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Abstract

The coronavirus disease-2019 (COVID-19) caused by SARS Coronavirus 2 (SARS-CoV-2) is a potentially lethal infection.
Cancer patients, and specifically hematopoietic cell transplant (HCT) recipients are severely immunocompromised and may
be at a higher risk of a complicated course with this infection. We aimed to study the COVID-19 outcomes and severity in
post HCT patients. We retrospectively reviewed post-HCT patients diagnosed with COVID-19 between March 15, 2020,
and December 1, 2020 at 10 transplant centers across the Middle East. We identified 91 patients with confirmed SARS-CoV-
2 infection across 10 transplant centers. The median age upon presentation with COVID-19 was 35. Fifty two patients were
post allo-HCT while the remaining 39 patients were post auto-HCT. The median time from transplant was 14.9 months.
Mortality rate was 4.4%. Hospital admission rate was 53%. ICU admission rate was 14%. Mechanical ventilation rate was
10%. Oxygen supplementation rate was 18%. Time from HCT to COVID-19 >6 months was associated with lower
admission rates and lower rates of the “severity” composite endpoint. Antibody responses was seen 67% of evaluable
patients. In this series of HCT recipients, we report overall favorable clinical outcomes for patients with COVID-19 and
provide preliminary insights into the clinical course of this disease in this specific population.

Introduction

In December 2019 cases of pneumonia of unknown etiology
were reported in Wuhan, China. Eventually, the culprit was
identified as the SARS-Coronavirus-2 virus (SARS-CoV-2),
and the disease was called coronavirus disease-2019
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(COVID-19) [1, 2]. The infection relentlessly spread world-
wide causing more than 100 million cases and over 2 million
COVID-19-related deaths so far (https://covid19.who.int
accessed on 31 January, 2021) [3]. A number of vaccine
and therapeutic trials were initiated in parallel with other
efforts to better understand every aspect of the virus
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(transmission modes, host-susceptibility, complications,
symptoms, carriers, etc.) [4—7]. These efforts culminated in
the approval of two vaccines so far and a number of medi-
cations under the “emergency use authorization” [8, 9]
(https://www.fda.gov/emergency-preparedness-and-response/
mcm-legal-regulatory-and-policy-framework/emergency-use
-authorization#coviddrugs). Typically, the disease affects the
upper respiratory tract (URT) manifesting as cough, fever
among other URT symptoms. However, it can progress and
involve the lower respiratory tract (LRT) to cause pneumonia
and possibly acute respiratory distress syndrome [10, 11].
Several factors and co-morbidities have been found to cor-
relate with a tendency of a severe course, higher rates of
intensive care admission and undesirable outcomes such as
age >60, lung diseases, hypertension, renal diseases, cancer,
diabetes, etc.) [12-23]. Hematopoietic cell transplant (HCT)
patients may be an especially vulnerable group. These
patients frequently develop lung complications after trans-
plant and often are immunocompromised, so their COVID-
19 clinical course is expected to be severe. We herein report
the course and outcomes of 91 cases of COVID-19 in post
allogeneic or autologous HCT patients from ten Middle East
centers, we also analyze the impact of different risk factors
that may affect the severity of the disease course in this
population.

Patients and methods
Patient population

HCT recipients who developed COVID-19 post-transplant
and reported to ten HCT tertiary care centers in the Middle
East. The medical records of these patients were reviewed
using the database of each participating institution. Inclu-
sion criteria: HCT recipients (autologous or allogeneic) of
any age (pediatric and adult) with laboratory-confirmed
COVID-19 by nasal or oropharyngeal swab and polymerase
chain reaction (PCR) detection. Exclusion criteria: non
HCT patients and patients without PCR confirmation of
COVID-19.

