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Abstract

Introduction. Empirical vancomycin (VAN) treatment failure for methicillin- resistant Staphylococcus aureus (MRSA) bacterae-
mia, with significantly higher mortality, has been reported for MRSA strains with reduced VAN susceptibility.

Aim. Our goal was to study the effect of sub- culture on VAN minimum inhibitory concentration (MIC) values compared to direct 
susceptibility of MRSA- positive blood cultures.

Methodology. Using 19 MRSA- positive blood cultures and 19 seeded MRSA- positive blood cultures, we compared the VAN MICs 
from direct susceptibility testing of MRSA- positive blood cultures and MRSA sub- cultured from positive blood cultures.

Results. In comparing direct VAN MICs from MRSA- positive blood cultures and standard agar dilution, nearly half of the MICs 
from agar dilution were lower, with one sample decreasing from 1.5 to 0.75 µg ml−1. Furthermore, in seeded blood cultures, 80 % 
or more showed lower values from standard agar dilution compared to direct VAN MICs.

Conclusion. Our results reveal a trend towards lower MICs after positive blood culture isolates are sub- cultured. Some clinical 
failures among MRSA infections treated with VAN may result from this phenomenon.

INTRODUCTION
Methicillin- resistant Staphylococcus aureus (MRSA) blood-
stream infection is one of the most frequent healthcare- 
associated infections, resulting is significant morbidity 
and mortality. Because the prevalence of MRSA- associated 
bacteraemia is greater among the elderly, the problem 
of MRSA infections is pronounced in Japan due to the 
rapidly aging population, which has major implications for 
healthcare. The Japan Nosocomial Infections Surveillance 
(JANIS) system has reported that those aged ≥70 accounted 
for 69.9 % of the MRSA patients reported to JANIS, while 
83.5 % of reported MRSA cases in Japan involved patients 
aged 60 or more [1]. With government figures showing the 
number of people aged 75 and older making up 14.0 % of 
the population in Japan and those aged over 65 comprising 

approximately 26.0 % of the population, this problem is 
expected to become more severe over time.

The glycopeptide antibiotic vancomycin (VAN) has been 
the antibiotic of choice for treatment of MRSA bloodstream 
infections in Japan as well as other countries. However, 
empirical VAN treatment failure for MRSA bacteraemia, 
with significantly higher mortality, has been reported for 
MRSA strains with reduced VAN susceptibility [2, 3]. In 
comparing clinical prognosis based on the Clinical and 
Laboratory Standards Institute (CLSI) susceptible minimum 
inhibitory concentration (MIC) cut- off of ≤2 µg ml−1 [4], it 
has been reported that there was a difference in outcome 
depending on whether the VAN MIC was 2 µg ml−1 or less 
than 2 µg ml−1 [5]; therefore, accurate determination of VAN 
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MIC is extremely important in dosing. However, VAN MIC 
results can vary based on the antimicrobial susceptibility 
testing methodology employed [6], and furthermore, it has 
been reported that glycopeptide MICs decrease in S. aureus 
isolates with intermediate resistance to glycopeptide after 
serial passage due to loss of less susceptible sub- populations 
compared to isolates freshly recovered from clinical samples 
[7]. Therefore, it is possible that in vitro VAN MIC results 
may not reflect in vivo activity.

In this study we compared VAN MICs from direct suscep-
tibility testing of MRSA- positive blood cultures and MRSA 
sub- cultured from positive blood cultures to determine the 
effect of sub- cultures on VAN MIC values.

METHODS
MRSA isolates
A total of 19 MRSA isolates from 19 clinical cases recov-
ered from Bact/Alert 3D blood cultures (bioMérieux, 
Inc., Durham, NC, USA) during the period November 
2016 to May 2018 at regional core hospitals located in the 

Chiba (Toho University Sakura Medical Center; 12 cases) 
and Osaka (Higashiosaka City Medical Center; 7 cases) 
metropolitan areas were included in the study (Table 1). 
Only one MRSA isolate per case was studied. If a series of 
blood cultures were positive for MRSA, only the first MRSA 
isolate from the initial positive blood culture was included 
in the study. Patients were not receiving anti- MRSA anti-
biotics at the time blood cultures were taken. A PCR assay 
for SCCmec typing was carried out as described previously 
[8]. After isolation on Mueller–Hinton agar (MHA) plate 
(BD Japan, Tokyo, Japan), isolates were stored at −75 °C 
using the Microbank cryogenic storage system (Iwaki and 
Co., Ltd, Tokyo, Japan) until seeded blood culture studies 
were conducted.

