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Introduction: Vancomycin, teicoplanin, linezolid and daptomycin are four major antibac-
terials used for methicillin-resistant Staphylococcus aureus (MRSA) infection treatment.
However, with the increasing failure of clinical MRSA anti-infective treatment, it is urgent
to investigate the status of MRSA sensitivity to these four drugs.

Methods: In the present study, 407 non-duplicated MRSA isolates from 6 provinces in
China were collected from January 2018 to August 2020. The minimum inhibitory concen-
trations (MICs) of vancomycin, teicoplanin, linezolid and daptomycin were determined by
broth microdilution method, and their MIC50, MIC90, and geometric mean MIC were
calculated.

Results: All 407 MRSA strains were sensitive to these four antibacterials. MIC range of
vancomycin, teicoplanin, linezolid and daptomycin was 0.25 to 2 mg/L, 0.125 to 4 mg/L,
0.25 to 4 mg/L and 0.06 to 1 mg/L, respectively. Between 2018 and 2020, there was no “MIC
creep” in vancomycin, teicoplanin and daptomycin. The geometric mean MIC of linezolid
was not increased, but both MIC50 and MIC90 in 2019 and 2020 MRSA isolates were higher
than 2018 isolates.

Conclusion: All MRSA isolates remained sensitivity to vancomycin, teicoplanin, linezolid
and daptomycin. The linezolid MIC50 and MIC90 increased have been found in this study.
Keywords: methicillin-resistant Staphylococcus aureus, vancomycin, teicoplanin, linezolid,
daptomycin, MICs

Introduction
Staphylococcus aureus (S. aureus) is an important pathogen of humans which can
cause a series of infections, such as skin and soft tissue infections, pneumonia,
septic arthritis, endocarditis, osteomyelitis, endovascular infections, foreign-body
infections and sepsis.' Methicillin, a B-lactam antibiotic, was introduced to treat
S. aureus infections in 1959. Within 2 years of its introduction, in 1961, the United
Kingdom reported the first methicillin-resistant S. aureus (MRSA) strain.”
Worryingly, compared with methicillin sensitive S. aureus (MSSA), infections
caused by MRSA are associated with higher mortality, higher healthcare costs,
and longer hospital stays.>**

In the fight against MRSA, glycopeptide antibiotics (GPAs) are key weapons,
especially vancomycin still a mainstream therapy against MRSA infections more
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than 50 years after it was first introduced.’ Teicoplanin is
also a common glycopeptide antibiotic for treating severe
MRSA infections. In some cases, teicoplanin can become
an alternative to vancomycin because of the low incidence
of adverse effects like nephrotoxicity and remains active
against some vancomycin-resistant strains, such as vanB-
type vancomycin-resistant strains.*’ In addition to vanco-
mycin and teicoplanin, linezolid (an oxazolidinone anti-
biotic) and daptomycin (a cyclic lipopeptide antibiotic)
were also last resort antibiotics to treat MRSA infections.

However, with the extensive use of these drugs, reports
on the emergence of drug non- susceptible strains have also
increased. The first vancomycin-intermediate S. aureus
(VISA) and the first vancomycin-resistant S. aureus
(VRSA) strain were detected in Japan in 1997 and in the
United States in 2002, respectively.®’ The prevalence of
VRSA has increasing in recent years, particularly in
Africa/Asia.'® Although VRSA has not been reported in
China, but
intermediate S. aureus (hVISA) and VISA were frequently

cases of heterogeneous vancomycin-
reported, and even included patients with no vancomycin
administration history.'""'> Currently, resistance to daptomy-
cin has rarely been reported, while it is thought to be easier
to develop drug resistance during the treatment."? Linezolid
resistance is mainly mediated by strains carrying the cfr
gene, which leads to transferable linezolid resistance, and
has been sporadically isolated in China.'*'?

Some investigations observed the shift phenomenon of
vancomycin MICs, and this phenomenon was also present in
other three antibacterials.'®!” Although this is still a disputed
concept. To investigate the current situation of MRSA suscept-
ibility to these drugs in China, and whether the four drugs have
“MIC creep” phenomenon. We collected 407 MRSA isolates
from 6 provinces including Shanghai, Jiangxi, Zhejiang,
Hubei, Sichuan and Guangdong to evaluate the MICs of van-
comycin, teicoplanin, linezolid and daptomycin in China.