Data collection

a retrospective chart review of HCT recipients who devel-
oped COVID-19 and reported to HCT centers in the Middle
East. The primary objective was to describe the outcomes
and severity of COVID-19 in post-HCT patients by evalu-
ating the hospital admission rate, WHO-severity stage of
COVID-19 and a “severity” composite end point consisting
of admission rate to the intensive care unit (ICU), need for
supplemental oxygen, need for mechanical ventilation
(MV) and mortality. The severity stages of COVID-19 were

defined as mild, moderate, severe and very severe according
the WHO classification [24]. The secondary objectives were
to estimate the impact of a number of factors (age, sex, BMI
[body mass index], type and number of transplants, type
and intensity of the conditioning regimen, being on
immunosuppression, current status of the underlying dis-
ease, use of prophylactic antimicrobials, time from trans-
plant to COVID-19, underlying comorbidities) on COVID-
19 outcomes and severity. For the admitted group of
patients, we studied the impact of different available
laboratory values (WBC [white blood cells], lymphocyte
count, neutrophil count, platelet count, ferritin level, ESR
[erythrocyte sedimentation rate], CRP [C-reactive protein]
and albumin level), and chest X-ray findings on the rates of
MYV, ICU admission, oxygen need, and mortality. In addi-
tion, we studied the number of patients who converted to
negative nasopharyngeal swab testing for SARS-CoV-2 by
PCR and the number of patients who developed antibodies
to SARS-CoV-2 by serology testing in this population. PCR
and antibodies testing was carried out every 7 days in tested
patients. The hospitals’ Institutional Review Board
approved the study.

Statistical analysis

Patient’s characteristics were summarized using frequencies
with percentages for categorical variables and medians with
interquartile range for continuous variables. Association
between proposed risk factors and COVID-19 severity
was evaluated using Chi-square test. The impact of
different proposed risk on COVID-19 severity was eval-
uated using logistic regression multivariate analysis when-
ever applicable.

Results

Patients’, underlying disease and transplant
characteristics

A total of 91 patients met the eligibility criteria, the median
age upon presentation with COVID-19 was 35. The median
time from transplant to COVID-19 was 14.9 (IQR:
16.3-38.9) months. Thirty-eight patients (42%) were
females and 53 (58%) were males. Forty-seven patients
(52%) had no prior comorbidities while 44 (48%) had prior
comorbidities with 15/44 (34%) having more than one
comorbidity. Fifty-two (57%) patients had allo-HCT and 39
(43%) had an auto-HCT. Twelve (13%) allo-HCT patients
had active GVHD (11 ¢cGvHD and 1 aGvHD) upon COVID-
19 presentation. Eighty-one (89%) patients received mye-
loablative regimen (MAC) and 10 patients (11%) underwent
reduced intensity conditioning (RIC), 20 patients (22%) had
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Table 1 Pre-COVID-19 summary of the patients’, underlying disease
and HCT characteristics.

Number of patients 91 (100%)
Median Age upon COVID-19 infection 35 years
<18 15 (16%)
1840 32 (35%)
>40 44 (48%)
Sex
Female 38 (42%)
Male 53 (58%)
BMI
<30 66 (73%)
>30 24 (26%)
missing 01 (01%)
Comorbidity
None 47 (52%)
Active GvHD 12 (13%)
DM 09 (10%)
HTN 06 (07%)
Cardiovascular 04 (04%)
Pulmonary 03 (03%)
Other organs dysfunction 10 (11%)
Multiple comorbidities 15 (16%)
Hematological or underlying disease
Benign 21 (23%)
Leukemia 27 30%)
Lymphoma 26 (29%)
Myeloma 16 (18%)
Solid tumors 01 (01%)
Stem cell Transplant type
Allogeneic 52 (57%)
Autologous 39 (43%)
Number of transplants
One 81 (89%)
Two 10 (11%)
Conditioning intensity
MAC 81 (89%)
RIC 10 (11%)
Conditioning type
TBI 20 (22%)
Non-TBI 70 (77%)
Missing 01 (01%)

Median time from HCT to COVID-19  14.9 (IQR: 16.3 to

38.9) months

<6 months 23 (25%)
6-12 months 15 (16%)
>12 months 53 (59%)
Prophylactic antimicrobials before COVID-19
Antiviral 23 (25%)
Antibacterial 04 (04%)

SPRINGER NATURE

Table 1 (continued)

Both 37 (41%)
None 27 (30%)

Immunosuppressant upon COVID-19

No 42 (46%)

Yes 47 (52%)

Missing 02 (02%)
Disease status

Active 03 (03%)

In remission or not applicable (benign 88 (97%)

or solid tumors)

TBI (total body irradiation) based conditioning and 70
(77%) had non-TBI conditioning. Sixty-four (70%) patients
were on prophylactic antimicrobials and 27 (30%) were not
as part of their transplant prophylaxis medications. Forty-
seven (52%) patients were on immunosuppressive medica-
tions (tacrolimus, cyclosporine, mycophenolate mofetil,
and/or steroids) while 42 (46%) were not. The majority of
patients (88 patients or 97%) were in remission, while three
patients (3%) had active disease at the time of COVID-19.
Table 1 is a pre-COVID-19 summary of the patients’,
underlying disease and HCT characteristics.

