity

The presence of hyaluronidase was evaluated on Brain
Heart Infusion agar (BHI, bioMérieux, Florence, Italy)
containing hyaluronic acid (0.4 mg/mL) (Makris et al.
2004). After incubation at 37 °C for 24 h, plates were
covered with cetylpyridinium chloride, and a positive
result was indicated by the formation of a transparent halo
around the colonies.

Slime production

Slime production was evaluated by Congo red agar
method. The medium was prepared with 37 g/L Brain
Heart Infusion broth (bioMérieux, Florence, Italy), 50 g/L
sucrose, 10 g/L agar, and 0.8 g/L. Congo red (Baldassarri
et al. 1993). Plates were incubated at 37 °C for 24 h and
then incubated at room temperature for 12 h. A positive
result was indicated by black colonies on the surface.

Detection of virulence genes
Bacterial DNA was extracted with the DNeasy tissue kit

(Qiagen, Milan, Italy) as specified by the manufacturer and
using lysostaphin (100 pg/mL; Sigma, Italy) to achieve
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Table 1 Primers and amplification conditions

Target gene Forward sequence Reverse sequence Length PCR conditions References
sea AAA GTC CCC ATC AAT CTA GTA ATT AAC CGA 216 bp 94 °C (1) - {[94°C (2’) - 55 Nashev et al. (2004)
TTA TGG AGG TTC TGT AGA °C(2’)-72°C(1)]30
cycles} — 72 °C (10”)
tst ATG GCA GCA TCA GCT TTT CCA ATA ACC ACC 350bp  94°C(1’)—{[94°C (2’)-55 Nashev et al. (2004)
TGA TA CGTTT °C(2)-72°C(1")] 30
cycles} — 72 °C (10”)
hla GGT TTA GCC TGG CCT CAT CAC GAA CTC GTT 534bp 94°C(1’)-{[92°C (45’)— Booth et al. (2001)
TC CG 48 °C (457°) =72 °C (457)]
30 cycles} — 72 °C (10°)
hib GCC AAA GCCGAATCT  GCG ATA TAC ATC CCA 833bp 94°C(1’)-{[92°C (45°)— Boothetal. (2001)
AAG TGGC 55°C (45°)—-72°C (45)]
30 cycles} — 72 °C (10”)
fnbA GCG GAG ATC AAA GAC  CCA TCT ATA GCT GTG 1278 bp 94 °C (1’) - {[92°C (1’) - 50 Booth et al. (2001)
AA TGG °C(1’)-72°C (1)1 30
cycles} — 72 °C (10”)
[fnbB GGA GAA GGA ATT AAG  GCC GTC GCC TTG AGC 812bp 94°C(1’)-{[92°C(1’)-50 Boothetal. (2001)
GCG GT °C(1’)-72°C(1")] 30
cycles} — 72 °C (10”)
map-eap GCA TGA TAG AGG TAT TCC CTT GAT CAT TTG 655bp  94°C (1) - {[95°C (1I’)-60 Campbell et al. (2008)
CGG GGA ACG TG CCA TTG CTG °C(1.5°)-72°C ()] 32
cycles} — 72 °C (10”)
icaA TCT TGC AGG AGC AAT TCA GGC ACT AAC ATC 188bp 94 °C (5°) {[94 °C (30") =55 Metwally et al. (2017)
CAA CAG CA °C (30") — 72 °C (30")] 50
cycles} —72 °C (10”)
icaD ATG GTC AAG CCC AGA  CGT GTTTTC AAC ATT 198 pb 94 °C (5°) {[94 °C (30") =55 Metwally et al. (2017)
CAG AG TAA TGC AA °C (30") - 72 °C (30")] 50
cycles} — 72 °C (10”)
mecA CCT AGT AAA GCT CCG CTA GTC CAT TCG GTC 314bp 95°C(5°)—{[95°C(2’)-58 Choietal. (2003)
GAA CA °C(30’)-72°C(30’")] 30
cycles} —72 °C (10”)
Tal?le 2 Percer}tages of antibiotics Antibiotic Strains
resistance rate in Staphylococcus
stains isolated (%) S. aureus S. epidermidis  S. hominis S. saprophyticus S.
(n=65) (n=24) (n=3) (n=3) warneri
(n=5)
Clindamycin 92.3 4.1 0 4.1 0
Daptomycin 0 0 0 0 0
Erythromycin 100 79.1 0 100 0
Gentamicin 0 0 0 0 0
Ciprofloxacin 90.7 16.6 0 100 0
Levofloxacin 72.3 8.3 0 66.6 0
Linezolid 0 0 0 0 0
Mupirocin 0 25 0 333 0
Oxacillin 100 8.3 0 333 0
Benzylpenicillin 100 70.3 0 100 0
Rifampicin 0 0 0 0 0
Tetraciclin 90.7 41.6 0 66.6 0
Trimethoprim/sulfoxide 0 0 0 0 0
Tigecycline 0 0 0 0 0
Teicoplanin 0 0 0 0 0
Vancomycin 0 0 0 0 0
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Fig. 1 An example of positiv-
ity to some virulence factors:
A B-hemolysis, B lipase, C
thermonuclease, and D slime
production

