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Abstract

Background.—We aimed to determine if pre-existing immunocompromising conditions (ICCs) 

were associated with the presentation or outcome of patients with acute coronavirus disease 2019 

(COVID-19) admitted for pediatric intensive care.

Methods.—Fifty-five hospitals in 30 US states reported cases through the Overcoming 

COVID-19 public health surveillance registry. Patients <21 years admitted 12 March 2020–30 

December 2021 to the pediatric intensive care unit (PICU) or high-acuity unit for acute COVID-19 

were included.

Results.—Of 1274 patients, 105 (8.2%) had an ICC, including 33 (31.4%) hematologic 

malignancies, 24 (22.9%) primary immunodeficiencies and disorders of hematopoietic cells, 19 

(18.1%) nonmalignant organ failure with solid-organ transplantation, 16 (15.2%) solid tumors, 
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and 13 (12.4%) autoimmune disorders. Patients with ICCs were older, had more underlying renal 

conditions, and had lower white blood cell and platelet counts than those without ICCs, but had 

similar clinical disease severity upon admission. In-hospital mortality from COVID-19 was higher 

(11.4% vs 4.6%, P = .005) and hospitalization was longer (P = .01) in patients with ICCs. New 

major morbidities upon discharge were not different between those with and without ICC (10.5% 

vs 13.9%, P = .40). In patients with ICCs, bacterial coinfection was more common in those with 

life-threatening COVID-19.

Conclusions.—In this national case series of patients <21 years of age with acute COVID-19 

admitted for intensive care, existence of a prior ICCs were associated with worse clinical 

outcomes. Reassuringly, most patients with ICCs hospitalized in the PICU for severe acute 

COVID-19 survived and were discharged home without new severe morbidities.

Keywords

COVID-19; immunocompromised host; pediatrics; critical care; bacterial coinfection

Children with pre-existing medical conditions are vulnerable to developing life-threatening 

disease from severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection 

[1]. Published studies reported conflicting findings on the severity and outcomes of SARS-

CoV-2 infections in children with immunocompromising conditions (ICCs). Although some 

reports show that children with malignancies, transplants, or other ICCs have similar or 

improved outcomes compared with the general pediatric population [2–7], data from other 

studies suggest that they are at higher risk for poor outcomes [8, 9]. Published studies 

analyzed small or single-center cohorts of children with ICCs, and critical illness was 

uncommon. In general, children with ICCs have worse critical care outcomes and are at 

higher risk for severe respiratory failure [10]. However, several gaps in the field remain. 

Among children admitted to the pediatric intensive care unit (PICU), it is unclear if SARS-

CoV-2 confers the same increased risk in children with ICCs compared with those without 

ICCs. There are also limited and conflicting data on whether specific types of ICCs or other 

clinical factors may increase the risk of life-threatening and fatal illness among children 

hospitalized for acute coronavirus disease 2019 (COVID-19) [2–6, 8, 9, 11, 12].

Risk assessment affects clinical management, since distinct therapeutic pathways have been 

proposed based on the risk of severe disease as well as the patient’s clinical presentation 

[13]. The relative rarity of ICCs in children, who may be on immunomodulatory and/or 

immunosuppressive medications, adds to the complexity and challenges in the care of 

patients [14]. Prior studies of solid-organ transplant recipients have indicated that outcomes 

may also be infection specific [15–17], as these patients have better outcomes from sepsis 

than those without transplant, but more susceptibility to viral infections [18]. Thus, a better 

understanding of the clinical presentation and associated outcomes can improve resource 

allocation for children with ICCs and COVID-19. To address this gap in knowledge, we 

compared the clinical characteristics and hospital course of children with or without ICCs in 

a large, national, multicenter registry of US children admitted for pediatric intensive care in 

the setting of acute COVID-19.
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METHODS

Study Design

Case patients in this investigation were enrolled in the Overcoming COVID-19 public health 

surveillance registry from sentinel surveillance of children, adolescents, and young adults 

hospitalized with SARS-CoV-2–related illness at 55 hospitals in 30 US states from 12 

