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Abstract

The presence of multidrug resistant (MDR) bacteria in hospital environments poses a major challenge for infection
control, given their role as environmental reservoirs. Staphylococcus spp. were the predominant bacteria, accounting for
36.95% of all isolates (126/341), of which 16.67% (21/126) exhibited MDR phenotypes. Accordingly, the present study
comprehensively evaluated these 21 MDR isolates to determine their extended antibiotic susceptibility profiles and associated
resistance genes. Antibiotic susceptibility was assessed using the disk diffusion method against 12 antibiotics classified into
Groups A, B, and C. Polymerase chain reaction was used to detect eight resistance genes: blaZ, mecAl, mecA2, mecC, ermA,
ermB, ermC, and aacA-aphD. In group A, all isolates showed resistance to cefoxitin, and high resistance to trimethoprim-
sulfamethoxazole, clindamycin (both at 76.19%), and erythromycin (71.43%). The majority (95.24%) of bacteria were
methicillin-resistant coagulase-negative staphylococci (MRCoNS), primarily methicillin-resistant Staphylococcus epidermidis
(75%) and a small proportion of methicillin-resistant Staphylococcus aureus (4.76%). Most isolates remained sensitive to
group B and C antibiotics, such as linezolid, doxycycline, and vancomycin, with limited resistance to rifampin (9.52%),
gentamicin (33.33%), ciprofloxacin and moxifloxacin (9.52% each), and chloramphenicol (4.76%). MDR staphylococci
isolates showed a high prevalence of diverse resistance genes. Notably, the blaZ and mecAl genes were common (each found
in 90.48% of isolates), whereas ermA and mecC genes were not detected. The ermC gene was present in all isolates while
ermB was rare (4.76%). The mecA2 and aacA-aphD genes were detected only in MRCoNS, each occurring in 61.90% of
isolates. These findings reveal distinctive local resistance profiles in resource-limited sub-district health promoting-hospitals
and underscore the need for continuous surveillance, targeted antimicrobial stewardship, and rigorous environmental cleaning
protocols to control MDR staphylococci in these healthcare settings.

Keywords: antibiotic susceptibility, hospital environments, multidrug resistance, resistance genes, staphylococci, sub-district
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1. Introduction

Contamination of hospital environments with
multidrug-resistant (MDR) bacteria is a major public
health concern because it increases the risk of cross-
transmission among patients, visitors, and healthcare
workers and contributes to healthcare-associated
infections (HAIs) (Chaoui et al., 2019; Salmanov et

al., 2023). Contaminated hospital environments play
an important role in HAI transmission because MDR
organisms can survive on surfaces and may be
transferred to patients, particularly when healthcare
personnel do not follow appropriate hand hygiene
practices (Facciola et al., 2019; Schinas et al., 2023).
In particular, Staphylococcus aureus and certain
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strains of coagulase-negative staphylococci (CoNS)
survive in hospital settings by forming biofilms,
enabling them to persist on surfaces and medical
devices for long periods (Ledwoch et al., 2018;
Socohou et al., 2020; Pietrocola et al., 2022; Rybak et
al., 2025) and develop resistance to multiple antibiotic
classes (Senobar Tahaei et al., 2021; Alfeky et al.,
2022; Rimi et al., 2024). Furthermore, the horizontal
transfer of antibiotic resistance genes among MDR
staphylococci increases the likelihood that resistance
determinants will spread to other bacterial species
within hospital environments (Aguila-Arcos et al.,
2017; Cortes et al., 2022; Rybak et al., 2025). This
process facilitates the emergence and transmission of
resistant bacteria and complicates the management
and treatment of HAIs. Consequently, staphylococci
in hospital environments may serve as reservoirs of
antimicrobial resistance, posing a threat to patient
safety and treatment effectiveness. Nevertheless,
information on the prevalence and antibiotic
resistance patterns of staphylococci in hospital
environments in Thailand remains limited. Most
studies conducted in Thailand have focused on
bacterial isolates obtained from clinical specimens
(Waitayangkoon et al., 2020; Tribuddharat et al.,
2022; Boonsilp et al., 2023; Prommachote et al., 2025;
Wassanarungroj et al., 2025), whereas the role of
hospital environments as reservoirs of resistant
pathogens has received considerably less attention.
This knowledge gap may hinder effective infection-
control measures and allow transmission pathways
within healthcare facilities to remain undetected.
The problem may be particularly important in rural
hospitals, where limited resources create additional
challenges for infection control and antimicrobial
stewardship. In Thailand, sub-district health promoting-
hospitals (SHPHs) are located throughout the country
and provide proactive and primary healthcare services
to local communities (Bouphan et al., 2015). Although
these facilities are not primarily intended to provide
inpatient care, they rely on healthcare personnel who
rotate from district hospitals, and their pharmaceutical
supplies are limited to medicines included in the
National List of Essential Medicines (Kitreerawutiwong
etal., 2017). Comprehensive information on the prevalence
and antibiotic resistance profiles of staphylococcal
isolates in SHPHs in Chiang Rai Province remains
scarce. Previous studies found that Staphylococcus
spp. were the most prevalent bacterial contaminants
of inanimate surfaces in 12 SHPHs across six districts
of Chiang Rai, accounting for 126 of 341 isolates
(36.95%) (Chansareewittaya & Krajangcharoensakul,

2021). Of these isolates, 21 (16.67%) exhibited MDR
phenotypes against antibiotics categorized as Group A
for primary testing and reporting (Chansareewittaya
& Krajangcharoensakul, 2022). These findings indicate
a substantial presence of MDR staphylococci in
SHPH environments and underscore the need for
further investigation. Therefore, the present study
comprehensively evaluated the phenotypic and
genotypic resistance profiles of these 21 MDR
staphylococcal isolates. Phenotypic susceptibility was
assessed against commonly prescribed antibiotics
classified as Group A for primary testing and
reporting, Group B for optional primary testing and
selective reporting, and Group C for supplemental
selective reporting. Key antibiotic resistance genes
were also investigated.

