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Abstract. To our knowledge, there is still very limited information on the severity, mortality, laboratory, and
radiologic findings of COVID-19 infection in transplant patients, particularly children. In this study, we re-
ported 7 transplant recipients with laboratory-confirmed COVID-19 infection. The median age was 7.5 years
(IQR: 31month-10 years), and 71% of the patients were male. All cases presented with a fever. The median
duration of fever before admission was 2 days (IQR:1-8 days). Five patients (71%) experienced cough and
dyspnea. Lymphocytopenia (Median of 0.6 (IQR: 0.14-2.0x 10° cells per L) and thrombocytopenia (Median
of 65 (IQR: 49-201x 10° cells per L) were the most common CBC findings (both seen in 5 out of the 7
patients. Among 4 of the patients who underwent CT scans, 2 had ground glass opacity and consolidations.
The mean number of lobe involvement in our patients was 3 (0-5), and 75% of the cases showed bilateral
lung involvement in the imaging. In 4 patients (51%) the disease course manifested severely, and 2 patients
are now deceased (28.6%). In conclusion, immunocompromised pediatric subgroups may experience higher
rates of disease severity and mortality in comparison with the immunocompetent pediatric population. (www.
actabiomedica.it)
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Introduction

COVID-19, caused by novel corona virus of se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), began in late December of 2019 in Wuhan. It
then spread across China and throughout the world.
The daily report of the World Health Organization re-
ports 35,109,317 confirmed cases of COVID-19 glob-
ally and 1,035,341 deaths before October 5*, 2020.
From January 3 to October 5* 2020 in Iran, there
have been 471,772 confirmed cases of COVID-19
with 26,957 deaths (1).

COVID-19 is accompanied by a variety of clini-

cal presentations and different degrees of severity.
Pulmonary disease is a notable contributing feature
of elevated mortality rates. There is increasing evi-
dence that there is an inflammatory condition due to
cytokine storm and hypercoagulability responsible for
the pathophysiology of a systemic disorder, rather than
a respiratory infection (2-4). The incidence, severity,
and prognosis of this disease are likely to be differ-
ent in children compared to adults (5). While there is
evidence that shows children may be less vulnerable
to infection or may have milder manifestations upon
infection (6), rare and novel manifestations are also re-
ported (7, 8). It is suggested that children are less sus-
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ceptible to COVID-19 because of several factors. One
has been found to be the different configurations and
binding capacity of Angiotensin Converting Enzyme
IT (ACE2), the main gate for SARS-CoV-2 infection.
Furthermore, higher levels of antibodies against res-
piratory infection viruses, including respiratory syn-
cytial virus (RSV), and various immune reactions to
pathogens in contrast with adults might be another
possible explanation (9). The mechanisms responsible
for such differences in clinical manifestations between
children and adults remain unclear though (10).

In this report, we present 7 patients admitted for
COVID-19 with past histories of either bone mar-
row transplantation (6 cases) or liver transplantation
(1 case). We discuss their symptoms, laboratory and
radiologic findings, and their outcomes.

Materials and Methods

This study was approved by the Ethics Commit-
tee of Tehran University of Medical Sciences, Tehran,
Iran (IR TUMS.VCR.REC.1399.060). Signed in-
formed consent was obtained from all patients who
participated in the study. In cases where patients did
not have the legal capacity to provide informed con-
sent or had not reached the age of consent, their par-
ents/legal guardians provided it for them.

This study was performed at the Children’s Medi-
cal Center, the primary center for pediatric medicine
and research in Iran. More than 35,000 outpatients and
2500 inpatients are admitted to our hospital monthly.
From February 13* to September 23* 2020, 7 patients
who had undergone bone marrow (6 patients) and liver
transplantation (1 patient) were entered into the study.
The presence of SARS-CoV-2 was detected by the
real-time reverse transcription polymerase chain reac-
tion (RT -PCR) method using a nasopharyngeal swab,
as previously described (10). If either radiologic studies
or RT-PCR tests showed positive results for a patient,
he/she was excluded from the survey.

The data gathered consists of demographic infor-
mation, medical history, exposure history, underlying
comorbidities, symptoms, signs, laboratory findings,
radiologic evaluations, severity of disease, treatment,
and mortality.

