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Abstract

Objective: Reactivation viremia is associated with adverse clinical outcomes and immune
dysfunction in adults with sepsis. We determined the incidence of viremia and its association with
clinical outcomes and immune paralysis phenotype in children with severe sepsis.

Design: Prospective cohort study
Setting: Single academic pediatric intensive care unit from September 2016 to March 2018
Patients: Fifty-nine patients 2-17 years old treated for severe sepsis

Measurements and Results: We performed real-time polymerase chain reaction (PCR) assays
on whole blood specimens to determine the incidence of cytomegalovirus (CMV). CMV was
detected in three (5%) patients. All patients with CMV viremia were seropositive, with an
incidence of 13% in this subset. We additionally performed Epstein Barr virus (EBV) and human
herpesvirus-6 (HHV-6) PCR assays on last available specimens and detected EBV in 4% and
HHV-6 in 30% of the study population. Overall, viremia was not associated with clinical outcomes
or immune function in univariable analyses. However, viremia was associated with lower odds of
complicated course (defined as death within 28 days or =2 organ dysfunctions at seven days) after
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controlling for age, PRISM 111 score, and blood transfusion (aOR 0.08, 95% CI 0.01,0.84,
p=0.04).

Conclusions: Children with severe sepsis had low rates of detectable viremia, which limited
analyses of its association with clinical outcomes or immune paralysis phenotype. Given the rare
occurrence of CMV viremia, in particular, our study does not support a role for viremia as a
biomarker of illness severity or as a modifiable risk factor of clinical outcomes for most patients.
Future studies on the role of viremia in pediatric sepsis will need to consider the challenges posed
by low rates of viremia in this population.

Keywords
sepsis; cytomegalovirus; viremia; immune suppression; pediatric; mortality

INTRODUCTION

Sepsis remains a leading cause of morbidity, mortality, and healthcare costs for children and
adults despite improvements in resuscitation and supportive therapies [1, 2]. Some patients
develop a sepsis-associated immune paralysis phenotype that has been linked to adverse
clinical outcomes including prolonged infection, secondary infections, and viral reactivation
[3-8].

Reactivation of herpes viruses, including cytomegalovirus (CMV), Epstein-Barr virus
(EBV), and human herpesvirus 6 (HHV-6), is associated with morbidity and mortality in
adult sepsis [9-17]. CMV, in particular, has promise as a biomarker of immune paralysis in
sepsis, since viremia in seropositive patients signals a suppressed host immune system
unable to limit viral replication. The reactivation of CMV and other previously latent viruses
may also propagate the systemic inflammatory response in sepsis along with, or perhaps
even accelerating, the inciting infection. However, the significance of viral reactivation in
sepsis remains unclear [18]. For example, a trial of ganciclovir prophylaxis in adult sepsis
reduced CMV reactivation and increased ventilator-free days, but had no impact on systemic
inflammation as measured by interleukin-6 levels [19].

In pediatric sepsis, there are limited data on the incidence and clinical significance of viral
reactivation. One study reported a combined rate of CMV, EBV, herpes simplex virus
(HSV), HHV-6, and adenovirus DNA detection in 38% of children and showed that viral
DNAemia was associated with pre-existing immune suppression, lower innate immune
function, and secondary infections [20]. However, the study relied on secondary analysis of
residual plasma samples from an unrelated parent study and a lack of serologic data
precluded differentiation of primary viral infection from latent viral reactivation.

Additional understanding of the incidence and significance of viral reactivation in pediatric
sepsis is needed. Certain viruses, such as CMV, are amenable to targeted antiviral therapies
if proven to contribute to the pathobiology of sepsis, while detection of viremia could
provide a pragmatic biomarker to identify children who may benefit from
immunomodulatory therapies [7, 21-28]. We therefore sought to determine the incidence of
viremia and its association with clinical outcomes and immune paralysis phenotype in
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children with severe sepsis. Given the emphasis on CMV reactivation in adult sepsis and its
potential as a therapeutic target, we focused primarily on CMV and secondarily on EBV and
HHV-6.

