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Hosuaiilananda aol3uafinadanufidau (Methicillin-resistant Staphylococcus
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Abstract (Un Al mia)

Methicillin-resistant Staphylococcus aureus (MRSA) is a causative microorganism
of the infectious disease in hospital (HA-MRSA), and community (CA-MRSA). Also, it can
colonize in livestock (LA-MRSA), and spread to humans. However, their genetic
relatedness and drug-resistance pattern among animal, healthy human, and hospital had
not been revealed in Thailand. This study aimed to evaluate the molecular epidemiology,
and drug susceptibility pattern of epidemic MRSA among hospitalized patients, a general
and an organic pig farms. This study expected the preliminary data for planning the control
of MRSA outbreak by using antimicrobial susceptibility, SCCmec typing, and whole
genome comparison. Surprisingly, the result showed that the general pig farm had 75%
of cefoxitin-resistant Staphylococci and 12.5% of MRSA. In contrast, the organic one had
15% of cefoxitin-resistant Staphylococci and none of MRSA. Only 4 isolates of MRSA
were discovered from patients. Moreover, there were significantly different SCCmec types
of Staphylococci and that of MRSA between the general pig farm, the organic pig farm
and the hospital. The most common SCCmec type from the general pig farm was LA-
Stapylococci [SCCmec XII(9C2)], that from the organic pig farm was CA-Staphylococci
[SCCmec IX(1C2)], that from the hospital was CA-Staphylococci [IVj(2B)]. Interestingly,
MRSA in the general pig farm and the hospital belonged to the different community-
acquired SCCmec elements. It is possible that CA-MRSA types were emerged in each
community. In the future, MRSA should be more studied in healthy humans in Nakorn

Pathom province.
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Objectives

1) To determine the molecular epidemiology of MRSA among hospitalized
patients, outpatients, healthy human, and livestock.

2) To identify the association of drug susceptibility pattern and SCCmec type of

epidemic MRSA among hospitalized patients, outpatients, healthy human, and livestock.

Methodology

1) Sample collection, microbiological analysis and S. aureus identification

The study investigates MRSA from 3 groups of population. In the first groups, 4
MRSA isolates from patients hospitalized more than 48 hours. In the two latter, nasal
swab will be collected from 40 weaned healthy pigs living on two farms including a general
and traditional farm in Nakorn Pathom province, and from all healthy workers of each
farm. This study will be approved by Human Ethics Committee and Animal Ethics
Committee. For microbiological analysis, swabs will be inoculated in enrichment medium,
and after incubation period, it will be transferred to Mannital Salt Agar with 2 pug/ml of
cefoxitin which show drug-resistant Staphylococci. S. aureus will be identified by using
species-specific PCR, whole genome sequencing and KmerFinder (Center for

Epidemiology). Also, mecA will be detected by PCR to prove MRSA identification.

2) Antimicrobial susceptibility testing by disk diffusion and E-test

Disk diffusion method (CLSI 2016) will be applied for testing antimicrobial activity.
The disk of antibiotics, including cefoxitin, tetracycline, trimethoprim/sulfamethoxazole,
and clindamycin, will be put on the lawn of each isolates. After incubation, the diameter
of clear zone around disk will be measured. In contrast, vancomycin susceptibility test

was performed by using E-test and minimume-inhibitory concentration (MIC). The standard
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methicillin-susceptible S. aureus (MSSA; S. aureus strain ATCC25923) and methicillin-

resistant S. aureus (MRSA; S. aureus ATCC43300) will be used as experiment controls.

3) mecA detection

Genomic DNA of MRSA isolates will be extracted by using genomic DNA
purification kit. Methicillin-resistance gene, mecA will be detected from genomic DNA by
Polymerase Chain Reaction (PCR). Specific primers were formerly indicated by Oliviera

et al (2002). Detectable mecA genes will be confirmed by using Sanger sequencing

4) SCCmec typing

SCCmec typing will be performed by using amplifying SCCmec-specific genes as
previously described by Wilailuckana et al (2006), Okuma et al (2002), and Oliviera et al
(2002).

