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Background

The pandemic coronavirus SARS-CoV-2 poses unprec-
edented stress on the hematopoietic cell transplantation
(HSCT) centers. Immunological recovery after HSCT is
habitually required for infection control [1]. However, the
natural history of the SARS-CoV-2 in pediatric patients
receiving HSCT is largely unknown. Furthermore, the trans-
plantation units are facing many other challenges related
to HSCT planning and the risk of SARS-CoV-2 spread
among healthcare personnel. A traceable outbreak of SARS-
CoV-2 among healthcare workers at an adult HSCT unit was
recently reported affecting five nurses [2]. Few separated
case reports of SARS-COV2 were published in children
receiving HSCT [3, 4]. We report on an outbreak of COVID-
19 among healthcare workers and patients at a pediatric
HSCT unit, measurements taken for its containment, and
the outcome of pediatric HSCT recipients diagnosed with
SARS-CoV-2 infection. This is, to our knowledge, the first
report of the SARS-CoV-2 outbreak in a pediatric HSCT
unit.
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Methods

The pediatric HSCT unit being reported on has 16 single
bedrooms. Five rooms, equipped with a high efficiency par-
ticulate air (HEPA) filter positive pressure lock system, are
reserved for HSCT recipients. Eleven beds, placed in single-
patient rooms with ambient air, are used for pre-transplant
management of children with primary immunodeficiencies,
hematological disorders, and post-transplant management
of late HSCT complications.

Specific procedures of the unit impose protective isola-
tion of patients with the wearing of surgical masks and over-
shoes before entering the inpatient room and the wearing of
gloves before any direct patient contact. Visits are forbidden
in the HEPA filter rooms, and patients are not allowed to
leave their rooms. These procedures have been strengthened
during the SARS-CoV-2 pandemic, as have been addressed
by the recent EBMT recommendations [5] including training
of staff on proper procedures. Accompanying mother should
wear surgical mask and gown in the patient room, in addition
to gloves before any direct patient contact.

After the detection of the first case of SARS-CoV-2 in the
unit on September 4, 2020, all healthcare workers, patients,
and their accompanying persons were screened for SARS-
CoV-2 via a real-time polymerase chain reaction (RT-PCR)
from nasopharyngeal swabs regardless of whether upper
respiratory symptoms are present. This was justified by the
high immunocompromised nature of hospitalized patients.

Results
Among healthcare workers, 15 out of 53 tested positive for

SARS-CoV-2 according to RT-PCR (three physicians, four
training students, four nurses, and four cleaning workers).
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Two out of 16 accompanying mothers also tested positive
for SARS-CoV-2. SARS-CoV-2 infection was diagnosed in
five patients, confirmed by positive RT-PCR in four patients
and by Chest CT scan in one patient.

Infection occurred after HSCT in three of the five SARS-
CoV-2 positive patients. Characteristics of transplanted
patients are summarized in Table 1. The first case was a
7-year-old boy who underwent HSCT for severe acquired
bone marrow failure. He had a partially controlled invasive
blastomycosis. On day 60 post-HSCT he exhibited fever,
diarrhea, cough, dyspnea, and hypoxia. SARS-CoV-2 was
detected in his mother having minor flu-like symptoms.
Repeated SARS-CoV-2 RT-PCR of the patient was nega-
tive. The chest CT scan showed new images consistent with
COVID-19-associated pneumonia. Other respiratory viral
pathogens were negative by multiplex PCR. He had normal
neutrophils level and profound lymphopenia. Azithromycin
and nasal oxygen were prescribed. All signs disappeared
5 days later. CT scan showed no new images with regres-
sion of pulmonary ground-glass opacities 14 days later. The
second case of SARS-CoV-2 was detected in a 6-year-old
girl 7 days after HSCT for severe congenital neutropenia.
She received haploidentical T-replete HSCT with post-trans-
plant cyclophosphamide. Neutrophils and lymphocytes were
absent. She exhibited abdominal pain with diarrhea without
fever nor respiratory signs. She received oral azithromycin.
The patient was kept in her single room in the HSCT unit.
Two RT-PCR tests came back negative 7 days, and 10 days
later, her mother had a negative RT-PCR. The third case
was a 16-year-old boy who underwent HSCT from MSD for
Shwachman-Diamond syndrome with myelodysplasia. He
had chronic pulmonary GVHD. Nine months after HSCT,
positive RT-PCR was detected due to the positivity of a close
contact relative. He exhibited headaches and a dry cough,
but he had no exacerbation of the other baseline respiratory
signs. Chest CT showed no new images. He was treated as
an outpatient with azithromycin and home monitoring of
SpO2, while no hospitalization was required.

Infection occurred before HSCT in the other two patients.
The fourth case was an 18-month-old patient having juve-
nile myelomonocytic leukemia. He had neither respiratory
nor digestive signs. Chemotherapy was delayed, and he
was discharged. His RT-PCR came back negative 14 days
later. The fifth case was a 5-year-old girl having inherited
myelodysplasia and monosomy 7 due to SAMD 9 mutation.
She was admitted for haploidentical HSCT. SARS-CoV-2
was detected by RT-PCR, and she had a transient mild fever
and cough. Her chest CT scan was normal. The HSCT was
delayed and 14 days later her RT-PCR was negative.