MATERIALS AND METHODS
Study Design and Population

We conducted a prospective observational study of children admitted to the pediatric
intensive care unit (PICU) at the Children’s Hospital of Philadelphia from September 30,
2016 to March 22, 2018. All consecutive admissions during the study period were screened
for eligibility. Patients were eligible for inclusion if they were aged 2-17 years and treated
for severe sepsis based on published consensus definitions [29]. Severe sepsis was defined as
1) presence of >2 systemic inflammatory response syndrome criteria, 2) suspected or
documented invasive infection, and 3) cardiovascular organ dysfunction or =2 non-
cardiovascular organ dysfunctions. Severe sepsis definition also included septic shock,
defined as severe sepsis with cardiovascular dysfunction. Study day 0 was defined as day of
severe sepsis recognition. Patients were excluded if they had received viral prophylaxis or
treatment within seven days of severe sepsis recognition or if they were previously enrolled.

This study was approved by the Institutional Review Board at the Children’s Hospital of
Philadelphia. Written informed consent was obtained from all parents/guardians with a
waiver of patient assent due to level of illness severity.

Study Procedures

One mL of blood was collected on study day 2 (with acceptable window of study day 2-3)
for CMV serology. An additional one mL of blood was collected on study days 2 (window
2-3), 6 (window 5-7), 10 (window 10-14), and 22 (window 22-28) for whole blood CMV
real-time polymerase chain reaction (PCR) assay, with early cessation if the patient died or
was discharged from the hospital. CMV PCR was performed for all blood and tracheal
aspirate samples, while EBV and HHV-6 PCR measurements were limited to the last
available blood specimen due to funding limitations. Given prior adult studies demonstrating
pulmonary CMV reactivation and its association with increased morbidity, tracheal aspirates
were also collected if patients had an artificial airway (endotracheal or tracheostomy tube) in
place at time of blood collection [30-32]. After collection, blood and tracheal samples were
immediately transferred to the hospital’s Infectious Disease Diagnostics Laboratory (IDDL),
a Clinical Laboratory Improvement Amendments (CLIA)-certified laboratory. All
processing and testing were performed by the IDDL.

Serology samples were centrifuged and sera were isolated for measurement of CMV
immunoglobulin (1g)-G. CMV 1gG was measured with the Capitia™ CMV IgG Enzyme-
Linked Immunosorbent Assay kit (Trinity Biotech) as per package insert with a negative
control, a calibrator, and a positive control.

Blood and tracheal aspirate samples for PCR assay were processed and stored at —80°C for
batched analyses. Quantitative PCR was performed for blood samples and qualitative PCR
was performed for tracheal aspirate samples per the IDDL’s clinical testing protocols. Viral
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DNA was detected using laboratory-developed real-time PCR assays validated for clinical
testing. Total nucleic acid was extracted from 200 pL of whole blood or tracheal aspirates
using MagNA Pure LC and Total Nucleic Acid Isolation kit (Roche Diagnostics) with 66 pL
elution volume. Real-time PCR for CMV, EBV, and HHV-6 was performed on 10 pL of
extracted product using Quanta PerfeCTa qPCR master mix (Qiagen). Primer and probe
sequences have been previously published [33-35]. Amplification and detection was
performed on a QuantStudio DX (ThermoFisher Scientific) in conjunction with positive and
negative controls. Quantitative PCR assays were performed (limit of detection of 800 IU/mL
for CMV, 125 copies/mL for HHV-6, and 630 1U/mL for EBV). Binary results of detected or
not detected were reported for qualitative PCR assays performed on tracheal aspirate
samples.

Immune function assessments were obtained for exploratory analysis of a subgroup of study
patients separately consented for a companion study. An additional one mL of blood was
collected on study days 1 (window 1-2), 3 (window 3-5), and 8 (window 8-14) for
measurement of monocyte human leukocyte antigen (HLA)-DR expression and ex vivo
lipopolysaccharide (LPS)-stimulated whole blood tumor necrosis factor (TNF)-a
production. The percentage of HLA-DR positive cells among the CD-14 positive monocyte
population was determined using flow cytometry, as previously described [36]. £x vivo LPS-
stimulated whole blood TNF-a was measured by mixing 50 pL heparinized whole blood
with 500 pL (250 pg) of phenol-extracted LPS from Salmonella enterica abortus equi
(Sigma-Aldrich, L5886) within 60 minutes of blood collection. After centrifugation, the
supernatant was stored at —80°C for batched analysis and TNF-a measured using a
commercially-available ELISA kit (Invitrogen KHC3011C).