2. Objectives

This study aimed to extend the phenotypic
characterization of the 21 MDR staphylococcal
isolates identified in previous research and to
investigate the presence of key antibiotic resistance
genes. As the first report describing local resistance
patterns among MDR staphylococci isolated from
SHPH environments in Chiang Rai Province, this
study provides important evidence supporting
adherence to appropriate disinfection protocols. Such
measures may reduce environmental reservoirs and
help prevent the spread of resistant bacteria within
healthcare facilities and surrounding communities.

3. Materials and Methods
Ethical Approval

The study protocol and procedures were
exempted from formal ethical review by the Ethics
Committee of the Chiang Rai Provincial Health
Office, Ministry of Public Health, Thailand
(CRPPHO No. 03/2566). The study did not involve
experiments with human participants or animals.
Formal authorization was obtained from the relevant
authorities before sample collection.

Sample Location

Bacterial samples were collected from 12
SHPHs located in six districts of Chiang Rai Province,
with two facilities selected from each district. The
facilities participated voluntarily, and sampling was
conducted without prior notice from January to March
2018 using an accidental sampling approach. At each
facility, samples were collected from 10 designated
points: six in nursing rooms and four in restroom
areas. The nursing-room sampling points comprised
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beds and bed rails, handwashing sinks, medical
equipment, medical trays and portable treatment
tables, staff tables and chairs, and work on computers
and keyboards. The restroom sampling points comprise
toilet flush handles, toilet seats or bowls, handwashing
sinks and taps, and restroom door knobs or locks.

Sample Collection and Characterization

A total of 120 swab samples were collected as
previously described (Thai National Institute of Health,
2014). Briefly, sterile swabs pre-moistened with sterile
0.9% normal saline solution were systematically
rotated over specified collection areas measuring 2.54
x 2.54 cm. Sampling was performed with parallel
spacing in perpendicular directions and repeated
thrice to ensure comprehensive coverage. The
collected swab specimens were immersed in tryptic
soy broth to facilitate bacterial propagation and
incubated under controlled conditions for 24 h at 37 +
1°C. After incubation, the broth cultures were
streaked onto mannitol salt agar (Professional
Nanomed Co. Ltd., Bangkok, Thailand) for the
presumptive isolation of staphylococcal colonies.
Bacterial isolates were subsequently characterized via
morphological assessment using Gram staining. To
confirm the staphylococcal identity, biochemical
profiling was conducted using the catalase test, and
the coagulase test (Becton, Dickinson and Company,
MD, USA) was employed to differentiate between
coagulase-positive staphylococci (S. aureus) and
CoNS. The susceptibility to novobiocin (OXOID
Ltd., Cheshire, UK) confirmed CoNS as either S.
epidermidis or S. saprophyticus (Thai National
Institute of Health, 2014). Sterilization quality-control
procedures complied with the standards of the
Medical Science Laboratory, Scientific and
Technological Instrument Center, Mae Fah Luang
University. Preserved bacterial isolates were stored at
—20°C in nutrient broth supplemented with 20% (v/v)
glycerol. During storage, the isolates were evaluated
twice annually to confirm their viability and retention
of their biochemical characteristics.

Antibiotic Susceptibility Testing

Phenotypic antibiotic susceptibility testing was
performed using the disk diffusion method described
by Bauer et al. (1966) and interpreted according to the
Clinical and Laboratory Standards Institute guidelines
(CLSI) applicable at the time of laboratory analysis
(CLSI, 2020). Antibiotics were categorized into three
groups: group A (primary testing and reporting), group
B (optional primary testing and selective reporting), and

group C (supplemental selective reporting). Group A
consisted of cefoxitin (CX; 30 pg), erythromycin (E;
15 pg), clindamycin (DA; 2 pg), and trimethoprim-
sulfamethoxazole (COT; 25 pug), provided by OXOID
Ltd. (Cheshire, UK). Group B comprised linezolid
(LZ; 30 pg), doxycycline (DO; 30 pg), rifampin (RIF;
5 pg), and vancomycin (VA; minimal inhibitory
concentration (MIC) was determined using the E-test
method). Group C comprised ciprofloxacin (CIP; 5
ng), moxifloxacin (MO; 5 pg), chloramphenicol (C;
30 ng), and gentamicin (GEN; 10 pg). A direct
suspension of bacterial colonies was prepared by
diluting them in sterile 0.9% normal saline solution,
adjusting the turbidity to match a 0.5 McFarland
standard (1-2 x 108 colony-forming units/mL inoculum).
Each inoculum was evenly spread across Mueller-
Hinton agar plates and allowed to dry. Antibiotic-
impregnated filter paper disks were placed on the agar
surface and incubated for 16-18 h (except 24 h
incubation for cefoxitin) at 35°C. The susceptibility
profile of each bacterial isolate was determined by
measuring the inhibition zone diameters on Mueller-
Hinton agar, which were then compared to CLSI
standards. The results were classified as susceptible,
intermediate, or resistant according to the zone
diameter interpretive standards recommended by the
CLSI (CLSI, 2020). MDR was defined as resistance
to three or more distinct classes of antibiotics. The
cefoxitin disk diffusion method using a 30-ug disk
was employed as a surrogate test for detecting
methicillin resistance among the staphylococcal
isolates. According to the CLSI guidelines (CLSI,
2020), inhibition-zone diameters of < 21 mm for S.
aureus and < 24 mm for CoNS were interpreted as
indicating cefoxitin resistance.