5) Whole-genome sequencing and genome analysis

MRSA that spread among human and pigs will be performed whole-genome
sequencing by using MiSeq (lllumina). Multilocus-sequence typing and spa typing was
analyzed by using the MLST and spaTyper databases from Center for Genomic

Epidemiology, DTU.

Result

1) Drug susceptibility test by using disk diffusion and E-test

Among 80 Staphylococci isolates from pigs in farm A (general farm) and farm B
(organic farm), the result showed 75% and 15% of Staphylococci were resistant to
cefoxitin from the general and organic pig farm, respectively. Also, 80% and 1.7% of
cefoxitin-resistant Staphylococci were resistant to clindamycin from the general and
organic pig farm, respectively. Among 5 workers in the general pig farm and 2 workers
in the organic pig farm, 60% and 50% of their staphylococcal isolates were resistant to
cefoxitin and most of them were resistant to clindamycin. Four staphylococcal isolates
from patients were resistant to cefoxitin, and most of them were resistant to clindamycin.
Moreover, susceptible pattern of tetracycline converted to that of sulphamethoxazole-
trimethoprim. Fortunately, only 1 vancomycin-resistant isolate was found from each pig

farm (Table 1).

Table 1: Drug susceptibility pattern of staphylococci isolates



FARM Sample Susceptibility (Zone diameter) Susceptiblility
ID (MIC-ug/ml)
Cefoxitin Clindamycin Tetracycline Sulphamethoxazone - Vancomycin
trimethoprim

A A1 Resistant (20) Resistant (11) Resistant (8) Susceptible (28) Susceptible (0.75)
A2 Resistant (17) Resistant (9) Resistant (10) Susceptible (28) Susceptible (1.5)
A3 Resistant (15) Resistant (0) Resistant (8) Susceptible (27) Susceptible (1)
A5 Resistant (15) Resistant (7) Resistant (13) Susceptible (18) Susceptible (0.38)
A6 Resistant (12) Resistant (0) Intermediate (15) Susceptible (24) Susceptible (0.75)
A8 Resistant (19) Resistant (0) Resistant (13) Susceptible (28) Susceptible (0.75)
A9 Resistant (19) Resistant (7) Resistant (10) Susceptible (32) Susceptible (1)
A10 Resistant (19) Intermediate (15) Intermediate (14) Susceptible (29) Susceptible (0.5)
A12 Resistant (18) Intermediate (17) Intemediate (15) Susceptible (29) Susceptible (0.5)
A13 Resistant (15) Resistant (13) Resistant (8) Susceptible (28) Susceptible (0.5)
A14 Resistant (10) Resistant (8) Intermediate (15) Susceptible (20) Susceptible (0.5)
A15 Resistant (15) Resistant (0) Resistant (7) Susceptible (22) Susceptible (1)
A17 Resistant (15) Resistant (0) Resistant (12) Susceptible (18) Susceptible (0.5)
A18 Resistant (11) Resistant (0) Intermediate (14) Susceptible (21) Susceptible (0.75)
A20 Resistant (12) Resistant (9) Intermediate (14) Susceptible (28) Susceptible (0.75)
A21 Resistant (19) Intermediate (15) Resistant (12) Susceptible (28) Susceptible (0.5)
A22 Resistant (19) Intermediate (15) Susceptible (30) Susceptible (28) Susceptible (0.75)
A23 Resistant (15) Resistant (9) Resistant (7) Susceptible (23) Resistant (4)

