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Abstract

Background: Clinical implications of reduced vancomycin susceptibility (RVS) among pediatric 

Staphylococcus aureus bloodstream infections are unknown.

Methods: We identified all children at 2 children’s hospitals with ≥1 blood culture positive for S. 
aureus. We compared patient and clinical factors for RVS and non-RVS infections using Wilcoxon 

rank sum and chi-squared tests. Treatment failure and the duration of bacteremia for RVS vs. 

non-RVS and for MRSA vs. MSSA infections were compared using multivariable logistic and 

Poisson regressions, respectively. For MRSA infections, the association of empiric vancomycin 

monotherapy with treatment failure was assessed using multivariable logistic regression.

Results: RVS was present in 72% (309/426) of cases. No patient or infection characteristics, 

including methicillin resistance, were associated with RVS. RVS was associated with an increased 

duration of bacteremia compared to non-RVS infections, aIRR=1.15 (95% confidence interval: 

1.02, 1.30). The odds of treatment failure was similar for RVS and non-RVS infections, aOR=1.04 

(0.62, 1.74). In contrast, MRSA infections were more likely to have treatment failure than 

MSSA infections, aOR=3.03 (95% confidence interval: 1.84, 5.00). For MRSA infections, empiric 

vancomycin monotherapy was associated with an increased odds of treatment failure compared to 

non-vancomycin or combination anti-MRSA antibiotics, aOR=3.23 (1.12, 9.26).

Conclusion: RVS was common and was associated with a longer duration of bacteremia but 

not with treatment failure. Treatment failure was more common for MRSA than for MSSA 

bloodstream infections. Empiric vancomycin monotherapy increased the odds of treatment failure 

for MRSA infections.
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Vancomycin is usually used empirically when invasive staphylococcal infections are 

suspected.1 The pharmacodynamic parameter best associated with efficacy in clinical 

studies is a ratio of the area under the concentration curve at 24 hours (AUC24) to 

vancomycin minimum inhibitory concentration (vMIC) >400.2, 3 Because the therapeutic 

target incorporates the MIC of the organism, infections caused by isolates with high vMICs 

require higher doses of vancomycin. Difficulty achieving sufficient blood concentrations 

of vancomycin in infants and children is common due to efficient drug metabolism and 

excretion.4, 5 Standard vancomycin dosing strategies successfully reach an AUC24/vMIC 

>400 for 40–60% of young infants and <20% of infants and children ≥2 months of 

age.6, 7 In cases where the vMIC is >1 μg/mL, the probability of pharmacodynamic target 

attainment will be even lower.

Reduced vancomycin susceptibility (RVS) is common among invasive staphylococcal 

infections in adults with 5–66% having a vMIC ≥1.5 μg/mL.8, 9 The clinical importance 

of the RVS phenotype is controversial and reliable determination of the vMIC is difficult due 

to the lack of precision of most vMIC methods.10, 11 A large meta-analysis of adult studies 

found that RVS increased the odds of mortality and treatment failure.9 Additional studies 

have failed to find an association of vancomycin MIC with outcomes.12, 13 Clinical practice 

guidelines have recommended that an alternative antibiotic be considered for treatment 

of MRSA infections if the vMIC is ≥2 μg/mL because of the difficulty in achieving the 

therapeutic target without related toxicity.3, 11, 14 Alternate agents may be more effective 

than vancomycin for high MIC infections.15, 16

We sought to describe the epidemiology of RVS among S. aureus bloodstream infections 

in infants and children, to identify patient and clinical characteristics associated with the 

RVS phenotype, and to compare outcomes for children with RVS vs. non-RVS bloodstream 

infections.

Methods

Study Population

We identified all children <18 years old admitted to 2 tertiary care children’s hospitals from 

2008–2016 with a positive blood culture for Staphylococcus aureus using laboratory records. 

The electronic medical records of each patient were reviewed using a structured data 

collection form to confirm the diagnosis. Patients were excluded if they had a polymicrobial 

infection, received >1 dose of antibiotics prior to admission, or had another culture-proven 

infection during their S. aureus treatment course. A positive culture occurring >30 days from 

the most recent positive culture was considered to be a new infection. Positive blood cultures 

occurring <30 days but >3 days from the most recent prior positive culture were considered 

to represent a recurrence of the initial bloodstream infection.
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The Human Subjects Protection Offices of the Penn State College of Medicine and 

Children’s National Hospital approved this study with a waiver of informed consent.

Definitions

RVS was defined as a vMIC=2 μg/mL as recorded in the electronic medical record 

after determination by the clinical microbiology laboratory. Both institutions used 

Microscan (Beckman Coulter), an automated broth microdilution (BMD) system, for vMIC 

determination. Empiric antibiotic treatment was defined as the antibiotics used prior to 

culture results being available. Empiric anti-MRSA antibiotic therapy was considered 

to be given if the child received vancomycin, trimethoprim-sulfamethoxazole, linezolid, 

doxycycline, daptomycin, rifampin, or clindamycin prior to culture results being known. 

