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Molecular epidemiology; concentrations (MICs) (>2 mg/L) to linezolid, tigecycline, and daptomycin in Taiwan remain
MRSA limited. The objectives of the study were (1) to better understand the change of molecular

epidemiology of MRSA blood isolates and (2) to evaluate the in vitro activity of new anti-
Gram-positive agents, including linezolid, tigecycline, and daptomycin.

Methods: A total of 470 nonduplicate MRSA blood isolates from adult patients (older than 18
years) were collected from January 2006 to December 2008. The MICs of these isolates to
various antibiotics were determined. Multilocus sequence typing was also performed in all
isolates.

Results: Three sequence types (STs) constitute most (92.1%) of these 470 MRSA isolates: ST239
(53.2%), ST59 (23.2%), and ST5 (15.7%). Throughout the 3-year study, the ST239 strain re-
mained predominant but with a significant trend of declining annually (p = 0.03). In contrast,
the proportion of isolates of ST59 increased, although the increment was insignificant
(p = 0.14). The proportion of MRSA isolates with a vancomycin MIC of 2 mg/L was 17.2%. All
of these isolates with a vancomycin MIC of 2 mg/L were susceptible to linezolid and tigecy-
cline, whereas most of them (98.8%) were susceptible to daptomycin.
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Conclusions: ST239 remained predominant during the 3-year period but with a significant trend
of declining. Moreover, linezolid, tigecycline, and daptomycin remained highly active against
MRSA blood isolates, even with a vancomycin MIC of 2 mg/L.

Copyright © 2011, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. All rights

reserved.

Introduction

The high prevalence of methicillin-resistant Staphylococcus
aureus (MRSA), accounting for up to 80% of all S. aureus
causing nosocomial infection, has been noted in Taiwan since
1998." Owing to the high transmissibility of MRSA,? increased
prevalence of MRSA infections might result from the spread of
the predominant endemic strains.® Previous studies had
demonstrated a predominant MRSA strain within an institute,
although it might change over the years; in addition, different
MRSA strains would have different antibiograms.*~® Several
studies have also reported that the expanding community
reservoirs of community-associated MRSA (CA-MRSA) had
inevitably led to the invasion of CA-MRSA strains into hospitals;
in addition, CA-MRSA strains may be replacing the traditional
health care—associated MRSA (HA-MRSA) strains in the health
care—associated infections.”®

Among the clinical problems caused by MRSA, blood-
stream infection has received considerable attention owing
to its relatively high morbidity and mortality rates.
Although vancomycin has been served as the cornerstone of
treatment against serious MRSA infections in the past
decades, bacteremia and endocarditis caused by MRSA
cannot always be easily treated by vancomycin.? Moreover,
several studies demonstrated an increased clinical failure
of the vancomycin therapy in patients with MRSA bacter-
emia, especially when the causative isolate had a higher
vancomycin minimum inhibitory concentration (MIC)
(>2 mg/L)."®"" Under such clinical circumstances, newer
antimicrobial agents, for example, linezolid, tigecycline,
and daptomycin, have been used as alternatives to vanco-
mycin.'>'3 However, susceptibilities of MRSA isolates with
high vancomycin MICs (>2 mg/L) to linezolid, tigecycline,
and daptomycin, have not been thoroughly analyzed in
Taiwan. The objectives of the study were (1) to better
understand the change of molecular epidemiology of MRSA
blood isolates and (2) to evaluate the in vitro activity of
linezolid, tigecycline, and daptomycin, against MRSA
isolates with high vancomycin MICs (>2 mg/L).

Methods

Bacterial isolates and definition

This study was performed at the National Taiwan University
Hospital, a major teaching hospital located in northern
Taiwan with a bed capacity of 2,200. Totally, 470 non-
duplicate blood isolates of MRSA from adult patients, older
than 18 years, were collected between January 2006 and
December 2008. All isolates were stored at —70°C until the
subsequent microbiological tests were performed.
HA-MRSA infections were defined as the presence of any
of the following risk factors: (1) an MRSA infection

