
UCSF
UC San Francisco Previously Published Works

Title
How We Treat Fever and Hypotension in Pediatric Hematopoietic Cell Transplant Patients.

Permalink
https://escholarship.org/uc/item/3qm8f1bs

Authors
Zinter, Matt S
Dvorak, Christopher C
Auletta, Jeffery J

Publication Date
2020

DOI
10.3389/fonc.2020.581447
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3qm8f1bs
https://escholarship.org
http://www.cdlib.org/


fonc-10-581447 September 14, 2020 Time: 19:29 # 1

REVIEW
published: 16 September 2020

doi: 10.3389/fonc.2020.581447

Edited by:
Jennifer Ann McArthur,

St. Jude Children’s Research
Hospital, United States

Reviewed by:
Sarah K. Tasian,

University of Pennsylvania,
United States

Jhon A. Guerra,
HIMA San Pablo Oncologic Hospital,

United States

*Correspondence:
Jeffery J. Auletta

jeffery.auletta@
nationwidechildrens.org

Specialty section:
This article was submitted to

Pediatric Oncology,
a section of the journal

Frontiers in Oncology

Received: 08 July 2020
Accepted: 24 August 2020

Published: 16 September 2020

Citation:
Zinter MS, Dvorak CC and

Auletta JJ (2020) How We Treat Fever
and Hypotension in Pediatric

Hematopoietic Cell Transplant
Patients. Front. Oncol. 10:581447.

doi: 10.3389/fonc.2020.581447

How We Treat Fever and Hypotension
in Pediatric Hematopoietic Cell
Transplant Patients
Matt S. Zinter1, Christopher C. Dvorak2 and Jeffery J. Auletta3,4*

1 Division of Critical Care Medicine, UCSF Benioff Children’s Hospital, University of California, San Francisco, San Francisco,
CA, United States, 2 Division of Allergy, Immunology, and Blood and Marrow Transplantation, UCSF Benioff Children’s
Hospital, University of California, San Francisco, San Francisco, CA, United States, 3 Division of Hematology, Oncology,
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Pediatric allogeneic hematopoietic cell transplant (HCT) survival is limited by the
development of post-transplant infections. In this overview, we discuss a clinical
approach to the prompt recognition and treatment of fever and hypotension in pediatric
HCT patients. Special attention is paid to individualized hemodynamic resuscitation,
thorough diagnostic testing, novel anti-pathogen therapies, and the multimodal support
required for recovery. We present three case vignettes that illustrate the complexities
of post-HCT sepsis and highlight best practices that contribute to optimal transplant
survival in children.
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INTRODUCTION

Infections following allogeneic hematopoietic cell transplantation (HCT) are common and
negatively impact transplant outcomes (1). Defects in donor-derived immune reconstitution (IR)
increase infection risk throughout the peri- and post-transplant periods (Figure 1). As a result,
pediatric HCT patients are at significant risk for developing infection and subsequent sepsis.
The spectrum of pediatric sepsis can be divided into systemic inflammatory response (SIRS),
sepsis, severe sepsis, and septic shock (2). SIRS is defined by the presence of two of the following
four criteria, one of which must be abnormal temperature or leukocyte count: core temperature
>38.5

◦

C or <36
◦

C; depressed or elevated leukocyte for age; and tachycardia or tachypnea per
standard definitions (3). Sepsis is defined by SIRS with a suspected or proven underlying infection,
while severe sepsis requires cardiovascular organ dysfunction, acute respiratory distress syndrome
or two other organ system involvement (3). Lastly, septic shock is cardiovascular dysfunction
refractory to initial fluid resuscitation.

Hematopoietic cell transplantation patients with severe sepsis have a 4-fold increase in hospital
mortality versus non-HCT children with severe sepsis (4). Therefore, early recognition and
implementation of therapeutic strategies are critical to improving outcomes for severe sepsis,
especially in high-risk patient populations (1). To this end, key emerging clinical issues for an
allogeneic HCT patient presenting with fever and hypotension include: (1) practical use of new
diagnostics for diagnosing infection and sepsis, (2) consideration of multi-drug resistant (MDR)
pathogens in certain clinical settings, (3) judicious use of empiric antimicrobial therapies to prevent
and to treat MDR pathogens as well as the appropriate duration and de-escalation in antimicrobial
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FIGURE 1 | Immune reconstitution following allogeneic HCT. (Left panel) Immune reconstitution gradually recovers following allogeneic HCT with donor-derived
innate immune cell numbers and function preceding adaptive immunity. (Right panel) Kinetic and functional immune recovery in the allogeneic HCT recipient are
affected by donor (age, immune function), graft (HSC source, cell content), and recipient (age, presence of co-morbidities and thymic involution or damage,
underlying disease and associated previous therapy, type of conditioning regimen, organ dysfunction, changes in microbiome, occurrence of GvHD and associated
use of immunosuppression, infection and use of supportive care pharmaceutical agents) factors. In addition, disparities in donor (D) and recipient (R) CMV
serostatus, gender and HLA matching also affect donor-derived immune recovery. Defects and delays in immune reconstitution strongly associate with decreased
overall survival and increased transplant-related morbidity and mortality. αβT, alpha beta T cell; B, B-cell; CMV, cytomegalovirus; DC, dendritic cell; γδT, gamma delta
T cell; GvHD, graft-versus-host disease; HLA, human leukocyte antigen; HSC, hematopoietic stem cell; M8, macrophage; Mono, monocyte; NK, natural killer; PMN,
polymorphonuclear cell; Pro, progenitor cell; Treg, T regulatory cell.

therapy, and (4) intensive care support for the septic HCT patient
in the context of severe organ dysfunction. We discuss these four
aspects in the following clinical vignettes.

CLINICAL VIGNETTE #1

Initial Clinical Presentation
A 5-year-old male with FLT3 internal tandem duplication
(ITD)-positive acute myeloid leukemia (AML) in
first complete remission (CR1) develops fever and
hypotension 12 days following matched unrelated donor
(MUD) bone marrow transplant (BMT) with targeted
busulfan/cyclophosphamide/antithymocyte globulin (ATG)
conditioning. He receives methotrexate (MTX) and tacrolimus
for graft-versus-host disease (GvHD) prophylaxis and
levofloxacin, acyclovir, fluconazole, and pentamidine for
antimicrobial prophylaxis. Vital signs are as follows: Temperature
40
◦

C despite acetaminophen, RR 28, HR 136, BP 80/34, SpO2
97% on room air. Physical exam demonstrates a pale, irritable,
but responsive child with tachycardia and oral mucositis. His
double-lumen tunneled catheter site has mild erythema at the

insertion site but is otherwise without discharge or tenderness.
Laboratory studies from earlier in the day are as follows:
WBC < 0.1 × 103/µL (reference 6–17 × 103/µL), Hgb 8.2 g/dL
(11.5–13.5 g/dL), platelets 15 × 103/µL (140–440 × 103/µL), Cr
0.4 mg/dL (0.2–0.4 mg/dL), ALT 83 U/L (<40 U/L), AST 125
U/L (<50 U/L), total bilirubin 1.2 mg/dL (0.1–1.0 mg/dL), and
direct bilirubin 0.2 mg/dL (<0.6 mg/dL).

What Additional Clinical and Laboratory
Information Would Be Useful at This
Time?
Sepsis is a clinical diagnosis, and this patient meets diagnostic
criteria for sepsis. Sepsis and septic shock must be the top
diagnostic consideration in HCT recipients presenting with
SIRS criteria. Other potential non-infectious etiologies include
engraftment syndrome, anaphylaxis, transfusion reaction and
hemophagocytic lymphohistiocytosis (HLH). These potential
etiologies should be considered in parallel with sepsis, but
their consideration should not delay sepsis treatment. Rapid
staging of multi-organ injury (MOI) can help set the tempo
of resuscitation and guide downstream management. Further
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workup should include a blood gas with lactate and procalcitonin
as sepsis biomarkers (5, 6), comprehensive metabolic panel
to assess for progressive renal and hepatic injury, coagulation
studies, fibrinogen, and d-dimers to assess for disseminated
intravascular coagulopathy (DIC) and repeat CBC to guide
potential need for transfusion. Physical exam looking for a
potential source of infection should be performed promptly.
Blood cultures from all lumens of indwelling central venous
catheters (CVCs) should be obtained but should not postpone
empiric antibiotic administration.

Take Home Message
Sepsis is a clinical diagnosis and a low-level of clinical suspicion is
warranted in an immunocompromised patient in whom multiple
infectious etiologies are possible.

What Are the Most Important First Steps
in Clinical Management?
Recognition of neutropenic sepsis should be followed by empiric
antibiotic coverage (Table 1) and aggressive fluid resuscitation
within the first hour of clinical presentation (7). Prompt empiric
antimicrobial therapy in the neutropenic patient should include
a broad-spectrum agent with activity against Pseudomonas spp.
such as 3rd- or 4th-generation cephalosporins or combination β-
lactam and β-lactamase inhibitors (e.g., piperacillin-tazobactam)
(8). If mucosal barrier injury (MBI) is present or suspected,
anaerobic coverage should also be provided with metronidazole,
particularly if an extended-spectrum cephalosporin is used
as empiric therapy. Methicillin-resistant Staphylococcus aureus
(MRSA) coverage with a glycopeptide would be added based
on patient risk-factors, including clinical instability or evidence
of skin or soft tissue infection (8). In addition, pediatric
HCT patients receiving levofloxacin prophylaxis are at risk for
bacteremia from viridans group Streptococcus (9). Therefore, the
current patient should receive empiric vancomycin.

