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Abstract

Introduction: Nirmatrelvir/ritonavir (Paxlovid) is an effective antiviral drug for treating coronavirus disease 2019 (COVID-19) in adults.
However, Paxlovid treatment of children, especially those who are under 12 years and with severe underlying diseases, is rare.

Case report: A three-year-old COVID-19 patient (weighing 14.5 kg) was infected by the Omicron variant (BA.5.2) after undergoing allogeneic
hematopoietic stem cell transplantation. The patient had severe bilateral pneumonia along with recurrent fever. The patient was administered
150 mg of nirmatrelvir plus 50 mg of ritonavir twice daily for 5 days, starting 27 days after the initial severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) positive test. Clinical manifestations and chest computed tomography improved considerably after the treatment.
The real time reverse transcriptase polymerase chain reaction (RT-PCR) cycle threshold values increased from 23.92 to 38.40 in the case of
ORF I-ab gene, and from 22.22 to 36.28 in the case of N gene. Only a mild increase in serum urea nitrogen (10.10 mmol/L), alanine
transaminase (ALT, 65 IU/L), and aspartate transaminase (AST, 68.5 IU/L) was observed.

Conclusions: Paxlovid can effectively inhibit the replication of SARS-CoV-2 and help in improving the clinical manifestations in pediatric
COVID-19 patients. Our study provided novel information on Paxlovid treatment in very young children.
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has seriously threatened the lives of the
people, and economic and social development across
the world since 2019 [1]. Recent guidelines suggested
that nirmatrelvir/ritonavir (Paxlovid) might be used for
treating mild-to-moderate coronavirus disease 2019
(COVID-19) in children (12 years old or older, and
weighing at least 40 kilograms) who are at high risk of
progression to a severe condition [2—4]. However, there
was no recommendation for children who were below
12 years old, and only a few instances of the treatment
of children below 12 years have been reported [5,6],
especially with severe underlying diseases. Here, we
report the treatment of a child affected by COVID-19,
who was diagnosed with acute myeloid leukemia M5
after allo-hematopoietic stem cell transplantation
(HSCT).

Case report
A male patient (1 year and 11 months old) was
admitted to Xingiao Hospital in Chongqing, China, on

18 November 2021. The patient had fever associated
with anemia and thrombocytopenia. After bone marrow
aspiration and biopsy, the patient was diagnosed with
acute myeloid leukemia M5. Combined chemotherapy
was administered on 25 November 2021, and the
induction regimens consisted of idarubicin (IDA, 15
mg/m?), cytosine arabinoside (Ara-C, 4 mg/kg), and
homoharringtonine (HHT, 0.1 mg/kg). The patient
received complete remission on 28 February 2022, and
showed negative minimal residual disease on 22 April
2022. A preconditioning regimen consisting of busulfan
(BU, 0.8 mg/kg), cyclophosphamide (CTX, 1.8 g/m?),
Arc-a (2 g/m?), and anti-thymocyte globulin (ATG, 2.5
mg/kg) was administered before transplantation. The
patient then received HSCT from his partially HLA-
matched (8/12) father (monocytes 14.14 x 10%/kg,
CD34+ cells 15.8 x 10%kg) on 29-30 June 2022.
Cyclosporine, methotrexate, and mycophenolate
mofetil were administered to prevent graft-versus-host
disease (GVHD). Neutrophil engraftment was observed
on day +10 after transplantation, and platelet
engraftment was observed on day +17. The patient was
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routinely followed in the clinic. No evidence of
transplant-related complications was found.

