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Abstract

Prevalence, antimicrobial susceptibility and molecular study of
sequence type (ST239) of methicillin-resistant Staphylococcus aureus
isolated from patients at Taksin Hospital

Somporn Srifuengfung', Chanwit Tribuddharat®. Huttaya Thuncharoon?, Vipavee Rodjun',

Apichot So-Ngern'

3Microbiology Laboratory, Taksin Hospital

Key words: Staphylococcus aureus, , MRSA, sequence type, ST239

We evaluated 700 Staphylococcus aureus non-duplicate isolates from different
patients of all ages. S. aureus from various clinical specimens was identified by standard
microbiological methods. The prevalence was 160 isolates (22.86%) of MRSA and 540
(77.14%) of MSSA, with no mean age + standard deviation, and gender difference between
both groups. The three most common clinical specimens were sputum (51.96%), pus
(28.49%) and blood (14.79%), accounting for 95.24% of all specimens. MRSA was sensitive
to fosfomycin, fusidic acid, gentamycin, tetracycline, trimethoprim-sulphamethoxazole and
vancomycin (range 70-100%), but resistant to ciprofloxacin, clindamycin and erythromycin.
MSSA was sensitive to all drugs tested (range 88.33-100%), except tetracycline (65.56%).
The vancomycin minimal inhibitory concentration range, MICso and MICqo values in MRSA
were 0.25-2.0, 0.5 and 1.0 pg/ml by using E-test. All 700 S. aureus isolates were detected for
the presence of inducible and constitutive clindamycin resistance phenotype by using D-test.
Inducible macrolide, lincosamides and type B streptogramins resistance (iMLSB) was
observed in 10% of all MRSA and 2.78% of all MSSA isolates. The majority of MRSA
isolates (78.75%) constituted MLSB phenotype (cMLSB); this phenotype was seen in 7.96%
of all MSSA isolates. Finally, 8.75% of MRSA isolates and 88.33% of MSSA showed
sensitivity to both erythromycin and clindamycin. For MRSA isolates, 90% (144/160) were
multiple drug resistance with the most common pattern was resistant to ciprofloxacin,
clindamycin and erythromycin (79 isolates). This is the first report of decreasing of

predominant MRSA ST239 clone from 93% in 2008 to 2.7% in 2020 in Thailand.
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CHAPTER I (unfi1)

INTRODUCTION (unii)
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MATERIALS AND METHODS (3sautiumsiag)
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CHAPTER Il (unii 3)

a v a J
RESULTS (wamsidauazinsiztiveya)

3.1 Patient demographics

Seven hundred S.aureus isolates from patients were obtained from the Bacteriology
Laboratory, Taksin Hospital, Bangkok, Thailand during the January 1, 2019 to October 31,
2020. Taksin Hospital is a tertiary care public hospital, with 473 beds, operated by the
Medical Science Department, Bangkok Metropolitan Administration. It is an affiliated
hospital of the Faculty of Medicine Vajira Hospital. Multiple isolates from different sites in
the same patient were counted as a single sample. In this study, patient age ranged from 16
days to 100 years in MRSA and MSSA. The prevalence was 160 isolates (22.86%) of MRSA
and 540 (77.14%) of MSSA, with no mean age + standard deviation, and gender difference
between both groups. However, MRSA was isolated mostly from patients aged >50 years

(Table 1 and Figure 1).
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Table 1

Prevalence of MRSA and MSSA in 700 patients.

Ages of patients

Methicillin-resistant S. aureus

Methicillin-sensitive S. aureus

(year) No. of isolates % No. of isolates %
<1 1 0.63 9 1.67
1-10 0 0 10 1.85

11-20 3 1.88 16 2.96

21-30 4 2.50 31 5.74

31-40 7 4.37 49 9.08

41-50 6 3.75 64 11.85

51-60 25 15.63 73 13.52

61-70 27 16.87 97 17.96

71-80 38 2385 91 16.85

81-90 38 23.75 81 15.00

91-100 11 6.87 19 3.52

Total 160 100 540 100

Mean + S.D. 68.96 + 18.38 years 59.17 £ 22.27 years
Male : female 85:75 =1.13:1 266:274 =0.97:1
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3.2 Sources of clinical specimens

Sputum was accepted for culture if it contained >25 polymorphonuclear cells and
<25 epithelial cells per light microscope field (10x10 = 100x magnification). For quantitative
culture of urine, a 1 pl standard calibrated loop was used. S.aureus from various clinical
specimens was isolated and identified according to standard microbiological techniques.