Fluid resuscitation should focus on prompt restoration of
intravascular volume status using available crystalloids (10). Data
supporting the use of balanced (PlasmaLyte, Ringer’s lactate,
RL) vs. unbalanced (normal saline, NS) crystalloid solutions
in pediatric sepsis are equivocal at this time (11). Therefore,
fluid resuscitation should be initiated without delay and up to
60 mL/kg of IV fluid should be given in the first hour, with
frequent clinical assessment for resolution of tachycardia and
impaired perfusion. Red blood cell (RBC) transfusion may be
considered; but in the absence of severe anemia or bleeding,
should not be administered in lieu of the first 60 mL/kg of
crystalloid resuscitation (12). Platelet transfusions may also be
considered, particularly if the patient has DIC either with active
mucosal bleeding with a platelet count ≤50× 103/µL or without
active bleeding and a platelet count ≤20× 103/µ L (13).

Take Home Message
Early empiric antibiotics and fluid resuscitation should be
prioritized in patients with sepsis.

TABLE 1 | Considerations for infectious pathogens associated with sepsis in
pediatric allogeneic hematopoietic cell transplant recipients.

Gram-positive bacteria Yeasts

Clostridium septicum Candida albicans*

Enterococcus faecalis Candida krusei

Enterococcus faecium Candida glabrata*

Enterococcus spp., vancomycin resistant Candida lusitaniae

Staphylococcus, coagulase negative* Candida parapsilosis*

Staphylococcus aureus, methicillin resistant* Candida tropicalis

Staphylococcus aureus, methicillin sensitive* Cryptococcus neoformans

Streptococcus, Group A* Histoplasma capsulatum

Streptococcus, Group B

Streptococcus pneumoniae*

Viridans Streptococcus*

Gram-negative bacteria Molds

Acinetobacter spp. Aspergillus flavus

Bacteroides spp. Aspergillus fumigatus*

Capnocytophaga spp. Aspergillus niger

Citrobacter freundii Aspergillus terreus

Escherichia coli* Fusarium spp.*

Enterobacter cloacae* Scedosporidium spp.

Fusobacterium spp. Zygomycetes*

Klebsiella oxytoca

Klebsiella pneumonia* Viruses

Pseudomonas aeruginosa* Adenovirus*

Pseudomonas spp. Cytomegalovirus*

Serratia marcescens Herpes simplex virus

Stenotrophomonas maltophilia Varicella zoster virus

spp., species. *Most common pathogens within indicated class causing sepsis.

Clinical Update #1
Broad-spectrum antimicrobials (cefepime, metronidazole, and
vancomycin) are initiated, and three NS boluses (each 20 ml/kg)
are given followed by intravenous acetaminophen. A large
diameter peripheral catheter is placed to ensure that fluid
resuscitation is not delayed. After fluids and antibiotics, the
child remains febrile with persistent tachycardia (HR 158) and
hypotension (BP 70/30). Progressive tachypnea (RR 62) and
oxygen requirement (5L vent mask) develop, and the child is
transferred to the Pediatric Intensive Care Unit (PICU) for
further management.

What Additional Evaluations Should Be
Undertaken at This Time?
The patient now meets criteria for septic shock, as evidenced by
persistent hemodynamic dysfunction despite appropriate prompt
fluid resuscitation. In addition to continuous assessment of
vital signs, perfusion, and physical exam, ongoing evaluation
of MOI should include repeat arterial blood gas (ABG), CBC,
comprehensive metabolic panel, and coagulation studies. The
patient should also have a chest radiograph to evaluate his
new onset of respiratory distress. Further imaging may be
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warranted including computed tomography (CT) imaging given
its increased sensitivity for detecting parenchymal disease in
the context of neutropenia (14), but only after hemodynamic
stability is achieved.

Take Home Message
After rapid resuscitation, comprehensive clinical reassessment is
needed to determine response to therapy and to monitor for
potential clinical deterioration.

What Further Management Should Be
Considered?
Treatment of septic shock should focus on improving oxygen
delivery, reducing metabolic demand, and reversing the
underlying trigger. Fluid resuscitation can augment cardiac
output and therefore is a key method to improve oxygen
delivery. Vascular access should not limit the ability to provide
aggressive fluid resuscitation in a timely manner, and placement
of peripheral intravascular catheters are often necessary. Many
patients with septic shock may require more than 60 mL/kg
of fluid resuscitation. Measuring intravascular volume status
with physical exam, central venous pressure and respiratory
variability in the arterial pulse pressure waveform can help
differentiate patients who are adequately fluid resuscitated from
those whom are not. While intravascular volume repletion
is critically necessary, the capillary leak associated with
myeloablative conditioning and sepsis may lead to pulmonary
edema and anasarca.

Oxygen delivery can also be improved by providing
supplemental oxygen (non-invasively or through endotracheal
intubation) and increasing oxygen carrying capacity through
RBC transfusions. In the absence of severe anemia or bleeding,
transfusions should be used after initial crystalloid resuscitation.
Oxygen delivery can also be augmented by improving cardiac
output with vasoactive infusions. Pediatric HCT patients
with sepsis may have hyperdynamic cardiac function, but
concomitant myocardial depression due to prior anthracycline
exposure, total body irradiation, or cytokine storm (15, 16)
should prompt the use of vasoactive infusions (typically
epinephrine or norepinephrine). Metabolic demand can be
reduced with endotracheal intubation and sedation. Lastly, some
pediatric HCT patients may have acquired adrenal insufficiency
due to long-term exposure to glucocorticoids, so stress-dose
hydrocortisone with a gastric acid protectant may be warranted.

Persistent sepsis should also warrant consideration for
broadening antimicrobial therapy, particularly to provide
coverage for MRSA and/or invasive fungal infection (IFI) like
candidemia and molds, especially in the context of persistent
fever and neutropenia (8). However, the presence of MOI will
impact the type of empiric antimicrobial therapy given. For
example, echinocandins or the triazole posaconazole can be
administered in the context of hepatic and renal insufficiency
(17), but interactions with immunomodulatory agents and
potential for QTc prolongation should be noted with the azole
agents (18). In contrast, vancomycin should be used with
caution in the context of acute kidney injury (AKI) and dosed
by trough if other alternative agents like linezolid are not

available (19). Lastly, caution should be exercised with certain
combinations of antimicrobial agents like vancomycin and
piperacillin-tazobactam, which increases the risk of AKI (20).

Take Home Message
Individualized cardiopulmonary support and antimicrobial
therapy are crucial in managing post-HCT septic shock.

Clinical Update #2
In the PICU, CXR reveals bilateral pleural effusions (R > L)
with increased interstitial markings. The child’s work of
breathing increases and he becomes more lethargic, necessitating
endotracheal intubation with mechanical ventilation. Given
his continued hypotension (BP 75/28) and the high rate
of peri-intubation cardiac arrest (21), he is also started on
an epinephrine infusion (0.1 mcg/kg/min). Repeat labs show
continued profound neutropenia (ANC < 200/µL), Hgb 7.2 g/dL,
platelets 14× 103/µL, Cr 1.1 mg/dL, ALT 145 U/L, AST 179 U/L,
INR 1.9, PTT 46 s (reference 24–36 s), fibrinogen 100 mg/dL
(170–410 mg/dL), d-dimers 13.2 µg/mL (<0.5 µg/mL), lactate
5.6 mmol/L (<2.2 mmol/L), and procalcitonin 23 ng/ml
(<5 ng/ml). RBC and platelet infusions are administered to
support oxygen carrying capacity and to prevent bleeding. After
hemodynamic stabilization, CT sinus, chest, abdomen and pelvis
are performed. CT sinuses reveal opacification of the maxillary
and ethmoid sinuses with air-fluid levels. CT chest shows
opacification and air bronchograms in the left lower lobe with
associated micronodules throughout both lungs and bilateral
pleural effusions (R > L). CT abdomen/pelvis is negative for
colitis or pneumatosis.

How Can We Determine the Cause for
This Patient’s Septic Shock?
Even in patients receiving broad-spectrum antimicrobial therapy,
additional diagnostic microbiologic testing should be strongly
considered in the setting of progressive septic shock and
negative, indeterminate, or pending diagnostic tests. Standard
clinical microbiologic diagnostics fail to identify a pathogenic
organism in approximately one-third of suspected infectious
cases (22) and delayed or missed microbial detection is
associated with significant mortality (23–25). In addition to
identifying an etiology for septic shock, diagnostic testing
can identify plausible co-pathogens requiring treatment and
determine antimicrobial susceptibilities, allow for cessation of
unneeded nephro-, hepato-, and myelotoxic antimicrobials, and
locate infected tissue that may require debridement for source
control. Strategies for invasive testing should be guided by
physical exam and imaging. Of note, chest x-ray alone has
very poor sensitivity compared to chest CT in identifying
potential pulmonary infections (26, 27). Bronchoalveolar lavage
(BAL) can facilitate detection of pulmonary pathogens via direct
sampling of infiltrates or consolidations when accessible (28)
and particularly when performed early after symptom onset
and radiographic confirmation (29). Lung biopsy should be
reserved for lesions or pulmonary nodules not accessible by
BAL, as complications associated with lung biopsy are greater
than BAL, particularly in pediatric patients (30). Investigation
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should also consider the following: (a) rhinocerebral infection
in patients with longstanding glucocorticoid use, neutropenia,
or T-cell impairment, (b) colitis in patients with intestinal
MBI or pre-transplant history of inflammatory bowel disease,
(c) thrombophlebitis in patients with high-risk CVCs, (d)
pyelonephritis in patients with urinary retention or indwelling
catheters, (e) cellulitis in patients with pressure ulcers, (f)
and cholecystitis in patients with chronic hemolysis. Novel
testing methods using culture-independent techniques such as
metagenomics sequencing have shown early utility in identifying
pathogens in HCT and non-HCT patients with sepsis (31, 32).

