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Abstract
Purpose of Review Pediatric oncology patients frequently experience episodes of prolonged neutropenia which puts them 
at high risk for infection with significant morbidity and mortality. Here, we review the data on infection prophylaxis with 
a focus on both pharmacologic and ancillary interventions. This review does not include patients receiving hematopoietic 
stem cell transplantation.
Recent Findings Patients with hematologic malignancies are at highest risk for infection. Bacterial and fungal prophylaxis 
decrease the risk of infection in certain high-risk groups. Ancillary measures such as ethanol locks, chlorhexidine gluconate 
baths, GCSF, IVIG, and mandatory hospitalization do not have enough data to support routine use. There is limited data 
on risk of infection and role of prophylaxis in patients receiving immunotherapy and patients with solid tumors. Patients 
with Down syndrome and adolescent and young adult patients may benefit from additional supportive care measures and 
protocol modifications.
Summary Consider utilizing bacterial and fungal prophylaxis in patients with acute myeloid leukemia or relapsed acute 
lymphoblastic leukemia. More research is needed to evaluate other supportive care measures and the role of prophylaxis in 
patients receiving immunotherapy.

Keywords Pediatric oncology · Infection prophylaxis · Neutropenia · Antibiotic prophylaxis · Antifungal prophylaxis · 
Ethanol locks · Chlorhexidine gluconate baths · IVIG · GCSF

Introduction

Survival in pediatric oncology has improved significantly 
over the past 50 years due to improvements in chemother-
apy and supportive care [1, 2]. Current therapies are often 
intensive and can result in prolonged periods of neutropenia 
which put patients at high risk for infection with significant 
morbidity and mortality [3]. A review of infection-related 
mortality (IRM) in patients with newly diagnosed acute 
lymphoblastic leukemia (ALL) found that IRM accounted 
for 30% of deaths and 64% of treatment-related mortality. 

The majority of deaths were due to bacterial infections 
(68%), but a substantial proportion were also secondary to 
fungal and viral infections (20% and 12%, respectively). This 
review article will focus on common strategies for infection 
prophylaxis including bacterial and fungal prophylaxis, as 
well ancillary measures such as ethanol locks, chlorhex-
idine gluconate baths (CHB), granulocyte colony stimu-
lating factor (GCSF), intravenous immunoglobulin (IVIG) 
supplementation, and mandatory hospitalization in certain 
high-risk groups.

When evaluating the utility of infection prophylaxis, it 
is important to consider both anticipated and unanticipated 
consequences. While prevention of infections is paramount, 
concerns exist around promoting resistant organisms [4], as 
well as increased secondary infections such as C. difficile 
infection (CDI) [5], potential alterations to the microbiome 
with associated dysbiosis [6], and drug toxicity which may 
impact chemotherapy dosing [7]. Thus, while the intention 
of prophylaxis is to reduce harm, the risks and benefits need 
to be evaluated carefully in each individual patient based on 
their underlying disease, phase of therapy, other risk factors 
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for infection, patient/family preference, and potential ben-
efits/toxicities of prophylaxis options.

Bacterial Prophylaxis

There are multiple risk factors associated with the develop-
ment of bacterial infections in pediatric oncology patients 
including recent placement of a central venous catheters 
(CVCs) [8], compromise of mucosal barriers (e.g. mucosi-
tis, typhlitis) [9], and myelosuppression [8, 9]. Underlying 
diagnosis is also important as children with hematologic 
malignancies have an increased risk relative to children with 
solid tumors [9, 10]. Strategies to mitigate the rate of infec-
tion have been reported in both adult and pediatric oncology 
populations as bacterial infection remains a significant cause 
of morbidity and mortality. Bacterial prophylaxis in adults 
is an effective means to decrease risk of fever, documented 
infections, and mortality in patients with chemotherapy-
induced myelosuppression [11].

