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Therapeutic failures with vancomycin in Methicillin-resistant Staphylococcus aureus (MRSA) infections have been
increasingly reported. There is growing evidence that infection with an organism with an increased vancomycin minimum
inhibitory concentration ( MIC) that is still within the susceptible range may also be associated with increased rates of
vancomycin failure. This study aimed to determine the association between vancomycin MIC and treatment failures among
patient with MRSA bloodstream infection in Thailand. Methods: This retrospective study was conducted at Sunpasitthiprasong
hospital, a tertiary care and academic hospital. All medical records of the patients who had MRSA bacteremia and were
treated with vancomycin between January 2012 and 2015 were reviewed. Patients were categorized into two groups; MIC<1
mg/L (low) and MIC>1 mg/L (high). The primary outcome was overall failure (thirty-day mortality, microbiological failure and

recurrence of MRSA infection). Results: During the study period, 121 patients met the inclusion criteria. Of these, 50 (41.3%)
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and 71 (58.7% ) patients had vancomycin MIC < 1 mg/L and MIC > 1 mg/L respectively. Demographic data were generally
similar between the two groups. Overall failure was statistically significantly different between low and high vancomycin MIC
with p-value <0.001. Twenty seven patients (22.3%) in both groups had thirty day mortality. Of these, 5 (10%) patients were in
the low vancomycin MIC group and 22 (31% ) patients were in the high vancomycin MICs group. There was a significant
difference (OR 4.04, 95%Cl: 1.33-14.67, p-value 0.008). Microbiological failure and recurrence MRSA infection were also high
and consistent with thirty day mortality in high vancomycin MICs group. Approximately 65% of all patients achieved
vancomycin level at steady state of at least 15 mg/L and there were no differences of trough vancomycin level between two
groups. Conclusion: The present study strongly suggests that patients with MRSA bloodstream infections with vancomycin
MICs of >1.0 mg/L respond poorly to vancomycin therapy and were significantly associated with overall failure. Therefore,
healthcare professionals should concern and take a consideration by preventing this infection and optimal use of vancomycin

in order to prevent the increasing of antimicrobial resistance.

Keywords: Vancomycin, Methicillin-resistant Staphylococcus aureus, Bacteremia, Minimum Inhibitory Concentration

1. Introduction

Methicillin-resistant Staphylococcus aureus kept between 350 and 400 to achieve trough concentration
( MRSA) infections are serious and associated with 15 to 20 mg/L provide a greater clinical response and
significant mortality and health-care costs microbiological eradication against MRSA with MIC values
(Chuamuangphan et al., 2014; Cosgrove et al., 2003). In < 1 mg/L (Kullar et al., 2011). Therefore, probability of
most hospitals, MRSA has become the most common achieving a target AUC/MIC which is widely regarded as
gram-positive bacterial species associated with serious the best predictor of successful vancomycin therapy is
hospital-acquired infections. Until recently vancomycin has nearly zero percent if vancomycin MIC 2 mg/L with low or
remained the mainstay of therapy for serious Gram- high dose of vancomycin. (Jeffres et al., 2006; Moore
positive infections, particularly MRSA bloodstream infection etal., 2011)
for many years (Rybak et al., 2009). Associated with an Several studies demonstrated the association
increase in vancomycin use, there is growing concern that between higher vancomycin MIC and poor vancomycin
it has diminished activity for MRSA infections ( Hidayat therapeutic outcome even within the susceptible range in
et al., 2006; Sakoulas et al., 2004), with vancomycin MICs MRSA bacteremia ( Lodise et al., 2008; Soriano et al.,
at the high end of the 2015 Clinical and Laboratory 2008). A retrospective study at Siriraj hospital, a large
Standards Institute (CLSI) susceptibility range (MICs of 2 teaching hospital of Thailand found that vancomycin MICs
mg/L) (CLSI, 2015). Despite this growing concern, there of more than 1.0 mg/L from MRSA bloodstream isolates
are limited clinical data to support this notion. From were approximately 69.4% (Sitthananun et al., 2014). The
standard treatment guideline, vancomycin in doses relationship between vancomycin MIC and treatment
adjusted to achieve serum trough concentrations of 15 to outcomes of MRSA bacteremia in Thailand have not been
20 mg/L has been recommended when empirically or reported. The purpose of this study was to investigate the
definitely covering MRSA infection (Liu et al., 2011; Rybak association between vancomycin MIC and treatment

et al., 2009). It is recommended that AUC/MIC ratio be
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failures among patient with MRSA bloodstream infections

treated with vancomycin.

