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ABSTRACT
Background: Corona virus disease 2019 (COVID-19) 
is causing a health crisis nowadays, and all coun-
tries are following the recommendations of the 
WHO to decrease the spread of the disease. Till 
now, few data are available regarding the clinical 
course, severity of the disease and the duration 
of infectivity of COVID-19 in patients received 
Hematopoietic Stem Cell Transplantation (HSCT). 
Objective: To evaluate the medical protocols and 
outcome of patients who underwent HSCT during 
the pandemic of COVID-19. Methods: A retrospec-
tive review of the medical files of patients who 
underwent hematopoietic stem cell transplanta-
tion during the era of COVID-19. The following 
data were reviewed for all patients: age, gender, 
primary disease, viral screening protocols for 
donors and recipients, COVID-19 status and out-
come. The European society for blood and marrow 
transplantation (EBMT) guidelines were applied 
strictly on all of our patients, donors and bone 
marrow transplant unit staff. Results: A total of 
10 children were transplanted, 8 of them received 
allogenic transplant from matched donor and two 
patients received autologous transplant. Regarding 
allogenic transplants, all of our patients except two 
were transplanted as an emergency, 2 of them were 
Aplastic anemia, 2 patients were Fanconi anemia, 
one patient was Amegakaryocytic thrombocytope-
nia, and one patient was Acute myeloid leukemia. 
Only two patients were not an emergency as one of 
them had Thalassemia major and the other one was 
Sickle cell anemia. The autologous transplant was 
done for two patients with Neuroblastoma stage 
4 as part of their treatment protocol. At a median 

follow up of 5.5 months (range, 2 month-7 months) 
two patients (20%) developed COVID-19, which 
was asymptomatic in both of them. One of our 
patients (10%) died due to cytomegalovirus (CMV) 
pneumonia. No one of our patient was affected by 
the emergency regulations applied by the country 
and hospitals during the pandemic of COVID-19 
virus. Conclusion: Hematopoietic stem cell trans-
plantation can be performed safely for emergency 
cases, if we strictly follow the guidelines of EBMT.
Keywords: Hematopoietic stem cell transplanta-
tion, COVID-19.

1.	BACKGROUND
Corona virus disease 2019 (COVID-19) is 

causing a health crisis nowadays (1). This virus 
was noticed by the World health organization 
(WHO) at the end of 2019 as an extremely con-
tagious virus spreading in Wuhan city in Hubei 
province, China (2). On 11th of March 2020, the 
WHO declared COVID-19 virus as a pandemic 
with more than 2 million cases of COVID-19 
worldwide (3-5). By February 1,2021 around 
103.925.049 cases of COVID-19 and more than 
2.257.793 deaths were reported worldwide (6). In 
Jordan 328.062 cases of COVID-19 with around 
4326 deaths were reported by the Jordanian 
Ministry of Health till 1st February 2021 (6).

The COVID-19 virus has an incubation period 
ranging between 2 to 14 days with an average of 
5 days (7,8,9). The main route for transmission 
of the virus are droplets and close contact (10). 
Fortunately, the majority of infected people are 
asymptomatic, but some patients develop life 
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threatening complications like acute respiratory distress 
syndrome, thrombosis and multi organ failure (11-14). The 
pediatric population presented with less severe disease in 
comparison to adults (15-18), however children maybe a 
significant reservoir for COVID-19 in community because 
they have mild disease and prolonged viral shedding (19).

Nowadays all countries are following the recommenda-
tions of the WHO to decrease the spread of the disease, 
these recommendations include social distancing, hand 
washing and to have high alert for people with suspicious 
symptoms (20).

Hematopoietic stem cell transplantation (HSCT) is still 
considered as a main curative option for many genetic 
diseases, hematological malignancies, immunodeficiency 
and hemoglobinopathies (21, 22). Till now, few data are 
available regarding the clinical course, severity of the 
disease and the duration of infectivity of COVID-19 in 
patients received HSCT (23). For doctors working in stem 
cell transplantation, the stress is extremely high, as HSCT 
is a high risk procedure. Many challenges face the patients 
who receive HSCT and their donors, as recipients of HSCT 
need recurrent unscheduled admissions to the hospital, so 
they should stay near the hospital temporarily (24,25), also 
these patients are at high risk for opportunistic infections 
especially respiratory viral infections as it happened in 50% 
of patients who received HSCT, while infectious complica-
tions happened in 92% of these patients (26-28). Because 
of this high rate of infectious complications in HSCT, the 
center of disease control and prevention (CDC) recommen-
dations regarding infection control in HSCT units should 
be applied strictly.

Hematologic societies, like American society for trans-
plantation and cellular therapy (ASTCT) and the European 
society for blood and marrow transplantation (EBMT) re-
sponded quickly to release guidelines for the physicians 
to help them during this extraordinary period of viral 
outbreak. The ASTCT and EBMT recommendations are 
summarized in table 1 (29, 30).

