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Key Points

• COVID-19 infection
risk is similar for long-
term BMT survivors
and non-BMT
participants.

• Among BMT survivors,
COVID-19 infection
risk is higher among
those who are
unemployed and not
masking.
There is limited information regarding COVID-19 in long-term blood or marrow transplant

(BMT) survivors. We leveraged the BMT Survivor Study (BMTSS) to address this gap. BMTSS

included patients who underwent BMT at 1 of 3 sites in the United States between 1974 and

2014 and survived ≥2 years after BMT. A sibling cohort serves as a non-BMT comparison

group. Participants (2430 BMT survivors; 780 non-BMT participants) completed the BMTSS

survey between October 2020 and November 2021 about COVID-19 testing, risk mitigation

behaviors, morbidity, and health care use. Median age at BMT was 46 years (range, 0-78

years) and median follow-up since BMT was 14 years (6-46 years); 76% were non-Hispanic

White, 54% had received allogeneic BMT. The risk of COVID-19 infection was comparable

for BMT survivors vs non-BMT participants (15-month cumulative incidence, 6.5% vs 8.1%;

adjusted odd ratio [aOR] = 0.93; 95% confidence interval [CI], 0.65-1.33; P = .68). Among

survivors, being unemployed (aOR 1.90; 95% CI, 1.12-3.23; P = .02; reference: retired)

increased the odds of infection; always wearing a mask in public was protective (aOR = 0.49;

95% CI, 0.31-0.77; P = .002; reference: not always masking). When compared with

COVID-positive non-BMT participants, COVID-positive BMT survivors had higher odds of

hospitalization (aOR = 2.23; 95% CI, 0.99-5.05; P = .05); however, the odds of emergency

department visits were comparable (aOR = 1.60; 95% CI = 0.71-3.58; P = .25). COVID-19

infection status did not increase the odds of hospitalization among BMT survivors

(aOR = 1.32; 95% CI = 0.89-1.95; P = .17) but did increase the odds of emergency department

visits (aOR = 2.63; 95% CI, 1.74-3.98; P <.0001). These findings inform health care providers

about the management of care for long-term BMT survivors during the ongoing pandemic.
Introduction

The coronavirus disease 2019 (COVID-19) pandemic continues strong after almost 3 years; almost 100
million cases and over a million deaths have occurred in the United States.1 In March 2022, the US
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Centers for Disease Control and Prevention (CDC) changed their
guidelines to liberalize precautions in the setting of effective vaccines,
while recommending that high-risk individuals take additional pre-
cautions recommended by their health care providers.2 However, the
definition of specific high-risk populations continues to evolve.
Therefore, it is critical to identify vulnerable populations to facilitate
appropriate decisions about risk mitigation at the individual level.

There is ample evidence that people undergoing active cancer
treatment with conventional therapy or blood or marrow trans-
plantation (BMT) are at an elevated risk for severe COVID-19
infection with higher rates of hospitalization, intensive care unit
(ICU) admissions, and death.3-8 Conventionally-treated cancer sur-
vivors are at lower risk of severe COVID-19 infection than those on
active treatment.9,10 However, little is known about the risk and
severity of COVID-19 in long-term survivors of BMT (> 5 years [y]
post-BMT), as much of the literature around COVID-19 infection
among BMT survivors either limits analysis to the first 2 years after
BMT.8,11,12 Both the prevalence and severity of COVID-19 infection
may continue to remain elevated among BMT survivors because of
the high intensity of therapeutic exposures, the prolonged periods of
immune suppression, and the substantial burden of multimorbidity,
which increases with time after BMT.13-18 It is critical to understand
the risk of COVID-19 in the growing population of long-term BMT
survivors19 and identify subpopulations at the highest risk to allow
both survivors and health care providers to make appropriate deci-
sions in the face on the ongoing pandemic. We addressed this gap
by leveraging the BMT survivor study (BMTSS).