1.1 Patients and Methods

1.1.1 Study design A retrospective study was
performed at Sunpasitthiprasong hospital, a tertiary care
and academic hospital with 1,200-beds located in Ubon
Ratchathani, Thailand. The study protocol was approved
by the appropriate ethics committee of the institutional
review board of Sunpasitthiprasong hospital ( Ubon
Thailand)
Helsinki, study protocol number 036/2558.

1.1. 2 Patients All patients with MRSA blood-

Ratchathani, based on the Declaration of

stream infections between January 2012 and May 2015
were eligible. MRSA bacteremia was defined as occurring
in a patient with at least one blood culture positive for
MRSA and clinical signs and symptoms of sepsis based on
a previous definition. Patients were included in the study if
they were (i) at least 18 years old, (ii) non-neutropenic
patient (an absolute neutrophil count more than of 1,000
cells/mm?), (iii) with an MRSA culture that met the Centers
for Disease Control and Prevention ( CDC) criteria for
bloodstream infection ( Garner et al., 1988), (iv) had
received vancomycin therapy within 48 hour of the index
blood culture collection, and (v) had survived more than 24
hour after vancomycin administration. If a patient had more
than one episode during a study period, only the first
episode was considered for eligibility. For patients with
multiple MRSA blood cultures, the vancomycin MIC of the
index bloodstream isolate was considered in the analysis.
Data were extracted from inpatient patients’
medical records and electronic database. Data elements
included the following conditions: age, sex, weight, medical
history and comorbidity, receipt of antibiotics in the 30
days prior to the index blood culture collection, requiring
surgery or invasive procedure within the 30 days prior to
admission. Length of hospitalization prior to collection of
blood culture,

hospital, creatinine clearance ( CrCl)

estimated by the Cockcoft-Gault formula prior vancomycin
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treatment, source of MRSA bloodstream infection,
presence of infective endocarditis, vancomycin trough
concentrations ( date, time, and temporal relationship to
vancomycin dose), concomitant antimicrobial administered
during vancomycin therapy (date, time, dosing regimen,
and duration) , microbiologic data, and outcome. The
glomerular filtration rate in acute renal failure, acute kidney
injury and ESRD patients were calculated by using serum
creatinine before the initial vancomycin treatment.

The presence of the following comorbid conditions
was documented: diabetes mellitus, history of
cardiovascular diseases (congestive heart failure, acute
coronary syndrome, myocardial infarction) , history of
cerebrovascular accident (ischemic or hemorrhagic stroke),
malignancy, chronic obstructive pulmonary disease, renal
failure (as indicated by the necessity for dialysis), human
immunodeficiency virus (HIV) infection, chronic ulcers (bed
sore, diabetic foot), administration of immunosuppressive
drugs (corticosteroid or any antineoplastic chemotherapy).

Treatment data included those for all antibiotics
(date, time, dose, route, and duration) administered to the
the MRSA bloodstream infections.

patient to treat

Vancomycin concentrations were collected at
pharmacokinetic and Therapeutic Drug Monitoring Unit of
For

the Pharmacy Department. patients who had

vancomycin concentrations, prediction and real trough
vancomycin concentrations were calculated by using short
infusion pharmacokinetic model at steady state condition.
All date, time, and relationship to next dose were collected.
For patient who did not have drug level, predicted trough
vancomycin concentrations at steady state and calculated
pharmacokinetics for definitive treatment were determined
based on dose, interval, infusion time and serum creatinine
of population pharmacokinetic parameters. Trough
vancomycin concentrations 15-20 mg/L were categorized
as therapeutic range. Antibiotics administered in
combination with vancomycin ( concomitant antibiotics)

were also recorded.
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The source of the MRSA bloodstream infection
was determined from an assessment of other positive S.
aureus cultures at the time of S. aureus bacteremia and
the physician’s clinical description in the medical records.
When clinical and microbiological criteria precluded
determination of the source, the data were considered as
unknown. The presence of infective endocarditis was also
documented.