Materials and Methods

MRSA Clinical Isolates

A total of 407 MRSA isolates (single isolate per patient)
isolated from 3 different specimens were randomly collected
from 6 hospitals located in 6 provinces, between
January 2018 and August 2020. The proportions of MRSA
isolates isolated from 3 specimens were as follows: 32.43%
(132/407), blood; 28.75% (117/407), pus; 38.82% (158/
407), sputum. And the proportions of 3 years were 33.17%
(135/407), 2018; 34.64% (141/407), 2019; 32.19 (131/407),

2020. S. aureus identification was performed using MALDI-
TOF-MS (Bruker Daltonics, Bremen, Germany). MRSA
was rechecked by cefoxitin susceptibility test (broth micro-
dilution method and disk diffusion method), and further
confirmed by mecA polymerase chain reaction (PCR).

Antimicrobial Susceptibility Testing

Vancomycin (MCE, USA), teicoplanin (MCE, USA), line-
zolid (MCE, USA) and daptomycin (MCE, USA) MICs for
MRSA isolates were determined by broth microdilution
(BMD) method according to the CLSI (2020) recommenda-
tion. When testing linezolid MIC, trailing growth can make
end-point determination difficult, read the MIC at the lowest
concentration where the trailing begins. And daptomycin
MIC was performed in MHB (BD, USA), with a calcium
supplement to a final concentration of 50 pg/mL, tiny but-
tons of growth were ignored. Interpretive standards for anti-
microbial susceptibility followed criteria established by the
CLSI. The susceptibility breakpoint for vancomycin, teico-
planin, linezolid and daptomycin were MIC < 2 mg/L, MIC
<8 mg/L, MIC <4 mg/L and MIC < 1 mg/L, respectively.
And vancomycin MIC > 16 mg/L, teicoplanin MIC > 32 mg/
L, and linezolid MIC > 4 mg/L were defined as resistance.
S. aureus strain ATCC 29213 was used for quality control.

Data Treatment

The MIC-related parameters geometric mean MIC (geo-
metric mean of MIC values, GM MIC), MIC50 (MICs
required to inhibit the growth of 50% of bacteria), MIC90
(MICs required to inhibit the growth of 90% of bacteria),
and MIC range were evaluated. The geometric mean is
suitable for ratios and exponential, and the MIC value is
exponential amplification.'® We used y 2 test to compare
categorical variations. The statistical analyses were accom-
plished using SPSS software (SPSS, Chicago, IL, USA).
A P-value of < 0.05 was considered statistically significant.

Results
MIC-Related Parameters Among MRSA

Isolates

For all of the 407 tested MRSA isolates, 100% were suscep-
tible to vancomycin, teicoplanin, linezolid and daptomycin
according to 2020 CLSI guidelines. The vancomycin MICs
for 407 MRSA clinical isolates tested range from 0.25 mg/L
to 2 mg/L, with the GM MIC of 0.54 mg/L, MIC50 of
0.5 mg/L, and MIC90 of 1 mg/L. The teicoplanin MICs
range from 0.125 mg/L to 4 mg/L, with the GM MIC of
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0.40 mg/L, MIC50 of 0.25 mg/L, and MIC90 of 1 mg/L.
The linezolid MICs range from 0.25 mg/L to 4 mg/L, with
the GM MIC of 0.89 mg/L, MIC50 of 1 mg/L, and MIC90
of 2 mg/L. The daptomycin MICs range from 0.06 mg/L to
1 mg/L, with the GM MIC of 0.25 mg/L, MIC50 of 0.25 mg/
L, and MIC90 of 0.5 mg/L. The proportion of isolates MIC
reaching the high end of vancomycin, teicoplanin, linezolid
and daptomycin CLSI susceptibility range MIC = 2 mg/L,
MIC = 8 mg/L, MIC =4 mg/L, MIC = 1 mg/L were 0.49%,
0%, 1.72%, 5.90%, respectively. These four antibacterials
MIC-related parameters among MRSA isolates from differ-
ent clinical specimens are exhibited in Table 1. The MIC-
related parameters of vancomycin, linezolid and daptomycin
were similar for blood, pus and sputum MRSA isolates.
However, the teicoplanin GM MIC for sputum isolates
(0.47 mg/L) were remarkably higher than blood isolates
(0.36 mg/L) and pus isolates (0.33 mg/L), and it also had
higher teicoplanin MIC50 and MIC90.

