Lehigh Valley Health Network

LVHN Scholarly Works
Department of Emergency Medicine

Impact of COVID-19 in hematopoietic stem cell transplant
recipients: A systematic review and meta-analysis.
Moazzam Shahzad
Sibgha Gull Chaudhary
Muhammad Usman Zafar
Lehigh Valley Health Network, muhammad.zafar@lvhn.org

Maha A Hassan
Ali Hussain

See next page for additional authors

Follow this and additional works at: https://scholarlyworks.lvhn.org/emergency-medicine
Part of the Medicine and Health Sciences Commons

Published In/Presented At
Shahzad M, Chaudhary SG, Zafar MU, Hassan MA, Hussain A, Ali F, Anwar I, Ahmed M, Ahmed N, Khurana
S, Rauf MA, Anwar F, Hematti P, Callander NS, Abhyankar SH, McGuirk JP, Mushtaq MU. Impact of
COVID-19 in hematopoietic stem cell transplant recipients: A systematic review and meta-analysis.
Transpl Infect Dis. 2022 Apr;24(2):e13792. doi: 10.1111/tid.13792. Epub 2022 Jan 25.

This Article is brought to you for free and open access by LVHN Scholarly Works. It has been accepted for inclusion
in LVHN Scholarly Works by an authorized administrator. For more information, please contact
LibraryServices@lvhn.org.

Authors
Moazzam Shahzad, Sibgha Gull Chaudhary, Muhammad Usman Zafar, Maha A Hassan, Ali Hussain,
Fatima Ali, Iqra Anwar, Mamoon Ahmed, Nausheen Ahmed, Sharad Khurana, Muhammad A Rauf, Faiz
Anwar, Peiman Hematti, Natalie S Callander, Sunil H Abhyankar, Joseph P McGuirk, and Muhammad
Umair Mushtaq

This article is available at LVHN Scholarly Works: https://scholarlyworks.lvhn.org/emergency-medicine/757

Received: 2 November 2021

Revised: 23 December 2021

Accepted: 3 January 2022

DOI: 10.1111/tid.13792

ORIGINAL ARTICLE

Impact of COVID-19 in hematopoietic stem cell transplant
recipients: A systematic review and meta-analysis
Moazzam Shahzad1
Sibgha Gull Chaudhary1
Maha A. Hassan1
Ali Hussain1
Fatima Ali1
Nausheen Ahmed1
Peiman Hematti5

Sharad Khurana2
Natalie S. Callander5

Muhammad U. Zafar1
Iqra Anwar1
Mamoon Ahmed1

Muhammad A. Rauf3
Sunil H. Abhyankar1

Faiz Anwar4
Joseph P. McGuirk1

Muhammad Umair Mushtaq1
1

Division of Hematologic Malignancies and
Cellular Therapeutics, University of Kansas
Medical Center, Kansas City, Kansas, USA

Abstract
Background: Hematopoietic stem cell transplant (HSCT) recipients are at increased
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risk of mortality and morbidity with coronavirus disease 2019 (COVID-19) due to
severe immune dysfunction.
Methods: A literature search was performed on PubMed, Cochrane, and Clinical trials.gov from the date of inception to 12/08/2021. We identified 19 original studies reporting data on COVID-19 in HSCT recipients after screening 292 articles.
Data were extracted following preferred reporting items for systematic reviews and
meta-analysis guidelines. Quality evaluation was done using the National Institutes of
Health (NIH) quality assessment tool. Inter-study variance was calculated using Der
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Simonian–Laird Estimator. Pooled analysis was conducted using MetaXL. A randomeffects model was used to estimate the proportions with 95% confidence intervals (CI).
Results: Of 6711 patients in 19 studies, 2031 HSCT patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection were analyzed. The median
age of patients was 56.9 (range 1–81.6) years, and 63% patients were men according
to 14 studies. The median time from transplant to SARS-CoV-2 infection for autologous (auto) and allogeneic (allo) HSCT patients was 23.2 (0.33–350.5) months and
16.4 (0.2–292.7) months, respectively. The median follow-up time after COVID-19
diagnosis was 28 (0–262) days. The COVID-19 mortality rate was 19% (95% CI 0.15–
0.24, I2 = 76%, n = 373/2031). The pooled mortality rate was 17% (95% CI 0.12–0.24,
I2 = 78%, n = 147/904) in auto-HSCT patients and 21% (95% CI 0.16–0.25, I2 = 60%,
n = 231/1103) in allo-HSCT patients.
Conclusions: HSCT recipients have a high risk of mortality and clinical complications
due to COVID-19. There is a need for ongoing vigilance, masks, and social distancing,
vaccination, and aggressive management of SARS-CoV-2 infection in HSCT recipients.
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INTRODUCTION

dently through December 8, 2021, using the following search terms:
“hematopoietic stem cell transplantation” (HSCT) AND “COVID-19” or