During the Omicron variant epidemic in Chongqing
in December 2022, the patient had a fever on 14
December 2022 after being in contact with his SARS-
CoV-2-infected mother. He was not vaccinated because
of his underlying disease. The pharyngeal swab of the
patient was positive for the SARS-CoV-2 nucleic acid
on 17 December 2022 (day 0: the first day of the SARS-
CoV-2-positive test). His fever lasted only 2 days
without any other symptoms, and he was not
administered any antiviral drug. On day 11 (28
December 2022), he was admitted again to our hospital
with a 1-day history of medium-grade fever (38.0-38.4
°C), cough, nasal obstruction, rhinorrhea, headache,
stomachache, and fatigue. He was 3 years old and
weighed 14.5 kg. During admission, his vital signs were
normal, and his oxygen saturation was 95% in room air.
The SARS-CoV-2 nucleic acid test was still positive.
Routine blood examination revealed that the patient had
443 x 10°/L white blood cells (WBCs), 50.6%
neutrophils, 34% lymphocytes, 87 g/ hemoglobin
(HB), 248 x 10°/L platelets (PLT), 19.8 mg/L C-
reactive protein (CRP), and 0.19 ng/mL procalcitonin
(PCT). Chest X-ray examinations showed mildly
patchy opacities. He was diagnosed with pneumonia,
and SARS-CoV-2 was suspected as one of the
pathogens, but we could not exclude bacterial infections
because of his long-term use of anti-rejection drugs.
Therefore, piperacillin sodium and tazobactam sodium
were administered for antibacterial therapy. On day 17
(3 January 2023), he still had a fever and developed
neutropenia (WBC 1.65 x 10°/L, neutrophils 0.91 x
10°/L, lymphocytes 0.42 x 10°/L, HB 73 g/L, PLT 139
x 10°/L, and CRP 18.9 mg/L). The chest computed
tomography (CT) examination showed significant
bilateral lower lobe pneumonia. The antibiotics were
changed to meropenem. Intravenous immunoglobulin

Figure 1. Trend of fever over time. Nirmatrelvir/ritonavir was
administered on day 27 to day 31.
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(IVIG,10 g, 0.7 g/kg) and red blood cell infusion were
administered as supportive treatment.

However, the fever and cough persisted. On day 26
(12 January 2023), the patient developed hypoxemia
(oxygen saturation below 90% in room air). The reports
of blood tests still showed low WBC count (2.53 x
10°/L), neutrophils 1.53 x 10%/L, and CRP below 5.0
mg/L). The chest CT showed more severe pneumonia
than before. The bone marrow examination was normal,
and the short tandem repeat test showed that the donor
chimerism of whole blood cells was 100%, suggesting
stable mixed chimerism without graft failure and
relapse. Sputum culture and blood culture showed
negative results. The results of next-generation
sequencing (NGS) of the throat swab indicated SARS-
CoV-2 BA.5.2 infection with 34,064 reads, while no
other pathogens were found. We re-tested SARS-CoV-
2 nucleic acid and found positive results. The RT-PCR
cycle threshold (Ct) values of the ORF I-ab and N gene
fragments were 23.92 and 22.22, respectively.
Therefore, an off-label 5-day-course treatment with 150
mg of nirmatrelvir plus 50 mg of ritonavir administered
twice daily was started on day 27 (13 January 2023)
after taking consent from the legal guardians and
approval from a group of COVID-19 experts and the
ethical committee. The administration of meropenem
was stopped. On day 29 (15 January 2023), the fever
disappeared (Figure 1), and the WBC count started
increasing (Figure 2). After the five-day full course of
Paxlovid therapy, the patient had complete remission of
clinical symptoms. The Ct values increased to 38.40
(ORF 1-ab gene) and 36.28 (N gene) (Figure 3). The
reports of routine blood tests were normal. The chest
CT showed that bilateral pneumonia decreased
significantly (Figure 4). However, two weeks after
Paxlovid treatment, the Ct values again decreased to
26.30 (ORF 1-ab gene) and 2633 (N gene),
respectively. The clinical manifestations, blood routine,

Figure 2. Trend of hematologic parameters over times.
Nirmatrelvir/ritonavir was administered from day 27 to day 31.
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and chest CT did not show any rebound within the next
month.

The patient tolerated Paxlovid without severe
problems. However, a mild increase in serum urea
nitrogen (10.10 mmol/L), alanine transaminase (ALT,
65 U/L), and aspartate transaminase (AST, 68.5 U/L)
was observed on the third day of Paxlovid therapy. One
week after stopping Paxlovid treatment, the serum
levels of ALT and AST returned to normal.

