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Background.  Viridans group streptococcal (VGS) bacteremia is common among neutropenic patients. Although VGS bacter-
emia occurs in non-neutropenic patients, risk factors are not well established. We conducted a case-case-control study to identify 
risk factors for VGS among neutropenic and non-neutropenic patients.

Methods.  Patients with VGS bacteremia between January 2009 and December 2014 in our 200-bed clinical research hospital 
were identified using microbiology records. Neutropenic and non-neutropenic patients at the time of positive culture were matched 
1:1 to controls on the basis of neutrophil count (ANC), ward, and length of stay. We extracted demographic, laboratory, medication, 
and other clinical data from chart reviews. Data were analyzed using McNemar’s test, Wilcoxon signed-rank test, and conditional 
logistic regression modeling.

Results.  Among 101 patients, 63 were neutropenic and 38 non-neutropenic at the time of VGS bacteremia. In multivariable 
analysis of neutropenic patients, only lower ANC predicted VGS bacteremia (odds ratio [OR], 0.16; 95% confidence interval [CI], 
0.05–0.59; P = 0.006). Recent use of vancomycin was protective (OR, 0.23; 95% CI, 0.07–0.73; P = 0.013). No clinical factors were 
associated with VGS in the non-neutropenic cases.

Conclusions.  Only lower ANC nadir increased the risk for VGS bacteremia in the neutropenic group, and vancomycin was pro-
tective. Other previously described factors (chemotherapy, radiation, oral conditions) related to neutropenia were not independently 
associated with VGS bacteremia. No tested clinical factors predicted infection in the non-neutropenic group. Our results suggest that 
VGS bacteremia should be anticipated when making antimicrobial choices in profoundly neutropenic patients, and merit further 
exploration in non-neutropenic patients.
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Viridans group streptococci (VGS) are part of the normal flora 
of the mouth and GI tract. In the past, bacteremia caused by 
these organisms was limited largely to patients who had val-
vular abnormalities or were undergoing dental procedures. 
VGS bacteremia has, however, become a common source of 
morbidity among neutropenic patients [1–3] as the organisms 
are thought to translocate into the bloodstream when mucosal 
barriers are compromised in the setting of neutropenia, chemo-
therapy-induced mucositis, and alteration in the stomach pH 
[1].The clinical course of VGS bacteremia can be complicated 
by acute respiratory distress syndrome and a toxic shock–like 
picture known as “VGS shock syndrome,” resulting in high 
mortality [1–5].

Gram-negative bacteremias carry a high rate of mortality 
in the setting of neutropenia, and thus the empirical antibiotic 
therapy and prophylaxis in this population have traditionally 
focused on Gram-negative pathogens. In recent decades, Gram-
positive organisms have become the dominant etiology, respon-
sible for up to 70% of bacteremias in this population [6, 7]. VGS 
are isolated in approximately one-quarter of these cases, and 
their rise has been associated with the increased use of cipro-
floxacin and TMP-SMX prophylaxis in patients who have pro-
longed neutropenia [2, 8].

Several studies have described risk factors for VGS bacter-
emia among neutropenic patients, including mucositis, use 
of proton pump inhibitors, cytosine arabinoside, and fluoro-
quinolone prophylaxis [1, 4, 9–11]. Gram-positive antimicro-
bial coverage is protective [9, 12]. We observed, however, that 
almost 40% of patients with VGS bacteremia at our center were 
not neutropenic at the time of positive culture. Risk factors for 
such patients are not well established, and identifying modifi-
able risk factors would potentially allow for preventive inter-
ventions. Our goal was to identify and contrast the risk factors 
for VGS bacteremia among neutropenic and non-neutropenic 
patients in our 200-bed clinical research hospital.
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METHODS

Study Design and Identification of Cases and Controls

To compare and contrast the risk factors between 2 defined pa-
tient groups (neutropenic and non-neutropenic), we designed a 
retrospective case-case-control study [13], in which 2 case-con-
trol studies were conducted in parallel. Patients who had VGS 
bacteremia between January 2009 and December 2014 were 
identified using microbiology records on the basis of at least 
1 positive blood culture. This retrospective electronic chart re-
view was exempt from ethics review. A preliminary chart review 
was used to exclude patients whose cultures were deemed by 
clinicians at the time to be contaminants. Only the first bac-
teremic episode per patient was analyzed. We divided patients 
into neutropenic and non-neutropenic case groups based 
on absolute neutrophil count (ANC) ≤ or >1000 cells/mm3  
at the time of culture positivity.

