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Introduction

Multidrug resistant Streptococcus pneumoniae is among the 
organisms listed in the Centers for Disease Control and 
Prevention’s 2019 serious threats, with an estimated 6000 
deaths and 150 000 hospitalizations annually.1 Vancomycin 
(VAN) is an efficacious therapy against certain streptococcal 
strains and can be useful in the treatment of serious strepto-
coccal infections in the setting of beta-lactam resistance and/
or severe beta-lactam allergies.2,3 Streptococcal infections 
have an overall low prevalence of positive follow-up blood 
cultures, but infections leading to positive follow-up blood 
cultures have been shown to require longer durations of anti-
biotic treatment.4 Unfortunately, prolonged VAN courses 
confer an increased risk of nephrotoxicity.5

Pharmacokinetic/pharmacodynamic monitoring of VAN 
using the area under the curve (AUC) to minimum inhibitory 
concentration (MIC) ratio is now the preferred monitoring 
approach to prevent nephrotoxicity and ensure clinical effi-
cacy in serious methicillin-resistant Staphylococcus aureus 
(MRSA) infections.6 This raises the question as to whether 
utilizing VAN AUC/MIC monitoring in the treatment of other 
bacterial pathogens would reap the same benefits. With that 

said, VAN AUC/MIC monitoring is being investigated but is 
not yet well elucidated with other bacterial pathogens.7,8 
One study found VAN AUC/MIC <389 to predict 30-day 
mortality in patients with enterococcal bacteremia, while 
others have failed to replicate this association.7,8

To our knowledge, no studies to date have examined the 
relationship between VAN AUC and clinical failure in strep-
tococcal bacteremia. The goal of our study is to elucidate if 
such a relationship exists, and if so, to identify the specific 
VAN AUC threshold predictive of clinical failure in patients 
with streptococcal bacteremia.

Materials and methods

A retrospective cross-sectional study was completed at The 
Ohio State University Wexner Medical Center (OSUWMC) 
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inpatient facilities (Columbus, OH). Hospitalized adult 
patients with streptococcal bacteremia treated with VAN 
definitive therapy from January 1, 2011 to September 30, 
2021 were screened for study inclusion. Patients were 
excluded if they were considered a protected population (i.e., 
those <18 and >89 years old, inmates, and pregnant 
patients), received alternative or concomitant anti-strepto-
coccal therapy for more than 50% of their treatment course, 
or had concomitant Staphylococcus aureus or Enterococcus 
spp. bacteremia. Patient populations who did not qualify for 
Bayesian calculations were also excluded, including those 
who did not have a VAN trough collected, received renal 
replacement therapy, cystic fibrosis, severe burn injury, or 
central nervous system infection (Figure 1).

Demographic information collected included age, gender, 
intensive care unit (ICU) admission, ICU length of stay, 
injection drug use, baseline serum creatinine (SCr) (defined 
as SCr on the day of VAN initiation), Charlson Comorbidity 
Index, known human immunodeficiency virus (HIV), and 
immunosuppression (i.e., active chemotherapy, ≥20 mg of 
prednisone equivalents for ≥2 weeks, bone marrow or organ 
transplantation, immune deficiency, or CD4 count <200). 
Charlson Comorbidity Index scoring was calculated as pre-
viously defined.9 Clinical characteristics collected included 
the presence of a positive blood culture with Streptococcus 
spp. and date of culture clearance (blood cultures are usually 
collected daily in bacteremic patients at OSUWMC); other 
microorganism(s) identified in blood during index admis-
sion and blood culture collection date; Streptococcus VAN 

