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Adult hematopoietic stem cell transplantation (HSCT) recipients are at a high risk of adverse outcomes after
COVID-19. Although children have had better outcomes after COVID-19 compared to adults, data on risk factors
and outcomes of COVID-19 among pediatric HSCT recipients are lacking. We describe outcomes of HSCT recipients
who were �21 years of age at COVID-19 diagnosis and were reported to the Center for International Blood and
Marrow Transplant Research between March 27, 2020, and May 7, 2021. The primary outcome was overall sur-
vival after COVID-19 diagnosis. We determined risk factors of COVID-19 as a secondary outcome in a subset of
allogeneic HSCT recipients. A total of 167 pediatric HSCT recipients (135 allogeneic; 32 autologous HSCT recipi-
ents) were included. Median time from HSCT to COVID-19 was 15 months (interquartile range [IQR] 7-45) for allo-
geneic HSCT recipients and 16 months (IQR 6-59) for autologous HSCT recipients. Median follow-up from COVID-
19 diagnosis was 53 days (range 1-270) and 37 days (1-179) for allogeneic and autologous HSCT recipients,
respectively. Although COVID-19 was mild in 87% (n = 146/167), 10% (n = 16/167) of patients required
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supplemental oxygen or mechanical ventilation. The 45-day overall survival was 95% (95% confidence interval
[CI], 90-99) and 90% (74-99) for allogeneic and autologous HSCT recipients, respectively. Cox regression analysis
showed that patients with a hematopoietic cell transplant comorbidity index (HCT-CI) score of 1-2 were more
likely to be diagnosed with COVID-19 (hazard ratio 1.95; 95% CI, 1.03-3.69, P = .042) compared to those with an
HCT-CI of 0. Pediatric and early adolescent and young adult HSCT recipients with pre-HSCT comorbidities were
more likely to be diagnosed with COVID-19. Overall mortality, albeit higher than the reported general population
estimates, was lower when compared with previously published data focusing on adult HSCT recipients.

© 2022 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights
reserved.
Pediatric patients have generally had a lower risk of devel-
oping moderate to severe Coronavirus disease 2019 (COVID-
19) and have lower hospitalization rates, mechanical ventila-
tion, and death after COVID-19 than adults [1,2]. Despite
COVID-19 surges and emergence of variants of concern,
COVID-19�related hospitalization rates among children and
adolescents, and adverse outcomes such as intensive care unit
admission, vasopressor support, and deaths have remained
low [3]. A large multinational analysis showed that the death
rate from COVID-19 has been only 0.17 per 100,000 children
[4]. Similarly, outcomes of patients with COVID-19 admitted to
pediatric intensive care units have also been comparatively
better than in adults [1].

Prior studies focusing on adult patients have shown that
COVID-19 disproportionately affects patients with underlying
comorbidities, including those with a compromised immune
system due to underlying malignancy, active cancer treatment,
ongoing immune suppression, or hematopoietic stem cell
transplantation (HSCT) [5�12]. The higher risk of COVID-19
has also translated into worse outcomes among these patients
than in the general population. Specifically, 2 large studies
including adult HSCT recipients have reported that 35% to 38%
of patients had moderate to severe COVID-19 requiring oxygen
supplementation or mechanical ventilation, and nearly 30% of
patients died within 4 to 6 weeks after development of COVID-
19 [10,12]. Although many of these studies have provided
insights on incidence, risk factors, and outcomes of adult HSCT
recipients diagnosed with COVID-19, literature focusing on
pediatric HSCT recipients remains limited. We describe the
clinical characteristics, severity, treatment approaches, and
outcomes of pediatric HSCT recipients diagnosed with COVID-
19, as reported to the Center for International Blood and Mar-
row Transplant Research (CIBMTR).