2.	OBJECTIVE
To introduce a comprehensive review of the results of 

the patients underwent HSCT during the pandemic of CO-
VID-19, this retrospective study analyzes the data for the 
patients who received HSCT in the period from the 1st of 
May 2020 to the 1st of February 2021 at Queen Rania Chil-
dren Hospital (QRCH).

3.	MATERIAL AND METHODS
This retrospective study was approved by the Ethical 

committee of the Jordanian Medical Services. The medi-
cal records of the patients who underwent HSCT were 
conducted at QRCH in Amman-Jordan, during the period 
between May 2020 and February 2021.

A total of ten patients were transplanted in this period, 
8 of them (80%) were allogenic transplant and 2 of them 
(20%) were autologous transplant. The patients and the 
donors characteristics are summarized in Table 2.

The data reviewed were patient age, gender, patient ad-
dress, primary disease, date of transplant, type of trans-
plant, complications and COVID-19 status.

EBMT recommendations for HSCT during the pandemic 
of COVID-19 were strictly applied regarding patients, do-
nors and Bone Marrow Transplant (BMT) unit staff.

Diseases that need HSCT were classified into two groups:
a) High risk diseases: the diseases that need HSCT to be 

done as soon as possible to decrease morbidity and mor-
tality of these diseases like Aplastic anemia, Congenital 
amegakaryocytic thrombocytopenia (CAMT) and high 
risk malignancies.

b) Low risk diseases: the diseases that HSCT can be post-
poned for a while as HSCT can be substituted temporarily 
by supportive management like Thalassemia and Sickle 
cell disease.

During hospitalization, our patients were admitted in a 
double door positive pressure isolation rooms. The number 
of the working staff in the BMT unit was reduced to 50% 
only, each nurse was taking over only one patient during the 
shift. The residents were not allowed to enter the BMT unit, 
just the BMT specialists were allowed to enter the BMT unit.

The patients were not allowed to have food from outside 
the hospital, also no visitors were allowed to enter the BMT 
unit. The doctors and nurses who have a direct contact with 
the patients must wear Personal Protective Equipment 
(PPE) between the two doors of the double door rooms and 
when they exit they take off the PPE and discard it at the 
same place where they wear it.

PCR for COVID-19 was done frequently for the staff at 
QRCH, it was done if any of the staff was symptomatic or if 
there was a contact with a COVID-19 confirmed case, even 
if the PCR was negative for the person who has a direct 
contact with a COVID-19 patient, he was sent home for a 
week of home isolation, PCR was repeated 1 week after, if 
still negative he return to work.

Patients and their caregivers were isolated at home for 14 
days before admission to the BMT unit, also PCR was done 
for them 48 hours before the admission to the BMT unit and 
it must be confirmed as negative. Donors were also isolated 
at home 14 days before hospital admission, and PCR was 
done for them just 48 hours before the harvest day.

After discharge from the BMT unit, PCR was done for 
the patients if they were symptomatic or if they had a con-
tact with a COVID-19 confirmed case. However, PCR was 
done before any admission to the hospital, as it is applied 
in QRCH admission protocol. Clinical appointments were 
reduced as much as possible especially for patients post 
HSCT, and it was substituted by video and phone calls.

Overall Survival (OS) was calculated from the date of 
transplant to death or to the date of last follow up. CO-
VID-19 infection was considered if the patient tested posi-
tive by PCR.

4.	RESULTS
The total number of patients underwent HSCT during the 

period from May 2020 to February 2021 was 10 patients, 5 of 
them were males (50%) and 5 of them were females (50%). 
The median age of our patient at time of transplant was 
(5.5) years. All of our patients were engrafted, median time 
for engraftment was (13) days. Details about the clinical 
course during and post HSCT were summarized in Table 3.

Three of our patients (30%) had a Cytomegalovirus 
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(CMV) reactivation in blood which required admission for 
Intravenous management. OS was (90%), One of our pa-
tients (10%) died on day (+90) due to CMV pneumonitis, his 
primary disease was Thalassemia major. Two patients (20%) 
developed Graft Versus Host Disease (GVHD), the primary 
disease for the first patient was CAMT, and she developed 
skin GVHD on day (+60), she was treated by steroids, on the 
other hand sickle cell disease was the primary disease for 
the second patient who developed skin and gastrointesti-
nal GVHD on day (+90) and it was refractory to steroids so 
she was started on ruxolitinib with an excellent response.

Disease relapse in one of our patients on day (+130), her 
primary disease was AML, and she is now on palliative 
management. No any case of COVID-19 was reported for 
the donors and the caregivers. None of our patients had 
COVID-19 infection before admission to BMT unit nor dur-
ing admission in the BMT unit.