Methods

Study design

BMTSS is a cohort study with the overarching goal of under-
standing the long-term outcomes in BMT recipients. The cohort
includes patients who received allogeneic or autologous BMT at
City of Hope (COH), University of Minnesota (UMN), or University
of Alabama at Birmingham (UAB) between 1 January 1974 and
31 December 2014, and survived ≥2 years after BMT. Siblings of
BMT recipients serve as a non-BMT comparison group.

Participation in BMTSS involves periodic completion of the
BMTSS survey by BMT survivors and the non-BMT comparison
group. The baseline BMTSS survey included the following content:
specific chronic health conditions as diagnosed by a health care
provider (along with age at diagnosis), relapse of primary cancer,
development of subsequent neoplasms, and history of chronic
graft-versus-host disease (cGvHD). The survey also asked for
sociodemographic characteristics (race/ethnicity, education,
employment, annual household income, and health insurance).
The reliability and validity of the BMTSS survey shows that
BMT survivors are able to report their outcomes with a high degree
of accuracy.20 Details of conditioning (conditioning intensity
[myeloablative (MAC) or nonmyeloablative/reduced intensity
(NMA/RIC)]), stem cell source (bone marrow, peripheral blood
stem cells [PBSCs], or cord blood), and donor type (autologous or
allogeneic) were captured from the institutional transplant data-
bases and/or medical records. The institutional review board (IRB)
at UAB serves as the single IRB of record for the participating sites
(UMN and COH); participants have provided informed consent
according to the Declaration of Helsinki.
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We invited BMT survivors and siblings who had completed the
baseline BMTSS survey before 1 March 2020 at age ≥18 years, to
complete the BMTSS_2020 survey (see supplemental materials for
COVID-19 related questions). The BMTSS_2020 survey asked
respondents if they were tested for COVID-19 since 1 March 2020. If
they answered yes, we asked them to provide the testing date and
results for each time they were tested. They were asked if anyone in
their home, social circle, or work environment was diagnosed with
COVID-19 (defined as COVID-positive contact). Participants were
asked about details pertaining to their risk mitigation behaviors
(masking in public, social distancing from nonhousehold contact, and
frequent handwashing), with possible responses including, yes-
always, yes-sometimes, and never. The survey asked participants
about employment status and health care use since 1 March 2020
(including emergency department [ED] visits and hospitalization).
Respondents did not specify if health care use was related to COVID-
19. The survey obtained updated information regarding key morbid-
ities (kidney problems, heart disease, blood clot, stroke, problems with
learning/memory, subsequent neoplasms, and recurrence of primary
cancer), with an age at onset of these conditions. At the time of survey
initiation (October 2020), COVID-19 vaccines were not available,
precluding us from gathering information on vaccination status.
Overall, 2430 BMT survivors (80.3% response rate) and 780 non-
BMT comparison group (80.6% response rate) completed the
BMTSS_2020 survey between October 2020 and November 2021
(supplemental Figure 1).

Statistical analysis

Risk of COVID-19 infection: BMT survivors vs non-BMT
cohort. Kaplan-Meier techniques were used to describe the
cumulative incidence of COVID-19 infection; the person-months at
risk were computed from 1 March 2020 until survey completion.
We conducted a Cox regression analyses to examine the hazards
of developing COVID-19 infection in the BMT survivor cohort vs
non-BMT cohort. We adjusted the multivariable model for demo-
graphic characteristics (age at survey [<65 years, ≥65 years],
race/ethnicity [non-Hispanic White, African American, Hispanic,
other], sex, annual household income [<$50 000, $50 000-74
999, ≥$75 000], education [<high school, high school to some
college, ≥college], insurance [yes/no], employment [employed, not
employed, retired]), severe/life-threatening chronic health condi-
tions (yes/no), COVID-positive contact (yes/no), and risk mitigation
behaviors (always masking, always maintaining social distancing,
and always frequent hand washing).

Risk of COVID-19 infection: analysis restricted to BMT
survivors. We conducted Cox regression analyses to identify fac-
tors (demographic variables, clinical characteristics [BMT type, history
of cGvHD, length of follow-up from BMT, primary cancer type, risk of
relapse at BMT, and conditioning intensity], severe/life-threatening
chronic health conditions, COVID-positive contact, and risk mitiga-
tion behaviors) associated with the odds of developing COVID-19
infection. Backward selection was used to retain variables with
P value < .1 in the multivariable logistic regression model.