Take Home Message
Pediatric HCT patients with septic shock should undergo
extensive microbiologic testing in order to improve the likelihood
of successful infectious diagnosis and treatment.

Clinical Update #3
The following day, the patient undergoes bronchoalveolar lavage
and samples are sent for culture, cytology, and PCR. ENT
also performs nasal endoscopy and sinus samples are sent for
culture and PCR. Preliminary gram stain of the BAL fluid shows
numerous gram-negative rods. Blood cultures obtained at the
time of initial fever remain negative. BAL and sinus cultures
are positive for an extended-spectrum β-lactamase (ESBL)-
producing Pseudomonas aeruginosa. Additional lab results
include tacrolimus level was 17.2 ng/mL (reference 5–20 ng/mL),
serum Aspergillus galactomannan (GMN) is 0.3 (positive >0.5).
The patient continues to require vasopressors and remains
profoundly neutropenic and transfusion dependent.

What Further Management Is Required
to Stabilize This Patient?
Blood stream infections (BSI) are the most common infection
following allogeneic HCT (33) and associated with the greatest
mortality risk in HCT patients (34), particularly when
MDR organisms are involved (35) and insufficient empiric
antimicrobial therapy is administered (36). Attributable risk
factors for BSI include presence of central venous catheter (CVC)
placement including CVC type (37), MBI (38), and GvHD
(39) as well as use of immunosuppressive therapy (IST) (40)
(Figure 2). Pneumonia is also a common cause of infection
after allogeneic HCT and associates with increased mortality in
the first 100 days after transplant (41). Of note, HCT recipients
often have multiple infections, which may be caused by different
pathogens. Therefore, thorough diagnostic investigation and
acquisition of diagnostics from sites of infection are warranted.

Once the pathogen is identified and antimicrobial sensitivities
are defined, therapy targeting the specific pathogen(s) should
be administered. However, additional considerations for the
antimicrobial therapy include: location of the infection and
the ability of the agent(s) to achieve adequate concentrations,
presence of organ dysfunction affecting the metabolism of
selected agent(s), drug interactions between antimicrobial and
immunosuppressive therapies, and the clinical context in which
a pathogen is identified and the antimicrobial therapy is
administered. In this clinical case, the patient remains septic

and with pancytopenia, requiring broad-spectrum antibiotic
and antifungal therapies in addition to therapy targeting
his ESBL-producing Pseudomonas aeruginosa (42). To this
end, meropenem and caspofungin are started as empiric
antimicrobial therapy.

In addition to administering proper antimicrobial therapy,
other therapeutic interventions should be considered in
this patient. First, removal of CVCs should be considered
when there is evidence of refractory shock caused by MDR
pathogens (43, 44). Second, salvage therapies aimed at restoring
immunity should be considered and include reduction in
or even withdrawal of immunosuppression, use of colony
stimulating factors (G-CSF and GM-CSF) (45), and granulocyte
transfusions (46). Augmenting immune recovery is key to best
outcomes, but both cytokines and granulocyte transfusions
have potential adverse effects like worsening inflammation,
bone pain, and hypoxemia. Lastly, discontinuing medications
with high toxicity profiles that are unlikely to help the patient
may prevent further acute kidney injury (AKI). Other efforts to
prevent or mitigate the development of organ toxicity should
also be investigated. Pediatric HCT patients frequently receive
multiple nephrotoxic medications, including antibiotics like
glycopeptides and aminoglycosides, calcineurin inhibitors
(e.g., tacrolimus, cyclosporine), and antivirals (e.g., acyclovir,
foscarnet, ganciclovir, cidofovir). So early withdrawal or dose
reductions in these medications to prevent advancing AKI is
prudent. Other supportive care considerations to maintain
organ function includes lung-protective mechanical ventilation,
hemodynamic and transfusion support, thromboprophylaxis,
careful fluid management, and sedation and analgesia.

Take Home Message
Reversing septic shock in pediatric HCT patients may require
proper antimicrobial therapy, source control, and potential use of
immunomodulatory therapies. Maintaining multiorgan function
is critical to facilitate recovery.

Clinical Update #4
After CVL line removal and appropriate antimicrobial therapy
is administered, epinephrine is able to be weaned and ultimately
discontinued on PICU day 4. The patient is extubated on PICU
day 5 and transitioned to CPAP during the day and BiPAP at
night for the next 3 days. The child begins dexmedetomidine and
fentanyl weaning following extubation. Oxygen supplementation
is weaned to 0.5L nasal cannula on PICU day 9. After a
10-day PICU stay, the child is transferred to the BMT unit
to complete a 14-day course of antimicrobial therapy and to
continue sedation wean. He received physical, occupational,
and recreational therapies in the BMT unit. He has neutrophil
engraftment (ANC 880/µl) on transplant day 21, and platelet
engraftment on transplant day 37. He is discharged from the
hospital on transplant day 42.

What Is the Best Way to De-Escalate
Therapy and Promote Recovery?
Pediatric HCT patients who survive septic shock may
require weeks to recover from the immediate sequelae.
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FIGURE 2 | Risk factors for blood stream infection in allogeneic hematopoietic cell transplant recipients. (Left column) Transplant, donor, allograft and recipient
factors are associated with risk for bloodstream infection (BSI). Higher risk patients should be monitored closely for the development of BSI in order to initiate prompt
treatment aimed at preventing progression to severe sepsis or septic shock. GvHD, graft-versus-host disease; MBI, mucosal barrier injury; IST, immunosuppressive
therapy; PICC, peripherally inserted central catheter.

Immunosuppression necessary for GvHD prophylaxis should
be restarted and levels monitored in the context of continued
but resolving organ dysfunction. Gradual reduction in sedation
and analgesia is required to prevent withdrawal. A multimodal
approach to prevent, detect, and treat delirium should be
implemented (47). Long-term effects on renal, hepatic, and
lung function should be monitored as survivors frequently
have prolonged impairment (48). Lastly, many survivors
have prolonged functional impairment that may benefit from
rehabilitation services (49).

Take Home Message
Pediatric HCT patients who survive sepsis require continued
supportive care to promote recovery, including monitoring for
delirium, withdrawal and deconditioning.

Patient #1 Summary
This case describes a pediatric HCT patient with fulminant
bacterial septic shock due to resistant Pseudomonas aeruginosa
prior to engraftment. Allogeneic HCT patients are at very high
risk for bacterial sepsis in the pre-engraftment period (42).
Prompt recognition, early empiric therapy, and hemodynamic
resuscitation guided by physical exam and laboratory data are
vital to ensuring survival (10). Chances for best clinical outcome
require immune recovery, source control, and appropriate
antimicrobial therapy (7). Duration of antimicrobial therapy is
predicated upon overlap with immune recovery and documented
eradication of infection by culture and/or radiographic resolution
as clinically appropriate (50). Lastly, significant deconditioning
associated with prolonged hospitalization, increases risk for

infection and resource utilization, for which clinical therapy
services to increase strength and stamina have been proven
effective (51, 52).

CLINICAL VIGNETTE #2

Initial Clinical Presentation
A 16-year-old female diagnosed with idiopathic severe
aplastic anemia received an allogeneic BMT following
fludarabine/cyclophosphamide/alemtuzumab (FCC)
conditioning from a 12/12 HLA-matched unrelated donor
40 days ago. Her transplant course was unremarkable, and
she was discharged on from the hospital on day +27 on
tacrolimus as GvHD prophylaxis along with other supportive
care medications including voriconazole, acyclovir and
trimethoprim-sulfamethoxazole. She now presents to the
emergency room with fever, hypotension, diffuse rash, cough
and diarrhea. Sick contacts are notable at home with upper
respiratory tract symptoms, including rhinorrhea and cough.
Vital signs in the emergency department are as follows: 38.9

◦

C,
HR 116, RR 22, BP 74/45, SpO2 95% on room air. Physical
exam is significant for diffuse, blanching maculopapular rash
involving torso, legs and arms sparing palms and soles, crackles
mostly in the bilateral bases, and mild abdominal tenderness
with palpation. Her double-lumen tunneled catheter site is
without erythema, discharge or tenderness. Blood cultures
are obtained from both catheter lumens, and respiratory viral
PCR, CBC and metabolic panels are sent. CXR is obtained
that demonstrates bilateral interstitial markings. Two NS fluid
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boluses are given, and empiric antimicrobial therapy with
piperacillin-tazobactam is started.

What Additional Clinical and Laboratory
Information Will Be Useful?
This patient meets all SIRS criteria and is at high-risk for infection
without a clear alternate etiology; therefore, the diagnosis of
sepsis should be suspected. Although this patient has achieved
some level of innate immunity due to being post-engraftment,
adaptive immunodeficiency persists through at least the first year
post-HCT and is compounded by ongoing immunosuppression
from GVHD prophylaxis, placing engrafted pediatric HCT
patients at risk for sepsis (Figure 1). The differential diagnosis
for the type of sepsis remains broad; so bacterial, viral, and
fungal etiologies should be investigated. Comprehensively staging
the patient’s organ dysfunction is needed both to determine if
the patient meets criteria for severe sepsis and to anticipate
upcoming need for multiorgan support. Because the etiology
of this patient’s abrupt decline is not clear at this time, other
potential diagnoses, including acute GvHD and hemophagocytic
lymphohistiocytosis (HLH), should be considered, particularly if
the patient remains critically ill and initial diagnostic work-up is
negative, indeterminate, or pending.

Take Home Message
A pediatric HCT patient with fever and hypotension without a
clear etiology merits rapid comprehensive diagnostic evaluation
and intervention.