Discussion

Paxlovid, a combination of ritonavir and
nirmatrelvir, was authorized for emergency use by the
US Food and Drug Administration (FDA) in December
2021 [7]. Nirmatrelvir is an orally active 3Cl protease
inhibitor that can inhibit the main SARS-CoV-2
protease and prevent the virus from replicating [8].
Ritonavir can inhibit the metabolism of nirmatrelvir by
cytochrome P450 3A4 isoenzyme (CYP3A4), thus
increasing the plasma concentration of nirmatrelvir, but
it does not directly affect SARS-CoV-2 [8]. A meta-
analysis that included 23 studies involving 314,353
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Figure 3. Trend of the cycle threshold (Ct) values of ORF 1-ab
and N genes over time. Nirmatrelvir/ritonavir was administered
on day 27 to day 31.
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patients (mostly adults) showed that treatment with
Paxlovid was effective for patients with COVID-19,
and it reduced the mortality rate, hospitalization rate,
and polymerase chain reaction (PCR) negative
conversion time. No significant difference in rebound
and adverse events was recorded in the Paxlovid group
relative to the control group [9-11]. A large-scale

Figure 4. Axial non-enhanced computed tomography (CT) of the three-year-old case of coronavirus disease 2019 (COVID-19).

a. Taken on day 17 (3 January 2023), before treatment with Paxlovid. Fairly modest patchy ground-glass opacities in the lung, especially in the bilateral lower
lobe can be observed; b. Taken on day 26 (12 January 2023) before treatment with Paxlovid. More severe pneumonia than before, especially in the bilateral
lower lobe, can be observed; ¢. Taken on day 33 (19 January 2023), two days after the treatment with Paxlovid. Pneumonia in the bilateral lower lobe was
significantly decreased than before; d. Taken on day 46 (1 February 2023), two weeks after the Paxlovid course. The image shows that the pneumonia was

almost absorbed.
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clinical trial of Paxlovid has rarely been performed with
children, especially younger children. Three case
reports [5,6,12] containing 9 cases (5—17 years old, 15—
63 kg) showed that administration of Paxlovid within 5
days of the onset of symptoms provided complete relief
and eradicated the SARS-CoV-2 infection.

In our case, a 3-year-old boy associated with acute
leukemia after allo-HSCT was diagnosed with severe
COVID-19. We used Paxlovid oftf-label because of the
following reasons. First, the diagnosis of COVID-19
was confirmed, and the patient had persistent fever,
which ruled out the possibility of infection by other
pathogens, drug-related fever, graft failure, and
leukemia relapse. Recurrent IVIG and prednisone
therapy did not affect the fever. Second, the patient had
severe underlying diseases and received allo-HSCT for
several months. Long-term immunosuppressive therapy
was also administered to prevent GVHD. Third, he had
persistently low levels of neutrophils and lymphocytes
after the SARS-CoV-2 infection. In previous studies,
cases of neutropenia and immunodeficiency were
significantly associated with high disease severity and
COVID-19-related mortality in patients after allo-
HSCT [13,14]. Fourth, the initial Ct values and NGS
results suggested that there was a persistent high viral
load. Fifth, dynamic examinations of the chest CT
showed aggravating pneumonia. Additionally, the
patient was not vaccinated. In consideration of so many
life-threatening factors, Paxlovid was administered on
day 27 after the initial SARS-CoV-2 infection when we
received approval from the ethical committee and his
legal guardians. The dose of Paxlovid was decided
based on the dose used in the EPIC-PEDS trial and
some case reports [5,6,12]. The condition of the patient
and the Ct values improved significantly after the 5-day
course of Paxlovid. No relapse of symptoms occurred,
and routine blood examinations and chest CT in the
following month showed that the patient was stable.
Additionally, no significant adverse effect was
reported.

However, the Ct values decreased again 2 weeks
after Paxlovid therapy. This phenomenon was also
reported in other studies [5,12]. This pattern indicated
persistent low viremia of SARS-CoV-2 in the patient.
Some retrospective studies reported that the median
time of SARS-CoV-2 clearance is 20 to 27 days in
pediatric patients after allo-HSCT, and it might even
last for several months for patients with
immunodeficiency [5,15-17]. However, the significant
improvements in the clinical manifestations and chest
CT indicated that Paxlovid can effectively inhibit the
replication of SARS-CoV-2. The time of complete
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clearance of SARS-CoV-2 is not known due to
differences in the immune status of different parts of the
body. Therefore, in clinical practice, complete
clearance of SARS-CoV-2 cannot be considered a
major indicator to evaluate the effect of Paxlovid.