Comparison of MIC-Related Parameters
for MRSA Isolates in Different Regions

Comparing the MICs of these four antibacterials in the six
provinces, we found that the MRSA isolated from
Zhejiang had the lowest GM MIC for each drug, and it also
had the lowest daptomycin MIC50 (0.125 mg/L) and vanco-
mycin MIC90 (0.5 mg/L) than other regions. Furthermore, the
teicoplanin GM MIC (0.60 mg/L) and MIC90 (2 mg/L) were
highest for Hubei isolates. Sichuan and Shanghai isolates had
higher linezolid MICs, with GM MIC of 1.08 mg/L and
1.05 mg/L, respectively, with MIC90 both were 2 mg/L.
Guangdong MRSA isolates had the highest daptomycin GM
MIC (0.36 mg/L) and MIC50 (0.5 mg/L) (Table 2).

MIC Decline for Vancomycin, Teicoplanin
and Daptomycin Was Exhibited in MRSA

Isolates
The MIC-related parameters GM MIC, MIC50, MIC90, and
MIC range of 2018-2020 for these four antibacterials are

Table | MIC-Related Parameters from Different Specimens

exhibited in Table 3. Compared with 2018, the GM MIC of
vancomycin, teicoplanin and daptomycin had declined.
Although linezolid GM MIC of 2019 (0.84 mg/L), 2020
(0.88 mg/L) were also decreased compared with 2018
(0.90 mg/L), the linezolid MIC90 of 2019 (2 mg/L) and
2020 (2 mg/L) were higher than 2018 (1 mg/L). Mostly due
to the percentage of linezolid MIC > 2 mg/L. MRSA isolates
in 2019 and 2020 were increased. The MICs distribution for
each drug from 2018 to 2020 are shown in Figure 1. The
proportion of isolates with higher MICs decreased in 2019
and 2020, such as that of vancomycin MIC = 1 mg/L, teico-
planin MIC = 1 mg/L, 2 mg/L, daptomycin MIC = 0.5 mg/L.

Stratified Analysis of Susceptibility of
Teicoplanin, Linezolid and Daptomycin by

Vancomycin MIC Values

Compared to the in vitro activities of these three drugs
against MRSA stratified by vancomycin MIC values
(<l mg/L versus >1 mg/L) (Table 4). The MIC50,
MIC90 and GM MIC of teicoplanin for isolates with
vancomycin MIC >1 mg/L were higher than isolates with
vancomycin MIC <1 mg/L. With regard to MIC50 and
MIC90 values for linezolid and daptomycin, there were no
differences between MRSA isolates with vancomycin MIC
<1 mg/L and >1 mg/L. However, the GM MIC of teico-
planin and daptomycin were both higher. And data analy-
sis showed that strains with a high vancomycin MIC were
significantly more likely to have higher teicoplanin and
daptomycin MIC values (>2 and >0.5 mg/L, respectively)
than those with vancomycin MIC of <1 mg/L (P = 0.0023,
P = 0.0149, respectively).

Discussion

Although the separation rate of MRSA has declined in
recent years, MRSA remains a common and devastating
pathogen that requires frequent monitoring of its resis-
tance, especially for those antibacterials commonly used
for its treatment.'® For this purpose, in this study, we