The three most common clinical specimens were sputum (51.96%), pus (28.49%)
and blood (14.79%), accounting for 95.24% of all specimens (Table 2 and Figure 2). For
urine quantitative culture, a range of S. aureus <10° to >10° CFU/ml positive results was

found, with 10*-10° CFU/ml being the most common bacterial count (data not shown).
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Table 2

Sources of specimens.

Specimens Methicillin-resistant S. aureus Methicillin-sensitive S. aureus
No. of specimens % No. of specimens %
Sputum 113 62.09 270 48.65
Pus* 35 19.23 175 31.53
Blood 20 10.99 89 16.04
Urine 13 7.14 19 3.42
Ascitic fluid - - 1 0.18
Bronchial wash - - 1 0.18
Cerebrospinal fluid 1 0.55 - -
Total 182 100 555 100

*Pus from ankle, arm, axillary, back, bed sore, bone, breast, buttock, chest, cheek,

coccyx, ear, eye, finger, hand, head, hip, knee, leg, pustule, tissue, toe, umbilical,

vulva, wound
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3.3 Detection of the mecA gene

Total genomic DNA was extracted from a loopful of colonies of each isolate taken
from 16-18 hour culture on sheep blood agar. The genomic DNA of Staphylococcus aureus
was subjected to PCR with specific primers for the presence of the mecA gene. The primer
sequences used for amplification [20] are shown in Table 3. PCR reagents and conditions are

shown in Table 3-5.

Table 3

Primers used for amplification of the mecA gene.

Target : Amplicon
Primer* Oligonucleotide sequence (5'-3") .
gene size (bp)
mecA-F  TGTCCGTAACCTGAATCAGC
mecA 519

mecA-R TGCTATCCACCCTCAAACAG

*F, forward oligonucleotide; R, reverse oligonucleotide.

Table 4

PCR reagents for amplification of the mecA gene in total volume 25 pl

Reagent Volume (ul) Final concentration
DNase/RNase-free distilled water 19.8 -
10X ThermoPol® Reaction Buffer 6 I1X
10 mM dNTPs 0.5 0.2 mM
10 uM mecA-F 0.5 0.2 uM
10 uM mecA-R 0.5 0.2 uM
Tag DNA Polymerase (5 U/ul) 0.2 1U
DNA template 1.0 1-10 ng/pl
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Table 5

Thermocycling conditions for amplification of the mecA gene.

Step of PCR process  Temperature Duration time Number of cycle

Initial denaturation 95°C 5 minutes 1
Denaturation 95°C 1 minute

Annealing 50°C 1 minute 30
Extension 72°C 1 minute

Final extension 72°C 7 minutes 1
Hold 4°C 0

All MRSA isolates tested were positive for mecA gene by PCR. Figure 3 shows PCR

products (519 base pairs) for detection of mecA gene.
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Figure 3—PCR products of mecA gene among MRSA isolates showing a 519 bp

product size.
Lane M, the standard 1 Kb plus DNA size marker. Lanes 34-54, mecA gene-

positive isolates. Lane 10, the negative control.
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3.4 Antimicrobial susceptibility and D-test

MRSA was sensitive to fosfomycin, fusidic acid, gentamycin, tetracycline,
trimethoprim-sulphamethoxazole and vancomycin (range 70-100%), but resistant to
ciprofloxacin, clindamycin and erythromycin (Table 6). MSSA was sensitive to all drugs
tested (range 88.33-100%), except tetracycline (65.56%). The minimal inhibitory
concentration range, MICso and MICoy values of vancomycin in MRSA were 0.25-2.0, 0.5
and 1.0 pg/ml, respectively (Table 7). These MIC data were interpreted by CLSI as sensitive
isolates (CLSI, 2019). Therefore, none of the isolates in this study was resistant to
vancomycin.