Empiric vancomycin monotherapy was defined as the use of vancomycin as the only 

anti-MRSA antibiotic prior to culture results being known; additional antibiotics lacking 

MRSA activity could have been given. The infection was considered to be complicated if 

any of the following were present: endocarditis, meningitis, osteoarticular infection, septic 

emboli, deep abscess, acute kidney injury, or pneumonia. These conditions were chosen 

because treatment duration and the likelihood of treatment success may be altered by these 

conditions. Treatment failure was defined as having: duration of bacteremia of >3 days, 

recurrence within 30 days or death from any cause within 30 days.17, 18 Bacteremia was 

considered to be prolonged when the duration of bacteremia was >3 days.17

Statistical Analysis:

We used Wilcoxon rank-sum, chi-squared, and Fisher’s exact tests to compare continuous 

and categorical variables, respectively. We used a multivariable logistic regression model 

to evaluate the association of RVS with sex, race, age, infection source, presence of 

comorbidities, presence of a central venous line (CVL), hospitalization in the prior year, 

surgery in the prior 30 days, MSSA vs. MRSA, admitting hospital, and the year in which the 

infection occurred. Each variable was adjusted for all of the other variables in the model.

We compared the proportion of patients with and without RVS who required ICU-level 

care, had a duration of bacteremia >3 days, had treatment failure, or died using Fisher’s 

exact tests. We compared hospital length of stay, ICU length of stay, and the duration of 

bacteremia for patients with and without RVS using Wilcoxon rank-sum tests. We used a 

Poisson regression to compare the duration of bacteremia for infections with and without 

RVS, adjusting for the year the infection occurred, admitting hospital, use of vancomycin 

empirically, presence of a CVL at diagnosis, and presence of complicated disease. We 

compared the odds of treatment failure for patients with and without RVS using a logistic 

regression model adjusted for the same characteristics. As a sensitivity analyses, additional 

regression models were calculated that included a term for the interaction of RVS with 

vancomycin empiric therapy and, for patients with a central line in place, a continuous 

variable for the number of days from the first positive culture to CVL removal.

Finally, as a post hoc analysis of MRSA infections, we compared the odds of treatment 

failure following empiric vancomycin monotherapy to alternative anti-MRSA antibiotics 

with or without vancomycin using a logistic regression adjusted for RVS, year the infection 
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occurred, admitting hospital, presence of complicated disease, admission to the ICU and any 

use of inotropic agents as surrogates for severity of illness. We repeated the prior analyses 

including a term for the interaction of RVS and empirical vancomycin as a sensitivity 

analysis. Covariates used for adjustment for all analyses were chosen a priori based on a 

directed acyclic graph indicating their likely role as confounders.

Results

Demographics:

We identified 426 S. aureus bloodstream infections meeting our inclusion and exclusion 

criteria (see Table, Supplemental Digital Content 1). RVS was present in 72% (309/426). 

Most patients (64%, 274/426) had ≥1 underlying medical comorbidity. The primary source 

of infection was similar between RVS and non-RVS infections, P=0.66; catheter-associated 

and musculoskeletal infections were the most common sources for both RVS and non-RVS 

infections.

Risk factors:

Unadjusted analysis found that year and admitting hospital were associated with RVS. 

However, when adjusted for patient and infection characteristics, the association of 

admitting hospital with RVS was no longer present but the increased odds of RVS in more 

recent years persisted (Table 1).

Outcomes:

Unadjusted outcomes were similar between the 2 groups including duration of bacteremia, 

1 day (1, 4) vs. 2 days (1, 4), respectively, P=0.28 (Table 2). When adjusted for infection 

characteristics, RVS was associated with increased duration of bacteremia compared to non­

RVS infections, aIRR=1.15 (1.02, 1.30) (Table 3). However, when a term for the interaction 

of RVS with empiric vancomycin therapy was included, the association of RVS with the 

duration of bacteremia was no longer significant.

The proportion of patients with treatment failure was similar between RVS and non-RVS 

infections, 31% (96/309) vs. 32% (37/117), respectively, P=0.91. Following adjustment 

for patient and infection characteristics, the odds of treatment failure remained similar for 

both RVS and non-RVS infections, aOR=1.04 (95% confidence interval: 0.62, 1.74). In 

contrast, MRSA infections were more likely to have treatment failure than MSSA infections, 

aOR=3.03 (95% confidence interval: 1.84, 5.00). The addition of a term for the interaction 

of RVS and empiric vancomycin therapy did not significantly change the point estimate for 

either of these associations.