SARS-CoV-2 infection was tested through the
RT-PCR method, using a nucleocapsid gene. RNase
P (RP) was used as an internal control (11). Naso-
pharyngeal swab samples were collected into a collec-
tion tube with 150uL of virus preservation solution to
extract SARS-CoV-2 RNA from patients with sus-
pected infection. The RT-PCR assay was done under
the following conditions: 95 °C for 3 min, followed
by 45 cycles of 95 °C for 3 s, and 58 °C for 30 s. A
cycle threshold value (Ct value) of less than 37 was
defined as a positive test result. Radiologic investiga-
tions including chest radiography and CT scan were
done, and all laboratory testing was performed accord-
ing to the clinical care needs of the patient. Laboratory
evaluations consist of a complete blood count (CBC),
blood chemical analysis, coagulation testing, assess-
ment of liver and renal function, C-reactive protein
(CRP), procalcitonin, lactate dehydrogenase (LDH)
and erythrocyte sedimentation rate (ESR).

Statistical Analysis

All statistical analyses were performed using
SPSS (Statistical Package for the Social Sciences) ver-
sion 13.0 software (SPSS Inc.). Categorical variables
were described as frequency rates and percentages, and
continuous variables were described using median and
interquartile range (IQR) values.

Results

Demographic and clinical presentation

During a 7-month study period, 7 patients who
had undergone transplantations (6 with bone marrow
transplantation and 1 with liver transplantation) with
a positive SARS-CoV-2 RT-PCR, were included in
the study. Bone marrow transplantations were due to
Acute Lymphoblastic Leukemia (ALL), Acute Mye-
locytic Leukemia (AML), Fanconi Anemia (FA) and
Aplastic Anemia (AA).

The median age of the patients was 8 years (IQR:
4-10). Five patients (71%) were male. All the patients
were ethnically Iranian. Three children (42.8%) had a
documented adult family member or household con-
tact with symptoms associated with COVID-19 or a
confirmed case of COVID-19. All patients presented
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with a fever. The median duration of fever before ad-
mission was 2 days (1-8 days). Five out of 7 patients
(71%) experienced cough and dyspnea, and 4 patients
(57.14%) suffered from tachypnea. None of the pa-
tients experienced chest pain, and only one had pleural
effusion. The median O, saturation upon admission
was 92% (IQR 85-98%). Headache, myalgia, diarrhea
and skin rash were all seen in only one patient. Sore
throat, rhinorrhea, conjunctivitis, mucosal involve-
ment, abdominal pain, vomiting, and confusion were
not observed in any of the patients. The physical exam-
ination revealed no lymphadenopathy, hepatomegaly,
splenomegaly, ascites, or extremity edema.

Laboratory findings

Lymphocytopenia (Median of 0.6 (IQR: 0.14-
2.0x 10° cells per L) and thrombocytopenia (Median
of 65 (IQR: 49-201x 10° cells per L) were the most
common CBC findings (both seen in 5 out of the 7
patients). Elevated inflammatory tests, especially CRP
and ESR, were noticeable in the patients. Creatine
phosphokinase and Creatine kinase-MB were tested
in 2 patients and found to be in the normal range.

The levels of venous blood gas were also either
found to be normal or showed signs of mild respiratory

Table 1. The demographic and laboratory findings of the patients

Parameter Median (IQR)
Median Age (year) 8 (4-10)
Median weight (kg) 24 (13-30)
Laboratory findings

White blood cell count (x 10° cells per L) 8.0 (2.7-12.5)
Hemoglobin (g/dL) 11.7 (8-15.2)
Platelets (x 10° cells per L) 65 (49-201)
Neutrophil count (x 10° cells per L) 5.0 (0.47-6.3)
Lymphocyte count (x 10° cells per L) 0.6 (0.14-2.0)
C-reactive protein (mg/L) 40 (11-125)
Erythrocyte sedimentation rate (mm/h) ~ 59(15-67)

532.5 (457.5-1538.5)
25(14.25-93)
27.5(19.75-319.25)
10(8.5-48.25)
0.55(0.2-1.175)
4.1(3.55-4.15)

Lactate dehydrogenase (U/L)
Aspartate aminotransferase (U/L)

Alanine aminotransferase (U/L)
Urea (mmol/L)