Patient’s treatment, clinical and paraclinical
characteristics during COVID-19

Upon confirming the diagnosis, 78 (86%) patients had
symptoms while 13 (14%) patients were asymptomatic
(these patients were tested after a household member tested
positive, all reported subjective fever when presenting for
testing but we could not document objective fever). The
most frequent symptoms on presentation were fever in 51
patients (56%), followed by cough in 37 patients (41%) and
shortness of breath in 22 patients (24%). Forty-four (48%)
patients received COVID-19 directed therapies while 47
(52%) did not. Sixty-two (68% of total patients) had a chest
X-ray, of these 36 (58%) were abnormal (presence of
infiltrates or consolidation). Seventy-one (78%) patients had
WBC count check, of these 27 (38%) had lower than nor-
mal level and 9 (13%) had higher than normal level.
Seventy-one (78%) patients had platelet count check, of
these 32 (45%) had lower than normal level and 2 (3%) had
higher than normal level. Sixty-nine (76%) patients had
lymphocyte count check, of these 36 (52%) had lower than
normal level and 2 (3%) had higher than normal level.
Sixty-nine (76%) patients had neutrophil count check, of
these 21 (30%) had lower than normal level and 9 (13%)
had higher than normal level. Fifty-seven (63%) patients
had albumin level check, of these 44 (77%) had lower than
normal level. Forty-five patients (49%) had ferritin level
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Table 2 summary of the patients’ treatment, clinical and paraclinical
characteristics during COVID-19.

Patient symptoms
Symptomatic
Asymptomatic

Presenting symptoms
Fever
Cough
SOB
Runny nose
Fatigue
Throat pain
Headache

Diarrhea, vomiting, loss of smell, dizziness,
myalgia abdominal pain and chest pain

COVID-19 and associated infections therapy

Azithromycin

Hydrochloroquine

Azithromycin + Hydrochloroquine

Antibiotics
Steroids
Others
None
Chest X-ray

Normal
Abnormal
White blood cell count

Normal
High
Low

Lymphocyte count

Normal
High
Low

Neutrophil count

Normal
High
Low

Platelet count

Normal
High
Low

Ferritin level

Normal
High

78 (86%)
13 (14%)

51 (56%)
37 (41%)
22 (24%)
18 (20%)
17 (19%)
12 (13%)
10 (11%)
<10%

05 (05%)
00 (00%)
10 (11%)
21 (23%)
06 (07%)
02 (02%)
47 (52%)

62 (68% of total
patients)

26 (42%)
36 (58%)

71(78% of total
patients)

35 (49%)
09 (13%)
27 (38%)

69 (76% of total
patients)

31 (45%)
02 (03%)
36 (52%)

69 (76% of total
patients)

39 (57%)
09 (13%)
21 (30%)

71(78% of total
patients)

37 (52%)
02 (03%)
32 (45%)

45 (49% of total
patients)

12 (27%)
30 (67%)

Table 2 (continued)

Low 03 (06%)
ESR level 32 (35% of total

patients)

Normal 08 (25%)

High 24 (75%)
CRP level 52 (57% of total

patients)

Normal 07 (13%)

High 45 (87%)
Albumin level 57 (63%of total

patients)

Normal 13 (23%)

Low 44 (77%)

check, of these 30 (67%) had higher than normal level.
Fifty-two (57%) patients had CRP level check, of these 45
(87%) had higher than normal level. Table 2 provides a
detailed summary of the patients’ treatment, clinical and
paraclinical characteristics during COVID-19.

