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To the Editor:

Coronavirus disease 2019 (COVID-19) pandemic is putting
enormous pressure on the health care throughout the world.
To date, there is still the absence of a specific antiviral agent
and vaccine against the lethal disease [1]. Currently, more
than 40,000 cases receive hematopoietic stem cell trans-
plantation (HSCT) in the world each year, and the ultimate
impact of COVID-19 on the field of HSCT is still unknown
[2]. However, in consideration of the co-existence of the
severe immune deficiency and other medical comorbidities,
HSCT recipients, who are frequently exposed to severe
immunodeficiency may have different COVID-19 features,
are at the highest risk for critical COVID-19 illness, and
will bear the worst clinical outcome [3]. Specialists have
issued interim recommendations for recipients and donors
of HSCT [4, 5]. Herein we present two HSCT recipient
cases affected by COVID-19 from Wuhan, the first epi-
center of the pandemic, aiming to share our experience
and lessons.

Patient 1 is a 20-year-old man who was diagnosed with
acute lymphoblastic leukemia in July 2017. He received
allogeneic HSCT in December 2018. The myeloablative
conditioning regimen is busulfan, cyclophosphamide,
and etoposide. Stem cell donor was his mother, who is
HLA 7/10 matched with him. Antithymocyte globulin
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(ATG), tacrolimus, mycophenolate mofetil (MMF), meth-
otrexate, and basiliximab were employed for prevention
of graft-versus-host disease (GVHD). Following trans-
plantation, a complete donor chimerism was achieved, and
no minimal residual disease or abnormal gene mutations
were identified in the patient’s bone marrow. The main-
tenance anti-GVHD therapy included tacrolimus, MMF,
and ruxolitinib.

In January 2020, he received a donor lymphocyte
infusion because of relapse. Upon myelosuppression, the
patient developed fever and cough. CT scan showed
bilateral patchy ground-glass opacities, more lesions in the
lower lobe of the right lung compared with the last ima-
ging. Because such imaging abnormalities as “ground-
glass opacities” and lymphocytopenia had already been
observed in the regular check-ups following transplanta-
tion (Table 1), no special therapy was given. His body
temperature increased rapidly, up to to 40 °C. Thereafter
SARS-CoV-2 RNA tests for pharyngeal swab were per-
formed, which turned out to be repeated positive, and the
patient was diagnosed as COVID-19. The initial laboratory
findings were as follows: lymphocyte 0.93 G/L, platelet
102 G/L, procalcitonin 0.32 ng/ml, C-reactive protein
13.1 pg/L, and D-dimer 1.65 pg/mL. Immunosuppressive
agents and JAK1/2 inhibitor were withdrawn. Antiviral
drug (redesivir 200 mg, once daily), oxygen inhalation,
and supportive treatment were prescribed. Antibiotics were
prescribed throughout the clinical course, including mer-
openem, linezolid, and teicoplanin.

Eight days following onset, the patient presented with
persistent hyperthermia, red papules, abdominal pain, and
diarrhea with hematochezia of 400-1500 ml/day. In con-
sideration of virus infection-induced GVHD, methyl-
prednisolone 40 mg/day and ruxolitinib of 20 mg/day were
used. However, pneumonitis became rapid deterioration as
shown in the bedside chest X-ray, in which bilateral large
blurring shadows were found. Procalcitonin level increased
rapidly from 2.9 to 59.1 ng/ml within 48 h, and the patient
died of severe sepsis and cardiopulmonary arrest (Fig. 1a).
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Table 1 Comparisons between the initial characteristics of COVID-19 and those of before infection.

Characteristic

Reference range Patient 1

Patient 2

5 months before

Infection onset

2 months before

Infection onset

WBC (x10°/L) 4-10
Lymphocyte count 1.1-3.2
(x10°/L)

Neutrophil count 1.8-6.3
(x10°/L)

Platelet count (x10%L)  100-300

Procalcitonin (ng/mL) <0.5

CRP (mg/L) <8
D-dimer (ug/mL) <0.5
Lactate 135-215
dehydrogenase (IU/L)

Alanine <40

aminotransferase (IU/L)

Aspartate <35
aminotransferase (IU/L)

Total bilirubin (umol/L)  3.4-17.1
Direct bilirubin (umol/L) 0-3.4

CT imaging features

2.71
0.69

2.21

89
0.13
11.08
0.62
150

13
12

3.7
1.8
Patchy high density
shadows and small

ground-glass opacities
in bilateral lungs

3.39 2.07 2.23
0.93 0.98 0.89
2.32 1.04 1.09
102 54 48
0.32 0.13 0.37
13.1 9.64 98.1
1.65 0.63 8.16
170 363 1038
23 32 163
20 94 102
4.4 83 307.5
22 9.5 203.5

Bilateral patchy ground-
glass opacities, more
lesions in the lower lobe of
the right lung, compared
with the last imaging

Bilateral small
reticular abnormalities
and ground-glass
opacities

Bilateral patchy
ground-glass
opacities

WBC white blood cell, CRP C-reactive protein.