Clinical data from the electronic medical record (EMR) were collected onto a dedicated case
report form using the Research Electronic Data Capture (REDCap). Variables included
patient demographics, comorbid conditions, laboratory data, source of primary infection,
specific therapies (corticosteroids, immunomodulatory agents, blood products), length of
PICU and hospital stay, and vital status at PICU and hospital discharge. Severity of illness
was determined using the Pediatric Index of Mortality (PIM)-2 and Pediatric Risk of
Mortality (PRISM) Il scores ascertained from the institution’s Virtual PICU Systems
database [37, 38].

The primary outcome was the cumulative incidence of CMV DNA detection, defined as the
proportion of patients with positive qualitative or quantitative PCR assay from blood or
tracheal aspirate on at least one time point divided by total number of patients at risk. Given
the lack of data in pediatric sepsis, we did not pre-specify a minimal clinically significant
viral load to define viral positivity in our primary outcome. To differentiate potential primary
infection from latent viral reactivation, we also determined the cumulative incidence of
CMV DNA detection in patients stratified by CMV IgG seropositivity. Missing blood
samples were presumed negative for CMV if either a subsequent sample from that patient
was negative or if the patient clinically improved to the point of hospital discharge.
Secondarily, the proportion of EBV and HHV-6 viremia was defined as the number of
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patients with a positive quantitative blood PCR assay divided by total number of patients
with residual samples available for testing.

The main clinical outcome was complicated course, a composite endpoint defined as =2
organ system dysfunction at seven days or death within 28 days from severe sepsis
recognition. Additional clinical outcomes included 28-day mortality, hospital and PICU
length of stay, and health care-associated infections (HAI). HAIs were defined according to
CDC criteria and included bacterial, viral, or fungal infections occurring after 48 hours of
hospitalization [39].

Immune paralysis was primarily defined as lymphopenia with absolute lymphocyte count
(ALC) <1,000 cells/uL obtained from clinical complete blood counts at any time point
within 7 days of sepsis recognition. In a separate exploratory analysis, the definition of
immune paralysis was expanded to include whole blood ex vivo LPS-induced TNF-a <200
pg/mL or monocyte HLA-DR expression <30% at any time point within 8 days of sepsis
recognition [7, 8, 36, 40, 41].

Statistical Analysis

Statistical analyses were performed using Stata software version 14.2 (StataCorp, College
Station, TX). Descriptive data are presented as medians with interquartile range (IQR) for
continuous variables and frequencies with percentages for categorical variables. Patient
characteristics and clinical outcomes were compared using Wilcoxon rank sum and Fisher’s
exact tests as appropriate. CMV and viremia incidences are presented as proportions with
95% confidence intervals determined using exact estimates. In addition, the cumulative
incidence of CMV, accounting for a change in the number at risk at each time point is
presented as a proportion with 95% confidence intervals.

Multivariable logistic regression analysis was used to compare the independent association
of viremia with immune paralysis and complicated course. We a priori identified the
following covariates as potential confounders based on biological plausibility, available data,
and past studies: age, sex, number of comorbid conditions, race, PRISM |11 score, cancer,
active chemotherapy with white blood cell count (WBC) <1,000 cells/uL, and blood product
transfusion within seven days of sepsis recognition. Covariates were individually tested in
separate bivariable models that included exposure, outcome, and the covariate. Covariates
that changed the base model OR by 10% or greater were considered to be true confounders
and included in the multivariable models [42]. Although PRISM 111 did not meet our pre-
specified criteria as a confounder, it was forced into final models given its strong association
with outcomes in critically ill children [38, 43].