Within pediatrics, both observational and randomized-
controlled trials demonstrate that antibiotic prophylaxis is 
associated with decreased risk of fever, decreased exposure 
to broad spectrum antibiotics, decreased CDI, and decreased 
bacteremia in certain high-risk groups (Table 1). Three 
studies have evaluated antibiotic prophylaxis in patients 
with newly diagnosed ALL. In a prospective cohort of 344 
patients, Wolf et al. found that levofloxacin prophylaxis was 
associated with decreased febrile neutropenia, decreased 
bacteremia, decreased CDI, and decreased exposure to 
broad-spectrum antibiotics [12]. In addition, there are two 
recent randomized-controlled trials reviewing the role for 
antibiotic prophylaxis in patients with ALL. Widjajanto 
et al. conducted a double-blind, randomized trial of cipro-
floxacin vs. placebo in 110 children with ALL undergoing 
induction chemotherapy in a low resource setting [13]. This 
study was unique due to the high rate of toxic death (23%) 
and therapy refusal/abandonment (35%) during induction 
therapy reported among patients in Indonesia. Contrary to 
other reported studies, Widjajanto et al. found a trend toward 
higher rates of fever (p = 0.07), and toxic death (p = 0.05) in 
the children receiving ciprofloxacin. There were 11 deaths in 
the treatment group vs. 3 deaths among the placebo group. 
Of the 11 deaths reported among the treatment group, 2 
were attributed to sepsis vs. 3 within the placebo group. 
Other causes of death reported included varicella, intracra-
nial hemorrhage, multi organ failure, shock, and transfusion 
reaction. Lastly, there were 2 patients who had no available 
data. Due to the unique patient population, these results may 
not be applicable in high-resource settings. Laoprasopwat-
tana et al. randomized 95 children with ALL undergoing 
induction to ciprofloxacin vs. placebo and found lower rates 
of fever (50% vs. 73%) in those with neutropenia who were 

receiving ciprofloxacin prophylaxis. Importantly, they also 
found an increased rate of resistance to ciprofloxacin in those 
receiving prophylaxis [14].

Alexander et al. published a multi-center, open-label, 
randomized controlled trial evaluating levofloxacin prophy-
laxis in 195 patients with acute myeloid leukemia (AML) 
and relapsed ALL. In this study, short-term levofloxacin 
prophylaxis resulted in a significant decrease in bacterial 
infection (21.9% vs. 43.4% p = 0.001) without increasing 
adverse events such as CDI, fungal infection, or rates of 
resistant organisms [15•]. Of note, this study followed the 
use of antibiotics through two chemotherapy cycles, and 
therefore, it is difficult to extrapolate the potential implica-
tions of levofloxacin prophylaxis over a longer duration. The 
results of this trial are supported by a systematic review by 
Egan et al., which included 113 randomized or quasi-rand-
omized studies comparing any systemic antibiotic prophy-
laxis with placebo in adult and pediatric patients receiv-
ing chemotherapy or undergoing HSCT for any indication. 
While the studies included were highly heterogenous, the 
review found that fluoroquinolone prophylaxis reduced the 
incidence of bacteremia without increasing the risk of CDI 
or fungal infections; however, one important point of dif-
ferentiation was that increased rates of resistant organisms 
were seen across populations receiving prophylaxis. This 
review also documented the effectiveness of cephalosporins 
and trimethoprim-sulfamethoxazole in reducing bacteremia. 
Importantly, the use of antibiotic prophylaxis did not have a 
significant impact on overall mortality [16, 17••].

The role for antibiotic prophylaxis has been carefully 
weighed by multiple groups to form overarching clinical 
practice guidelines (Table 2). Among these are the recently 
published recommendations from the 8th European Coun-
cil on Infections in Leukemia which weighed data from the 
most recent clinical trials as well as observational studies. 
The group recommended against routine bacterial prophy-
laxis in patients with hematologic malignancies or under-
going hematopoietic stem cell transplant (HSCT), citing 
that clinical trial data is not sufficient to support a recom-
mendation for prophylaxis and that antimicrobial resistance 
must be considered [18]. In contrast, the Children’s Oncol-
ogy Group (COG) recommended consideration of systemic 
bacterial prophylaxis in patients with AML or relapsed ALL 
who are anticipated to be neutropenic for 7 days or longer. 
They recommend against prophylactic antibiotics in patients 
with a new diagnosis of ALL. The rationale for recommend-
ing against prophylaxis in the ALL population is due to a 
paucity of clinical trial evidence denoting benefit in a high 
resource population [17••].
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Fungal Prophylaxis