METHODS
Data Source

The CIBMTR is a research collaboration between the National Marrow
Donor Program (NMDP)/ Be The Match and the Medical College of Wisconsin.
More than 500 transplantation centers worldwide submit clinical data on
allogeneic HSCT, autologous HSCT, and cellular therapies to the CIBMTR. At
present, the CIBMTR database includes data on more than 585,000 patients.
Participating centers are required to report all transplantations consecutively
with longitudinal follow-up data. Data compliance and quality are monitored
by on-site audits, computerized checks for discrepancies, and physicians’
review of submitted data. Studies conducted by the CIBMTR are performed in
compliance with all applicable federal regulations pertaining to the protec-
tion of human research participants. Patients or guardian(s) provide written
informed consent for data submission and research participation. This study
was conducted in accordance with the Declaration of Helsinki; the institu-
tional review board of the NMDP approved this study.

Patient Eligibility
CIBMTR has been collecting data on HSCT and cellular therapy recipients

infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
since March 27, 2020. We analyzed the data of pediatric HSCT recipients
diagnosed with COVID-19 post-HSCT (�21 years of age at COVID-19 diagno-
sis) as reported to the CIBMTR through May 7, 2021. Recipients of allogeneic
or autologous HSCT performed for any condition with any donor choice, graft
sources, graft versus host disease (GVHD) prophylaxis, and conditioning regi-
mens were included.

Statistical Analysis
Descriptive statistics were provided for the patient, disease, and HSCT-

related variables. Categorical variables were described as frequency and per-
centages and continuous variables as median, range, and interquartile range
(IQR). COVID-19 diagnosis and diagnostic methodology were determined by
transplantation centers (TCs). The severity of COVID-19 was determined as
per CIBMTR’s database as mild/asymptomatic (not requiring oxygen supple-
mentation), moderate (requiring oxygen supplementation), and severe
(requiring mechanical ventilation).

The primary outcome of the analysis was overall survival after COVID-19
diagnosis. The probability of overall survival after COVID-19 was calculated
using the Kaplan-Meier estimator. A secondary outcome of the study was
determining risk factors of COVID-19 diagnosis in this population. To achieve
that, an exploratory analysis was performed in a subset of the study population
comparing pediatric allogeneic HSCT recipients (year of transplantation
2019�2020) from the United States (U.S.) diagnosed with COVID-19 with a
cohort of all pediatric allogeneic HSCT recipients without COVID-19 matched
by the TC. The analysis was limited to TCs with at least 1 reported case of
COVID-19 to the CIBMTR (n = 34 TCs). Specifically, the impact of hematopoietic
cell transplant comorbidity index (HCT-CI) [13,14], HSCT indication, donor
type, conditioning intensity, GVHD prophylaxis, and occurrence of acute and
chronic GVHD on the diagnosis of COVID-19 was examined using Cox propor-
tional hazards model. Hazard ratio and 95% confidence intervals (CI) were pro-
vided. Cumulative incidence of COVID-19 among the U.S. TCs reporting at least
one COVID-19 infection was also calculated using death from any cause as a
competing risk. The p value<.05 was considered statistically significant for the
statistical analyses. SAS 9.4 (SAS Inc., Cary, NC) was used for all analyses.
RESULTS
A total of 167 pediatric HSCT recipients (allogeneic HSCT,

n = 135; autologous HSCT, n = 32) diagnosed with COVID-19
were reported to the CIBMTR between March 27, 2020, and May
7, 2021. Table 1 depicts the baseline clinical characteristics of the
study population. Most patients (77%) underwent transplanta-
tion in the United States. Fifteen percent of patients underwent
transplantation in Central or South America. For those with a
documented HCT-CI score, 42% of the patients had at least 1
comorbidity. The most common comorbidities were pretrans-
plantation infection requiring antibiotics after stem cell infusion
(n = 23) and mild hepatic dysfunction defined as bilirubin up to
1.5 times the upper limit of normal or aspartate aminotransfer-
ase/alanine aminotransferase up to 2.5 times upper limit of nor-
mal (n = 21). Acute leukemia (51%) was the most common
indication for allogeneic HSCT, whereas neuroblastoma (50%)
was the most common indication for autologous HSCT recipients.
In allogeneic HSCT, HLA-identical sibling (29%) was the most
common donor source, and calcineurin inhibitors with metho-
trexate (38%) was themost common GVHD prophylaxis regimen.