For the 153/426 (36%) patients with a CVL in place at the time of the first positive 

blood culture, 71/153 (46%) had their CVL removed. The median time to CVL removal 

was 3 days (25th percentile, 75th percentile: 1, 6) and was similar for RVS and non-RVS 

infections, P=0.44. A sensitivity analysis limited to those with a CVL in place on the day 

of the first positive culture found that, when adjusted for the year the infection occurred, 

admitting hospital, use of vancomycin empirically, the presence of complicated disease, and 
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the number of days between the first positive blood culture and removal of the central line, 

RVS was not associated with increased odds of treatment failure, but was associated with a 

longer duration of bacteremia, aIRR=1.55 (1.22, 1.96) (Table 3).

For MRSA infections, treatment failure was more common following empiric vancomycin 

monotherapy than when a non-vancomycin MRSA-active antibiotic or vancomycin 

combination therapy was used empirically, aOR=3.23 (1.12, 9.26) (Table 4). We were unable 

to perform an adjusted analysis of the association of empirical vancomycin therapy and 

30-day mortality because all of the deaths were in the vancomycin monotherapy group 

(5/54, 9%, vs 0/41; P=0.07). Vancomycin was used as definitive therapy in 22/32 (69%) 

non-RVS MRSA cases and 46/72 (64%) RVS MRSA cases, P=0.63.

Discussion

RVS was common among pediatric S. aureus bloodstream infections and was associated 

with an increased duration of bacteremia but not treatment failure. MRSA was associated 

with increased odds of treatment failure independent of RVS. Empiric vancomycin 

monotherapy increased the odds of treatment failure.

Outcomes for RVS and non-RVS S. aureus infections

Few studies have evaluated the impact of RVS on clinical outcomes for children with S. 
aureus bloodstream infections. For 341 children with S. aureus bacteremia, an E-test vMIC 

≥1.5 μg/mL was associated with 1 day longer duration of bacteremia for children with 

MRSA but had no association with duration of bacteremia for those with MSSA.19 Among 

71 children with S. aureus bacteremia, treatment failure was more likely with an E-test 

vMIC >1 but only if the source of infection was considered to be high risk, ie: graft, 

device, intraabdominal or respiratory tract.18 RVS was not associated with increased 30-day 

mortality or prolonged bacteremia in this study.18 For 232 children with MRSA bloodstream 

infections, a vMIC=2 μg/mL was not associated with an increased odds of treatment failure 

on univariate analysis; there were too few children with a vMIC=2 μg/mL to adjust for 

potential confounders.17 Similar to these prior studies, we failed to find a difference in 

treatment failure for infections with and without RVS. However, we found that a Microscan 

vMIC=2 μg/mL increased the duration of bacteremia compared to infections with a vMIC 

<2 μg/mL.

To the best of our knowledge, this is the first attempt to evaluate risk factors and outcomes 

for children with S. aureus bloodstream infections with an RVS phenotype determined by 

Microscan. We chose to use Microscan-determined vMICs because these are the results 

that are available to clinicians at the included sites at the time treatment decisions are 

made. Most pediatric studies addressing this question have used E-test vMICs which are 

not routinely performed in most clinical laboratories.18, 19 One study that did use clinically­

available vMIC results determined by either the Vitek 2 (bioMerieux) or the BD Phoenix 

Automated System (BD Diagnostics) for 232 cases of MRSA bacteremia found that a 

vMIC=2 μg/mL was present in only 7% of cases and that RVS was not associated with 

treatment failure in an unadjusted analysis.17 However, the low prevalence of RVS in this 

cohort did not allow for adjustment for important confounders and resulted in insufficient 
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statistical power to adequately compare outcomes for RVS vs. non-RVS infections. In adults, 

Microscan vMIC=2 μg/mL was not associated with differences in mortality, readmission, 

recurrence or a composite of the three outcomes for 418 adults with S. aureus bacteremia20 

but was associated with complicated disease in 252 adults with MSSA bacteremia.21

BMD is often considered to be the “gold standard” for MIC determination. E-test is often 

preferred in the research setting because there is increased resolution compared to BMD 

methods (i.e. more values are possible including values like 1.5 μg/mL which is between 

two possible values using serial dilution methods) and it has been shown to have reasonable 

concordance with standard BMD results.28 Some have suggested that all isolates determined 

to have RVS should have their MICs confirmed using an E-test.22, 29 However, the frequency 

with which MICs generated by E-test vs. other methods are discordant make it difficult 

to know how to interpret and respond clinically when the confirmatory E-test results is 

discordant from the clinically-determined vMIC.24 Additionally, E-test is more expensive 

and labor intensive to perform than automated BMD methods so E-test MICs are not always 

available in the clinical setting and, if available, take an additional 1–2 days to result. To 

produce results that would have greater clinical applicability, we opted to use the MicroScan 

automated BMD vMIC results available in patient clinical records for our study. MicroScan 

has been reported to classify lower standard BMD vMICs as 2 μg/mL in as many as 8% 

