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ABSTRACT

Numerous clinical infections are caused by the opportunistic pathogen
Staphylococcus aureus, including gastrointestinal diseases such as diarrhea.
Frequent resistance to antibiotics makes S. aureus infections a problem. The
surface protein displaying C encoded by (spdC) gene is an important
virulence factor, which plays a role in anchoring virulence factors and
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diarrhea patients at Al-Diwaniyah Teaching Hospital, Women and Children
Hospital in Al-Diwaniyah city/Iraq during the period from June to October
2024. S. aureus isolates were cultured and identified on blood agar, mannitol
salt agar using biochemical tests specific for S. aureus isolates, as well as
antibiotic susceptibility testing by Vitek 2 device, and genetic detection by
RT-qPCR for 16S rRNA, spdC, icaA and mecA genes. Twelve S. aureus
isolates were diagnosed at a rate of 40%. The isolates showed resistance to
different types of antibiotics (I, II & IIl & IV) by Vitek 2. The expression
(icad 21.93, spdC 13.02 & mecA 5.03) genes was higher in the (IV) types,
followed by types (III, [1& 1), respectively in expression. Strains of diarrheal
S. aureus showed different resistance to multiple classes antibiotics.
Expression analysis genes spdC, icad & mecA were higher in isolates that
showed multiple resistance to different types of antibiotics.

Published by Arab Society for Fungal Conservation

Introduction
Staphylococcus aureus is a pathogenic microorganism
capable of causing illness in humans (Liana et al., 2015;

responsible for food poisoning outbreaks worldwide
(Fetsch & Johler, 2018). It can cause bacteremia with
considerable morbidity and mortality (Van Hal et al.,

Hmed et al., 2024; Mokabel et al., 2024; Jabbar &
Abdul Wahid, 2025). It is recognized as a major
contributor to zoonotic diseases and poses a significant
threat to public health (Rahman et al., 2020). In
addition, S. aureus is a well-known foodborne pathogen

2012) and is a common agent of both hospital-acquired
(nosocomial) and community-acquired infections
(Uhlemann et al., 2014). The organism’s capacity to
cause severe infections is largely attributed to its diverse
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mechanisms of antibiotic resistance (Cheung et al.,
2021; Mokabe et al., 2024).

Of particular concern are methicillin-resistant
Staphylococcus aureus (MRSA) strains, which were
initially identified in hospital settings but have
increasingly been reported in community environments.
These strains exhibit high virulence and infection rates
(Lynch & Zhanel, 2023). Community-associated MRSA
(CA-MRSA) strains combine methicillin resistance with
significant pathogenic potential in ways not previously
observed (Davis et al., 2004). A hallmark of S. aureus is
the high expression of numerous virulence factors (Sila
et al., 2009). Surface proteins play essential roles in
adhesion, immune evasion, and biofilm formation.

S. aureus is an adept biofilm producer, enhancing
its ability to persist, disseminate, and cause chronic
infections (O'Neill et al., 2008). Its high genomic
plasticity has led to extensive genetic variation,
facilitating the emergence of highly resistant and
virulent strains responsible for a wide array of diseases.
Colonization, especially by methicillin-resistant strains,
significantly contributes to its prevalence and associated
mortality (Millan, 2016; Polivkova et al., 2017; Haddad
Kashani et al., 2018). The mecA gene encodes PBP2a, a
penicillin-binding protein with reduced affinity for beta-
lactam antibiotics, thereby conferring methicillin
resistance (Mohammadzadeh et al., 2019).

Biofilms provide protective niches for bacterial
cells, increasing their resistance to antibiotics. Biofilm-
associated bacteria exhibit enhanced antimicrobial
resistance and stronger adherence to host tissues
(Sedarat & Taylor-Robinson, 2019). MRSA strains can
express polysaccharide intercellular adhesin (PIA),
synthesized through the transcription of the icad
operon, which contributes to biofilm formation (Jin et
al., 2019).

