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Purpose of review

Immunocompromised patients are notably vulnerable to severe coronavirus disease 2019. This review
summarizes COVID-19 features and outcomes in autologous and allogeneic hematopoietic stem cell
transplantation (HSCT) recipients.

Recent findings

Recent findings suggest that HSCT recipients exhibit a high burden of comorbidities and COVID-19 clinical
features almost similar to the general COVID population. Furthermore, HSCT recipients exhibit a protracted
SARS-CoV-2 shedding, prolonging duration of symptoms and promoting the generation of highly mutated
viruses. Last, most of studies report a higher COVID-19 mortality in HSCT recipients, mainly driven by age,
comorbidities, time from transplantation, and immunosuppression because of both treatments and underlying
hematological malignancy.

Summary

Further studies are warranted to determine the proper impact of HSCT-related immune disorders on COVID-
19 outcomes, and to evaluate specific treatments and vaccination strategy in this high-risk population. Taken
together, those findings emphasize the need for more rigorous surveillance and preemptive measures for all
HSCT recipients.
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Immunocompromised patients are notably vulner-
able to severe coronavirus disease 2019 (COVID-19)
caused by the novel severe acute respiratory syn-
drome coronavirus 2 (SARS- CoV-2) [1,2

&&

,3]. Solid-
organ transplantation recipients, cancer, and hema-
tological malignancy patients more often present
with severe COVID-19 diseases, requiring more fre-
quently ICU management, mechanical ventilation.
Furthermore, case fatality is higher when compared
with the general population [2

&&

,3–5].
By September 2021, almost 5000 HSCT recipients

with COVID-19 have been reported to the Center for
International Blood and Marrow TransplantResearch
(CIBMTR) (https://www.cibmtr.org/Covid19/Pages/
default.aspx#repdata, accessed on 21 September
2021). However, the literature focusing on HSCT
recipients and COVID-19 is still limited and gaps in
knowledge remain with regards to pathophysiology,
clinical features, viral shedding, disease severity, risk
factors, and specific therapeutic strategy.
t © 2021 Wolters Kluwe
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literature on adult HSCT recipients with COVID-19.
HEMATOPOIETIC STEM CELL
TRANSPLANTATION RECIPIENTS DISPLAY
CLASSICAL CORONAVIRUS DISEASE
2019 CLINICAL FEATURES

In the largest published studies focusing on adult
HSCT recipients with COVID-19 (Table 1), median
age ranged from 35 to 67 years and most of patients
were men [2

&&

,4,6
&&

,7,8
&&

,9
&

,10–12].
r Health, Inc. All rights reserved.
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KEY POINTS

� HSCT recipients exhibit a high burden of comorbidities
and COVID-19 clinical features almost similar to the
general COVID population.

� HSCT recipients exhibit a protracted SARS-CoV-2
shedding, prolonging duration of symptoms and
promoting the generation of highly mutated viruses.

� HSCT recipients display poor COVID-19 outcomes,
mainly driven by age, comorbidities, time from
transplantation, and immunosuppression because of
both treatments and underlying
hematological malignancy.
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Respiratory system
Consistently with data reported in the general
population, the most frequent comorbidities were
hypertension, diabetes mellitus, and cardiovascu-
lar diseases. In general, immunocompromised
patients had more baseline comorbidities than
nonimmunocompromised patients, a finding,
however, not reported in the cohort from Belsky
et al. [2

&&

].
HSCT indication, underlying disease status,

active graft-versus-host disease (GVHD) and pro-
portions of patients receiving immunosuppres-
sants at the time of COVID-19 diagnosis varied
considerably across studies. Median time from
HSCT to COVID-19 diagnosis ranged from 14.9
to 25.6 months. Thus, being more than a year from
transplantation, most of HSCT patients included in
these studies were not receiving immunosuppres-
sion at the time of COVID-19. No study reported
the time from disease onset to admission in critical
care, which has been demonstrated to be a critical
prognostic factor in severe patients [13].

As described in the general population, in solid
organ transplantation and cancer patients, the
most frequent COVID-19-related symptoms
reported in HSCT patients were fever (range 56–
71%), cough (range 41–79%), and shortness of
breath (range 24–64%) [2

&&

]. Diarrhea, anosmia,
and dysgeusia were more rarely reported. Because
of these study designs, and the risk of underesti-
mation in case of altered B-cell reconstitution, the
rate of asymptomatic disease was rarely reported.