Detection of Antibiotic Resistance Genes
Staphylococcus isolates were further analyzed
to identify antibiotic resistance genes (ARG).
Polymerase chain reaction (PCR) was employed to
amplify B-lactamase genes (blaZ), methicillin
resistance genes (mecA which consisted of 2 different
primer sets; namely mecAl and mecA2; and mecC),
erythromycin ribosome methylase genes (ermA,
ermB, erm(), and the bifunctional aminoglycoside N-
acetyltransferase and aminoglycoside phosphotransferase
gene (aacA-aphD). Specific primers cited in previous
studies (Akter et al., 2020; Gan et al., 2021), as
detailed in Table 1, were synthesized by GibThai Co.,
Ltd., Thailand and Macrogen, Inc., Korea. Bacterial
DNA was extracted using the Bacterial Genomic
DNA Isolation Kit (BIO-HELIX, Taiwan), following
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the manufacturer’s protocol. PCR amplification
reactions were prepared in a total volume of 24 pL,
including 1 pL of a combined (forward and reverse)
primer mix (10 umol/L of each primer), 12.5 pL of
OnePCR Ultra (Bio-Helix Co., Ltd.), 1 uL of the DNA
template, and 9.5 pL of sterile deionized water.
Amplification conditions were as follows: initial
denaturation at 95°C for 5 min; 30 cycles of
denaturation at 95°C for 30 s; annecaling for 45 s
at 55.5°C (blaZ, mecAl, and mecA?2), 49.0°C (ermA),
56.0°C (ermB), 54.5°C (ermC), or 56.5°C (aacA-
aphD); extension at 72°C for 45 s, and a final
extension at 72°C for 15 min. For mecC, amplification
started with a 15-min initial denaturation at 94°C,
followed by 35 cycles of denaturation at 94°C for
30 s, annealing at 50°C for 60 s, extension at 72°C for

Table 1 Specific primers for PCR amplification

60 s, and a final extension at 72°C for 10 min.
Negative controls containing sterile PCR-grade water
instead of DNA template were included to detect
potential reagent contamination. Purified DNA
extracted from phenotypically identified MDR
staphylococcal isolates expected to contain the target
gene was included as a positive control to confirm
primer functionality. The PCR products were
visualized by electrophoresis on 2% agarose gels
stained with 0.5 pg/mL ethidium bromide in 0.5x
TBE buffer. The amplified products were
commercially sequenced by Macrogen, Inc., Korea.
The resulting DNA sequences were analyzed using
the Basic Local Alignment Search Tool available
through the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/BLAST/).

Region Primer name Sequence (5'-3") Size (bp)
waGan ) —— 1t pOElenean
e L
e 2T SR
ernd (Gan et l. 2020 i AGIGACTAAMGAAGCGGTAA il
oGy o,
ern (Gan tal. 2021 e AGTTCCCAAATICGAGTAA s
R e e S L

medical devices/equipment 9.52

bed and bed rails — 23.81I — m o
[ o= ]

portable treatment table and medical tray [4.76]4.7
table and chair of hospital personnel 9.52 [4.76
hospital computer and keyboards [4.76] 9.52
toilet bowl dispenser 4A76
toilet seat/toilet bowl area 9.52

toilet hand-washing sink and tap [4.76

Os. epidermidis

OS. saprophyticus

B S. aureus

Figure 1 Distribution (%) of MDR staphylococcal isolates in different hospital environments
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4. Results

From 120 collected swab samples, a total of
341 isolated bacteria were obtained (Chansareewittaya
& Krajangcharoensakul, 2021). There were 126
Staphylococcus spp. isolates, which were the most
common type (36.95%). This included 121 CoNS
isolates (20 with MDR phenotypes) and 5 S. aureus
isolates (1 with an MDR phenotype) (Chansareewittaya
& Krajangcharoensakul, 2022). As a result, this study
focused specifically on these 21 MDR staphylococcal
isolates. In total, 95.24% (20/21 isolates) of them were
CoNS. The isolates were distributed across eight of
the ten tested sites, with the highest prevalence
observed in beds and bed rails (28.57%; 23.81% for S.
epidermidis, and 4.76% for S. aureus), followed by
hospital personnel tables and chairs (14.28%; 9.52%
for S. epidermidis, and 4.76% for S. saprophyticus),
and hospital computers and keyboards (14.28%;
4.76% for S. epidermidis, and 9.52% for S.
saprophyticus) (Figure 1).