identified after 48 hours of admission; (2) a previous
hospitalization, surgery, dialysis, or residence in a long-
term-care facility within 1 year of the MRSA culture date;
(3) the presence of a permanent indwelling catheter or
percutaneous medical device (e.g. tracheostomy tube,
gastrostomy tube, nephrostomy tubes, or biliary drains) at
the time of positive culture; or (4) a known previous posi-
tive culture for MRSA within 1 year of the study period.'*'>
Community-onset MRSA (CO-MRSA) infection was defined as
an illness compatible with staphylococcal disease, in which
MRSA was recovered from the culture of specimens
obtained from the site of infection in an outpatient setting
or from an inpatient within 48 hours of admission.'® CA-
MRSA infections were defined by a community-onset
infection in the absence of any of the aforementioned
health care—associated risk factors.'® The causative MRSA
isolates of CA-MRSA infections were defined as CA-MRSA
isolates. Conversely, the causative MRSA isolates of HA-
MRSA infections and CO-MRSA infections were defined as
HA-MRSA isolates and CO-MRSA isolates, respectively.

Antimicrobial susceptibility tests

The susceptibilities of these isolates to various antibiotics,
including erythromycin, clindamycin, minocycline, trime-
thoprim—sulfamethoxazole (SXT), gentamicin, vancomycin,
linezolid, and tigecycline, were determined using the agar
dilution method based on the guidelines of the Clinical and
Laboratory Standards Institute."”” The susceptibility to
daptomycin was determined by the broth microdilution
method.'” The susceptibilities of erythromycin, clindamy-
cin, minocycline, SXT, gentamicin, ciprofloxacin, vanco-
mycin, linezolid, and daptomycin were interpreted
according to the Clinical and Laboratory Standards Institute
breakpoints.'® The susceptibility to tigecycline was deter-
mined based on the recommended breakpoints by the
European Committee for Antimicrobial Susceptibility
Testing." A breakpoint less than or equal to 0.5 mg/L was
determined to be tigecycline susceptible.'® Staphylococcus
aureus ATCC 29213 was used as the internal control for
each run of the susceptibility test.

Molecular typing
Preparation of chromosomal DNA was described previ-
ously." All isolates were tested by staphylococcal cassette

chromosome mec (SCCmec) element typing and multilocus
sequence typing.2°

Statistical analysis

The Chi-squared test for trend was used to test the secular
change. The statistical analyses were performed using SAS
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Table 1

The characteristics of the 470 MRSA blood isolates stratified by either infection types or STs

Characteristics

Origin, n (%)

Clonal type, n (%)

HA-MRSA CO-MRSA CA-MRSA ST239 ST59 ST5

Total isolates 337 (71.7) 124 (26.4) 9 (1.9) 250 (53.2) 109 (23.2) 74 (15.7)
SCCmec type

Il 59 (17.5) 14 (11.3) 0 0 0 74 (100)

Il 204 (60.5) 50 (40.3) 0 250 (100) 0 0

v 50 (14.8) 35 (28.2) 6 (66.7) 0 65 (59.6) 0

\' 24 (7.1) 25 (20.2) 3(33.3) 0 44 (40.4) 0
Susceptible to

Erythromycin 14 (4.2) 17 (13.7) 1(11.1) 0 10 (9.2) 0

Clindamycin 15 (4.5) 21 (16.9) 2 (22.2) 1 (0.4) 12 (11.0) 0

Minocycline 145 (43.0) 69 (55.6) 9 (100) 20 (8.0) 103 (94.5) 70 (94.6)

SXT 129 (38.3) 72 (58.1) 9 (100) 3(1.2) 105 (96.3) 72 (97.3)

Gentamicin 47 (13.9) 43 (34.7) 5 (55.6) 4 (1.6) 79 (72.5) 4 (5.4)

Ciprofloxacin 66 (19.6) 53 (42.7) 9 (100) 1 (0.4) 104 (95.4) 0

CA-MRSA = community-associated MRSA; CO-MRSA = community-onset MRSA; HA-MRSA = health care—associated MRSA; MRSA = me-
thicillin-resistant Staphylococcus aureus; PVL = Panton—Valentine leukocidin; SCCmec = staphylococcal cassette chromosome mec;

ST = sequence type; SXT = trimethoprim—sulfamethoxazole.

statistical software (version 9.1; SAS Institute Inc., Cary, NC,
USA). A p value less than 0.05 was considered significant.