Invasive fungal disease (IFD) causes significant morbidity 
and mortality in pediatric oncology, especially in those 
with acute leukemia [19, 20]. In patients with newly diag-
nosed ALL, IFD was responsible for 20% of infection-
related deaths [3]. IFD can be difficult to diagnose and 
treat [21, 22], so prophylaxis is an especially important 
strategy to decrease morbidity and mortality. Fisher et al. 
conducted a systematic review of risk factors for IFD in 
pediatric oncology. Duration and depth of neutropenia as 
well as exposure to high-dose steroids, underlying diagno-
sis of AML or ALL, and increasing age were all risk fac-
tors for IFD [20]. Increasing age had not been previously 
reported. It is unclear if age itself is a risk factor or if age 
is associated with other factors such as increasing inten-
sity of chemotherapy or altered pharmacokinetics which 
predispose to IFD.

Patients with AML are at particularly high risk for 
IFD as their chemotherapy results in prolonged periods 
of severe neutropenia [20]. As a result of their high risk, 
several studies have evaluated the utility of antifungal 
prophylaxis in pediatric AML (Table 1). In a cohort of 
871 pediatric patients with AML from the Pediatric Health 
Information System database, Fisher et al. found that anti-
fungal prophylaxis was associated with a reduced rate of 
induction mortality [23]. Interestingly, antifungal prophy-
laxis was also associated with decreased exposure to broad 
spectrum antibiotics as well as decreased resource utiliza-
tion such as fewer blood cultures and chest CTs. There was 
no difference in mortality, antibiotic exposure or resource 
utilization in those receiving fluconazole vs. those receiv-
ing prophylaxis with a mold-active agent, defined as vori-
conazole, posaconazole, itraconazole, echinocandins, or 
amphotericin B products.

There is only one randomized, controlled trial of anti-
fungal prophylaxis in the pediatric oncology population. 
Fisher et al. randomized 517 patients with AML to caspo-
fungin or fluconazole prophylaxis during periods of neu-
tropenia [24•]. Caspofungin prophylaxis was associated 
with a decreased risk of proven or probable IFD compared 
with fluconazole prophylaxis (3.1% vs. 7.2%, p = 0.03). 
There was no difference in overall survival or in utilization 
of empiric antifungal therapy. This study was terminated 
early due to an interim analysis that suggested futility.

There are currently two clinical practice guidelines spe-
cific to antifungal prophylaxis in the pediatric oncology 
population (Table 2) [25••, 26]. Both guidelines recom-
mend antifungal prophylaxis for children and adolescents 
receiving treatment for AML. Lehrnbecher et al. recom-
mend antifungal prophylaxis with an echinocandin or 
a mold-active azole [25••]. Groll et al. provide dosing 

recommendations for various antifungals but do not spec-
ify a particular antifungal [26]. Recommendations for anti-
fungal prophylaxis differ for pediatric patients with ALL. 
Lehrnbecher et al. recommend considering prophylaxis 
in certain children with ALL who may be at increased 
risk of IFD including those with relapsed disease. This 
weak recommendation is based on lack of baseline data on 
IFD incidence in children with both newly diagnosed and 
relapsed ALL as well as lack of any randomized controlled 
trials in this patient population. In contrast, Groll et al. 
strongly recommend antifungal prophylaxis for patients 
with relapsed ALL and those with high risk ALL based on 
randomized studies from the adult population.

Pneumocystis jirovecii pneumonia

Pneumocystis jirovecii pneumonia (PJP) is an opportunistic 
fungal infection that causes rapidly progressive pneumonia 
in immunocompromised patients. Prophylaxis against PJP 
has been standard of care in pediatric oncology patients 
after a landmark 1977 randomized, double-blind, placebo-
controlled study found that trimethoprim sulfamethoxazole 
(TMP-SMX) was highly effective [27]. For patients who 
do not tolerate TMP-SMX, pentamidine, dapsone, and 
atovaquone are alternative options, but are associated with 
increased risk of PJP compared with TMP-SMX [28].