Healthcare-associated COVID-19 has been
associated with poor outcomes in cancer patients
[14] but data regarding hospital-acquired COVID-
19 was mostly missing in HSCT recipients. How-
ever, in the study from Shah et al. [9

&

], 45% of
patients had a known exposure outside of the
medical system.

In conclusion, HSCT recipients exhibit a high
burden of comorbidities and similar clinical
 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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Respiratory system
features to those reported in the general population
and in other immunocompromised patients, sug-
gesting a common host response to SARS CoV-2
infection [2

&&

,4].
LABORATORY EVALUATIONS AND
PROTRACTED SEVERE ACUTE
RESPIRATORY SYNDROME
CORONAVIRUS 2 SHEDDING IN
HEMATOPOIETIC STEM CELL
TRANSPLANTATION RECIPIENTS

As reported for other immunocompromised patients
(solid organ transplantation (SOT), solid tumors)
[2

&&

], most HSCT recipients displayed lymphopenia
at the time of infection, while median leukocyte and
neutrophil counts were within the normal range
[2

&&

,6
&&

,7,9
&

,10–12,15]. In the series from Shah
et al. [9

&

], COVID-19 was associated with a reduction
in all lymphocytes subsets, not only including CD4
and CD8 T cells but also B lymphocytes and natural
killers. Whenever reported, inflammatory markers,
such as ferritin, C-reactive protein, and IL-6 were
elevated [6

&&

,7,9
&

,12,15], whereas renal and hepatic
functions were rarely provided.

Data regarding chest radiography and computed
tomography (CT) was scarce but most of HSCT
patients exhibited bilateral infiltrates [6

&&

,10,11,15].
In the study fromXhard et al., thecentral reviewofCT
scans showed that atypical lesions were not rare,
suggesting that COVID-19 should not be ruled out
on the sole basis of radiological findings in HSCT
recipients [11].

Nasal swab was the predominant method of
COVID-19 diagnosis. Four studies provided data sug-
gesting a consistent protracted viral shedding in HSCT
patients [6

&&

,7,9
&

,12]. The median shedding time
among HSCT patients with at least two consecutive
positive tests ranged from 26 to 54days. It has been
reported that some HSCT patients may shed viable
SARS-CoV-2 for at least 2months, arguing for longer
periods of isolation in such immunocompromised
patients [16]. Protracted COVID-19 disease in immu-
nocompromised patients relying on altered B-cell and
T-cell immune responses could favor the generation of
highly mutated viruses [17]. Furthers studies are
needed to identify the HSCT-related immune deter-
minants of COVID-19-shedding duration.
HEMATOPOIETIC STEM CELL
TRANSPLANTATION RECIPIENTS EXHIBIT
POOR CORONAVIRUS DISEASE 2019
OUTCOMES

In HSCT patients, estimated pooled prevalence of
severe COVID-19, overall mortality, and ICU
 Copyright © 2021 Wolters Kluwer H

86 www.co-criticalcare.com
admission ranged from 15 to 41%, from 4.4 to
34%, and from 16 to 32%, respectively. However,
there is no specific data focusing on outcomes
among HSCT patients with COVID-19 requiring
critical care. Mechanical ventilation was provided
in 10–25% of the patients. These outcomes should
be interpreted in light of the pandemic context,
knowing that most of HSCT patients were not con-
sidered eligible for critical care.

In the largest series reported by Sharma et al.,
severe COVID-19 requiring mechanical ventilation
occurred in 15% of 184 allogeneic HSCT recipients
and 13% of 134 autologous HSCT recipients. The
mortality of mechanically ventilated patients was
not provided. The day-30 all-cause mortality was
22% for allogeneic HSCT recipients and 19% for
autologous HSCT recipients. Importantly there
was no association between survival and the type
of transplantation [8

&&

].
Despite an important heterogeneity between

studies, these findings suggest a higher mortality
among HSCT recipients with COVID-19 compared
with the general population. In contrast, favorable
outcomes reported by few studies seems attributable
to highly selected population of HSCT recipients
[12,18].