A24 Resistant (19) Intermediate (15) Susceptible (27) Susceptible (23) Susceptible (0.38)
A25 Resistant (11) Resistant (9) Resistant (13) Susceptible (23) Susceptible (0.5)
A26 Resistant (12) Resistant (8) Intermediate (14) Susceptible (20) Susceptible (1)
A27 Resistant (11) Resistant (9) Intermediate (15) Susceptible (20) Susceptible (0.5)
A28 Resistant (19) Resistant (7) Susceptible (29) Susceptible (24) Susceptible (0.5)
A29 Resistant (11) Resistant (9) Resistant (13) Susceptible (21) Susceptible (0.5)
A30 Resistant (11) Resistant (8) Intermediate (14) Susceptible (19) Susceptible (0.75)
A31 Resistant (18) Resistant (0) Resistant (11) Susceptible (24) Susceptible (0.5)
A35 Resistant (20) Resistant (0) Susceptible (28) Susceptible (25) Susceptible (0.75)
A36 Resistant (20) Resistant (0) Resistant (0) Susceptible (22) Susceptible (1)
A37 Resistant (20) Intermediate (15) Susceptible (28) Susceptible (17) Susceptible (0.75)
A39 Resistant (16) Resistant (0) Resistant (0) Susceptible (26) Susceptible (0.5)
AH1 Resistant (17) Resistant (0) Resistant (9) Susceptible (26) Susceptible (1.5)
AH4 Resistant (19) Resistant (0) Resistant (7) Susceptible (18) Susceptible (0.75)
AH5 Resistant (11) Susceptible (25) Resistant (13) Susceptible (21) Susceptible (1)

B B1 Resistant (13) Susceptible (30) Susceptible (27) Susceptible (32) Susceptible (1)
B2 Resistant (17) Susceptible (27) Resistant (11) Susceptible (27) Susceptible (0.5)
B4 Resistant (18) Susceptible (32) Susceptible (27) Susceptible (33) Susceptible (0.5)
B5 Resistant (0) Resistant (0) Resistant (7) Susceptible (33) Susceptible (1.5)
B21 Resistant (18) Susceptible (20) Susceptible (24) Susceptible (20) Susceptible (2)
B33 Resistant (14) Susceptible (28) Resistant (0) Susceptible (28) Resistant (>256)
BH1 Resistant (19) Resistant (13) Intermediate (15) Resistant (9) Susceptible (0.75)

H HH1 Resistant (10) Susceptible (25) Susceptible (25) Susceptible (28) Susceptible (0.75)
HH2 Resistant (16) Resistant (6) Resistant (9) Susceptible (23) Susceptible (1)
HH3 Resistant (10) Resistant (6) Susceptible (25) Susceptible (28) Susceptible (1)
HH4 Resistant (8) Resistant (6) Resistant (9) Susceptible (22) Susceptible (1.5)

Remarks: A = general pig farm; B = organic pig farm, H = hospital




2) mecA detection and SCCmec typing by using multiplex PCR and SCCmec
Finder

This multiplex PCR from the study of Kunyan Zhang et al. can define mecA and
SCCmec type I-V. All drug-resistant Staphylococci from pig and worker in the general
farm carried mecA, but those in the organic farm carried 66.67%. SCCmec type IVb were
revealed in 9 Staphyloccooci isolates from the general farm; In contrast, 1 isolate from a
worker in the organic farm carried SCCmec type Iva, and 1 isolate from patient carried
and SCCmec type V. However, remaining isolates from both the general and organic farm
cannot be identified by this method (Table 2). Therefore, this study performed whole
genome sequencing and analyzed data with SCCmecFinder to identify other SCCmec
types. Surprisingly, the result showed the different SCCmec types. SCCmec type IVb from
the first method became XlI(9C2), SCCmec type lva change to unidentified type, and
SCCmec type V convert to IVj(2B). It indicated that different methods showed different
types of SCCmec elements. Multiplex PCR did not identify more than 5 types, and showed
the deviation. For example, A26 was identified to SCCmec type IVb which is CA-
methicillin-resistant-Staphylococci., but whole genome sequencing and SCCmecFinder
program indicated SCCmec type XII(9C2) which is LA-methicillin-resistant-Staphylococci..
Therefore, this study used information from sequencing method and SCCmecFinder
program.

Most SCCmec type of isolates from the general pig farm was XII(9C2), and that
from the organic farm was IX(1C2). Also, non-typeable, SCCmec type V(5C2) + IX(1C2),
VIII(4A) and 1lI(3A) were found in the general pig farm. Non-typable SCCmec could be
found from farm B. SCCmec types found in patients were 1Vj(2B), V(5C2) + IX(1C2),
IVj(2B) and Vc(5C2&5) that all were CA-methicillin-resistant-Staphylococci. Interestingly,
we found SCCmec type V(5C2) + IX(1C2) from farm A and hospital.