March 2020 through 30 December 2021 [19, 20]. We followed reporting guidelines for 

uncontrolled case series [21]. The Boston Children’s Hospital (BCH) Institutional Review 

Board (IRB) reviewed and approved the protocol and served as the single IRB for 43 sites, 

and 11 sites had site-specific IRB approval. This activity was reviewed by the Centers for 

Disease Control and Prevention (CDC) and determined to meet the requirements of public 

health surveillance per 45 CFR §46.101(b)(4).

Data Collection and Definitions

As reported previously [22], enrolling centers employed trained study personnel who 

abstracted data from patient electronic medical records into standardized case report forms 

using REDCap (Vanderbilt University) hosted at BCH. The standardized data collection 

included demographics, underlying medical conditions, clinical course, laboratory values, 

diagnostic imaging, therapeutics, and outcomes. Patients included in this analysis were 

younger than 21 years of age on admission and were diagnosed with acute COVID-19 via 

positive reverse-transcription–polymerase chain reaction (RT-PCR) or antigen test. Those 

diagnosed with multisystem inflammatory syndrome in children were excluded. All patients 

included in the analysis were admitted to the PICU or high-acuity unit. Obesity was 

classified for patients aged 2 years or older as greater than or equal to the 95th body 

mass index (BMI) percentile for age and sex based on CDC national reference standards 

[23]. The social vulnerability index (SVI) [24] was determined using the first 4 digits 

of a patient’s home address zip code for patients admitted during 2020 and by home 

address for patients admitted during 2021, in order to obtain more accurate geolocated 

SVI estimates. Organ system involvement was defined using previously published criteria 

[20, 25], as shown in Supplementary Table 1. Left ventricular dysfunction was defined 

as a measurement of left ventricular ejection fraction of less than 55% on at least 

1 echocardiogram during hospitalization. Bacterial coinfections, defined as a bacterial 

infection detected within 72 hours of admission assumed to be community acquired, were 

adjudicated by pediatric critical care and infectious disease experts [26]. Life-threatening 

COVID-19 illness was defined as receipt of invasive mechanical ventilation for 7 days 

or more, receipt of extracorporeal membrane oxygenation (ECMO), or in-hospital death. 

Additional new morbidity outcomes at discharge included discharge to a rehabilitation 

center and a new neurologic deficit, supplemental oxygen requirement, tracheostomy, or 

mechanical ventilation requirement.

Adjudication of Immunocompromising Conditions

The underlying conditions of eligible patients were adjudicated for immunocompromising 

conditions by experts in immunology (J. C. and B. L.) and critical care (C. M. R. and 

A. G. R.). Patients were classified as having 1 of the following types of ICCs [27]: (1) 

hematopoietic malignancy, (2) solid tumor, (3) nonmalignant organ failure with history of 
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solid-organ transplantation, (4) autoimmune disorder, and (5) primary immunodeficiency 

and other disorders of hematopoietic cells. Primary immunodeficiencies were further 

subcategorized as innate immune defects, humoral immunodeficiencies due to impaired 

B-cell function, combined immunodeficiencies due to defective T-cell function, and 

primary immunoregulatory disorders characterized by a combination of autoimmunity and 

immunodeficiency [28].

Statistical Analysis

Categorical variables are summarized as counts and percentages, while continuous variables 

are expressed as median and interquartile range. Descriptive statistics were performed to 

compare differences between patients with and without immunocompromising conditions. 

Differences in categorical variables were compared using the chi-square test or Fisher’s 

exact test for expected counts less than 5, and differences in continuous variables were 

determined using a Wilcoxon rank-sum test. A 2-tailed P value less than .05 was considered 

statistically significant. All analyses were performed in R version 4.2.2 (R Project for 

Statistical Computing).