Based on adult studies of CMV reactivation available at the time of study inception, we
hypothesized that 30% of pediatric sepsis patients would have CMV DNA detection [9, 10,
12-14, 44]. However, because we expected a lower rate of CMV seropositivity in pediatric
compared to adult patients—and therefore a reduced potential for viral reactivation—we
considered a minimal clinically significant CMV detection rate to be 15% [45-47]. In order
to achieve an effect estimate with a lower boundary of the 95% confidence interval of at
least 15%, we originally calculated a sample size of 50 patients. After interim analysis
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demonstrated lower than anticipated cumulative incidence of CMV DNA detection, we
increased our sample size to 60 evaluable patients to provide 81% power to determine that
an observed incidence of 5% was indeed significantly lower than our previously
hypothesized incidence of 15% using a one-sided Fisher’s exact test. To ensure balanced
enrollment of younger versus older patients (with expected lower versus higher CMV
seropositivity rate, respectively) and patients with versus without pre-existing immune
suppression, enroliment of patients 2-5 years old and patients receiving chemotherapy who
had WBC <1,000 cells/uL were limited to 15 for each group. To test the potential impact of
a pre-existing immune suppressed state on outcomes, we performed sensitivity analysis
which excluded patients receiving chemotherapy who had WBC <1,000 cells/L.

Sixty-five patients were enrolled. After six patients were excluded (five due to inability to
collect study day 2 samples and one patient who subsequently was noted to have met
exclusion criteria), 59 patients were available for the final analysis (Supplemental Figure 1).
Blood samples were available for all 59 patients and tracheal aspirates were available for 32
patients (Supplemental Figure 2). Thirteen patients were aged 2-5 years and nine were
receiving chemotherapy and had WBC <1,000 cells/uL. Patient characteristics are shown in
Table 1. The median age was 11 (IQR 6-13.5) years, 56% were male, and 63% had =3
comorbid conditions. The median PIM2 risk of mortality and PRISM 111 score were 3.7%
(IQR 1.3-48%) and 11 (IQR 8-16), respectively. Sixty-six percent of patients were treated
with corticosteroids, 12% with immunomodulatory therapies including monoclonal
antibodies, granulocyte-monocyte colony-stimulating factor (GM-CSF), and granulocyte
colony-stimulating factor (G-CSF), and 47% with blood product transfusions within 7 days
of sepsis recognition. Overall 28-day mortality was 5%.

Three patients tested positive for CMV, all in blood samples and at low levels of viremia
(detected but below level of quantification). CMV was detected on study day 6, 10, and 22
for these three patients. The clinical characteristics of the three patients with CMV viremia
are shown in Table 2. All tracheal aspirate CMV PCR tests were negative.

The total cumulative incidence of CMV DNA detection was 5.1% (95% CI 1.1,14.1%) over
the three week study period following sepsis recognition, which is lower than our a priori
hypothesized minimal clinically significant CMV detection rate of 15% (p=0.06). All three
patients with CMV viremia were CMV 1gG seropositive, making the cumulative incidence
of CMV viremia 13.0% (95% CI 2.8, 3.4%) in the subset of 23 CMV seropositive patients.
The cumulative incidence function of CMV DNA detection in all patients and in the CMV
IgG seropositive subset at each of the four study days is shown in Figure 1.

Fifty-four patients had residual samples from study day 2 (20%), study day 6 (24%), study
day 10 (26%), or study day 22 (30%) available for EBV and HHV-6 quantification. EBV
was detected in two (frequency 4%, 95% ClI 1, 9%) and HHV-6 in 16 (frequency 30%, 95%
Cl 18, 42%) patients. One patient had both CMV and HHV-6 detected. Viral DNA was
detected at low levels in both EBV patients and 11 of the sixteen HHV-6 patients. Overall,
20 patients (34%, 95% CI 24, 50%) had detectable viremia of either CMV, EBV, or HHV-6,
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including 22% of patients with and 36% of patients without cancer on chemotherapy with
WBC <1,000 cells/pL.