1. 1. 3 Microbiologic data All clinical MRSA
isolates from blood cultures were collected at the site of
Microbiological Laboratory during the study period. The
date and time of the MRSA cultures were recorded, as
well as the time of the last MRSA blood culture and first
negative blood culture. All isolates were identified as S.
aureus according to standard methods. Initial susceptibility
testing for oxacillin resistance was performed according to
CLSI 2015 guidelines.

determined by using E-test (0.016 to 256 mg/L) for the

The vancomycin MICs were

index bloodstream isolate. Other microorganisms during
MRSA bacteremia and vancomycin treatment were also
noted.

1.1.4 Outcomes An objective, easily reproducible
assessment of treatment failure that included only readily
measurable study end points was used in the study due to
its retrospective, observational nature. Primary outcome in
our study was treatment or overall failure. Treatment failure
was defined as any of the following: (i) death within 30
days from any causes of index MRSA blood culture (30-
day mortality) ; (ii) microbiological failure, defined as a
blood culture growing MRSA obtained 5-7 days after the
initiation of vancomycin therapy and before the completion
of antimicrobial therapy; or (iii)) recurrence of MRSA
bacteremia within 30 days of the discontinuation of
vancomycin therapy. If a patient met more than one
criterion, the outcome was classified only as a failure one
time. If vancomycin was started prior to collection of the
index MRSA blood culture specimen, the index MRSA

blood culture date was considered as the first day in
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calculating days of bacteremia. The secondary outcome
was the length of hospital stay after the index blood culture
was collected. Lastly, the proportion of patients who were
switched to an alternative anti-MRSA antibiotic such as
linezolid or tigecycline, was calculated.

1.1.5 Statistical analyses Categorical variables
were compared by the Pearson Chi square test or Fisher's
exact test, and continuous variables were compared by
Student’s f test or the Mann-Whitney U test. The values
were presented as the mean * SD for the continuous
variables or as the percentage of the group from which
they were derived for the categorical variables. A p-value
less than 0.05 was considered significant for two-tailed
tests. All results were analyzed by using the SPSS and
STATA statistical programs version 23. 0 and 12. 0

respectively.

2. Results
2.1 Patients

A total of 148 patients with MRSA bloodstream
infection were screened for inclusion. The primary reason
for exclusion that they had been treated with vancomycin
within less than 48 hours of presentation, incomplete of
medical record, and/or lacked of vancomycin MIC data. A
total of 121 patients were considered eligible in the
analyses. Baseline demographics of both groups were
generally similar. There are presented in Table 1. Overall,
the majority of the population was male (71.1%), with a
mean age of 57.6£10.7 years. Diabetes (44.6%),
cardiovascular diseases (42.1%) and end stage renal
disease (28.1%) were common comorbidities, and 19% of
the population had been treated with antibiotics in the
previous month. The mean hospital length of stay before
blood culture collection was 2.6+1.6 days. The Catheter-
related blood stream infections (CRBSIs) (59.5%) and
hospital-acquired pneumonia (19%) were common source
of MRSA bacteremia. Approximately sixty percent of

CRBSIs causing MRSA bacteremia which most common
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source of bacteremia were associated with end stage renal
disease (ESRD) in dialysis patients. Vancomycin trough
concentration was available for 81 patients (66.9%). The
mean vancomycin trough concentrations in both groups
were 15.1£12.2 mg/L. Approximately 65% of all patients
achieved a vancomycin trough concentration of at 15-20
mg/L and there were no differences of vancomycin levels
at steady state between the two groups (p-value 0.486).
The distribution of vancomycin MIC for MRSA is presented
in Figure 1. The majority of vancomycin MIC (38%) was

1.5 mg/L. MRSA bacteremic patients with vancomycin

MICs more than 1.0 mg/L accounted for more than 58% of
all isolates. The most common of concomitant infections
with MRSA bacteramia were Gram negative pathogens

such as Pseudomonas aeruginosa, Acinetobacter

baumannii, and extended spectrum beta-lactamase

(ESBL)-producing Enterobacteriaceae. There were no

significant  differences between the two groups.

Concomitant antimicrobial agents for both empirical and
specific therapy administered during vancomycin treatment

were generally similar in both groups.