Controls were selected on the basis of ANC, hospital ward 
at the time of case patient VGS bacteremia, and length of stay 
(LOS), and they were matched 1:1 to case patients, yielding 2 
case and 2 control groups (Figure 1). For controls, the day of 
positive culture of the matched case patient was used as the “ref-
erence date” for the purpose of ascertaining data and clinical 
parameters.

Data Collection

We extracted clinical data from electronic medical record re-
view, including demographic characteristics, microbiologic 
data, antibiotic exposure during the 3-week period prior to VGS 
bacteremia (or reference date for controls), and other clinical 
parameters. Speciation was confirmed by MALDI-TOF mass 
spectrometry (Bruker Daltonics Inc., Billerica, MA). Antibiotic 
susceptibility testing was performed with the BD Phoenix 
(Becton-Dickinson) and Etest (bioMérieux) systems.

ANC was recorded on the day of first positive culture (or 
reference date for controls) and categorized by degree of 

neutropenia (<200 cells/mL, 201–500/mL, 501–1000/mL) 
and non-neutropenia (>1000/mL). Other potential risk fac-
tors were abstracted for the 3 weeks prior to VGS bacteremia 
(or reference date for controls), including number of days of 
neutropenia, receipt and days of radiation therapy, chemo-
therapeutic agents, mucositis and other oral conditions, den-
tal symptoms, dental procedures, sinus computed tomography 
(CT) with abnormality consistent with sinusitis, neutropenic 
enterocolitis diagnosed by abdominal CT, C. difficile infection, 
gastrointestinal graft-vs-host disease (confirmed by histology), 
stem cell transplantation, and use of H2 blocker and/or proton 
pump inhibitor (PPI).

Antibiotic exposure data for the 3 weeks prior to VGS bac-
teremia (or reference date for controls) included receipt of and 
days of therapy with antibacterial and antifungal agents. For 
descriptive purposes, clinical outcome data were collected, 
including need for supplementary oxygen, intensive care unit 
(ICU) level of care or mechanical ventilation within the 5 days 
following culture positivity, and 30-day mortality.

In addition, underlying conditions were noted, and the 
Charlson comorbidity index was calculated for each patient 
[14]. The Pitt bacteremia score, a prognostic score (0–14 points, 
worse prognosis at higher scores) that uses clinical parameters 
such as fever, hypotension, need for mechanical ventilation, 
mental status, and cardiac arrest, was also calculated for both 
case groups [15].

Statistical Analysis

Data are described as frequencies and percentages, medians 
(interquartile [25th–75th percentile] ranges), and odds ratios 
(ORs) and 95% confidence intervals (CIs). Analyses were con-
ducted separately for each case-control study/patient group, 
and then compared between them. Paired data within each 
study were analyzed using the paired t test or Wilcoxon signed 
rank test, or McNemar’s test, as appropriate. Data were com-
pared between studies by the 2-sample t test or Wilcoxon rank-
sum test, and the Fisher exact test. For each case-control study, 
conditional univariable and multivariable logistic regression 
analyses were carried out for assessing the relation between risk 
factors, antibiotic exposures, and clinical outcomes, and VGS 
bacteremia. A  P value  <0.05 and 95% CIs excluding 1.0 were 
considered statistically significant. Data were analyzed using 
SAS v9.4 (SAS Institute, Inc, Cary, NC).

RESULTS

Study Population

Over the 6-year study period, 114 distinct patients who had 
VGS bacteremia were identified. Thirteen of these cultures 
were deemed to be contaminants, leaving 101 cases for analysis, 
including 63 neutropenic case patients and 38 non-neutropenic 
case patients (Figure 1), each with their respective 1:1 matched 
controls. No patient was found to have endocarditis. Central 

114 unique patients with first positive
blood cultures for VGS

in 2009–2014 were screened

13 (11%) excluded, deemed
contaminants by treating

medical team

101 patients were included
in the analysis

63 neutropenic 1:1 matched
control patients

63 neutropenic case
patients

38 non-neutropenic 1:1
matched control patients

38 non-neutropenic case
patients

Figure 1.  Screening and inclusion of patients in the case-case-control design. 
Abbreviation: VGS = viridans group streptococci.