Results
Characteristics, molecular typing, and antibiograms

Among the 470 tested MRSA isolates, 337 (71.7%), 124
(26.4%), and 9 (1.9%) were classified into HA-MRSA, CO-
MRSA, and CA-MRSA isolates, respectively. Table 1
summarizes the distribution of SCCmec element, and mul-
tilocus sequence typing among the 470 isolates. The Type llI
SCCmec element was the predominant element among HA-
MRSA (60.5%) and CO-MRSA (40.3%) isolates. However,
66.7% and 33.3% of CA-MRSA isolates carried the Type IV and
the Type V SCCmec elements, respectively.

Three sequence types (STs) constituted most of the 470
MRSA isolates (92.1%)—ST239 (53.2%), ST59 (23.2%), and ST5
(15.7%). Similarly, three STs accounted for most of the 337
HA-MRSA isolates (93.8%)—ST239 (58.8%), ST59 (17.8%), and
ST5 (17.2%). Among the nine CA-MRSA isolates, eight (88.9%)
were ST59 and one (11.1%) was ST8. ALl ST239 isolates (100%)
carried the Type Ill SCCmec element. In contrast, all ST5
isolates (100%) carried the Type Il SCCmec element. Sixty-five
(59.6%) and 44 (40.4%) isolates of ST59 carried the Type IVand
the Type V SCCmec elements, respectively.

Most of the CA-MRSA isolates expressed resistance to both
erythromycin and clindamycin, but were susceptible to
minocycline, SXT, and ciprofloxacin. However, most HA-
MRSA isolates were multidrug resistant. Almost all ST59 and
ST5 isolates were susceptible to minocycline and SXT, but
resistant to erythromycin and clindamycin. Interestingly,
although almost all ST59 isolates were also susceptible to
ciprofloxacin, all ST5 isolates were resistant to ciprofloxacin.
Gentamicin susceptibility rates of ST59 and ST5 isolates were
72.5% and 5.4%, respectively. With regard to ST239 isolates,
almost all strains were resistant to erythromycin, clindamy-
cin, minocycline, SXT, gentamicin, and ciprofloxacin.

Change in the proportion of ST239, ST59, and ST5,
from 2006 to 2008

Figure 1 demonstrates the change in the proportion of ST239,
ST59, and ST5 isolates among the tested 470 MRSA blood
isolates. The proportion of ST5 isolates remained stable
(p = 0.77). Conversely, although the proportion of ST59
isolates increased during the 3-year period (20.3—27.2%), the
increment was not statistically significant (p = 0.14). Inter-
estingly, although ST239 isolates remained dominant, the
proportion of ST239 isolates declined significantly from 2006
to 2008 (p = 0.03). As for the HA-MRSA isolates, Fig. 2 shows
the changes in the proportions of ST239, ST59, and ST5,
during the study period. Among the HA-MRSA isolates, the
proportion of ST239 declined significantly (p = 0.007);

—B—= ST239
70 -~ | & -ST59
—& - ST5

~ 60 r
S -
§ 50 L 56.5 585 ~ -
= =444 p=003
R
G
o
o 30
%1) 203 25 .- A272 p=0.14
= L peemeemmm AT
g% L _.—172 p=077
aq'j 18.1 S~ *— -

10 - 113

0 1 1 1

2006 2007 2008
Year

Figure 1. The change in the proportion of ST239, ST59, and

ST5, among 470 methicillin-resistant Staphylococcus aureus
blood isolates, 2006—2008. ST = sequence type.
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Figure 2.
lococcus aureus isolates, 2006—2008. ST = sequence type.

concurrently, the proportion of ST59 increased significantly
(p = 0.005). Similarly, the proportion of ST5 did not change
during the 3-year period.