Inducible macrolide, lincosamides and type B streptogramins resistance (iMLSB) was
observed in 16 (10%) of all MRSA and 15 (2.78%) of all MSSA isolates. The majority of
MRSA isolates 128 (78.75%) constituted MLSB phenotype (cMLSB); this phenotype was
seen in 43 (7.96%) of all MSSA isolates. For MS phenotype, 14 (8.75%) and 5 (0.93%) were

found in MRSA and MSSA, respectively (Table 8).
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Antimicrobial susceptibility of S. aureus.

Table 6

Drugs MRSA, n (% S) MSSA, n (% S)
Ciprofloxacin 8 (5.00) 484 (89.63)
Clindamycin 18 (11.25) 482 (89.26)
Erythromycin 16 (10.00) 477 (88.33)
Fosfomycin 112 (70.00) 532 (98.52)
Fusidic acid 160 (100) 538 (99.63)
Gentamycin 131 (81.88) 530 (98.15)
Tetracycline 132 (82.50) 354 (65.56)
Trimethoprim/sulfamethoxazole 154 (96.25) 540 (100)

n = number of sensitive isolates; S = sensitive
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Minimal Inhibitory Concentration (MIC) of vancomycin in MRSA.

Table 7

Type ug/ml
MICso 0.5
MICoo 1.0
Range 0.25-2.0

MLSB resistant phenotypes in S. aureus.

Table 8

Phenotypes MRSA, n (%) | MSSA, n (%) Total, n (%)
n % n % n %

ER-R, CL-S, D+ 16 10.00 113 2.78 31 4.43

(inducible MLSB)

ER-R, CL-R 126 78.75 43 7.96 | 169 24.14

(constitutive MLSB)

ER-R, CL-S, 4 2.50 5 0.93 9 1.29

(D-test -)

ER-S, CL-S 14 8.75 | 477 88.33 | 491 70.14

Total 160 24.05 | 540 75.95 | 700 100

MRSA = methicillin-resistant S. aureus; MSSA = methicillin-sensitive S. aureus; ER =

erythromycin; CL = clindamycin; S = sensitive; R = resistant; D = disk diffusion induction

test; MLSB = macrolides-lincosamides and type B streptogramins resistance.
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3.5 Multiple drug resistance of S.aureus
MRSA demonstrated higher multiple drug resistance (MDR) i.e. 144 (90%)

than MSSA 38 (7.04%) (Table 9). For MRSA, there were 16 MDR patterns. The most
common multiple drug resistance was ciprofloxacin, clindamycin and erythromycin (79/144;
54.86%), followed by ciprofloxacin, clindamycin, erythromycin and fosfomycin (26/144;
18.06%); accounting for 105/144; 72.92% of MRSA. For MSSA, there were 11 MDR
patterns. The most common multiple drug resistance was clindamycin, erythromycin and
tetracycline (20/38; 52.63%), followed by resistance to clindamycin, erythromycin and
fosfomycin (4 isolates; 10.53%); and resistance to clindamycin, erythromycin, gentamycin

and tetracycline (4 isolates; 10.53%).
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Table 9. Multple drug resistance (MDR) of S.aureus.

Bacteria

No. of MDR isolates

MDR patterns (n)

MRSA 160 isolates

144 (90.00 %)

CIP CL ER (79)

CIP CL ER FOS (26)

CIP CL ER FOS* (4)

CIP CL ER FOS GEN (3)

CIP CL ER FOS* GEN SXT* TET (1)
CIP CL ER FOS GEN TET (8)
CIP CL ER FOS GEN TET* (2)
CIP CL ER GEN (5)

CIP CL ER GEN* (1)

CIP CL ER GEN SXT TET (2)
CIP CL ER GEN SXT* TET (1)
CIP CL ER GEN TET (2)

CIP ER CL TET (3)

CIP CL GEN TET (1)

CIP CL TET (1)

CL ER TET (5)

MSSA 540 isolates

38 (7.04%)

CIP CLER (2)
CIP* CL ER (1)

CIP CL ER* (1)

CIP CL ER FOS TET (2)
CIP* CL ER TET (1)
CIP* SXT TET (1)

CL ER FOS (4)

CL ER GEN TET (4)

CL ER TET (20)

CL* ER TET (1)

GEN* SXT TET (1)

n = number of isolates; CIP, ciprofloxacin; CL, clindamycin; ER, erythromycin; FOS,

fosfomycin; GEN, gentamycin; SXT, trimethoprim/sulfamethoxazole; TET, tetracycline.