MIC; bacteremia source; presence of infective endocarditis; 
nephrotoxic agents given concurrently and/or within 72 hours 
of VAN initiation; Pitt bacteremia score; VAN dose, fre-
quency, and duration (days); and initial VAN trough concen-
tration at steady state (i.e., before the fourth or later VAN 
dose), which at OSUWMC is reviewed by a pharmacist per a 
standardized dosing and monitoring protocol. Nephrotoxic 
agents included aminoglycosides, nonsteroidal anti-inflam-
matory drugs (NSAIDs), and iodinated contrast. Pitt bactere-
mia score components were included as previously outlined 
in the literature and collected 48 hours before or on the day of 
positive blood culture collection.10,11

The primary outcome was treatment failure, defined as a 
composite of recurrent bacteremia with Streptococcus spp., 
persistent streptococcal bacteremia, 60-day all-cause read-
mission, or 60-day all-cause mortality. Sixty-day all-cause 
readmission was assessed within 60 days of hospital discharge 
while 60-day mortality was measured from the date of initial 
positive blood culture collection. Persistent bacteremia was 
defined as a positive blood culture collected ≥24 hours from 
initial positive blood culture collection. Bacteremia recur-
rence was defined as a positive blood culture collected 
≥72 hours from collection of a negative blood culture.

Secondary outcomes included time to bacteremia clearance, 
hospital length of stay, and nephrotoxicity. Nephrotoxicity 
was defined as a SCr ≥1.5x baseline or increase in SCr 
≥0.3 mg/dL throughout the entirety of vancomycin therapy 
per Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines.12

Figure 1.  Streptococcal bacteremia patient screening for study inclusion.
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Streptococci were identified to the genus and/or species 
level from positive blood cultures using the VERIGENE® 
Gram-Positive Blood Culture (BC-GP) system (Luminex) 
and/or matrix-assisted laser desorption ionization time of 
flight (MALDI-TOF) mass spectrometry (Bruker). VAN sus-
ceptibility testing was performed using the MicroScan 
WalkAway (Beckman Coulter) or VITEK 2 (bioMérieux) 
systems. VAN AUC was calculated retrospectively using 
Bayesian software (ClinCalc LLC) by inputting the first 
VAN trough.13 VAN AUC/MIC was then calculated using the 
Bayesian software output and isolate specific MIC values.

Demographic and clinical information was analyzed 
using descriptive statistics. Continuous variables were 
assessed using the Student’s t-test or Wilcoxon rank sum test 
to determine statistical significance. Categorical variables 
were analyzed using the chi-square or Fisher’s exact test, 
based on sample size. All tests were performed at the P ≤ .05 
significance level.

Classification and regression tree analysis (CART) was 
conducted to identify the VAN AUC threshold for predicting 
clinical failure in patients treated with VAN for streptococcal 
bacteremia. A secondary CART analysis on VAN AUC/MIC 
was also completed. All statistical analyses were performed 
using SAS Statistical software, version 9.3 (SAS Institute, 
Cary, North Carolina).

Results

One-hundred fifty six patients with streptococcal bacteremia 
were identified during the study timeframe. Of these, 110 
patients were excluded, most commonly for concomitant 
anti-streptococcal therapy for >50% of treatment course, 
followed by renal replacement therapy, and concomitant S. 
aureus bacteremia (Figure 1). Therefore, 46 patients were 
included in the analysis.

Overall 20 patients (41.7%) met the composite outcome 
of clinical failure. A CART analysis identified a VAN AUC 
threshold of 329 to be predictive of clinical failure. Eight of 
11 (73%) patients with a VAN AUC <329 experienced clini-
cal failure while 12 of 35 (34%) patients with a VAN AUC 
≥329 experienced clinical failure (P = .04). Of the 20 patients 
experiencing clinical failure, 18 (90%) had 60-day readmis-
sion while 2 (10%) experienced 60-day mortality. Only 1 
patient had infection-related 60-day readmission.