Risk Factors for VGS Bacteremia  •  OFID  •  3

lines were present in 97% of neutropenic case patients and 71% 
of non-neutropenic case patients. Baseline characteristics can 
be seen in Table 1.

Neutropenic vs Non-Neutropenic Patients

Non-neutropenic patients had a significantly higher proportion 
of solid organ malignancy and a lower proportion of hema-
tologic malignancy (P  <  0.001), higher Charlson comorbid-
ity index (P = 0.033 for cases and P = 0.019 for controls), and 
shorter length of stay (P < 0.001 for both cases and controls) 
than neutropenic patients (Table  1). Non-neutropenic cases 
were older than neutropenic cases (median age, 50 years; range, 
30–64  years; vs median age, 41.3  years; range, 24–56  years, 
P = 0.028), but there was no significant age difference between 
the 2 groups’ controls (Table 1).

Pitt bacteremia scores and median lengths of stay prior to 
positive blood culture did not differ significantly between neu-
tropenic and non-neutropenic cases.

Cases vs Controls

There was no significant difference between the median age 
of cases and respective controls for either the neutropenic or 
non-neutropenic groups (Table  1). There were fewer female 
non-neutropenic cases than respective controls (26.3% vs 
52.6%; P  =  0.018). The proportions of pediatric patients 
(age  <  18  years) were 15.9% and 14.3% (P  =  0.32) among 
the neutropenic cases and controls, respectively, and 2.6% 
and 5.3% (P  =  0.32) among non-neutropenic cases and con-
trols, respectively. The median length of stay was also simi-
lar between cases and controls in each group, as described in 

Table 1. The Charlson comorbidity index did not differ signif-
icantly between cases and controls for either neutropenic or 
non-neutropenic groups.

Microbiological Features

Among neutropenic and non-neutropenic case patients, 54.0% 
and 32.0%, respectively, grew VGS from additional blood cul-
tures within 7 days of the first positive VGS blood culture; 76.2% 
and 71.1% had multiple positive blood cultures that grew VGS 
with or without additional organisms. In the neutropenic group, 
S. mitis represented 75.8% of VGS isolates, S. salivarius 16.7%, 
S.  oralis 6.1%, and S.  gordonii 1.5%. Isolates in the non-neu-
tropenic group were 58.5% S.  mitis, 19.5% S.  salivarius, 7.3% 
S. anginosus, 4.9% S. bovis, and 2.4% for each of the following: 
S. constellatus, S. gallolyticus, S. intermedius, and S. lutetiensis.

The antimicrobial resistance patterns of the case patients’ 
VGS isolates are described in Figure  2A. While we observed 
a higher frequency of antimicrobial resistance among VGS 
isolates from neutropenic patients, only cephalosporin resist-
ance was significantly more common in this group than among 
matched controls (P = 0.022). The susceptibility pattern of the 
most common species, S. mitis, is shown in Figure 2B. S.  sal-
ivarius was the second most frequently isolated species, with 
11 isolates in the neutropenic group and 8 in the non-neutro-
penic group. Among 19 S. salivarius isolates, nonsusceptibility 
was observed for penicillin (n = 3), ceftriaxone (n = 1), erythro-
mycin (n = 3), levofloxacin (n = 1), and meropenem (n = 1) in 
the neutropenic group, and for penicillin (n = 3), erythromycin 
(n = 1), and levofloxacin (n = 1) in the non-neutropenic group.

Table 1.  Characteristics of Neutropenic and Non-neutropenic Patients Who Had VGS Bacteremia and Their Respective Matched Controls

Neutropenic 
Cases

(n = 63)

Neutropenic 
Controls
(n = 63)

P Value
(Cases vs 
Controls)

Non-neutropenic 
Cases

(n = 38)

Non-neutropenic 
Controls
(n = 38)

P Value
(Cases Vs 
Controls)

P Value
(Cases vs 

Cases)

P Value
(Controls vs 

Controls)