* Intermediate resistance.
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3.6 Prevalence of methicillin-resistant Staphylococcus aureus clones

(ST239, ST30and ST8/ST97/ST779) in Thai clinical isolates
MRSA-ST30 (30/37; 81.1%) was predominant and was found in sputum, pus, urine,
blood and ascitic fluid. MRSA-ST8/ST97/ST779), MRSA-ST239 and MRSA-nontypeable
isolates were (3/37; 8.1%), (1/37; 2.7%) and (3/37; 8.1%), respectively. Molecular typing
demonstrated DNA fingerprints with corresponding results with sequence types as shown in

Tables 10-16 and Figures 4-5.

The extracted DNA of S. aureus was further subjected to PCR with two pairs of
specific primers amplifying the fragments of both ST8- and ST30-like sequences in the
hybrid genome of hospital-acquired methicillin-resistant S. aureus (HA-MRSA) lineage
ST239. The primer sequences used for amplification are shown in Table 10. PCR reagents

and conditions are shown in Tables 11-12.

Table 10
Primers used for amplification of the ST8- and ST30-like sequences [7].

Amplicon
Locus Primer* Oligonucleotide sequence (5'-3") .
size (bp)

SA2003-F CACTTTAAATACTGACGAAAAT
SA2003 220
SA2003-R  TTGAAAATTGATCATTCAGCAA

SA0317-F TCGCACTCTCGTTGAACA
SA0317 484
SA0317-R  AAATCCGCTTCGACAAACATT

*F, forward oligonucleotide; R, reverse oligonucleotide.
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volume 25 pl.

Table 11
PCR reagents for amplification of the ST8- and ST30-like sequences in total

Reagent Volume (ul) Final concentration
DNase/RNase-free distilled water 18.8 -
10X ThermoPol® Reaction Buffer 2.5 1X
10 mM dNTPs 0.5 0.2 mM
10 uM SA2003-F 0.5 0.2 uM
10 uM SA2003-R 0.5 0.2 uM
10 uM SA0317-F 0.5 0.2 uM
10 uM SA0317-R 0.5 0.2 uM
Taq DNA Polymerase (5 U/ul) 0.2 1U
DNA template 1.0 1-10 ng/pl

Table 12

Thermocycling conditions for amplification of the ST8- and ST30-like sequences.

Step of PCR process  Temperature Duration time Number of cycle
Initial denaturation D 15 minutes 1
Denaturation I3 30 seconds

Annealing S3E 30 seconds 30
Extension 72°C 30 seconds

Final extension 72°C 7 minutes 1

Hold 4°C o0
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Figure 4—Identification of MRSA clones (ST239, ST30 and ST8 / ST97 / ST779).
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3.7 The study of genetic relationship among HA-MRSA isolates by
ERIC-PCR
Enterobacterial Repetitive Intergenic Consensus (ERIC)-PCR was performed to

amplify between copies of the ERIC sequence in genomic DNA of S. aureus using primers as

shown in Table 13. Reagents and conditions of PCR are shown in Tables 14-15.

Table 13

Primers used for amplification of the ERIC sequence [22]

Target ; Amplicon
Primer* Oligonucleotide sequence (5'-3") .
sequence size (bp)
ERICIR  ATGTAAGCTCCTGGGGATTCAC
ERIC Variable

ERIC2 AAGTAAGTGACTGGGGTGAGCG

*F, forward oligonucleotide; R, reverse oligonucleotide.

Table 14
PCR reagents for amplification of the ERIC sequence in total volume 20 pl.

Reagent Volume (ul) Final concentration
DNase/RNase-free distilled water 10.8 -
10X ThermoPol® Reaction Buffer 2.0 1X
10 mM dNTPs 0.4 0.2 mM
10 uM ERICIR 0.8 0.4 uM
10 uM ERIC2 0.8 0.4 uM
Tag DNA Polymerase (5 U/ul) 0.2 1U
DNA template 5.0 1-10 ng/pl
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Table 15

Thermocycling conditions for amplification of the ERIC sequence.