How Should This Patient Be Managed?
Fluid resuscitation should be guided by physical exam and
laboratory data. Specifically, this patient’s persistent tachycardia
and hypotension without evidence of acute heart failure (i.e.,
peripheral edema and hepatomegaly) suggest ongoing need for
volume expansion. As with the patient in clinical vignette #1,
oxygen delivery can be improved through supplemental oxygen
and vasoactive infusions. Empiric antimicrobials should be
initiated promptly and include a broad-spectrum antimicrobial
like piperacillin-tazobactam or cefepime. Gram-positive coverage
would be warranted if the patient has a focus of infection
(e.g., catheter site soft tissue/skin infection) or continues to be
hemodynamically unstable. Broader empiric antifungal coverage
would similarly be considered for continued clinical instability.

Take Home Message
All pediatric HCT patients with suspected sepsis, severe sepsis,
or septic shock should receive prompt fluid resuscitation and
empiric antibiotics while diagnostic evaluation is ongoing.

Clinical Update #1
Initial laboratory results are as follows: WBC 15.9 × 103/µL,
ANC 12,250, ALC 189, Hgb 12.1 g/dL, platelets 95 × 103/µL,
Cr 2.6 mg/dL (reference 0.6–1 mg/dL), ALT 452 U/L, AST 675
U/L, and total bilirubin 3.4 mg/dL, direct bilirubin 3.2 mg/dL,
CRP 24.9 mg/dL (reference <1.2 mg/dL), lactate 5.7 (0.5–
2.2 mmol/L), procalcitonin 5 ng/mL (<0.5 ng/mL). While still
in the emergency department, the patient receives two more NS

boluses due to persistent hypotension (BP 60/30) and is started
on epinephrine (0.1 mcg/kg/min) prior to transfer to the PICU.

Do These Findings Change This Patient’s
Risk Stratification?
Initial laboratory findings show significant multiorgan injury
(MOI). Assuming a baseline creatinine of <1 mg/dL, this
patient’s Cr has more than doubled, suggesting greater than
50% reduction in glomerular filtration and sufficient to already
qualify for a diagnosis of AKI (53). In addition, the patient
demonstrates transaminitis consistent with liver injury as well as
an elevated lactate suggesting end-organ dysfunction. Persistence
of cardiovascular dysfunction refractory to fluid resuscitation
qualifies this patient for a diagnosis of septic shock. RBC
transfusions are not indicated with a hemoglobin of 12 g/dL.

Take Home Message
This patient met criteria for severe sepsis on presentation and
quickly escalated to fluid-refractory septic shock.

Clinical Update #2
In the PICU, the patient develops tachypnea and hypoxemia,
for which she is placed on 10L ventilation mask. Repeat CXR
reveals bilateral pleural effusions with persistent interstitial
markings. Given hypercapnia and continued tachypnea with
persistent work of breathing, she is intubated and positive
pressure ventilation is initiated. In addition to respiratory
failure, the patient continues to have significant hypotension (BP
65/30) despite epinephrine. Therefore, norepinephrine is started
(0.2 mcg/kg/min) and hydrocortisone 100 mg/m2 is administered
for presumed adrenal insufficiency.

The patient is noted to have bloody diarrhea and frank blood
is suctioned from her endotracheal tube (ETT). Coagulation
studies reveal INR 3.2, PTT 60 s, and fibrinogen 58 mg/dL. GI
film array is negative. Other labs are as follows: ferritin 580
ng/mL (reference 31–294 ng/mL), triglycerides 190 mg/dL (29–
200 mg/dL), tacrolimus 28.2 ng/mL (5–20 ng/mL) and serum
Aspergillus galactomannan (GMN) 0.4 (positive >0.5).

What Diagnostic Management
Considerations Are Required at This
Point?
Fulminant respiratory failure can frequently occur in the setting
of post-HCT sepsis. It may not be initially clear if the lungs
are the primary source for the sepsis (direct lung injury) or
have become injured as sequelae of sepsis (indirect lung injury).
Prompt endotracheal intubation with aggressive attempts to
maintain functional residual capacity through adequate mean
airway pressure may be required in the face of ongoing
loss of pulmonary compliance. Pediatric HCT patients with
respiratory failure frequently meet criteria for acute respiratory
distress syndrome (ARDS), which is associated with >60%
mortality in this population (54). Pulmonary hemorrhage is a
disastrous complication of post-HCT lung injury and requires
prompt restoration of hemostasis. Intravenous or inhaled
anti-fibrinolytics (e.g., tranexemic acid) or clotting factors
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FIGURE 3 | Invasive viral infection in allogeneic hematopoietic cell transplant recipients. Risk factors (left), target organs and clinical manifestations (center) and
post-transplant outcomes affected by DNA viruses (right) are depicted. Patients at risk for dsDNA viremia should be monitored closely for the development of DNA
reactivation or de novo infection and should be treated promptly in order to prevent progression to severe multi-organ injury (MOI). A, ADV, adenovirus; αCD52,
anti-CD52 monoclonal antibody (alemtuzumab); ATG, antithymocyte globulin; B, BK virus; C, CMV, cytomegalovirus; D/R, donor/recipient; E, EBV, Epstein-Barr
virus; GvHD, graft-versus-host disease; H6, HHV-6, human herpesvirus 6; H, HSV, herpes simplex virus; HLA, human leukocyte antigen; UCB, umbilical cord blood;
V, VZV, varicella zoster virus; ↑, increases; ↓, decreases.

(e.g., recombinant factor VII) may be administered for short
term hemostasis while the underlying etiology is addressed.
Adrenal insufficiency should be considered in patients with
vasopressor-refractory shock and echocardiography should be
used to assess myocardial dysfunction. Strategies to reduce
metabolic demand should be promptly employed, including
sedation, paralysis, cessation of enteral feeding, and anti-pyresis.
Nephrotoxic medications like tacrolimus should be discontinued
to prevent further renal injury and levels should be followed
daily to determine when dosing can be safely resumed. While
supportive care is ongoing, additional diagnostics should include
broad assessment for viral infection, including qualitative PCR
from plasma, stool, nasal, and ETT aspirate for adenovirus,
cytomegalovirus, herpes simplex virus, and other herpesviruses.
Reflex plasma quantitative PCR should be obtained if qualitative
PCR is positive.

Take Home Message
Pediatric HCT patients with septic shock and MOI require
aggressive intensive care aimed at stabilizing organ function,
which should occur in parallel with an exhaustive diagnostic
work-up to identify underlying etiology and to direct treatment.

Clinical Update #3
Blood cultures and plasma qualitative PCR for CMV, EBV, and
HHV-6 are negative. However, qualitative adenovirus (ADV)
PCR from urine, stool, and ETT secretions are positive; and reflex
quantitative plasma ADV PCR shows 757,630 DNA copies/mL.
Skin biopsy obtained after correction of systemic coagulopathy
is negative for GvHD, but qualitative PCR is positive for ADV.

However, repeat laboratory tests show persistent lactic acidosis
and further elevation in creatinine to 3.5 mg/dL.

How Can Disseminated Adenovirus Be
Effectively Treated in This Patient?
Disseminated adenovirus (ADV) is a cause of viral sepsis that
can quickly escalate to MOI and death following allogeneic
HCT, especially in the context of either high ADV loads (55)
or co-infection with other double-stranded DNA viruses (56).
ADV can cause myocarditis, pneumonitis, cystitis, hepatitis,
enteritis, and meningoencephalitis in the immunocompromised
host (57) (Figure 3).

The patient has numerous risk-factors for presumed ADV
reactivation (as pre-transplant serology was not performed),
including alemtuzumab-based serotherapy, recent lymphocyte
reconstitution, and ongoing T-cell targeted immunosuppression
(58) (Figure 3). Treatment of disseminated ADV includes
intravenous cidofovir and rapid tapering of immunosuppression
(59). Novel investigational therapies for disseminated
adenovirema include virus-specific T-cells (VSTs), which
are available “off the shelf ” from unrelated donors or generated
from a related donor (60). As the patient is greater than 28 days
from serotherapy, does not have GvHD, and is not receiving
steroids, consideration for VSTs is reasonable at this time.

Since obtaining VSTs may take time depending upon how
they are manufactured (61), organ function preservation is
crucial while potential therapies are mobilized. Specifically, the
patient has significant AKI that would likely be worsened by
intravenous cidofovir at standard dosing (5 mg/kg/week) despite
the use of probenecid. Therefore, the patient may be a candidate
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for thrice weekly cidofovir at reduced dosing (1 mg/kg/dose)
and continuous veno-venous hemodialysis (CVVHD) in order
to maintain extracorporeal renal function and facilitate fluid
removal while salvage cell therapies are initiated.

Take Home Message
Disseminated viral infections in pediatric HCT patients can
cause MOI and requires aggressive antiviral and consideration
for experimental therapies. Strategies to treat post-HCT viral
infections are constantly evolving and BMT, ICU, and ID
physicians should work collaboratively to obtain investigational
therapies for their patients.

Clinical Update #4
On PICU day 4, the patient is started on cidofovir 1 mg/kg/dose
thrice weekly. Given the severity of disease and renal
insufficiency, the patient undergoes placement of a dialysis
catheter and receives CVVHD. She receives haploidentical ADV-
specific T-cells enriched using a commercial cytokine capture
system via eIND on PICU day 10. The patient’s quantitative
plasma ADV PCR decreases to 15,250 and 585 DNA copies/mL
7 and 10 days after VST infusion, respectively. She is extubated
on PICU day 22 and ultimately transferred to the BMT floor on
hospital day 25 while supplemental oxygen via 2L nasal cannula
and undergoing sedation wean.