Direct VAN susceptibility testing
For each of the 19 MRSA- positive blood cultures, after 
thorough mixing, a 1 : 10 dilution of the entire blood culture 
content was made using physiological saline. Five microli-
tres of this suspension was used as inoculum for direct agar 
dilution testing of VAN (Millipore- Sigma Corp, St Louis, 

Table 1. Description of the isolates used in this study

No. Year From SCCmec 
type

MRSA type Prior VAN therapy Other prior antibiotic 
therapy

Antibiotic therapy Clinical 
outcome

B6 2017 Chiba Ⅳ CA- MRSA None None None Recovered

B8 2017 Chiba Ⅳ CA- MRSA None None None Deceased

B9 2017 Chiba Ⅰ HA- MRSA None None VAN Recovered

B10 2017 Chiba Ⅱ HA- MRSA None None VAN Deceased

B13 2017 Chiba Ⅳ CA- MRSA None None CFPM Deceased

B16 2017 Chiba Ⅴ CA- MRSA None None VAN Recovered

B17 2017 Chiba Ⅳ CA- MRSA None None VAN Recovered

B19 2017 Chiba Ⅳ CA- MRSA None CTX VAN, LZD Recovered

B21 2017 Chiba Ⅱ HA- MRSA None IPM VAN, TEIC, DAP, LZD Deceased

B23 2017 Chiba Ⅳ CA- MRSA None SBT/ABPC CEZ, VAN Recovered

B24 2018 Chiba Ⅳ CA- MRSA None None VAN, DAP Recovered

B26 2018 Chiba Ⅱ HA- MRSA None None VAN Deceased

O1 2017 Osaka Ⅳ CA- MRSA None None LZD Recovered

O5 2017 Osaka Ⅳ CA- MRSA None CEZ VAN Deceased

O6 2018 Osaka Ⅳ CA- MRSA None FMOX MINO Recovered

O10 2018 Osaka Ⅱ HA- MRSA None MINO MINO Recovered

O11 2018 Osaka Ⅳ CA- MRSA None MEPM VAN Recovered

O13 2018 Osaka Ⅳ CA- MRSA None MEPM ST Recovered

O15 2018 Osaka Ⅱ HA- MRSA None SBT/CPZ VAN Recovered

CA- MRSA, community- acquired MRSA; HA- MRSA, hospital- acquired MRSA; CTX, cefotaxime; IPM, imipenem; SBT/ABPC, sulbactam/ampicillin; 
CEZ, cefazolin; FMOX, flomoxef; MINO, minocycline; MEPM, meropenem; SBT/CPZ, sulbactam/cefoperazone; VAN, vancomycin; CFPM, cefepime; 
LZD, linezolid; TEIC, teicoplanin; DAP, daptomycin; ST, sulfamethoxazole/trimethoprim.
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MO, USA) at concentrations of 0.25, 0.5, 0.75, 1, 1.5, 2, 
3 and 4 µg ml−1. Direct VAN MICs were determined after 
incubation for 24 h at 35 °C. Based on CLSI M07- Ed11, the 
MIC was the lowest concentration of VAN that completely 
inhibited growth, disregarding a single colony or a faint 
haze caused by the inoculum [9]. Following sub- cultures 
of positive blood cultures on MHA, isolated colonies were 
tested by standard VAN agar dilution testing.

Seeded blood culture bottle studies
The 19 clinical MRSA isolates from positive blood cultures 
stored at −75 °C (15 months was the longest storage period) 
were revived by thawing and grown on MHA for 18 to 20 h 
at 35 °C in ambient air. These isolates were sub- cultured 
twice prior to seeding into blood cultures. VAN 30 µg ml−1 
(5 ml) was added to blank blood cultures containing 30 ml 
of medium (equivalent to the trough concentration blood 
level of 15 µg ml−1 after the addition of sheep blood). To 
each blank Bactec Aerobic/F blood culture bottle (BD 
Diagnostic Systems, Sparks, MD, UK), 5 ml of defibrinated 
sheep blood (Nippon Bio- Supp. Center, Japan) containing 
0.5 ml [7.5×102 colony- forming units (c.f.u.)] of one of the 

stored clinical MRSA isolates was added, resulting in a final 
starting concentration of approximately 20 c.f.u. ml−1 per 
bottle. The repeatability of quantitative seeded bacteria and 
colony counts was confirmed (data not shown). Including 
the 30 ml of blood culture medium, the total volume after 
addition of defibrinated sheep blood containing MRSA and 
vancomycin was 40 ml. The seeded blood culture bottles 
were loaded into the BACTEC FX40 instrument (BD, Diag-
nostic Systems, Sparks, MD, UK) until the bottles turned 
positive. Direct VAN MIC testing was performed using a 
1 : 10 dilution of the entire positive seeded blood culture 
content with physiological saline. Additionally, VAN MICs 
were determined using standard agar dilution.