bacterial lysis. Then, genomic DNA was used in PCR
amplification using primers targeting the following genes
staphylococcal enterotoxins (sea), toxic shock syndrome
toxin (zst), alpha/beta-hemolysins (hla and hlb), fibronectin-
binding proteins A and B (fnbA and finbB), adhesins map/eap
(map/eap), slime production (icaA and icaD), and methicil-
lin resistance (mecA). Primer sequences and PCR methods
were carried out as already described in other investiga-
tion (Booth et al. 2001; Campbell et al. 2008; Choi et al.
2003; Metwally et al. 2017; Nashev et al. 2004). The primer
sequence, amplification conditions, and product length are
presented in Table 1. PCR was performed in a DNA thermal
cycler (Applied Biosystems PCR system2700). The reaction
was done in a 25 pl volume containing the above-mentioned
primers (1 mM each) together with 150 ng of the extracted
DNA; 100 mM of each of dATP, dCTP, dGTP, and dTTP;
1 U of Tag DNA polymerase; and 10 mM PCR buffer (pH
9.0). The magnesium concentration in the mixture was
3 mM for each gene. After amplification, 10 pl of the PCR
mixture was analyzed by agarose gel electrophoresis (2%
agarose in Tris-borate-EDTA).

Results

Bacterial strain identification and antimicrobial
susceptibility testing

The 100 Staphylococcus strains used in the study were
identified as S. aureus (65), S. epidermidis (24), S. hominis
(3), S. saprophyticus (3), and S. warneri (5) strains. Table 2

shows the resistance of the strains to 16 antimicrobials,
tested by the Vitek 2 system (card AST-GP 580, bioMérieux
Florence, Italy).

All S. aureus (100%), 2 (8.3%) S. epidermidis, and 1
(33.3%) S. saprophyticus strains were resistant to oxacillin.
The results also show the resistance of all S. aureus and S.
saprophyticus to erythromycin and benzylpenicillin and
in a smaller percentage for S. epidermidis (resistance to
erythromycin and benzylpenicillin of 79.1% and 70.3%,
respectively). For the remaining drugs, resistance ranging
from 4.1 (clindamycin for CoNS) to 100% ciprofloxacin
for S. saprophyticus) emerged from this study. Both S.
hominis and S. warneri species resulted sensitive to the
antibiotics used in the test. The remaining staphylococ-
cal species were susceptible to daptomycin, gentamicin,
linezolid, rifampicin, trimethoprim/sulfoxide, tigecycline,
teicoplanin, and vancomycin.

Virulence factor determination

Regarding the virulence characteristics (Fig. 1 and Table 3),
the 65 S. aureus strains were positive to all virulence tests, of
which 87.6% presented positivity to both hemolysins and lipase
production, 100% to lecithinase and DNase, while 92.3% and
69.2% showed positivity to thermonuclease and to hyaluroni-
dase, respectively. One S. aureus only was positive to the slime
test (7.6%), simultaneously to a f-hemolytic profile and lipase.

About the CoNS isolates, all were negative for virulence
characteristics, except 19 (79.1%) S. epidermidis and only
one (33.3%) S. saprophyticus strains that resulted positive
to the slime test.