The detection of viremia (with any virus) was not associated with complicated course or
other clinical outcomes in univariable analyses (Table 3). Of the patients with viremia, only
one had complicated course; this patient was CMV positive (Supplemental Table 1). None of
the patients with viremia died. The three deaths occurred at 19, 28, and 28 days, with 2, 3,
and 4 samples available for viral DNA detection in each patient, respectively, prior to death.
In multivariable analysis, viremia was associated with a lower odds of complicated course
after controlling for age, PRISM Il1 score, and blood transfusion within 7 days of sepsis
recognition (aOR 0.08, 95% CI 0.01,0.84, p=0.04).

ALC was available for all patients. Eleven (55%) patients with viremia had immune
paralysis, as defined by ALC <1,000 cells/uL, compared to 28 (72%) patients without
viremia (0=0.25). Viremia was not associated with immune paralysis in multivariable
analysis after controlling for age, PRISM I11 score, and platelet transfusion within 7 days of
sepsis recognition (aOR 0.68, 95% CI 0.2,2.35, p=0.54).

LPS-stimulated TNF-a production test results were available for 33 (56%) patients and
HLA-DR expression results were available for 14 (24%) patients for an exploratory analysis
of immune paralysis using expanded criteria. Twelve (60%) patients with versus 30 (77%)
patients without viremia had immune paralysis as defined by ALC <1,000 cells/uL, ex vivo
LPS-induced TNF-a <200 pg/mL, or monocyte HLA-DR expression <30% (p=0.23). There
were no significant differences in ALC, LPS-stimulated TNF-a., or HLA-DR expression
between patients with versus without viremia, though LPS-stimulated TNF-a. and HLA-DR
expression trended lower in patients with virema (Figure 2).

In sensitivity analysis excluding 9 patients receiving chemotherapy who had WBC <1,000
cells/uL, 18 (36%) patients had viremia and 32 (64%) did not. No patient with viremia
versus 8 patients without viremia had complicated course (p=0.04).

DISCUSSION

In this prospective study we found a low incidence of CMV, EBV, and HHV-6 viremia in
children with severe sepsis. Viremia was not associated with worse clinical outcomes or
immune paralysis phenotype in univariable analysis, but was associated with lower odds of
complicated course in multivariable analysis. However, these findings must be interpreted
with caution given the overall low viremia incidence, especially with CMV. Our findings
highlight the challenge of testing whether viral DNA may serve as a pathogen that
contributes to worse clinical outcomes or can be used as a biomarker to identify high-risk
patients in pediatric severe sepsis.

We demonstrated a cumulative CMV incidence of 5.1% in our total population, similar to
the 5% CMV incidence reported by Davila et al in a pediatric sepsis cohort, and 13% in our
subset of CMV seropositive patients [20]. The detection of CMV viremia among CMV
seropositive patients suggests reactivation, rather than primary infection, as a possible
mechanism, but this remains speculative given the few cases of CMV viremia in this study.

Pediatr Crit Care Med. Author manuscript; available in PMC 2021 April 01.
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One possible explanation for the lower incidence in pediatric sepsis is that children have
lower rates of primary CMV exposure and are therefore at lower risk for CMV reactivation
[45-47].

Proportions of patients with EBV and HHV-6 in this cohort were similar to the prior
pediatric study by Davila et al, which observed HHV-6 to be more common than CMV
viremia. The difference in incidence rates of individual viruses reflects the epidemiology of
viral infections in pediatric populations. While children may have lower rates of CMV and
EBV exposure when compared to adults, their exposure to HHV-6 may be higher. As such,
future studies on viremia and immune paralysis in pediatric sepsis should include evaluation
of common viruses present in children rather than a sole focus on CMV as in the majority of
adult studies.

We tested the association of overall viremia, as opposed to each virus, with clinical
outcomes given low incidence rates of individual viruses. We did not identify an association
of overall viremia with clinical outcomes in univariable analyses, and unexpectedly found a
protective association with complicated course in multivariable analyses. These findings are
in contrast to adult studies demonstrating association of viremia with increased hospital and
ICU length of stay, ventilator days, and 28-day mortality [9-11, 13, 14, 44]. The difference
in findings may be secondary to the low viral loads detected in our study, as adult studies
have shown stronger association of clinical outcomes with increasing viral load, or to the
small sample size in this study [13]. Our findings also differ from the report by Davila et al
that showed an association between viral DNAemia and HAIs in pediatric sepsis [20].
Davila et al reported an HAI rate of 42%, while our most recent study had an HAI rate of
only 14%. This difference may reflect an increasing emphasis in quality improvement
initiatives focused on reducing HAIs over time.