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was

“SARS-CoV-2.” No filters or publication time limits were applied for

first reported in the Chinese city of Wuhan in November of 2019 as the

the search. Our search identified 289 articles. A manual search was

etiologic agent of a rapidly spreading severe respiratory illness named

also conducted by MUM and MS, and three records were identified. All

coronavirus disease 2019 (COVID-19). COVID-19 was declared a pan-

search results were imported to the Endnote X9.0 reference manager,

demic by the World Health Organization on March 11,

2020.1–4

As

and duplicates were removed.

of December 2021, over 267 million cases of SARS-CoV-2 have been
reported worldwide, with over 98 million being in the Americas.5 More
than 5.2 million lives, with over 2.3 million only from the Americas, have

2.2

Selection criteria

been claimed by the pandemic so far, which has strained the health systems across the globe.5

Two authors (MUZ and MA) independently conducted a title or

Patients with cancer, especially hematologic malignancies, are at

abstract-specific primary screening to exclude irrelevant articles.

increased risk of severe disease and adverse outcomes when infected

Disagreements were resolved by mutual consensus and a third author

SARS-CoV-2.2,6

In a cohort of 4966 cancer patients with SARS-

(MS). Full texts of the remaining articles were then assessed for

CoV-2, 58% of patients were admitted to the hospital, and 14% died

eligibility based on predetermined criteria, set after discussion and

within 30 days of infection. Hematological malignancy and recent

consensus between all authors and approved by the Principal investi-

cytotoxic chemotherapy were associated with the severe SARS-CoV-2

gator (PI) (MUM). Inclusion criteria were: (1) original studies (clinical

infection and a higher 30-day mortality.7

trials retrospective and prospective cohort) and (2) studies reporting

with

Hematopoietic cell transplantation (HSCT), including autologous

SARS-CoV-2 infection in patients with HSCT recipients. The cut-off

(auto) and allogeneic (allo) HSCT, is often the only potentially curative

date for including studies was set to December 8, 2021. Nine studies

therapy in several high-risk hematologic

malignancies.8

Although life-

were excluded in secondary screening based on case reports, case

saving in many cases, HSCT leads to higher susceptibility to infections,

series, review, and/or irrelevant articles. Table S1 lists details regarding

clinical complications, and increased mortality.8 HSCT centers world-

excluded studies and the reasons for exclusion. A total of 19 studies

wide have been challenged with the COVID-19 pandemic because of

were included in the study (Figure 1).

the high susceptibility to opportunistic and community-acquired infections and their complications in this unique subset of patients.9 However, in most cases, a delay in cellular therapy for the treatment of

2.3

Data collection

hematological malignancies can cost patients their lives10 ; therefore,
HSCT has been performed around the world, despite the pandemic’s

An excel sheet was created for data extraction with consensus and

overwhelming effects on health systems and increased risk of compli-

approved by the PI (MUM). Two authors (AH and FA) extracted data

cations.

independently for baseline characteristics (including the number

American Society of Transplantation and Cellular Therapy and the

of patients, age, gender, cancer diagnosis, indication for HSCT, type

European Society for Blood and Marrow Transplantation suggest test-

of HSCT, time from HSCT to SARS-CoV-2 infection, and mortality),

chemotherapy.10,11

Current

clinical data (including frequency/severity of COVID-19 cases, need

literature pertaining to the disease severity and outcomes after SARS-

of ventilator support, number of intensive care unit [ICU] admissions,

CoV-2 infection in HSCT patients is limited as it primarily comes from

computerized tomography [CT] findings, and treatments given for

single-center studies and/or small cohorts. We conducted a systematic

COVID-19), and biochemical markers (including neutrophil, lym-

review and meta-analysis aimed to investigate the impact of COVID-

phocyte, platelet, interleukin-6, C-reactive protein [CRP], D-Dimer,

19 in HSCT recipients, including the severity of symptoms, treatment

lactate, and prolactin levels). Datasheets were double-checked by MS

modalities used, and prognosis.

and MUM for any discrepancies.