Female, n (%) 34 (54%) 25 (40%) 0.12 10 (26%) 20 (53%) 0.018 0.008 0.22

Age, median 
(IQR), y

41.3 (24–56) 42.6 (25–56) 0.65 50 (30–64) 47.2 (36–57) 0.63 0.028 0.14

Age < 18 y 10 (16%) 9 (14%) 0.32 1 (3%) 2 (5%) 0.32 0.049 0.20

LOS, median 
(IQR), d

30 (23–63) 34 (24–61) 0.24 17 (7–30) 18.5 (8–24) 0.99 <0.001 <0.001

Pitt score, me-
dian (IQR)

1 (0–3) N/A N/A 1 (0–2) N/A N/A 0.29 N/A

Charlson index, 
median (IQR)

2 (2–3) 2 (1–4) 0.69 4 (2–6) 3.5 (2–7) 0.94 0.033 0.019

Underlying 
condition

0.76 0.89 <0.001 <0.001

  Solid tumor 6 (10%) 4 (6%) 16 (42%) 15 (39%)

  Hematologic 
malignancy

39 (62%) 40 (63%) 10 (26%) 11 (29%)

  HIV 1 (2%) 0 2 (5%) 2 (5%)

  Severe 
aplastic 
anemia

15 (24%) 12 (19%) 1 (3%) 2 (5%)

  Other 2 (3%) 7 (11%) 9 (24%) 8 (21%)

The sum of percentages may not equal 100% due to rounding.

Abbreviations: IQR = interquartile range (25th–75th percentile); LOS = length of stay; VGS = viridans group streptococci.
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Predictive Clinical Associations

In conditional univariable models, receipt of cyclophospha-
mide (P = 0.011) or fludarabine (P = 0.023), receipt of radia-
tion (P = 0.027) and duration of radiation therapy (P = 0.036), 
mucositis or other oral condition (P  <  0.001), and ANC at 
the time of positive culture (P < 0.001) were all significantly 
predictive of VGS bacteremia among neutropenic patients 
(Table 2). The duration of neutropenia prior to bacteremia was 
not significantly associated with VGS bacteremia. Receipt of 
cephalosporins (P < 0.001), carbapenems (P = 0.027), and van-
comycin (P < 0.001) in the 3 weeks prior to positive culture was 
protective in this group. Ceftazidime accounted for most of the 
cephalosporin use in neutropenic patients (8 of 9 cases and 25 
of 29 controls). However, while still statistically significant, the 
apparent protective role of cephalosporins was weaker when 
adjusted for vancomycin use (OR,  0.32; 95% CI, 0.12–0.81; 
P = 0.017). The receipt of fluoroquinolones was not found to 
be significantly associated with VGS bacteremia in this group.

No factor was independently found to be significantly associ-
ated with development of VGS bacteremia among non-neutro-
penic cases (Table 2).

Other variables that were not associated with VGS bacteremia 
in either group included other chemotherapeutic agents, other 
antimicrobial drugs, dental symptoms or procedures, abnormal 
sinus CT, neutropenic enterocolitis, C. difficile infection, intes-
tinal graft-vs-host disease, stem cell transplantation, PPI or H2 
blocker use, need for supplementary oxygen or mechanical ven-
tilation, ICU admission, and 30-day mortality.

Variables with P  <  0.1 in univariable analyses were 
included in the conditional multivariable logistic regres-
sion model (Table  2). No variable met this criterion in the 
non-neutropenic group.

In the multivariable model, lower ANC nadir was the sole pre-
dictor of VGS bacteremia in the neutropenic group (OR, 0.16; 
95% CI, 0.05–0.59; P = 0.006). Detailed analysis suggested that 
the risk of VGS bacteremia decreased by 0.8% per each 1-cell/
mm3 increase in ANC nadir. In a multivariable model including 
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Figure 2.  Antibiotic resistance pattern of viridans group streptococcal isolates per neutropenic and non-neutropenic groups. Graphic (A) shows data for all VGS and (B) 
shows data for only S. mitis. Abbreviation: VGS = viridans group streptococci.
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only the 2 most explanatory variables, vancomycin use and 
ANC, exposure to vancomycin in the previous 3 weeks was also 
found to be protective (OR, 0.23; 95% CI, 0.07–0.73; P = 0.013).