Table 2 shows patient characteristics at the time of COVID-
19 diagnosis. The median age at COVID-19 diagnosis for alloge-
neic and autologous HSCT recipients was 15 years (range <1-
21 years) and 7 years (range 1-21 years), respectively. Median
time from HSCT to COVID-19 diagnosis was 15 months (IQR 7-
45) for allogeneic recipients and 16 months (IQR 6-59) for
autologous HSCT recipients. The majority of patients in our
cohort were diagnosed by nasal swab/wash with or without



Table 1
Characteristics of Pediatric and Early Adolescent and Young Adult (�21 Years
of Age at the Time of COVID Diagnosis) HSCT Recipients With COVID-19 Diag-
nosis Reported to the CIBMTR

Characteristic Allogeneic HSCT
(N = 135)

Autologous
HSCT
(N = 32)

No. of centers 61 25

Region

U.S., Northeast 22 (16%) 5 (16%)

U.S., Midwest 23 (17%) 8 (25%)

U.S., South 30 (22%) 7 (22%)

U.S., West 25 (19%) 8 (25%)

Central/South America 22 (16%) 3 (9%)

Other regions* 13 (10%) 1 (3%)

Age at transplantation (y)

<12 74 (55%) 26 (81%)

12-15 30 (22%) 2 (6%)

16-21 31 (23%) 4 (13%)

Median (range) 10 (<1-21) 3 (1-20)

Sex

Male 86 (64%) 20 (62%)

Female 49 (36%) 12 (38%)

Race

White 86 (64%) 17 (53%)

Black or African
American

11 (8%) 5 (16%)

Other 11 (8%) 1 (3%)

Missing 27 (20%) 9 (28%)

Ethnicity

Hispanic or Latino 37 (27%) 11 (34%)

Non-Hispanic or non-
Latino

57 (42%) 13 (40%)

Non-resident of the U.S. 32 (24%) 4 (13%)

Missing 9 (7%) 4 (13%)

Lansky/Karnofsky score
before HSCT

90-100 100 (74%) 19 (59%)

<90 26 (19%) 9 (28%)

Not reported 9 (7%) 4 (13%)

HCT-CI score before HSCT

0 60 (44%) 22 (69%)

1-2 39 (29%) 6 (18%)

�3 25 (19%) 0 (0%)

Not reported 11 (8%) 4 (13%)

HSCT indication

Acute myeloid leukemia 31 (23%) 0 (0%)

Acute lymphoblastic
leukemia

31 (23%) 0 (0%)

Neuroblastoma 0 (0%) 16 (50%)

Medulloblastoma 0 (0%) 5 (16%)

Other hematologic
malignanciesy

23 (17%) 11 (34%)

Severe aplastic anemia 15 (11%) 0 (0%)

Inherited abnormalities
erythrocyte differenti-
ation or function

11 (8%) 0 (0%)

Immune disorders (SCID
and other immune
system disorders)

15 (11%) 0 (0%)

Inherited disorders of
metabolism

5 (4%) 0 (0%)

Histiocytic disorders 4 (3%) 0 (0%)

(continued)

Table 1 (Continued)

Characteristic Allogeneic HSCT
(N = 135)

Autologous
HSCT
(N = 32)

Conditioning intensity

Myeloablative
conditioning

95 (70%) NA

Reduced intensity con-
ditioning/Nonmyeloa-
blative conditioning

37 (28%) NA

Not reported 3 (2%) NA

GVHD prophylaxis

Ex-vivo T-cell depletion 7 (5%) NA

CD34 selection 5 (4%) NA

PTCy plus others 25 (19%) NA

Calcineurin inhibitor
based (except PTCy)

89 (66%) NA

Other(s) 4 (3%) NA

Missing 4 (3%) NA

T-cell depletion (in vivo or
ex vivo)

No 72 (54%) NA

Yes 61 (45%) NA

Not reported 2 (1%) NA

Donor type

HLA-identical sibling 39 (29%) NA

Twin 1 (1%) NA

Other related 34 (25%) NA

Well-matched unrelated
(8/8)

32 (24%) NA

Partially matched unre-
lated (7/8)

10 (7%) NA

Unrelated (matching
Unknown)

4 (3%) NA

Umbilical cord blood 15 (11%) NA

Graft type

Bone marrow 87 (65%) 0 (0%)