Hospitalizations or ED visits among COVID-19 positive
individuals: BMT survivor cohort vs non-BMT cohort.
Treating the non-BMT cohort as the reference group, we used
logistic regression to examine the odds of hospitalization among
27 JUNE 2023 • VOLUME 7, NUMBER 12



COVID-19 positive individuals. The model was adjusted
for demographic characteristics, chronic health conditions,
COVID-positive contacts, and risk mitigation behaviors. Similar
models were constructed to examine the odds of ED visits among
COVID-19 positive individuals.

Risk of hospitalization or ED visits: analysis restricted to
BMT survivors. Using logistic regression analyses, we examined
the odds of hospitalization. The primary exposure was COVID-19
infection. Other variables examined included BMT type, cGvHD,
length of follow-up from BMT, primary cancer type, risk of relapse
at BMT, conditioning intensity, demographics, COVID-positive
contact, and risk mitigation behaviors. Similar models were con-
structed to examine the odds of ED visits by COVID-19 status
among BMT survivors.

Given the lack of details regarding vaccination status, we repeated
all the analyses for patients who completed the survey during the
prevaccine era as well as those who participated in the post-
vaccine era (based on US Food and Drug Administration [FDA]
approval of the first COVID-19 vaccine on 11 December 2020).
We used SAS v9.4 (SAS Institute Inc., Cary, NC) for statistical
analyses. All reported P values are 2-sided and considered signif-
icant at an α-level of .05.

Results

Study population

As shown in Table 1, 2430 BMT survivors and 780 non-BMT par-
ticipants responded between October 2020 and March 2022
(supplemental Figure 2). Among BMT survivors, the median age at
BMT was 46 years (range, 0-78 years) and median age at survey
completion was 63 years (20-91 years); 76.3% were non-Hispanic
White (1855/2430), and 52.8% were male. The most common
indications for BMT included leukemia (41.4%), lymphoma (32.7%),
and plasma cell dyscrasias (18.4%); 54% had received allogeneic
BMT and 66.3% had received MAC. Fifty-four percent of the allo-
geneic BMT recipients carried a history of cGvHD. The median
length of follow-up was 14 years (6-46 years) from BMT.

Characteristics of the 780 non-BMT participants are in Table 1.
Compared with the non-BMT cohort, the BMT survivors were more
likely to be female (64.4% vs 47.2%; P < .001), non-Hispanic white
(88.0% vs 76.3%; P < .001), and had higher income (≥$75 000:
54.2% vs 44%; P < .001) and education (≥college: 55.9% vs
48.1%; P < .001), and were more likely to be employed (58.7% vs
42.9%; P < .001). The BMT participants were more likely to have
severe/ life-threatening chronic health conditions (92.2% vs
79.6%; P < .001) (conditions delineated in supplemental Table 1).
Characteristics of the subcohorts in the pre- and postvaccine era
are in supplemental Table 2.

Risk mitigation behaviors and COVID-19 infection:

BMT survivors vs non-BMT participants

As detailed in Table 1, BMT survivors were more likely to report
always wearing masks in public (88.3% vs 84.9%; P = .01), always
maintaining social distancing (71.1% vs 59.5%; P < .001), and
always washing hands (49.7% vs 41.3%; P < .001). BMT survivors
were less likely to report COVID-19 positive contacts (44.5% vs
27 JUNE 2023 • VOLUME 7, NUMBER 12
56.7%; P < .001). The proportion of participants who underwent
COVID-19 testing over the entire study period did not differ
between the 2 cohorts (48.3% vs 48.0%; P = 1.0). The cumulative
incidence of COVID-19 infection at 15 months from 1 March 2020
was 6.5% (95% confidence interval [CI], 5.3-7.8) in BMT survivors
vs 8.1% (95% CI, 5.5-11.2) in the non-BMT cohort (P = .45)
(Figure 1). Multivariable analyses adjusted for sociodemographics,
risk mitigation behaviors, and chronic health conditions showed
that the hazard ratio (HR) of COVID-19 infections in BMT survivors
were comparable with that of the non-BMT cohort (adjusted hazard
ratio [aHR] = 0.93; 95% CI, 0.65-1.33; P = .68) (Table 2). The
majority of COVID-19 infections (86% among survivors; 94%
among siblings) occurred in the postvaccine era. The adjusted odd
ratio (aOR) of COVID-19 infections in BMT survivors were com-
parable with that of the non-BMT comparison group in both the
prevaccine (aOR = 1.58; 95% CI, 0.40-6.15; P = .51) and post-
vaccine era (aOR = 0.92; 95% CI, 0.62-1.36; P = .66),
supplemental Table 2.