Our study was slightly different from previous
studies on pediatric COVID-19 cases. First, the patient
in this study was younger than in previous studies, and
had the lowest weight among patients who had been
administered Paxlovid. Our results increased our
confidence in the effects and safety of Paxlovid in
treating young children as we gained some experience
in administering Paxlovid to very young children.
Second, our patient was a severe case of COVID-19,
and he received Paxlovid treatment even after 5 days of
symptom onset. This treatment regimen did not meet
the recommendations of the common guidelines, which
suggest Paxlovid can be only used in mild-to-moderate
COVID-19 patients (> 12 years old, weight > 40 kg)
within 5 days after symptom onset. However,
significant beneficial effects of Paxlovid were observed
in this case. Our findings suggest that there might be a
longer window for using Paxlovid in immunodeficient
COVID-19 patients. Additionally, patients with severe
COVID-19 might also be allowed Paxlovid treatment,
as they might benefit from it. Patients with COVID-19
should be evaluated individually, and the benefits and
risks of using Paxlovid should be determined for each
patient.

Conclusions

We present a case report in which Paxlovid was
used for treating COVID-19 in a child with leukemia
after allo-HSCT. We found that Paxlovid can
effectively inhibit the replication of SARS-CoV-2 and
can improve clinical manifestations in pediatric
COVID-19 patients. Paxlovid does not cause any
significant adverse reaction. Our study provided novel
information on Paxlovid treatment in very young
children.

Funding

This work was supported by the National Natural Science
Foundation of China (82104696) and the Information-based
Teaching Reform Project of Army Medical University
(41752373).

References

1. LilJ, Lai S, Gao GF, Shi W (2021) The emergence, genomic
diversity and global spread of SARS-CoV-2. Nature 600: 408—
418. doi: 10.1038/s41586-021-04188-6.

1685



Wang et al. — Application of nirmatrelvir/ritonavir in children

10.

11.

Jiang RM, Xie ZD, Jiang Y, Lu XX, Jin RM, Zheng YJ, Shang
YX, XuBP, Liu ZS, Lu G, Deng JK, Liu GH, Wang XC, Wang
JS, Feng LZ, Liu W, Zheng Y, Shu SN, Lu M, Luo WJ, Liu M,
Cui YX, Ye LP, Shen AD, Liu G, Gao LW, Xiong LJ, Bai Y,
Lin LK, Wei Z, Xue FX, Wang TY, Zhao DC, Zhao ZY, Shao
JB, Wu GQ, Huang YJ, Li XW, Yang YH, Shen KL (2022)
Diagnosis, treatment and prevention of severe acute respiratory
syndrome coronavirus 2 infection in children: experts’
consensus statement (Fourth Edition). Chin J Appl Clin Pediatr
37: 1053-1065. [Article in Chinese]. doi: 10.1007/s12519-
023-00745-3.

LiuJ, Yan GF, Chen WM, Tao JH, Ming MX, Wang YX, Zeng
M, Yu J, Zhou JG, Zhai XW, Huang GY, Xu H, Zhou WH,
Zhang XB, Lu GP (2022) Diagnosis and treatment strategies
for severe COVID-19 in children. Chin J Pediatr 60: 1103—
1106. [Article in Chinese].

National Health Commission of the People's Republic of China
(2022) Diagnosis and treatment plan for COVID-19 (trial
version 9). Chin J Clin Infect Dis 15: 81-89. [Article in
Chinese].

Huang J, Yin D, Qin X, Yu M, Jiang B, Chen J, Cao Q, Tang
Z (2022) Case report: application of nirmatrelvir/ritonavir to
treat COVID-19 in a severe aplastic anemia child after
allogeneic hematopoietic stem cell transplantation. Front
Pediatr 10: 935118. doi: 10.3389/fped.2022.935118.

Yan G, Zhou J, Zhu H, Chen Y, Lu Y, Zhang T, Yu H, Wang
L, Xu H, Wang Z, Zhou W (2022) The feasibility, safety, and
efficacy of Paxlovid treatment in SARS-CoV-2-infected
children aged 6—14 years: a cohort study. Ann Transl Med 10:
619. doi: 10.21037/atm-22-2791.

Lamb YN (2022) Nirmatrelvir plus ritonavir: first approval.
Drugs 82: 585-591. doi: 10.1007/540265-022-01692-5.