2

2.4

ing for SARS-CoV-2 before conditioning

METHODS

2.1

Data sources and search strategy

Quality evaluation

Joanna Briggs Institute Critical Appraisal Checklist for Studies Reporting Prevalence Data were used for quality assessment.13 If not

This systematic review and meta-analysis were performed according

reported, we assessed sample size adequacy of studies using the for-

to the preferred reporting items for systematic reviews and meta-

mula by Naing and Rusli.14 The estimated risk of death was set at 0.2,

analysis

guidelines.12

Population, intervention, comparison, and out-

and precision was set at 0.05, indicating a confidence interval (CI) width

come table were developed, and electronic databases of PubMed,

of 10%. Studies scoring at least 6–9 were considered a low risk (all

Cochrane Library, and Clinical trial.gov were comprehensively and

included studies had low risk of bias). These data were independently

systematically searched by two authors (MS and MAH) indepen-

assessed by IA and MUZ.
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FIGURE 1

2.5

Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram for inclusion and exclusion of studies

Analysis

had HSCT were evaluated (Table 1). Median age was 56.9 (1–
81.6) years, and 63% (n = 632/1001) patients were male accord-

Pooled analysis was done using “MetaXL,” and the random-effects

ing to 15 studies.16–18,20–22,25–33 The median time from transplanta-

model was used to estimate the pooled prevalence with a 95% CI. The

tion to SARS-CoV-2 infection was 16.4 (0.2–292.7) months in allo-

inter-study heterogeneity among the studies was assessed using the Q

HSCT patients while 23.2 (0.33–350.5) months in auto-HSCT patients

statistic proposed by Cochran and the

I2

index introduced by Higgins

according to six studies.17,25,27,29,31,32 The median follow-up time after
COVID-19 diagnosis was 28 (0–262) days.15,17,20,22,25–31,33

and Thompson.

The pooled COVID-19 mortality rate in HSCT recipients was 19%
(95% CI 0.15–0.24, I2 = 76%, n = 373/2031) according to all 19 studies

3

(Figure 2A), with a mortality rate of 21% (95% CI 0.16–0.25, I2 = 60%,

RESULTS

n = 231/1103) in allo-HSCT recipients (Figure 2B) and a mortality
A total of 19 studies were included in this systematic review and

rate of 17% (95% CI 0.12–0.24, I2 = 78%, n = 147/904) in auto-HSCT

meta-analysis, of which 16 were retrospective studies, and three

recipients (Figure 2C). There was no statistically significant difference

were prospective

studies.15–33

Of 6711 patients, 2031 patients who

in COVID-19 mortality between allo-HSCT and auto-HSCT recipients

778

113

Total Patients (n = 6683)

Transplant patients

NA

2020

July

2020

NA

N/A

N/A

N/A

79/113 (70)

NA

Lymphopenia (k/µl), n (%)d

Ferritin (ng/ml), n (%)

CRP (mg/L), n (%)

D-Dimer (ng/ml), n (%)

Current IST, n (%)

Active GVHD, n (%)e , f

NA

NA

NA

NA

NA

NA

NA

NA

1396 (277 –

>500 µg/ml: 39

NA

6 (17)

31/77 (24)

2.8 (0.9 – 6.2)

>500, 45 (51)

28/65 (43)

169 (101–264)

>200, 48 (47)

4305)

0.9 (0.5–1.5)

<0.5, 41 (33)

(25)

11.6 (9.4 –13.2)

14 (10 – 20)

N/A

Allo 26 (7-43)

Auto 26 (7-53)

NA

March–May 2020

US

42 (55)

35 (45)

46 (63)

62 (51–74)

72

77

(2020)a

Shah et al.

NA

NA

NA

NA

NA

NA

NA

14 (7–31)

(1-169)

Auto 23

(1-243)

Allo 17

2020

August

March–

Global

134 (42)

184 (58)

188 (59)

53.5 (30–65)

318

318

(2021)

Sharma et al.