All the other patients had negative RT-PCR. SARS-
CoV-2 was detected in an asymptomatic mother whose
13 months old, breastfed son had an aplasia after chemother-
apy for acute lymphoblastic leukemia. He was asymptomatic
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and his RT-PCR was still negative during controls. Positive
mothers were discharged. All positive healthcare workers
stopped working. The negative healthcare persons continued
to work with strict hygiene measures, dedicated persons for
positive patients using individual protective equipment and
grouping of care. Inpatients were tested for SARS-CoV-2 as
soon as any symptoms indicative of COVID-19 developed.
All new patients and accompanying mothers were tested for
SARS-CoV-2 before admission. HSCT was delayed 2 weeks
and restarted after decontamination of spaces. Outpatient
visits were substituted with telemedicine when feasible.
By December 5, 2020, all tests remained negative, and no
new case of COVID-19 was detected among hospitalized
patients.

Discussion

In this report of SARS-CoV-2 screening in a pediatric HSCT
unit, few patients were positive, despite that several health-
care workers were infected. Few separated cases of pediatric
HSCT recipients have been reported so far during the pan-
demic [3, 4]. Among 92 COVID-19 infected PID patients,
three pediatric cases were HSCT recipients [6]. A report
from the French pediatric oncology centers has identified
two HSCT recipients among 33 COVID-19 infected patients
[7]. It has been hypothesized that different surveillance
strategies could explain the low rate of infection in pedi-
atric HSCT recipients. However, in our center, all patients
were screened regardless of the presence of signs. It could
also reflect more restrictive isolation approaches in HSCT
units. Urgent measures taken permitted the containment
of COVID-19 spread and probably reduce the viral load
[5]. In addition, the sensitivity of RT-PCR in allografted,
immune-deficient, and aplastic patients is controversial.
A negative PCR does not rule out the possibility of infec-
tion. The diagnosis was made on CT signs in one patient,
whose mother had positive RT-PCR. CT scan results have
been described to have a high sensitivity [8]. However, after
HSCT, clinical and radiological manifestations are not spe-
cific to COVID-19, and common differentials like fungal
and other viral infections should be considered. Assigning
the responsibility of respiratory signs to COVID can also be
difficult to hold in the presence of underlying lung disease
such as GVHD in one patient. Comparison to baseline signs
is crucial in these patients. Diarrhea observed could be due
to COVID. However, gastrointestinal symptomatology can
easily be confused with other differentials like acute gut
GVHD, CMYV colitis, and mucositis [6].

Furthermore, there was no severe form of COVID 19
infection among the pediatric HSCT recipients despite
immunocompromised status. Severe forms were reported
in adult HSCT recipients with a high mortality rate
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nearing 28% that can be directly attributed to COVID-19
[9]. Mild forms in pediatric HSCT recipients might reflect
what is observed in the general population. However, the
occurrence of a multisystemic hyperinflammatory syn-
drome in children has challenged this perception [10]. The
few publications so far showed a very low incidence of
complications in transplanted patients infected by SARS-
Cov-2 that could be a result of an immune system not
capable of triggering a major inflammatory response [3,
4, 6, 7]. In the ESID report, one child died. He had severe
gut GVHD. Thus, it was unclear how much SARS-CoV2
contributed to the death [6]. It is also important to men-
tion that all our patients had lymphopenia. Thus, a certain
component of adaptive immunity does not appear to be
essential for controlling SARS-CoV?2 infection. Rather,
adaptive immune deficiencies may even contribute to a
milder course by reducing the cytokine release syndrome
(CRS) and the excessive tissue damage [11]. Neutrophils
do not also appear to be essential for controlling SARS-
CoV2 infection in these patients. Our patient is one of
the rare reported pediatric cases of SARS-CoV-2 infection
successfully recovered during the early period of profound
bone marrow aplasia [3, 4]. Moreover, PTCy received by
this patient could contribute to milder form as previously
reported in four adults. The PTCy mediates alloreactive T
cell elimination, induces T-regulatory cell expansion, and
abrogates CRS in haploidentical HSCT that looks like the
severe COVID-19-associated CRS [9]. Two of our patients
were receiving corticoids; this might have had beneficial
effects on inflammation too [10]. Given that all cases
were mild, no specific drugs were used, and patients were
kept in the unit. The transfer of patients during the peri-
transplant phase is not recommended unless not otherwise
manageable life-threatening conditions occur [5]. Thus, all
the efforts were made to keep the HSCT unit, free from
circulating SARS-CoV-2.

In this experience of the SARS-CoV-2 outbreak in a
pediatric HSCT unit, the application of the COVID-19 risk
management strategy according to the EBMT recommen-
dations permitted to stop local epidemic among patients
despite the fact that many healthcare workers were affected.
Furthermore, all allograft pediatric recipients have exhib-
ited mild COVID-19 despite immunocompromised status,
underlying lung disease, and profound aplasia. Thus, a cer-
tain component of adaptive and innate immunity does not
appear to be essential for controlling SARS-CoV2 infection
in these patients. Rather, post-transplant induced immune
deficiency and even more PTCy may even contribute to a
milder form by reducing the CRS. The long-term conse-
quences of COVID-19 in children receiving HSCT remain
unclear. Further studies are needed to advance the knowl-
edge of the scientific community, especially HSCT practi-
tioners, of this new disease.
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