Table 3 Distribution Virulence factors  S. aureus

S. epidermidis S. hominis S. saprophyticus S. warneri

of virulence factors in N=65n(%) N=24n(%)  N=3n(% N=3n(%) N=5n(%)
Staphylococcus strains
Hemolysins 57 (87.6) 0 0 0 0
Lipase 57 (87.6) 0 0 0 0
Lecithinase 65 (100) 0 0 0 0
Thermonuclease 60 (92.3) 0 0 0 0
DNase 65 (100) 0 0 0 0
Hyaluronidase 45 (69.2) 0 0 0 0
Slime 1(L.5) 19 (79.1) 0 1(33.3) 0
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Detection of virulence genes

Our results on the antibiotic resistance show that all the
100% of S. aureus and 41.6% of CoNS (S. epidermidis and
S. saprophyticus) clinical isolates are resistant to oxacil-
lin. The molecular analysis (Table 4) showed that in these
strains, the mecA gene was found in all S. aureus, in 2 S.
epidermidis, and 1 of S. saprophyticus strains. Regarding
the other genes, 30 S. aureus strains (46.1%) harbored the
hla gene, 36 (53.8%) the hlb gene, 16 (24.6%) the sea gene,
15 (23.7%) the tst gene, 49 (75.3%) the fnbA and fnbB genes,
and 1 (1.5%) the map/eap gene, while neither the icaA nor
the icaD genes were found. All PCR reactions were negative
for CoNS, apart for 20 S. epidermidis, in which icaA and
icaD genes, coding for the slime production, were present
(83,3%), and for 3 S. saprophyticus strains, in which icaA
and icaD genes were found in one (33,3%) and two (66,6%)
strains, respectively (Fig. 2a—c).

Discussion

In recent years, the most common infections in humans have
been caused by several different Staphylococcus spp. Staphy-
lococcus aureus is the major pathogen in healthcare settings
(Taylor and Unakal 2023; Lakhundi and Zhang 2018). S.
aureus can synthesize some enzymes, and antibiotic resist-
ance can increase its pathogenicity (Ahmad-Mansour et al.
2021). Methicillin-resistant S. aureus (MRSA) may display a
multidrug-resistant pattern, not only to penicillin but also to
others antimicrobial classes including macrolides, fluoroqui-
nolones, aminoglycosides, tetracyclines, and lincosamides
(Algammal et al. 2020). Coagulase-negative staphylococci
(CoNS) are a group of microorganisms that are increasingly
implicated as a cause of significant infections (Michalik
et al. 2020) and tend to increase their resistance to antimi-
crobial agents, especially methicillin and aminoglycosides
(Petrillo et al. 2021). In the present study, all S. aureus were

Fig.2 Example of agarose gel electrophoresis of amplicons of dif-»
ferent genes obtained by PCR of samples from a S. aureus lanes, M
marker (234-2176 pb), 1-2 hla with size of 534 bp 3—4 hla 833 bp;
b S. aureus lanes, M markers (10-1000 pb), 1-3. tst gene350bp;
¢ lanes, M markers (234-2176 pb), 1-2 fubA (1278 bp), 3-4 fnbB
(812): d S. epidermidis M markers (50-1500 pb), 1-6 icaA (188pb,
7-10 icaD gene (198 pb); e S. aureus lane M marker (100-1500pb)
mecA gene (314pb)

resistant to oxacillin, benzylpenicillin, and erythromycin;
furthermore, many strains displayed resistance to clindamy-
cin, ciprofloxacin, tetraciclin, and levofloxacin. Also, many
CoNS clinical isolates (S. epidermidis and S. saprophyti-
cus) exhibited resistance to oxacillin (41.5%), erythromy-
cin (62.9%), and benzylpenicillin (57.1%). All isolates were
susceptible to daptomycin, gentamicin, linezolid, rifampicin,
trimethoprim/sulfoxide, tigecycline, teicoplanin, and van-
comycin, in accordance with Marincola et al. (2021). All S.
aureus strains showed at least one virulence factors tested,
while some CoNS strains resulted in positive only for slime
production. Slime is a virulence factor related to biofilm
formation, frequently involved in pathogenesis in CoNS
strains isolated from bacterial keratitis (Fey and Olson 2010;
Nayak and Satpathy 2000). In the present investigation, all
S. aureus exhibited methicillin resistance gene (mecA), and
some strains also displayed staphylococcal enterotoxins
(sea), toxic shock syndrome toxin (zst), alpha/beta-hemo-
lysins (hla and hib), fibronectin-binding proteins (fnbA and
fnbB), and adhesins (map/eap). Concerning CoNS strains,
19 S. epidermidis (79.1%) and one S. saprophyticus (33.3%)
were slime producers and detected as icaA and icaD positive
by PCR analysis (83.3% for S. epidermidis, 33.3% and 66.6%
for icaA and icaD, respectively in S. saprophyticus). Also,
other authors reported that the percentage of slime produc-
ing clinically isolated CoNS strains can vary from 20 to 89%
(Preda et al. 2021; Fredheim et al. 2009), a result consistent
with those obtained in the present study. The production of
slime and the presence of ica genes appear to be involved
in the production of biofilm by the microorganism which