NA

NA

NA

NA

NA

NA

NA

NA

NA

2020

May

February–

Italy

51 (62)

31 (38)

NA

56 (45–68)

82

536

et al. (2020)

Passamonti

9 (26)

15 (44)

(150–3800)

700

32 (0.9–310)

(32–13851)

2133.5

1 (0.2–3)

11.3 (7–15.6)

NA

13.2

Allo 18.9, Auto

Cohort 17.4

NA

US

14 (41)

20 (59)

22 (65)

57 (34–76)

34

34

(2020)

Varma et al.
b

18 (31)

17 (29)

1075 (NA)

25 (NA)

637 (NA)

0.8 (NA)

11 (NA)

54 (14–127)

17.7 (0.2–201.9)

2021

March 2020–May

US

23(40)

32 (55)

37(64)

58 (24–77)

55

58

(2021)a ,

Mushtaq et al.

89 (38)

NA

NA

NA

NA

NA

NA

120)

24 (maximum

(0.9-350.3)

Auto 24.7

292.7)

Allo 15.8 (0.2 -

Until July 2020

Global

146 (38)

236 (62)

NA

56.8 (1–81.6)

382

382

(2021)b

Ljungman et al.

NA

7 (100)

NA

NA

NA

(0.31–0.97)

0.76

NA

NA

NA

NA

Egypt

0

7 (100)

5 (72)

30 (3–43)

7

7

(2020)

Sultan et al.

NA

15 (53.5)

(160–15733)

991.6

30.9 (0.6–349)

NA

(0.22–5.40)

1.035

NA

NA

(0.39–67.13)

8.49

2020

December

June–

India

18 (64)

10 (36)

17 (61)

50.5 (6–69)

28

28

(2021)

Agrawal et al.

NA

6 (18.7)

N/A

N/A

N/A

NA

N/A

NA

N/A

2020

March-May

Turkey

20 (62)

12 (38)

25 (78.1)

56.5 (19–74)

32

32

(2020)

Altuntas et al.

NA

2/7 (29)

NA

NA

NA

NA

NA

NA

NA

2020

April

March–

France

4 (67)

3 (43)

5 (71)

61 (40–71)

7

25

et al. (2020)

Malard

2 (29)

NA

NA

(100)

80 (7–240), 7

NA

(0.01–0.67)

0.36

NA

NA

NA

NA

UK

1 (14)

6 (86)

2 (29)

61 (40–74)

7

7

et al. (2020)

Kanellopolous

6 (18)

4 (12.1)

NA

NA

NA

NA

NA

NA

NA

2020

November

March–

Turkey

19 (57.6)

14 (42.4)

21 (63.6)

57 (27–71)

33

33

(2021)

et al.

Karatas

12 (13)

47 (52)

N/A

High 45 (87)

28 (100)

NA

33 (61.1)

(30)

600.25, 16

7 (47)

11 (39)

NA

(63)
1084.81 +/−

(3.3–18.9),

10.5 mg/dl
92.05, 34

91.25 +/−

(83%)
Normal 7 (13)

Low 03 (06)

1736

17 (60)

NA

34 (21–56)

Auto 23.5

Allo 21

21.5 (1-56.6)

2020

December

March–

USA

12 (42.8)

15 (53.6)

16 (57)

57 (50–67)

27

28

(2021)

Camargo et al.

(495–7669

NA

(63)

1.04 ± 0.87, 34

36 (67%)

10.56 +/− 1.96,

NA

15.6 (0.37-228)

2020

March–May

France

0

54 (100)

31 (57.4)

57.4 (5.5-80.4)

54

54

(2021)

Xahard et al.

High 30 (67)

Normal 12 (27)

Low in 36 (52%)

N/A

37 (14–116)

(16.3–38.9)

14.9

2020

December

March–

Middle East

39 (43)

52 (57)

53 (58)

35 (NA)

91

91

(2021)

El Fakih et al.