With Adenovirus Responding to VST
Therapy, What Future Care
Considerations Are Needed?
After two consecutive plasma qualitative ADV PCR separated
by 72 h are negative, antiviral pharmaceutical therapies can be
discontinued, but close monitoring is needed for signs of viral
recrudescence, including serial plasma and stool ADV PCR,
end organ laboratory monitoring, and close physical exam. In
addition, patients with dsDNA viral infections after HCT are
at high risk for delayed IR (62), bone marrow suppression
and potential development of gastrointestinal GvHD (63). This
patient should be followed closely for these complications
while re-initiating GVHD prophylaxis and monitoring for
organ dysfunction.

Patient #2 Summary
This clinical case describes a pediatric HCT patient with
fulminant viral septic shock in the setting of incomplete
lymphocyte functional reconstitution. Pediatric HCT patients are
at high-risk for viral syndromes including viremia, end organ
infection (pneumonitis, enteritis, and meningoencephalitis) and
disseminated sepsis. Prompt recognition, early empiric therapy,
and hemodynamic resuscitation guided by physical exam and
laboratory data are crucial to ensuring survival.

CLINICAL VIGNETTE #3

Initial Clinical Presentation
An 8-year-old boy with relapsed T-cell acute lymphocytic (T-
ALL) received a 10/10 HLA-matched unrelated PBSC transplant

67 days ago using cyclophosphamide/total body irradiation (TBI)
conditioning and methotrexate/tacrolimus GvHD prophylaxis.
He is receiving oral voriconazole, acyclovir and trimethoprim-
sulfamethoxazole as antimicrobial prophylaxis. He is currently
admitted for severe (Grade 3), skin (Stage 3) and gastrointestinal
(Stage 2) GvHD. For his GvHD, he was started on 2 mg/kg
methyl-prednisolone. However, after 5 days of steroids, his
GvHD was deemed steroid-refractory (SR). Therefore, he was
started on infliximab (64) and remains on a weaning dose of
steroid and tacrolimus. On hospital day 17, he has a fever and
vomiting and complains of nausea and abdominal pain. Vital
signs are as follows: 39.9

◦

C, HR 159, RR 28, BP 62/30, SpO2
95% on room air. Physical exam is significant for white plaques
on his buccal mucosa, diffuse maculopapular rash involving
torso, legs and arms and mild abdominal tenderness with deep
palpation. His double-lumen tunneled catheter site is without
erythema, discharge or tenderness. Blood cultures are obtained
from both catheter lumens, CBC and metabolic panels are sent.
CXR is obtained that demonstrates no acute cardiopulmonary
process. Two NS fluid boluses are given. He is started on empiric
vancomycin and meropenem and transferred to the PICU for
further management.

What Additional Clinical Considerations
Arise?
Acute GvHD is a significant risk factor for infection and
infection-related mortality in allogeneic HCT patients (65). In
particular, risk for invasive fungal infection (IFI) is especially
high in patients with SR GvHD (66), likely reflecting underlying
pathophysiology and use of immunomodulatory agents that
hinder donor-derived antifungal immunity. Such increased risk
in infection even occurs with the use of newer immune therapies
for SR GvHD like ruxolitinib (67). While the patient had been
receiving voriconazole prophylaxis, he is at significant risk for
break-through IFI given his SR gastrointestinal GvHD and is
hemodynamically unstable. Therefore, consideration for starting
empiric liposomal amphotericin is warranted.

Take Home Message
Graft-versus-host disease and its associated therapy significantly
increase risk for IFI in allogeneic HCT recipients by
compromising antimicrobial immunity and damaging mucosal
barrier integrity, enabling transmigration of gut flora into
the blood stream as well as hindering absorption of oral
antifungal prophylaxis.

Clinical Update #1
Initial laboratory results are as follows: WBC 23 × 103/µL,
ANC 18,850, ALC 120, Hgb 10.1 g/dL, platelets 65 × 103/µL,
Cr 2.2 mg/dL (reference 0.6–1 mg/dL), ALT 78 U/L, AST
90 U/L, total bilirubin 1.2 mg/dL, direct bilirubin 0.6 mg/dL,
CRP 6 mg/dL (reference <1.2 mg/dL), lactate 2.3 (0.5–
2.2 mmol/L), procalcitonin 7.8 ng/mL (<0.5 ng/mL), beta-
D-glucan 80 pg/mL (>60 pg/mL). The patient receives two
additional NS boluses due to persistent hypotension (BP
62/35) and is started on epinephrine (0.1 mcg/kg/min). He is
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FIGURE 4 | Invasive fungal infection in allogeneic hematopoietic cell transplant recipients. Risk factors (left), target organs and clinical manifestations (center) and
post-transplant outcomes affected by representative fungi (right) are illustrated. Keys to best outcomes following IFI include adequate source control, proper
antifungal therapy and most importantly restoration in antifungal immunity. ASP, Aspergillus spp.; ATG, antithymocyte globulin; BM, bone marrow; CAN, Candida
spp.; GvHD; graft-versus-host disease; HLA, human leukocyte antigen; MAb, monoclonal antibody; PB, peripheral blood; UCB, umbilical cord blood; ↑, increases;
↓, decreases.

started on liposomal amphotericin, and his previous antibiotic
therapies are maintained.

How Reliable Are Serum Biomarkers for
Diagnosis of IFI in Pediatric HCT
Recipients?
Proven diagnosis of IFI requires isolation of the fungus from a
sterile site in a patient suspected of having a fungal infection (68).
Fungal biomarkers like galactomannan (GMN) and (1,3)-beta-D-
glucan (BDG) can aid in the diagnosis of probable IFI, but alone
lack the definitive diagnostic capability given their variability in
sensitivity, specificity and positive predictive value in the clinical
setting of pediatric HCT (69).

Clinical Update #2
Nine hours after collection, blood cultures from both catheter
lumens are reported positive for yeast. The isolate is ultimately
identified as Candida parapsilosis, and susceptibility testing
shows the strain to be sensitive to voriconazole, posaconazole,
and amphotericin. The patient’s central line is removed within
24 h after the blood cultures were positive for yeast, and
both catheter lumens growing C. parapsilosis. The patient
remained hemodynamically stable and is ultimately weaned off
his epinephrine on PICU day 3. However, he remains febrile
despite line removal and persistent negative daily blood cultures.

What Is the Diagnostic Work-Up for
Fungemia in an Immunocompromised
Patient?
An immunocompromised patient with candidemia warrants
a work-up for invasive candidiasis (70, 71), particularly

an allogeneic HCT recipient with SR GvHD with recent
candidemia and persistent fever (Figure 4). The work-
up involves ocular examination, echocardiogram and
liver/spleen imaging to determine if the patient has retinitis,
endocarditis, or hepatosplenic candidiasis, respectively.
Other diagnostic considerations include lumbar puncture,
chest imaging, and endoscopy if the patient has signs or
symptoms of meningoencephalitis, pneumonia, or esophagitis,
respectively. Urine culture and imaging of the kidneys should
also be considered.

Take Home Message
Fungemia and persistent fever in an immunocompromised
patient necessitates further diagnostic work-up to identify
potential source for infection.

Clinical Update #3
The patient’s transthoracic echocardiogram and ophthalmology
exam are negative for infection. In addition, CT sinus and
chest are also negative. However, CT abdomen/pelvis reveal
multiple hypodense lesions in the liver and spleen consistent
with hepatosplenic candidiasis. The patient is transferred back
to the BMT unit where he is maintained on liposomal
amphotericin until improvement in his GvHD, after which time
he is transitioned to oral voriconazole and has therapeutic
voriconazole levels confirmed (72).

Patient #3 Summary
This case illustrates a pediatric HCT patient with SR aGvHD,
which predisposes him to IFI manifesting as candidemia and
hepatosplenic candidiasis. Breakthrough IFI can occur despite
antifungal prophylaxis, especially in the setting of malabsorption
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causing sub-therapeutic levels. In addition to source control
through the removal of central venous catheter, determination for
other potential sites of fungal infection was needed. Outcomes
for IFI in immunocompromised patients are most favorable
when source control is achieved, proper antifungal therapy is
administered, and immune recovery occurs.

CONCLUSION

Pediatric allogeneic HCT patients who present with fever and
hypotension are at high risk of developing sepsis from a
variety of organisms with progression to septic shock. Early

individualized multiorgan support is critical to prevent the
progression of organ injury. Broad diagnostic testing is crucial
so that tailored anti-pathogen therapies can be implemented
before irreversible MOI develops. Ultimately, close collaboration
between transplant, intensive care, and infectious disease teams
remains a cornerstone of successful patient outcomes.

AUTHOR CONTRIBUTIONS

MZ, CD, and JA wrote and revised the manuscript. JA created the
figures and organized the manuscript. All authors contributed to
the article and approved the submitted version.