The antibiotic susceptibility profiles of the
MDR staphylococcal isolates were evaluated using
three antibiotic categories: group A, group B, and
group C. Among the selected group A antibiotics, the
highest resistance was observed for cefoxitin (100%),
followed by trimethoprim-sulfamethoxazole, clindamycin
(both at 76.19%), and erythromycin (71.43%) (Figure
2). Cefoxitin susceptibility was used as a surrogate
marker of methicillin resistance. Based on cefoxitin
results, 95.24% (20/21 isolates) were classified as
methicillin-resistant  coagulase-negative staphylococci
(MRCoNS), of which 75% (15/20 isolates) were
methicillin-resistant ~ Staphylococcus  epidermidis
(MRSE). A single isolate (4.76%) was identified as
methicillin-resistant Staphylococcus aureus (MRSA)
(Table 2). In contrast, most isolates were susceptible
to the antibiotics in group B and group C, with
sensitivity rates ranging from 66.67% to 100%. None
of the isolates were resistant to linezolid, doxycycline,
or vancomycin. Nevertheless, a few notable
exceptions were observed. Specifically, resistance to
rifampin occurred in 9.52% of the isolates in group B,
whereas resistance was detected for gentamicin
(33.33%), ciprofloxacin and moxifloxacin (9.52%
each), and chloramphenicol (4.76%) in group C
(Figure 2). Analysis of the antibiotic resistance

profiles revealed considerable diversity among the
isolates, which were grouped into distinct resistance
patterns based on the number of antibiotics for which
resistance was detected. Three resistance profiles were
noted for group A: resistance/intermediate to four
antibiotics (10/21 isolates, 47.62%), three antibiotics
(8/21 isolates, 38.10%), and two antibiotics (3/21
isolates, 14.29%). In group B, only one resistance
pattern was observed, with 2/21 isolates (9.52%)
displaying resistance to a single agent, specifically
rifampin. In group C, the resistance patterns included
isolates resistant/intermediate to one (4/21 isolates,
19.05%), two (2/21 isolates, 9.52%), or three antibiotics
(3/21 isolates, 14.29%), as detailed in Table 2.

Figure 3 illustrated the prevalence of ARGs
among the 21 MDR staphylococcal isolates. The blaZ
gene, which confers resistance through B-lactamase
production, was detected in 90.48% of the isolates
examined. At the group level, this gene was present in
94.74% of MRCoNS isolates and 5.26% of MRSA
isolates (Figure 4). Methicillin resistance was
primarily attributed to two genetic determinants:
mecAI (detected in 90.48% of all isolates) and mecA2
(detected in 61.90% of all isolates). Specifically,
mecA 1 was found in 94.74% of MRCoNS isolates and
in 5.26% of MRSA isolates, whereas mecA2 was
identified only in MRCoNS isolates (100%) and was
absent in MRSA isolates (Figure 4). For genes
conferring erythromycin resistance, ermC was
detected in all isolates (100%), whereas ermB was
detected in only 4.76% of isolates. The ermA gene was
not detected in any samples (data not shown). The
distribution of ermC within the groups showed
detection rates of 95.24% for MRCoNS and 4.76% for
MRSA. Interestingly, ermB was only found in
MRCoNS (100%) (Figure 4). In terms of
aminoglycoside resistance, the aacA-aphD gene was
detected in 61.90% of all isolates, with a notable
finding in MRCoNS (100%); however, the gene was
absent in MRSA (Figure 4). Importantly, mecC,
which was associated with amoxicillin and penicillin
resistance, was not detected in any of the isolates (data
not shown). Collectively, these findings highlighted
the high prevalence and diverse distribution of
resistance genes in MDR staphylococcal isolates from
SHPHs.
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Figure 2 Antibiotic susceptibility profiles of the 21 MDR staphylococcal isolates
COT: trimethoprim-sulfamethoxazole (25 png), CX: cefoxitin (30 pg), DA: clindamycin (2 pg), E: erythromycin (15 pg), LZ:
linezolid (30 pg), DO: doxycycline (30 nug), RIF: rifampin (5 pg), VA: vancomycin (MIC), CIP: ciprofloxacin (5 pg), MO:
moxifloxacin (5 pg), C: chloramphenicol (30 pg), GEN: gentamicin (10 pg)
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Figure 3 Prevalence (%) of antibiotic resistance genes among the 21 MDR staphylococcal isolates
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Table 2 Antibiogram profiles of the 21 MDR staphylococcal isolates from SHPHs in Chiang Rai

. CoNS Antibiotic susceptibility testing
No. Hospital SE SS  SA Group A Group B Group C
1o COT CX DA E LZ DO RIF VA CIP MO C GEN

1 [ R R . .

,  Hos#l —g R R R R

3 Hos#2 o . R I R .

4 ® R R R R R R R
5 ® R R R R

6 Host#4 ® R R R R I 1

7 ® R R R R

8 ® R R R R .

9 o R R R R R

10 Hos#5 o R R R R .
11 o R R R R . R
12 [ R R R R R R
13 Hos# o R R R . .
14 @ R R I R
15 Hos#7 ® R R R . R
16 o R . R R
17 Hos#10 o . R R R .
18 ® R R R . I 1 R
19 Hos#11 o R R R R
20 ® R R R . . . . . . .
21 Hos#12 o R R R 1 . . R . . .