While the risk for PJP pneumonia is highest in patients 
with leukemia and lymphoma [29], prophylaxis is also rec-
ommended for children with solid tumors undergoing chem-
otherapy that is likely to cause lymphopenia [30]. Data in 
patients with HIV shows that the risk of PJP is highest in 
those with CD4 counts under 200, and one study from the 
solid organ transplantation population found that odds of 
PJP infection were significantly increased when absolute 
lymphocyte count (ALC) was < 500 [31]. There is no data 
in pediatric oncology patients suggesting a specific threshold 
of CD4 count or ALC. As a result of this lack of data, opti-
mal duration of PJP prophylaxis is unknown. One guideline 
suggests continuing until 3 months after the end of therapy 
and normalization of lymphocyte count [30].

Viral Prophylaxis

There is a paucity of data on viral prophylaxis in the pediatric 
oncology population. This partly due to a lack of information 
on the frequency, severity, and impact of viral infections in this 
population. Dixon et al. conducted a retrospective review of 
viral surveillance in pediatric patients with newly diagnosed 
or relapsed ALL or AML [32]. Of the 111 patients included, 
36% had at least one blood PCR positive for EBV, CMV or 
adenovirus. Interestingly, the majority of patients with a posi-
tive viral PCR did not receive any targeted antiviral therapy. 
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Patients were more likely to receive treatment for their viral 
infection if they had relapsed disease, infantile or high-risk 
ALL. Patients who received IVIG prophylaxis were less likely 
to experience a positive viral PCR (16.9% vs. 63% p < 0.01).

Buus-Gehrig et al. conducted a systematic review of viral 
infections in pediatric acute leukemia [33]. While there are 
multiple reports of severe viral infection causing either death 
or permanent disability, these cases are rare, and there is not 
yet enough data to warrant empiric prophylaxis in pediatric 
oncology patients.

Influenza Vaccination

In contrast to antiviral prophylaxis, there is widespread adop-
tion of influenza vaccination across pediatric oncology cent-
ers [34]. Multiple studies have found that pediatric oncology 
patients experience immune response to vaccination, but 
these responses are weaker than in healthy children [35–38]. 
Kotecha et al. found that 2% of vaccinated pediatric oncology 
patients developed influenza infection compared with 6.8% of 
unvaccinated controls for an estimated vaccine effectiveness 
of 72% (95% confidence interval 26–94%) [38]. In contrast, 
Sykes et al. found that influenza vaccination did not decrease 
the risk of influenza infection in a cohort of children with ALL 
(Table 1) [39]. Despite potential lack of efficacy in certain 
populations, the American Academy of Pediatrics and Center 
for Disease Control still recommend yearly influenza vacations 
in pediatric oncology patients based on potential benefit with 
low risk of reaction.

SARS CoV‑2 Vaccination

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) caused a global pandemic beginning in late 2019. 
While children generally had lower rates of infection and 
morbidity compared with adults, there is data that pediatric 
oncology patients experience higher mortality compared with 
healthy children with rates ranging from 2.7 to 4.6% [40–43]. 
In addition to the acute mortality during infection, patients 
also experience substantial delays in their chemotherapy which 
may impact long-term survival [44]. There is currently no data 
on the efficacy of SARS-CoV-2 vaccination in pediatric oncol-
ogy patients, but data from solid-organ transplant patients sug-
gests that immunocompromised patients may benefit from a 
booster dose [45].

Ancillary Measures

In addition to antimicrobial prophylaxis and vaccination, 
there is substantial interest in other supportive care meas-
ures to reduce infection in pediatric oncology patients. This 

section will review the data on ethanol locks, CHB, GCSF, 
IVIG and mandatory hospitalization.

