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Abstract 
To determine the clinical manifestations and outcomes of the coronavirus disease 2019 (COVID-19) in children who underwent 
liver transplantation (LT). A retrospective study was conducted at a transplant center in Thailand to include LT recipients aged < 
18 years who had been infected with COVID-19. Out of a total of 54 children, there were 31 probable cases (57.4%) diagnosed 
using an antigen test kit and 23 confirmed cases (42.6%) diagnosed using polymerase chain reaction (14 children) or severe acute 
respiratory syndrome coronavirus 2 antigen (9 children). Approximately half of the children (25, 46.3%) received the BNT162b2 
vaccine before the infection, with 3 and 2 doses in 5 and 18 children, respectively. While some had COVID-19 during the delta 
pandemic, most (46 children, 85.2%) were infected during the omicron pandemic, of which manifestations included fever (67.4%), 
cough (50%), and rhinorrhea (47.8%), and symptoms lasted approximately 3 days. None had severe diseases. All patients with 
mild-to-moderate disease were advised to continue the same immunosuppressive therapy as before the infection. Compared to 
unvaccinated children or children with one dose of the vaccine, fever was less common in those who received ≥ 2 doses (OR: 0.08; 
95%CI: 0.01–0.57, adjusted for age and immunosuppressive types). Favipiravir was prescribed in most patients (90.7%). Only a 
few children had long COVID-19 or abnormal liver function tests lasting > 1 month (4 children, 7.4%, both). Pediatric LT recipients 
with COVID-19 during the delta and omicron variant pandemic reported mild symptoms despite undergoing immunosuppressive 
therapy.

Abbreviations: Ag = antigen, ATK = antigen test kit, COVID-19 = coronavirus disease 2019, LT = liver transplantation, PCR = 
polymerase chain reaction, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
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1. Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has spread worldwide since 2019, causing the coronavirus dis-
ease 2019 (COVID-19) pandemic. The disease has a wide range 
of clinical manifestations, including asymptomatic infection, 
upper and lower respiratory tract infections, which contribute 

to significant morbidities and mortalities.[1] Previous stud-
ies reported various incidences and outcomes of COVID-19 
depending on the patients’ age groups and the virus variants. 
In the initial phase of the outbreak, Thailand, which was the 
first country in Southeast Asia to report patients with COVID-
19 outside of China,[2] applied lockdown measures, and the 
outbreak was controlled.[2,3] Hence, children were initially less 
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susceptible to the Wuhan strain of the SARS-CoV-2.[1] Despite 
the restriction of public gatherings to manage the alpha vari-
ant outbreak,[3] the alpha variant (B.1.1.7) outbreak in Thailand 
started in January and rapidly increased in April 2021. However, 
our pediatric liver transplantation (LT) recipients were rarely 
infected with the Wuhan strain or the alpha variant in these 
periods. The delta variant (B.1.617) pandemic started in June 
2021.[4] Thereafter, the number of Thai children with COVID-19 
has risen. Since January 2022, the omicron variant (B.1.1.529) 
has been the major strain among patients with COVID-19 in 
the country.[5]

Compared to adults, infected children generally have less 
severe disease.[1] Most of them are asymptomatic or present 
with mild symptoms.[6,7] Only certain children are at-risk for 
severe COVID-19, particularly young children or patients with 
co-morbidities, such as obesity, chronic lung disease, congenital 
heart disease.[1,7]Although children undergoing LT are consid-
ered immunocompromised, previous data revealed that COVID-
19 is not severe in these children.[8–10] Unfortunately, most data 
are derived from a small number of cases. Moreover, the infor-
mation in Asia is sparse. For these reasons, we aimed to study 
the clinical manifestations and outcomes of COVID-19 in pedi-
atric LT recipients.

2. Methods

2.1. Study population

A retrospective study was performed at an active pediatric LT 
center in Bangkok, Thailand. Enrolled subjects included LT 
recipients aged 1 to 18 years who were at a regular follow-up at 
the center and were diagnosed with COVID-19 from December 
2019 to October 2022. Since the COVID-19 pandemic, caregiv-
ers of LT recipients were strongly advised to contact our center 
if the patients were suspicious with COVID-19. This approach 
was strictly implemented during the pandemic to ensure that 
all LT recipients must receive proper management regarding 
COVID-19 and immunosuppression, which could be provided 
directly by our center or remotely from our telecare and network 
services. A medical record was reviewed in terms of the mani-
festations, diagnosis, management, and outcomes of COVID-19. 
During the study period, Thai Food and Drug Administration 
has approved the use of SARS-CoV-2 BNT162b2 vaccine in 
children aged > 12 years since June 2021 and in children aged > 
5 years since December 2021. The study protocol was approved 
by the Institutional Review Board from the Human Research 
Ethics Committee, Faculty of Medicine Ramathibodi Hospital, 
Mahidol University. It also followed the Helsinki declaration.

