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Abstract. In late 2019 the coronavirus disease-2019 (COVID-19) pandemic caused by SARS
Coronavirus 2 (SARS-CoV-2) started in Wuhan, China. Life has changed radically since then.
Data emerging from the first hit countries show a tendency for a complicated course and higher
mortality in some subgroups of infected patients. Cancer patients are immunosuppressed from
their disease and the therapy they receive. Hematopoietic cell transplant (HCT) recipients are a
subgroup of patients that are severely immunocompromised and may be at an even higher risk of
a complicated course during this infection. Reports describing the course of these patients with
COVID-19 disease are limited. We herein report the onset, progression, and outcome of 11
sequential cases of HCT recipients infected by SARS-CoV-2 treated in our center. The patients'
age ranged from 17 to 60 years, the duration from transplant to infection ranged from day +5 to
192 months, six patients were post-allo-HCT, four post-auto-HCT, and one had both allo and auto-
HCT. The presenting symptoms were not different from other viral illnesses. The majority (seven
patients) had mild COVID-19 stage, while 3 had a moderate stage on presentation. None of the
patients required oxygen supplementation nor mechanical ventilation.
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Introduction. The coronavirus disease-2019 (COVID-
19) pandemic caused by SARS Coronavirus 2 (SARS-
CoV-2), was first noted in Wuhan, China, in December
2019 and has since spread worldwide. At the time of
writing this report, more than 23 million cases and 800
thousand COVID-19-related deaths have been
confirmed by the world health organization( WHO)
(https://covid19.who.int/ accessed on August 24, 2020).
Efforts are ongoing to understand every aspect of the
virus, the host, and to develop an effective therapy or

vaccine."? Although the majority of infected patients
have mild disease, critical illness occurs in about 6.1%
of affected patients. People at risk for severe outcome
and death include those older than 60 years and those
with comorbid disease states such as hypertension
(HTN), chronic cardiac disease, chronic respiratory
disease, chronic kidney disease (CKD), cardiovascular
disease, diabetes mellitus (DM), cancer and
immunosuppressed patients.> Data emerging about
cancer patients show that these patients have an
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increased risk of complications and intensive care unit
(ICU) admission.* Hematopoietic cell transplant (HCT)
patients are severely immune-compromised, and their
course with COVID-19 is expected to be complicated.
We herein report 11 cases of COVID-19 in post HCT
patients.

Case 1. A 36 -years-old man was diagnosed with
Philadelphia positive B-cell acute lymphoblastic
leukemia (ALL) with no central nervous system (CNS)
involvement in early March 2019. He was treated with
daily dasatinib, weekly vincristine, and dexamethasone
twice weekly. He was then treated with methotrexate
and Ara-c and achieved complete molecular remission
by polymerase chain reaction (PCR). Subsequently, he
underwent allogeneic peripheral blood matched sibling
HCT with cyclophosphamide (Cy) and total body
irradiation (TBI) myeloablative conditioning (MAC) in
July 2019. The course was complicated by grade II,
steroid-responsive, acute gut graft versus host disease
(GVHD), and cytomegalovirus (CMV) reactivation. He
remains in complete molecular remission, and
cyclosporine (CSA) was discontinued in March 2020
(day 237 post HCT). He is currently on prophylactic
acyclovir and Bactrim. Early June 2020, he developed
low grade fever of 37.9 Celsius (C) and fatigue. He
tested positive for SARS-Cov2 infection by real-time
Polymerase Chain Reaction (RT-PCR) on June 11, 2020
(day 323 post HCT). He did not have any further fever
after June 12. He only received as needed
acetaminophen. Repeat nasal SARS-Cov2 PCR on
August 20, 2020, was negative, and his SARS-Cov2
total antibody test was reactive.