COVID-19 infection among BMT survivors

As shown in Table 3, factors associated with increased hazards of
COVID-19 infection included being unemployed (aHR = 1.90;
95% CI, 1.12-3.23; P = .02; reference: retired), and COVID-positive
contact (aHR = 4.48; 95% CI, 2.82-7.12; P < .001; reference: no
contact). Among risk mitigation behaviors, always wearing a mask in
public was the only protective factor (aHR = 0.49; 95% CI, 0.31-
0.77; P = .002; reference: not always masking). As shown in
supplemental Table 4, African American race and COVID-positive
contact were associated with risk of infection in the prevaccine
era. In the postvaccine era, Hispanic ethnicity, COVID-positive
contact, and high-risk disease increased the risk of infection,
whereas always wearing a mask was protective.

Health care utilization

Hospitalizations. Forty-three percent of the BMT survivors
(COVID-19 positive survivors: 46%; COVID-19 negative survivors:
41%; attributable difference: 5%) and 22% of the non-BMT
controls (COVID-positive controls: 26%; COVID-19 negative
controls: 22%; attributable difference: 4%) were admitted to the
hospital between 1 March 2020 and 31 March 2022 (Figure 2).
Multivariable regression analysis revealed 2.2-fold higher odds of
hospitalization for COVID-19 positive survivors (aOR = 2.23;
95% CI, 0.99-5.05; P = .053; reference: non-BMT COVID-19
positive participants) (Figure 3A; supplemental Table 5). Among
BMT survivors, the adjusted odds of hospitalization were not
increased for COVID-19 positive BMT survivors compared with
that of COVID-19 negative survivors (aOR = 1.32; 95% CI,
0.89-1.95; P = .17) (Figure 3B; supplemental Table 6). Overall, 4%
of the BMT survivors (COVID-19 positive survivors: 7%; COVID
negative survivors: 2%; attributable difference: 5%) and 0.5% of
siblings (COVID-19 positive siblings: 2%; COVID-19 negative
siblings: 0%; attributable difference: 2%) were admitted to the ICU
(Figure 2). The risk factors for hospitalization among BMT survivors
during the pandemic included severe/life-threatening chronic
health conditions (aOR = 1.89; 95% CI, 1.58-2.25; P = <0.001;
reference: grade 0-2 conditions).

ED visits. During the pandemic, 19% of the BMT survivors
(COVID-19 positive survivors: 34%; COVID-19 negative survivors:
COVID-19 INFECTION IN BMT SURVIVORS 2845



Table 1. Characteristics of the study participants

Characteristics BMT survivors (n = 2430), n (%) Non-BMT comparison group (n = 780), n (%) P value

Age at study participation

Median (range) 63 (20-91) 62 (21-88) .17

<65 y 1317 (54.2) 448 (57.4) .11

≥65 y 1113 (45.8) 332 (42.6)

Sex

Female 1147 (47.2) 502 (64.4) <.0001

Race/ ethnicity

African American 131 (5.4) 20 (2.6) <.0001

Hispanic 257 (10.6) 44 (5.6)

Non-Hispanic White 1855 (76.3) 686 (88.0)

Other 187 (7.7) 30 (3.8)

Annual household income

<$50 000 649 (26.7) 142 (18.2.0) <.0001

$50 000-74 999 371 (15.3) 146 (18.7)