The spdC gene, also known as LyrA, has recently
been identified as a global virulence regulator in S.
aureus (Poupel et al, 2018). It encodes a
transmembrane protein containing an ABI domain,
initially characterized in Lactococcus species due to its
role in phage exclusion (Frankel et al., 2010). The spdC
gene is positively regulated by the WalKR two-
component system (TCS), which influences biofilm
formation and virulence (Dubrac et al., 2008). SpdC
modulates the activity of WalKR by interacting with the
WalK histidine kinase and also regulates at least nine
other S. aureus histidine kinases (Poupel et al., 2018).
All sequenced S. aureus strains possess the spdC gene
(Griindling et al., 2006).

The aim of this study is to investigate the clinical
significance of S. aureus as a gastrointestinal pathogen,
with a focus on its role in diarrheal infections.
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Additionally, the study seeks to explore the role of the
spdC gene in the organism’s virulence and
pathogenicity, examine its association with other
virulence genes, and assess the relationship between
spdC expression and antibiotic resistance.

Materials and Methods

Collection and diagnosis of Staphylococcus aureus

In this study, thirty clinical samples were collected from
patients of all ages presenting with diarrhea at
Diwaniyah Teaching Hospital and the Women and
Children Hospital in Diwaniyah City, Iraq, between
June and October 2024. The samples were cultured on
blood agar and mannitol salt agar and incubated at 37°C
for 24 hours. S. aureus isolates were identified using
standard microbiological techniques, including Gram
staining, catalase test, coagulase test, oxidase test, and
other biochemical assays (Procop et al., 2017).

Antimicrobial susceptibility testing

Antimicrobial resistance of the S. aureus isolates was
determined using the VITEK 2 system with Gram-
positive  susceptibility = cards, following  the
manufacturer’s instructions (BioMérieux SA, France).
The antibiotics included in the test panel were:
Benzylpenicillin (P), Oxacillin (OX1), Gentamicin
(GM), Ciprofloxacin (CIP), Moxifloxacin (MXF),
Erythromycin (E), Clindamycin (CM), Linezolid (LNZ),
Teicoplanin (TEC), Vancomycin (VA), Tetracycline
(TE), Tigecycline (TGC), Fusidic Acid (FA),
Rifampicin (RA), and Trimethoprim/Sulfamethoxazole
(SXT), in accordance with CLSI guidelines (CLSI,
2024).

RT-qPCR primer design

Primers for real-time quantitative PCR (RT-qPCR) were
designed using sequences obtained from NCBI
GenBank and Primer3 Plus and synthesized by
Scientific Researcher Co. Ltd. (Iraq). The primers used
are shown in Table 1.

Real-time qPCR analysis

Relative gene expression levels of spdC, mecA, and
icad were quantified using RT-qPCR. The 16S rRNA
gene was used as a housekeeping control. The following
procedures were followed, as described by Poupel et al.
(2018):

RNA extraction

Total RNA was extracted from S. aureus isolates
using the Easy-BLUETM Total RNA Extraction Kit,
according to the manufacturer’s instructions.

DNase I treatment
Genomic DNA contamination was removed by
incubating RNA samples with DNase I, buffer solution,
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and DEPC-treated water at 37°C for 30 minutes. The
enzyme was inactivated by adding 1 pL of stop solution

Table 1 qPCR primers used in this study
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and incubating the mixture at 65°C for 10 minutes.

Primer Nitrogenous base sequence (5'-3") Amp l;giatlon NCBI Code / Reference
168 F  GIGGAGGGTCATTGGAAACT
rRNA R CACTGGTGT TCCTCCATATCTC 100 bp Bakr et al. (2022)
F  GCTTCAATGACATTTGGCCTTA
SpdC R CTGCAACGATTGCTGTTGAAATG 100 bp Bakr et al. (2022)
F  ACTGCTATCCACCCTCAAACAG
mecd R  TCTGGAACTTGTTGAGCAGAGG 148 bp KC243783.1
) F  CGCTACGAGAAAAAGAATATGGC
icad R  TGCGACAAGAACTACTGCTG 93 bp KU670830.1
cDNA synthesis Results

Complementary DNA (cDNA) was synthesized from
DNase-treated RNA using random hexamer primers and
the AccuPower® RocketScript™ RT PreMix kit. The
mixture was briefly centrifuged and incubated at 42°C
for 1 hour, followed by inactivation at 95°C for 5
minutes.

qPCR reaction setup

A gPCR master mix was prepared according to the
manufacturer's guidelines for the target genes (spdC,
icad, mecA) and the reference gene (16S rRNA).