Peripheral blood 33 (24%) 32 (100%)

Umbilical cord blood 15 (11%) 0 (0%)

Year of HSCT

2000�2013 19 (14%) 6 (19%)

2014�2020 116 (86%) 26 (81%)

Age at COVID-19 diagnosis
(y)

< 12 47 (35%) 20 (63%)

12-15 26 (19%) 2 (6%)

16-21 60 (45%) 10 (31%)

Missing—no COVID-19
diagnosis date

2 (1%) 0 (0%)

Median (min-max) 15 (<1-21) 7 (1-21)

Acute GVHD II-IV before
COVID-19

No 100 (74%) NA

Yes 33 (25%) NA

Not reported 2 (1%) NA

Chronic GVHD before
COVID-19

No 101 (75%) NA

Yes 34 (25%) NA

On immunosuppression
within 6 months of COVID-
19 diagnosis

No 110 (82%) 0 (0%)

Yes 19 (14%) 0 (0%)

(continued)
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Table 1 (Continued)

Characteristic Allogeneic HSCT
(N = 135)

Autologous
HSCT
(N = 32)

Not reported 6 (4%) 0 (0%)

SCID indicates Severe Combined Immunodeficiency; PTCy, post-transplanta-
tion cyclophosphamide.
* Canada (allogeneic [N = 2], autologous [N = 0]); Europe (allogeneic [N = 5],

autologous [N = 0]), Asia (allogeneic [N = 1], autologous [N = 0]); Middle East/
Africa (allogeneic [N = 5]; autologous [N = 1]).

y Allogeneic- chronic myeloid leukemia (N = 3), other acute leukemia
(N = 7), myelodysplastic syndrome/myeloproliferative neoplasm (N = 10),
non-Hodgkin lymphoma (N = 3); autologous- non-Hodgkin lymphoma (N = 1),
Hodgkin lymphoma (N = 3), ovarian cancer (N = 1), central nervous system
tumor (N = 4), other solid tumor (N = 1), Ewing family tumors of bone (N = 1).
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culture/polymerase chain reaction testing (87%). Three recipi-
ents (2%) were diagnosed by culture alone. One patient (<1%)
was reportedly diagnosed by symptoms alone, and 18 (11%)
patients had no diagnostic method reported. Twenty-four per-
cent of patients had grade II-IV acute GVHD, and 25% had
chronic GVHD before COVID-19. However, only 14% received
immunosuppression within six months before COVID-19 diag-
nosis. In the entire cohort, COVID-19 disease severity was
mild/asymptomatic in 87% of patients, whereas 6% and 4% had
moderate and severe disease, respectively. The duration of
COVID-19 infection was 28 days (IQR 14-55) and 33 days (IQR
13-70) for allogeneic and autologous HSCT recipients, respec-
tively. Only 36 HSCT recipients (22%) received any COVID-19
directed therapy. Supplemental Table S1 provides details of
agents used for COVID-19 treatment.
Table 2
Severity and Outcomes of COVID-19 Among Pediatric HSCT Recipients

Characteristic Allogeneic HSCT
(N = 135)

Autologous HSCT
(N = 32)

Time from HSCT to COVID-
19 diagnosis (months)

Median (IQR) 15 (7-45) 16 (6-59)

Min-Max 1-243 1-215

Duration of COVID-19
infection (days)

Median (IQR) 28 (14-55) 33 (13-70)

Min-Max 1-220 1-179

Status of infection � (as of
5/7/2021)

Death 8 (6%) 2 (6%)

Improved 2 (1%) 0 (0%)

Ongoing 5 (4%) 0 (0%)

Resolved* 111 (82%) 25 (78%)

Unknown/Not reported 9 (7%) 5 (16%)

Severity of infection

No supplemental O2 or
mechanical
ventilation

117 (87%) 29 (91%)

Supplemental O2 only 9 (6%) 1 (3%)

Mechanical ventilation
and supplemental O2

5 (4%) 1 (3%)

Not reported 4 (3%) 1 (3%)

Follow-up - median (min-
max) (from COVID-19
diagnosis, days)

53 (1-270) 37 (1-179)