2.2. Diagnosis of COVID-19

The diagnosis of COVID-19 was according to the World Health 
Organization (WHO)’s definition,[11] consisting of confirmed 
COVID-19 which was diagnosed by detectable SARS-CoV-2 
from polymerase chain reaction (PCR) or antigen (Ag)-detection 
tests, and probable COVID-19 diagnosed by positive antigen 
test kit (ATK).

2.3. Outcome measures

The primary outcome of the study was the clinical manifesta-
tions of COVID-19. The secondary outcome was the severity 
of COVID-19, which was categorized as mild (symptomatic 
infection without pneumonia or hypoxia), moderate (presenting 
with clinical signs of non-severe pneumonia without any signs 
of severe pneumonia), and severe (demonstrating signs of pneu-
monia and central cyanosis or tachypnea).[12] Additionally, long 
COVID (post-COVID-19 conditions) was defined based on the 
modified Delphi consensus in children,[13] of which symptoms 

must occur within 12 weeks and last for >2 months after the 
onset of the COVID-19. The symptoms of the post-COVID-19 
conditions must not be caused by other etiologies. We also 
collected the data regarding abnormal liver function after the 
infection.

2.4. Statistical analyses

The statistical analysis was done by using STATA program 
(StataCorp., version 14, College Station, TX). Descriptive statis-
tics were reported as mean (SD), median (IQR), and percentage. 
We compared the patient characteristics by using Student t-test, 
Mann–Whitney U test, Chi-square test, and Fisher exact test. 
Logistic regression analysis was performed to demonstrate the 
association between variables. P < .05 was considered statisti-
cally significant.

3. Results

3.1. Patient characteristics

Among 185 pediatric LT recipients aged 1 to 18 years, 54 
patients (29.2%) were diagnosed with COVID-19 with a 
median age and duration after LT of 8.7 (IQR: 4.6, 12.5) and 
5.6 (IQR: 2.3, 10.0) years, respectively. The most common 
primary liver disease was biliary atresia (44 patients, 81.5%), 
and some children had other comorbid diseases, including 
allergic rhinitis (7 patients, 13%), cardiac diseases (4 patients, 
7.4%), and obesity (2 patients, 3.7%). None had preexisting 
chronic lung or reactive airway diseases. Patients received 3 
types of immunosuppressive therapy, including monotherapy 
(31.5%), double therapy (37%), and triple therapy (31.5%) 
(Table 1).

The patients with COVID-19 consisted of 23 confirmed 
cases (42.6%) diagnosed by PCR (14 children) or SARS-CoV-2 

Table 1

Baseline characteristics of participants (N = 54).

Characteristics Results 

Age (years), median (IQR) 8.7 (4.6, 12.5)
Age at liver transplantation (years), 

median (IQR)
1.9 (1.3, 2.9)

Duration after liver transplantation 
(years), median (IQR)

5.6 (2.3, 10.0)

Gender: female, N (%) 34 (63.0)
Primary liver disease, N (%)
•  Biliary atresia 44 (81.5)
•  Other chronic liver disease 6 (11.1)
•  Acute liver failure 4 (7.4)
Immunosuppressive protocol before the infection, N (%)
•  Monotherapy (tacrolimus) 17 (31.5%)
•  Double therapy (tacrolimus 

or cyclosporin with MMF or 
prednisolone)

20 (37%)

•  Triple therapy (tacrolimus, MMF, and 
prednisolone)

17 (31.5%)

Underlying disease, N (%)
•  Allergic rhinitis 7 (13.0)
•  Cardiac disease 4 (7.4)
•  Obesity 2 (3.7)
Diagnostic test of COVID-19, N (%)
•  Nasal swab for SARS-CoV-2 PCR 14 (25.9)
•  Nasal swab for SARS-CoV-2 antigen 9 (16.7)
•  Nasal swab for SARS-CoV-2 antigen 

kit test
41 (75.9)

COVID-19 = coronavirus disease of 2019, MMF = mycophenolate mofetil, PCR = polymerase 
chain reaction, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
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Ag (9 children) and 31 probable cases (57.4%) diagnosed by 
ATK. Index cases were identified in 47 patients (87.0%); most 
were household members (78.7%), followed by school peers 
(4.9%).

3.2. Clinical manifestations of COVID-19 infection

While 8 patients were diagnosed with COVID-19 during the 
delta variant pandemic, most children (46 children, 85.2%) 
were infected during the omicron variant pandemic, with 
comparable median age in both groups [8.4 (IQR: 6.6, 14.1), 
and 8.7 (IQR: 4.5, 12.5), respectively, P = .59]. Almost half 
(25 patients, 46.3%) received BNT162b2 vaccine before the 
infection, reported with 1 dose in 2 children, 2 doses in 18 
children, and 3 doses in 5 children, respectively. Table 2 shows 
the details of vaccination among the participants. The pro-
portion of patients who received at least 2 doses of the vac-
cine appeared to be lower during the delta variant pandemic 
[1 patient (12.5%) and 22 patients (47.8%), respectively, P = 
.06]. The patients infected during the omicron pandemic with 
the triple therapy were reported with less access to the vaccine 
before the infection (OR: 0.11, 95%CI: 0.02–0.67, P = .02). No 
children received other types of vaccine to prevent SARS-CoV-2 
infection.