When comparing patients stratified by the VAN AUC 
threshold of 329, no significant differences in baseline or 
clinical characteristics were identified except bacteremia 
source (Table 1). Of the patients who were immunosup-
pressed, 11 (92%) patients were undergoing chemotherapy 
while 3 (25%) patients had a bone marrow or organ trans-
plant in the past year. Nephrotoxic agents given during VAN 
therapy were primarily iodinated contrast (n = 28, 74%), 
followed by NSAIDS (n = 26, 68%) and aminoglycosides 
(n = 5, 13%).

Causative Streptococcus spp. identified did not differ 
between groups (P = .870). Viridans group streptococci 
were the most common species identified (n = 34, 74%), 
followed by S. agalactiae (n = 6, 13%), and S. bovis (n = 2, 
4%). Seven (15%) patients had more than 1 Streptococcus 
spp. identified.

VAN characteristics are summarized in Table 2. Doses 
of VAN ranged from 500 to 2000 mg at frequencies of 
every 12, 24, or 48 hours. Initial steady state trough con-
centrations were significantly higher in the AUC ≥ 329 
group (13.2 μg/mL vs 6.2 μg/mL, P < .001).The VAN MIC 
distribution was similar between the groups and ranged 
from 0.25 to 1 μg/mL for all Streptococcus spp. identified. 
The CART was repeated using VAN AUC/MIC and resulted 
in a comparable threshold value of 336 with similar out-
comes observed when comparing the resulting groups; how-
ever, limitations in sample size resulted in a disparate 
proportion of patients in each group (data not shown).

Regarding secondary outcomes, hospital length of stay 
was longer in patients with a VAN AUC ≥ 329 (15 [9-22] days 
vs 8 [7-15] days, P = .05). Time to bacteremia clearance (29 
[22-45] vs 25 [20-29] hours, P = .15) and the incidence of 
nephrotoxicity during VAN therapy (13 (37%) vs 4 (36%) 
patients, P = 1) were similar between the groups.

Discussion

This study determined that clinical failure was more common 
in patients with streptococcal bacteremia and VAN AUC 
<329. This identified AUC threshold predictive of clinical 
failure was similar to investigated thresholds in prior entero-
coccal bacteremia literature.7,8 For example, Jumah et  al7 
found a VAN AUC/MIC threshold of 389 predictive of 30-day 
all-cause mortality, but did not assess other outcomes that 
could be indicative of treatment failure such as readmission, 
bacteremia persistence, or recurrence.7 The clinical failure 
rate in the present study was higher (40%) but was a compos-
ite endpoint including these other clinical variables beyond 
mortality alone and was driven mostly by all-cause readmis-
sions. This composite outcome could be refined using infec-
tion-related readmission rather than all-cause readmission in 
future larger studies, but was impractical in this case given 
that it only occurred in 1 patient. When comparing mortality 
reported by Jumah et al to the present study, the rates were 
similar (17.5% vs 10%). The population included by Jumah 
et  al had a similar PITT bacteremia score, ICU length of 
stay, nephrotoxicity rates, and vancomycin MIC values 
when compared to this study’s patient population. Of note, 
at OSUWMC MIC values were determined via Microscan 
or VITEK, both of which can over- or underestimate MIC 
values by 1 dilution. Although broth microdilution may be 
preferred for determining precise MIC values, this method-
ology is impractical for many institutions and the MICs 
reported in this study are reflective of typical Streptococcal 
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MIC distribution.2 Additionally, the VAN AUC thresholds 
reported in these studies are lower than the 400 to 600 tar-
get previously identified for optimal efficacy and safety 
in the management of MRSA bacteremia.6,14-15 The lower 
VAN AUC breakpoint predictive of clinical failure with 
Enterococcus spp. and Streptococcus spp. may be explained 
in part due to reduced virulence mechanisms of these organ-
isms in comparison to MRSA.

