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Abstract

Viridans group streptococci (VGS) are an important cause of sepsis in children with cancer. Penicillin-resistance amongst VGS

isolates is increasing. At our institution, vancomycin is added to standard empiric therapy for febrile neutropaenia in patients

at high-risk of VGS sepsis. We reviewed effectiveness of this risk-stratified approach by examining episodes of VGS bacteraemia

over three years. In 19 VGS bloodstream infection episodes, 100% of isolates from high-risk patients and 78.9% of all episodes

were susceptible to risk-stratified empiric antibiotics. Based on blood culture time-to-positivity, empiric vancomycin can be

safely discontinued in stable patients with no growth at 24 hours.

INTRODUCTION

Viridans group streptococci (VGS) are an important cause of bacteraemia in children with cancer.1-4 VGS
bloodstream infection (VGS-BSI) can rapidly progress to cause a toxic shock-like syndrome characterised
by hypotension and acute respiratory distress syndrome,5-7 with mortality of up to 23% in children.5,7,8

Groups at highest risk of VGS-BSI include children with acute myeloid leukaemia (AML),4relapsed acute
lymphoblastic leukaemia (ALL),9 infant ALL,10 and those undergoing haematopoietic stem cell transplant
(HSCT).11

VGS-BSI associated mortality, coupled with a rise in penicillin-resistance amongst VGS isolates,12 has led to
advocacy for the addition of empiric vancomycin to treat febrile neutropaenia in high-risk children.13 How-
ever, recommendations differ between guidelines and practice varies between centres.14,15 At our institution,
the addition of empiric vancomycin for the initial management of febrile neutropaenia is recommended in
patients at highest-risk of VGS-BSI. We aimed to assess the safety and efficacy of this risk-stratified approach
by examining the epidemiology, microbiology, and outcomes of VGS-BSI at our centre.

METHODS

We conducted a single-centre prospective cohort study including all children (0-18 years) receiving chemother-
apy for haematological malignancy or undergoing HSCT from 1st November 2016 until 31st January 2020
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. at Perth Children’s Hospital in Western Australia. As per institutional guidelines, addition of empiric van-
comycin to standard febrile neutropaenia therapy (piperacillin-tazobactam) is recommended in all patients
at highest-risk of VGS-BSI (those with AML, relapsed ALL, infant ALL or undergoing HSCT), and any pa-
tient with clinical signs of shock. Shock was defined as inadequate cardiac output with hypotension requiring
intravascular volume expansion (fluid bolus [?]20ml/kg) and/or inotropic support. Neutropaenia was defined
as an absolute neutrophil count of <0.5x109/L. Fever was defined as core body temperature [?]38.5°C on a
single occasion or [?]38.0degC on two sequential occasions within a 24-hour period.

All VGS-BSI episodes were identified from the laboratory information database of blood culture isolates.
A VGS-BSI episode was defined as isolation of Viridans group Streptococcus spp. from a blood culture.
Episodes with concomitant growth of a gram-positive commensal (e.g. Micrococcus spp. or coagulase
negativeStaphylococcus ) were excluded as contaminants.

For each VGS-BSI episode, demographic and clinical data were collected from patient medical records in-
cluding the presence of shock, requirement for mechanical ventilation, admission to the intensive care unit
(ICU), and survival at day 7 and day 30. Laboratory data included blood culture time-to-positivity and
antibiotic susceptibility. Susceptibility testing was carried out using an E-test? (Biomerieux, France) as per
manufacturer specifications.16Susceptibility to empiric B-lactam antibiotic (piperacillin-tazobactam) was in-
ferred from penicillin minimum inhibitory concentration, with breakpoints defined as per the Clinical &
Laboratory Standards Institute.17

Statistical analysis was performed using GraphPad QuickCalcs (GraphPad Software, Inc., CA, US). Fisher’s
exact test was used to compare the characteristics of high-risk and non-high-risk patients for categorical
data, and the Mann-Whitney U test for continuous variables. P values of <0.05 were considered statistically
significant. National ethics approval was granted by the Western Sydney Local Health District Human
Research Ethics Committee (HREC/16/WMEAD/281).

RESULTS

Of 84 total BSI episodes during the study period, 19 (22.6%) were due to VGS (Table 1). Amongst patients
with VGS-BSI, median age was 6.7 (interquartile range (IQR) 2.3-10.7) years and 63.2% (12/19) of episodes
occurred in females. The majority (57.9%, 11/19) of VGS-BSI episodes occurred in high-risk patients; 7
with AML, 3 post-HSCT, and in one child with ALL and clinical evidence of shock.