WBC indicates white blood cell.
* N = 3 patients reported to have recovered from COVID-19, and died from

�45 days after diagnosis. Primary causes of death reported as primary disease
(n = 2) and GVHD (n = 1).
Median follow-up from COVID-19 diagnosis was 53 days
(range 1-270) for allogeneic HSCT recipients and 37 days
(range 1-179) for autologous HSCT recipients (Figure 1). The
45-day survival for all patients (either allogeneic or autologous
HSCT recipients) was lower among recipients transplanted in
the TCs outside the United States (non-U.S. recipients 85% [95%
CI, 71-95] versus U.S. recipients 98% [95% CI, 93-99]) and those
who underwent transplantation between 2014 to 2020 (2014-
2020 93% [95% CI, 88-97] versus 2000-2013 100%). Of 13
patients who died, the primary causes of death were COVID-
19 (54%), primary disease (38%), or GVHD (8%).

Supplemental Table S2 shows the characteristics of the
pediatric allogeneic HSCT recipients included in the subset
analysis (n = 1026 patients; n = 34 TCs). In this population, the
cumulative incidence of COVID-19 infection was noted to be
1.9% (95% CI, 1.2-2.9) at 6 months after HSCT and continued to
increase at 1 year (4.7% [95% CI, 3.4-6.3]) and 2 years after
HSCT (13% [95% CI, 8.7-18.9]). Cox regression analysis (Table 3)
showed that compared to an HCT-CI score of 0, patients with
an HCT-CI score of 1-2 were more likely to be diagnosed with
COVID-19 (hazard ratio 1.95; 95% CI, 1.03-3.69, p = .042). HSCT
indication, donor type, conditioning intensity, GVHD prophy-
laxis, or development of acute or chronic GVHD did not predict
COVID-19 incidence.

DISCUSSION
To our knowledge, this is the largest international series to

date summarizing the cumulative incidence, risk factors, treat-
ment patterns, and outcomes of pediatric HSCT recipients with
COVID-19. Patients with pre-HSCT comorbidities were more
likely to be diagnosed with COVID-19. However, overall dis-
ease severity and mortality after COVID-19 were lower in this
cohort when compared with previously published data focus-
ing on adult HSCT recipients.

Our study findings are consistent with the previously pub-
lished data on outcomes of SARS-CoV-2 infections in pediatric
HSCT recipients, showing overall better survival than the adult
HSCT population with COVID-19. Although the majority of stud-
ies focusing on pediatric HSCT recipients alone have included a
very small number of patients [15�18], an analysis from the
Global Registry of COVID-19 in Childhood Cancer describing
outcomes of COVID-19 in children and adolescents with cancer
included 81 pediatric HSCT recipients with COVID-19 [19]. The
majority of infections occurred in patients who were more than
300 days post-HSCT and neither receipt of HSCT nor time since
HSCT was associated with severity of COVID-19. Details of HSCT
recipients’ survival were not provided in this report, and
because data reporting was voluntary, findings may have been
subject to reporting biases. Two other large international cohort
studies describing outcomes of HSCT recipients of all ages with
COVID-19 have been published and include some pediatric
patients. First, a study from the European Society of Blood and
Marrow Transplantation and Spanish Group of Hematopoietic
Stem Cell Transplantation that analyzed outcomes of 382 HSCT
recipients included 32 pediatric HSCT recipients diagnosed with
COVID-19 (allogeneic HSCT = 29; autologous HSCT = 3) through
July 31, 2020 [12]. The 6-week overall survival of the entire
cohort was 78% and 72% for allogeneic and autologous HSCT
recipients, respectively. In comparison, the overall survival of
the pediatric population was 93%, which is considerably better
than the adults in that cohort and consistent with our data. This
study did not provide specific details of COVID-19 severity or
treatment patterns for the pediatric population. Second, our
group previously published outcomes of all HSCT recipients
(N = 318) with COVID-19 reported to the CIBMTR between



Figure 1. Overall survival after COVID-19 diagnosis.