At the AUC breakpoint identified in this study, there was 
no difference in the incidence of nephrotoxicity which may 

be attributable in part to the lower VAN troughs targeted for 
Streptococcal bacteremia. The rate of nephrotoxicity in this 
study was comparable to the enterococcal bacteremia study 
by Nakakura et al8 and colleagues that found a similar VAN 
AUC threshold. This is in contrast to MRSA bacteremia 
and VAN AUC literature identifying an increased risk of 
nephrotoxicity at higher AUC values.15,16 For example, 
Poston-Blahnik and Moenster found a VAN AUC ≥550 to 
be an independent risk factor for experiencing acute kidney 
injury.15

Table 1.  Baseline and Clinical Characteristics Stratified by VAN AUC.

Characteristic
Higher AUC group 
AUC ≥ 329 (n = 35)

Lower AUC group 
AUC < 329 (n = 11) P-value

Age, years 52 [38-62] 62 [48-69] .24
Male 15 (43) 6 (55) .5
Skilled nursing facility/long term assisted care 2 (6) 0 (0) 1
Home 33 (94) 11 (100)
Injection drug use 10 (29) 0 (0) .09
Immunosuppressed 8 (23) 4 (36) .44
Charlson Comorbidity Index 3 [2-5.5] 2.5 [2-3] .18
Baseline SCr 0.77 [0.62-0.99] 0.74 [0.53-0.95] .37
Peak SCr during VAN 0.99 [0.84-1.31] 0.95 [0.66-1.33] .41
Concurrent nephrotoxin(s) 30 (86) 8 (73) .37
Bacteremia source .01
  Line/tube/drain 9 (26) 3 (27)  
  Mouth/oropharyngeal 8 (23) 0 (0)  
  Bone/joint 7 (20) 1 (9)  
  Infective endocarditis 7 (20) 0 (0)  
  Skin/soft tissue 2 (6) 3 (27)  
  Unknown 2 (6) 4 (36)  
  Other 1 (3) 0 (0)  
Pitt bacteremia score 2 [0-2] 1 [0-2] .20
ICU admission (days) 4 (11) 3 (27) .33
ICU length of stay (days) 2.5 [1.5-15] 3 [3-4] .46

Note. Data are presented as number (%) or median [IQR] as appropriate. SCr = serum creatinine; VAN = vancomycin; ICU = intensive care unit.

Table 2.  Vancomycin Treatment Details Stratified by VAN AUC.

Characteristic
Higher AUC group 
AUC ≥ 329 (n = 35)

Lower AUC group 
AUC < 329 (n = 11) P-value

Streptococcus VAN MIC .23
  0.25 2 (6) 0 (0)
  0.5 28 (80) 7 (64)
  1 5 (14) 4 (36)
Inpatient VAN duration of therapy (days) 9 [5-15] 6 [5-8] .08
Total VAN duration of therapy (days) 21 [14-42] 15 [15-43] .74
Total initial steady state VAN trough (μg/mL) 13.2 [11.3-19] 6.2 [5.6-9] <.0001
Initial steady state VAN trough by therapeutic range (μg/mL) 13.2 [11.3-19] 6.3 [5.6-9] <.0004
  <10 6 (17) 9 (82)
  10-20 22 (63) 2 (18)
  >20 7 (20) 0 (0)

Note. Data are presented as number (%) or median [IQR] as appropriate. VAN = vancomycin; AUC = area under the curve.



Aycock et al	 5

Of note, hospital length of stay was longer in the higher 
AUC group in the present study. Other similar studies did not 
report this variable so it is unknown whether this finding is 
unique to this study or would have been comparable to oth-
ers. Contributory factors may have included the numerically 
higher incidence of patients discharged to a skilled nursing 
facility and IV drug users, both of which can cause place-
ment issues thereby extending the hospital length of stay.

Another noteworthy observation is that the majority of 
patients in the VAN AUC <329 group had a VAN trough 
<10 μg/mL. Past studies regarding MRSA bacteremia have 
failed to demonstrate a correlation between VAN trough and 
AUC.16 Furthermore, VAN troughs have not been shown to 
correlate with clinical outcomes in patients with severe 
MRSA infections.17 Therefore, the authors believe it is 
unlikely that low VAN troughs in the absence of low VAN 
AUC explain the clinical outcomes observed in the low AUC 
group of this streptococcal bacteremia study.