Case 2. A 29-years-old man was diagnosed with
Philadelphia negative pre B ALL with no CNS
involvement in August 2017. He was treated with a
pediatric-inspired protocol and achieved remission;
however, he had isolated CNS relapse while on
maintenance  therapy. He  received  salvage
chemotherapy with fludarabine and Ara- C, and upon
remission, he was consolidated with matched sibling
allo-HCT using MAC with Cy/TBI; GVHD prophylaxis
consisted of methotrexate and CSA. His course was
complicated by grade II, steroid-responsive acute gut
and skin GVHD as well as CMV colitis. Day 170 post
HCT (June 5, 2020) while he was on tapering tacrolimus,
he developed fever, cough, headache, runny nose
followed by loss of taste and smell. He tested positive
by PCR for SARS-Cov2 infection. Chest x-ray showed
small faint ground-glass opacity in the left lower lung
zone. Tacrolimus was stopped, and he was treated with
ceftriaxone, hydroxychloroquine(HCQ), and
azithromycin. He improved after 7days and was
discharged. Repeat nasal SARS-Cov2 PCRs on July 8§,
2020, were negative, and his SARS-Cov?2 total antibody
test was reactive on July 25, 2020. Unfortunately, on

August 7, 2020, he was diagnosed with relapsed ALL,
and currently, he is receiving blinatumomab salvage.
Case 3. A 60-years-old man was diagnosed with IgG
kappa multiple myeloma (MM) in 2002. He received
induction therapy followed by autologous HCT with
melphalan MAC in August 2002. He relapsed 15 months
after auto-HCT. He received another induction followed
by allo-HCT in 2004 after achieving deep remission. His
conditioning was reduced intensity with
fludarabine/TBI. In 2013 he had a biochemical relapse,
so he was re-induced with bortezomib based therapy
followed by donor lymphocyte infusion (DLI). He had
another relapse in December 2019 and has been on
dexamethasone 32 mg weekly since then. In May 2020,
he developed fever and body aches after contact with a
confirmed case of COVID-19, and he tested positive by
PCR for SARS-Cov2 infection. He was admitted and
treated symptomatically only and then discharged three
days after admission after symptom-improvement.
Repeat nasal SARS-Cov2 PCR on August 15, 2020, was
negative, and his SARS-Cov2 total antibody test was
reactive on August 16, 2020.

Case 4. A 56 -years-old woman known to have
hypothyroidism, hypertension (HTN), diabetes mellitus
(DM), and atrial fibrillation (AF) was diagnosed with
Multiple myeloma (MM) in November 2013. She
achieved partial remission (PR) after induction and
underwent auto-HCT in July 2014 with melphalan MAC
conditioning. She was on bortezomib maintenance, but
she progressed and was started on Revlimid but could
not tolerate it. In March 2019, she was started on
carfilzomib and dexamethasone and achieved a near CR
after six cycles. Her therapy was held since December
2019 due to diarrhea. Late May 2020, she developed
malaise, fatigue, headache, and fatigue. She tested
positive by PCR for SARS-Cov2 infection. She was
hospitalized and treated with ceftriaxone (she did not
receive HCQ nor azithromycin due to her comorbidities
and the drug-drug interaction with her home
medications). She recovered and was discharged after
nine days of hospitalization. Repeat nasal SARS-Cov2
PCR on August 20, 2020, was negative, and his SARS-
Cov2 total antibody test was reactive.

Case 5. A 58-year-old man known to have morbid
obesity, dyslipidemia, hypothyroidism, and a remote
history of pleural Tuberculosis (TB) was diagnosed with
IgG kappa multiple myeloma in July 2015. He received
induction with bortezomib, lenalidomide, and
dexamethasone followed by auto-HCT with melphalan
MAC conditioning after achieving a very good partial
response (VGPR). He was maintained on lenalidomide
with dexamethasone, but he relapsed in December 2017
and was treated with carfilzomib, lenalidomide, and
dexamethasone. In late May 2020, while on therapy, he
developed a sore throat, fever, and runny nose. He tested
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positive by PCR for SARS-Cov2 infection. He
recovered well after seven days of initial symptoms.
Repeat nasal SARS-Cov2 PCR on August 20, 2020, was
negative, and his SARS-Cov2 total antibody test was
reactive.