of cases.10 We would expect this to bias our results toward the null. Since we were able to 

detect a difference in the duration of bacteremia for RVS isolates vs. non-RVS isolates, it 

seems likely that MicroScan either accurately assigned a vMIC=2 μg/mL in most cases or 

that a definition of RVS that includes lower MICs (ie: >1 μg/mL) has clinical relevance for 

children with S. aureus bacteremia.18

An obvious hypothesis is that RVS infections are associated with worse outcomes because 

higher vancomycin concentrations are necessary to reach the therapeutic target.11 However, 

some studies have suggested that it is not antibiotic failure that accounts for the differences 

in outcomes for RVS vs. non-RVS infections. For example, MSSA bloodstream infections 

with RVS have sometimes been shown to have worse outcomes than MSSA without RVS 

even though neither are treated with vancomycin due to their susceptibility to beta-lactam 

antibiotics. A study that included 266 patients with MSSA treated with flucloxacillin found 

that mortality was increased for RVS infections compared to non-RVS infections.30 This is 

possibly due to an increased thickness in the cell wall of RVS isolates compared to non-RVS 

isolates and an altered ability to survive within the macrophages after phagocytosis.31 

Another study of 252 adults with MSSA BSI failed to find any difference in mortality for 

patients with RVS vs. non-RVS infections.21 However, RVS was associated with increased 

odds of complicated disease.21 Similarly, RVS was associated with an increased likelihood 

of severe disease among children with MSSA osteoarticular infections.32 Additional studies 

have failed to find an association of RVS with outcomes in MSSA endocarditis,12 S. aureus 
meningitis,33 and S. aureus bacteremia.34, 35 At this point, it remains unclear how much of 

an impact RVS has on clinical outcomes in invasive S. aureus infections.
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Outcomes for MSSA vs. MRSA bloodstream infections

Although we did not find vMIC to be a good predictor of treatment failure for pediatric S. 
aureus bacteremia, we did find that children with MRSA bacteremia were more likely to 

experience treatment failure than those with MSSA. Prior studies have shown inconsistent 

associations of MRSA with worse disease. A single-center study of 394 children with S. 
aureus bloodstream infections found that MRSA was associated with increased odds of 

developing a complication compared to MSSA, aOR=3.31 (95% confidence interval: 1.60, 

6.85).36 A study of 427 infections found that crude mortality was greater for children with 

MRSA compared to MSSA bloodstream infections, 33% vs. 15%, respectively, but 1-year 

mortality adjusted for patient and infection characteristics was not different between the 

two infection types, hazard ratio = 1.4 (95% confidence interval: 0.6, 3.1). Conversely, a 

retrospective study that included nearly 4000 infants found no difference in mortality at 7 

days, 30 days or at hospital discharge for infants with MRSA vs. MSSA bacteremia.37

Association of empiric antibiotic therapy with treatment failure

We found that empirical vancomycin monotherapy was associated with treatment failure 

compared to non-vancomycin anti-MRSA antibiotic therapy. A prior study of infants 

with MRSA bacteremia found that inadequate empirical antibiotic therapy was associated 

with increased 30-day mortality; however, vancomycin was considered to be adequate 

empiric therapy.38 No comparison was made of empiric vancomycin monotherapy with 

non-vancomycin or combination anti-MRSA empirical therapy. Vancomycin monotherapy 

has previously been shown to be associated with increased mortality for children with 

influenza-associated MRSA pneumonia compared to combination therapy.39 In our study, 

death was not statistically different between the groups but an effective comparison was 

limited by a low number of deaths overall; all of the deaths in our cohort occurred in 

patients receiving vancomycin monotherapy. In light of increasing evidence that vancomycin 

monotherapy is insufficient treatment for severe S. aureus infection, consideration should 

be given to providing adjunctive therapy with another agent with MRSA activity such 

as clindamycin or linezolid for children with suspected MRSA infections.39 A similar 

proportion of RVS and non-RVS MRSA cases received vancomycin as definitive therapy 

suggesting that treating clinicians did not respond therapeutically to a finding of RVS by 

using an alternative antibiotic in most cases. We were not able to assess whether or not 

higher vancomycin concentrations were targeted in RVS cases.

Geographic differences

The prevalence of RVS was 64% at one center and 76% at a second center, with increasing 

RVS prevalence over time. Prior single center studies have demonstrated a prevalence of 

RVS as low as 6%19 and as high as 75%18 suggesting significant geographic variability.