Table 4 Distribution

. . Virulence genes  S. aureus S. epidermidis S. hominis S. saprophyticus S. warneri
of genotypic tests in N=65n(%) N=24n(%)  N=3n(%) N=3n(%) N=5n (%)
Staphylococcus strains

hla 30 (46.1) 0 0 0 0
hib 36 (53.8) 0 0 0 0
sea 16 (24.6) 0 0 0 0
tst 15 (23.7) 0 0 0 0
fnbA 49 (75.3) 0 0 0 0
fnbB 49 (75.3) 0 0 0 0
map/eap 1(1.5) 0 0 0 0
icaA 0 20 (83.3) 0 1(33.3) 0
icaD 0 20 (83.3) 0 2 (66.6) 0
mecA 65 (100) 2(8.3) 0 1(33.3) 0
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is thus more resistant to detergents or drugs (Sharma et al.
2023). Recent studies show that the most frequently identi-
fied genes in Staphylococcus spp. were hla, hib, fubA, fnbB,
tst, and map/eap (Khan et al. 2021; Khodabux et al. 2023),
as emerged in the present investigation also. These genes
encoding specific virulence traits are involved in the patho-
genesis of staphylococcal infections. Fibronectin-binding
proteins (fnbA and fnbB genes) and the extracellular adhe-
sion protein map/eap help S. aureus adhere to epithelial cells
leading to chronic infections. The first step in the process
of bacterial infection is the adherence of bacteria to human
epithelial cells; this property has been used to define the
pathogenicity of an infecting agent. Fibronectin-binding pro-
teins and their corresponding finbA and fnbB genes have been
proposed to be some of the major ligands on the staphylo-
coccal cell surface that help S. aureus adhere to epithelial
cells (Khan et al. 2021). The presence of both genes in S.
aureus provides strong adherence properties and heightens
pathogenicity. In our study, we observed that the 53.8% of S.
aureus contained the hla gene and 24% the hlb gene.

The tst gene encodes toxic shock syndrome toxin, an exo-
protein that impairs the immunological response of cells,
ultimately causing cell death. The Tst gene was detected in
23.7% S. aureus isolates in our study. The percentage was
close to these studies (24.5%) (Costa et al. 2019) (28.8%)
(Zhao et al. 2019). Other studies recorded highly preva-
lent Tst gene (72.2%) in MRSA isolates from blood (Peck
et al. 2009), whereas in another study, Tst genes were non-
detected (Motallebi et al. 2016).

Lastly, the hla gene encodes a-hemolysin, while beta-
hemolysin, encoded by the hlb gene, plays an important role
in skin and lung infections, respectively.

Conclusions

In this study, staphylococcal isolates recovered from clini-
cal specimens exhibited antibiotic resistance and significant
virulence factors, in both MRSA and CoNS strains. All S.
aureus and some CoNS strains were resistant to oxacillin,
erythromycin, and benzylpenicillin. Concerning virulence
characteristics, all S. aureus strains were positive for at
least one virulence factors tested. Conversely, only some
CoNS isolates were positive exclusively for the slime test, a
virulence factor mediated by the ica operon which plays an
important role in the pathogenesis of infections. Indeed, the
presence of ica genes may be a predictive indicator of viru-
lence for staphylococcal infections. These findings could be
useful for a deeper understanding of the function and impact
of staphylococcal virulence factors in human infections and
for developing new strategies to counteract the spread of
both MRSA and CoNS strains.
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