Ethanol Locks

Ethanol locks for central lines have been explored for pri-
mary and secondary prophylaxis in pediatric oncology 
patients with CVCs (Table 1). Ethanol locks involve infus-
ing ethanol into a central line for 2 to 24 h with a goal of 
preventing and/or treating biofilm formation [46–48]. Pri-
mary prophylaxis with ethanol locks was explored in a pro-
spective randomized-controlled trial in pediatric oncology 
patients ages 1–18 years of age. In this study, 307 patients 
were enrolled to receive either 70% ethanol or heparin locks. 
The patients who received ethanol locks showed a reduced 
rate of central line infections relative to those who received 
heparin and there were no apparent adverse events; however, 
the attrition rate from the study was high and therefore, there 
remains the potential for missed adverse events in the inter-
vention group. This is particularly relevant as patients in the 
ethanol arm reported increased transient symptoms such as 
dizziness, taste alteration, blushing, and nausea [47].

Following salvage treatment of a central line infection, 
there is an inherent concern for relapse given the presence 
of colonization or biofilms, which are relatively resistant to 
systemic antibiotic treatment [48, 49]. Wolf et al. conducted 
a randomized, controlled trial assessing the role of ethanol 
locks for secondary prophylaxis and treatment in 95 pedi-
atric oncology patients with an identified central line infec-
tion compared with standard systemic antibiotic therapy. The 
trial was halted secondary to futility when the failure rate 
was equal within the ethanol lock and placebo groups (44% 
vs 43%, respectively). The authors concluded that ethanol 
locks were not effective for secondary prophylaxis or treat-
ment among pediatric oncology patients with central-line 
associated bloodstream infections (CLABSI) relative to 
standard heparinized saline [48, 50]. In addition, children 
in the ethanol lock arm had an increased rate of central line 
occlusion compared to those who received heparin alone 
[48]. Schoot et al. did not report an increased incidence of 
central line occlusion in their trial of primary prophylaxis 
[47]; however, the use of ethanol locks should be carefully 
considered as central line occlusion is a highly problematic 
issue within pediatric oncology [51].

Chlorhexidine Gluconate Baths

Chlorhexidine gluconate (CHG) is an antiseptic which is 
bactericidal to gram-positive and gram-negative bacteremia. 
Chlorhexidine gluconate baths (CHB) involve cleansing 
the patient’s body each day with CHG-impregnated wipes. 
Literature from pediatric patients with temporary CVCs 
inserted during critical care admissions suggests that CHB 
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may have a role in reducing the rate of CLABSIs in these 
patients [52]. This has sparked interest within the pediatric 
oncology community given the heightened infectious risk 
and long-term use of CVCs within this patient population 
(Table 1). A retrospective analysis of 330 pediatric oncol-
ogy patients reviewed infection rates in inpatients before and 
after implementation of a CHB regimen. While their results 
did not reach statistical significance across age groups, the 
rate of infection in patients ages 12–21 years of age showed 
a significant reduction in those who used CHB [53]. A recent 
COG trial, ACCL1034, investigated CHB using a rand-
omized, double-blind design in children with external CVCs. 
The trial was closed early secondary to low accrual and post-
hoc analysis was conducted on the existing data. CHB did 
not reduce the rate of CLABSI in this patient population 
with 5.44 CLABSIs per 1000 central-line days in the CHB 
group compared with 3.10 in the control group (p = 0.049) 
[54, 55]. In addition, 24% patients who used CHB had a 
cutaneous adverse event [55]. In summary, there remains 
a paucity of data for the use of CHB in pediatric oncology 
patients and, therefore, consideration for use must weigh the 
risks and benefits accordingly.

GCSF

Risk of bacterial and fungal infections is associated with the 
duration and severity of neutropenia [15•, 20]. Thus, colony 
stimulating factors such as GCSF have been investigated in 
children with AML to minimize the duration of severe mye-
losuppression associated with these protocols (Table 1). In 
adult patients with AML, a meta-analysis demonstrated no 
impact on the rate of remission or infectious complications 
with routine use of GCSF following completion of induction 
chemotherapy [56]. There are conflicting reports in pediat-
rics. Sung et al. completed a survey of COG sites reviewing 
institutional practices for infection prophylaxis in children 
undergoing treatment for AML enrolled on AAML0531. 
They found that GCSF significantly reduced the number of 
bacterial infections and CDI in AML patients [57]. Previous 
to this, AML-BFM 98 prospectively randomized patients to 
understand the role of GCSF to augment hematologic recov-
ery and decrease the risk of infectious complications. Impor-
tantly, while the duration of neutropenia was decreased in 
patients who received GCSF, the rate of febrile neutropenia 
and infection did not differ between groups; therefore, based 
on these results, routine GCSF use for primary prophy-
laxis was not recommended [58]. In addition, Ehlers et al. 
reported that in a subset of pediatric AML patients with over 
expression of G-CSFR Isoform IV, the use of prophylactic 
GCSF significantly increased their risk of leukemic relapse 
[59]. The adult meta-analysis does not support an associ-
ated increased relapse rate in patients in whom GCSF was 
used [56]. GCSF is a well-supported strategy for patients 