Outcomes

Although neutropenic case patients were more likely to be 
admitted to the ICU in the 30 days following bacteremia than 
neutropenic controls in the 30 days following the reference date 
(17.5% vs 4.8%; P = 0.033), 30-day mortality (1 vs 3 patients, 
P = 0.32) and need for supplemental oxygen (22.2% vs 16.1%, 
P = 0.32) did not differ significantly between neutropenic cases 
and controls. In the non-neutropenic group, there was no sig-
nificant difference between case and control patients in ICU 
admissions (26.3% vs 13.2%; P = 0.10), death (0 vs 1 patient; 
P = 1.0), or oxygen requirement (29.7% vs 23.7%; P = 0.37).

DISCUSSION

Among neutropenic patients, lower ANC increased risk of VGS 
bacteremia, and recent vancomycin use was protective. The 
degree of neutropenia was also found to be an independent risk 
factor in past studies [1]. The duration of neutropenia leading 
up to the bacteremic episode was not found to be a significant 
risk factor, which is surprising given that patients expected to 
have prolonged neutropenia are targeted for antibiotic prophy-
laxis. While many other factors have been described in previous 
studies, it seems that the degree of neutropenia plays a crit-
ical role in host susceptibility to these organisms and is closely 
linked with other described associations such as mucositis, 
chemotherapy, and radiation therapy.

Exposure to vancomycin in the 3 weeks prior was found 
to be protective in our study, consistent with earlier studies 
showing reduced VGS bacteremia with early administration 

of vancomycin [12, 16]. Recent exposure to antibiotics with 
Gram-positive coverage may reduce oral and gastrointestinal 
VGS colonization, making it less likely for these commensals 
to translocate into the bloodstream. In our study, the only anti-
biotic shown to be an independent protective factor was van-
comycin, while other types of Gram-positive coverage (such 
as penicillins and cephalosporins) were not associated with a 
lower frequency of bacteremia, despite the overall high suscep-
tibility to beta-lactam antibiotics among the isolates.

The use of fluoroquinolones has been implicated as a risk fac-
tor for VGS bacteremia in prior studies [1], attributed to the rel-
atively high rate of VGS resistance to fluoroquinolones. We did 
not observe this finding in our study. One possible explanation 
could be the more frequent use of levofloxacin as it has a broader 
spectrum for Gram-positive organisms than earlier-generation 
fluoroquinolones. Levofloxacin has been recommended as the 
fluoroquinolone of choice in neutropenic patients with particu-
larly high risk for mucositis and VGS infection [17].

No tested clinical factors predicted infection in the non-neu-
tropenic group. VGS bacteremia in non-neutropenic hosts is 
traditionally considered an infection occurring primarily after 
oral procedures or in the setting of endocarditis, but we did not 
find oral conditions to be an independent risk factor, and no 
enrolled patient had endocarditis. It is a consideration, how-
ever, that the non-neutropenic population was heterogeneous 
in underlying condition, which may make identification of 
common risk factors more challenging in a small sample size. 
Another possibility is that some VGS bacteremias in non-neu-
tropenic patients represented contaminants, despite their sub-
sequent treatment as bona fide infections.

Table  2.  Description of Conditional Logistic Regression Models of Potential Risk Factors for VGS Bacteremia in Neutropenic and Non-neutropenic 
Patients

Univariable Models Multivariable Modela

Neutropenic Patients Non-neutropenic Patients Neutropenic Patients

Covariateb OR 95% CI P Value OR 95% CI P Value OR 95% CI P Value

Radiation therapy 3.20 1.12–11.17 0.027 2.00 0.104–117.99 NS 7.96 0.16–406.81 0.30

Radiation days 1.41 1.02–2.05 0.036 1.12 0.62–2.59 NS 0.70 0.23–2.19 0.54

Mucositis/oral condition 4.50 1.82–13.33 <0.001 2.00 0.29–22.11 NS 4.08 0.73–22.64 0.11