Two patients (20%) were diagnosed with COVID-19 in-
fection post-HSCT, the primary disease for both of them was 
aplastic anemia. The first patient was a 5 3/12 years old male 
patient; he was diagnosed with COVID-19 infection at days 
(+166). PCR was done for him because he was planned for 
a surgery for Hickman line removal and PCR is mandatory 
before surgery as part of QRCH protocol. The second patient 
was a 21 months old male patient; he was diagnosed with 
COVID-19 infection at day (+178). PCR was done for him as 
he had a contact with a confirmed COVID-19 case. Both of 
them had a benign course of COVID-19 infection as they 
were asymptomatic with normal radiological findings. The 
first patient had a negative PCR for COVID-19 after 25 days 
while the second patient had a negative PCR after 21 days. 
Clinical status and lab investigations for these patients are 
summarized in Table 4.

ASTCT EBMT

HSCT recipient

COVID-19-positive

HSCT postponed until the patient is asymp-
tomatic and 2 PCR tests are negative at least 1 
week apart. Reduce intensity conditioning regi-
men must be considered

Low risk diseases: postpone for three 
months

High risk diseases: postpone until patient 
is asymptomatic and 2 PCR tests are 
negative at least 24 hours apart

Close contact with COVID-19 positive patient 
or travel to an area considered as high-risk 
according to CDC or close contact with a 
person who traveled to an area considered as 
high risk

postpone for 14–21 days of last contact, or 
to obtain at least two negative PCR tests one 
week apart
Close monitoring for symptoms

Low risk of disease: postpone for 14–21 
days of last contact.

High-risk of disease: postpone for 14–21 
days of last contact according to clinical 
judgment

Confirmation of negative PCR must be 
done before proceeding

High prevalence of COVID-19 in community
PCR at initial evaluation of the patient and two 
days before conditioning

Consider temporary treatment or postpone as 
much as possible

Donor

COVID-19 positive 

Postpone at least for 28 days and donor must 
be asymptomatic and PCR is negative Donor must be excluded and the duration 

is unclear

Close contact with COVID-19 positive patient 
or travel to an area considered as high-risk 
according to CDC or close contact with a 
person who traveled to an area considered as 
high risk

Donor must be excluded for 28 days Donor must be excluded for 28 days.

In high risk situations you may consider the 
donor if he is asymptomatic and negative PCR.
Close follow up must be done .

If bone marrow transplant is urgent, 
exception maybe done providing that 
the donor is asymptomatic with a nega-
tive PCR and no other available suitable 
donors.
Earlier collection is possible

Table 1. ASTCT and EBMT recommendations for HSCT during the pandemic of COVID-19
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5.	DISCUSSION
Till now, few data are available regarding clinical course, 

the severity of the disease and the duration of infectivity 
of COVID-19 in patients receiving HSCT (23).

Due to the frequent updates for COVID-19, the EBMT and 
ASTCT are publishing frequent updates regarding the rec-
ommendations for HSCT during the pandemic of COVID-19 
(29, 30). In our center. As we follow the EBMT recommen-
dations strictly, the number of cases who underwent HSCT 
during the pandemic of COVID-19 was 40% less than the 
expected number for the same period, as we transplanted 
around 16 patients in the same period (9 months) each 
year before the pandemic of COVID-19. This reduction of 
the number of HSCT cases was done because we want to 
spare the resources (ICU beds, personnel and blood prod-
ucts) which we expect to be in very high demands during 
the COVID-19 era. This was applied by multiple transplant 
centers worldwide (31).

Seven of our patients (70%) were transplanted before 
the 4th of September 2020, which is the date of the outbreak 
of COVID-19 in Jordan, the cases were as the following: 2 
cases of aplastic anemia, 1 case of CAMT, 1 case of thalas-
semia major, 1 case of SCA, 1 case of fanconi anemia and 1 
case of AML. HSCT for the low risk diseases (Thalassemia 
and SCA) were done because at the time of their HSCT, 
Jordan was having very few cases of COVID-19 (6). After 
the 4th of September 2020, HSCT was done for only 3 pa-
tients (30%), the cases were high risk diseases: 2 autologous 
transplants for stage 4 neuroblastoma and one transplant 
for fanconi anemia. The fanconi anemia patient was blood 
and platelet transfusion dependent and he had intracranial 
hemorrhage and lower GI bleeding in the 3 months before 
his transplant, so his transplant was mandatory to save 
his life. This decrease in the number of cases transplanted 
after the 4th of September was due to the rapid increase in 
the number of COVID-19 cases in Jordan (6), so HSCT was 

Patient 
No.