Creatinine (pmol/L)

Albumin (g/dl)

alkalosis. The median value of PCo2 and HCO3 levels
was 30.45 (IQR: 25.37-37.6) and 18.45 (IQR: 17.27-
19.35), respectively. The median levels of PO2 and O,
saturation were 44.65 (IQR: 35.7-60.65) and 81.15%
(62.7-93.1), respectively. Prothrombin time (PT) and
International normalized ratio (INR) were prolonged in
only one of the patients after bone marrow transplanta-
tion. Hematuria was not seen in any of the patients, but
sterile pyuria and proteinuria were found in 2 patients
(28.5%). A single patient had dysentery and an abnor-
mal stool exam (RBC:10-12, WBC:40-45).

All blood and urine cultures appeared negative.
At the time of admission, four of the patients had a
SARS-Cov-2 serology test. Only one was positive for
combined IgG and IgM ELISA.

Imaging

For three of the patients, normal radiography
was found in the chest X-rays. Spiral CT scans were
done for the other 4 patients. Ground glass opacity
and consolidation were reported in 2 of the CT scans.
The mean number of lobe involvement in our patients
was 3 (0-5). Seventy five percent had bilateral lung
involvement found in imaging. Seventy five percent
also had peripheral findings, rather than central, and
50% were affected diffusely in their lung parenchyma.
Seventy-five percent of CT scans illustrated pulmo-
nary nodules. None of the patients showed evidence of
empyema, lymphadenopathy and fibrosis.

Treatment

All patients received hydroxychloroquine. Three
of the patients additionally received oseltamivir in
their regimen. Four out of 7 required Lopinavir/ Ri-
tonavir kaletra. Azithromycin was used for 4 patients.
Four patients received corticosteroids, and only one
patient was treated by Intravenous Immunoglobulin
(IVIG). Three of the patients needed Meropenem and
Vancomycin. Trimethoprim/Sulfamethoxazole and
acyclovir were prescribed for 5 patients (71%). Cef-
tazidime was administered to 3 patients. Voriconazole
seemed essential for 4 of our patients. Likewise, lipo-
somal Amphotricin appeared necessary for a single
patient. Immunosuppressive drugs and prednisolone
were continued in almost all our patients.
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Admission Qutcome

The mean number of admission days was 15 (IQR:
4-30) days. Five patients (71.4%) had a severe form of
the disease. Three patients (42.8%) were admitted to
the ICU subsequently, from which one patient was in-
tubated, and 3 (42.8%) needed ventilation. Four of the
patients (57%) required oxygen therapy.

Mortality

Two of our patients passed away due to COV-
ID-19 during our study.

The first was a 7-year-old boy with Fanconi Ane-
mia who had undergone bone marrow transplantation
on February 24 of 2020. He was admitted to the post-
transplant ward following a 15-minute seizure with jaw
locking without fever or loss of consciousness. After
his transplant, he received Cellcept (Mycophenolate
mofetil), Cyclosporin, Folic Acid, Livergol and Folic
Acid. Graft Versus Host Disease (GVHD) had also
occurred after his transplantation. After admission on
April 12 of 2020, cyclosporine was discontinued, and
Tacrolimus was started. Levetiracetam was prescribed
for seizure control. In his CT scan, evidence of ventric-
ulomegaly was observed. Due to his restlessness and
delirium, vitamin B6 was administered. An MRI was
performed which illustrated cortical lesions, subcorti-
cal lesions, and viral encephalitis pattern. In the second
MRI, meningoencephalitis and Posterior Reversible
Encephalopathy Syndrome (PRES) were propound-
ed. A rise in urea and creatinine levels was obvious at
admission. In the ICU, the patient lost consciousness
due to ineffective respiration and was intubated. His
peripheral blood stream suggested Hemolytic Uremic
Syndrome/ Thrombotic Thrombocytopenic purpura
(TTP/HUS). He was treated with IVIG and plas-
mapheresis afterwards. Furosemide, dobutamine and
dopamine infusion were performed for the Ejection
Fraction (EF) improvement. Due to encephalopathy,
urea, and creatinine elevation, peritoneal dialysis was
also performed. A lumbar puncture sample was at-
tained and appeared normal. Due to encephalitis, the
patient remained unconscious. His brain stem reflexes
were gone, and the Glasgow Coma Scale (GCS) be-
came 3 out of 15. Unfortunately, cardiopulmonary ar-
rest induced by COVID-19 encephalitis leads to the
patient’s death.