Limitations

Because this was a retrospective study and clinical isolates were not stored, we were unable 

to confirm the MICs reported in the electronic medical record using E-test or another 

method of MIC determination. Similarly, we were not able to perform strain typing, test 

for virulence factors, nor evaluate for the presence of heteroresistance. Because we were 
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not able to control for these features, it is possible that these characteristics could have 

affected treatment outcomes in such a way that a difference in patient outcomes due to 

RVS among a subpopulation of infections was masked. In our evaluation of the association 

between empirical anti-MRSA antibiotic therapy and treatment failure, we only considered 

anti-MRSA agents. We did not assess the potential impact of beta-lactam antibiotics lacking 

direct anti-MRSA activity on the efficacy of vancomycin. However, even with adjunctive 

beta-lactam therapy being given in most cases, primarily for gram negative coverage since 

culture results were not yet known, use of vancomycin as the only anti-MRSA drug was 

associated with an increased odds of treatment failure, suggesting that this is a robust 

association. Collection of laboratory tests including the frequency of blood cultures and 

treatment decisions were at the discretion of the treating physicians. Since our study was 

not randomized, it is possible that some important confounders were not included in our 

analysis.

Conclusion

RVS was common among pediatric S. aureus bloodstream infections and was associated 

with a longer duration of bacteremia but not with treatment failure. Patient and clinical 

features predisposing to RVS were not identified. Treatment failure was more common for 

MRSA than for MSSA. Empiric vancomycin monotherapy increased the odds of treatment 

failure; alternate or additional anti-MRSA antibiotics should be considered when MRSA 

bacteremia is suspected.
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Acknowledgments

Sources of Support: This work was supported by from the National Center for Advancing Translational 
Sciences [5UL1TR002014 and 5KL2 TR002015 to J.E.E.].

J.E.E has received consulting fees from Allergan.

References

1. Herigon JC, Hersh AL, Gerber JS, Zaoutis TE, Newland JG. Antibiotic management 
of Staphylococcus aureus infections in US children’s hospitals, 1999–2008. Pediatrics. 6 
2010;125(6):e1294–300. doi:10.1542/peds.2009-2867 [PubMed: 20478934] 

2. Kullar R, Davis SL, Levine DP, Rybak MJ. Impact of vancomycin exposure on outcomes 
in patients with methicillin-resistant Staphylococcus aureus bacteremia: support for consensus 
guidelines suggested targets. Clin Infect Dis. 4 2011;52(8):975–81. doi:10.1093/cid/cir124 
[PubMed: 21460309] 

3. Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guidelines by the infectious diseases society 
of america for the treatment of methicillin-resistant Staphylococcus aureus infections in adults and 
children. Clin Infect Dis. 2 2011;52(3):e18–55. doi:10.1093/cid/ciq146 [PubMed: 21208910] 

4. Silva DC, Seixas GT, Araujo OR, Arduini RG, Carlesse FA, Petrilli AS. Vancomycin serum 
concentrations in pediatric oncologic/hematologic intensive care patients. Braz J Infect Dis. 2012 
Jul-Aug 2012;16(4):361–5. doi:10.1016/j.bjid.2012.06.011 [PubMed: 22846125] 

Canty et al. Page 8

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Frymoyer A, Hersh AL, Benet LZ, Guglielmo BJ. Current recommended dosing of vancomycin for 
children with invasive methicillin-resistant Staphylococcus aureus infections is inadequate. Pediatr 
Infect Dis J. 5 2009;28(5):398–402. doi:10.1097/INF.0b013e3181906e40 [PubMed: 19295465] 

6. Bhongsatiern J, Stockmann C, Roberts JK, et al. Evaluation of Vancomycin Use in Late­
Onset Neonatal Sepsis Using the Area Under the Concentration-Time Curve to the Minimum 
Inhibitory Concentration ≥400 Target. Ther Drug Monit. 12 2015;37(6):756–65. doi:10.1097/
FTD.0000000000000216 [PubMed: 26562817] 

7. Chhim RF, Arnold SR, Lee KR. Vancomycin Dosing Practices, Trough Concentrations, and 
Predicted Area Under the Curve in Children With Suspected Invasive Staphylococcal Infections. 
J Pediatric Infect Dis Soc. 9 2013;2(3):259–62. doi:10.1093/jpids/pis083 [PubMed: 26619480] 

8. Ahlstrand E, Svensson K, Persson L, Tidefelt U, Söderquist B. Glycopeptide resistance in 
coagulase-negative staphylococci isolated in blood cultures from patients with hematological 
malignancies during three decades. Eur J Clin Microbiol Infect Dis. 11 2011;30(11):1349–54. 
doi:10.1007/s10096-011-1228-8 [PubMed: 21744039] 

9. van Hal SJ, Lodise TP, Paterson DL. The clinical significance of vancomycin minimum inhibitory 
concentration in Staphylococcus aureus infections: a systematic review and meta-analysis. Clin 
Infect Dis. 3 2012;54(6):755–71. doi:10.1093/cid/cir935 [PubMed: 22302374] 