Case 6. A 26-year-old man was diagnosed with classical
Hodgkin lymphoma (cHL) stage 1IB in May 2018. He
was started on ABVD (Doxorubicin, Bleomycin,
Vinblastine, and Dacarbazine) and escalated to
BEACOPP due to progression after two cycles of
ABVD. He received a total of 4 BEACOPP followed by
radiation, but he relapsed in May 2019. He received
salvage ESHAP (Methylprednisolone, Cisplatin,
Etoposide, and Cytarabine) with brentuximab vedotin
for three cycles, followed by MAC auto-HCT with
BEAM (carmustine, etoposide, cytarabine, and
melphalan) conditioning in September 2019, after auto-
HCT he was on maintenance brentuximab vedotin. In
June 2020, he complained about a loss of smell and
tested positive by PCR for SARS-Cov2 infection. He
was treated symptomatically with no admission to the
hospital. His nasal SARS-Cov2 PCR was not repeated,
and his SARS-Cov2 total antibody test was not done.

Case 7. A 21-year-old man was diagnosed with T-cell
lymphoid blast crisis with underlying chronic myeloid
leukemia (CML) in May 2019. He was treated with a
pediatric chemotherapy regimen plus tyrosine kinase
inhibitor (TKI) and achieved major molecular remission
after induction. He underwent haploidentical HCT in
June 2020 with fludarabine/TBI MAC conditioning
along with rabbit antithymocyte globulin (ATG) and
post-transplant cyclophosphamide with CSA and
Mycophenolate Mofetil (MMF) for GVHD prophylaxis.
On day zero of transplant, his donor (father) tested
positive for SARS-Cov2 by PCR. The collection was
postponed for one day in an attempt to find another
donor; in the meantime, the donor was given HCQ and
azithromycin. All his other family members tested
positive for SARS-Cov2 by PCR, and the decision was
made to proceed with the initial donor apheresis. SARS-
Cov2-PCR was negative on the apheresis product. The
patient's SARS-Cov2-PCR was negative before
admission and on day +1 after transplant. On day +5
post-HCT, the patient's SARS-Cov2-PCR from
nasopharyngeal swab came back positive, but the patient
was asymptomatic. He was treated with azithromycin
and HCQ, and on day +10 post-HCT, one dose of
tocilizumab was given secondary to elevated
inflammatory markers (ferritin and interleukin 6).
Platelet engrafted on day+9, while neutrophils engrafted
on day+23. On day +12 post-HCT, SARS-Cov2-PCR
from nasopharyngeal swab was repeated and was
positive. On day +14, the post-HCT patient developed

elevation in the inflammatory markers; the second dose
of tocilizumab was given, and he was started on
meropenem, but he was still asymptomatic besides fever,
and specifically, he did not develop respiratory
symptoms. On day+18, CT chest showed left lung
ground-glass  opacities. He then  developed
hemophagocytic lymphohistiocytosis (HLH) and
macrophage activation syndrome (MAS). He was
treated with dexamethasone and Intravenous immune
globulin (IVIG) for four days, and ruxolitinib was added
due to a continuous rise in ferritin. After the addition of
ruxolitinib, his inflammatory markers and liver enzymes
decreased figure (1 and 2). Currently, he fully recovered
and is asymptomatic; however, his repeat nasal SARS-
Cov2 PCR on August 5, 2020, was definite, and his
SARS-Cov?2 total antibody test was non-reactive.

Case 8. A 17-year-old female patient was diagnosed
with Philadelphia positive B cell ALL in August 2018.
She received dasatinib, vincristine, rituximab and
dexamethasone induction and achieved deep molecular
remission followed by haploidentical-HCT from her
brother donor using fludarabine/TBI MAC conditioning
in April 2019. Her course was complicated by falling
chimerism and eventually autologous recovery with
donor chimerism reaching zero on day 90 post-HCT.
Her immunosuppression was stopped, and she was
started on maintenance dasatinib. In July 2020, she
tested positive for SARS-Cov2 by PCR after contact
with a positive case. She is currently asymptomatic and
continuing on dasatinib and acyclovir. Repeat nasal
SARS-Cov2 PCR on August 20, 2020, was negative, but
the SARS-Cov?2 total antibody test was not done.