Shah et al. had five and Mushtaq et al. had three Chimeric antigen receptor T cell (CAR-T) patients. Some outcomes have combined results. b Coll et al., Mushtaq et al., and Ljungman et al. were prospective studies, rest were retrospective. c Time to negative Polymerase chain reaction (PCR) except for Shah, Sharma that reported as resolution of symptoms. d Low absolute lymphocyte count per

NA

NA

NA

NA

NA

NA

NA

NA

NA

2020

December

March–

International

292 (52.4)

265 (47.6)

NA

NA

557

3801

(2021)

Pagano et al.

other grade IV aGVHD. Karatas et al. four patients had cGVHD and two had aGVHD. El Fakih et al. 11 patients had cGVHD, and one had aGVHD, Camargo et al. seven patients had grade II-IV aGvHD. Mushtaq et al. and Shah et al. did not mention specific numbers for acute or chronic GVHD.

laboratory reference is considered lymphopenia; no specific definition described by studies except Camargo et al. who defined lymphopenia as lymphocyte count <1000/µl. e At the time of coronavirus disease 2019 (COVID-19) diagnosis. f Varma et al. mentioned three acute and six chronic GVHD, Ljungman et al. had 12 aGVHD grade II-IV and 77 cGHVD. Kanellopolous et al. one with mild and

a

Abbreviations: Allo, allogenic; ARDS, acute respiratory distress syndrome; Auto, autologous; B/L, bilateral; CRP, C-reactive protein; Dx, diagnosis; GVHD, graft-versus-host disease; Hb, hemoglobin; HSCT, hematopoietic stem cell transplantation; IST, immunosuppressive therapy; NA, not available; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

N/A

NA

Auto 25.9

(0.3–350.5)

(0.2–249.8)

Allo 14.5

2020

March– April

Spain

53)

NA

London

58 (47)

65 (53)

74 (60)

54.5 (1–75)

123

367

(2020)

Pinana et al.

Auto 18 (4 -

Hemoglobin (g/dl), n (%)

Lab indices, mean (range)

days (range)c

SARS-CoV-2 infection,

Median duration of

transplant, months (range)

Allo 15 (7-37)

April

February–

Time Period

Median time since

March–

Spain

Location

2 (22)

7 (78)

71 (63)

42 (37)

NA

Auto- HSCT, n (%)

Males, n (%)

9

Allo-HSCT, n (%)

54 (34–64)

64 (57)

Median age, years (range)

(n = 2031)

(2020)

(2020)b

Characteristics

55

Fox et al.

Baseline characteristics of hematopoietic stem cell transplant recipients with coronavirus disease 2019 (COVID-19) (n = 2031)

Coll et al.
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F I G U R E 2 (A) Forest plot of a pooled
analysis of overall mortality with coronavirus
disease 2019 (COVID-19) in patients who
received hematopoietic stem cell transplant
patients (n = 2031). (B) Forest plot of a pooled
analysis of mortality with COVID-19 in
patients who received autologous
hematopoietic stem cell transplant (n = 904).
(C) Forest plot of a pooled analysis of mortality
with COVID-19 in patients who received
allogeneic hematopoietic stem cell transplant
(n = 1103)

[Odds ratio (OR) 0.79, 95% CI 0.60–1.03, I2 = 7%]. Effect of age on

n = 295/676) of HSCT patients were receiving immunosuppressive

mortality was analyzed by 10 studies; eight studies reported higher

therapy (IST).15–18,21,22,25,27–30,32,33 Three studies reported a higher

while two

mortality with concurrent IST.20,22,31 Active graft-versus-host disease

studies reported no significant association between age and mortality

(GVHD) at the time of COVID-19 diagnosis was reported in 21% (95%

in HSCT recipients.18,22 A total of 44% (95% CI 0.32–0.56, I2 = 89%,

CI 0.15–0.27, I2 = 64%, n = 149/701) patients.17,18,20,22,26,29,31,33 A

COVID-19 mortality in older

patients,17,19,21,25,27,29,31,32

6 of 10
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total of 27 patients had acute GVHD,17,18,20,29,31,33 and 98 patients has
chronic