≥$75 000 1069 (44.0) 423 (54.2)

Missing 341 (14.0) 69 (8.9)

Education

<High school 377 (15.5) 80 (10.3) <.0001

High school to college 883 (36.4) 262 (33.8)

≥College 1169 (48.1) 433 (55.9)

Have insurance

Yes 2381 (98.0) 757 (97.7) .55

Contact with COVID-19 test positive individuals (family members/friends/at work)

Yes 1081 (44.5) 442 (56.7) <.0001

Always wears mask

Yes 2146 (88.3) 662 (84.9) .01

Always stays 6 feet away

Yes 1728 (71.1) 464 (59.5) <.0001

Always washes hands

Yes 1208 (49.7) 322 (41.3) <.0001

Chronic health conditions (severe/life-threatening)

No 190 (7.8) 159 (20.4) <.01

Grade 1 156 (6.4) 86 (11.0)

Grade 2 736 (30.3) 298 (38.3)

Grade 3 925 (38.1) 182 (23.4)

Grade 4 423 (17.4) 54 (6.9)

COVID-19 test positive

Yes 121 (5.0) 47 (6.0) .25

Employment

Employed 1038 (42.9) 456 (58.7) <.0001

Not employed 401 (16.6) 52 (6.7)

Retired 981 (40.5) 269 (34.6)

Age at BMT (y)

Median (range) 46 (0-78)

<45 y 1136 (46.7)

45-64 y 1086 (44.7)

≥65 y 208 (8.6)

2846 JOHNSTON et al 27 JUNE 2023 • VOLUME 7, NUMBER 12



Table 1 (continued)

Characteristics BMT survivors (n = 2430), n (%) Non-BMT comparison group (n = 780), n (%) P value

BMT type

Autologous 1117 (46.0)

Allogeneic without chronic GvHD 610 (25.1)

Allogeneic with chronic GvHD 703 (28.9)

BMT survivors follow-up (y)

Median (range) 14 (6-46)

<10 y 571 (23.5)

10-19 y 1122 (46.2)

≥20 y 737 (30.3)

BMT survivors primary cancer

Leukemia 1006 (41.4)

Lymphoma 794 (32.7)

Plasma cell dyscrasias 448 (18.4)

Other 182 (7.5)

BMT survivors conditioning intensity

Myeloablative conditioning 1610 (66.3)

Nonmyeloablative/ reduced intensity conditioning 820 (33.7)

Disease status at BMT

High-risk 1061 (43.7)
17%; attributable difference: 17%) and 12% of non-BMT controls
(COVID-19 positive controls: 23%; COVID-19 negative controls:
11%; attributable difference: 12%) reported ED visits (Figure 2). In
multivariable regression, there was no difference in the odds of ED
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visits for COVID-19 positive BMT survivors (aOR = 1.60; 95% CI,
0.71-3.58; reference: non-BMT controls) (Figure 3A; supplemental
Table 7). Among BMT survivors, the adjusted odds of ED visits
were increased for COVID-19 positive BMT survivors compared
5 10 15
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Table 2. Risk of COVID-19 infection in BMT survivors vs non-BMT comparison group

Risk factors
Univariate analysis Multivariable analysis

HR HR (95% CI) P value HR aHR 95% CI P value

BMT survivors vs non-BMT comparison group

Non-BMT comparison group REF REF

BMT survivors 0.88 0.63-1.23 .45 0.93 0.65-1.33 .68

Age at study participation

<65 y REF

≥65 y 0.58 0.42-0.80 .001

Race/ethnicity

Non-Hispanic White REF .049* REF .047*

African American 1.41 0.78- 2.55 .25 1.68 0.92- 3.08 .09

Hispanic 1.34 0.85- 2.11 .20 1.30 0.81- 2.09 .27

Other 0.34 0.12-0.91 .03 0.38 0.14-1.02 .06

Sex

Female REF

Male 1.02 0.76-1.39 .88

Annual household income

≥$75 000 REF REF

<$75 000 1.32 0.96- 1.80 .09 1.38 1.00-1.91 .05

Education

≥College REF .08*

High school to some college 1.29 0.92-1.81 .14

<High school 1.58 1.04-2.40 .03

Have insurance

No REF

Yes 1.00 0.37-2.71 .99

Chronic health conditions

Grade 0-2 REF REF

Grade 3-4 1.21 0.89-1.64 .22 1.43 1.03-1.98 .03

Contact with COVID–19 test positive individuals (family members/ friends/at work)