CoNS: Coagulase-negative Staphylococcus, SE: S. epidermidis; SS: S. saprophyticus; SA: S. aureus, COT: trimethoprim-sulfamethoxazole
(25 pg), CX: cefoxitin (30 pg), DA: clindamycin (2 pg), E: erythromycin (15 pg), LZ: linezolid (30 pg), DO: doxycycline (30 pg), RIF:
rifampin (5 pg), VA: vancomycin (MIC), CIP: ciprofloxacin (5 pg), MO: moxifloxacin (5 pg), C: chloramphenicol (30 pg), GEN: gentamicin
(10 ug), " = sensitive; I = intermediate; R = resistant

ermC 4.76%

ermB

aacA-aphD

mecA2

mecAl

blaZ

O MRCoNS B MRSA

Figure 4 Distribution (%) of resistance genes among methicillin resistance phenotypes



CHANSAREEWITTAYA & KRAJANGCHAROENSAKUL
JCST Vol. 16 No. 4, October-December 2026, Article 210

Gene(s) encoding antibiotic resistance Phenotypic antibiotics resistance patterns
No Types p-lactams Macrolides Aminoglycosides Number of
detected Group A Group B Group C
blaZ |mecAl \mecA2|\mecC aacA-aphD gene (s)
11 MRCoNS 5 COT, CX, DA, E GEN
18 MRCoNS 5 COT, CX, DA CIPi, MOi, GEN
15 MRCoNS 5 COT, CX, DA GEN
12 MRCoNS 5 COT,CX,E CIP, MO, GEN
14 MRCoNS 5 COT, CX CIPi, GEN
2 MRCoNS 5 CX,DA,E RIF
16 MRCoNS 5 CX,E GEN
3 MRCoNS 5 CX, DAL E
7 MRCoNS 4 COT, CX, DA, E
19 MRCoNS 4 COT, CX, DA, E
21 MRCoNS 4 COT, CX, DA, Ei RIF
13 MRCoNS 4 COT,CX,E
9 MRCoNS 4 COT, CX, DA, E C
6 MRCoNS 4 COT, CX,DA,E CIPi, MOi
10 MRCoNS 4 COT, CX,DA,E
4 MRCoNS 4 COT, CX, DA, E CIP, MO, GEN
5 MRCoNS 4 COT, CX,DA,E
8 MRCoNS 3 COT, CX,DA,E
17 MRCoNS 3 CX,DA,E
20 MRSA 3 COT, CX, DA
1 MRCoNS 1 CX, DA

Figure 5 Presence of genes encoding antibiotic resistance and phenotypic antibiotic resistance patterns of the 21 MDR
staphylococcal isolates from SHPHs in Chiang Rai
COT: trimethoprim-sulfamethoxazole (25 pg), CX: cefoxitin (30 ng), DA: clindamycin (2 pg), E: erythromycin (15 pg), RIF: rifampin (5 pg),
CIP: ciprofloxacin (5 pg), MO: moxifloxacin (5 pg), C: chloramphenicol (30 pg), GEN: gentamicin (10 pg), B detected gene (s)

Figure 5 shows the integrated resistance
profiles for each isolate and combines the phenotypic
antibiotic susceptibility patterns and the genotypic
detection of ARGs. The relationship between the
phenotypic resistance patterns and specific ARGs was
observed. Most isolates with multiple ARGs
(particularly B-lactam resistance genes; blaZ, mecAl,
and mecA2) exhibited resistance to f-lactam
antibiotics (cefoxitin). The phenotypic resistance to
gentamicin was usually observed in isolates that
carried the aacA-aphD (aminoglycoside resistance)
gene. Lower numbers of isolates displayed resistance
to erythromycin, which matched the less frequent
detection of erm genes (ermA was absent while ermB
was found in a single isolate). An exception was
noted, as ermC genes were present in all isolates.

Co-occurrence of ARGs was observed in 20/21
isolates (95.24%). The most prevalent pattern
consisted of five ARGs (blaZ, mecAl, mecA2, aacA-
aphD, and ermC), accounting for 7/21 isolates

(33.33%). This was followed by the four-gene
combination of blaZ, mecAl, aacA-aphD, and ermC
(19.05%; 4/21 isolates). Finally, a three-gene cluster
featuring blaZ, mecAl, and ermC appeared in 3/21
isolates (14.29%).