0,
40 - (38%)
Percent
30 - -
(22.3%) (20.7%)
20 -
(12.4%)
(6.6%)
0
MIC 0.5 MIC 0.75 MIC 1 MIC 1.5 MIC 2.0 Mic
(mg/L)
(N =38) (N =15) (N =27) (N = 46) (N = 25)

Figure 1 Distribution of vancomycin MIC among patients with MRSA bloodstream infection (n=121)

Table 1 Baseline characteristics between low (<1 mg/L) and high (>1 mg/L) vancomycin MIC

Characteristic Vancomycin MIC P-value
<1mg/L >1 mg/L
(n=50) (n=71)

Age in year (meanzSD) 57.2+10.7 58.1+11.2 0.658
Male gender 36 (72) 50 (70.4) 0.848
Weight in Kg (meanzSD) 58.2+7.1 60.315.2 0.063
Underlying or history of

Diabetes mellitus 24 (48) 30 (42.2) 0.527

Cardiovascular disease 17 (34) 34 (47.9) 0.127

Cerebrovascular disease 6 (12) 13 (18.3) 0.348

Malignancy 4 (8) 9 (12.7) 0.411
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Characteristic Vancomycin MIC P-value
<1 mg/L >1 mg/L
(n=50) (n=71)
COPD 2 4) 4 (5.6) 0.689
ESRD on dialysis (HD or PD) 12 (24) 22 (31) 0.399
HIV 3 (6) 2 (2.8) 0.383
Chronic ulcer (10) 11 (15.5) 0.379
Immunocompromise condition 10 (20) 9 (12.7) 0.277
Antibiotics in previous 30 days (14) 16 (22.5) 0.240
Invasive procedure in previous 30 days 10 (20) 17 (23.9) 0.612
Length of hospitalization before blood culture 3.242.2 3.711.4 0.129
collection (day) (meantSD)
Baseline creatinine clearance (ml/min) 46.2+11.6 44.2+9.3 0.296
(meanzSD)
Source of bacteremia
Intravenous catheter (CRBSI) 28 (56) 44 (62) 0.508
Skin and soft tissue/bonef/joint (12) 7 (9.9) 0.714
Respiratory tract 10 (20) 13 (18.3) 0.814
Multiple 3 (6) 4 (5.6) 0.926
Undetermined 3 (6) 3(4.2) 0.653
Infective endocarditis 1(2) 3(4.2) 0.504
Vancomycin trough concentration at steady 16.2+121 14.6+£12.6 0.486
state (mg/L) (meanzSD)
Concomitant infections with MRSA 16 (32) 22 (31) 0.907
bacteremia
Concomitant IV antimicrobial administered during vancomycin therapy
Meropenem 16 (32) 18 (25.4) 0.427
Ertapenem 0 3(4.2) 0.142
Imipenem/cilastatin (18) 17 (23.9) 0.436
Piperacillin/tazobactam 16 (32) 22 (31) 0.907
Cefoperazone/sulbactam 11 (22) 18 (25.4) 0.666
Colistin 10 (20) 20 (28.2) 0.304
Fosfomycin 2 (4) 4 (5.6) 0.689
Aminoglycoside 4 (8) 3(4.2) 0.377

Abbreviations: COPD; Chronic Obstructive Pulmonary Disease, HD; Hemodialysis, PD; Peritoneal Dialysis, 1V; Intravenous

2.2 Assessment of treatment outcome and failure
Overall failure (thirty day mortality, microbiological
failure, and recurrent MRSA infection) was significantly

different between low and high vancomycin MIC groups

89

(18% vs 47.9% ; 95% CI: 1.67-11.17; P<0.001). A
comparison of treatment failure between low and high
vancomycin MICs can be found in Table 2. Outcome

assessments conducted at 30 days from acquisition of the
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index blood culture found a mortality rate of 27 patients
(22.31% ), 5 patients (10% ) of low MIC and 22 patients
(31% ) of high MIC. There was a statistically significant
difference between the two groups ( P= 0. 008) .
Furthermore, microbiological failure and recurrence MRSA
infection were significantly higher in high vancomycin MIC
than those with low vancomycin MIC with p-value of 0.004
and 0. 014 respectively. Thirty-day mortality was also
higher among patients that had a microbiological failure
than among those that did not. The mean total hospital
length of stay was significantly longer for patients with high
vancomycin MIC than those with low vancomycin MIC
(23.146.4 days vs 11.6+8.2 days; p-value <0.001). This
study analyzed a large subgroup analysis of vancomycin

MICs between 1.5 and 2.0 mg/L to identify the impact of

treatment failure in the high range of vancomycin MIC
group. The result revealed that in the high vancomycin
MIC, overall failure and thirty days mortality were generally
similar (43.5 vs 56.0; p-value 0.33 and 26.1 vs 40.0; p-
value 0.28 respectively).