No REF REF

Yes 5.7 3.75-8.66 <.001 5.32 3.47-8.16 <.001

Always wear mask

No REF REF

Yes 0.48 0.34-0.69 <.001 0.55 0.38-0.80 .002

Always stay 6 feet away

No REF

Yes 0.73 0.54-1.00 .05

Always wash hands

No REF

Yes 1.02 0.76-1.39 .88

Employment

Retired REF .002* REF .09*

Employed 1.83 1.27-2.63 .001 1.35 0.92- 1.98 .13

Not employed 2.03 1.28-3.23 .003 1.69 1.05-2.71 .03

REF, reference group.
*P value for whole group.
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Table 3. Factors associated with COVID-19 infection among BMT survivors

Risk factors
Univariate analysis Multivariable analysis

HR ratio 95% CI P value aHR ratio 95% CI P value

Age at study participation

<65 y REF

≥65 y 0.54 0.37-0.79 .002

Race/ethnicity

Non-Hispanic White REF .03c REF .08*

African American 1.49 0.77-2.87 .23 1.50 0.75-3.02 .25

Hispanic 1.67 1.03-2.69 .04 1.56 0.95-2.57 .08

Other 0.43 0.16-1.18 .10 0.47 0.17-1.29 .14

Sex

Female REF

Male 0.87 0.60-1.24 .43

Primary cancer

Leukemia + lymphoma REF .44 REF .10

PCD 1.31 0.86-2.00 .21 1.51 0.96-2.39 .08

Other 0.96 0.46-1.98 .90 0.66 0.30-1.45 .30

Contact with COVID–19 test positive individuals (family members/friends/at work)

No REF REF

Yes 5.00 3.17-7.87 <.001 4.48 2.82-7.12 <.0001

Always wears mask

No REF REF

Yes 0.47 0.31-0.73 .001 0.49 0.31-0.77 .002

Always stays 6 feet away

No REF

Yes 0.63 0.44-0.91 .01

Always washes hand

No REF

Yes 1.06 0.74-1.52 .74

Annual household income

≥$75 000 REF

<$75 000 1.34 0.92-1.95 .13

Education

≥College REF .42*

<High school 1.38 0.85-2.24 .19

High school/college 1.10 0.73-1.64 .65

Have insurance

No REF

Yes 0.91 0.29-2.86 .87

Chronic health conditions

Grade 0-2 REF

Grade 3-4 1.17 0.81-1.68 .40

Employment

Retired REF .01* REF .057*

Employed 1.84 1.19-2.84 .006 1.45 0.91-2.30 .12

Not employed 2.14 1.28-3.59 .004 1.90 1.12-3.23 .02

BMT type

Autologous REF .72*

*P value for whole group. Bold values indicate significant associations.
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Table 3 (continued)

Risk factors
Univariate analysis Multivariable analysis

HR ratio 95% CI P value aHR ratio 95% CI P value

Allogeneic without chronic GvHD 0.84 0.51-1.38 .49

Allogeneic with chronic GvHD 0.87 0.56-1.35 .54

BMT survivors follow-up years

≥20 y REF .58*

<10 y 1.03 0.64-1.65 .92

10-19 y 0.83 0.55-1.27 .40

BMT survivors conditioning intensity

Nonmyeloablative/reduced intensity REF

Myeloablative conditioning 0.98 0.67-1.44 .91

Disease status at BMT

Standard risk REF

High-risk 1.31 0.92-1.88 .13

*P value for whole group. Bold values indicate significant associations.
with that of the COVID-19 negative survivors (aOR = 2.63;
95% CI, 1.74-3.98) (Figure 3B; supplemental Table 8). The risk
factors for ED among BMT survivors during the pandemic
also included severe/life-threatening chronic health conditions
(aOR = 1.50; 95% CI, 1.20-1.87; P = .0004; reference: grade 0-2
conditions).