Thermocycler Conditions

Thermal cycling was conducted under the following
optimized conditions: an initial denaturation at 95°C for
10 minutes, followed by 40 cycles consisting of
denaturation at 95°C for 20 seconds and
annealing/extension at 60°C for 30 seconds. A final
melt curve analysis was performed from 65°C to 95°C.
These parameters were optimized using the Thermo
Scientific™ Primer Annealing Temperature Calculator.

qPCR data analysis

Relative gene expression was calculated using the
comparative CT (AACT) method (Livak & Schmittgen,
2001): ACT = CT (housekeeping gene) — CT (target
gene)

Fold change = 2"(-AACT)

Statistical analysis

Data were statistically analyzed using IBM SPSS
Statistics software. Chi-square tests were applied at a
significance level of P < 0.01, and one-way ANOVA
followed by the Least Significant Difference (LSD) test
was used at P < 0.05.
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Twelve Staphylococcus aureus strains were identified
from a total of 30 stool samples collected from patients
with diarrhea. The identification was based on cultural
characteristics and biochemical tests, including Gram-
positive staining, positive catalase and coagulase tests,
negative oxidase test, and the appearance of yellow
colonies on mannitol salt agar.

The antibiotic resistance profiles of the isolates were
determined using the Vitek 2 system. The results
demonstrated that the isolates exhibited varying degrees
of resistance to multiple antibiotics, as detailed in Table
2.

Table 2 Antibiotics resistance of S. aureus strains.

Code of antibiotic .NO' of No. of antibiotics
isolates
1
2 Resistant to (I) t f
P & OXI 5 esistant to (I} type o
9 antibiotic
10
P, OX1 & CM 4 Reglgtar}t to (II) types of
12 antibiotics
3 .
P.OXI,CM & TE 6 Re;l;tar}t to (III) types of
1 antibiotics
P, OX1,CM, TE & 7 Resistant to (IV) types of
RA 8 antibiotics

Expression analysis of spdC, mecA, and icaA genes
The expression patterns of the spdC, mecA, and icad
genes in Staphylococcus aureus strains with varying
antibiotic resistance profiles were examined using RT-
gPCR, as outlined in Table (2) and illustrated in Figure
(1). The results revealed a striking upregulation of the
spdC gene in strains categorized as type (IV)
resistance—those resistant to four different antibiotic
classes. Specifically, spdC expression reached 13.02 +
0.89 in type IV strains, which was significantly higher
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than in type 1 (1.66 + 0.26), type II (1.90 = 0.11), and
type I (2.98 £ 0.36) strains (P < 0.001). Interestingly,
while type IV strains stood out, the differences among
types 1, 11, and III were not statistically significant (P >
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0.05), suggesting that high spdC expression may be
uniquely associated with broader antibiotic resistance.

Table 3 Gene expression of spdC, mecA and icaA in different antibiotic resistance types.

Groups spdC gene expression mecA gene expression icaA gene expression
Type I 1.66 £0.26* 1.74 £0.36* 431+0.72*
Type II 1.90+0.114 2.56 £ 0.464 14.20 £ 2.648
Type 111 2.98 +£0.36% 220+0.374 17.36 £ 4.818
Type IV 13.02 £ 0.898 5.03+£0.824 21.93 £ 4.498
p-value 0.001** 0.601 0.021**

[
Different letters indicate significant differences at p < 0.05.
SD: standard deviation; {: one way ANOVA; **: significant at P > 0.05
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Fig 1. Fold change among different genes under investigation.

Similarly, expression of the mecd gene—a well-
known marker of methicillin resistance—was elevated
in type IV strains (5.03 + 0.82), although this increase
did not reach statistical significance when compared to
type I (1.74 + 0.36), type II (2.56 + 0.46), or type III
(2.20 £ 0.37) (P > 0.05). No significant differences in
mecA expression were observed among the other
resistance types either. This indicates that while mec4
expression tends to rise with greater resistance, its
variation across categories was less pronounced than
that of spdC.
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The real-time PCR amplification plots for these
genes are presented in Figure 2 (A—D). The distinct
color coding—yellow for spdC, green for icaA, blue for
mecA, and red for 16S rRNA—helped visualize the
amplification efficiency and gene activity levels across
different isolates.