Step of PCR process  Temperature Duration time Number of cycle
Initial denaturation 95°C 2 minutes 1
Denaturation 95°C 50 seconds

Annealing 49°C 30 seconds 35
Extension 72°C 3 minutes

Final extension 72°C 10 minutes 1

Hold 4°C 0
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Figure 5-Genetic relationship of MRSA isolates by ERIC-PCR.
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Table 16

Percentages of sequence types and multple drug resistance.

Sequence types (n) n (%) No. of MDR MDR patterns (n)
isolates

ST30 30 (81.1 %) 29 CIP CL ER (19)

CIP CL ER FOS (9)

CIP CL ER FOS GEN (1)
ST8/ST97/ST779 3 (8.1%) - CIP CL ER FOS (1)

CIP CL ER GEN (1)

CIP CL ER GEN TET (1)
ST239 1 (2.7%) 1 CIP CL ER GEN SXT TET
ST-nontypeable 3 (8.1%) 2 CIP CL ER GEN SXT TET

n = number of isolates; CIP, ciprofloxacin; CL, clindamycin; ER, erythromycin; FOS,

fosfomycin; GEN, gentamycin; SXT, trimethoprim/sulfamethoxazole; TET, tetracycline.
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CHAPTER IV @il 4)

DISCUSSION GosaimansIde)

It is well known that MRSA infections are more dangerous than those of MSSA.
In general, patients with MRSA infections are admitted in hospital with longer days of
admission. This situation increases health care costs. In USA, Centers for Disease Control
and Prevention suggested MRSA as one of antibiotic resistance threats i.e. there were
323,700 MRSA hospitalized cases and 10,600 deaths [23]. Canadian antimicrobial resistance
surveillance system reported that MRSA isolated from blood specimen was increased from
0.40 cases in 2014 to 0.51 cases per 10,000 patients in 2018 i.e. n=274 to n=369. The
mortality rate in these patients was high e.g. some patients died within one month of
admission in hospital [24]. It is well-documented that meCcA gene is the main mechanism for
resistance of S. aureus to methicillin. In this study, MSSA isolates were more common than
MRSA. Our prevalence of MRSA (22.86%) was comparable to the 27.82% (37/133) reported
in Indonesia [25], the 20.7% in Brazil [26], the 20.9% in Turkey [27]; lower than the 38.24%
reported in India [28], the 42.5% reported in Iraq [29], the 46% reported at Thammasart
University Hospital, Thailand [1], the 56,4% reported in Nigeria [30], the 68.4% reported in
Ethiopia [31] and the 78.06% reported in Nepal [32]. This implies the global prevalence of
MRSA varies geographically. Clinical data of the median age 59 years of MRSA patients
(range: 7 months-97 years); and the sex distribution (male : female; 67.3% : 32.5%) was
reported in China [33]. In addition, MRSA appeared to affect male in particular although
there were fewer male than female residents were reported in southern Poland [34]. However,
our study showed that male: female ratio of MRSA was 1.13:1.

This study confirms previous reports that MRSA was common in adult patients
and respiratory tract i.e. sputum was the predominant specimen source, but pus was the

predominant specimen collected from OPD patients in Nepal report [35]. The prevalence of
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MRSA in Thailand from other studies was comparable with this study e.g comparison of
sample source. Our results in this study were MRSA isolated mostly from sputum (62.09%)
which may be similar to other studies e.g. MRSA isolated mostly from sputum (23%) and
endotracheal aspirate (23%) [36]; MRSA isolated mostly from sputum (50.5%) [37]; MRSA
isolated mostly from sputum (164/232; 70.69%) [1].

We found 95% and 89.25% of MRSA exhibited resistance to ciprofloxacin and
clindamycin, respectively (Table 3). These resistance levels were higher than those of a
previous report from China [39] which found 79.2% and 66% of MRSA exhibited resistant to
ciprofloxacin and clindamycin, respectively. Our results concerning susceptibility data of
MSSA to antimicrobial agents were similar to many reports worldwide [37-39].