Discussion

In this study, we found that long-term BMT survivors were not at an
increased risk for COVID-19 infection when compared with a non-
BMT comparison group. Risk of COVID-19 infection in BMT sur-
vivors was driven by similar factors as in the general population,
such as lack of masking and vulnerable sociodemographic char-
acteristics. Additionally, BMT survivors with COVID-19 infection
were more likely to be hospitalized than the non-BMT comparison
group with COVD-19 infections, but the odds of ED visits were
comparable. Among BMT survivors, having COVID-19 infections
did not increase the odds of hospitalizations, but did increase the
odds of ED visits. Severe/life-threatening chronic health conditions
increased the odds of hospitalizations for BMT survivors, inde-
pendent of COVID-19 infection. This information is critical for BMT
survivors and clinicians to make decisions about risk mitigation
during the ongoing pandemic. The study highlights the importance
of ongoing survivorship care during the pandemic.

BMT survivors did not have increased risk of COVID-19 infection
compared with that of the non-BMT comparison group. This
contrasts with information about people undergoing active
cancer treatment, who are at an increased risk of COVID-19
infection compared with noncancer cohorts.11,18,21 People
receiving active cancer treatment may be at increased risk of
COVID-19 infections because of both abnormal immune systems
and frequent contact with health care facilities, thus increasing
the risk of nosocomial transmission. Although both risk factors
would be present at the time of BMT, they would wane over time.
This is illustrated by the rates of COVID-19 infection among BMT
survivors in the present study (6%) compared with that of
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Veteran’s Affairs (VA) patients undergoing active cancer treat-
ment (8%) over a slightly shorter duration.22 However, unmea-
sured differences in risk mitigation could also counterbalance any
increased risk in COVID-19 infection because of biologic or
health care related reasons. In our study, BMT survivors were
more vigilant about risk mitigation behaviors (masking and social
distancing) than the non-BMT cohort, which may represent a
more cautious approach to COVID-19. Although this study can
reassure BMT survivors about their risk of acquiring COVID-19,
risk mitigation should continue.

Among BMT survivors, lack of masking as well as vulnerable
sociodemographic characteristics such as being unemployed were
risk factors for COVID-19 infection, mirroring what has been found
in the general population.23-26 Sociodemographic factors are
associated with COVID-19 infection among children (Hispanic
race and public insurance)3 and adults (Black race) undergoing
active treatment for cancer.18,19,21 Thus, clinicians can provide
similar counsel to long-term BMT survivors about their risk of
contracting COVID-19 as provided to healthy individuals.

Although BMT survivors had higher rates of hospitalizations than
the non-BMT comparison group, it appears that the high preva-
lence was primarily driven by post-BMT complications, rather than
COVID-19 infection. In fact, the difference in hospitalization rates
between COVID-19 positive and negative survivors was only 5%
(46% vs 41%), much smaller than the COVID-19 attributable
hospitalization rate among VA patients with cancer and with and
without COVID-19 (12%; 44% vs 32%).22 Similarly, the COVID-
19 attributable ICU admission rate was 5% among BMT survivors
(7% vs 2%), compared with 12% in the VA cancer population
(20% vs 8%).22 However, emergency department visits were
associated with COVID-19 status, potentially indicating that BMT
survivors with COVID-19 were sick enough or worried enough to
visit the ED but not sick enough to require hospitalization. Even
during the ongoing pandemic, management of BMT-related
sequelae is essential and may potentially mitigate morbidity and
mortality. Missed or delayed care during the pandemic has been
27 JUNE 2023 • VOLUME 7, NUMBER 12
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Figure 2. Health care use of BMT survivor vs non-BMT cohort by COVID-19 status. BMT, blood or bone marrow transplant; ICU, intensive care unit; ED, emergency

department.
associated with increased mortality27,28 and a previous study
indicates that there was an overall increase in inpatient mortality
for non–COVID-19 admissions early in the pandemic.29 How the
pandemic affected survivorship care for BMT survivors remains
unclear. There are reports of fears of in-person appointments
leading to missed care for cancer survivors30 as well as reports
that the shift to telemedicine may have actually improved survi-
vorship care access for some.31,32 It will be important to examine
the long-term effects of the pandemic on morbidity and non–
COVID-19-related mortality in the BMTSS population as well as
how shifts to telehealth impact care for survivors.