Outcomes

Forty-five (50%) patients had mild, 32 (35%) had moderate,
5 (5%) had severe and 9 (10%) had very severe WHO-
COVID-19 stage. Forty-eight (53%) patients needed
admission to the hospital and 43 (47%) were managed at
home with supportive measures. Of the 48 admitted
patients, 13 (16% of the total and 31% of the admitted
patients) needed ICU admission, 16 (18% of the total and
33% of the admitted patients) needed oxygen supple-
mentation, 9 (10% of the total and 19% of the admitted
patients) needed mechanical ventilation and 4 (4.4% of the
total and 8.3% of the admitted patients) died. The cause of
death was sepsis secondary to multidrug resistant bacteria (2
Klebsiella, one Acinetobacter and one Pseudomonas).
Looking at mortality according to specific subgroups, one
patient died in the group of patient transplanted within
6 months of HCT and 3 patients died in the group trans-
planted >12 months from COVID-19, three auto-HCT died
and one allo-HCT, one patient died in the group of patients
younger than 18, one in the group of patients aged 18—40
and two died in the group of patients older than 40 years.
Nine patients (10% of the total and 19% of the admitted
patients) developed acute kidney injury and only one had
line associated thrombosis. Sixty-six patients had serial
(weekly) follow up nasopharyngeal-swab PCR, 51 one of
them converted to negative PCR at a median time of
37 days (14-116 days). Twenty-seven patients were
checked for the presence of anti-SARS-CoV-2 antibodies,
18 of them tested positive at a median time of 34 days.
These outcomes are summarized in Table 3.

SPRINGER NATURE
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Table 3 Outcomes of HCT patients after COVID-19.

COVID-19 stage

Mild 45 (50%)

Moderate 32 (35%)

Severe 05 (05%)

Very severe 09 (10%)
Admission

Yes 48 (53%)

No 43 (47%)
ICU admission

Yes 13 (14%)

No 78 (86%)
Mechanical ventilation

Yes 09 (10%)

No 82 (90%)
Oxygen supplementation

Yes 16 (18%)

No 75 (82%)
Patient status

Alive 87 (95.6%)

Dead 04 (4.4%)
Follow up nasopharyngeal-swab PCR 66 (72.5%)

Negative 51 (77%)

Positive 15 (23%)
Anti-SARS-CoV-2 antibodies 27 (30%)

Positive 18 (67%)

Negative 9 (33%)
AKI 09 (10%)
Thrombosis 01 (01%)

Impact of different risk factors on COVID-19 severity
outcomes for all 91 patients

The hospital admission rate for COVID-19 patients trans-
planted within 6 months was 73.9% compared to 45.6% for
COVID-19 patients transplanted in more than 6 months (p
value = 0.02), with an OR =9.04 (95%.CI: 1.5-13.6) (p
value = 0.001). Patients who were not on any prophylactic
antimicrobials (as part of their transplant treatment course)
before infection with SARS-CoV-2 had an admission rate
of 74% as compared to 48.1% for patients on a combination
of anti-virial and antibacterial (p value = 0.038). Patients
who were receiving antivirals only were at higher risk of
hospital admission compared to those on a combination
(antiviral and antibacterial) prophylaxis (OR =9.2 (95%.
CI: 2.5-34.08), p value =0.001). For the “severity” com-
posite end point, patients transplanted within 6 months were
at higher risk compared to patients transplanted in more
than 6 months of COVID-19 (34.8% vs.16.2%), p value =
0.05. All the other analyzed risk factors (age, sex, BMI,
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type, and number of transplants, type and intensity of the
conditioning regimen, being on immunosuppression, cur-
rent status of the underlying disease and underlying
comorbidities) did not have a significant association with
the studied outcomes (WHO-severity stage of COVID-19
and the “severity” composite end point). Multivariate ana-
lysis revealed that time from HCT to COVID-19 infection
and prophylactic treatment were significantly associated
with the hospital admission in multivariate analysis
(p-value = 0.001 and 0.004, respectively). As mentioned in
the methods section, for the subgroup of patients admitted
to the hospital we studied the impact of the same risk factors
in addition to the chest X-ray findings and the available
laboratory values upon admission on the rates of mechan-
ical ventilation, ICU admission, oxygen need and mortality.
43% of patients with high neutrophil count required MV,
while no patient with low neutrophil count required MV and
16.4% of patients with normal neutrophil count needed MV
(p value =0.037). 70% of males compared to 13% of
females required ICU admission (p value = 0.036). Ninety
three % of patients with abnormal chest X-ray required
oxygen therapy while, 53% of patients with normal chest
X-ray required oxygen therapy (p value =0.01). 33% of
patients with very severe COVID-19 infection died.