Table 3
Cox Regression Model of Risk Factors for COVID-19 Diagnosis in a Subset of Patients Undergoing Allogeneic HCT at U.S. Transplantation Centers

Parameter Number Events/Evaluable Hazard Ratio (95% CI) P Value

HCT-CI

0 18/468 1.00 0.14

1-2 21/316 1.95 (1.03-3.69) 0.042

�3 12/237 1.23 (0.59-2.60) 0.58

HSCT indication type

Malignant 34/586 1.00

Nonmalignant 18/440 0.62 (0.31-1.22) 0.16

Donor type

HLA-identical sibling 12/239 1.00 0.20

Other related donor 18/264 1.45 (0.51-4.16) 0.49

Unrelated donor 13/352 0.78 (0.35-1.73) 0.54

Cord blood 9/141 1.90 (0.79-4.61) 0.15

Conditioning intensity

Myeloablative 37/698 1.00

Reduced intensity/NMA 15/328 1.14 (0.55-2.35) 0.73

GVHD Prophylaxis

Tacrolimus or cyclosporine A §Mycophenolate mofetil or methotrexate (except PTCy) 33/651 1.00 0.095

PTCy 14/188 1.22 (0.45-3.27) 0.70

Other 5/187 0.38 (0.12-1.20) 0.10

Acute GVHD (time dependent) 0.97 (0.89-1.05) 0.43

Chronic GVHD (time dependent) 1.77 (0.86-3.67) 0.12

NMA indicates non-myeloablative
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March 27 and August 12, 2020 [10]. Again, 30-day overall sur-
vival for the entire cohort was 68% (95% CI, 58-77) and 67%
(95% CI, 55-78) for allogeneic and autologous HSCT recipients,
respectively, whereas only 1 patient had died among the 29
pediatric patients reported in that cohort. This current report
includes these pediatric HSCT patients who were previously
included in the published cohort and builds on our prior work
by specifically analyzing outcomes of patients reported to the
CIBMTR over more than 1 year.

Overall low mortality in this pediatric cohort could be in
part due to the median duration between HSCT and COVID-19
diagnosis being more than one year, which has been identified
as a risk-factor in our previous analysis [10]. Additionally, only
a very small number of patients were on any immune suppres-
sion before COVID-19 or required any oxygen/ventilatory sup-
port. Nonetheless, differences in survival rates between
children and adults could also be explained by the age-related
differences in immune function, angiotensin-converting
enzyme 2 receptor expression and distribution, endothelial
and clotting function, and comorbidities require additional
work to understand these mechanisms in more depth [20].
While the mortality in this cohort was lower than published
studies focusing on the adult population; it is important to
note that it was still higher than previously reported general
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pediatric mortality rates after COVID-19 [4]. The difference in
mortality rates between pediatric HSCT recipients and the gen-
eral pediatric population could be explained by nascent
immune systems and overall organ impairment because of
treatment-related toxicities among HSCT recipients.

In our study, patients with underlying pre-HSCT comorbid-
ities were found to be at a higher risk of being diagnosed with
COVID-19, the reason for which is unclear. Perhaps ongoing
organ impairment after HSCT along with other treatment-
related toxicities may make some HSCT recipients more suscep-
tible to infection. Although patients with an HCT-CI score of 3 or
above did not have a higher risk of COVID-19, that could likely
be due to a lower number of patients falling within that risk
group. Nearly 50% of the patient population included in our
study had no prior comorbidity. Only a small number of patients
were noted to have cardio-respiratory and metabolic abnormal-
ities. It is also possible that patients with higher comorbidity
burden were tested for COVID-19 more frequently resulting in
higher probability of diagnosis among this population. It is
important to note that this analysis did not account for environ-
mental factors such as community spread of SARS-CoV-2 or vac-
cination rate; however, we attempted to adjust for them by
matching HSCT recipients by their HSCT centers.