GVHD.18,29,31,33

by five studies.17,18,22,25,31 Shah et al. and Sharma et al. reported

Two of the included studies did not specify

median duration of infection in terms of resolution of symptoms, which

the type of active GvHD.22,26 Mushtaq et al. and Varma et al. reported

was 14 (10–20) days and 14 (7–31) days, respectively.26,27 Ljungman

a higher mortality in patients with active GVHD.22,29

et al. reported a shorter median duration of 8 days, while Mushtaq

Lymphopenia was noted in 48% patients (95% CI 0.33–0.63,

et al. reported the median timeframe for resolution of symptoms

I2 = 83%, n = 128/295) according to four studies with a median abso-

of 4.2 (1.1–24.7) weeks.22 Outcomes were not reported separately

0.01–5.4).17,18,25,30

based on time since transplant; however, increased COVID-19 severity

Lymphopenia or low ALC was not defined specifically by these studies

was reported for allo-HSCT patients who had SARS-CoV-2 infection

except Camargo et al. who defined lymphopenia as ALC < 1 K/µl, and

within a year of transplant,17,22,27,29 while the time from HSCT to

this cut-off is generally used in the clinical practice. Other remarkable

SARS-CoV-2 infection was not a significant contributor to outcomes in

laboratory indices included mild anemia (median hemoglobin 11.3 g/dl,

Shah et al.26

lute lymphocyte count (ALC) of 0.9 K/µl (range

range

7–15.6)22,26,29,30

and elevated inflammatory markers, such as

elevated CRP (median 32 mg/L, range 0.6–349),15,17,20,22,26,29,30 Ddimer (median 992 ng/ml, range 0.9–15733),15,22,25,26,29,30 and ferritin (median 1566 ng/ml, range

32–13851).17,18,22,25,26,29

were seen in 47% patients (95% CI 0.35–0.59,

DISCUSSION

Radiologi-

cal abnormalities on chest imaging, including chest x-ray and CT scans,
I2 =

4

89%, n = 293/615)

Patients with hematologic malignancies have a high risk of disease
severity and death from SARS-CoV-2 infection.21,24,26 This systematic review and meta-analysis, including 19 studies, reports data

as reported by 10 studies.15,17,18,21,22,25,26,29,30,33
Severity of COVID-19 was not defined uniformly by studies

from 2031 patients who underwent HSCT and acquired SARS-

included in this meta-analysis. Various definitions used to define

CoV-2 infection. The COVID-19 mortality in HSCT patients was

COVID-19 severity by included studies are detailed in Tables

19%, significantly higher than the observed case fatality ratio of

S2–S3. In studies with available data, 10% patients were asymp-

1.6% in the general US population.34 Our pooled analysis showed

tomatic (95% CI 0.07–0.15, I2 = 36%, n = 63/638),15,18,21,25,28,31

slightly higher mortality among the allo-HSCT recipients (21%)

47% patients developed mild COVID-19 (95% CI 0.40–0.55,

as compared to auto-HSCT recipients (17%), but this difference

I2 =

while 27% patients

was not statistically significant. The studies included for analysis

developed moderate COVID-19 (95% CI 0.24–0.31, I2 = 10%,

showed a mixed mortality trend among auto-HSCT and allo-HSCT

70%, n =
=

n

346/754),9,15,17,18,22,25,26,28,33

203/754).15,17,18,22,25–28,33

Severe

COVID-19

disease

patients. Ten of our included studies reported higher mortality in

77%,

allo-HSCT recipients.16,17,19,22,23,26,27,29,31,33 All deaths in a large

admission

single-center data by Mushtaq et al. were reported in allo-HSCT

was required in 62% patients (95% CI 0.42–0.74, I2 = 87%,

recipients.22 Five of the included studies observed higher auto-HSCT

was reported in 28% patients (95% CI 0.22–0.35,
=

n

=

n

243/1003).9,15–19,21,22,25,26,28–30,32,33
333/540).15,16,18,20,25,26,28,29,32,33

Hospital

Hypoxia

I2 =

requiring

oxy-

gen was reported in 33% patients (95% CI 0.26–0.42, I2 = 91%,

mortality.15,18,20,24,25,32
Sharma et al., Camargo et al., and Varma et al. observed higher mor-

ICU admission was needed in 29%

tality in older patients with allo-HSCT,27,29 consistent with a previ-

patients (95% CI 0.17–0.44, I2 = 97%, n = 466/2015),15–18,21–33 and

ous study in the general population.35 In contrast, El Fakih et al. and

n=

529/1781).15,17,18,22,23,25–31,33

mechanical ventilation was performed in 18% (95% CI 0.12–0.24,

Mushtaq et al. did not find an association of age with mortality.18,22

I2 = 67%, n = 109/591)15,16,18,19,21,22,26–29,32,33 patients with no

IST at the time of COVID-19 diagnosis was associated with severe dis-

statistically significant difference between allo-HSCT and auto-HSCT

ease by Mushtaq et al., Ljungman et al., Camargo et al., and Xhaard

patients.