Discussion

With data emerging about the detrimental course of certain
patients’ subgroups with this infection, particularly cancer
patients [18-23], we were interested to study a special
group of patients that is known to have a complicated
course with infections, the post HCT group of patients.
With around 90 thousand HCT carried out annually and
around 1.5 million post-HCT patients worldwide, a sig-
nificant number of these can develop COVID-19 [25, 26].
The impact of this new infection on this specific subgroup
of patients is largely unknown. The cases reported early in
the course of the pandemic were alarming, but this can be
attributed to reporting bias [27-29]. Case series were then
reported. A pediatric transplant group reported the out-
comes of 8 patients, five of them (62.5%) were admitted to
the hospital and 2 needed ICU care, one patient died
(12.5%) [30]. The first consecutive 11 post-HCT patients
with COVID-19 presenting to our center had a smooth
course, five of seven tested patients developed anti SARS-
CoV?2 antibodies and all of them recovered [26]. However,
HCT-patients are a heterogeneous group and the HCT
procedure is very complex, so drawing firm conclusions
from a small number of patients is impossible. Larger
datasets were then published. A report from Spain included
a mix of hematologic malignancies and transplant patients
(58 post auto-HCT and 65 post allo-HCT) showed that
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transplant recipients had lower mortality compared to
hematologic malignancies patients (17% for auto-HCT,
18% for allo-HCT and 31% for hematologic malignancies
patients, p =0.02). Additionally, uncontrolled hematologi-
cal malignancy, neutropenia, limited performance status,
age>70 and elevated CRP were associated with higher
mortality for the whole group, not for the transplant patients
specifically [31]. Another study reported on 14 auto-HCT
and 20 allo-HCT patients with a median time to COVID-19
of 17.4 months. 41% had > moderate WHO-COVID-19
severity stage, chest X-ray infiltrates were found in 75% of
patients, 74% of patients were hospitalized, 32% needed
ICU admission with 73% of them needing intubation and
mortality was 21%. Age>40, being on steroid prior to
COVID-19, transplant within 1 year, hemoglobin <10 g/dl
and platelet count <150 (x10°/L) significantly increased
mortality [32]. A study from Italy, reported a mortality of
35% and 33% in post allo-HCT and post auto-HCT patients,
respectively [33]. Memorial Sloan Kettering Cancer Center
reported the outcomes of 77 cellular therapy patients (35
post allo-HCT, 37 post auto-HCT and 5 post chimeric
antigen receptor-T cell therapy). Thirty day mortality was
22% with significantly worse course (defined as death and
nonrebreather oxygen mask) in patients with comorbidities,
infiltrates on chest X-ray and neutropenia. The mortality
rate for hospitalized patients was 41% (thought to be driven
by active malignancy cases). The outcomes were not dif-
ferent based on the underlying hematologic malignancy.
Thirty-eight patients (49%) had antibody testing done at a
median of 37 days after diagnosis with 66% of those
developing antibodies. 50% of their patients were managed
as outpatient. The time from cellular therapy did not impact
the outcomes in their analysis [34]. The largest reported
series to date comes from the Center for International Blood
and Marrow Transplant Research (CIBMTR) recent report
[35] (of note some patients included in that analysis might
have been previously reported in the other two published
North American cohorts [32, 34]). Of the 318 reported
transplant recipients 82% were diagnosed by nasal swab
PCR, 2% based on symptoms and 15% had no diagnostic
method reported; 184 were allo-HCT (36% MSD, 27%
MUD, 37% alternate donor, and 18% were receiving
immunosuppression within 6 months of COVID-19) and
134 were auto-HCT recipients. The median time from HCT
to COVID-19 diagnosis was 17 months for allo-HCT and
23 months for auto-HCT recipients. The median age was 47
years for allo-HCT and 60 years for auto-HCT recipients.
49% had mild disease while mechanical ventilation was
required in 14% of patients. At 30 days after COVID-19,
OS was 68% and 67% for allo-HCT and auto-HCT patients
respectively. Male sex, age >50, and COVID-19 within
12 months of HCT were associated with a higher risk of
mortality among allo-HCT recipients. Lymphoma, as the