Age
(Years) Address Gender Primary

Diagnosis
Type Of
HSCT Donor Date of trans-

plant
Anti GVHD 
Prophylaxis

1 10 Amman male Thalassemia 
major allogenic Brother HLA 

10/10 12/5/2020 cyclosporine

2 6.5 Mafraq male Fanconi anemia allogenic Father
HLA 10/10 13/5/2020 cyclosporine

3 5 3/12 As-Salt male Aplastic anemia allogenic Brother
HLA 9/10 29/6/2020 Mycophenolate

4 1 9/12 Ajloun male Aplastic anemia allogenic Sister
HLA 10/10 29/6/2020 Mycophenolate

5 12 6/12 Irbid female SCA allogenic Sister
HLA 10/10 26/7/2020 Tacrolimus, 

Ruxolitinib 

6 2 5/12 Amman female CAMT allogenic Mother
HLA 10/10 3/8/2020 Tacrolimus

Prednisolone

7 6 Amman female AML allogenic Brother
HLA 10/10 31/8/2020 Cyclosporine 

8 2 8/12 Amman female N.B stage 4 autologous - 14/9/2020 -

9 5 8/12 Amman male Fanconi anemia allogenic Mother
HLA 10/10 25/10/2020 Cyclosporine 

10 4 5/12 Ma’an female N.B stage 4 autologous - 26/10/2020 -

Table 2. Patients and Donors Characteristics

Patient No. GVHD CMV Reactivation Covid-19 Renal impairment Status

1 No Yes, day (+70) No No Died, day (+90) 

2 No No No No No chronic complications

3 No No Yes, day (+166) Yes, day (+40) (im-
proved) No chronic complications

4 No No Yes, day (+178) Yes, day (+35) (im-
proved) No chronic complications

5 Yes, Day (+90)
Skin and GI No No No Grade 1-2 skin chronic GVHD

6 Yes, Day (+60)
Skin Yes, Day (+90) No No No chronic complications

7 No Yes, day (+75) No No Relapsed, Day (+130)

8 No No No No completing Neuroblastoma treat-
ment protocol

9 No No No No No chronic complications 

10 No No No No completing Neuroblastoma treat-
ment protocol

Table 3. Clinical course and complications during and post-HSCT for the patients
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risky at that time and the ideal action was to postpone all 
the patients with low risk disease. This action was done 
because HSCT patients are at higher risk to have COVID-19 
related complications especially in the first days after the 
transplant because of the conditioning they received and 
the delayed immune reconstitution after transplant (32), as 
the conditioning the patients received will lead to the loss 
of their B and T lymphocytes including the loss of memory 
cells, in addition to the mucocutaneous barriers damage 
(33). Severe complications of COVID-19 in patients post 
HSCT were reported in multiple articles, Grace Fisler et al 
and his colleagues reported a patient who had COVID-19 
on day (+8) post-transplant and she developed respiratory 
failure and intubation for long time (34).

None of our patients, their caregiver and their donors 
developed COVID-19 before transplant or during hospi-
talization in the BMT unit, these results were achieved 
because the EBMT recommendations were applied strictly 
as we isolate the patients, caregivers and donors at home 
for 14 days before admission to the hospital, this will help 
to protect our patients from getting the virus in the criti-
cal period of the transplant especially in the period before 
engraftment. The idea behind the home isolation for the 
donors despite the that they will not have a direct contact 
with the patients during BMT admission is that the CO-
VID-19 can be detected in blood of infected people, and 
most of our patients received raw bone marrow from the 
donors without any manipulation, so we want the donors 
to be safe and COVID-19 free at the time of transplant. 
Virus detection in blood of some COVID-19 patients were 
reported in multiple international article from China and 
Singapore (35, 36).

Two of our patients (20%) had COVID-19 post-HSCT, 
they had the infection after day (+100), and both of them 
were males (100%). This high Cumulative Incidence (CI) 
of COVID-19 cases in our patients may be explained by 
the frequent hospital visits and admissions, as they must 
have close follow up at the BMT clinic because they need 
frequent drugs level monitoring, CMV status monitoring, 
Intravenous Immunoglobulin (IVIG) administration every 
two weeks until The IgG level reaches more than 700 mg/
dl and for management of any complications might happen 
post-HSCT like CMV reactivation and GVHD, so these pa-
tients have more contact with population including people 
who are COVID-19 positive, keeping in mind that 4 of our 
patients (40%) are using public transportation to reach 
the hospital which is located in Amman, Jordan. On the 
other hand, 5 of our patients (50%) live outside Amman. 
However, because of the limited number of the cases in this 
study, the statistical analysis may be inadequate and a more 

prospective multi institutional study is needed, and this is 
considered a limitation for this study.

The male predominance reported by our study also was 
reported by Vicent et al, as (87%) of their patients who 
had COVID-19 post-HSCT were males (37), This can be 
explained by the protective effect for estrogen receptors 
in females (38).