Relationship between specific STs and vancomycin
MICs

Although all 470 isolates were susceptible to vancomycin
(MIC range, 0.5—2 mg/L), 81 isolates (17.2%) had a vanco-
mycin MIC of 2 mg/L. Most (65.5%) of the MRSA isolates with
a vancomycin MIC of 0.5 mg/L belonged to ST59, whereas
ST239 and ST5 isolates only accounted for 6.9% and 10.3%,
respectively. Among 81 MRSA isolates with a vancomycin
MIC of 2 mg/L, 73 (90.1%) belonged to ST239, whereas only
six, one, and one belonged to ST5, ST8, and ST241,
respectively. This finding implies that a higher proportion of
MRSA blood isolates with increased MICs (2 mg/L) of van-
comycin in this study may be because of the spread of the
predominant strain, ST239. Among MRSA isolates with
a vancomycin MIC of 2 mg/L, none of the ST59 isolates was
found. Table 2 summarizes the relationship between van-
comycin MICs and specific STs.

Table 2 Relationship between specific STs and vancomy-

cin MICs

ST Range of vancomycin MICs
0.5mg/L 1 mg/L 2 mg/L
(N=29 (N=360> (N=81)°

ST239, n = 250 (%) 2 (6.9) 175 (48.6) 73 (90.1)

ST59, n = 109 (%) 19 (65.5) 90 (25) 0

ST5, n = 74 (%) 3 (10.3) 65 (18.1) 6 (7.4)

& Among 29 isolates, other STs belonged to ST1 (1 isolate),
ST45 (3 isolates), and ST537 (1 isolate).

b Among 360 isolates, other STs belonged to ST1 (3 isolates),
ST8 (3 isolates), ST30 (5 isolates), ST45 (5 isolates), ST78 (1
isolate), ST88 (1 isolate), ST537 (1 isolate), ST573 (8 isolates),
and ST900 (3 isolates).

¢ Among 81 isolates, other STs belonged to ST8 (1 isolate) and
ST41 (1 isolate).

MIC = minimum inhibitory concentration; ST = sequence type.

The change in the proportion of ST239, ST59, and ST5, among health care—associated methicillin-resistant Staphy-

Relationship between vancomycin MICs and
susceptibilities to linezolid, tigecycline, and
daptomycin

All 470 isolates were susceptible to linezolid and tigecycline
(MIC range, 0.25—4 mg/L and 0.0125—-0.5 mg/L, respec-
tively). Also, all but two isolates were susceptible to dap-
tomycin (MIC range, 0.125—4 mg/L). The susceptibility rate
to daptomycin was 99.6%. Among the 81 MRSA isolates with
a vancomycin MIC of 2 mg/L, all remained susceptible to
linezolid and tigecycline. Moreover, the susceptibility rate
of the isolates to daptomycin with a vancomycin MIC of
2 mg/L was 98.8% (MIC range, 0.25—4 mg/L). Table 3 shows
the relationship between vancomycin MICs and suscepti-
bilities to linezolid, tigecycline, and daptomycin of these
470 MRSA isolates.

Discussion

Based on our results, four important findings were dis-
closed. First, according to molecular epidemiology, ST239
(53.2%), ST59 (23.2%), and ST5 (15.7%) remained prevalent
among the MRSA blood isolates in our MRSA bacteremia
patients from January 2006 to December 2008, accounting
for 92.1% of all MRSA blood isolates. Second, the proportion
of ST239 isolates decreased significantly statistically. Third,
the proportion of ST59 isolates increased, although the
change was not statistically significant. However, the
proportion of MRSA isolate belonging to ST59 among all HA-
MRSA isolates increased significantly. The likelihood of ST59
replacing ST239 and then becoming the predominant strain
among all MRSA blood isolates deserves further epidemio-
logical studies in the future. Fourth, 17.2% of 470 MRSA
blood isolates expressed a high MIC level (2 mg/L) of van-
comycin. MRSA blood isolates having a high MIC (2 mg/L) of
vancomycin in this study may be because of the spread of
the predominant strain, ST239. Moreover, linezolid, tige-
cycline, and daptomycin remained highly active in vitro
against these MRSA blood isolates, even those with a van-
comycin MIC of 2 mg/L.2

CA-MRSA preferred to carry fewer antimicrobial resis-
tance genes, compared with HA-MRSA.?" Closely examining
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Table 3  Relationship between vancomycin MICs and susceptibilities to linezolid, tigecycline, and daptomycin
Vancomycin Range of MICs (susceptible, %)
MICs (mg/L) Linezolid Tigecycline Daptomycin

(mg/L) (mg/L) (mg/L)