REFERENCES
1. Azoulay E, Pene F, Darmon M, Lengline E, Benoit D, Soares M, et al. Managing

critically Ill hematology patients: time to think differently. Blood Rev. (2015)
29:359–67. doi: 10.1016/j.blre.2015.04.002

2. Angus DC, van der Poll T. Severe sepsis and septic shock. N Engl J Med. (2013)
369:840–51. doi: 10.1056/NEJMra1208623

3. Goldstein B, Giroir B, Randolph A. International consensus conference on
Pediatric S. International pediatric sepsis consensus conference: definitions
for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med. (2005)
6:2–8. doi: 10.1097/01.PCC.0000149131.72248.E6

4. Lindell RB, Gertz SJ, Rowan CM, McArthur J, Beske F, Plunkett A, et al.
High levels of morbidity and mortality among pediatric hematopoietic cell
transplant recipients with severe sepsis: insights from the sepsis PRevalence,
OUtcomes, and therapies International point prevalence study. Pediatr Crit
Care Med. (2017) 18:1114–25. doi: 10.1097/PCC.0000000000001338

5. Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab Sci. (2013) 50:23–36. doi:
10.3109/10408363.2013.764490

6. Azzini AM, Dorizzi RM, Sette P, Vecchi M, Coledan I, Righi E, et al. A 2020
review on the role of procalcitonin in different clinical settings: an update
conducted with the tools of the evidence based laboratory medicine. Ann
Transl Med. (2020) 8:610. doi: 10.21037/atm-20-1855

7. Hurley CZM. Critical care management: sepsis and disseminated and local
infections. In: Duncan CN, Talano JM, McArthur JA editors.Critcal Care of the
Pediatric Immunocompromised Hematology/Oncology Patient: An Evidence-
Based Guide. Cham: Springer. (2019). p. 253–74. doi: 10.1007/978-3-030-
01322-6_14

8. Lehrnbecher T, Phillips R, Alexander S, Alvaro F, Carlesse F, Fisher
B, et al. Guideline for the management of fever and neutropenia
in children with cancer and/or undergoing hematopoietic stem-cell
transplantation. J Clin Oncol. (2012) 30:4427–38. doi: 10.1200/JCO.2012.42.
7161

9. Alexander S, Fisher BT, Gaur AH, Dvorak CC, Villa Luna D, Dang H,
et al. Effect of levofloxacin prophylaxis on bacteremia in children with
acute leukemia or undergoing hematopoietic stem cell transplantation: a
randomized clinical trial. JAMA. (2018) 320:995–1004. doi: 10.1001/jama.
2018.12512

10. Weiss SL, Peters MJ, Alhazzani W, Agus MSD, Flori HR, Inwald DP, et al.
Surviving sepsis campaign international guidelines for ht management of
septic shock and sepsis-associated organ dysfunction in children. Intensive
Care Med. (2020) 46(Suppl. 1):S10–67.

11. Weiss SL, Keele L, Balamuth F, Vendetti N, Ross R, Fitzgerald JC, et al.
Crystalloid fluid choice and clinical outcomes in pediatric sepsis: a matched
retrospective cohort study. J Pediatr. (2017) 182:304–310.e310. doi: 10.1016/j.
jpeds.2016.11.075

12. Muszynski JA, Guzzetta NA, Hall MW, Macrae D, Valentine SL, Bateman ST,
et al. Recommendations on RBC transfusions for critically III children with
nonhemorrhagic shock from the pediatric critical care transfusion and anemia
expertise initiative. Pediatr Crit Care Med. (2018) 19(9S Suppl. 1):S121–6.
doi: 10.1097/PCC.0000000000001620

13. Wada H, Matsumoto T, Yamashita Y. Diagnosis and treatment of disseminated
intravascular coagulation (DIC) according to four DIC guidelines. J Intensive
Care. (2014) 2:15. doi: 10.1186/2052-0492-2-15

14. Gerritsen MG, Willemink MJ, Pompe E, van der Bruggen T, van Rhenen A,
Lammers JW, et al. Improving early diagnosis of pulmonary infections in
patients with febrile neutropenia using low-dose chest computed tomography.
PLoS One. (2017) 12:e0172256. doi: 10.1371/journal.pone.0172256

15. Armenian S, Bhatia S. Predicting and preventing anthracycline-related
cardiotoxicity. Am Soc Clin Oncol Educ Book. (2018) 38:3–12. doi: 10.1200/
EDBK_100015

16. Blanco JG, Sun CL, Landier W, Chen L, Esparza-Duran D, Leisenring W,
et al. Anthracycline-related cardiomyopathy after childhood cancer: role of
polymorphisms in carbonyl reductase genes–a report from the Children’s
oncology group. J Clin Oncol. (2012) 30:1415–21. doi: 10.1200/JCO.2011.34.
8987

17. Dodds Ashley ES, Lewis R, Lewis JS, Martin C, Andes D. Pharmacology of
systemic antifungal agents. Clin Infect Dis. (2006) 43(Suppl. 1):S28–39. doi:
10.1086/504492

18. Bruggemann RJ, Alffenaar JW, Blijlevens NM, Billaud EM, Kosterink JG,
Verweij PE, et al. Clinical relevance of the pharmacokinetic interactions of
azole antifungal drugs with other coadministered agents. Clin Infect Dis.
(2009) 48:1441–58. doi: 10.1086/598327

19. Fiorito TM, Luther MK, Dennehy PH, LaPlante KL, Matson KL.
Nephrotoxicity with vancomycin in the pediatric population: a systematic
review and meta-analysis. Pediatr Infect Dis J. (2018) 37:654–61.
doi: 10.1097/INF.0000000000001882

20. Downes KJ, Cowden C, Laskin BL, Huang YS, Gong W, Bryan M,
et al. Association of acute kidney injury with concomitant vancomycin
and Piperacillin/Tazobactam treatment among hospitalized children. JAMA
Pediatr. (2017) 171:e173219. doi: 10.1001/jamapediatrics.2017.3219

21. Rowan CM, Fitzgerald JC, Agulink A, Sharron M, Mahadeo K, Moffet J, et al.
Factors associated with failure of noninvasive ventilation in children after stem
cell transplant. Crit Care Med. (2020) 48:6. doi: 10.1097/01.ccm.0000618544.
13954.83

22. Seo S, Renaud C, Kuypers JM, Chiu CY, Huang ML, Samayoa E, et al.
Idiopathic pneumonia syndrome after hematopoietic cell transplantation:
evidence of occult infectious etiologies. Blood. (2015) 125:3789–97. doi: 10.
1182/blood-2014-12-617035

23. Kelly MS, Spees L, Vinesett R, Stokhuyzen A, McGill L, Proia AD, et al. Utility
of autopsy among pediatric allogeneic hematopoietic stem cell transplant
recipients: one last chance to learn? Biol Blood Marrow Transplant. (2018)
24:1861–5. doi: 10.1016/j.bbmt.2018.05.030

24. Multani A, Allard LS, Wangjam T, Sica RA, Epstein DL, Rezvani AR, et al.
Missed diagnosis and misdiagnosis of infectious diseases in hematopoietic
cell transplant recipients: an autopsy study. Blood Adv. (2019) 3:3602–12.
doi: 10.1182/bloodadvances.2019000634

25. Roychowdhury M, Pambuccian SE, Aslan DL, Jessurun J, Rose AG, Manivel
JC, et al. Pulmonary complications after bone marrow transplantation: an
autopsy study from a large transplantation center.Arch Pathol LabMed. (2005)
129:366–71.

Frontiers in Oncology | www.frontiersin.org 11 September 2020 | Volume 10 | Article 581447

https://doi.org/10.1016/j.blre.2015.04.002
https://doi.org/10.1056/NEJMra1208623
https://doi.org/10.1097/01.PCC.0000149131.72248.E6
https://doi.org/10.1097/PCC.0000000000001338
https://doi.org/10.3109/10408363.2013.764490
https://doi.org/10.3109/10408363.2013.764490
https://doi.org/10.21037/atm-20-1855
https://doi.org/10.1007/978-3-030-01322-6_14
https://doi.org/10.1007/978-3-030-01322-6_14
https://doi.org/10.1200/JCO.2012.42.7161
https://doi.org/10.1200/JCO.2012.42.7161
https://doi.org/10.1001/jama.2018.12512
https://doi.org/10.1001/jama.2018.12512
https://doi.org/10.1016/j.jpeds.2016.11.075
https://doi.org/10.1016/j.jpeds.2016.11.075
https://doi.org/10.1097/PCC.0000000000001620
https://doi.org/10.1186/2052-0492-2-15
https://doi.org/10.1371/journal.pone.0172256
https://doi.org/10.1200/EDBK_100015
https://doi.org/10.1200/EDBK_100015
https://doi.org/10.1200/JCO.2011.34.8987
https://doi.org/10.1200/JCO.2011.34.8987
https://doi.org/10.1086/504492
https://doi.org/10.1086/504492
https://doi.org/10.1086/598327
https://doi.org/10.1097/INF.0000000000001882
https://doi.org/10.1001/jamapediatrics.2017.3219
https://doi.org/10.1097/01.ccm.0000618544.13954.83
https://doi.org/10.1097/01.ccm.0000618544.13954.83
https://doi.org/10.1182/blood-2014-12-617035
https://doi.org/10.1182/blood-2014-12-617035
https://doi.org/10.1016/j.bbmt.2018.05.030
https://doi.org/10.1182/bloodadvances.2019000634
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


fonc-10-581447 September 14, 2020 Time: 19:29 # 12

Zinter et al. Fever and Hypotension

26. Archibald S, Park J, Geyer JR, Hawkins DS. Computed tomography in the
evaluation of febrile neutropenic pediatric oncology patients. Pediatr Infect Dis
J. (2001) 20:5–10. doi: 10.1097/00006454-200101000-00002

27. Schueller G, Matzek W, Kalhs P, Schaefer-Prokop C. Pulmonary infections
in the late period after allogeneic bone marrow transplantation: chest
radiography versus computed tomography. Eur J Radiol. (2005) 53:489–94.
doi: 10.1016/j.ejrad.2004.06.009

28. Qualter E, Satwani P, Ricci A, Jin Z, Geyer MB, Alobeid B, et al. A comparison
of bronchoalveolar lavage versus lung biopsy in pediatric recipients after stem
cell transplantation. Biol Blood Marrow Transplant. (2014) 20:1229–37. doi:
10.1016/j.bbmt.2014.04.019

29. Shannon VR, Andersson BS, Lei X, Champlin RE, Kontoyiannis DP. Utility of
early versus late fiberoptic bronchoscopy in the evaluation of new pulmonary
infiltrates following hematopoietic stem cell transplantation. Bone Marrow
Transplant. (2010) 45:647–55. doi: 10.1038/bmt.2009.203