Ventilator-associated pneumonia and invasive
fungal infections have emerged as important causes
of morbidity and mortality in HSCT recipients [19,20].
In studies focusing on HSCT recipients with COVID-
19, documented secondary infections were uncom-
mon, including in patients under corticosteroids or
tocilizumab [6

&&

,7,8
&&

,9
&

,15]. Whenever reported, con-
current infections included ventilator-associated
pneumonia, bacteremia, cytomegalovirus and herpes
viremia, and aspergillus pneumonia [6

&&

,7,9
&

].
However, proportions of HSCT recipients receiv-

ing empiric antibiotics could reach 80% among
hospitalized patients, suggesting a high level of
inappropriate antibiotherapy [15]. In our institu-
tion, antibiotics are prescribed only in HSCT recip-
ients with clinically or radiologically suspected
superimposed bacterial infection or in those with
febrile neutropenia.
UNCERTAIN HEMATOLOGICAL OUTCOMES
IN HEMATOPOIETIC STEM CELL
TRANSPLANTATION POSTCORONAVIRUS
DISEASE 2019

In SOT recipients, both patient and graft survival need
to be taken account. Similarly, given the high preva-
lence of lymphopenia at the time of diagnosis, the
potential need for immunosuppression tapering or
discontinuation, the role of viral infections in altering
the immune reconstitution and promoting GVHD,
ealth, Inc. All rights reserved.
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COVID-19 in hematopoietic stem cell recipients Lafarge et al.
studies focusing on HSCT recipients with COVID-19
should monitor hematological outcomes.

In this regard, Shah et al. provided reassuring
data, demonstrating that even within the first year
after transplantation, HSCT patients displayed an
efficient lymphocyte reconstitution after COVID-19
[16]. Despite marked lymphopenia, including a lack
of circulating B cells, several patients were able to
develop SARS-CoV-2 antibodies, suggesting anti-
body production from noncirculating lymph node
or tissue-resident cells. Obviously, the level and
sustainability of this response remain uncertain
[16].

The study recently published by Mushtaq et al. is
the only one providing data regarding GVHD. After
a median follow-up of 6.1 months, five allogeneic
HCT recipients (16%) developed subsequent pulmo-
nary chronic GVHD requiring systemic steroids and
additional immunosuppressive drugs [6

&&

]. In other
studies, no GVHD is reported after COVID-19 infec-
tion but no conclusion can be drawn in such limited
follow-up time-windows.

Comparing longitudinal lymphocyte subsets
before and after COVID-19 infection, Shah et al.
[9

&

] demonstrated that most of HSCT patients can
develop IgG antibody responses to SARS-COV-2
despite lymphopenia, including a lack of circulating
B cells. Further studies with longer follow-up are
warranted to investigate the sustainability of this
immune response and its clinical impact on COVID-
19 incidence.
DETERMINANTS OF DISEASE SEVERITY IN
HEMATOPOIETIC STEM CELL
TRANSPLANTATION RECIPIENTS WITH
CORONAVIRUS DISEASE 2019

The baseline risk factors associated with HSCT recip-
ients COVID-19 mortality were: older age [7,8

&&

,10],
male sex [8

&&

], number of comorbidities [9
&

], time
from HSCT to COVID-19 infection less than
12 months [7,8

&&

,10,12], the use of steroids or at
least two immunosuppressants [2

&&

,6
&&

,7,10], prior
GVHD [6

&&

], progressive disease status [4], and cyto-
penia [2

&&

,9
&

,10].
The association between COVID-19 mortality

and older age, male sex, progressive malignancy,
and baseline lymphopenia has already been demon-
strated in the general population [1,4]. It is, thus
particularly challenging to distinguish the relative
contribution of HSCT immune dysregulation and its
related complications on COVID-19 prognosis.

Risk factors, such as time from HSCT, use of
immunosuppressive drugs, and active GVHD
emphasize the burden of both procedure and
drug-induced immunosuppression during the first
 Copyright © 2021 Wolters Kluwe
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months after HSCT. The impact of recent chemo-
therapy on COVID-19 prognosis in cancer patients
remains controversial [21,22]. Interestingly, in the
meta-analysis performed by Liu et al. [22], mortality
was associated with recent chemotherapy in
patients with hematological (RR 2.68, 1.90–3.78)
but not with solid cancer.

Last, in most published studies focusing on
HSCT and COVID-19, autologous and allogeneic
HSCT recipients displayed similar short-term mor-
tality rates. In contrast, in the single-center prospec-
tive study published by Mushtaq et al. after a median
follow-up of 6.1 months, the mortality rate was
higher in allogeneic HSCT recipients in comparison
with autologous HSCT patients (28 and 16%, respec-
tively). In this cohort, allogeneic HSCT was an inde-
pendent predictor of COVID-19 severity [odds ratio
3.6; 95% confidence interval (CI) 1.2–10.8] [6

&&

].
CORONAVIRUS DISEASE 2019-DIRECTED
THERAPIES AND VACCINATION NEED TO
BE EVALUATED IN HEMATOPOIETIC STEM
CELL TRANSPLANTATION PATIENTS

COVID-19 clinical management algorithms and
healthcare resources varied considerably depending
on countries and pandemic waves. Thus, a careful
critical review of therapeutic management in HSCT
recipients with COVID-19 is hampered by the num-
ber of patients and the heterogeneity between stud-
ies and centers.