10. Rybak MJ, Vidaillac C, Sader HS, et al. Evaluation of vancomycin susceptibility testing 
for methicillin-resistant Staphylococcus aureus: comparison of Etest and three automated 
testing methods. J Clin Microbiol. 7 2013;51(7):2077–81. doi:10.1128/JCM.00448-13 [PubMed: 
23596249] 

11. Rybak MJ, Le J, Lodise TP, et al. Therapeutic monitoring of vancomycin for serious methicillin­
resistant Staphylococcus aureus infections: A revised consensus guideline and review by the 
American Society of Health-System Pharmacists, the Infectious Diseases Society of America, the 
Pediatric Infectious Diseases Society, and the Society of Infectious Diseases Pharmacists. Am J 
Health Syst Pharm. 05 2020;77(11):835–864. doi:10.1093/ajhp/zxaa036 [PubMed: 32191793] 

12. Pericàs JM, Messina JA, Garcia-de-la-Mària C, et al. Influence of vancomycin minimum inhibitory 
concentration on the outcome of methicillin-susceptible Staphylococcus aureus left-sided infective 
endocarditis treated with antistaphylococcal β-lactam antibiotics: a prospective cohort study by 
the International Collaboration on Endocarditis. Clin Microbiol Infect. 8 2017;23(8):544–549. 
doi:10.1016/j.cmi.2017.01.017 [PubMed: 28159672] 

13. Ferry T, Uçkay I, Vaudaux P, et al. Risk factors for treatment failure in orthopedic device­
related methicillin-resistant Staphylococcus aureus infection. Eur J Clin Microbiol Infect Dis. 2 
2010;29(2):171–80. doi:10.1007/s10096-009-0837-y [PubMed: 19946789] 

14. Rybak MJ, Le J, Lodise TP, et al. Therapeutic Monitoring of Vancomycin for Serious Methicillin­
resistant Staphylococcus aureus Infections: A Revised Consensus Guideline and Review by the 
American Society of Health-system Pharmacists, the Infectious Diseases Society of America, the 
Pediatric Infectious Diseases Society, and the Society of Infectious Diseases Pharmacists. Clin 
Infect Dis. 7 2020;doi:10.1093/cid/ciaa303

15. Moore CL, Osaki-Kiyan P, Haque NZ, Perri MB, Donabedian S, Zervos MJ. Daptomycin versus 
vancomycin for bloodstream infections due to methicillin-resistant Staphylococcus aureus with 
a high vancomycin minimum inhibitory concentration: a case-control study. Clin Infect Dis. 1 
2012;54(1):51–8. doi:10.1093/cid/cir764 [PubMed: 22109947] 

16. Docobo-Pérez F, López-Rojas R, Domínguez-Herrera J, et al. Efficacy of linezolid versus a 
pharmacodynamically optimized vancomycin therapy in an experimental pneumonia model caused 
by methicillin-resistant Staphylococcus aureus. J Antimicrob Chemother. 8 2012;67(8):1961–7. 
doi:10.1093/jac/dks142 [PubMed: 22532466] 

17. Hamdy RF, Hsu AJ, Stockmann C, et al. Epidemiology of Methicillin-Resistant Staphylococcus 
aureus Bacteremia in Children. Pediatrics. 5 2017;doi:10.1542/peds.2017-0183

18. Kumarachandran G, Johnson JK, Shirley DA, Graffunder E, Heil EL. Predictors of Adverse 
Outcomes in Children With Staphylococcus aureus Bacteremia. J Pediatr Pharmacol Ther. 2017 
May-Jun 2017;22(3):218–226. doi:10.5863/1551-6776-22.3.218 [PubMed: 28638305] 

19. McNeil JC, Kok EY, Forbes AR, et al. Healthcare-associated Staphylococcus aureus Bacteremia in 
Children: Evidence for Reverse Vancomycin Creep and Impact of Vancomycin Trough Values 

Canty et al. Page 9

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



on Outcome. Pediatr Infect Dis J. 3 2016;35(3):263–8. doi:10.1097/INF.0000000000000991 
[PubMed: 26646549] 

20. Baxi SM, Clemenzi-Allen A, Gahbauer A, et al. Vancomycin MIC Does Not Predict 
90-Day Mortality, Readmission, or Recurrence in a Prospective Cohort of Adults with 
Staphylococcus aureus Bacteremia. Antimicrob Agents Chemother. 09 2016;60(9):5276–84. 
doi:10.1128/AAC.00658-16 [PubMed: 27324762] 

21. Sullivan SB, Austin ED, Stump S, et al. Reduced Vancomycin Susceptibility of Methicillin­
Susceptible Staphylococcus aureus Has No Significant Impact on Mortality but Results in an 
Increase in Complicated Infection. Antimicrob Agents Chemother. 07 2017;61(7)doi:10.1128/
AAC.00316-17