Table 2: Comparison of SCCmec types of Staphylococci between Multiplex PCR and
SCCmecFinder

FARM Sample ID Multiplex PCR SCCmecFinder
mecA SCCmec type SCCmec type

A A1 Positive none none

A2 Positive none VIII(4A)

A3 Positive none 11(3A)

A5 Positive none none

A6 Positive IVb NA

A8 Positive none NA

A9 Positive none NA

A10 Positive none NA

A12 Positive none none




A13 Positive none none
A14 Positive IVb XI11(9C2)
A15 Positive none NA

A17 Positive none NA

A18 Positive IVb XI1I(9C2)
A20 Positive IVb XI1I(9C2)
A21 Positive none NA

A22 Positive none NA

A23 Positive none NA

A24 Positive none V(5C2) + I1X(1C2)
A25 Positive IVb NA

A26 Positive IVb XI1I(9C2)
A27 Positive IVb NA

A28 Positive none NA

A29 Positive IVb NA

A30 Positive IVb NA

A31 Positive none NA

A35 Positive none NA

A36 Positive none NA

A37 Positive none NA

A39 Positive none NA

A42 Positive none V(5C2) + IX(1C2)
AH1 Positive none VIII(4A)
AH4 Positive none none
AH5 Positive none XI(9C2)

B B1 Positive none IX(1C2)
B2 Positive none IX(1C2)
B4 Positive none IX(1C2)
B5 Negative none none
B21 Negative none none
B33 Positive none none
BH1 Positive IVa none

H HH1 Positive none 1Vj(2B)
HH2 Positive none V(5C2) + IX(1C2)
HH3 Positive \Y 1IVj(2B)
HH4 Positive none Vc(5C2&5)

Remarks: none = non typable, NA = not perform sequencing

3) S. aureus identification and typing by using species-specific PCR, KmerFinder,
Spa Typing and MLST

S. aureus species was identified from all methicillin-resistant Staphylococci by
using species-specific PCR. After that, all S. aureus isolates were performed whole
genome sequencing, and their data were analyzed with KmerFinder, SpaTyping, and
MLST (Table 3). The result showed that five S. aureus isolates from both pig and worker

from the general farm had the best homology with Staphylococcus aureus subsp. aureus



JH1, whereas two different strains of S. aureus were found from patients. Interestingly,

no MRSA were found from pig isolate from farm B.

Table 3: Typing of methicillin-resistant Staphylococcus aureus

ID SCCmec Spa Type MLST Closely S. aureus strain

A14 XI(9C2) t337 NA Staphylococcus aureus subsp. aureus JH1

A18 XI(9C2) t337 NA Staphylococcus aureus subsp. aureus JH1

A20 XI(9C2) t337 NA Staphylococcus aureus subsp. aureus JH1

A26 XII(9C2) t337 NA Staphylococcus aureus subsp. aureus JH1

AH5 XII(9C2) t337 NA Staphylococcus aureus subsp. aureus JH1

HH1 IVj(2B) t022 NA Staphylococcus aureus subsp. aureus HO 5096 0412
HH2 V(5C2)+1X(1C2) t034 NA Staphylococcus aureus subsp. aureus ST398

HH3 IVj(2B) t032 NA Staphylococcus aureus subsp. aureus HO 5096 0412
HH4 Vc(5C2&5) t034 NA Staphylococcus aureus subsp. aureus ST398

Discussion and Conclusion

This study showed significantly different cefoxitin-resistant Staphylococci
proportion between general and organic swine farm. The general swine farm has 75% of
cefoxitin-resistant Staphylococci, but the organic farm has 15%. However, vancomycin
resistance appeared only one sample from each farm. Cefoxitin-resistant Staphylococci
types among pig, workers and patients were compared by using SCCmec typing, and
MRSA types were evaluated by SCCmec typing, and spa typing. The result indicated that
SCCmec elements of Staphylococci were quite similar between pigs and workers in the
same farm, but different from patients. In congruent with comparison in Staphylococci,
MRSA from pigs and a worker were the same SCCmec and spa type. When whole
genome sequence of MRSA were compared with other reference MRSA, the closely
related MRSA were different between pig farm and hospital. However, MRSA emerging
in hospital were CA-MRSA.