Both of our patients who had COVID-19 post-HSCT 
were asymptomatic, and they didn’t have any abnormal 
radiological findings on high resolution chest CT scan at 
the time when they tested positive by PCR. This benign 
course of COVID-19 infection post-HSCT was noted also 
by multiple international articles, Gabriele et al described 
COVID-19 in two of their patients post-HSCT, one of them 
was a case of AML who had the infection on day (+180) and 
the other one was severe combined immunodeficiency who 
had the infection on day (+167), both of them were reported 
to have a benign course of COVID-19 post-HSCT (37). Also 
Al Yazidi et al described a benign course of COVID-19 in 
three patients, 2 of them were leukemia cases on chemo-
therapy and one of them was a two-year old child who had 
COVID-19 post-HSCT (38), Rossoff et al also reported six 
children with malignancy and post-HSCT who had a benign 
course of COVID-19 without any complications (41).

At the same time, the Spanish group of transplant re-
ported that 5 out of 8 children with COVID-19 post-HSCT 
required an inpatient management with 2 of them required 
PICU management (37).

Our results regarding the benign course of COVID-19 
in our patients may be explained by the fact that our pa-
tients had the COVID-19 after long duration post-HSCT 
(day +166 and day +178), so at the time of infection they 
had normal WBC count, lymphocyte count and normal 
immunoglobulins level. Also our patients didn’t have any 
sign of GVHD which is a risk factor for viral infections 
(42,43). On the other hand our patients were very young, 
and all the data described mild and self-limited course of 
COVID-19 in children (44,45), This may be explained by 
the fact that Angiotensin Converting Enzyme 2 (ACE2) is 
the most important receptor for SARS-CoV-2 to enter into 
human cells , and the expression of the ACE2 in lung and 
nasal epithelium increases with age, and children have 
ACE2 receptors with a lower affinity for COVID-19 and a 
different distribution across body sites, these factors in 
children make the entry of the virus into cells of the young 
patients more difficult (46, 47).

Our two patients were isolated at home for 14 days and 
follow up for them was done by phone and video calls. For-
tunately, these two patients were receiving Mycophenolate 
as GVHD prophylaxis which doesn’t need blood level moni-

Patient No.
Time Of 
Covid-19 
Infection

WBC’s 
Count

Lymphocyte 
Count

C-Reactive 
Protein

IgG 
Level

Chest CT 
Scan Clinical Course Time for PCR 

negativity

3 Day (+166) 4400 2100 15 784 Normal Asymptomatic, 
Home isolation 25 days 

4 Day (+178) 5100 2500 10.6 830 Normal Asymptomatic, 
Home Isolation 21 days 

Table 4. Clinical status and lab investigations for COVID-19 patients post-HSCT
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toring, unlike cyclosporine which needs frequent blood 
monitoring. Mycophenolate was started for them instead 
of cyclosporine because both of them developed mild renal 
impairment while on cyclosporine at the first days post-
HSCT, and the renal impairment improved after stopping 
cyclosporine. PCR negativity for COVID-19 was achieved af-
ter 25 days in the first patient, while the second patient had 
a negative PCR after 21 days. This may be explained by the 
good immune response for our patients. Now our patients 
are doing well and free of COVID-19 chronic complications.

6.	CONCLUSION
HSCT can be done during the pandemic of COVID-19 if 

the EBMT and ASTCT recommendations are strictly ap-
plied. COVID-19 infection had a benign course in patients 
post-HSCT especially after day (+100) as there will be a good 
immune recovery.

•	 Declaration of patient consent: The authors certify that they have ob-

tained all appropriate patient consent forms.

•	 Author’s contribution: M.Q. M.A. H. A.  and A.A. gave a substantial con-

tribution to the conception and design of the work. M.M.,  A.A. sharar 

gave a substantial contribution of data. M. Q.,  M.J. gave a substantial 

contribution to the acquisition, analysis, or interpretation of data for the 

work. M.Q. , M.A., M.M. had a part in article preparing for drafting or revis-

ing it critically for important intellectual content. M. Q., M. A., M.Mustafa 

gave final approval of the version to be published and agreed to be ac-

countable for all aspects of the work in ensuring that questions related 

to the accuracy or integrity of any part of the work are appropriately 

investigated and resolved.

•	 Financial support and sponsorship: Nil.

•	 Conflicts of interest: There are no conflicts of interest.

REFERENCES
1.	 Sahu KK, Mishra AK, Lal A. Coronavirus disease-2019: An 

update on third coronavirus outbreak of 21st century. QJM. 
2020 May 1; 113(5): 384-386. doi: 10.1093/qjmed/hcaa081. 

2.	 Ueda M, Martins R, Hendrie PC, McDonnell T, Crews JR, 
Wong TL, McCreery B, Jagels B, Crane A, Byrd DR, Pergam 
SA, Davidson NE, Liu C, Stewart FM. Managing Cancer Care 
During the COVID-19 Pandemic: Agility and Collaboration 
Toward a Common Goal. J Natl Compr Canc Netw. 2020 Mar 
20: 1-4. doi: 10.6004/jnccn.2020.7560. 