with hematologic malignancies and established infection to 
lessen the duration of neutropenia where the risk–benefit 
association is clearer [60], but there remains a lack of data 
to support its use for primary prophylaxis.

IVIG

IVIG is a pooled and concentrated blood product made of 
up human immunoglobulin, predominantly IgG. Hypogam-
maglobulinemia associated with hematologic malignancies 
is a focus of supportive care with primary or secondary pro-
phylactic IVIG infusions. Supplementation with IVIG in 
pediatric patients has increased over time as infection risk 
secondary to hypogammaglobulinemia has been increasingly 
recognized [61, 62]. Prophylactic IVIG supplementation in 
pediatric oncology patients is highly variable, as initial evi-
dence was derived from adult oncology literature in patients 
with B-cell chronic lymphocytic leukemia [63]. Van Tilburg 
et al. demonstrated that even during periods of decreased 
chemotherapy intensity, there remains a relative depression 
of specific antibodies which may denote increased suscep-
tibility to infection [64]. Many clinical trials recommend 
enhanced supportive care for infant and Down syndrome 
patients with secondary hypogammaglobulinemia under-
going chemotherapy [62]. Supplementation in other popu-
lations is highly variable. In a recent retrospective review, 
Holmes et al. examined the frequency of febrile episodes 
in pediatric patients with ALL in the maintenance phase 
of their chemotherapy (Table 1). They report that while the 
frequency of fevers in the IgG-monitored population was 
higher than those not receiving supplementation, IVIG 
supplementation did not decrease the frequency of fevers, 
upper respiratory tract infections or bacteremia. Given the 
retrospective nature of the review, it is possible that monitor-
ing was more aggressively undertaken in patients who were 
more susceptible to infection and toxicity at baseline [65]. 
In a review of 383 pediatric patients with ALL, Edington 
and colleagues found that rates of emergency department 
visits, hospitalization days, febrile neutropenia episodes, and 
severe infections were lower during IVIG supplemented days 
vs. non-supplemented days [66]. This work points to the 
potential positive impact of IVIG in patients receiving ALL 
therapy; however, further research is needed to delineate the 
larger role for primary prophylaxis in this population.

Hospitalization

Three studies have investigated whether continued inpa-
tient hospitalization during periods of neutropenia improves 
outcomes in pediatric patients with AML (Table 1). In a 
secondary analysis of an upfront COG treatment trial 
(AAML0531), Sung et al. found that mandatory hospitali-
zation did not reduce infection or non-relapse mortality, but 
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did increase rates of CDI [57]. Miller et al. also found no 
difference in mortality in those who were discharged during 
periods of neutropenia. However, they did find that patients 
who were discharged early experienced increased rates of 
viridans group streptococcus, hypoxia, and hypotension on 
readmission [67]. In a prospective cohort of 573 patients 
with newly diagnosed AML, Getz et al. found that patients 
who were discharged from the hospital during periods of 
neutropenia did not have increased rates of bacteremia, delay 
in time to start of next course, or worse quality of life [68]. 
While inpatient hospitalization during neutropenia contin-
ues to be recommended for certain high-risk groups such 
as patients with AML and Down syndrome, there is limited 
data supporting this practice. Physicians and families should 
be aware that inpatient care has both potential benefits such 
as early response to subtle vital sign changes, but it also has 
potential harms such as increased rate of CDI and may not 
decrease the risk of infection.