Specimens (No. Vancomycin (mg/L) Teicoplanin (mg/L) Linezolid (mg/L) Daptomycin (mg/L)
Tested
ested) MIC50 | MIC90 | GM MIC50 | MIC90 | GM MIC50 | MIC90 | GM MIC50 | MIC90 | GM
MIC MIC MIC MIC
Blood (n = 132) 0.5 | 0.53 0.25 | 0.36 | 1.9 0.84 0.25 0.5 0.22
Pus (n = 117) 0.5 | 0.53 0.25 0.5 0.33 | 2 0.90 0.25 0.5 0.25
Sputum (n = 158) 0.5 | 0.54 0.5 | 0.47 | 2 0.88 0.25 05 0.26
Infection and Drug Resistance 2021:14 https: 545
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Table 2 MIC-Related Parameters from Different Regions

Hospitals Number of MIC Related Vancomycin Teicoplanin Linezolid Daptomycin
Tested Parameters (mgl/L) (mg/L) (mg/L) (mg/L)
Zhejiang 107 GM MIC 0.49 0.28 0.68 0.17
MIC50 0.5 0.25 | 0.125
MIC90 0.5 0.5 | 0.25
MIC range 0.25-2 0.125-1 0.25-2 0.06—1
Jiangxi 24 GM MIC 0.56 0.33 0.77 0.23
MIC50 0.5 0.25 | 0.25
MIC90 | 0.5 | 0.25
MIC range 0.25-1 0.25-0.5 0.5-1 0.06—1
Hubei 38 GM MIC 0.49 0.60 0.80 0.25
MIC50 0.5 0.5 | 0.25
MIC90 | 2 | 0.25
MIC range 0.25-1 0.25-2 0.5-2 0.125-1
Sichuan 94 GM MIC 0.54 0.42 1.08 0.25
MIC50 0.5 0.5 | 0.25
MIC90 0.85 | 2 0.5
MIC range 0.25-2 0.125—4 0.25—4 0.06—1
Guangdong 62 GM MIC 0.59 0.43 0.85 0.36
MIC50 0.5 0.5 | 0.5
MIC90 | | | 0.5
MIC range 0.5-1 0.125-2 0.54 0.125-1
Shanghai 82 GM MIC 0.58 0.45 1.05 0.29
MIC50 0.5 0.5 | 0.25
MIC90 | | 2 0.5
MIC range 0.25-1 0.125-2 0.254 0.125-1

Table 3 MIC-Related Parameters, 2018-2020

Antibiotics Year GM MIC (mg/L) MIC Range (mg/L) MIC50 (mg/L) MIC90 (mg/L)
Vancomycin 2018 0.57 0.25-1 0.5 |
2019 0.52 0.25-1 0.5 [
2020 0.53 0.25-2 0.5 [
Teicoplanin 2018 0.44 0.125-2 0.5 [
2019 0.37 0.125—4 0.25 [
2020 0.36 0.125-2 0.5 0.5
Linezolid 2018 0.90 0.5-2 0.5 [
2019 0.84 0.254 | 2
2020 0.88 0.25—4 |
Daptomycin 2018 0.28 0.06—1 0.5 0.5
2019 0.23 0.06—1 0.5 0.5
2020 0.23 0.06—1 0.25 0.5
collected 407 MRSA isolates from different parts of China For all the MRSA isolates we collected, we did not
to evaluate the MICs of vancomycin, teicoplanin, linezolid find any MRSA isolates resistant to these drugs. The
and daptomycin. MIC values of the drugs in this study was lower
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Figure | Trend over time of antimicrobial susceptibility of MRSA isolates in 2018 (n = 135), in 2019 (n = 141), and 2020 (n = 131) against vancomycin (A) teicoplanin (B)
linezolid (C) and daptomycin (D).

compared to other studies in China. A study conducted L), MIC50 (1 mg/L), and MIC90 (1.5 mg/L) were all
in one of Shanghai's hospitals, from 2008 to 2018, higher than our results, and the same result was observed
showed that the vancomycin GM MIC (0.87-1.19 mg/ in teicoplanin.?® One study performed in Chongqing also

Table 4 MIC Values of Teicoplanin, Linezolid and Daptomycin Stratified by MIC Values of Vancomycin