There are many limitations of this study. First, the sample 
size was limited by the observed population meeting inclu-
sion criteria during the study timeframe. With that said, pre-
vious studies evaluating enterococcal bacteremia and VAN 
AUC had similar sample sizes to the present study.7,8 Second, 
included patients were allowed to receive concomitant anti-
streptococcal therapy as long as it was not continued for 
more than half of their treatment course as this is reflective 
of real-world clinical practice; however, this could have 
impacted clinical outcomes in the affected patients. 
Nephrotoxic agent collection was limited to 3 and could 
have underestimated overall prevalence. Third, VAN AUC 
values were calculated using the first steady state trough and 
therefore did not necessarily reflect the VAN AUC at goal 
concentrations. It is unknown whether the use of later VAN 
AUC values would alter the results of the CART analysis. 
Fourth, data collection was limited to OSUWMC electronic 
medical records, so readmissions to or antimicrobials 
received at outside facilities were not captured. Next, given 
the retrospective nature of the study, patients with no docu-
mented infection source were recorded as having an 
unknown source which happened to occur more frequently 
in patients with clinical failure. Additionally, source control 
was not collected which could have impacted clinical out-
comes. Lastly, the composite primary outcome was largely 
driven by 60-day all-cause readmission which in some cases 
may not have been infection-related, therefore, utilization of 
infection-related 60-day readmission could be used in future 
larger studies to refine the methodology.

Conclusion

This study identified a VAN AUC threshold of <329 to be 
predictive of clinical failure in patients with streptococcal 
bacteremia which should be interpreted as hypothesis-
generating. The composite endpoint was driven largely by 

60-day readmission, and as such, future larger studies includ-
ing other endpoints could be valuable. Additionally, studies 
evaluating VAN AUC-based monitoring for streptococcal 
bloodstream infections along with other infection types are 
needed before implementation into clinical practice can be 
recommended.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
work was supported by Award Number UL1TR002733 from the 
National Center for Advancing Translational Sciences. The content 
is solely the responsibility of the authors and does not necessarily 
represent the official views of the National Center for Advancing 
Translational Sciences or the National Institutes of Health (ER).

ORCID iDs

Anna Aycock  https://orcid.org/0000-0002-3787-9296

Erica Reed  https://orcid.org/0000-0003-4382-7799

References

	 1.	 Centers for Disease Control and Prevention. Antibiotic resis-
tance threats in the United States, 2019. 2019. Accessed 
September 19, 2021. https://www.cdc.gov/drugresistance/pdf/
threats-report/2019-ar-threats-report-508.pdf

	 2.	 Pfaller MA, Jones RN, Marshall SA, Edmond MB, Wenzel 
RP. Nosocomial streptococcal blood stream infections in 
the SCOPE program: species occurrence and antimicro-
bial resistance. The SCOPE Hospital Study Group. Diagn 
Microbiol Infect Dis. 1997;29(4):259-63. doi:10.1016/s0732-
8893(97)00159-4

	 3.	 Tan JS, File TM. Streptococcus species (group G and group 
C streptococci, viridans group, nutritionally variant strep-
tococci). In: Antimicrobial therapy and vaccines volume I: 
microbes. 2nd ed. Apple Trees Productions; 2002. http://www.
antimicrobe.org/b241.asp#t5

	 4.	 Siegrist EA, Wungwattana M, Azis L, Stogsdill P, Craig WY, 
Rokas KE. Limited clinical utility of follow-up blood cul-
tures in patients with streptococcal bacteremia: an opportunity  
for blood culture stewardship. Open Forum Infect Dis. 2020; 
7(12):ofaa541. doi:10.1093/ofid/ofaa541