Positive blood culture colony counts to determine 
the direct VAN susceptibility inoculum
After blood cultures became positive, a 1 : 10 and 1 : 1000 
dilution of the blood culture content was made using physi-
ological saline and 5 µl was inoculated on mannitol salt agar 
(BD Japan) followed by incubation for 24 h at 35 °C. Based 
on the viable colony count, the direct VAN susceptibility 
inoculum was determined.

Table 2. Comparison of VAN MICs by direct MIC and after sub- culturing 
to a medium (fresh clinical MRSA isolates)

No. Isolate MIC (μg ml−1)

Direct MIC AD*

B6 MRSA 0.75 0.75

B8 MRSA 1.5 0.75

B9 MRSA 0.75 0.75

B10 MRSA 1.5 0.75

B13 MRSA 1.5 0.75

B16 MRSA 0.5 0.75

B17 MRSA 0.75 0.75

B19 MRSA 0.75 0.75

B21 MRSA 1 0.75

B23 MRSA 0.75 1

B24 MRSA 1.5 1

B26 MRSA 1 0.75

O1 MRSA 1 0.75

O5 MRSA 0.75 0.75

O6 MRSA 1.5 1

O10 MRSA 1 0.75

O11 MRSA 1 1

O13 MRSA 0.75 0.75

O15 MRSA 0.75 0.5

*Agar dilution method.

Table 3. Comparison of VAN MICs by direct MIC and after sub- culturing 
to a medium (seeded blood cultures)

No. Isolate MIC (μg ml−1)

Direct MIC AD*

B6 MRSA 2 0.75

B8 MRSA 1 0.5

B9 MRSA 1 0.5

B10 MRSA 1 0.5

B13 MRSA 0.75 0.75

B16 MRSA 1 0.5

B17 MRSA 2 0.5

B19 MRSA 1.5 0.5

B21 MRSA 3 0.5

B23 MRSA 0.75 0.5

B24 MRSA 1 0.5

B26 MRSA 1 0.75

O1 MRSA 0.75 0.5

O5 MRSA 1.5 0.75

O6 MRSA 0.75 0.75

O10 MRSA 0.75 0.5

O11 MRSA 0.75 0.5

O13 MRSA 0.75 0.5

O15 MRSA 0.75 0.5

*Agar dilution method.
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RESULTS
Comparison of direct VAN MICs and conventional 
agar dilution VAN MICs
Table 2 shows the VAN MICs for the 19 clinical MRSA isolates 
comparing direct VAN susceptibility testing to standard agar 
dilution using colonies isolated from positive blood cultures. 
In comparing direct VAN MIC to standard agar dilution, 
10 (53 %) of the 19 isolates exhibited lower MICs, ranging 
from 0.5- to 0.75- fold lower with standard agar dilution. The 
isolate showing the greatest MIC decrease after sub- culture 
of a positive blood culture showed a MIC decrease from 1.5 
to 0.75 µg ml−1. Of the remaining nine isolates, two isolates 
exhibited a higher MIC after sub- culture (1.3- to 1.5- fold) 
with standard agar dilution.

Comparison of VAN MICs in seeded blood culture 
experiments
Table 3 shows the VAN MIC results comparing direct MIC 
testing to standard agar dilution in seeded positive blood 
cultures. Of the 19 seeded positive blood cultures, 17 (89 %) 
showed lower standard agar dilution MICs compared to 
direct VAN MIC, ranging from 0.17- to 0.75- fold lower. The 
isolate showing the greatest decrease in VAN MIC showed a 
decrease from 3.0 to 0.5 µg ml−1.

Positive blood culture colony counts in direct VAN 
susceptibility testing
Positive blood culture colony counts for direct VAN MIC 
testing are shown in Fig. 1. As the colony counts ranged from 

4.0×104–2.0×108 c.f.u. ml−1, a 1 : 10 dilution of the positive 
blood cultures resulted in an inoculum for direct VAN MIC 
testing ranging from 2×101–1×105 c.f.u./spot.