3.	 Del Rio C, Malani PN. COVID-19-New Insights on a Rapidly 
Changing Epidemic. JAMA. 2020 Apr 14; 323(14): 1339-1340. 
doi: 10.1001/jama.2020.3072. 

4.	 World Health Organization. COVID-19 situation reports.
5.	 Worldometer. Coronavirus update (live): 2,359,332 cases and 

161,951 deaths from COVID-19 virus pandemic–worldometer.
6.	 Johns Hopkins University Coronavirus COVID-19 global 

cases by the Center for Systems Science and Engineering. 
2021. https://coronavirus.jhu.edu/map.html Available from.

7.	 Bai Y, Yao L, Wei T, Tian F, Jin DY, Chen L, Wang M. Pre-
sumed Asymptomatic Carrier Transmission of COVID-19. 
JAMA. 2020 Apr 14; 323(14): 1406-1407. doi: 10.1001/
jama.2020.2565. 

8.	 Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early Trans-
mission Dynamics in Wuhan, China, of Novel Coronavirus-
Infected Pneumonia. N Engl J Med. 2020 Mar 26; 382(13): 
1199-1207. doi: 10.1056/NEJMoa2001316. 

9.	 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. China 
Medical Treatment Expert Group for Covid-19. Clinical 
Characteristics of Coronavirus Disease 2019 in China. N 
Engl J Med. 2020 Apr 30; 382(18): 1708-1720. doi: 10.1056/
NEJMoa2002032. 

10.	 Wang J, Du G. COVID-19 may transmit through aerosol. Ir 
J Med Sci. 2020; 189:  1143-1144. https://doi.org/10.1007/
s11845-020-02218-2

11.	 Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk Factors 
Associated With Acute Respiratory Distress Syndrome and 
Death in Patients With Coronavirus Disease 2019 Pneumo-
nia in Wuhan, China. JAMA Intern Med. 2020 Jul 1; 180(7): 
934-943. doi: 10.1001/jamainternmed.2020.0994. Erratum 
in: JAMA Intern Med. 2020 Jul 1;180(7):1031. 

12.	 Chen J. Pathogenicity and transmissibility of 2019-nCoV-A 
quick overview and comparison with other emerging vi-
ruses. Microbes Infect. 2020 Mar; 22(2): 69-71. doi: 10.1016/j.
micinf.2020.01.004. 

13.	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, et al. 
Clinical features of patients infected with 2019 novel coro-
navirus in Wuhan, China. Lancet. 2020 Feb 15; 395(10223): 
497-506. doi: 10.1016/S0140-6736(20)30183-5. Erratum in: 
Lancet. 2020 Jan 30.

14.	 Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, 
Liu Y, Wei Y, Xia J, Yu T, Zhang X, Zhang L. Epidemiological 
and clinical characteristics of 99 cases of 2019 novel coro-
navirus pneumonia in Wuhan, China: a descriptive study. 
Lancet. 2020 Feb 15; 395(10223): 507-513. doi: 10.1016/S0140-
6736(20)30211-7. Epub 2020 Jan 30. 

15.	 Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, Zhang W, et al. Chi-
nese Pediatric Novel Coronavirus Study Team. SARS-CoV-2 
Infection in Children. N Engl J Med. 2020 Apr 23; 382(17): 
1663-1665. doi: 10.1056/NEJMc2005073. 

16.	 Hon KL, Leung CW, Cheng WT. Clinical presentations and 
outcome of severe acute respiratory syndrome in chil-
dren. Lancet. 2003; 361: 1701–1703.

17.	 Bitnun Ari & Allen, Upton & Heurter, Helen & King, Susan 
& Opavsky, Mary & Ford-Jones, et al. Children Hospitalized 
With Severe Acute Respiratory Syndrome-Related Illness in 
Toronto. Pediatrics. 2003; 112. e261. 10.1542/peds.112.4.e261.

18.	 Li AM, Ng PC. Severe acute respiratory syndrome (SARS) in 
neonates and children. Arch Dis Child Fetal Neonatal Ed. 2005 
Nov; 90(6): F461-5. doi: 10.1136/adc.2005.075309. 

19.	 Ardura, Monica & Hartley, David & Dandoy, Christopher & 
Lehmann, Leslie & Jaglowski, et al. Addressing the Impact 
of the Coronavirus Disease (COVID-19) Pandemic on He-
matopoietic Cell Transplantation: Learning Networks as a 
Means for Sharing Best Practices. Biology of Blood and Mar-
row Transplantation. 2020; 26. 10.1016/j.bbmt.2020.04.018.