To ensure the accuracy and specificity of
amplification, melting curve analysis was performed, as
shown in Figure 3 (A-D). These curves display the
change in fluorescence (RFU) as a function of
temperature, helping identify specific DNA product
formation without non-specific amplification. Figure 4
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(A-D) further complements this by showing the Overall, the data point to a strong association
melting peaks, where the derivative of fluorescence (—  between higher antibiotic resistance and increased
dF/dT) is plotted against temperature. Each gene expression of the spdC and icad genes, particularly in
retained its color code, allowing for easy comparison  multi-resistant S. aureus strains, while mecA expression

and confirmation of distinct amplification patterns. showed a less consistent but still notable trend.
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Fig. 2 (A, B, C, and D). Real-time PCR amplification plots for the spdC, icad, mecA, and 16S rRNA genes in S.
aureus isolates.
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Fig. 3 (A, B, C, and D). RT-qPCR melt curve analysis of 16S rRNA, spdC, icad, and mecA genes in S. aureus
strains.
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Fig. 4 (A, B, C, and D). Derivative melt peak curves from RT-qPCR showing the melting temperatures of amplified
16S 1RNA, spdC, icaAd, and mecA gene products in S. aureus isolates.

Discussion

S. aureus is a major human pathogen with a wide range
of virulence factors that enable its survival and
persistence in host environments (Liu, 2009). It has long
been recognized as a leading cause of hospital-acquired
infections (De Oliveira et al., 2020; Salem et al., 2024).

The current study identified S. aureus in 40% of
samples from diarrthea patients, and all isolates
displayed varying degrees of antibiotic resistance.
Expression analysis revealed increased levels of the
spdC, mecA, and icad genes in isolates resistant to
multiple antibiotic classes, particularly in those resistant
to four different types (type 1V).

The findings for mecA are consistent with those of
Gharsallah et al. (2024), who reported the presence of
mecA in 12 out of 30 clinical S. aureus isolates from
various human samples in Tunisia. They also observed
variation in gene expression levels between resistant and
sensitive strains. Methicillin resistance rates vary by
region, with high rates reported in countries such as the
United States and China (Stefani et al., 2012).

However, the current study contrasts with
Rezashateri et al. (2021), who found 100% of
methicillin-resistant isolates from burn patients carried
mecA, with high resistance rates to oxacillin and
cefoxitin. Conversely, Juwita et al. (2022) found that
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among six resistant isolates, only one carried the mecA
gene, suggesting possible alternative resistance
mechanisms.

Regarding icaAd, our results showed significantly
increased expression in resistance types II, III, and 1V,
with no significant differences among them. This aligns
with findings from Khalil & Al-Hayanni (2024), who
reported 100% prevalence of icad and mecA in isolates
resistant to various antibiotics. Azmi et al. (2019) also
reported 100% prevalence of icad in MRSA strains.

Significantly elevated spdC expression in type IV
resistance isolates supports the gene’s role as a
virulence regulator and potential contributor to
antibiotic resistance, as previously suggested by Poupel
et al. (2018). In contrast, Bakr et al. (2022) found
inconsistent correlations between spdC expression and
resistance, indicating that its role may vary depending
on the context. Nevertheless, both studies indicate
higher spdC expression in resistant strains compared to
susceptible ones.

Some studies, such as Charfeddine et al.
(Gharsallah et al,, 2024), found no significant
correlation between mecA and spdC, though they
observed notable interactions between virulence genes
and resistance markers. Additional research is needed to
clarify the regulatory mechanisms linking spdC, icaA,
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and mecA expression and to explore how these genes
contribute to resistance and virulence in different
infection contexts.

Due to the limited number of isolates obtained
from diarrhea patients, further studies are necessary to
confirm these findings and to investigate the broader
role of spdC in antibiotic resistance and virulence
regulation in S. aureus from diverse infection sources.

Conclusions

S. aureus strains isolated from diarrhea patients
exhibited resistance to multiple antibiotic classes. This
resistance was associated with increased expression of
the spdC gene, a virulence factor and regulatory gene,
alongside elevated expression of ica4 and mecA. These
findings underscore the growing public health threat
posed by antibiotic-resistant S. aureus and highlight the
need for strict antibiotic stewardship and strategic
interventions to limit the spread of resistance.
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