30. Chellapandian D, Lehrnbecher T, Phillips B, Fisher BT, Zaoutis TE, Steinbach
WJ, et al. Bronchoalveolar lavage and lung biopsy in patients with cancer and
hematopoietic stem-cell transplantation recipients: a systematic review and
meta-analysis. J Clin Oncol. (2015) 33:501–9. doi: 10.1200/JCO.2014.58.0480

31. Li Y, Sun B, Tang X, Liu YL, He HY, Li XY, et al. Application of metagenomic
next-generation sequencing for bronchoalveolar lavage diagnostics in critically
ill patients. Eur J Clin Microbiol Infect Dis. (2020) 39:369–74. doi: 10.1007/
s10096-019-03734-5

32. Zinter MS, Dvorak CC, Mayday MY, Iwanaga K, Ly NP, McGarry ME,
et al. Pulmonary metagenomic sequencing suggests missed infections in
immunocompromised children. Clin Infect Dis. (2019) 68:1847–55. doi: 10.
1093/cid/ciy802

33. Schuster MG, Cleveland AA, Dubberke ER, Kauffman CA, Avery RK,
Husain S, et al. Infections in hematopoietic cell transplant recipients: results
from the organ transplant infection project, a multicenter, prospective,
cohort study. Open Forum Infect Dis. (2017) 4:ofx050. doi: 10.1093/ofid/
ofx050

34. Ustun C, Young JH, Papanicolaou GA, Kim S, Ahn KW, Chen M, et al.
Bacterial blood stream infections (BSIs), particularly post-engraftment BSIs,
are associated with increased mortality after allogeneic hematopoietic cell
transplantation. Bone Marrow Transplant. (2019) 54:1254–65. doi: 10.1038/
s41409-018-0401-4

35. Satlin MJ, Walsh TJ. Multidrug-resistant Enterobacteriaceae, Pseudomonas
aeruginosa, and vancomycin-resistant Enterococcus: three major threats to
hematopoietic stem cell transplant recipients. Transpl Infect Dis. (2017)
19:e12762. doi: 10.1111/tid.12762

36. Martinez-Nadal G, Puerta-Alcalde P, Gudiol C, Cardozo C, Albasanz-Puig
A, Marco F, et al. Inappropriate empirical antibiotic treatment in high-risk
neutropenic patients with bacteremia in the Era of multidrug resistance. Clin
Infect Dis. (2020) 70:1068–74. doi: 10.1093/cid/ciz319

37. Jaffray J, Witmer C, O’Brien SH, Diaz R, Ji L, Krava E, et al. Peripherally
inserted central catheters lead to a high risk of venous thromboembolism in
children. Blood. (2020) 135:220–6. doi: 10.1182/blood.2019002260

38. Dandoy CE, Haslam D, Lane A, Jodele S, Demmel K, El-Bietar J, et al.
Healthcare burden, risk factors, and outcomes of mucosal barrier injury
laboratory-confirmed bloodstream infections after stem cell transplantation.
Biol Blood Marrow Transplant. (2016) 22:1671–7. doi: 10.1016/j.bbmt.2016.
06.002

39. Satwani P, Freedman JL, Chaudhury S, Jin Z, Levinson S, Foca MD, et al. A
multicenter study of bacterial blood stream infections in pediatric allogeneic
hematopoietic cell transplantation recipients: the role of acute gastrointestinal
graft-versus-host disease. Biol Blood Marrow Transplant. (2017) 23:642–7.
doi: 10.1016/j.bbmt.2017.01.073

40. Dandoy CE, Ardura MI, Papanicolaou GA, Auletta JJ. Bacterial bloodstream
infections in the allogeneic hematopoietic cell transplant patient: new
considerations for a persistent nemesis. Bone Marrow Transplant. (2017)
52:1091–106. doi: 10.1038/bmt.2017.14

41. Aguilar-Guisado M, Jimenez-Jambrina M, Espigado I, Rovira M, Martino R,
Oriol A, et al. Pneumonia in allogeneic stem cell transplantation recipients:
a multicenter prospective study. Clin Transplant. (2011) 25:E629–38. doi:
10.1111/j.1399-0012.2011.01495.x

42. Tofas P, Samarkos M, Piperaki ET, Kosmidis C, Triantafyllopoulou ID,
Kotsopolou M, et al. Pseudomonas aeruginosa bacteraemia in patients

with hematologic malignancies: risk factors, treatment and outcome. Diagn
Microbiol Infect Dis. (2017) 88:335–41. doi: 10.1016/j.diagmicrobio.2017.05.
003

43. Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, O’Grady NP, et al.
Clinical practice guidelines for the diagnosis and management of intravascular
catheter-related infection: 2009 update by the infectious diseases society of
America. Clin Infect Dis. (2009) 49:1–45. doi: 10.1086/599376

44. Schiffer CA, Mangu PB, Wade JC, Camp-Sorrell D, Cope DG, El-Rayes BF,
et al. Central venous catheter care for the patient with cancer: American
society of clinical oncology clinical practice guideline. J Clin Oncol. (2013)
31:1357–70. doi: 10.1200/JCO.2012.45.5733

45. Safdar A. Immunotherapy for invasive mold disease in severely
immunosuppressed patients. Clin Infect Dis. (2013) 57:94–100.
doi: 10.1093/cid/cit187

46. Gea-Banacloche J. Granulocyte transfusions: a concise review for
practitioners. Cytotherapy. (2017) 19:1256–69. doi: 10.1016/j.jcyt.2017.08.012

47. Traube C, Ariagno S, Thau F, Rosenberg L, Mauer EA, Gerber LM, et al.
Delirium in hospitalized children with cancer: incidence and associated risk
factors. J Pediatr. (2017) 191:212–7. doi: 10.1016/j.jpeds.2017.08.038

48. Ward SL, Turpin A, Spicer AC, Treadwell MJ, Church GD, Flori HR. Long-
term pulmonary function and quality of life in children after acute respiratory
distress syndrome: a feasibility investigation. Pediatr Crit Care Med. (2017)
18:e48–55. doi: 10.1097/PCC.0000000000001014

49. Zinter MS, Holubkov R, Steurer MA, Dvorak CC, Duncan CN, Sapru A, et al.
Pediatric hematopoietic cell transplant patients who survive critical illness
frequently have significant but recoverable decline in functional status. Biol
Blood Marrow Transplant. (2018) 24:330–6. doi: 10.1016/j.bbmt.2017.10.036

50. Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh M, Ito JI, Mullen CA, et al. Clinical
practice guideline for the use of antimicrobial agents in neutropenic patients
with cancer: 2010 update by the infectious diseases society of America. Clin
Infect Dis. (2011) 52:427–31. doi: 10.1093/cid/ciq147

51. Hacker ED, Collins E, Park C, Peters T, Patel P, Rondelli D. Strength training
to enhance early recovery after hematopoietic stem cell transplantation. Biol
Blood Marrow Transplant. (2017) 23:659–69. doi: 10.1016/j.bbmt.2016.12.637

52. Gonzales A, Gates E, Bhunia N, Mehyar L, Hashem H, Stanek JR, et al.
Transplant energize me patient outcome (TEMPO): a quality improvement
project that maintains functional mobility in pediatric patients admitted for
allogeneic hematopoietic cell transplantation. Biol Blood Marrow Transplant.
(2019) 25:1779–85. doi: 10.1016/j.bbmt.2019.05.004

53. Akcan-Arikan A, Zappitelli M, Loftis LL, Washburn KK, Jefferson LS,
Goldstein SL. Modified RIFLE criteria in critically ill children with acute
kidney injury. Kidney Int. (2007) 71:1028–35. doi: 10.1038/sj.ki.500
2231

54. Rowan CM, McArthur J, Hsing DD, Gertz SJ, Smith LS, Loomis A, et al.
Acute respiratory failure in pediatric hematopoietic cell transplantation: a
multicenter study. Crit Care Med. (2018) 46:e967–74. doi: 10.1097/CCM.
0000000000003277

55. Zecca M, Wynn R, Dalle JH, Feuchtinger T, Vainorius E, Brundage TM, et al.
Association between adenovirus viral load and mortality in pediatric allo-HCT
recipients: the multinational advance study. Bone Marrow Transplant. (2019)
54:1632–42. doi: 10.1038/s41409-019-0483-7

56. Hill JA, Mayer BT, Xie H, Leisenring WM, Huang ML, Stevens-Ayers T,
et al. The cumulative burden of double-stranded DNA virus detection after
allogeneic HCT is associated with increased mortality. Blood. (2017) 129:2316–
25. doi: 10.1182/blood-2016-10-748426

57. Lion T. Adenovirus infections in immunocompetent and
immunocompromised patients. Clin Microbiol Rev. (2014) 27:441–62.
doi: 10.1128/CMR.00116-13

58. Mynarek M, Ganzenmueller T, Mueller-Heine A, Mielke C, Gonnermann A,
Beier R, et al. Patient, virus, and treatment-related risk factors in pediatric
adenovirus infection after stem cell transplantation: results of a routine
monitoring program. Biol Blood Marrow Transplant. (2014) 20:250–6. doi:
10.1016/j.bbmt.2013.11.009

59. Lindemans CA, Leen AM, Boelens JJ. How I treat adenovirus in hematopoietic
stem cell transplant recipients. Blood. (2010) 116:5476–85. doi: 10.1182/
blood-2010-04-259291

60. Tzannou I, Papadopoulou A, Naik S, Leung K, Martinez CA, Ramos CA, et al.
Off-the-shelf virus-specific T cells to treat BK virus, human herpesvirus 6,