5. Discussion

This study established the broadened MDR
phenotypic and the genotypic resistance profiles of 21
staphylococcal isolates collected from 12 SHPHs
across six districts in Chiang Rai. Given that these
hospitals frequently contend with limited resources
(Kitreerawutiwong et al., 2017), the prevalence and
distribution of MDR not only reflect broader
epidemiological trends but also provide essential
insights into local resistance patterns within such
settings. The distribution of MDR staphylococcal
isolates across different hospital environments
highlights areas of concern (Figure 1). The highest
prevalence was noted in beds and bedrails (28.57%),
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which is consistent with studies emphasizing that
high-touch surfaces serve as reservoirs for the
transmission of  antibiotic-resistant  pathogens
(Facciola et al., 2019; Firesbhat et al., 2021). Beds and
bed rails were frequently exposed to both patients and
healthcare workers, thereby creating a conducive
environment for bacterial persistence and potential
transmission. These findings highlight the importance
of stringent hand hygiene practices in reducing
pathogen transfer from contaminated surfaces to
patients. Hospital personnel tables and chairs as well
as computers and keyboards accounted for 14.28% of
MDR isolates, thereby forming secondary reservoirs.
These findings highlight the role of administrative and
shared spaces in facilitating bacterial dissemination.
Computer keyboards in hospital settings may harbor
pathogenic bacteria; hence, effective disinfectants
may mitigate risks (Ledwoch et al., 2021). These areas
often function as transitional zones that facilitate the
spread of MDR pathogens, thereby highlighting the
need for enhanced sanitation practices and frequent
disinfection. The predominance of CoNS among
MDR isolates was noteworthy. Unlike S. aureus,
CoNS species are traditionally considered less
virulent but have emerged as crucial pathogens in
immunocompromised patients and those undergoing
invasive procedures (Rogers et al., 2009). Their
ability to form biofilms on medical devices enhances
their resistance to antibiotics and complicates their
treatment. CoNS are also adept at acquiring resistance
genes through horizontal gene transfer, which further
contributes to their MDR profiles (Otto, 2013). This
demonstrates their role in HAIs and the importance of
targeted interventions to mitigate their spread. The
antibiotic  susceptibility profiles revealed high
resistance to certain antibiotics in group A, whereas
groups B and C showed greater sensitivity (Figure 2).
This highlights the different resistance patterns among
MDR staphylococci in these settings. Notably, all
isolates (100%) showed cefoxitin resistance, which
also serves as an indicator of methicillin resistance.
Correspondingly, methicillin resistance was detected
at a markedly higher frequency (95.24%; 20/21
isolates) in CoNS than in S. aureus isolates (4.76%)
(Table 2), which aligns with Contractor et al. (2025).
However, this likely reflects the higher number of
CoNS isolates than S. aureus isolates. The notably
high prevalence (75%) of MRSE among MRCoNS is
particularly concerning because of its strong
persistence in biofilm production on hospital surfaces.
This underscores the role of CoNS, especially S.
epidermidis, as a reservoir for antibiotic resistance