RESULTS

Of the 1274 patients younger than 21 years in the Overcoming COVID-19 registry 

with acute COVID-19 admitted for pediatric intensive care, 105 (8.2%) had an ICC. 

There were 33 (31.4%) patients with hematologic malignancies, 24 (22.9%) with primary 

immunodeficiencies and disorders of hematopoietic cells, 19 (18.1%) with nonmalignant 

organ failure post–solid-organ transplantation, 16 (15.2%) with solid tumors, and 13 (12.4%) 

with autoimmune disorders. The subtypes within each ICC category are shown in Figure 1.

Overall, compared with patients in the PICU for acute COVID-19 without an ICC, patients 

with ICCs were older and had more underlying cardiovascular and renal conditions but 

were less frequently obese (all P < .05) (Table 1). The average pediatric sequential organ 

failure assessment (pSOFA) scores (on admission and maximum) were comparable between 

the 2 groups. The median Pediatric Logistic Organ Dysfunction–version 2 (PELOD-2) 

scores (on admission and maximum) were higher in patients with an ICC (P = .001). 

Individuals with ICCs had lower white blood cell counts, with reduced numbers of 

neutrophils, lymphocytes, and platelets. Levels of inflammatory markers, including C-

reactive protein (CRP), procalcitonin, and ferritin, were comparable between those with 

and without ICCs in those with measurements at admission (Table 2). The frequency 

of neurologic and gastrointestinal involvement did not differ between ICC and non-ICC 

cohorts, but hematologic involvement was significantly more frequent in the ICC cohort 

(Figure 2A). Furthermore, there was no difference in cardiovascular involvement, including 

the occurrence of left ventricular dysfunction, coronary artery aneurysms, or receipt of 

vasoactive infusions between the 2 groups (Figure 2). Bacterial coinfections and viral co-

detections within 72 hours of admission were reported with comparable frequencies in the 

ICC and non-ICC groups (Table 3 and Supplementary Table 2).

Specific therapies for COVID-19 were frequently used in both groups (Supplementary Table 

3). Among all patients with COVID-19, corticosteroids were used in 64.8%, remdesivir in 

Rowan et al. Page 6

Clin Infect Dis. Author manuscript; available in PMC 2024 August 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



52.0%, and tocilizumab in 5.9% of patients, with comparable frequencies in patients with 

or without ICCs. More patients with ICCs received intravenous immunoglobulin than those 

without ICCs (15/105 [14.3%] vs 48/1169 [4.1%], respectively; P < .001), likely due to its 

common use in patients with humoral and combined immunodeficiencies.

Patients with ICCs had similar clinical disease severity upon admission to those without 

ICCs, with similar proportions of children receiving mechanical ventilation, vasoactive 

infusions, or ECMO (Figure 2A). Despite similarities in clinical presentation, the outcomes 

were worse for those with ICCs (Table 1). In-hospital mortality from COVID-19 was 

higher in those with ICCs compared with those without ICCs (11.4% vs 4.6%; P = .005). 

Additionally, those with ICCs had longer hospitalizations compared with those without ICCs 

(P = .01). No association was identified between ICCs and any of the following individual 

or composite outcomes: new neurologic disability, supplemental oxygen, tracheostomy, or 

mechanical ventilation in survivors (Supplementary Table 4).

Within the ICC cohort, we investigated the clinical and laboratory characteristics of 

patients with or without life-threatening acute COVID-19, defined as 7 or more days of 

invasive mechanical ventilation, use of ECMO, or in-hospital death (Table 4). Among 

the 105 patients with ICCs, 17 (16.2%) had life-threatening COVID-19. Patients with 

life-threatening COVID-19 were older than those with non–life-threatening COVID-19, 

but there were no statistically significant differences in biological sex, race, ethnicity, or 

comorbidities associated with life-threatening COVID-19 in patients with ICCs (Table 4 

and Supplementary Table 5). Furthermore, no specific type of ICC was more frequently 

associated with life-threatening COVID-19. Bacterial coinfections were more common 

among patients with ICCs who developed life-threatening COVID-19, as was involvement 

of the pulmonary, cardiac, and neurologic systems. Details of the bacterial and fungal 

coinfections of those patients with ICCs and life-threatening COVID-19 are described in 

Supplementary Table 6. Briefly, 5 patients had bacterial coinfections. Of the patients with 

ICCs, those who developed life-threatening COVID-19 had a higher initial CRP level but 

comparable white blood cell counts, neutrophil-to-lymphocyte ratio, and ferritin at the time 

of presentation (Supplementary Table 5).