0.5 (N =29, 6.2%) 1—4 (100) 0.032—-0.25 (100) 0.25—0.5 (100)
1 (N = 360, 76.6%) 0.25—4 (100) 0.0125—0.5 (100) 0.125—22 (99.7)
2 (N =81, 17.2%) 0.25—4 (100) 0.032—0.5 (100) 0.25—4" (98.8)

@ One isolate was nonsusceptible to daptomycin (MIC = 2 mg/L).
b One isolate was nonsusceptible to daptomycin (MIC = 4 mg/L).
MIC = minimum inhibitory concentration.

how vancomycin MICs and STs of MRSA are related revealed
that most (65.5%) of the MRSA isolates with a vancomycin
MIC of 0.5 mg/L belonged to ST59, whereas ST239 isolates
constituted most (90.1%) of the MRSA isolates with a van-
comycin MIC of 2 mg/L. None of the ST59 isolates had a high
MIC (2 mg/L) of vancomycin. The likelihood that ST59
isolates become isolates with high vancomycin MICs in the
future, while responding to the selection pressure of
current antimicrobial agents in a hospital, requires
continuous surveillance.

Chen et al.® indicated that ST239-SCCmec Ill (70.8%),
ST59-SCCmec IV/V (18.7%), and ST5-SCCmec Il (4.7%)
accounted for most of the 257 MRSA bloodstream isolates in
our hospital from 1995 to 2006. Although ST239 isolates
prevailed over the previous 12-year period, the proportion
declined from more than 90% to 48%. Furthermore, the
proportion of ST59 and ST5 isolates increased concurrently.
Our study results reflected their finding that the proportion
of ST239 clones significantly decreased during the study
period. However, although ST59 clones increased during the
same period, the changes were not statistically significant.
The likelihood of ST59 strain replacing the traditional HA-
MRSA strain, ST239, to become the predominant strain
causing health care—associated infections in the future
warrants further investigation.

Linezolid, tigecycline, and daptomycin may be the
therapeutic alternatives among patients with MRSA
bacteremia caused by an MRSA isolate with a vancomycin
MIC greater than or equal to 1.5—2 mg/L if based on just
the in vitro susceptibility test results.'>'> However, on the
basis of pharmacodynamic studies, tigecycline is not suit-
able to treat MRSA bacteremia for its low serum level and
bacteriostatic property.'? In addition, although some
studies showed that linezolid might not be inferior to van-
comycin in treating the outcomes of S aureus bacteremia,
linezolid also belongs to bacteriostatic agents.? Therefore,
only daptomycin has been approved to treat S aureus
bacteremia by the U.S. Food and Drug Administration
among the three drugs till date.'®'3 In this study, nearly all
MRSA blood isolates, even with a vancomycin MIC of 2 mg/
L, remained highly susceptible to daptomycin, except for
only two isolates (MIC =2 mg/L and 4 mg/L). The result
indicated that daptomycin might be an optimal therapeutic
alternative to treat bacteremia caused by MRSA isolates,
even with a vancomycin MIC of 2 mg/L.

Despite its contributions, this study has certain limita-
tions. First, the study period is not sufficiently long to
observe a definite secular change; hence, continuous

surveillance is required to analyze the trend of molecular
epidemiology. Second, MRSA blood isolates were collected
from a single hospital. Interhospital differences may arise
concerning patients’ characteristics and antibiotic usage,
making the results inapplicable to other institutions.

In conclusion, our study demonstrated that the
proportion of MRSA isolates with a vancomycin MIC of
2mg/L was 17.2% among MRSA blood isolates collected
from adult patients during January 2006 to December
2008. A significant proportion of MRSA blood isolates with
high MICs (2 mg/L) of vancomycin may be attributable to
the spread of the predominant strain, ST239. Addition-
ally, ST239 remained the predominant strain during the 3-
year period but with a significant trend to decrease.
Linezolid, tigecycline, and daptomycin remained highly
active against MRSA blood isolates, even though an
MRSA isolate had a vancomycin MIC of 2mg/L. Howe-
ver, MRSA blood isolates require to be monitored
continuously to further analyze the fluctuating molecular
epidemiology and relationship between vancomycin MICs
and specific STs.
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