Frontiers in Oncology | www.frontiersin.org 12 September 2020 | Volume 10 | Article 581447

https://doi.org/10.1097/00006454-200101000-00002
https://doi.org/10.1016/j.ejrad.2004.06.009
https://doi.org/10.1016/j.bbmt.2014.04.019
https://doi.org/10.1016/j.bbmt.2014.04.019
https://doi.org/10.1038/bmt.2009.203
https://doi.org/10.1200/JCO.2014.58.0480
https://doi.org/10.1007/s10096-019-03734-5
https://doi.org/10.1007/s10096-019-03734-5
https://doi.org/10.1093/cid/ciy802
https://doi.org/10.1093/cid/ciy802
https://doi.org/10.1093/ofid/ofx050
https://doi.org/10.1093/ofid/ofx050
https://doi.org/10.1038/s41409-018-0401-4
https://doi.org/10.1038/s41409-018-0401-4
https://doi.org/10.1111/tid.12762
https://doi.org/10.1093/cid/ciz319
https://doi.org/10.1182/blood.2019002260
https://doi.org/10.1016/j.bbmt.2016.06.002
https://doi.org/10.1016/j.bbmt.2016.06.002
https://doi.org/10.1016/j.bbmt.2017.01.073
https://doi.org/10.1038/bmt.2017.14
https://doi.org/10.1111/j.1399-0012.2011.01495.x
https://doi.org/10.1111/j.1399-0012.2011.01495.x
https://doi.org/10.1016/j.diagmicrobio.2017.05.003
https://doi.org/10.1016/j.diagmicrobio.2017.05.003
https://doi.org/10.1086/599376
https://doi.org/10.1200/JCO.2012.45.5733
https://doi.org/10.1093/cid/cit187
https://doi.org/10.1016/j.jcyt.2017.08.012
https://doi.org/10.1016/j.jpeds.2017.08.038
https://doi.org/10.1097/PCC.0000000000001014
https://doi.org/10.1016/j.bbmt.2017.10.036
https://doi.org/10.1093/cid/ciq147
https://doi.org/10.1016/j.bbmt.2016.12.637
https://doi.org/10.1016/j.bbmt.2019.05.004
https://doi.org/10.1038/sj.ki.5002231
https://doi.org/10.1038/sj.ki.5002231
https://doi.org/10.1097/CCM.0000000000003277
https://doi.org/10.1097/CCM.0000000000003277
https://doi.org/10.1038/s41409-019-0483-7
https://doi.org/10.1182/blood-2016-10-748426
https://doi.org/10.1128/CMR.00116-13
https://doi.org/10.1016/j.bbmt.2013.11.009
https://doi.org/10.1016/j.bbmt.2013.11.009
https://doi.org/10.1182/blood-2010-04-259291
https://doi.org/10.1182/blood-2010-04-259291
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


fonc-10-581447 September 14, 2020 Time: 19:29 # 13

Zinter et al. Fever and Hypotension

cytomegalovirus, epstein-barr virus, and adenovirus infections after allogeneic
hematopoietic stem-cell transplantation. J Clin Oncol. (2017) 35:3547–57. doi:
10.1200/JCO.2017.73.0655

61. Bollard CM, Heslop HE. T cells for viral infections after allogeneic
hematopoietic stem cell transplant. Blood. (2016) 127:3331–40. doi: 10.1182/
blood-2016-01-628982

62. Admiraal R, de Koning CCH, Lindemans CA, Bierings MB, Wensing AMJ,
Versluys AB, et al. Viral reactivations and associated outcomes in the context
of immune reconstitution after pediatric hematopoietic cell transplantation. J
Allergy Clin Immunol. (2017) 140:1643–1650.e1649. doi: 10.1016/j.jaci.2016.
12.992

63. van Montfrans J, Schulz L, Versluys B, de Wildt A, Wolfs T, Bierings M,
et al. Viral PCR positivity in stool before allogeneic hematopoietic cell
transplantation is strongly associated with acute intestinal graft-versus-host
disease. Biol Blood Marrow Transplant. (2015) 21:772–4. doi: 10.1016/j.bbmt.
2015.01.009

64. Martin PJ. How I treat steroid-refractory acute graft-versus-host
disease. Blood. (2020) 135:1630–8. doi: 10.1182/blood.201900
0960

65. Miller HK, Braun TM, Stillwell T, Harris AC, Choi S, Connelly J, et al.
Infectious risk after allogeneic hematopoietic cell transplantation complicated
by acute graft-versus-host disease. Biol Blood Marrow Transplant. (2017)
23:522–8. doi: 10.1016/j.bbmt.2016.12.630

66. Garcia-Cadenas I, Rivera I, Martino R, Esquirol A, Barba P, Novelli S, et al.
Patterns of infection and infection-related mortality in patients with steroid-
refractory acute graft versus host disease. Bone Marrow Transplant. (2017)
52:107–13. doi: 10.1038/bmt.2016.225

67. Abedin S, McKenna E, Chhabra S, Pasquini M, Shah NN, Jerkins J, et al.
Efficacy, toxicity, and infectious complications in ruxolitinib-treated patients
with corticosteroid-refractory graft-versus-host disease after hematopoietic
cell transplantation. Biol Blood Marrow Transplant. (2019) 25:1689–94. doi:
10.1016/j.bbmt.2019.04.003

68. Donnelly JP, Chen SC, Kauffman CA, Steinbach WJ, Baddley JW, Verweij
PE, et al. Revision and update of the consensus definitions of invasive fungal
disease from the european organization for research and treatment of cancer
and the mycoses study group education and research consortium. Clin Infect
Dis. (2019). ciz1008. doi: 10.1093/cid/ciz1008

69. Lehrnbecher T, Robinson PD, Fisher BT, Castagnola E, Groll AH, Steinbach
WJ, et al. Galactomannan, beta-D-Glucan, and polymerase chain reaction-
based assays for the diagnosis of invasive fungal disease in pediatric cancer
and hematopoietic stem cell transplantation: a systematic review and meta-
analysis. Clin Infect Dis. (2016) 63:1340–8. doi: 10.1093/cid/ciw592

70. Festekjian A, Neely M. Incidence and predictors of invasive candidiasis
associated with candidaemia in children. Mycoses. (2011) 54:146–53. doi:
10.1111/j.1439-0507.2009.01785.x

71. Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeichner
L, et al. Clinical practice guideline for the management of candidiasis: 2016
update by the infectious diseases society of America. Clin Infect Dis. (2016)
62:e1–50. doi: 10.1093/cid/civ1194

72. Walsh TJ, Driscoll T, Milligan PA, Wood ND, Schlamm H, Groll
AH, et al. Pharmacokinetics, safety, and tolerability of voriconazole
in immunocompromised children. Antimicrob Agents Chemother. (2010)
54:4116–23. doi: 10.1128/AAC.00896-10

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Zinter, Dvorak and Auletta. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 13 September 2020 | Volume 10 | Article 581447

https://doi.org/10.1200/JCO.2017.73.0655
https://doi.org/10.1200/JCO.2017.73.0655
https://doi.org/10.1182/blood-2016-01-628982
https://doi.org/10.1182/blood-2016-01-628982
https://doi.org/10.1016/j.jaci.2016.12.992
https://doi.org/10.1016/j.jaci.2016.12.992
https://doi.org/10.1016/j.bbmt.2015.01.009
https://doi.org/10.1016/j.bbmt.2015.01.009
https://doi.org/10.1182/blood.2019000960
https://doi.org/10.1182/blood.2019000960
https://doi.org/10.1016/j.bbmt.2016.12.630
https://doi.org/10.1038/bmt.2016.225
https://doi.org/10.1016/j.bbmt.2019.04.003
https://doi.org/10.1016/j.bbmt.2019.04.003
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1093/cid/ciw592
https://doi.org/10.1111/j.1439-0507.2009.01785.x
https://doi.org/10.1111/j.1439-0507.2009.01785.x
https://doi.org/10.1093/cid/civ1194
https://doi.org/10.1128/AAC.00896-10
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	How We Treat Fever and Hypotension in Pediatric Hematopoietic Cell Transplant Patients
	Introduction
	Clinical Vignette #1
	Initial Clinical Presentation
	What Additional Clinical and Laboratory Information Would Be Useful at This Time?
	Take Home Message

	What Are the Most Important First Steps in Clinical Management?
	Take Home Message

	Clinical Update #1
	What Additional Evaluations Should Be Undertaken at This Time?
	Take Home Message

	What Further Management Should Be Considered?
	Take Home Message

	Clinical Update #2
	How Can We Determine the Cause for This Patient's Septic Shock?
	Take Home Message

	Clinical Update #3
	What Further Management Is Required to Stabilize This Patient?
	Take Home Message

	Clinical Update #4
	What Is the Best Way to De-Escalate Therapy and Promote Recovery?
	Take Home Message

	Patient #1 Summary

	Clinical Vignette #2
	Initial Clinical Presentation
	What Additional Clinical and Laboratory Information Will Be Useful?
	Take Home Message

	How Should This Patient Be Managed?
	Take Home Message

	Clinical Update #1
	Do These Findings Change This Patient's Risk Stratification?
	Take Home Message

	Clinical Update #2
	What Diagnostic Management Considerations Are Required at This Point?
	Take Home Message

	Clinical Update #3
	How Can Disseminated Adenovirus Be Effectively Treated in This Patient?
	Take Home Message

	Clinical Update #4
	With Adenovirus Responding to VST Therapy, What Future Care Considerations Are Needed?
	Patient #2 Summary

	Clinical Vignette #3
	Initial Clinical Presentation
	What Additional Clinical Considerations Arise?
	Take Home Message

	Clinical Update #1
	How Reliable Are Serum Biomarkers for Diagnosis of IFI in Pediatric HCT Recipients?
	Clinical Update #2
	What Is the Diagnostic Work-Up for Fungemia in an Immunocompromised Patient?
	Take Home Message

	Clinical Update #3
	Patient #3 Summary

	Conclusion
	Author Contributions
	References