The second case was a 4.5-year-old boy with XLP
(X-linked lymphoproliferative disease) who had un-
dergone bone marrow transplantation on January 12
of 2020. He was admitted as a result of vomiting, food
intolerance and having diarrhea five times. He had
received prednisolone, cyclosporine, ofloxacin, vori-
conazole, valganciclovir and tranexamic acid before-
hand. Oral oseltamivir, hydroxychloroquine, Acyclovir
and intravenous meropenem, vancomycin and dexa-
methasone were then ordered. His pulmonary infec-
tion worsened due to immunodeficiency, and bacterial
superinfections added onto the COVID-19 involve-
ment. He passed away after 2 months due to septic
shock from disseminated pulmonary infection.

Discussion

The first confirmed pediatric case of SARS-
CoV-2 infection was reported in a familial cluster in
Shenzhen on January 20" of 2020 (12). As the COV-
ID-19 outbreak spread, the first infant case was report-
ed from Xiaogan, Hubei province. The patient was a
3-month-old female with a one day fever admitted on
January 26" of 2020 (13). As the pandemic progressed
worldwide, the number of pediatric patients increased
concomitantly (14). Several studies suggested that the
signs and symptoms of pediatric COVID-19 are simi-
lar to adults. However, pediatric infection is consid-
ered to be milder in severity in comparison with adults
(15-18).

The clinical features and outcomes of COVID-19
among immunosuppressed patients, who are presumed
to be at risk for a more critical form of the disease,
are not fully identified. Adult patients with cancer and
solid organ transplantation recipients may be at higher
risk for more serious COVID-19 disease. There is evi-
dence suggesting that patients taking biologic drugs
may not be at elevated risk. However, whether they are
actually at lower risk for severe forms of COVID-19 or
not remains unclear (19). The few publications so far
indicates very low incidence of complications in im-
munocompromised children infected by SARS-Cov-2
(20). There is still very limited knowledge of COV-
ID-19 infection in the transplant population, particu-
larly children. In this study, we reported 7 transplant
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recipients with laboratory-confirmed COVID-19 in-
fection.

Our study indicates slightly higher degree of dis-
ease severity (5 out of 7) and mortality (2 out of 7)
in post bone marrow or organ transplant children in
comparison with immunocompetent children. There-
fore, we should not underestimate the risk of immuno-
suppressive drugs causing children to develop a more
severe form of COVID-19. An important issue is that
harsh preventive measures should not lead to medi-
cal follow-up postponements or obstruct their specific
treatment (21). Respiratory viruses are historically
concerning for patients with a previous history of bone
marrow transplantation, solid organ transplantation,
and cancer given their association with higher risk of
morbidity. Our preliminary concentration should re-
main on disease prevention, infection control proce-
dures, isolation precaution, and avoidance of contact
with suspected individual with COVID-19 (22).

In a meta-analysis focusing on clinical character-
istics of COVID-19 in children, 49 studies were re-
viewed. The most common symptoms presented were
fever and cough (23). Dyspnea and tachypnea were
additionally prevalent symptoms among our patients.
Four patients (57%) needed oxygen therapy, and in
4 patients the disease course was preceded by severe
manifestation of symptoms.

Routine laboratory tests, like many other viral
infections, may not indicate any specific or significant
changes (24). In a meta-analysis, lymphocyte count
was below normal in 15% of pediatric cases, less than
what is observed in adults. CRP was increased in 22%
of cases (25). Lymphocytopenia and thrombocytope-
nia were found in 71% of the patients, higher than
our previous studies (10, 26). Elevated inflammatory
tests, especially CRP and ESR, were noticeable in our
study, inconsistent with our previous studies (10, 11,
26).

Ground glass opacities were previously intro-
duced as the most common finding in the CT scans
of infected children (24, 25, 27). Only 2 patients (out
of 4 patients who had undergone CT scan) illustrated
such involvement, and the other 2 had pulmonary
consolidations. It has been reported that ground-
glass opacities and consolidations are the most com-
mon CT abnormalities (61.5%). Most studies found

peripheral and lower-lobe distribution as a promi-
nent imaging finding (28). In our study, peripheral
lesions in both lungs located in different lobes, as well
as pulmonary nodules, were remarkable.