During the study period, approximately 85% of all
patients were repeated blood culture after vancomycin
treatment. Of 18 patients (14.9% ) that had persistent of
MRSA bacteremia after 5-7 day of vancomycin treatment
which was categorized as micribiological failure, 16
patients (88.9% ) were switched to an alternative anti-
MRSA agents; 12 to linezolid and four to tigecycline.
These 16 patients received vancomycin for a mean

6.4+2.4 days before switching to the alternative agents.

Table 2 Comparison of treatment failure between low (< 1 mg/L) and high (> 1 mg/L) vancomycin MIC

Vancomycin MIC

Outcome <1mg/L >1mg/L OR 95% CI P-value
(n = 50) (n=71)
Primary outcome
Overall failure 9 (18) 34 (47.9) 4.19 1.67-11.17 <0.001
Thirty-day mortality 5 (10) 22 (31) 4.04 1.33-14.67 0.008
Microbiological failure 2 (4) 16 (22.5) 6.98 1.50-64.84 0.004
Recurrent MRSA infection 2 (4) 14 (19.7) 5.89 1.24-55.35 0.014
Secondary outcome
Switched to alternative anti- 2 (4) 14 (19.7) 5.89 1.24-55.35 0.014
MRSA drugs
Total hospital length (day) 11.6+8.2 23.1+6.4 <0.001

(meanzSD)

All data presented are number (percent) of patients.

Abbreviations: OR = Odd Ratio, Cl = Confidence Interval

3. Discussion and conclusion
MRSA

infection and is often associated with invasive infections

is a common cause of bloodstream

and high rates of mortality (Chuamuangphan et al., 2014;
Cosgrove et al., 2003; Liu et al., 2011). Vancomycin has

been the standard of treatment since the emergence of

90

MRSA infection. The failure of treatment with vancomycin
has been attributed to its slow bactericidal activity, the
presence of subtherapeutic concentrations, and the
reduced susceptibility of organisms (Cosgrove et al., 2004;
Mohr et al., 2007; Song et al., 2004). Recently, a debate

has arisen over its continued utility for this purpose
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(Deresinski, 2007), fueled by a steady stream of reports
linking a worse clinical outcome of MRSA infected patients
and a higher vancomycin MIC of the infecting pathogen.
Several studies found that the vancomycin MIC can have
important prognostic value for vancomycin treated patients
( Moise-Broder et al., 2004).
prevalence of MRSA bacteremia with vancomycin MIC >
1.0 mg/L was found to be 58.7%

In the present study, the

among hospitalized
patients in Sunpasitthiprasong Hospital between 2012 to
2015, and this finding was similar to a previous study in
Thailand ( Sitthananun et al., 2014). The present study
examined the relationship between vancomycin MICs and
treatment outcomes among MRSA bacteremic patients
treated appropriately with vancomycin. The major outcome
in this study was overall failure.

The results of the present study were generally
consistent with those of recent studies that evaluated the
relationship between vancomycin MICs and outcomes
among patients with MRSA bacteremia infections. Higher
treatment failure or higher mortality was associated with
high vancomycin MIC group (Kullar et al., 2011; Maclayton
et al., 2006; Neoh et al., 2007). A 30% difference in the
overall failure between high and low vancomycin MICs
group was seen in the present study. Similar to the result
from Lodise et al, the difference of overall mortality was
21%
(Lodise et al., 2008). In addition, Hidayat et al found a 23%
difference of treatment failure in patients infected with
MRSA with high MIC (=2 mg/L) compared with low MIC (1
mg/L) (Hidayat et al., 2006). A 28.2%
mortality between low (1.0 mg/L) and high MIC (2.0 mg/L)

between high and low vancomycin MICs group

of difference in

groups of bacteremic patients was reported by Musta et al
(Musta et al., 2009) similar to the present study which was
21.0% .