Viremia was not associated with immune paralysis in our study in univariable or
multivariable analyses using a definition of immune paralysis that included lymphopenia
only or in univariable analysis using an expanded definition including lymphopenia, TNF-a
production, and HLA-DR expression. This is in contrast to prior studies that have observed a
link between viral reactivation and sepsis-induced immune paralysis [17, 48]. For example,
Davila et al demonstrated that immune function was significantly lower in patients with viral
DNAemia when TNF-a production was analyzed as a continuous variable, though very few
patients approached their threshold for immune paralysis regardless of DNAemia status [20].
We did, however, observe a similar trend of lower LPS-stimulated TNF-a production in the
patients with viremia. Our analysis of the association between viremia and immune
paralysis, especially our analysis including TNF-a production and HLA-DR expression, was
exploratory and limited by small numbers. Additionally, our analysis tested for association
between overall viremia and immune paralysis, limiting our ability to evaluate the causal
pathway for individual viruses. Future studies are needed to investigate the potential causal
association between sepsis-induced immune paralysis and primary viral infection and/or
viral reactivation in children.

The test the incidence of viremia associated with sepsis, we limited enrollment of patients
receiving chemotherapy who had WBC <1,000 cells/uL whose pre-existing immune
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suppressed state may increase risk of viremia and poor clinical outcomes independent of
sepsis. In sensitivity analysis that excluded 9 patients receiving chemotherapy who had
WBC <1,000 cell/yL, viremia had a protective association with complicated course. While it
is theoretically possible that low-level viremia could bolster the host response to sepsis by
providing a secondary immunological stimulus, we cannot exclude that our statistical
finding is due to the small sample size in this study.

There are several limitations to this study. First, we determined the sample size using
reported CMV reactivation rates in adult studies given lack of pediatric data at time of study
design. The lower than anticipated CMV incidence in pediatric sepsis limited our analysis of
CMV with clinical outcomes. Future studies should consider including only seropositive
children to enrich the study population. Additionally, the study cohort was heterogeneous
with the majority of patients having 3 or more comorbid conditions. Future larger studies are
needed to test reproducibility and generalizability of our findings. Third, we had fewer
tracheal aspirates than blood samples given many of our patients did not have an artificial
airway at time of blood collection. It is possible that we missed detection of pulmonary
CMV in our cohort due to low rate of tracheal aspirate sampling and testing. Fourth, we
were only able to perform EBV and HHV-6 PCR assays on a single sample per patient due
to funding limitations. Serial testing and inclusion of other viruses may have increased the
yield of viremia in our cohort. Additionally, many of the study patients received blood
product transfusions which may carry a risk of viral transmission. We were not able to test
blood products for viral DNA and therefore could not exclude transfusions as a possible
etiology of viremia. Lastly, while PCR is a widely accepted test for viremia in clinical use, it
cannot differentiate between DNA detected from live or killed viruses.

CONCLUSION

Children with severe sepsis had low rates of detectable CMV, EBV and HHV-6. Although
the low incidence limited statistical power, we did not find evidence that viremia was useful
as a biomarker of adverse clinical outcomes. Low incidence rates of viremia must be
considered in future studies evaluating utility of viremia as a biomarker or modifiable risk
factor in pediatric severe sepsis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Cumulative incidence function of CMV DNA detection
The cumulative incidence of CMV DNA detection at each study time point is shown for all

patients (n=59, diamonds) and the subset with CMV IgG sero-positivity (n=23, squares).
Error bars indicate the 95% confidence interval.
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Figure 2: Association between markers of immune paralysisand viral reactivation
2a. Box plots comparing median absolute lymphocyte count (ALC) with IQR at study days

0, 2-3, and 5-7 between patients with (black boxes) and without (gray boxes) reactivation
viremia (including CMV, EBV, and HHV-6).