This study, to our knowledge, is the first to in-
troduce 7 pediatric cases among the post bone mar-
Trow or organ transplantation population. Detecting
positive cases among immunosuppressed children is
of great importance for adducing the most common
documented clinical, laboratory and imaging charac-
teristics. However, due to our limited samples in this
case series, many objectives for precise diagnosis and
management alternatives remain unrevealed.

Further targeted studies on progression of
COVID-19 in the pediatric immunocompromised
subgroup are highly recommended. Clinical practi-
tioners should also consider the special features of
pediatric involvement to develop more accurate ap-
proaches to the disease. Moreover, policy makers are
responsible for coordinating detailed diagnosis crite-
ria and treatment guidelines for children.

In conclusion, immunocompromised pediatric
subgroups may experience higher degrees of disease
severity and mortality in comparison with the im-
munocompetent pediatric population. The majority
of children diagnosed with SARS-CoV-2 infection
were of school age. Fever was detected in all of our
patients. Cough and dyspnea were determined as the
most common clinical symptom. Lymphocytope-
nia, thrombocytopenia, and elevated inflammatory
markers, particularly CRP and ESR, were the most
significantly observed laboratory findings. The most
common pattern found in CT scans was involvement
of peripheral sections by ground glass opacities or
consolidations including both lungs and pulmonary
nodules.

Funding: This study was supported by a grant (grant number:
99-1-149-47172) from Tehran University of Medical Sciences
to Dr. Setareh Mamishi.

Conflicts of interest: Each author declares that he or she has
no commercial associations (e.g. consultancies, stock ownership,
equity interest, patent/licensing arrangement etc.) that might
pose a conflict of interest in connection with the submitted ar-
ticle.



Acta Biomed 2021; Vol. 92, N. 2: €2021095

References

1. World Health Organization. Coronavirus disease 2019
(COVID-19): situation report, 70. 2020.

2. Connors JM, Levy JH. COVID-19 and its implications for
thrombosis and anticoagulation. Blood. 2020;135(23):2033-
40.

3.Liu J, Zheng X, Tong Q, et al. Overlapping and discrete
aspects of the pathology and pathogenesis of the emerging
human pathogenic coronaviruses SARS-CoV, MERS-CoV,
and 2019-nCoV. J Med Virol. 2020;92(5):491-4.

4. Mahmoudi S, Rezaei M, Mansouri N, Marjani M, Man-
souri D. Immunologic features in coronavirus disease 2019:
functional exhaustion of T cells and cytokine storm. J Clin
Immunol. 2020;40(7):974-6.

5. Rahimzadeh G, Ekrami Noghabi M, et al. COVID-19 infec-
tion in Iranian children: a case series of 9 patients. ] Pediatr
Review. 2020;8(2):139-44.

6.Fang Y, Zhang H, Xie ], et al. Sensitivity of chest CT
for COVID-19: comparison to RT-PCR. Radiology.
2020;296(2):E115-E117..

7. Memar EHE, Mamishi S, Ekbatani MS, et al. Fulminant
hepatic failure: a rare and devastating manifestation of Cor-
onavirus disease 2019 in an 11-year-old boy. Arch Pediatr.
2020;27(8):502-505.

8. Ekbatani M, Hassani S, Tahernia L, et al. Atypical and novel
presentations of coronavirus disease 2019: a case series of
three children. Br J Biomed Sci. 2020;78(1):47-52.

9. DongY,MoX,HuY,etal. Epidemiologyof COVID-19 Among
Children in China. Pediatrics. 2020;145(6):e20200702.

10. Mahmoudi S, Mehdizadeh M, Badv RS, et al. The corona-
virus disease 2019 (COVID-19) in children: a study in an
Iranian Children’s Referral Hospital. Infect Drug Resist.
2020;13:2649.

11. Mamishi S, Movahedi Z, Mohammadi M, et al. Multisystem
inflammatory syndrome associated with SARS-CoV-2 infec-
tion in 45 children: a first report from Iran. Epidemiol Infect.
2020; 148:e196.