Overall, this study provides valuable information to help BMT sur-
vivors and their clinicians navigate the pandemic. However, addi-
tional information is required to help with more nuanced decision-
making and recommendations. First, this survey began before
COVID-19 vaccines were available so it cannot address efficacy of
vaccination in BMT survivors. There is evidence that COVID-19
vaccination helps prevent COVID-19 in patients with cancer but
not as effectively as in patients without cancer33; however, data in
BMT survivors are lacking. Second, there are data that BMT
recipients have increased risk of severe COVID-19 infection shortly
after their transplants,8 which was not observed in the long-term
BMT survivors. There is most likely a slow decrease in COVID-19
risk as people get further out from BMT; a more nuanced under-
standing of how risk changes over time and what aspects of
the immune system need to be reconstituted to prevent severe
COVID-19 would facilitate clinician-patient conversations.

Although this study provides critical information for BMT survivors
and their clinicians, it has several limitations. First, given that this
study did not routinely monitor for COVID-19 but instead relied on
health care system or self-administered tests for clinical or personal
reasons. Testing for COVID-19 was often required for individuals
27 JUNE 2023 • VOLUME 7, NUMBER 12
having contact with the health care system during the pandemic, a
potential concern was that such increased testing could have
resulted in higher rates of COVID-19 in survivors. However, the
proportion of survivors vs non-BMT participants who underwent
COVID-19 testing did not differ significantly. Given that individuals
were not required to routinely screen for COVID-19 for the study,
this study most likely missed some asymptomatic infections. Simi-
larly, individuals reported the use of health care facilities (eg, hos-
pitalization) during the time frame of interest, but not the underlying
reason for that health care contact. Based on the different rates of
hospitalization, ICU admission, and ED visits between COVID-19
positive and COVID-19 negative individuals, we can make
informed estimates about the percent of each that were because of
COVID-19; but it is only an estimate, particularly because there
were clinical and sociodemographic differences between survivors
with and without COVID-19 that could influence hospitalization
rates (higher rates of grade 3-4 chronic health conditions among
COVID-19 positive survivors than COVID-19 negative survivors).
Information about COVID-19 positive contacts and risk mitigation
behaviors was gathered via self-report. Although self-reports have
shown over-reporting of risk mitigation behaviors,34,35 both groups
would have been affected similarly. Although we ask about contact
with COVID-19 positive individuals and other key aspects of risk
mitigation, there are other aspects that we do not have data about
(eg, working remotely, number of individuals in the home). We also
lack information about the vaccination status. However, examina-
tion of the study cohort participating in the prevaccine era vs in the
postvaccine era yielded similar results. Similarly, we lack informa-
tion about whether BMT survivors were on immunosuppressive
therapy, but do have information about whether they had
active cGvHD. Finally, this study covered a period between
October 2020 and November 2021 in this evolving pandemic; we
need to be mindful that with changes in vaccine availability,
COVID-19 INFECTION IN BMT SURVIVORS 2851
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dominant variants, and risk mitigation behaviors, these results could
shift. However, most cases occurred in the postvaccine era in our
study.

These issues notwithstanding, this large study of long-term BMT
survivors finds that the BMT survivors are not at increased risk of
COVID-19 infection compared with that of non-BMT controls. The risk
factors for COVID-19 infection mirror the risk factors in the general
population, such as lack of masking and vulnerable sociodemographic
2852 JOHNSTON et al
subpopulations and presence of comorbidities. These findings will
help survivors and clinicians make appropriate decisions to manage
the care for long-term BMT survivors during the ongoing pandemic.
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