et al,17,22,30,31 whereas three of our included studies did not find
included:

any association of IST to mortality.29,36,37 Varma et al. and Mushtaq

=

91%,

et al. reported an increase in mortality with active GVHD at the time

corticosteroids (25% patients,

of COVID-19 diagnosis.22,29 Lymphopenia was noted in COVID-19

95% CI 0.14–0.38, I2 = 93%, n = 165/863),15,17,18,20–22,25–28,31,32

patients, consistent with previous literature.18,20,22,26,28,38,39 Mushtaq

tocilizumab (13% patients, 95% CI 0.08–0.18, I2 = 68%,

et al. reported an association of lymphopenia with disease severity and

Various
remdesivir
n =

n =

therapeutic
(17%

modalities

patients,

95%

107/717),15,17,20–22,25–29,31

109/806),15,17,20–22,25–29,31,32

for
CI

COVID-19

0.07–0.29,

I2

and convalescent plasma (16%

patients, 95% CI 0.06–0.30, I2 = 91%, n = 62/573)15,17,22,26–29,31
(Table 2). The use of monoclonal antibodies (casirivimab and imde-

death.22 Elevated inflammatory markers, including ferritin and CRP,
were associated with disease severity and mortality.19,22,25,29
ICU admission was required in 29% of HSCT recipients in our

Most of the

meta-analysis, which is higher compared to the ICU admission rate of

included studies did not report outcomes based on the type of therapy,

19% in a national database survey for immunocompetent patients.40

which limits our ability to compare different treatment modalities.

There was no statistically significant difference between ICU admis-

None of the included studies reported data on COVID 19 vaccination

sion rates for allo-HSCT and auto-HSCT. Median prolonged dura-

in HSCT patients. The median duration of SARS-CoV-2 infection,

tion of infection of over 4 weeks was noted in HSCT patients in this

described as the time from first positive SARS-CoV-2 Polymerase

meta-analysis.17,18,22,25,31 A previous study has reported an associa-

chain reaction (PCR) to negative PCR, was 34 (7–127) days as reported

tion of low circulating B-cell counts with prolonged viral shedding.41

vimab) was reported by Mushtaq et al. in 19% of patients.22

2 (22)

NA

84 (13)

Allo- 4 (8)

ICU admits, n (%)

Mech. Vent., n (%)

11 (20)

7 (24)

Allo-HSCT mortality, n (%)

Auto- HSCT mortality, n (%)

3 (43)

1 (50)

4 (44)

NA

NA

NA

12 (21)

13 (20)

25 (20)

35 (0-72) Allo

30 (0-72) Auto

NA

43(12)

Auto- 44(33)

7 (17)

7 (22)

14 (18)

23 (14–35)

9 (12)

17 (22)

34 (44)
28 (36)

86 (70)

14 (18)

6 (16)

4 (10)

6.5 (18) (MPS)

1.5 (4)

36 (47)

Shah et al. (2020)*

Allo- 32(49)

90 (73)

NA

24 (19.5)

38 (0.31) (CS)

5 (0.04)

123 (100)

(2020)

Pinana et al.

26 (19)

40 (22)

66 (21)

21 (8-41) Allo

Auto

25 (12-35)

45 (14)

45 (14)

Auto- 44 (33)

77 (42)

Allo-

NA

NA

19 (12.5)

7 (4.6)

2 (1.3) (MPS)

38 (25)

151 (47)

(2021)

Sharma et al.

17 (61)

11 (39)

28 (34)

NA

NA

82 (18)

NA

NA

NA

NA

NA

NA

NA

NA

et al. (2020)

Passamonti

2 (14)

5 (25)

7 (21)

15 (7–42)

8/11 (73)

11 (32)

NA

25 (74)

23 (68)

2 (6)

6 (18)

NA

5 (15)

34 (100)

(2020)

Varma et al.

0

9 (28)

9 (16)

6.1 (0.5–13.6)

6 (10)

11(19)

16 (28)

NA

29 (50)

20 (35)

2 (3)

13 (22)

24 (41)

58 (100)

(2021)*

Mushtaq et al.

41 (28)

66 (28.5)

95 (25)

47 (5-250)

NA a

80 (22.5)a

132 (35.1)

NA

NA

5 (1.3)

40 (10.4)

48 (12.5) (CS)

14 (3.7)

262 (69)

(2021)

Ljungman et al.