In most of patients, no specific treatment was
described. In the series reported by Sharma et al.
HSCT recipients with moderate or severe COVID-19
were more likely to receive COVID-19-directed ther-
apies, such as corticosteroids, remdesivir, conva-
lescent plasma, tocilizumab. The need for
mechanical ventilation ranged from 10 to 25%
but data regarding organ support were not routinely
reported [8

&&

]. In a variable proportion of HSCT
patients across studies, therapeutic immunosup-
pression was reduced or discontinued.

Dexamethasone is now standard of care for
patients with hypoxemia in COVID-19 pneumonia
[23]. The efficacy of other directed therapies remains
debated. Convalescent plasma might have a benefi-
cial role for HSCT recipients without antibody
response because of B-cell aplasia. In our institution,
immunosuppressants are not systematically discon-
tinued in HSCT patients with COVID-19.

The efficacy of SARS-CoV-2 mRNA vaccines has
been successfully demonstrated in healthy popula-
tions [24]. A recent single-center cohort study
reported a high response rate of 83% in allogeneic
HSCT recipients after two doses of Pfizer-BioNTech
COVID-19 vaccine [25

&

]. However, the efficacy to
r Health, Inc. All rights reserved.
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FIGURE 1. Coronavirus disease 2019 features and outcomes in autologous and allogeneic hematopoietic stem cell
transplantation recipients. Left panel: recent findings suggest that HSCT recipients exhibit a high burden of comorbidities and
COVID-19 clinical features almost similar to the general COVID population. HSCT recipients exhibit a protracted SARS-CoV-2
shedding, prolonging duration of symptoms and promoting the generation of highly mutated viruses. Most of the studies report
a higher COVID-19 mortality in HSCT recipients, mainly driven by age, comorbidities, time from transplantation, and
immunosuppression because of both treatments and underlying hematological malignancy. Right panel: further studies are
warranted to evaluate COVID-19-related hematological outcomes, to determine the proper impact of HSCT-related immune
disorders on COVID-19 outcomes, and to evaluate directed therapeutic strategies in this high-risk population. COVID-19,
coronavirus disease 2019; HSCT, hematopoietic stem-cell recipients; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2 .

Respiratory system
prevent severe COVID-19 in HSCT recipients needs
to be confirmed. In this regard, a Blood and Marrow
Transplant Clinical Trials Network study is currently
investigating SARS-CoV-2 vaccine immunogenicity
in HCT recipients [26].
DISCUSSION

This review summarizes COVID-19 features and out-
comes in autologous and allogeneic HSCT recipients
(Fig. 1). The interpretation of the emerging litera-
ture is limited by the heterogeneity between studies
(pandemic time-period, geography, hematological
malignancies, time from HSCT, age, ICU resources,
proportion of outpatients), the short-term out-
comes, the limited samples, the lack of transplant-
related outcomes, and the retrospective design of
 Copyright © 2021 Wolters Kluwer H
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these studies. Last, it should be noted that, in the
context of overwhelmed health system because of
the pandemic, most of HSCT patients were not
considered eligible for critical care (including
mechanical ventilation, extracorporeal membrane
oxygenation support, ICU admission).

Further studies are warranted to analyze out-
comes of HSCT patients admitted in ICU, determine
the proper impact of HSCT-related immune disor-
ders on COVID-19 outcomes, and evaluate directed
therapeutic strategies, such as convalescent plasma
in this high-risk population.
CONCLUSION

Available data suggest that HSCT recipients exhibit a
high burden of comorbidities and COVID-19
ealth, Inc. All rights reserved.

Volume 28 � Number 1 � February 2022



COVID-19 in hematopoietic stem cell recipients Lafarge et al.
clinical features similar to the general population.
Furthermore, HSCT recipients exhibit a protracted
SARS-CoV-2 shedding with prolonged symptoms
and high risk of highly mutated viruses. Last, most
studies report a higher COVID-19 mortality in HSCT
recipients, mainly driven by age, comorbidities,
time from transplantation, and immunosuppres-
sion because of both treatments and underlying
hematological malignancy.

Taken together, those findings emphasize the
need for more rigorous surveillance and preemptive
measures for all HSCT recipients.
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