20.	 CDC. Coronavirus disease 2019 (COVID-19) [Internet]. Cen-
ters for Disease Control and Prevention; (2020).

21.	 Majhail NS, Farnia SH, Carpenter PA, Champlin RE, Craw-
ford S, et al. Indications for Autologous and Allogeneic 
Hematopoietic Cell  Transplantation: Guidelines from the 
American Society for  Blood and Marrow Transplantation. 
Biol Blood Marrow Transplant. 2015 Nov; 21(11): 1863-1869. 
doi: 10.1016/j.bbmt.2015.07.032. 

22.	 Niederwieser D, Baldomero H, Szer J, Gratwohl M, Aljurf M, 
Atsuta Y, Bouzas LF, Confer D, Greinix H, Horowitz M, Iida M, 
Lipton J, Mohty M, Novitzky N, Nunez J, Passweg J, Pasquini 



137Mater Sociomed. 2021 Jun; 33(2): 131-137 • ORIGINAL PAPER 

Hematopoietic Stem Cell Transplantation During the Era of COVID-19 in Queen Rania Children’s Hospital

MC, Kodera Y, Apperley J, Seber A, Gratwohl A. Hematopoi-
etic stem cell transplantation activity worldwide in 2012 
and a SWOT analysis of the Worldwide Network for Blood 
and Marrow Transplantation Group including the global 
survey. Bone Marrow Transplant. 2016 Jun; 51(6): 778-785. 
doi: 10.1038/bmt.2016.18.  

23.	 Balduzzi A, Brivio E, Rovelli A.  et al.  Lessons after the 
early management of the COVID-19 outbreak in a pediatric 
transplant and hemato-oncology center embedded within 
a COVID-19 dedicated hospital in Lombardia, Italy. Estote 
parati.  Bone Marrow Transplant. 2020;   55:  1900-1905. 
https://doi.org/10.1038/s41409-020-0895-4

24.	 Blume KG, Krance RA.  The evaluation and counseling of 
candidates for hematopoietic cell transplantation: Thomas’ 
Hematopoietic Cell Transplantation [Internet]. John Wiley & 
Sons, Ltd, 443–460 (2009). https://onlinelibrary.wiley.com/
doi/abs/10.1002/9781444303537.ch30

25.	 Grant M, Cooke L, Bhatia S, Forman S. Discharge and un-
scheduled readmissions of adult patients undergoing hemato-
poietic stem cell transplantation: implications for developing 
nursing interventions. Oncol Nurs Forum. 2005 Jan 19; 32(1): 
E1-8. doi: 10.1188/05.onf.e1-e8. 

26.	 Centers for Disease Control and Prevention, Infectious 
Disease Society of America, American Society of Blood and 
Marrow Transplantation. Guidelines for preventing opportu-
nistic infections among hematopoietic stem cell transplant 
recipients. MMWR Recomm. Rep. 49(RR-10), 1–125 (2000).

27.	 Whimbey E, Englund JA, Couch RB. Community respiratory 
virus infections in immunocompromised patients with can-
cer. Am J Med. 1997 Mar 17; 102(3A): 10-8; discussion 25-6. 
doi: 10.1016/s0002-9343(97)80004-6. 

28.	 Gil L, Styczynski J, Komarnicki M. Infectious complication in 
314 patients after high-dose therapy and autologous hema-
topoietic stem cell transplantation: risk factors analysis and 
outcome. Infection. 2007 Dec; 35(6): 421-427. doi: 10.1007/
s15010-007-6350-2. 

29.	 COVID-19 and BMT [Internet]. EBMT;  https://www.ebmt.
org/covid-19-and-bmt 

30.	 ASTCT Response to COVID-19–ASTCT [Internet].  https://
www.astct.org/connect/astct-response-to-covid-19

31.	 Sahu KK, Jindal V, Siddiqui AD. Managing COVID-19 in Pa-
tients With Cancer: A Double Blow for Oncologists. JCO Oncol 
Pract. 2020 May; 16(5): 223-225. doi: 10.1200/OP.20.00167. 

32.	 Ogonek, Justyna & Kralj Juric, Mateja & Ghimire, Sakhila & 
Varanasi, Pavankumar Reddy & Holler, Ernst & Greinix, Hil-
degard & Mischak-Weissinger, Eva. (2016). Immune Reconsti-
tution after Allogeneic Hematopoietic Stem Cell Transplanta-
tion. Frontiers in Immunology. 7. 10.3389/fimmu.2016.00507.

33.	 Centers for Disease Control and Prevention, Infectious 
Disease Society of America, American Society of Blood and 
Marrow Transplantation. Guidelines for preventing opportu-
nistic infections among hematopoietic stem cell transplant 
recipients. MMWR Recomm. Rep. 49(RR-10), 1–125 (2000). 