Case 9. A 35-year-old man was diagnosed with
translocation (11;19) acute myeloid leukemia(AML) in
April 2019. He received induction therapy followed by
haploidentical-HCT after achieving remission in May
2019. His conditioning was thiotepa, fludarabine, and
busulfan MAC along with rabbit ATG, cyclosporine,
and MMF for GVHD prophylaxis. His transplant course
was complicated with perianal abscess, CMV
reactivation, collagenous colitis, and acute skin GVHD.
In July 2020, while he was on a tapering dose of
prednisone for his GVHD, he presented with fatigue,
fever, and productive cough and tested positive for
SARS-Cov2 by PCR. He had bilateral patchy ground-
glass opacities on chest x-ray and was started on
azithromycin, ceftriaxone, and HCQ. Currently, he is
doing well and asymptomatic; repeat nasal SARS-Cov2
PCR on August 7, 2020, was negative, but the SARS-
Cov2 total antibody test was done on July 14, and
August 17, 2020, and was non-reactive.

Case 10. A 49-year-old woman was diagnosed with
AML with (Fms-like tyrosine kinase3-Internal tandem

culture-negative neutropenic fever with further  duplication) FLT3-ITD positive,
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Nucleophosmin (NPM1)  positive and Isocitrate
dehydrogenase2(IDH2) positive mutations in mid-June
2019. She received induction therapy with FLT3
inhibitor and achieved remission. She underwent a
matched sibling donor transplant in November 2019
using MAC busulfan and fludarabine. Post-HCT, she
was on sorafenib maintenance for six months only
(stopped because of recurrent leukopenia). On day +206
post-HCT, she developed a cough, chest pain, shortness
of breath, and sore throat; her SARS-Cov2 PCR from
nasopharyngeal swab tested positive. She was
hospitalized, treated symptomatically, and discharged in
stable condition after ten days. Her nasal SARS-Cov2
PCR was not repeated, and her SARS-Cov2 total
antibody test was not done.

Case 11. A 58-year-old woman, known to have DM,
HTN, chronic kidney disease, hypothyroidism, and
bronchial asthma, was diagnosed with stage VB diffuse
large B cell lymphoma (DLBCL), in May 2019. She
received six cycles of reduced dose R-CHOP
(Rituximab, Cyclophosphamide, Doxorubicin,
Vincristine, and Prednisone) and achieved complete
remission. She relapsed three months after finishing
therapy. She then received three cycles of Rituximab-
ESHAP followed by myeloablative BEAM auto-
transplant after achieving partial remission with
RESHAP. Her transplant was in mid-March 2020. In
June 2020, she developed fever and shortness of breath;
she tested positive for SARS-Cov2 by PCR; she
reported contact with a positive case. She was treated
with azithromycin, HCQ, and meropenem and
recovered well. Repeat nasal SARS-Cov2 PCR on
August 20, 2020, was negative, but the SARS-Cov2
total antibody test was not done.

Discussion. COVID-19 is a new disease with no
approved therapies (except remdesivir in the United
States and Japan, and tocilizumab in China) and lots of
uncertainties. With uncertainty comes fear and anxiety,
especially in subgroups of immunocompromised
patients who may be at an increased risk of a
complicated course during the infection. Efforts are
ongoing to understand the impact of this viral infection
in different patients' subgroups. Patients with cancer,
and specifically with hematologic malignancies, seem to
be at a higher risk for complications and death.*'® With
more than one and a half million transplant-patients in
the world, and around 90 thousand transplants carried
out annually worldwide, a significant number of these
patients are expected to develop this new viral
infection.!! The outcomes and the course of the infection
in this specific subgroup of patients are unknown. So far,
we were able to find one case report of an AML patient
who was diagnosed with COVID-19 infection eight
months after allogeneic transplant while still on
cyclosporine. The patient presented with fever, sore

throat, and runny nose and was treated with
lopinavir/ritonavir, steroids, and immunoglobulins but
unfortunately developed ARDS and respiratory failure
and died 22 days after the onset of symptoms.'? In
another case report, a 59-year-old man developed severe
COVID-19 infection with ARDS a year after matched
sibling transplant for myelofibrosis. The patient had
significant comorbidities in addition to steroid-
refractory cGvHD. Despite therapy with lopinavir-
ritonavir, he progressed to ARDS and respiratory failure
requiring mechanical ventilation. He received multiple
antibiotics during his hospitalization. He improved
significantly and was discharged after increasing the
dose of ruxolitinib that he was taking for cGVHD (he
was on 5 BID and was increased to 10 mg BID).!?
Additionally, a case series (8 patients) was recently
reported from a Spanish pediatric transplant group.'*
The most common symptom was fever, 5/8 patients had
radiographic  abnormalities, 5/8 patients were
hospitalized, and two of them needed intensive care. Six
patients received HCQ, and the two patients admitted to
ICU received in addition to HCQ, azithromycin,
remdesivir, lopinavir/ritonavir, tocilizumab, siltuximab,
and Anakinra. One of the ICU patients died of alveolar
hemorrhage and the others survived.