The observation that iMLSB [40] was 7.04% in MRSA and and 2.78% MSSA (Table
5) was important. Our result was in agreement with India study that iMLSB was 11.77% in
MRSA and 2.9% in MSSA [28]. The other studies e.g. Iran reported that iIMLSB S. aureus
changed from 7.5% in 2013 to 21.7% in 2018 [40]. Our result was in agreement with Nepal
that both iIMLSB and cMLSB were found more among MRSA than MSSA (43.80%, 26.85%
and 40.62%, 10.93%), respectively [32].

In antimicrobial susceptibility testing, the most common multiple drug resistance
patterns for MRSA and MSSA were ciprofloxacin, clindamycin, erythromycin and
clindamycin, erythromycin and tetracycline, respectively. The data for multiple drug
resistance patterns in S. aureus (both MRSA and MSSA) was scarce in Thailand. In a recent
MRSA study, they found that 92.9% of MRSA isolates tested showed multiple drug
resistance and the predominant drug resistance pattern was ciprofloxacin, clindamycin,
erythromycin, levofloxacin [41].

In conclusion, all isolates tested demonstrated sensitivity 100% to vancomycin.
Therefore, clinicians can use vancomycin for treatment while waiting for the results of
antimicrobial susceptibility test from clinical microbiology laboratory. The sequence types
and drug resistance profiles are epidemiological markers. This is the first preliminary report
of decreasing of predominant MRSA ST239 clone from 93% in 2008 [7] to 2.7% in 2020 in
Thailand and should support ongoing studies and increase surveillance of drug resistance to
avoid empiric therapy so that further development of drug resistance is minimized. In China,

decreasing MRSA infections is attributable to disappearance of MRSA ST239 [17]. Due to
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high drug resistance property of MRSA ST239 clone, the decreasing of MRSA ST239 clone

may decrease the percentage of multiple drug resistance in MRSA isolates as well.

Ethics

This study was approved by the Institutional Review Board, Faculty of Pharmacy,
Siam University (IRB No. 2020/007) and Bangkok Metropolitan Administration Human
Research Ethics Committee (approval no. EOO9h/63 NA).
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CONCLUSIONS (Uﬂagﬂuaz%maummz)

The present study can be concluded as follows:

1. A total of 700 S. aureus isolates at Taksin Hospital, were obtained from
various specimen types. Most S. aureus isolates were collected from sputum (69.50%) and
pus (24.18%). Interestingly, S. aureus was found in blood (14.79%).

2. The prevalence was 160 isolates (22.86%) of MRSA and 540 (77.14%) of
MSSA, with no mean age + standard deviation, and gender difference between both groups.

3. MRSA was sensitive to fosfomycin, fusidic acid, gentamycin, tetracycline,
trimethoprim-sulphamethoxazole and vancomycin (range 70-100%), but resistant to
ciprofloxacin, clindamycin and erythromycin.

4. MSSA was sensitive to all drugs tested (range 88.33-100%), except
tetracycline (65.56%).

5. Inducible macrolide, lincosamides and type B streptogramins resistance
(IMLSB) was detected in 10% and 2.78% of all MRSA and all MSSA isolates, respectively.

6. For MRSA isolates, 90% (144/160) were multiple drug resistance (MDR)
with the most common MDR pattern was ciprofloxacin, clindamycin, erythromycin (79/144
isolates), followed by resistance to ciprofloxacin, clindamycin, erythromycin, gentamycin
(26/144 isolates).

7. For MSSA, only 7.04% (38/540) showed multiple drug resistance with the
most common pattern was resistant to clindamycin, erythromycin and tetracycline (20
isolates), followed by resistance to clindamycin, erythromycin and fosfomycin (4 isolates);
and resistance to clindamycin, erythromycin, gentamycin and tetracycline (4 isolates).

8. MRSA-ST8/ST97/ST779), MRSA-ST239 and MRSA-nontypeable isolates
were (3/37; 8.1%), (1/37; 2.7%) and (3/37; 8.1%), respectively. Molecular typing

demonstrated DNA fingerprints with corresponding results with sequence types.
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