	 5.	 Van Hal S, Paterson D, Lodise T. Systematic review and 
meta-analysis of vancomycin-induced nephrotoxicity associ-
ated with dosing schedules that maintain troughs between 15 
and 20 milligrams per liter. Antimicrob Agents Chemother. 
2013;57(2):734-744. doi:10.1128/AAC.01568-12

	 6.	 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 

https://orcid.org/0000-0002-3787-9296
https://orcid.org/0000-0003-4382-7799
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
http://www.antimicrobe.org/b241.asp#t5
http://www.antimicrobe.org/b241.asp#t5


6	 Hospital Pharmacy 00(0)

Diseases Society, and the Society of Infectious Diseases 
Pharmacists. Am J Health Syst Pharm. 2020;77(11):835-864. 
doi:10.1093/ajhp/zxaa036

	 7.	 Jumah MTB, Vasoo S, Menon SR, De PP, Neely M, Teng CB. 
Pharmacokinetic/pharmacodynamic determinants of vanco-
mycin efficacy in enterococcal bacteremia. Antimicrob Agents 
Chemother 2018;62(3):e01602-e01617. doi:10.1128/AAC 
.01602-17

	 8.	 Nakakura I, Sakakura K, Imanishi K, Sako R, Yamazaki K. 
Association between vancomycin pharmacokinetic/pharmaco-
dynamic parameters, patient characteristics, and mortality in 
patients with bacteremia caused by vancomycin-susceptible  
Enterococcus faecium: a single-center retrospective study. 
J Pharm Health Care Sci. 2019;5:8. doi:10.1186/s40780-019-
0138-2

	 9.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new 
method of classifying prognostic comorbidity in longitu-
dinal studies: development and validation. J Chronic Dis 
1987;40(5):373-383. doi:10.1016/0021-9681(87)90171-8

	10.	 Chow JW, Yu VL. Combination antibiotic therapy versus 
monotherapy for gram-negative bacteraemia: a commentary. 
Int J Antimicrob Agents 1999;11(1):7-12.doi: 10.1016/s0924-
8579(98)00060-0

	11.	 Hill PC, Birch M, Chambers S, et al. Prospective study of 424 
cases of staphylococcus aureus bacteraemia: determination  

of factors affecting incidence and mortality. Intern Med J. 
2001;31(2):97-103.

	12.	 Khwaja A. KDIGO clinical practice guidelines for acute 
kidney injury. Nephron Clin Pract. 2012;120(4):c179-c184. 
doi:10.1159/000339789

	13.	 Kane SP. Vancomycin calculator. 2021. Accessed October 5, 
2021. ClinCalc: https://clincalc.com/Vancomycin

	14.	 Kullar R, Davis SL, Levine DP, Rybak MJ. Impact of van-
comycin exposure on outcomes in patients with methicillin- 
resistant Staphylococcus aureus bacteremia: support for 
consensus guidelines suggested targets. Clin Infect Dis. 
2011;52(8):975-981. doi:10.1093/cid/cir124

	15.	 Poston-Blahnik A, Moenster R. Association Between vanco-
mycin area under the curve and nephrotoxicity: a single cen-
ter, retrospective cohort study in a veteran population. Open 
Forum Infect Dis. 2021;8(5):ofab094. doi:10.1093/ofid/
ofab094

	16.	 Neely M, Youn G, Jones B, et al. Are vancomycin trough con-
centrations adequate for optimal dosing? Antimicrob Agents 
Chemother. 2014;58(1):309-316. doi:10.1128/AAC.01653-13

	17.	 Hermsen E, Hanson M, Sankaranarayanan J, Stoner J, Florescu 
M, Rupp M. Clinical outcomes and nephrotoxicity associated 
with vancomycin trough concentrations during treatment of 
deep-seated infections. Expert Opin Drug Saf. 2010;9(1):9-14. 
doi:10.1517/14740330903413514

https://clincalc.com/Vancomycin