22. Bland CM, Porr WH, Davis KA, Mansell KB. Vancomycin MIC susceptibility testing of 
methicillin-susceptible and methicillin-resistant Staphylococcus aureus isolates: a comparison 
between Etest® and an automated testing method. South Med J. 11 2010;103(11):1124–8. 
doi:10.1097/SMJ.0b013e3181efb5b1 [PubMed: 20890258] 

23. Rojas L, Bunsow E, Muñoz P, Cercenado E, Rodríguez-Créixems M, Bouza E. Vancomycin MICs 
do not predict the outcome of methicillin-resistant Staphylococcus aureus bloodstream infections 
in correctly treated patients. J Antimicrob Chemother. 7 2012;67(7):1760–8. doi:10.1093/jac/
dks128 [PubMed: 22556382] 

24. Hsu DI, Hidayat LK, Quist R, et al. Comparison of method-specific vancomycin minimum 
inhibitory concentration values and their predictability for treatment outcome of meticillin­
resistant Staphylococcus aureus (MRSA) infections. Int J Antimicrob Agents. 11 2008;32(5):378–
85. doi:10.1016/j.ijantimicag.2008.05.007 [PubMed: 18701261] 

25. Chen SY, Liao CH, Wang JL, et al. Method-specific performance of vancomycin MIC 
susceptibility tests in predicting mortality of patients with methicillin-resistant Staphylococcus 
aureus bacteraemia. J Antimicrob Chemother. 1 2014;69(1):211–8. doi:10.1093/jac/dkt340 
[PubMed: 23997017] 

26. Wang JL, Wang JT, Sheng WH, Chen YC, Chang SC. Nosocomial methicillin-resistant 
Staphylococcus aureus (MRSA) bacteremia in Taiwan: mortality analyses and the impact of 
vancomycin, MIC = 2 mg/L, by the broth microdilution method. BMC Infect Dis. 6 2010;10:159. 
doi:10.1186/1471-2334-10-159 [PubMed: 20529302] 

27. Moise PA, Sakoulas G, Forrest A, Schentag JJ. Vancomycin in vitro bactericidal activity and its 
relationship to efficacy in clearance of methicillin-resistant Staphylococcus aureus bacteremia. 
Antimicrob Agents Chemother. 7 2007;51(7):2582–6. doi:10.1128/AAC.00939-06 [PubMed: 
17452488] 

28. Rossatto FC, Proença LA, Becker AP, Silveira AC, Caierão J, D’Azevedo PA. Evaluation of 
methods in detecting vancomycin MIC among MRSA isolates and the changes in accuracy 
related to different MIC values. Rev Inst Med Trop Sao Paulo. 2014 Nov-Dec 2014;56(6):469–72. 
doi:10.1590/s0036-46652014000600002 [PubMed: 25351538] 

29. Swenson JM, Anderson KF, Lonsway DR, et al. Accuracy of commercial and reference 
susceptibility testing methods for detecting vancomycin-intermediate Staphylococcus aureus. J 
Clin Microbiol. 7 2009;47(7):2013–7. doi:10.1128/JCM.00221-09 [PubMed: 19420170] 

30. Holmes NE, Turnidge JD, Munckhof WJ, et al. Antibiotic choice may not explain poorer outcomes 
in patients with Staphylococcus aureus bacteremia and high vancomycin minimum inhibitory 
concentrations. J Infect Dis. 8 2011;204(3):340–7. doi:10.1093/infdis/jir270 [PubMed: 21742831] 

31. Basco MDS, Kothari A, McKinzie PB, et al. Reduced vancomycin susceptibility and increased 
macrophage survival in Staphylococcus aureus strains sequentially isolated from a bacteraemic 
patient during a short course of antibiotic therapy. J Med Microbiol. 6 2019;68(6):848–859. 
doi:10.1099/jmm.0.000988 [PubMed: 31136294] 

32. Kok EY, Vallejo JG, Sommer LM, et al. Association of Vancomycin MIC and Molecular 
Characteristics with Clinical Outcomes in Methicillin-Susceptible Staphylococcus aureus Acute 
Hematogenous Osteoarticular Infections in Children. Antimicrob Agents Chemother. 05 
2018;62(5)doi:10.1128/AAC.00084-18

33. Huang WC, Lee CH, Liu JW. Clinical characteristics and risk factors for mortality in 
patients with meningitis caused by Staphylococcus aureus and vancomycin minimal inhibitory 

Canty et al. Page 10

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



concentrations against these isolates. J Microbiol Immunol Infect. 12 2010;43(6):470–7. 
doi:10.1016/S1684-1182(10)60073-4 [PubMed: 21195973] 

34. López-Cortés LE, Velasco C, Retamar P, et al. Is reduced vancomycin susceptibility a 
factor associated with poor prognosis in MSSA bacteraemia? J Antimicrob Chemother. 9 
2015;70(9):2652–60. doi:10.1093/jac/dkv133 [PubMed: 26023210] 