12. Chan JF-W, Yuan S, Kok K-H, et al. A familial cluster of
pneumonia associated with the 2019 novel coronavirus in-
dicating person-to-person transmission: a study of a family
cluster. Lancet. 2020;395(10223):514-23.

13. Zhang Y, Lin D, Xiao M, et al. 2019-novel coronavirus infec-
tion in a three-month-old baby. Zhonghua Er Ke Za Zhi.
2020;58:E006.

14. Cui X, Zhang T, Zheng J, et al. Children with Coronavirus
Disease 2019 (COVID-19): A Review of Demographic,
Clinical, Laboratory and Imaging Features in 2,597 Pediatric
Patients. ] Med Virol. 2020;92(9):1501-1510.

15. Wei M, Yuan J, Liu Y, Fu T, Yu X, Zhang Z-J. Novel corona-
virus infection in hospitalized infants under 1 year of age in
China. JAMA. 2020;323(13):1313-4.

16. Sun D, Li H, Lu X-X; et al. Clinical features of severe pediat-
ric patients with coronavirus disease 2019 in Wuhan: a single

center’s observational study. World J Pediatr. 2020;16(3):251-

259.

17. CaiJ, Xu ], Lin D, et al. A Case Series of children with 2019
novel coronavirus infection: clinical and epidemiological fea-
tures. Clin Infect Dis. 2020;71(6):1547-1551

18. Inciardi RM, Adamo M, Lupi L, et al. Characteristics and
outcomes of patients hospitalized for COVID-19 and cardiac
disease in Northern Italy. Eur Heart J. 2020;41(19):1821-9.

19. Fung M, Babik JM. COVID-19 in immunocompromised
hosts: what we know so far. Clin Infect Dis. 2021;72(2):340-
350.

20. Zamperlini-Netto G, Fernandes JF, Garcia JL, et al. COV-
ID-19 after hematopoietic stem cell transplantation: report of
two children. Bone Marrow Transplant. 2021;56(3):713-715.

21. Hrusak O, Kalina T, Wolf ], et al. Flash survey on SARS-
CoV-2 infections in pediatric patients on anti-cancer treat-
ment. Eur ] Cancer. 2020;132:11-16.

22. Fontana L, Strasfeld L. Respiratory virus infections of the
stem cell transplant recipient and the hematologic malignan-
cy patient. Infect Dis Clin North Am. 2019;33(2):523-544.

23.Yang AP, Li HM, Tao WQ, et al. Infection with SARS-
CoV-2 causes abnormal laboratory results of multiple organs
in patients. Aging. 2020;12(11):10059-10069.

24. Soltani J, Sedighi I, Shalchi Z, Sami G, Moradveisi B, Na-
hidi S. Pediatric coronavirus disease 2019 (COVID-19): An
insight from west of Iran. North Clin Istanb

.2020;7(3):284-291.

25.Ding Y, Yan H, Guo W. Clinical characteristics of children
with COVID-19: a meta-analysis. Front Pediatr. 2020;8:431.

26. Mamishi S, Heydari H, Aziz-Ahari A, et al. Novel coro-
navirus disease 2019 (COVID-19) outbreak in children in
Iran: atypical CT manifestations and mortality risk of se-
vere COVID-19 infection. J Microbiol Immunol Infect.
2020;S1684-1182(20)30177-8.

27.Zhou F, Yu T, Du R, et al. Clinical course and risk fac-
tors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet.
2020;395(10229):1054-1062.

28. Katal S, Johnston S, Johnston J, Gholamrezanezhad A. Imag-
ing findings of SARS-CoV-2 infection in pediatrics: A sys-
tematic review of coronavirus disease 2019 (COVID-19) in
850 patients. Acad Radiol. 2020;27(11):1608-1621.

Received: 30 December 2020

Accepted: 12 January 2021

Correspondence:

Setareh Mamishi

Department of Infectious Diseases, Pediatrics Center of Excel-
lence, Children’s Medical Center Hospital, Dr. Gharib Street,
Keshavarz Boulevard, Tehran, Iran

Tel: +98- 021- 6642- 8996

Fax: +98- 021- 6642- 8996

E-mail: smamishi@sina.tums.ac.ir