ANCc 0.11 0.02–0.34 <0.001 — — — 0.16 0.05–0.59 0.006

Cyclophosphamide 3.60 1.29–12.40 0.011 0.40 0.04–2.44 NS 6.82 0.85–54.56 0.07

Fludarabine 3.00 1.14–9.23 0.023 0.50 0.05–3.49 NS 0.68 0.11–4.27 0.68

Cephalosporins 0.23 0.08–0.57 <0.001 0.57 0.12–2.25 NS 0.24 0.04–1.43 0.12

Carbapenems 0.31 0.09–0.89 0.027 0.67 0.06–5.82 NS 1.28 0.15–10.88 0.82

Vancomycind 0.21 0.07–0.53 <0.001 0.60 0.09–3.08 NS 0.16 0.02–1.66 0.12

Abbreviations: ANC = absolute neutrophil count; CI = confidence interval; OR = odds ratio; VGS = viridans group streptococci.
aThe condition for inclusion into the multivariable model was set to P < 0.1 by univariable analysis.
bIn the 3 weeks prior to culture positivity for cases; for controls, the day of positive culture of the matched case was used as the “reference date” for the purpose of ascertaining data 
and clinical parameters. Only covariates that were statistically significant for at least 1 of the groups are listed.
cANC was recorded on the day of first positive culture (or reference date for controls) and categorized by level (<200 cell/mm3, 201–500 cell/mm3, 501–1000 cell/mm3) for analysis. This 
analysis is only applicable to neutropenic patients as ANC level was >1000 cell/mm3 for all cases and controls in the non-neutropenic group. Using actual ANC counts (all >1000 cell/mm3) 
for the non-neutropenic group yielded nonsignificant results (OR, 0.98; 95% CI, 0.89–1.07; P = 0.61) in univariable analysis.
dOR=0.23, 95% CI: 0.07-0.73; P=0.013 when ANC was the only other covariate after iteratively removing least explanatory covariates from the multivariable model.
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Vancomycin retained excellent in vitro activity for S.  mitis 
among our patients, consistent with previous literature [18]. 
Isolates from neutropenic patients were overall less susceptible to 
ceftriaxone, a firstline treatment for VGS bacteremia [19], than 
were those from non-neutropenic patients (85% vs 100%). This 
finding supports the continued practice of using vancomycin as 
empirical therapy for VGS bacteremia in neutropenic patients. 
Fewer than 75% of isolates in both groups were fully susceptible 
to penicillin, in accord with the literature that penicillin suscep-
tibility can no longer be assumed in VGS, with reduced suscepti-
bility reported to be as high as 60% in some reports [20].

There was no significant difference in ICU admission, oxygen 
requirement, or 30-day mortality between cases and controls in 
both groups. The lack of difference in outcomes might be related 
to having a mixed control group, which included both bacter-
emic and nonbacteremic patients, as well as a relatively small 
sample size and few adverse events (3 neutropenic patients 
developed viridans streptococcal shock syndrome, and 4 neu-
tropenic patients died within 30 days of VGS bacteremia).

Limitations of our study include a low ratio of cases to controls. 
We matched only 1 control per case because a higher ratio was not 
possible with our matching criteria in a small hospital. We cannot 
entirely exclude a possible misclassification of some VGS cultures 
as contaminants or true bacteremias. In some past studies, a case 
definition required 2 or more positive blood cultures of the same 
VGS species or clear signs and symptoms of bacteremia [1, 4, 10]; 
in contrast, our determination of a true bacteremia was largely 
guided by the clinical decisions of the medical teams. It is also 
worth noting that previous studies examining risk factors for VGS 
bacteremia have been heterogeneous regarding their control se-
lection. For instance, Elting et al. used patients with Gram-positive 
bacteremia as controls, while Bochud et al. used nonbacteremic 
controls [2, 3]. The different control choice can account for some 
of the variability in risk factors reported among studies.

We did not exclude patients who had bacteremia due to other 
organisms in our control groups because the goal was to identify 
risk factors for VGS bacteremia as compared with the rest of the 
neutropenic or non-neutropenic patient populations. Excluding 
infected patients in the control groups could have made controls 
less representative of the “source” population from which cases were 
obtained. However, we recognize that choosing infected or nonin-
fected control groups may help identify distinct risk factors [10]. 
This may have been possible in the setting of a larger institution.

The results of this single case-case-control study suggest that 
VGS bacteremia in neutropenic patients should continue to be 
treated as a distinct entity that must be anticipated in a subset 
of profoundly neutropenic patients. Vancomycin retains very 
good activity in vitro against these pathogens. VGS bacteremia 
in non-neutropenic hospitalized patients is likely a heteroge-
neous condition, rather than a single entity, and deserves fur-
ther exploration in larger studies to identify opportunities for 
prevention.
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