Special Populations

Within pediatric oncology, there are several sub-popula-
tions that warrant particular attention regarding the infec-
tious complications associated with their treatment. Among 
these populations are children with Down syndrome (DS), 
patients undergoing immunotherapy, adolescent and young 
adult patients, and patients with solid tumors.

Immunotherapy

The emergence of immunotherapy is changing the treat-
ment paradigm for patients with both newly diagnosed 
and relapsed leukemia. There are no clinical trials evalu-
ating infection prophylaxis in pediatric patients receiving 
blinatumomab, but multiple clinical trials have found that 
relapsed/refractory patients receiving blinatumomab are at 
lower risk for infectious toxicity compared to those receiv-
ing conventional chemotherapy [69, 70]. Blinatumomab is 
also frequently used as bridging chemotherapy for patients 
recovering from a severe infection [71]. This data suggests 
that blinatumomab itself is not associated with increased risk 
of infection. However, it is important to consider the patient 
population and individual risk factors. For example, patients 
who have a history of multiple relapses, prior infections, 
or those with DS may still benefit from prophylaxis while 
receiving blinatumomab.

Emerging data suggests that pediatric patients receiv-
ing chimeric antigen receptor T-cell therapy (CAR-T) are 
at increased risk for infection, especially during the first 
month after infusion. In a single center retrospective review, 
40% of patients experienced an infection within the 28 days 
after CAR-T cell infusion [72]. The majority of these were 

bacteremia (39%) or respiratory viral infections (43%). 
Prophylaxis regimens varied across patients. In a multi-
center retrospective review, 40% of patients experienced an 
infection after CAR-T cell infusion [73]. The majority of 
these were bacterial or viral (50% and 27% respectively) and 
7% were fungal. Because the majority of patients currently 
receiving CAR-T cell therapy have relapsed or refractory 
disease, some centers may routinely use antibacterial proph-
ylaxis based on the randomized trial by Alexander et al. 
which found the levofloxacin reduced bacteremia in chil-
dren with relapsed ALL [15•]. Further studies into infection 
prophylaxis are needed in this high-risk patient population, 
especially as indications CAR-T cell therapy are expanding.

Down syndrome

Children with DS have a significantly increased risk of 
developing both AML and ALL relative to their peers [74]. 
In addition, when undergoing treatment with chemotherapy, 
they have been noted to have undue sensitivity to the agents 
used, leading to early identification of this group as high risk 
[75]. Heightened sensitivity to infections in children with 
DS extends beyond neutropenia and myelosuppression, as 
these children have alterations in humoral immune function, 
heightening their susceptibility to infectious complications 
while undergoing therapy [76, 77].

In ALL, this risk is twofold, as these children have a 
higher risk of relapse relative to non-DS patients as well 
as treatment-related mortality secondary to chemotherapy 
toxicity [3, 74, 75, 78]. To characterize this in children 
with ALL, Rabin et al. described a small cohort of children 
with DS who had a disproportionate degree of neutrope-
nia, mucositis, documented bacterial infections, and cel-
lulitis relative to non-DS patients receiving ALL therapy 
[79]. Children with DS experience increased infectious 
complications during the induction and delayed intensifi-
cation phases, but also during low intensity maintenance 
phases [3, 74, 80]. While presenting symptoms such as 
fever and hemodynamic instability were predictive of bac-
terial infection in patients with DS, children who presented 
within 7 days of receiving steroids also had an increased 
risk of bacterial infection [80]. In a retrospective review, 
Ceppi and colleagues noted that 27% of patients did not 
present with fever but had a subsequent diagnosis of bac-
terial infection [80]. While many adjustments have been 
made to the backbone of chemotherapy for children with 
DS and ALL, the heightened infectious risk is longitudinal 
throughout their treatment, which points to the importance 
of ongoing supportive care and heightened awareness of 
the potential complications of therapy. Recommended 
supportive care of children with DS has included IVIG 
supplementation, prophylactic antibiotic use, leucovorin 
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rescue following intrathecal methotrexate, and hospital 
admission during high risk phases of treatment [75].