We report 11 consecutive patients from our center
with post hemopoietic cell transplant COVID-19
infection (table 1). Patients’ age ranged from 17 to 60;
the duration from transplant to infection ranged from
day +5 to 192 months, six patients were post-allo-HCT,
four post-auto-HCT, and one had both allo and auto-
HCT. Three patients were transplanted for ALL, 3 for
MM, 2 for AML, 1 for CML with blast crisis,1 for
DLBCL, and one for classic HL. Six patients had other
comorbidities (3 DM, 2 GVHD, and one obesity); only
one patient was a smoker. Seven patients were on some
form of therapy either for their primary disease or for
post-transplant immunosuppression or maintenance (3
on steroids, two on calcineurin inhibitors, one on
brentuximab, and one on dasatinib). The presenting
symptoms were not different from other viral illnesses
with six patients having a fever; four had fatigue, three
had a cough, two had headaches, 3 with shortness of
breath, 2 with a runny nose, 1 with loss of smell and two
patients were asymptomatic (screened for having
contact with positive cases). The majority (seven
patients) had mild COVID-19 stage (two of them later
progress to moderate stage).

In contrast, three had a moderate stage on
presentation, six patients were hospitalized, and five
were isolated at home. Six patients did not receive any
therapy other than supportive care; four patients were
treated with a combination of hydroxychloroquine
(HCQ), azithromycin, and either ceftriaxone (two) or
meropenem (two), one patient was treated with
ceftriaxone alone. Of note, all the patients were still on
acyclovir prophylaxis as a part of their routine transplant
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Table 1. Summarizes the clinical and laboratory profile of all the cases.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11
age 36 years 29 years 60 years 56 years | 58 years | 27 years 21 years 17 years 35 years 49 years 58 years
Sex Male Male Male Female Male Male Male Female Male Female Female