genes within hospital environments (Chikkaraddi et
al., 2022). Because these strains tend to exhibit high
MDR, routine in vitro antibiotic susceptibility testing
is essential to guide effective therapeutic interventions.
In addition to methicillin resistance, substantial
resistance rates were observed for trimethoprim-
sulfamethoxazole, clindamycin (both at 76.19%), and
erythromycin (71.43%) (Figure 2). These antibiotics
have traditionally served as important alternatives for
treating infections caused by methicillin-resistant
Staphylococcus strains. Both clindamycin (classified
as a lincosamide) and erythromycin (classified as a
macrolide) inhibit bacterial protein synthesis by
binding to the 50S ribosomal subunit. Lincosamide
and macrolide resistance is frequently associated with
methicillin resistance in staphylococcal strains
(Miklasinska-Majdanik, 2021). This co-resistance
pattern substantially limits treatment options,
complicates patient care, and potentially prolongs the
illness. On the other hand, the high prevalence of
resistance to group A antibiotics in SHPHs
underscores the urgent need to re-evaluate local
empirical treatment protocols. In resource-limited
settings, continued reliance on these primary
antibiotics without regular updates to protocols may
result in ineffective treatments and further promote
the emergence of multidrug-resistant organisms
within hospital environments. Therefore, it is essential
to regularly review and modify empirical guidelines
to ensure treatment efficacy. In contrast, isolates
exhibited promising sensitivity profiles for most
antibiotics within groups B and C (66.67% to 100%)
(Figure 2). This is similar to recent findings that
second-line and supplemental antibiotics, notably
linezolid and vancomycin, often retain efficacy
against resistant staphylococci strains (Mustafa & Ali,
2025). Exceptions such as rifampin resistance (9.52%
in group B) and gentamicin resistance (33.33% in
group C) suggest emergent resistance mechanisms
that warrant attention. Fluoroquinolones (ciprofloxacin
and moxifloxacin) showed lower resistance rates
(9.52%), which is consistent with recent studies
indicating occasional resistance development linked
to horizontal gene transfer and integrative mobile
elements (Qv et al., 2025). Chloramphenicol resistance
was low (4.76%), indicating that chloramphenicol
retained its effectiveness, especially against MDR
CoNS (Chopjitt et al., 2025). However, it is important
to note that these findings are based solely on hospital
environment isolates and included a small number of
samples (21 isolates). Therefore, caution should be
exercised when applying these results to clinical
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treatment recommendations (Rohana et al., 2023), as
the results primarily reflect environmental resistance
patterns and do not directly inform clinical efficacy or
outcomes. A review by Partridge et al. (2018) revealed
the role of mobile genetic elements in shaping
resistance phenotypes, thereby corroborating the diverse
resistance patterns observed among group A (three
patterns), B (one pattern), and C (three patterns) (Table
2). These results reflect the genomic adaptability of
MBDR staphylococci and emphasize the importance of
ongoing surveillance to detect shifts in resistant
phenotypes and guide empirical therapy. For instance,
the study findings demonstrated a correspondence
between the phenotypic resistance patterns and
genotypic characteristics of MDR staphylococcal
isolates. Cefoxitin resistance (indicating methicillin
resistance) was found in 100% of all isolates (Figure
2), paralleled by the high prevalence of methicillin
resistance genes, mecAl and mecA2, which were
present in 90.48% and 61.90% of the isolates,
respectively. Cefoxitin is a more sensitive inducer of
the mecA gene than penicillin or oxacillin. This makes
the cefoxitin diffusion test better than oxacillin for
detecting methicillin resistance, as it is easier to
interpret and more sensitive (Broekema et al., 2009).
Resistance to cefoxitin indicates the presence of the
mecA or mecC gene, which encodes a modified
penicillin-binding protein with a low affinity for beta-
lactam antibiotics (Ballhausen et al., 2014; Lade &
Kim, 2023). The association between cefoxitin resistance
and the presence of mecA was confirmed by Chopyjitt
et al. (2025); hence, the gene served as the primary
determinant of methicillin resistance among the
staphylococci in this study. As mecA is located on the
staphylococcal cassette chromosome mec (SCCmec)
element, a recent review by Wolska-Ggbarzewska et
al. (2024) highlighted the variability in SCCmec
types, thereby supporting the prevalence of both
mecAI and mecA?2 variants found in the current study.
Furthermore, mecA is more widely distributed in
CoNS than in S. aureus (Wolska-Gegbarzewska et al.,
2024). This is particularly relevant to the current
study, where mecAl (94.74%) and mecA2 (100%)
were detected predominantly among the MRCoNS
isolates (Figure 4). In contrast, the absence of mecC
(a mecA homologue) (data not shown), which is
occasionally associated with alternative pathways of
methicillin resistance, underscored its minimal
contribution to these populations. This finding was
consistent with that of Loncaric et al. (2019), who
reported a rare detection of mecC in CoNS. The blaZ
gene, encoding B-lactamase and conferring resistance
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to B-lactam antibiotics, was identified in 90.48%
(Figure 3) of isolates. This aligned with substantial
cefoxitin resistance (100%) (Figure 2) and widespread
abundance of f-lactamase enzymes in staphylococci.
Remarkably, the blaZ gene was found in 94.74% of
MRCoNS, which was consistent with a previous study
showing high detection rates of blaZ in CoNS (95.70%)
in Tanzania (Charles et al., 2024). Therefore, blaZ
may be a dominant B-lactam antibiotic resistance
marker in the MDR staphylococci investigated in
the current study. Furthermore, clindamycin and
erythromycin resistance, reported at 76.19% and
71.43%, respectively (Figure 3), were strongly
supported by the presence and distribution of key
resistance determinants, specifically erm (erythromycin
resistance methylase) genes. The erm genes, including
ermA, ermB, and ermC, are commonly responsible for
resistance to macrolides and clindamycin in
staphylococci by regulating the methylation of the
23S rRNA-binding region (Mazloumi et al., 2021).
The ermC gene was predominantly present in all
isolates (Figure 3) (95.24% in MRCoNS and 4.76% in
MRSA; Figure 4). The low prevalence of ermB
(4.76%) (notably 100% in MRCoNS) (Figure 3), and
the absence of ermA (data not shown) suggested that
the ermC gene was the principal contributor to
macrolide resistance in these MDR staphylococcal
isolates. This is supported by recent surveillance
studies demonstrating the dominance of ermC among
clinical isolates, particularly in hospital-associated S.
aureus and CoNS (Mahdi Al-Buhilal et al., 2021;
Mazloumi et al., 2021). In staphylococci, aminoglycoside
resistance is mediated by enzymatic modifications
that render these antibiotics ineffective. The bifunctional
enzymes, aminoglycoside N-acetyltransferase and
aminoglycoside phosphotransferase, which are
encoded by aacA-aphD, are among the most frequent
aminoglycoside-modifying enzymes found in
methicillin resistant staphylococci (Perumal et al.,
2016). This is particularly relevant in the current
study, where the aacA-aphD gene was present in
61.90% of the isolates (Figure 3) and was only found
in MRCoNS (100%) (Figure 4). This aacA-aphD
prevalence in MRCoNS was higher than that in
previous studies (83.10%) (Sabzehali et al., 2017).
This highlights the importance of aminoglycoside-
modifying enzymes in MDR beyond f-lactams and
macrolides, particularly in these hospital settings.
Interestingly, this study identified a single isolate that
was resistant to cefoxitin and methicillin, although
mecA was absent; the only resistance gene detected
was ermC, although the isolate remained phenotypically
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sensitive to erythromycin (Figure 5). On the other
hand, the 100% prevalence of ermC (Figure 3), despite
only 71.43% phenotypic resistance to erythromycin
(Figure 2), suggests the existence of "silent resistance."
This phenomenon occurs when bacteria possess
ARGs that remain inactive or "silent," causing them
to appear sensitive during susceptibility testing. This
finding aligns with Kime et al. (2019), who indicated
that staphylococcal isolates frequently harbored silent
resistance genes due to mutations. The presence of
silent resistance indicates a hidden genetic reservoir
that may revert to active resistance under certain
conditions, potentially leading to therapeutic failures
(Deekshit & Srikumar, 2022). This observation suggests
that a comprehensive understanding of antibiotic
resistance requires both phenotypic and genetic
analysis, as relying solely on disk diffusion for
phenotypic testing may not always accurately reflect
underlying genetic resistance patterns and may
overlook the existence of silent resistance genes. Such
inconsistencies are often linked to methodological
factors, laboratory conditions, and limitations of using
a single gene for PCR-based species identification, all
of which can influence the expression of resistance
traits (Contractor et al., 2025; Mustafa & Ali, 2025).
Therefore, combining genotypic and phenotypic
approaches with standardized laboratory protocols is
essential to achieve precise detection and characterization
of antibiotic resistance in staphylococcal isolates.
However, the detection of the co-occurrence of ARGs
is a critical concern in the evolution of MDR. Figure 5
also shows that 20/21 isolates (95.24%) exhibited co-
occurrence of ARGs. The cluster consisting of blaZ,
mecAl, and ermC genes represents a foundational
resistance pattern that may serve as a precursor to
more complex combinations. The predominant five-
ARG pattern (blaZ, mecAl, mecA2, aacA-aphD, and
erm(C) reflects a robust resistance mechanism against
multiple classes of antibiotics, including B-lactams,
macrolides, and aminoglycosides. The blaZ and mecA
genes are well-documented contributors to B-lactam
resistance, with blaZ encoding B-lactamase and mecA
mediating methicillin resistance through altered
penicillin-binding  proteins,  thereby  offering
remarkable resistance to this antibiotic class (Chopjitt
et al., 2025). The coexistence of these genes with
aacA-aphD (aminoglycoside resistance) and ermC
(macrolide resistance) enhances their MDR profiles.
Our study revealed that mec4A commonly occurs in
conjunction with other ARGs. Similarly, numerous
studies have established a link between methicillin
resistance and resistance to aminoglycosides (Perumal et
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al., 2016; Sabzehali et al., 2017). Furthermore, ermC
was frequently associated with mecA (Fasihi et al.,
2017), and was found more often in methicillin-
resistant staphylococcal isolates (Mahdi Al-Buhilal et
al., 2021). The prevalence of ARG co-occurrence
patterns in this study reflects the complexity and
adaptability of MDR staphylococcal isolates acquired
from the hospital environments. These findings are
relevant for understanding local resistance trends
within environmental reservoirs, even as antibiotic
resistance patterns may change over time. ARGs
within environmental samples tend to be more stable
and persist longer than those found in clinical
samples, which can change rapidly due to direct
antibiotic pressure on patients (Domingues et al.,
2026). Despite their stability, ARGs retain the ability
to acquire new traits through horizontal gene transfer
(e.g., via plasmids) (Sassi et al., 2025). Therefore, an
urgent need for surveillance and intervention
strategies is suggested. Advanced genomic analyses
can reveal the genetic interplay between ARGs and
offer insights into the mechanisms driving MDR.
Targeted therapeutic approaches, such as combination
therapies and novel antimicrobials, can mitigate the
effects of these resistance patterns. Therefore,
addressing this challenge requires a multidisciplinary
approach that encompasses genomic research, clinical
interventions, and antimicrobial stewardship.