2b and 2c. Box plots comparing median ex vivo lipopolysaccharide (LPS)-stimulated whole
blood tumor necrosis factor (TNF)-a production with IQR and median monocyte human
leukocyte antigen (HLA)-DR expression with IQR, respectively, at study days 1, 3, and 8
between patients with (black boxes) and without (gray boxes) reactivation viremia
(including CMV, EBV, and HHV-6).
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Patient characteristics

Variable? Value
N 59
Age, years 11 (6-13.5)
2-5 years, n (%) 13(22)
6-17 years, n (%) 46 (78)
Male sex, n (%) 33 (56)
Race, n (%)
White 32 (54)
Black 6 (10)
Other 21 (36)
PIM2 risk of mortality 3.7 (1.3-4.8)
PRISM 11 score 11 (8-16)
Source of infection, n (%)
Primary bacteremia 6 (10)
Respiratory 27 (46)
Abdominal 7(12)
Genitourinary 6 (10)
Other 13(22)
Bacterial or fungal pathogen 30 (51)
2 3 comorbid conditions, n (%) 37 (63)
Cancer, n (%) 12 (20)
Active chemotherapy and leukopenia, n (%) 9 (15)
Lymphopenia on study day 0-2, n (%) 32 (54)
Corticosteroids”. n (%) 39 (66)
Hydrocortisone 25 (42)
Dexamethasone 7(12)
Methylprednisolone 11 (19)
Immunomodulator therapyb'c, n (%) 7(12)
Immunoglobulinb, n (%) 4(7)
Blood product wransfusion?. n (%) 28 (47)
PRBC 24 (41)
Platelet 15 (25)
FFP 11 (19)
Cryoprecipitate 2(3)
28-day mortality, n (%) 3(5)

PIM2, pediatric index of mortality-2; PRISM, pediatric risk of mortality; PRBC, packed red blood cell; FFP, fresh frozen plasma
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aMedians with interquartile range reported unless otherwise specified
b . - . .
Therapies administered at any point during study day 0-7

canakinumab, anakinra, tocilizumab, granulocyte-colony stimulating factor, granulocyte-macrophage colony-stimulating factor
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Table 2.

Characteristics for patients with CMV viremia
Variable Patient 1 Patient 2 Patient 3
Age, years 21 9.9 111
Sex Female Female Male
Race Other Other Other
PIM2 risk of mortality 8.2 55 0.8
PRISM 11 score 15 9 3.0
Number of comorbid conditions >5 2 1
Cancer No AML No
Active chemotherapy and leukopenia No Yes No
Corticosteroids Dexamethasone No Methylprednisolone
Immunomodulator therapy No GM-CSF No
Immunoglobulin therapy No Yes No
Blood product transfusion PRBC PRBC, Platelet, FFP PRBC, Platelet
28-day mortality No No No

Page 17

PIM2, pediatric index of mortality-2; PRISM, pediatric risk of mortality; AML, acute myeloid leukemia; GM-CSF, granulocyte-macrophage
colony-stimulating factor; PRBC, packed red blood cell; FFP, fresh frozen plasma
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Clinical outcomes in patients with and without viremia

Table 3.

Outcomea

Complicated course

28 day mortality

Immune paralysis

Hospital acquired infection

PICU LOSb

survivors only

Hospital LOS[7

survivors only

Viremia
(n=20)
1(5)

0
12 (60)
2 (10)

11 (7.5-14.5)
11 (7.5-14.5)
20 (11-29)
20 (11-29)

No Viremia
(n=39)

10 (26)
3(8)
30 (77)
6 (15)

10 (5-18)
10 (5-17)
19 (11-30)
18 (11-32)

0.08
0.54
0.23
0.70

0.55
0.48

0.96
0.97

LOS, length of stay in days

a . . . . -
Frequencies with percentages in parentheses reported unless otherwise specified

b . T . .
Medians with interquartile ranges in parentheses reported
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