Marzi M, Vakil MK, Bahmanyar M, Zarenezhad E (2022)
Paxlovid: mechanism of action, synthesis, and in silico study.
Biomed Res Int 2022: 7341493. doi: 10.1155/2022/7341493.
Amani B, Amani B (2023) Efficacy and safety of
nirmatrelvir/ritonavir (Paxlovid) for COVID-19: a rapid
review and meta-analysis. J Med Virol 95: ¢28441. doi:
10.1002/jmv.28441.

Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W,
Wisemandle W, Baniecki M, Hendrick VM, Damle B, Simon-
Campos A, Pypstra R, Rusnak JM (2022) Oral nirmatrelvir for
high-risk, nonhospitalized adults with COVID-19. N Engl J
Med 386: 1397-1408. doi: 10.1056/NEJMoa2118542.
Cheema HA, Jafar U, Sohail A, Shahid A, Sahra S, Ehsan M,
Athar F, Shah J, Sah R (2023) Nirmatrelvir-ritonavir for the
treatment of COVID-19 patients: a systematic review and
meta-analysis. J Med Virol 95: e28471. doi:
10.1002/jmv.28471.

12.

13.

14.

15.

16.

17.

J Infect Dev Ctries 2024; 18(11):1682-1686.

Shi S, Dong N, Ding Y, Wang C, Yuan L, Fang YS, Wang BJ,
Niu YH, Wei ZZ, Pu T, Dong XY, Lu Q (2022) COVID-19
treated with oral nirmatrelvir-ritonavir in 3 children. Chin J
Pediatr 60: 1168—1171. [Article in Chinese].

Haeusler GM, Ammann RA, Carlesse F, Groll AH, Averbuch
D, Castagnola E, Agyeman PKA, Phillips B, Gilli F, Solopova
G, Attarbaschi A, Wegehaupt O, Speckmann C, Sung L,
Lehrnbecher T (2021) SARS-CoV-2 in children with cancer or
after haematopoietic stem cell transplant: an analysis of 131
patients. Eur J Cancer 159: 78-86. doi:
10.1016/j.ejca.2021.09.027.

Ljungman P dICR, Mikulska M, Tridello G, Aguado B,
Zahrani MA, Apperley J, Berceanu A, Bofarull RM, Calbacho
M, Ciceri F, Lopez-Corral L, Crippa C, Fox ML, Grassi A,
Jimenez MJ, Demir SK, Kwon M, Llamas CV, Lorenzo JLL,
Mielke S, Orchard K, Porras RP, Vallisa D, Xhaard A,
Knelange NS, Cedillo A, Kroger N, Pifiana JL, Styczynski J
(2021) COVID-19 and stem cell transplantation; results from
an EBMT and GETH multicenter prospective survey.
Leukemia 35: 2885-2894. doi: 10.1038/s41375-021-01302-5.
Vicent MG, Martinez AP, Del Castillo MT, Molina B, Sisini
L, Morén-Cazalilla G, Diaz MA (2020) COVID-19 in pediatric
hematopoietic stem cell transplantation: the experience of
Spanish Group of Transplant (GETMON/GETH). Pediatr
Blood Cancer 67: €28514. doi: 10.1002/pbc.28514.
Zamperlini-Netto G, Fernandes JF, Garcia JL, Ribeiro AAF,
Camargo LFA, de Moraes Terra C, Hamerschlak N (2021)
COVID-19 after hematopoietic stem cell transplantation:
report of two children. Bone Marrow Transplant 56: 713-715.
doi: 10.1038/541409-020-01041-8.

Balashov D, Trakhtman P, Livshits A, Kovalenko I,
Tereshenko G, Solopova G, Petraikina E, Maschan A,
Novichkova G (2021) SARS-CoV-2 convalescent plasma
therapy in pediatric patient after hematopoietic stem cell
transplantation. Transfus Apher Sci 60: 102983. doi:
10.1016/j.transci.2020.102983.

Corresponding author

Wang Yang, MM

Department of Pediatrics, Xinqiao Hospital, Second Affiliated
Hospital of Army Medical University,

Chongqing 400037, China.

Tel: 15803069307.

Email: wangyang@tmmu.edu.cn.

Conflict of interests: No conflict of interests is declared.

1686



	Introduction
	Case report
	Discussion
	Conclusions
	Funding
	References
	Corresponding author