SCCmec types from the general farm were XII(9C2), V(5C2) + IX(1C2), VIII(4A)
and llI(3A), whereas that from the organic farm was IX(1C2). SCCmec type Xll that was

the most prevalent in general farm had ever found in cow-milk in China, and it was LA-



MRSA; also, both hospital-acquired (HA) and community-acquired (CA) types were found
in general farm. In contrast, cefoxitin-resistant Staphylococci from organic farm showed
SCCmec type IX, which had ever found in LA-MRSA from pig isolates in North-eastern
Thailand. According to both drug susceptibility pattern and SCCmec typing, they indicated
that cefoxitin-resistant Staphylococci were more prevalent in the general pig farm and
carried SCCmec cassette from all HA-, CA-, and LA-methicillin-resistant-Staphylococci. In
contrast, a few cefoxitin-resistant Staphylococci (LA) were found in the organic farm, but
no MRSA was discovered. The factors of feeding and antibiotic usage in different farms
probably affect cefoxitin-resistant Staphylococci spreading.

In conclustion, the proportion of cefoxitin-resistant Staphylococci were found in
the general pig farm more than the organic farm; together with, various SCCmec types
were established in the general pig farm. It implied more contamination of antibiotics in
the general pig farming. Interestingly, MRSA in both pig farm and hospital carried
community-acquired SCCmec element. It was possible that CA-MRSA types were
emerged in community. In the future, MRSA should be more studied in healthy humans

in Nakorn Pathom province.

Keywords : Methicillin-resistant Staphylococcus aureus, Cefoxiting-resistant

Staphylococci, SCCmec, Community-acquired MRSA, Livestock-acquired MRSA
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The Spread of Community-acquired

[ Bada\\methicillin-resistant Staphylococcus aureus
in animal farms and human in

the middle part of Thalland

Tossawan Jitwasinkult® and Chanwit Tribuddharat?

lFaculty of Pharmacy, Silpakorn University; jitwasinkul t@silpakorn.edu
’Faculty of Medicine Siriraj Hospital; chanwit.tri@mahidol.ac.th

Rational

Methicillin-resistant  Staphylococcus  aureus
(MRSA) Is a causative microorganism of the
Infectious disease In hospital. There are three
MRSA types; hospital-acquired MRSA (HA-
MRSA), community-acquired MRSA (CA-MRSA),
and livestock-acquired MRSA (LA-MRSA)
spreading to patients. At the present, their genetic
relatedness and their drug-resistance pattern
have not been revealed in Thailand.

ODbjectives

To evaluate the molecular epidemiology of
MRSA among hospitalized patients, healthy
human, and livestock.

To find the relationship of drug susceptibility
pattern and epidemic MRSA

Material and Methods
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Genetic relatedness comparison
by using SCCmec typing and whole-genome analysis
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Results

The result showed significantly different MRSA
proportion between general and organic swine
farm. The general swine farm has 75% of MRSA,
but the organic farm has 15%. However,
vancomycin resistance appeared only In one
sample In each farm. For farm workers, there were
similar proportions of MRSA among them
(approximately 50%). mecA (methicillin-resistance
gene) detection showed positive detection about
100% of MRSA from general swine farm, but 66%
of that from organic swine farm. For SCCmec
typing, the result showed 30% of SCCmec type
Vb of MRSA (CA-MRSA) from general swine
farm, 14% (1 of 7 Isolates) of SCCmec type Iva
(CA-MRSA) of that from organic general swine
farm, and 20% of SCCmec type V (CA-MRSA) of
that from patients. Surprisingly, most were
unidentified types from all sources. (Figurel)

I -

SCCmec IVa

i
l
e

SCCmec IVb

Figure 1: Each SCCmec type found in MRSA in this study

Discussion and Conclusion

The proportion of MRSA were found In the
general pig farm more than the organic farm. It
Implied the contamination of antibiotics in general
pig farming. Interestingly, most MRSA were
unidentifled SCCmec types and some were CA-
MRSA. It Is possible that new MRSA types were
emerged. However, their whole genome should
be revealed further.
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