B-cell C.ML
ALL with T
Hemgtologl B-cell Isolated Multiple | Multiple | Multiple CHL cell . B cell AML AML DLBCL
cal disease ALL CNS myeloma | myeloma | myeloma lymphoid ALL
blast
Relapsed L
crisis
Stem  cell Auto
Allo Auto Auto Auto Allo Allo Allo Auto HCT
Transplant HCT Allo HCT /Allo HCT HCT HCT HCT HCT Allo HCT HCT
type HCT
Time from 10.7 5.6 month 192 91 13.8mon 14 month 6.8 2 month
HCT to month (+170 month 71 53 month(+ dav +5 th (421 days) month (+60
COVID-19 | (+323da month month y (+415 Y (+206 days)
day) 275days)
symptoms ys) days) days)
Prophylacti Acyclovi . .| Acyclovi | Acyclovi | Acyclovi . | Acyclovir | Acyclovi Acyclgwr
c .| Acyclovir | Acyclovir . . . .| Acyclovi Bactrim
.. . r ,Bactri . . r ,Bactri r ,Bactri r ,Bactri | Acyclovir posaconaz r
antimicrobi ,Bactrim ,Bactrim r . fluconazol
m m m m ole bactrim
als e
Immunosup . Dexamet Dexamet Brentuxi | CSA,MM | Dasatini | predinosol
non tacrolimus non hasone non non
pressant hasone o mab F b one 15mg
Revlimid
Disease remissio Relapsed Relapsed remissio | remissio | remissio | .| remissio | . .o | remissio | L
status n n n n n n
Cough,
fever, Fever, headache Sore generalize SOB
COVID-19 | fever and runny hf;ad'ache, fati ’ i fthroat, Loss of asympto asympto (fl fatigue, lslore Fever,
Symptoms fatigue nose, atigue atigabili | fever and smell matic matic ever ar.1d throat SOB
Y headache | and body ty and runny productive and
and cough aches SOB nose cough Chest
pain
morbid DM,HTN,
comorbidit o aGVHD GVHD DM,HT obesity , o o no DM o CKD
y skin gut N,AF Hypothy Hypothyr
roidism oidism
COVID-19 . . . . .
stage mild moderate mild moderate mild mild moderate mild moderate | moderate | moderate
Hospital N N N N N
admission o yes yes yes 0 0 0 0 yes yes yes
Mechanical
ventilation no no no no no no no no no no no
required
Azithrom svmptom Azithrom Azithrom svmptom Azithrom
COVID-19 | Sympto : . ymp yein, HC yein,HCQ | SY™P yein ,HC
. ycin, Ceftriaxo atic atic
treatment matic non non Q non , Q
HCQ,Ceft ne manage . manage
treatment . meropenu Ceftriaxon meropenu
riaxone ment ment
m e m
Oxygen
therapy no no no no no no no no no no no
required
ound- multifoca
& . 1 patchy bilateral left lower
Not glass opacity round- atch lobe
Chest X ary | indicated | opacity in Not in right Not Not & lass Not pro n}c/l Not round
finding the left indicated lower indicated | indicated glass indicated grou indicated | O
) opacities glass glass
ower zone . .- o
in left opacities opacities
lung zone I
ung
WBCs 236
(3.9-11.0) NA 4.04 NA ' NA NA 0.07 6.8 4.69 NA 3.2
10"9/L
lymphocyte 08
(1.5-4.3) NA 2.47 NA ) NA NA NA 3.1 1.25 NA 1.85
1079/L
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Neutrophils
(30.0-70.0) NA 1.36 NA 2.1 NA NA NA 3.0 2.4 NA 2./3
10"9/L
negative negative negative | negative | negative positive negative negative negative
COVID-19 70 days 33 days 86 days 81 days 91 days 42 days 34 days 48 days 65 days
after after after after after after after after after
PCR follow . . . . . | not done . . . not done .
u confirmi | confirmin | confirmin | confirmi | confirmi confirmin | confirmi | confirmin confirmin
P ng the g the g the ng the ng the g the ng the g the g the
infection infection infection infection | infection infection | infection infection infection
Reactiv Reactiv Reactive Reactiv Reactiv NOI.l NOI?
SARS- Reactive Reactive
70 days 33 days 86 days 81 days 91 days
Cov2 Total 42 days 48 days
. after after after after after
Antibody . . . . . | notdone after not done after not done | Not done
. confirmi | confirmin | confirmin | confirmi | confirmi . .
Screening confirmin confirmin
ng the g the g the ng the ng the
. . . . . . . . . . g the g the
infection infection infection infection | infection . . . .
infection infection

DM-diabetes mellitus, HTN-hypertension, CSA-cyclosporine, ALL-acute lymphoblastic leukemia, auto-autologous, HCT-hematopoietic cell
transplant, AF-atrial-fibrillation, MM-Multiple myeloma, SOB-shortness of breath, GVHD-graft versus host disease, HGB-hemoglobin , NA-
not available .
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Liver enzymes level
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Figure 2. Case number 7 liver enzyme level.

care; seven were on Bactrim prophylaxis and one on
posaconazole. None of the patients required oxygen
supplementation nor mechanical ventilation. The patient
case number 7 tested positive on day +5 of haplo-HCT;
his donor tested positive on the day of donation as well
as many other family members. The harvested product
was negative by PCR, and his nasopharyngeal swab was
negative on day +1 but converted to positive on day +5.
We assume that he acquired the infection through
transmission from family members rather than from the
apheresis product. A study from Singapore
demonstrated that the virus could be found in the blood
of infected patients in around 8% of the cases."
Recently a donor with a positive PCR from
nasopharyngeal swab was used to donate his sister, and
the recipient did not acquire the infection; the harvested
product was tested by PCR and was negative as well.'®

Conclusions. Our patients surprisingly did extremely
well; however, the number of cases is small, and
drawing firm conclusions is impossible. Whether
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