DISCUSSION
When comparing direct VAN MICs from MRSA- positive 
blood cultures and standard agar dilution, nearly half of 
the MICs for agar dilution were lower, with one sample 
decreasing from 1.5 to 0.75 µg ml−1. Furthermore, in seeded 
blood cultures, 80 % or more showed lower values for standard 
agar dilution compared to direct VAN MIC, with one sample 
decreasing from 3 to 0.5 µg ml−1. These results indicate that 
sub- culturing of positive MRSA blood cultures may reduce 
VAN MICs. Our results reveal a trend towards lower MICs 
after positive blood culture isolates are sub- cultured. Previous 
studies have reported on treatment failures for serious MRSA 
infections with VAN despite MICs being in the susceptible 
category, with systematic bias in testing methodology identi-
fied as the source of small differences in the VAN MIC [10].

Our study indicates that sub- culturing may be another factor 
contributing to therapeutic failure with VAN if only one log2 
dilution difference affects the AUC/MIC ratio. In MRSA 
strains with heterogenous resistance, after separation from 
blood and sub- culture on drug- free, nutrient- rich medium, 
the lower MICs observed in isolates after sub- culturing of 
positive blood cultures may reflect a change in the MRSA 
population being tested. Although a previous study reported 
no differences in VAN MICs after repeated sub- cultures, that 

Fig. 1. The viable bacterial cells count in the blood culture bottles and the direct MIC inoculum. The broken line shows 104 c.f.u./spot 
(CLSI).
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study did not compare sub- cultured MRSA and direct VAN 
MIC testing [11].

In the study by Cui et al., VAN MICs in VAN- resistant S. 
aureus (VRSA) decreased after continuous sub- culture 5 to 84 
times on drug- free medium, with changes in the population 
of resistant cells resulting in the loss of the resistant phenotype 
[12]. In this study, a single sub- culture of a positive blood 
cultures resulted in the loss of MRSA sub- populations with 
reduced sensitivity to VAN. In the future, it may be necessary 
to analyse sub- population changes with different antibiotic 
sensitivities in the bloodstream and after sub- culture.

All of the MRSA strains from clinical blood cultures were 
VAN- sensitive, with no minor errors (false resistance) 
generated by MICs for direct VAN testing when compared 
to standard agar dilution results. However, the use of VAN 
for MRSA bloodstream infections requires consideration of 
AUC/MIC- based pharmacokinetic dosing based on MICs 
generated by the microbiology laboratory. The classification 
of susceptibilities into categories is only one of the indicators 
in predicting treatment outcome. For treatment of MRSA 
bacteraemia using VAN, a mortality rate with a VAN MIC 
≤1 µg ml−1 of 19.5 compared to 65.8 % with a MIC 2 µg ml−1 
has been reported [13]. In this study, there were three cases 
in which the direct VAN MIC was ≥2 µg ml−1 but decreased 
to ≤0.75 µg ml−1 after sub- culture of positive blood cultures. 
Therefore, VAN treatment- based suboptimal AUC/MIC as a 
result of inaccurately low MICs may cause treatment failure.

In direct VAN MIC testing using positive clinical blood 
cultures, in 14 of 19 positive blood cultures the inoculum 
was less than the CLSI agar dilution standard of 104 c.f.u./
spot [9]. With the exception of two positive blood cultures, 
the inoculum size was 3.2×102–7.0×103 c.f.u./spot. These 
direct MICs were smaller inocula than the CLSI standard. 
However, the direct MIC values were higher than the MIC 
values obtained by the agar dilution method according to 
the CLSI guidance after sub- culturing. This suggests that the 
direct MIC inoculum size has less influence on the direct MIC 
value, if it is within the inoculum size range of this study. It is 
possible that direct MIC testing may better reflect the VAN 
susceptibility of MRSA in positive blood cultures. Further 
studies are required on optimal positive blood culture dilu-
tions and inoculum size for direct VAN MIC testing.

In this study, we showed that sub- culturing of positive blood 
cultures for colony isolation affect VAN MIC results, as there 
was a trend towards lower VAN MICs after sub- culturing 
compared to direct VAN MICs. Our results suggest the neces-
sity of establishing a method for the determination of VAN 
MICs from blood cultures without sub- culturing for isolation. 
A large, multicentre, randomized controlled trial is needed to 
confirm our observations.
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