Twelve patients with ICCs died of COVID-19: 5 of the 14 patients (35.7%) post–

hematopoietic stem cell transplantation (HSCT) and 7 of the 91 (7.7%) patients with ICCs 

who did not undergo HSCT (P = .009). In the HSCT patients, the deaths occurred in 2 

patients who underwent transplantation less than 100 days prior to admission and 3 patients 

at 100 days or more. Three of these patients had coinfections. One patient who underwent 

transplantation less than 100 days prior to onset of COVID-19 had adenovirus, Epstein-Barr 

virus, BK virus (human polyomavirus), and cytomegalovirus detected via blood PCR. Two 

patients, both of whom developed COVID-19 more than 100 days after their HSCT, had 

Escherichia coli bacteremia. Those with a history of HSCT had a higher rate of receipt 

of vasoactive infusions (HSCT: 6/14, 42.9%; other ICCs: 18/91, 19.8%; and no ICCs: 

231/1169, 19.8%).
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DISCUSSION

This large, multicenter case series demonstrates that immunocompromised patients younger 

than 21 years old admitted for intensive care for acute COVID-19 had worse clinical 

outcomes despite presenting with similar disease severity to non-immunocompromised 

children. Those with ICCs had a higher mortality, especially for patients post-HSCT. 

Within the ICC group, those with life-threatening COVID-19 had more frequent bacterial 

coinfections and involvement of the pulmonary, cardiac, and/or neurologic systems 

compared with patients with severe but not life-threatening illness. Reassuringly, most 

patients with ICCs who were hospitalized in the PICU for severe acute COVID-19 survived 

and were discharged home without documented severe morbidities.

Patients with a history of HSCT were overrepresented in those with fatal disease in our 

cohort of children admitted to the PICU for acute COVID-19. Patients with a history of 

HSCT represented only 1% of the overall cohort with acute COVID-19 but comprised 

almost half of the fatalities. These findings are consistent with the high mortality of children 

with post-HSCT admitted to the PICU for other indications [29, 30]. Although our numbers 

are small, those patients who developed COVID-19 before or after post-transplantation 

day 100 had comparable rates of life-threatening COVID-19, similar to what has been 

reported previously [31]. Other studies have shown increased risk for severe COVID-19 in 

patients who received HSCT less than 1 year prior to infection [32, 33]. During this time 

period, there is ongoing engraftment of myeloid cells and T cells, which may be delayed 

if patients develop graft-versus-host disease (GVHD), and thus increased susceptibility 

to severe COVID-19. The timing of chemotherapy also influences serologic immunity to 

SARS-CoV-2, which is lower in patients receiving glucocorticoids in the last 2 weeks or 

chemotherapy within 3 months prior to infection [34]. Our work complements other studies, 

which investigated inpatient and outpatient outcomes in patients with HSCT. A Center for 

International Blood and Marrow Transplant Research cohort study of 167 children with a 

history of HSCT and COVID-19 found that disease severity was mild in 87% of study 

participants [12], similar to outcomes reported in smaller case series [35, 36]. Thus, while 

a history of HSCT is not associated with severe COVID-19 in most cases, it may be 

associated with more severe disease in patients admitted to the PICU for COVID-19. The 

poor outcomes of those post-HSCT are likely multifactorial and related to conditioning, 

immunosuppression, and alloreactivity.