6. Conclusion

This study provides the first comprehensive
phenotypic and genotypic characterization of MDR
staphylococcal isolates recovered from sub-district
health promoting-hospitals in Chiang Rai, Thailand.
By focusing on resource-limited primary healthcare
settings, the study identified local resistance patterns
that may not be captured in larger-scale surveillance
programs. The uneven distribution of MDR
staphylococci across hospital areas highlights the
importance of environmental contact surfaces and
sanitation practices. High-touch surfaces, particularly
beds and bed rails, should therefore be prioritized in
routine cleaning and disinfection protocols. The high
prevalence of resistance to Group A antibiotics also
empbhasizes the need for prudent antimicrobial use and
periodic review of local empirical-treatment
guidelines. However, because the isolates were
obtained from environmental rather than clinical
samples, treatment decisions should continue to be
based on patient-specific susceptibility results. The
isolates carried diverse resistance determinants,
particularly ermC, blaZ, and mecA, with a notable
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absence of mecC and ermA. Although some genotypic
findings may not correlate with phenotypic resistance,
isolates with more ARGs are more likely to be
resistant to a wider range of antibiotics, while those
with fewer genes are less resistant. This indicates the
need for focused local surveillance and future studies
to assess the risk of resistance spread by investigating
the transferability of these genes (such as via
plasmids) to the surrounding community. These
actionable insights are vital for the control of MDR
staphylococci and antimicrobial stewardship in these
healthcare environments.
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Abbreviation Full Term

. Sensitive

ARG Antibiotic resistance gene

C Chloramphenicol

CIP Ciprofloxacin

CLSI Clinical and Laboratory
Standards Institute

CoNS Coagulase-negative
staphylococci

COT Trimethoprim-
sulfamethoxazole

CX Cefoxitin

DA Clindamycin

DO Doxycycline

E Erythromycin

GEN Gentamicin

HAIs Healthcare-associated
infections

Hos Hospital

I Intermediate

Lz Linezolid

MDR Multidrug resistant

MIC Minimal inhibitory
concentration

MO Moxifloxacin

MRCoNS Methicillin-resistant
coagulase-negative
staphylococci

MRSA Methicillin-resistant
Staphylococcus aureus

MRSE Methicillin-resistant
Staphylococcus epidermidis

PCR Polymerase chain reaction
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Abbreviation Full Term

R Resistant

RIF Rifampin

SHPHs Sub-district health
promoting-hospitals

VA Vancomycin
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