The prior CIBMTR and European Society of Blood and Mar-
row Transplantation analyses identified increasing age, sex, per-
formance status, higher immunodeficiency scoring index [21],
and shorter time from HSCT as risk factors for adverse outcomes
after COVID-19. Additionally, studies focusing on the general
pediatric population have shown that children with comorbid-
ities such as diabetes, obesity, cardiorespiratory diseases, and
immune-compromised status are at a higher risk of severe
COVID-19 illness [22�24]. Given the small number of events in
our cohort, we were unable to perform such an analysis. How-
ever, we did observe differences when describing outcomes by
the location of TCs. Patients who underwent transplantation at
the non-U.S.-based TCs had lower overall survival compared to
those who underwent transplantation at the U.S.-based TCs.
Most of these patients who died were from Central or South
America. Although the exact reason for the discrepancy in out-
comes is unclear, it is important to note that the Global Registry
of COVID-19 in Childhood Cancer analysis also observed similar
findings [19]. Authors found that compared to World Bank
high-income countries, patients from low-, lower-middle�, or
higher-middle�income countries were more likely to have
severe or critical illness caused by COVID-19. Although the dif-
ferences could be related to overall global disparities in resour-
ces allocation for prevention and treatment of COVID-19 [25], it
could also be due to the selection bias in voluntarily reported
cases to these registries. Additional work is needed to unravel
the causes of these discrepancies.

Several study limitations need to be acknowledged. Because of
the inherent limitations of a retrospective registry-based study,
certain COVID-19�specific details were not available, especially
regarding the occurrence of serious illness such as multisystem
inflammatory syndrome in children [26] and prolonged viral
shedding of replication-incompetent virus potentially leading to
silent COVID-19 transmission [27], which have been previously
reported. Details of SARS-CoV-2 variants or patients’ COVID-19
vaccination status were not available through the CIBMTR dataset.
Because these data were reported by the HSCT centers voluntarily
to the CIBMTR and given the limited availability of SARS-CoV-2
PCR testing in the initial phase of COVID-19 pandemic, confirma-
tion of center-reported COVID-19 diagnostic testing was notman-
dated by the CIBMTR. However, we acknowledge that there is a
potential for bias in reporting based on frequency of testing of
asymptomatic patients at different centers. This limits the gener-
alizability of our secondary analysis, and it is primarily explor-
atory in nature. Additionally, because our data collection pre-
dated the Food and Drug Administration announcement authoriz-
ing emergency use of the Pfizer-BioNTech COVID-19 vaccine for
children and adolescents (5-15 years of age) [28,29], our analysis
does not reflect any impact of vaccination in this age group.More-
over, given the timing of our analysis, it also does not provide any
insights into the impact of delta (B.1.617.2) or omicron (B.1.1.529)
variants of SARS-CoV-2 [30]. Data from Coronavirus Disease
2019�Associated Hospitalization Surveillance Network show that
weekly COVID-19 hospitalization rates for children and adoles-
cents had a nearly 5-fold increase in late summer, which likely
correlated with the emergence of the delta variant [3]. Unvacci-
nated adolescents were more likely to be hospitalized than those
vaccinated. Given the dynamic nature of the COVID-19 pandemic
and the constantly evolving treatment paradigm, it would be
essential to assess the outcomes of HSCT recipients at frequent
intervals to understand the implications of emerging SARS-CoV-2
variants of concern and protection conferred by COVID-19 vacci-
nation and treatment regimens. Because of the small number of
patients receiving treatment for COVID-19 and heterogeneity in
agents used, we could not study their association with outcomes.
Last, we acknowledge that 29 patients included in this article
have previously been reported in our earlier report from the
CIBMTR [10].

Notwithstanding the limitations, this initial CIBMTR analysis
focusing on pediatric and early adolescent and young adult
HSCT recipients provides valuable information to the HSCT
community, patients, and caregivers regarding the outcomes
after COVID-19. The overall lower incidence of COVID-19 in this
population is reassuring and could likely be related to the
aggressive infection prevention strategies such as physical dis-
tancing, hand hygiene, isolation, and mask-wearing used in
general within the first year post-HSCT. However, the mortality
rate was still higher when compared to the general pediatric
population with COVID-19. These data and the overall morph-
ing nature of the pandemic underscore the need for ongoing
efforts focusing on preventive strategies as mentioned above
along with COVID-19 vaccination for those who are eligible,
according to the American Society of Hematology and American
Society of Transplantation and Cellular Therapy recommenda-
tions [31]. We envision future studies aiming to understand the
impact of variants of concern, COVID-19 vaccination, and vari-
ous treatment approaches on COVID-19 in this population.
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