Among children with ICCs, patients diagnosed with bacterial coinfection were more likely 

to have life-threatening COVID-19. Prior studies have not consistently investigated the 

frequency of concomitant infections in children with inborn errors of immunity [37–42]. 

While bacterial coinfections in the general adult and pediatric populations [26] have been 

associated with severe COVID-19, few studies have reported on bacterial coinfections in 

adults with ICCs. One study of 451 adults with hematologic malignancies found that 187 

(41%) had coinfections, but details on the type of infection were not reported [43]. In 

a cohort of 77 adults who had received HSCT or cellular therapies, such as chimeric 

antigen receptor T cells, 10 (13%) had a coinfection, the majority of which were bacterial 

[44]. Finally, a study of 684 adults with cancer identified bacterial coinfection with their 

COVID-19 diagnosis in 19% of patients [42]. Similar to our study, they found that the 
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presence of a superimposed infection was associated with worse outcomes, including 

increased intensive care unit admissions, higher rates of acute respiratory distress syndrome, 

higher rates of mechanical ventilation, and higher mortality. Elevated CRP levels were 

noted in adults with cancer who presented with acute COVID-19 and a bacterial/fungal 

coinfection at the time of admission [42]. Additionally, increased mortality was associated 

with bacterial coinfection, regardless of whether the bacterial infection occurred before 

or after the SARS-CoV-2 infection [42]. The increased inflammatory markers and worse 

clinical outcomes have been attributed, at least in part, to cross-talk among innate immune 

receptors, such as Toll-like receptors capable of recognizing bacterial and viral proteins [45]. 

These proinflammatory cytokines disrupt the integrity of the pulmonary epithelium, creating 

an environment permissive for bacterial coinfection [45]. Thus, the underlying increased risk 

of infections in individuals with ICCs contributes to increased risk of bacterial coinfection 

and likely more severe COVID-19.

In this national case series of patients with acute COVID-19 admitted to the PICU, no 

single type of ICC was associated with the development of life-threatening COVID-19, 

although receipt of HSCT was associated with increased mortality. Although some studies 

have found increased risk of severe disease in patients with disorders of T-cell function, 

multi-systemic autoimmune disorders, and innate immunity [46, 47], others have shown no 

increased risk of severe COVID-19 attributable to any single type of immunodeficiency [41, 

46, 48, 49]. These variable outcomes likely reflect the small numbers of patients with these 

rare diseases and variability in disease phenotypes and severity. Among patients with ICCs, 

a history of chemotherapy or other immunosuppressant medications was not predictive of 

worse outcomes in our investigation, consistent with previously published pediatric cohorts 

[50, 51]. Patients with a history of solid-organ transplantation in our study had no increased 

severity of disease, supporting previous studies that showed no difference in outcomes 

despite ongoing immunosuppression [52].

This study has limitations. The public health registry was restricted to patients admitted to 

the PICU or high-acuity unit. This limitation is especially relevant when considering the 

burden of SARS-CoV-2 infections in the immunocompromised population, as we excluded 

cases of mild to moderate disease. We were also limited by the lack of details regarding 

the degree of immunosuppression, including engraftment status and GVHD prophylaxis or 

treatment for children who were post-HSCT. While standard measures of acuity were not 

different between those with ICCs and those without, these standard acuity measures may 

not be as accurate in those with ICCs. We do not have specific information regarding the 

decision to evaluate patients for bacterial coinfection and the bacterial co-infection workup 

was not standardized. We also lack information on empiric antibiotic use. The number of 

those with life-threatening COVID-19 was small and groups were unmatched, limiting the 

ability to adjust for possible confounders. There may also be differences in those with ICCs 

and life-threatening COVID-19 compared with those without life-threatening COVID-19 

that the study was not powered to detect. We also did not have detailed information on cause 

of death. Differences in new morbidities at discharge may be underappreciated, including 

for new renal dysfunction, which we did not collect. Finally, enrollment for this study ended 

in 2021. Since then, the Omicron variant emerged as the predominant variant, followed 

by surges of infections and updated COVID-19 vaccines. The continued emergence of 
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circulating subvariants and changes in population immunity will continue to influence the 

infection risk to individuals with ICCs. Thus, it is important to acknowledge that future 

studies will be needed to assess for changes in risk factors associated with life-threatening 

COVID-19 in patients with ICCs.