present study were associated with high vancomycin MIC

Patients with persistent MRSA bacteremia in the

group similar to a study by Yoon et al (Yoon et al., 2010).
Therefore, clinicians or healthcare professionals should
respond to

this association by either increasing or

adjusting the vancomycin dose or switching to an

alternative anti-MRSA antibiotics, especially in MRSA with
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vancomycim MIC more than 1.0 mg/L. Novel alternative
drugs for MRSA infection such as linezolid, daptomycin
and tigecycline which are now available in Thailand might
be considered especially in patient with treatment failure
from vancomycin. However, recent practice guidelines from
the Infectious Diseases Society of America for treatment of
MRSA infections did not recommend using a vancomycin
alternative treatment based on an elevated MIC alone,
provided that the isolate has an MIC in the susceptible
range (Liu et al., 2011). The clinical sign and symptoms of
infection should also be considered.

The present study is the first report in Thailand to
demonstrate the association between vancomycin MIC and
treatment outcome in MRSA bacteremic patients. The
strength of the study is in its include robust sample size
and clearly defined outcomes. All enrolled subjects in the
study had only MRSA bloodstream infection. With over 120
patients, it is the largest sample size of retrospective study
in Asia. The present study provides further evidence to
support the association between higher vancomycin MIC
and worse patient outcome in MRSA infected patients.
Another interesting feature was seen in the patients who
switched to tigecycline treatment. Seventy five percent of
patient (3 cases) had recurrent MRSA infection. This
medication has not been approved for MRSA bacteremia
due to the limitation of pharmacokinetic properties
( Meagher et al., 2005) .

achieving adequate tigecycline serum drug concentrations,

Given concerns regarding

caution should be used with it for the treatment of patients
with bacteremia even for treatment

pathogens (Cai et al., 2011).

of susceptible
However, there are several limitations of this
study that need to be considered when interpreting the
results. First, this was a retrospective study and data were
subject to inherent biases. Some required information was
not available such as the proportion of patient with
intravenous catheter removal or adequacy of surgical
debridement of skin and soft tissue infection sites which
influenced to persistence of MRSA bacteremia after

vancomycin administration. These factors might be
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affected to the treatment outcomes. Second, all MRSA
blood culture data were collected from a single center in
North-Eastern Thailand, therefore institutional differences
in prescribing patterns, antibiotic resistance patterns, and
patient populations may affect the application of these
results to other regions. Third, this study excluded
neutropenic, so the results may not be generalizable to
this patient group. Finally, sixty seven percent of all
patients had vancomycin trough concentration availability
and sixty five percent achieved vancomycin level at steady
state of at least 15 mg/ L, hence application and
interpretation of results from this study should be
concerned.

The results of the present study strongly
suggested that MRSA bloodstream infections with
vancomycin MICs > 1.0 mg/L had a higher likelihood of
treatment failure. These patients had a significantly high
rate of mortality, longer duration of MRSA bacteremia, a
higher likelihood of recurrence MRSA infection, and a
longer hospital length of stay. Higher vancomycin troughs
of more than 15-20 mg/L to achieve optimal AUC/MIC ratio
were not found to improve the treatment success rates
( Lodise et al., 2008) . Moreover, a higher trough
vancomycin concentration was also associated with
nephrotoxicity (Hidayat et al., 2006; Lodise et al., 2008).
For this reason, the practice of systematically switching
patients infected with MRSA exhibiting vancomycin MIC >
1.0 mg/L from vancomycin to an alternative antibiotic is
probably often necessary. Moreover, the CLSI 2015 of
vancomycin  susceptibility = breakpoint for MRSA
bloodstream infections should be decreased from < 2.0
mg/L to < 1.0 mg/L. At present, daptomycin is the only
drug approved by the FDA for MRSA bloodstream
infections and is associated with a better outcome with
higher vancomycin MIC (Bennet et al., 2008; McDaneld
et al., 2013). Daptomycin is associated with a higher
probability of survival at 60 days and indicated for patients
who are not improving during vancomycin therapy (Moore
et al., 2012). In conclusion, we ultimately demonstrated

that overall failure associated with MRSA bacteremia was

significantly higher when vancomycin was used for
treatment of infection with strains with vancomycin

MIC>1.0 mg/L.
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