Antibacterials | Vancomycin MIC (mg/L) MIC50 (mg/L) MIC90 (mg/L) MIC Range (mg/L) GM MIC (mgl/L)
Teicoplanin <l 0.25 | 0.125-4 0.40
2| 0.5 1.5 0.25-2 0.59
Linezolid <l | 2 0.25-4 0.89
| | 2 0.54 0.97
Daptomycin <1 0.25 0.5 0.06—1 0.25
2| 0.25 0.5 0.125-1 0.30
Infection and Drug Resistance 2021:14 htps: 5453
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showed higher vancomycin, teicoplanin, and daptomycin
MIC-related parameters compared to this study.”' The
emergence of this result may be responsible for the
MIC test method we used, or indeed due to the relatively
high sensitivity of these MRSA to the four drugs. They
measured the MIC using E-test methods. For vancomy-
cin MIC, one study indicated that the MIC measured by
the E-test method is higher than the BMD method.?
Both BMD and E-test method are recommended for
MIC testing according to the guidelines published by
CLSI, however, BMD remains the gold standard for the
MIC test.

The sensitivity of MRSA to these drugs in each region
was different, such as MRSA isolated from Zhejiang had
the lowest GM MIC for each drug, and it also had the
lowest daptomycin MIC50 and vancomycin MIC90 com-
pared to other regions. Several studies have demonstrated
that increased drug use may be leading to the drug's “MIC
creep”.>*** Whether the difference in MIC values in these
regions was related to the different drug usage or the
different dominant strains requires further inquiry. The
MIC-related parameters of vancomycin, linezolid and dap-
tomycin were similar for the three specimens. However, the
teicoplanin GM MIC for sputum isolates were remarkably
higher than the blood and pus isolates. This finding differs
from one of our previous studies, which indicated that
vancomycin has a higher GM MIC in sputum specimens.”*

Some researches indicated that higher vancomycin
MICs relate to more complicated courses, higher relapse
rates and mortality rates in S. awureus infections.>*>°
A study demonstrated that, infections with susceptible
strains with MICs >1 mg/L to be more likely to fail on
vancomycin therapy (success rates of 7/42) than those
strains with MICs <1 mg/L (success rates of 10/21).?’
Therefore, when vancomycin MIC >1 mg/L, it is better
to use other antimicrobial agents to replace vancomycin
for treatment.”®** To observe MRSA sensitivity to other
anti-MRSA drugs when its vancomycin MIC value is
relatively high, we performed a stratified analysis between
MRSA isolates with vancomycin MIC <1 mg/L and MIC
>1 mg/L. It was observed that the GM MIC of teicoplanin,
linezolid and daptomycin were all higher in vancomycin
MIC >1 mg/L isolates. This was consistent with the results
of another study, that the activities of anti-MRSA antibac-
terials stratified by vancomycin showed similar trends in
MICs of vancomycin with daptomycin and linezolid.*
And we found MRSA strains with a high vancomycin

MIC were significantly more likely to have higher teico-
planin and daptomycin MIC values.

Different studies have different definitions of “MIC
creep”. A slight but statistically significant increase in
percentage of strain MIC reaching the high end of CLSI
susceptibility range, or higher MIC50 and MIC90, or shifts
in geometric mean MIC can be considered “MIC
creep”.>' > For “MIC creep”, this was a controversial
concept, both in China and other countries.'®**3?3% In
this study, vancomycin, teicoplanin and daptomycin GM
MIC had declined compared with 2018. Although line-
zolid GM MIC for 2019 and 2020 were also lower com-
pared with 2018, the MIC50 and MIC90 of 2019 and 2020
isolates were both increased. “MIC creep” was thought to
be associated with study periods, drug usage densities and
geographic locations.*> Whether the increase of linezolid
MIC50 and MIC90 were related to the increased use of
linezolid in recent years needs further monitoring. Perhaps
these antibacterials indeed had “MIC creep” in some
regions, but due to the limited isolates collected in each
region, we were unable to analyze the case in individual
regions, which is our limitation.

In summary, through our experiments, none of the
MRSA strains were found resistant to these four antibac-
terials. The phenomenon of vancomycin, teicoplanin and
daptomycin “MIC creep” was not found from 2018 to
2020 in a wide range of China. Linezolid GM MIC was
not increased, but MIC50 and MIC90 of 2019 and 2020
had both increased compared with 2018.
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