Patient 2 was a 17-year-old girl who was diagnosed
with acute myeloid leukemia in April 2019. From May
2017 to December 2018, she received seven courses of IA
or FLAG-based chemotherapy. After complete remission,
the patient received allogeneic HSCT in April 2019.
The myeloablative conditioning regimen was fudarabine,
busulfan, and cytarabine. Stem cell donor was her father,
who is HLA 7/10 matched with her. ATG, tacrolimus,
MMF, methotrexate, and basiliximab were employed for
prevention of GVHD. She received further posttransplant
therapy such as interleukin 2 and donor lymphocyte
infusion. Then a complete donor chimerism was achieved,
and no minimal residual disease was identified. The
maintenance anti-GVHD therapy included tacrolimus,
MMEF, and ruxolitinib.

In January 2020, however, she was admitted to hospital
due to extramedullary relapse of leukemia in the uterus
and pancreas. During hospitalization, she began to have
fever on February 6. The highest body temperature was
38.7 °C, accompanied by cough and sputum. Pulmonary
CT imaging showed bilateral patchy ground-glass opa-
cities. Because a number of patients in the same ward had
been infected with SARS-CoV-2, COVID-19 was sus-
pected. RNA test was positive 2 days later. The initial
laboratory findings were as follows: lymphocyte 0.98 G/L,

platelet 48 G/L, procalcitonin 0.37 ng/ml, C-reactive pro-
tein 98.2 pg/L, and D-dimer 8.16 pg/mL.

Antiviral agent (umifenovir 200 mg, three times a day),
antibiotics, and low-dose corticosteroid (methylprednisolone
20 mg/day) were prescribed, while immunosuppressive agents
and JAK1/2 inhibitor were withdrawn. During the whole
clinical course, the lowest SPO, was 93% and gradually
returned to 98% after oxygen inhalation by face mask,
therefore the ventilator was not employed. Antibiotics injec-
tion included meropenem, linezolid, and caspofungin. 16 days
following onset, tests for virus RNA turned out to be negative.
Although additional CT scan also suggested a partial resolu-
tion, the patient suffered from major depression and rejected
further treatment (Fig. 1b).

Several case reports have focused on solid organ
transplant recipients [6—8]. A cohort study suggested that
kidney transplant recipients had a poor prognosis once
suffering from COVID-19, with a case fatality rate up to
28% at 3 weeks [9]. This rate seems similar to that in
cancer patients with COVID-19 (~25%) [10], higher than
that reported among patients with COVID-19 who are
older than 70 years (8-15%), much higher compared
with that in general COVID-19 population (1-5%). There
are new challenges for HSCT physicians during the
new pandemic (Fig. 2). Compared with solid organ
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a Patient 1

Lymphocyte (10%L) 093 092 = 1.1 | 1.36 1.34  1.39

PLT (10%L) | 102 149 227 347 | 427 | 480

Procalcitonin (ng/mL) 032 | 0.37 | 0.56 0.52 10.18 | --

CRP(mgL) 131 327 297 139 |60.8 2586

D-dimer (ng/mL) 165 = -- - - |2143 | -
SpO,(%) 98 96 @ 95 95 | 95 | 95 95
Diarrhea/Hematochwzia
Antiviral treatment
Antibiotics
Probiotics
Thymalfasin
Immunoglobin
Albumin

Methylprednisolone

FK506/MMF withdrawn

Ruxolitinib

Clinical event

o
3
o
z
>
¥

b Patient 2
Lymphocyte (10°L) | 0.98 = 075 @ 0.7 - 0.87 | 0.89
PLT (10°L) | 48 45 28 - 40 36
Procalcitonin (ng/mL) = 037 | 033 | 0.43 - 0.52

CRP(mglL) @ 982 921 | 4797 - 61.79
D-dimer (ug/mL) = 8.16 8.65 3.44 3.41 --

Diarrhea/Hematochwzia
Major depression

Antiviral treatment

~ | - 098 093 122 136 - | 102 145 149
- | - 302 279 252 186 - | 153 | 116 | 118
~ 148 | —- 157 - | - ~ | 292 47.87 59.14
-~ 7978 (9843 1191 - | - -~ 367 9396 1235
- 173 | - - - - —- 189 7.19