underlying disease, was associated with a higher risk of
mortality compared with plasma cell disorder or myeloma
in auto-HCT recipients. Absolute lymphocyte count <0-3 x
10° cells/L at COVID-19 diagnosis was associated with
worse survival. Race, ethnicity, HCT-comorbidity index,
and immunosuppression in the 6 months before COVID-19
were not associated with increased mortality [35].

We aimed to collect a larger number of patients and
variables to better understand the impact of this pandemic
on post-HCT patients. The majority of patients were
symptomatic (86%), with fever, cough and shortness of
breath being the top three presenting symptoms. The mor-
tality rate was 4.4%, which is lower than all the reported
series [31-35], despite the fact that a comparable number of
our patients required ICU admission and MV. This can be
explained by a number of factors, namely the younger age
of our cohort and lower comorbidity rates (52% had no
comorbidities and only 10% had DM). Important to note
that all the patients reported in this cohort were treated in
tertiary care centers, where access to advanced care was
easier compared to other countries where the health care
systems were overwhelmed by the high numbers of
COVID-19. As reported in other series, we confirm the time
from HCT to COVID-19 is significantly associated with
worse outcomes [32, 35]. For the subgroup of admitted
patients high neutrophil count was associated with higher
need for MV, this finding is probably a surrogate of severe
inflammation or associated bacterial infection. Admitted
males required more ICU admission in our series and this is
in line of the worst outcomes in males reported by the
CIBMTR study [35], and other non-HCT studies showing a
skewed infectivity and increased mortality in males
[13, 36, 37]. As expected, we report that patients with
abnormal chest X-ray findings required more oxygen sup-
plementation and patients with very severe COVID-19 stage
had a high mortality rate (33.3%). Our study, in line with
others [34], shows that around two third of HCT-patients
are able to mount an antibody response (with a median time
of 34 days) and around 77% will convert to PCR negative
(with a median time of 37 days), despite earlier reports
suggesting that these patients may not develop antibodies
and stay PCR positive long time [38]. In line with a number
of other reports but not all [30-32, 34], our data show that
mortality is lower than the mortality in hematologic
malignancies patients [33, 39] and the mortality of solid
organ transplant patients [40—42] but higher than the mor-
tality in the general population. This may be explained by
the selective selection of fit and young patients to undergo
HCT and by the theoretical lower intensity of lung
inflammation from the impaired immune response in HCT
patients. Important to note the relatively young age of our
reported cohort (median age of 35), and the fact that the
majority of our patients had the COVID-19 infection more
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than 12 months after transplant (median time between
COVID-19 presentation and transplant was 14.9 months).

Conclusion

We report a comprehensive description of the outcomes of
hematopoietic cell recipients after COVID-19. This analysis
provides a deeper understating of this pandemic in this sub-
group of patients. An extensive list of possible factors that
impact the severity of COVID-19 were analyzed. Our study
suffers from the usual limitations of retrospective studies;
however the fact that it exclusively included HCT patients
with a modest yet reasonable number and a comprehensive set
of data, it helps in drawing important conclusions and set the
stage to investigate further research questions related to
COVID-19 in HCT patients, such as the effect of immune
reconstitution on COVID-19 outcomes, the impact of immu-
nosuppression and the lack of immune response obviating the
severe spectrum of the COVID-19 disease, etc. Finally,
awaiting effective therapies and a better understanding of
this infection, we urge to apply and stress the importance of
preventive measures. We recommend large scale vaccination
for patients, their families and caretakers according to the
published guidelines by transplant societies (www.ebmt.org/
sites/default/files/2020-12/COVID%?20vaccines%20version%
202.03%20with%20table.pdf). We could not assess the effects
of COVID-19 directed therapies on the outcomes of our
patients due to the rapidly changing therapeutic protocols and
the limited number of patients on each protocol.
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