NA

0

0

82 (77–112)

0

0

2 (29)

2 (28.6)

NA

0

0

7 (100) (CS)

0

7 (100)

(2020)

Sultan et al.

NA

NA

7 (25)

272 (10–406)

4 (28)

7 (25)

14 (50)

15 (53.5)

5 (38.4)

6 (35.3)

2 (11.7)

12 (42.9)

10 (58.8)

17 (61)

(2021)

Agrawal et al.

3 (15)

2 (16.7)

5 (15.6)

N/A

5 (15.6)

7 (21.9)

NA

32 (100)

N/A

N/A

N/A

N/A

N/A

N/A

(2020)

Altuntas et al.

1/7

0

1/7

NA

4 (57)

4/7

NA

NA

6 (86)

NA

1/7

0

0

7 (100)

et al. (2020)

Malard

1 (100)

One from covid, and one from thrombocytopenia leading to Intracranial hemorrhage (ICH).

b

*Shah et al. had five, Mushtaq et al. had three, and Camargo et al had one CAR-T patients. Some outcomes have combined results.

Only intensive care unit (ICU) admissions mentioned: 80/356, data missing for 26 patients.

a

1 (3)

3 (9.1)
2 (6)

2 (33.3)b

28 (2–262)

3 (9)

4 (12.1)

4 (12.1)

15 (45.5)

13 (39)

NA

NA

NA

NA

33 (100)

(2021)

et al.

Karatas

3 (43)

22 (18–30)

NA

NA

NA

3 (43)

NA

NA

0

0

0

7 (100)

et al. (2020)

Kanellopolous

Abbreviations: Allo, allogeneic HSCT; Auto, autologous HSCT; COVID-19, coronavirus disease 2019; CP, convalescent plasma; CS, corticosteroids; HSCT, hematopoietic stem cell transplant; ICU, intensive care unit; Mech. Vent., mechanical ventilation; MPS, methylprednisolone; NA, not available.

18 (16)

NA

Overall mortality, n (%)

days, median (range)

Follow-up after COVID-19

Auto-4(14)

NA

73 (88.5)

Hypoxia, n (%)

(%)

Hospitalization, n (%)

NA

NA

NA

N/A

Abnormal chest imaging, n

NA

NA

NA

NA

(2020)

Fox et al.

Convalescent plasma

22 (25) (CS)

19 (21)

NA

Remdesivir

Tocilizumab

89 (79)

Treatment, n (%)

Dexamethasone

(2020)

Coll et al.

Clinical characteristics and outcomes of hematopoietic stem cell transplant recipients with coronavirus disease 2019 (COVID-19) (n = 2031)

Outcome

TA B L E 2

3 (3.3)

1 (1.1)

4 (4.4)

NA

9 (10)

13 (14)

16 (18)

48 (53)

36 (58%)

NA

NA

6 (7) (CS)

NA

91 (100)

(2021)

El Fakih et al.

NA

14 (25.9)

14 (25.9)

46.5 (3–122)

NA

13 (24.1)

28 (52)

NA

27 (50%)

NA

NA

NA

NA

NA

(2021)

Xahard et al.

3 (25)

4 (26.67)

7 (25)

59 (40–88)

6 (21.4)

7 (25)

11 (40.7)

15 (55.5)

14 (82)

4 (27)

4 (27)

10 (67)

9 (60)

15 (55.5)

(2021)*

Camargo et al.

20 (27)

43 (24.8)

63 (25.5)

NA

NA

38 (15.3)

87 (35.2)

NA

NA

NA

NA

NA

NA

247 (44.3)

(2021)

Pagano et al.
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In HSCT recipients, a viable SARS-CoV-2 virus may be detected for
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Various antiviral and immunomodulatory agents were used to treat
COVID-19 in HSCT patients. The Food and Drug Administration
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CONCLUSION

COVID-19 causes significant mortality and morbidity in HSCT recipients. Factors associated with higher mortality may include older age,
IST, GVHD, and elevated inflammatory markers with lymphopenia. Prolonged viral shedding was noted in HSCT recipients. Further prospective studies are needed to explore the short-term and long-term impact
of COVID-19 in HSCT patients. It is imperative to continue life-saving
stem cell transplantation in hematologic malignancy patients with
ongoing vigilance, aggressive management, vaccination, and infection
control practices.
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