94 95 95 95 95 95 95 95 95 95

1.6 mg biw
10 g/day
10 g/day
40 mg/day
Sudden
GVHD RNA+ X-ray RNA+ death

9 10 11 12 13 14 15 16 17 18

Days from iliness onset

1.25 -- 11 - 0.89 0.91 0.65
45 - 75 - 58 56 65
0.45 - - 0.54 - - -
16.89 24.62 42.99  45.91  28.56
7.7 -- -- >8 -- >8 - >8

=
Antibiotics =
]
Probiotics £
=
Immunoglobin < 10 g/day
=
Albumin g 20 g/day
n
Methylprednisolone £ 20 mg/day
ini CT2 CT3 IGM- Abandoning
Clinical event | CT1 RNA+ RNA+ GVHD ANA+ RNA- RNA- RNA- BNA- IGG- therapy
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Fig. 1 Clinical course of the HSCT recipients suffered from
COVID-19. a Patient 1. CT: bilateral patchy ground-glass opacities,
more lesions in the lower lobe of the right lung, compared with the last
imaging. X-ray: chest radiograph showed bilateral large blurred areas.
b Patient 2. CT1: bilateral patchy ground-glass opacities. CT2: bilat-
eral multiple ground-glass opacities, with partial consolidation. CT3:

transplantation, immunosuppressive status after receiving
HSCT is much more serious, due to severe myelosup-
pression and using various immunosuppressive agents
including ATG [11]. Therefore, infection is likely to
deteriorate much more rapidly.

GVHD is a unique complication of HSCT, which is
usually induced and aggravated by viral infection. GVHD
cause pulmonary impairment, promoting ARDS and respira-
tory failure. Anti-GVHD required immunosuppressants and
JAK1/2 inhibitor. However, if these agents were prescribed,
viral infection will deteriorate and if not, GVHD will
progress.

SPRINGER NATURE

Days from illness onset

bilateral patchy ground-glass opacities, with partial resolution. PLT
platelet, CRP C-reactive protein, FK506 tacrolimus, MMF mycophe-
nolate mofetil, GVHD graft-versus-host disease, RNA-+ positive test
for SARS-CoV-2 RNA, RNA— negative test for SARS-CoV-2 RNA,
IgM/IgG— negative test for antibodies to SARS-CoV-2.

It is worth noting that both cases did not develop anti-
bodies to SARS-CoV-2 (IgM and IgG). It is probable that
immune system was unable to produce antibodies effec-
tively, attributed to severe malnutrition and lymphocyte
dysfunction in HSCT recipients. These patients are likely at
high risk for reinfection.

Lymphocytopenia is frequently reported with COVID-19,
occurring in ~65-80% of patients. And “ground-glass opa-
cities” in CT imaging is another typical feature. Nevertheless,
because of the long-term immunocompromised state, chronic
infection, “ground-glass opacities” in the lungs, and decrease
of white blood cell and lymphocyte in circulation are common
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Fig. 2 Challenges of management for hematopoietic stem cell
transplant recipients with COVID-19. HSCT hematopoietic stem
cell transplant, ATG antithymocyte globulin, FK506 tacrolimus, MMF
mycophenolate mofetil, GGO ground-glass opacities, WBC white

Fig. 3 Comparisons between
the initial imaging findings of
COVID-19 and those of before
infection. Patient 1: a 5 months
before b infection onset; patient
2: ¢ 2 months before d
Infection onset.

in patients after receiving HSCT, as is shown in both cases
(Fig. 3). Therefore, it is relatively hard to make a timely
differential diagnosis from COVID-19.

Severe COVID-19 will cause thrombophilia, presenting as
elevated D-dimer levels [12]. We were in a dilemma whether
to use anticoagulant agents or not for both cases, considering
thrombocytopenia and hematochezia, which are often
observed in HSCT recipients with primary disease relapse or
with  GVHD. Moreover, suffering from triple whammy
(hematological malignancy, HSCT, and COVID-19), patients
are prone to depression.

Collectively, HSCT recipients have a poor clinical out-
come under the COVID-19 crisis. Exploring the compre-
hensive management of HSCT recipients with COVID-19 is
urgently needed.

blood cell, IgM/IgG antibodies to SARS-CoV-2, GVHD graft-versus-
host disease, ARDS acute respiratory distress syndrome, BM bone
Mmarrow.
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