35. Simor AE, Pelude L, Golding G, et al. Determinants of Outcome in Hospitalized Patients 
With Methicillin-Resistant Staphylococcus aureus Bloodstream Infection: Results From National 
Surveillance in Canada, 2008–2012. Infect Control Hosp Epidemiol. 4 2016;37(4):390–7. 
doi:10.1017/ice.2015.323 [PubMed: 26782274] 

36. Hamdy RF, Dona D, Jacobs MB, Gerber JS. Risk Factors for Complications in Children 
with Staphylococcus aureus Bacteremia. J Pediatr. 5 2019;208:214–220.e2. doi:10.1016/
j.jpeds.2018.12.002 [PubMed: 30879729] 

37. Ericson JE, Popoola VO, Smith PB, et al. Burden of Invasive Staphylococcus aureus 
Infections in Hospitalized Infants. JAMA Pediatr. 12 2015;169(12):1105–11. doi:10.1001/
jamapediatrics.2015.2380 [PubMed: 26502073] 

38. Thaden JT, Ericson JE, Cross H, et al. Survival Benefit of Empirical Therapy for 
Staphylococcus aureus Bloodstream Infections in Infants. Pediatr Infect Dis J. 7 2015;doi:10.1097/
INF.0000000000000850

39. Randolph AG, Xu R, Novak T, et al. Vancomycin Monotherapy May Be Insufficient to 
Treat Methicillin-resistant Staphylococcus aureus Coinfection in Children With Influenza-related 
Critical Illness. Clin Infect Dis. 01 2019;68(3):365–372. doi:10.1093/cid/ciy495 [PubMed: 
29893805] 

Canty et al. Page 11

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Canty et al. Page 12

Table 1.

Unadjusted and adjusted odds of reduced vancomycin susceptibility for patient and infection characteristics.

Characteristic OR (95% confidence interval) aOR (95% confidence interval)*

Age in years 1.00 (0.97, 1.04) 1.00 (0.96, 1.05)

Male sex 1.00 (0.64, 1.56) 0.96 (0.59, 1.54)

Any comorbidity 0.78 (0.50, 1.23) 0.70 (0.35, 1.41)

Race

White 1 1

Black 1.39 (0.84, 2.30) 1.24 (0.66, 2.32)

Other/Not reported 1.04 (0.61, 1.76) 0.82 (0.44, 1.52)

Hospitalization in prior year 0.82 (0.54, 1.27) 0.96 (0.54, 1.71)

Surgery in prior 30 days 0.78 (0.45, 1.34) 0.88 (0.46, 1.67)

MRSA vs. MSSA 0.81 (0.49, 1.31) 0.69 (0.40, 1.22)

Central venous catheter present 1.00 (0.64, 1.56) 1.64 (0.77, 3.49)

Site (PSU vs CNMC) 1.76 (1.23, 2.76) 1.36 (0.76, 2.44)

Year 1.32 (1.19, 1.46) 1.30 (1.17, 1.45)

Infection source

Catheter-associated 1 1

Musculoskeletal 1.47 (0.81, 2.65) 1.37 (0.49, 3.83)

Skin soft tissue infection 1.01 (0.49, 2.06) 1.17 (0.43, 3.17)

Pneumonia 1.54 (0.65, 3.64) 1.91 (0.63, 5.83)

No/other source 1.22 (0.67, 2.22) 1.51 (0.66, 3.47)

*
Logistic regression, all characteristics adjusted for all other characteristics.
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Table 2.

Outcomes following Staphylococcus aureus bacteremia with and without reduced vancomycin susceptibility.

Outcome Non-RVS N=117 (%) RVS N=309 (%) P

Required ICU care 44 (38) 112 (36) 0.80

Required intubation 21 (18) 37 (12) 0.11

Needed surgery 23 (20) 49 (16) 0.37

Hospital length of stay* 13 (7, 41) 11 (7, 22) 0.22

ICU length of stay* 0 (0, 13) 0 (0, 5) 0.44

Bacteremia >3 days 31 (26) 85 (28) 0.83

Duration of bacteremia 1 (1, 4) 2 (1, 4) 0.28

Died 7 (6) 21 (7) 0.76

Treatment failure 37 (32) 96 (31) 0.91

*
median (25th, 75th percentiles)
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Table 4.

Adjusted odds of treatment failure for methicillin-resistant Staphylococcus aureus bloodstream infections.

Empirical anti-MRSA Therapy Treatment Failure
n/N (%)

aOR (95% confidence interval)*

Alternate anti-MRSA antibiotic with or without vancomycin 17/41 (41) 1

Vancomycin monotherapy 33/54 (61) 3.23 (1.12, 9.26)

Logistic regression adjusted for reduced vancomycin susceptibility, admission to an intensive care unit, any use of inotropic agents, year of the 
infection, presence of a complication and hospital site.
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