Children with DS and AML also experience a high rate 
of infectious complications while on chemotherapy. Evo-
lution of clinical trials had led to the development of DS-
specific protocols of lower intensity to mitigate the toxic 
effects of a standard backbone. Hassler et al. conducted a 
retrospective review describing 61 patients with DS who 
underwent treatment as per the reduced intensity AML-
BFM-2004 protocol. Among these children, there were 
157 infectious events including fever, as well as microbio-
logically documented or clinically documented infections. 
Nearly all bacterial isolates were gram positive, many of 
which were S. viridans. Viral infections were also signifi-
cant among the described population. Therefore, despite 
the reduced intensity regimen, there remains significant 
infectious toxicity and mortality [81]. In contrast, a pop-
ulation study in Canada including children with DS did 
not report increased rates of infection or sepsis [82]. Fur-
ther work by this group demonstrated that treatment on 
a DS-specific protocol was protective, with a significant 
reduction in sterile site infections and bacteremia. Steroid 
exposure was identified as a significant risk factor predis-
posing to infectious complications in concert with an AML 
backbone [83]. DS-specific protocols and supportive care 
guidelines may improve outcomes.

Adolescents and Young Adults

AYA oncology patients (ages 15–39) have inferior outcomes 
relative to both their primary oncologic disease as well as 
due to increased treatment-related mortality [84–86]. Larsen 
et al. reported that HR-ALL patients treated on the COG 
protocol AALL0232 had lower rates of febrile neutrope-
nia (35.6% vs 48.6% p < 0.0001) but an increased risk of 
death post-remission. Among these, 11 of 16 were second-
ary to infectious complications [84]. A data review from 
the Surveillance, Epidemiology, and End Results Program 
of AYA patients supports the finding of heightened non-
cancer related death in the AYA population. Importantly, 
infectious death was significantly elevated among all AYA 
patients with the most pronounced effect observed within 
patients with hematologic malignancy [86]. In an effort to 
understand the difference in infectious risk, Sano et al. com-
pared antibiotic efficacy in the context of febrile neutrope-
nia in children and AYA patients. They found that first-line 
antibiotic success rates (defined as resolution of fever and 
signs of infection) were lower in AYA patients compared 
to younger children (53.8% vs. 63.7% p = 0.028) [85]. As 
with DS patients, AYA patients may benefit from specific 
protocol and supportive care modifications.

Solid Tumors

Patients with leukemia and lymphoma are at increased risk 
for infection compared to those with solid tumors [9, 10]. 
It is, however, important to understand that children with 
solid tumors can also develop severe and life-threatening 
infections during therapy. Both surgery and radiation for 
local control result in disruption of the natural skin barrier 
with associated risk of infection. Implantation of medical 
devices such as prostheses and ventriculoperitoneal shunts 
are associated with both immediate and delayed infections 
[87, 88]. And finally, tumors themselves can cause obstruc-
tion of critical structures and subsequent pneumonia, bowel 
perforation, urinary tract infection and cholangitis. Discus-
sion regarding prevention of post-operative infections with 
peri-operative antibiotics and manipulation of prosthesis is 
outside the scope of this review, but there is data supporting 
this practice [87–90]. For patients with solid tumors, it is 
especially important to keep in mind the impact their tumor 
has on their underlying anatomy as well as recent surgeries 
and radiation.

Conclusion

Interpreting the data and implementing the clinical practice 
guidelines for infection prophylaxis in pediatric oncology 
can be challenging. To guide clinical decisions, it may help 
to keep several guiding principles in mind. First, patients 
with hematologic malignancies, those on high-dose corti-
costeroids, and those anticipated to have prolonged neutro-
penia are at highest risk for infection. Bacterial and fungal 
prophylaxis may be helpful in this population but warrants 
consideration of possible adverse effects, especially devel-
opment of antimicrobial resistance. Second, the majority of 
ancillary measures do not have robust data to support routine 
use. However, they may be beneficial especially in high-risk 
groups such as DS and AYA patients. Third, more research is 
needed. This is especially critical given the increased utiliza-
tion of immunotherapy in both relapsed and upfront treat-
ment protocols. Continued rigorous clinical trials evaluating 
infection prophylaxis will allow us to continue to improve 
outcomes in childhood cancer.
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