In this large case series of children who received intensive care for COVID-19, children 

with ICCs had similar clinical presentations of COVID-19 to those without ICCs but overall 

worse outcomes. Bacterial coinfection occurred more commonly in patients with underlying 

ICCs who developed life-threatening or fatal complications. Future studies are needed to 

determine if earlier identification and treatment of bacterial coinfection in patients with 

ICCs and COVID-19 improves outcomes. Reassuringly, most patients with ICCs who were 

hospitalized in the PICU for severe acute COVID-19 survived and were discharged home 

without new severe morbidities.
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Figure 1. 
The distribution of specific type of ICCs. Mortality rates are described within each 

subcategory, along with the rates of HSCT. Abbreviations: CAR T, chimeric antigen receptor 

T-cell therapy; CNS, central nervous system; HSCT, hematopoietic stem cell transplantation; 

ICC, immunocompromising condition.
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Figure 2. 
Organ involvement and support in children and adolescents admitted to the pediatric 

intensive care unit with acute COVID-19 stratified by those with and without an ICC. A, 

Details of outcomes and organ support. B, Distribution of organ involvement in pediatric 

acute COVID-19 comparing those with immunocompromising conditions, displayed with 

black bars, to those without ICC, displayed in gray bars. Denominators for ejection 

fraction and pericarditis or pericardial effusion are the number of patients undergoing 

echocardiography (n = 41 for ICCs and n = 417 for no ICCs, respectively). Abbreviations: 

COVID-19, coronavirus disease 2019; CXR, chest radiograph; ECMO, extracorporeal 

membrane oxygenation; ICC, immunocompromising condition; LVEF, left ventricular 

ejection fraction; PARDS, pediatric acute respiratory distress syndrome.
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Table 3.

Respiratory Viral Co-Detection and Bacterial Coinfections Within 72 Hours of Admission in Patients 

Admitted to the Pediatric Intensive Care Unit for Acute COVID-19, Stratified by the Presence of an 

Immunocompromising Condition

COVID-19 With ICCs (n = 105) COVID-19 No ICCs (n = 1169)

Respiratory viral co-detectiona 10 (9.5%) 113 (9.7%)

 Adenovirus 3 (2.9%) 8 (0.7%)

 Coronavirus (non–SARS-CoV-2) 0 4 (0.3%)

 Human metapneumovirus 0 4 (0.3%)

 Influenza 0 2 (0.2%)

 Parainfluenza 0 12 (1.0%)

 Rhinovirus/enterovirus 3 (2.8%) 67 (5.7%)

 Respiratory syncytial virus 1 (1.0%) 35 (3.0%)

 Other virusb 4 (3.8%) 4 (0.3%)

Bacterial coinfectionc,d 10 (9.5%) 85 (7.3%)

 Bloodstream 8 28

  Gram-positive bacteria 3 17

  Gram-negative bacteria 5 10

  Fungal 0 1

 Central nervous system 0 5

 Lower respiratory tract 0 47

  Gram-positive bacteria 0 25

   Staphylococcus aureus methicillin-resistant 0 5

   Staphylococcus aureus methicillin-sensitive 0 14

   Streptococcus pneumoniae 0 4

  Gram-negative bacteria 0 22

   Pseudomonas species 0 12

 Urine 2 28

  Gram-positive bacteria 1 7

  Gram-negative bacteria 1 19

   Escherichia coli 1 10

   Enterococcus faecalis 0 7

   Other 0 2

  Fungal 0 2

Abbreviations: COVID-19, coronavirus disease 2019; ICC, immunocompromising condition; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2.