Of the VGS isolates, 21.1% (4/19) were penicillin-resistant, and 36.8% (7/19) had reduced penicillin suscep-
tibility. The median blood culture time-to-positivity was 11.7 (IQR 9.1 - 13.8) hours; 100% flagged positive
within 17 hours (Fig. 1). VGS isolates were susceptible to recommended risk-stratified empiric antibiotics
in 100% (11/11) of isolates from high-risk patients and 78.9% (15/19) of all episodes. In all non-high-risk,
clinically stable patients with a penicillin-resistant VGS isolate (4/19), vancomycin was commenced once the
blood culture flagged positive, within 24 hours of fever onset.

All VGS-BSI episodes were associated with fever, and 89.5% (17/19) of patients had neutropaenia. One
patient developed intracranial haemorrhage secondary to a leukaemia-related coagulopathy and died in ICU
shortly after, unrelated to the VGS-BSI. All other patients recovered without requiring ICU admission; there
were no VGS-BSI related deaths. No patients with VGS-BSI had vancomycin associated nephrotoxicity.

DISCUSSION

VGS-BSI can cause life-threatening complications in children with cancer and early initiation of appropriate
antibiotic therapy is essential. With increasing penicillin-resistance amongst VGS isolates,12 febrile neu-
tropaenia monotherapy with an extended spectrum B-lactam agent may be suboptimal in patients at high
risk of VGS-BSI.13 However, the universal addition of vancomycin to empiric febrile neutropaenia therapy
has not shown benefit, increases nephrotoxicity,18 and the emergence of resistance,19 and is not routinely
recommended.15,20 A risk-stratified approach limits the addition of empiric vancomycin to febrile neutropae-
nia therapy for high-risk and clinically unstable patients, maximising utility and minimising the potential
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. for harm. This report demonstrates that this approach is safe and effective, guiding appropriate therapy
and supporting good clinical outcomes in VGS-BSI.

The proportion of non-penicillin susceptible VGS isolates (57.9%) was comparable to previous paediatric
studies (29.6% to 67.5%).6,9,21 Reassuringly, there were no VGS-BSI related deaths and all VGS isolates
in high-risk patients were susceptible to the recommended empiric antibiotics. Whilst four non-high-risk
patients had a non-penicillin susceptible VGS-BSI, vancomycin was added within 24 hours and all recovered
without incident. The clinical stability observed in these patients, despite the slight delay in vancomycin
therapy, may attest to the lower pathogenicity of VGS in lower risk populations.

Modern laboratory methods allow continuous assessment of blood culture samples, allowing early notification
and time-to-positivity assessment. In this study, all blood cultures were detected as positive for VGS-BSI
within 17 hours, indicating that empiric vancomycin targeting VGS can be safely discontinued in stable
patients at 24 hours if cultures remain negative.

This study is limited by the single-centre design and small sample size but given the limited data assessing
such a risk-stratified approach, the findings remain important. Secondly, we employed a pragmatic definition
of BSI including all single VGS isolates, which may have led to an overestimation of VGS-BSI episodes. The
definition of VGS-BSI is not standardised and whilst some previous surveillance studies required isolation of
VGS from two samples,7,9 several other studies have defined VGS-BSI as any single isolation of VGS6,8,22 as
this would result in treatment initiation from a clinical perspective. Notably, all VGS-BSI episodes in this
study were associated with fever and were treated as true episodes of bacteremia.22

In conclusion, this data demonstrates the safety of a risk-stratified approach targeting the addition of empiric
vancomycin to febrile neutropaenia therapy in children with cancer at high-risk of VGS-BSI. The majority of
patients received appropriate antibiotic cover for VGS-BSI and no episodes progressed to VGS-BSI related
shock requiring ICU admission; there were no VGS-BSI associated deaths. All VGS isolates flagged positive
within 24 hours indicating empiric vancomycin can be discontinued after 24 hours in clinically stable patients.
Broader assessment of this risk-stratified approach is warranted.
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LEGENDS

TABLE 1 Comparison of diagnosis, demographics, clinical data and treatment, microbiological data between
high-risk and non-high-risk patients with VGS-BSI (n=19). Abbreviations: AML, acute myeloid leukaemia;
HSCT, haematopoietic stem cell transplant; ALL, acute lymphoblastic leukaemia; IQR, interquartile range;
BC, blood culture; ICU, intensive care unit; VGS-BSI, viridans group streptococci-bloodstream infection.

FIGURE 1 Graph of percentage (%) of total VGS blood cultures (BC) flagging positive versus time-to-
positivity (TTP) in hours. 89% flagged positive within 14 hours, 95% within 15 hours and 100% within 17
hours.
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