34.	 Fisler G, Haimed A, Levy CF, Stiles J, Capone CA, Fish JD, 
Brochstein JA, Taylor MD. Severe Coronavirus Disease 2019 
Infection in an Adolescent Patient After Hematopoietic Stem 
Cell Transplantation. Chest. 2020 Oct; 158(4): e139-e142. doi: 
10.1016/j.chest.2020.05.579. 

35.	 Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B, Wang YY, 
Xiao GF, Yan B, Shi ZL, Zhou P. Molecular and serological 

investigation of 2019-nCoV infected patients: implication 
of multiple shedding routes. Emerg Microbes Infect. 2020 
Feb 17; 9(1): 386-389. doi: 10.1080/22221751.2020.1729071. 

36.	 Young BE, Ong SWX, Kalimuddin S, Low JG, Tan SY, Loh J. 
et al. Singapore 2019 Novel Coronavirus Outbreak Research 
Team. Epidemiologic Features and Clinical Course of Patients 
Infected With SARS-CoV-2 in Singapore. JAMA. 2020 Apr 21; 
323(15): 1488-1494. doi: 10.1001/jama.2020.3204. Erratum 
in: JAMA. 2020 Apr 21; 323(15): 1510. 

37.	 Vicent MG, Martinez AP, Trabazo Del Castillo M, Molina B, 
Sisini L, Morón-Cazalilla G, Díaz MÁ. COVID-19 in pediatric 
hematopoietic stem cell transplantation: The experience of 
Spanish Group of Transplant (GETMON/GETH). Pediatr Blood 
Cancer. 2020 Sep; 67(9): e28514. doi: 10.1002/pbc.28514. 

38.	 Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN. Cardio-
vascular Disease, Drug Therapy, and Mortality in Covid-19. 
N Engl J Med. 2020 Jun 18; 382(25): e102. doi: 10.1056/NEJ-
Moa2007621. Retraction in: N Engl J Med. 2020 Jun 4. 

39.	 Zamperlini-Netto G, Fernandes JF, Garcia JL. et al. COVID-19 
after hematopoietic stem cell transplantation: report of two 
children. Bone Marrow Transplant. 2021; 56: 713-715. https://
doi.org/10.1038/s41409-020-01041-8

40.	 Al Yazidi, Laila & Rawas, Abdulhakim & Wali, Yasser. (2020). 
COVID-19 in Children With Cancers and Post-Hematopoietic 
Stem Cell Transplantation (HSCT) in Oman. Journal of pedi-
atric hematology/oncology. Publish Ahead of Print. 10.1097/
MPH.0000000000001978.

41.	 Rossoff J, Patel AB, Muscat E, Kociolek LK, Muller WJ. Benign 
course of SARS-CoV-2 infection in a series of pediatric oncol-
ogy patients. Pediatr Blood Cancer. 2020 Sep; 67(9): e28504. 
doi: 10.1002/pbc.28504. 

42.	 Srinivasan A, Wang C, Srivastava DK, Burnette K, Shenep 
JL, Leung W, Hayden RT. Timeline, epidemiology, and risk 
factors for bacterial, fungal, and viral infections in children 
and adolescents after allogeneic hematopoietic stem cell 
transplantation. Biol Blood Marrow Transplant. 2013 Jan; 
19(1): 94-101. doi: 10.1016/j.bbmt.2012.08.012. 

43.	 Lee B, Raszka WV. COVID-19 Transmission and Children: 
The Child is Not to Blame. American Academy of Pediatrics. 
May 2020. doi: 10.1542/peds.2020-004879

44.	 Zimmermann P, Curtis N. Coronavirus Infections in Children 
Including COVID-19: An Overview of the Epidemiology, Clini-
cal Features, Diagnosis, Treatment and Prevention Options 
in Children. Pediatr Infect Dis J. 2020 May; 39(5): 355-368. 
doi: 10.1097/INF.0000000000002660. 

45.	 Zimmermann P, Curtis N. Why is COVID-19 less severe in 
children? A review of the proposed mechanisms underlying 
the age-related difference in severity of SARS-CoV-2 infec-
tions. Arch Dis Child. 2020 Dec 1:archdischild-2020-320338. 
doi: 10.1136/archdischild-2020-320338. Epub ahead of print. 

46.	 Muus Christoph & Lücken, Malte & Eraslan, Gokcen & 
Waghray, et al. Integrated analyses of single-cell atlases re-
veal age, gender, and smoking status associations with cell 
type-specific expression of mediators of SARS-CoV-2 viral 
entry and highlights inflammatory programs in putative 
target cells. 2020; 10.1101/2020.04.19.049254.

47.	 Yuki K, Fujiogi M, Koutsogiannaki S. COVID-19 pathophysi-
ology: A review. Clin Immunol. 2020 Jun;215:108427. doi: 
10.1016/j.clim.2020.108427. 