a
Among patients with ICCs, 1 patient had 2 viral co-detections. In patients without ICCs, 94 (83.2%) patients had 1 viral co-detection, 15 (13.3%) 

patients had 2 viral co-detections, and 4 (3.5%) patients had 3 viral co-detections.

b
In patients with ICCs: 2 patients had Epstein-Barr coinfection, 1 had cytomegalovirus coinfection, and 1 had cytomegalovirus, Epstein-Barr virus, 

and BK (human polyomavirus) virus coinfection. In patients without ICCs: 3 patients had Epstein-Barr virus coinfection and 1 patient had HHV-6 
coinfection.

c
Patients with a positive bacterial culture from any site adjudicated by the site and study staff to be a true infection.
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d
No patients with ICCs were adjudicated to have >1 bacterial coinfection, but in patients without ICCs, 64 (75.3%) had 1 bacterial coinfection, 18 

(21.2%) had 2 coinfections, and 3 (3.5%) had 3 coinfections. A list of the organisms is included in Supplementary Table 2.
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Table 4.

Comparison of the Characteristics of Patients With Immunocompromising Conditions With Life-Threatening 

(≥7 Days of Invasive Mechanical Ventilation, Receipt of Extracorporeal Membrane Oxygenation Support, or 

Death) Versus Non–Life-Threatening COVID-19

Patients With Immunocompromising Conditions and 
Acute COVID-19

Life-Threatening Illness (n = 
17)

Non–Life-Threatening Illness 
(n = 88) P

Age, median (IQR), y 16.9 (15.8, 18.8) 14.8 (6.8, 17.5) .03

Male sex, n (%) 10 (58.8%) 50 (56.8%) 1.00

Race and ethnicity, n (%)

 White, non-Hispanic 4 (23.5%) 31 (35.2%) .21

 Black, non-Hispanic 5 (29.4%) 16 (18.2%)

 Hispanic or Latino 4 (23.5%) 31 (35.2%)

 Asian 2 (11.8%) 5 (5.7%)

 Mixed/other race, non-Hispanic 0 (0%) 3 (3.4%)

 Unknown 2 (11.8%) 2 (2.3%)

Type of immunocompromising disorder, n (%)

 Hematologic malignancy 5 (29.4%) 28 (31.8%) 1.00

 Solid tumor 4 (23.5%) 12 (13.6%) .29

 Primary immunodeficiency and other disorders of 
hematopoietic cells

4 (23.5%) 20 (22.7%) 1.00

 Autoimmune disorders 3 (17.6%) 10 (11.4%) .44

 Nonmalignant organ failure with history of solid-organ 
transplant

1 (5.9%) 18 (20.5%) .30

Immunomodulatory therapies, n (%)

 On chemo/immunosuppressive medication at the time of 
infection

11 (64.7%) 53 (60.2%) .79

 History of HSCT <100 d 2 (11.8%) 1 (1.1%) .07

 History of HSCT ≥100 d 3 (17.6%) 9 (10.2%) .41

Clinical characteristics

 Any viral coinfection 2 (17.6%) 8 (9.1%) .66

 Any bacterial coinfectiona 5 (29.4%) 5 (5.7%) .009

 Any respiratory support 17 (100.0%) 58 (65.9%) .003

 Any cardiovascular involvement 13 (76.5%) 22 (25.0%) <.001

 Receipt of vasoactive infusions 13 (76.5%) 11 (12.5%) <.001

 Any neurologic involvement 6 (35.3%) 9 (10.2%) .02

 Any hematologic involvement 15 (88.2%) 59 (67.0%) .09

 Any gastrointestinal involvement 11 (64.7%) 54 (61.4%) 1.00

Abbreviations: COVID-19, coronavirus disease 2019; HSCT, hematopoietic stem cell transplantation; IQR, interquartile range.

a
Patients with a positive bacterial culture from any site within 72 hours of admission that was then adjudicated by study staff.
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