The common manifestations during the omicron variant 
pandemic included fever (67.4%), cough (50%), and rhinor-
rhea (47.8%) (Fig. 1). None had breathing difficulty. A small 
number of patients (4 children, 8.7%) during the omicron 
variant pandemic had gastrointestinal symptoms. During the 
omicron variant pandemic, comparisons were made between 
those who received at least 2 doses of the BNT162b2 vac-
cine and those who did not. Patients who received at least 2 
doses of the vaccine were considered older [11.7 (IQR: 8.3, 
14.1) vs 4.5 (IQR: 2.9, 9.8) years, (P < .01)]. The immuno-
suppressive therapy was also different between the 2 groups, 
describing with monotherapy (25% vs 50%), double therapy 

(33.3% vs 40.9%), and triple therapy (41.7% vs 9.1%) (P = 
.03). However, there were no significant differences in terms 
of the treatment with favipiravir (P > .99) or comorbidities, 
such as allergic rhinitis (P = .67), cardiac diseases (P > .99), 
and obesity (P = .48). We observed that fever was less found 
in those who received at least 2 doses of the vaccine compared 
to the unvaccinated children or children received 1 dose of 
the vaccine (OR: 0.08; 95%CI: 0.01–0.57, adjusted for age 
and immunosuppressive types, P = .01). Table 3 demonstrates 
patient characteristics and outcomes during the omicron pan-
demic according to the vaccination status. The median dura-
tion of illness was similar in the delta and omicron pandemics, 
described with 3 (IQR: 2, 6) and 3 (IQR: 2, 4) days, respec-
tively (P = .64).

3.3. Outcomes of COVID-19 infection

Most patients in both periods had mild infection (44 patients, 
81.5%) (Fig. 2). A smaller proportion of patients (10 patients, 
18.5%) were asymptomatic and underwent diagnostic tests 
for SARS-CoV-2 due to their contact with COVID-19 patients. 
None had severe disease requiring adjustment of the immuno-
suppressive drugs or additional corticosteroids. Sixteen patients 
(29.6%) were admitted to the hospital ward or field hospi-
tal without the need for respiratory support. Favipiravir was 
prescribed in most patients (49 patients, 90.7%) without side 
effects.

After the infection, only 4 children (7.4%) had long COVID-
19; 3 of them were unvaccinated. The patient who was vacci-
nated was obese and received only 2 doses of the vaccine, of 
which the last dose was 5 months before the infection. In addi-
tion, 4 children (7.4%) had abnormal transaminases >1 month. 
However, the transaminases returned to baseline in all 4 chil-
dren within 3 months. Two children with COVID-19 during the 
delta variant pandemic developed acute cellular rejection a few 
months after the infection, but both had poor compliance to the 

Table 2

Characteristics of pediatric liver transplant recipients with coronavirus disease 2019 who had a history of receiving SARS-CoV-2 
BNT162b2 vaccine before the infection (N = 25).

Patient 
Age 

(years) 

Body mass 
index (kg/

m2) 

Trough level 
of tacrolimus 

(ng/mL) 

Dose of 
mycophenolate 

mofetil (mg/kg/day) 

Dose of 
prednisolone 
(mg/kg/day) 

Total doses of SARS-
CoV-2 BNT162b2 vaccine 

before the infection 

Duration from the last 
dose of the vaccine 

to the infection (days) 

Periods of 
coronavirus disease 

2019 pandemic 

1 12 20 3.3 25 – 2 60 Delta variant
2 12 19 3.9 – – 2 155 Omicron variant
3 9 15 5.3 25 – 1 13 Omicron variant
4 11 17 4.8 – – 2 1 Omicron variant
5 15 25 3.1 10 – 2 159 Omicron variant
6 12 24 4 – – 1 15 Omicron variant
7 11 18 5.8 5 – 2 5 Omicron variant
8 10 19 3.7 – – 2 1 Omicron variant
9 10 15 4.2 – – 2 12 Omicron variant
10 5 14 5.7 30 – 2 1 Omicron variant
11 16 24 2.2 30 – 2 223 Omicron variant
12 8 21 3.1 – – 2 29 Omicron variant
13 14 24 5.4 25 – 3 52 Omicron variant
14 5 14 3 – – 2 84 Omicron variant
15 11 11 4.2 – – 2 81 Omicron variant
16 13 24 5.6 – – 2 218 Omicron variant
17 15 21 2.2 – – 3 75 Omicron variant
18 13 13 7.8 20 0.5 2 246 Omicron variant
19 5 14 5.4 – 2.5 2 115 Omicron variant
20 16 17 3.1 10 – 3 122 Omicron variant
21 9 16 4.6 10 – 2 256 Omicron variant
22 7 27 10 30 0.3 2 168 Omicron variant
23 14 17 6.7 10 – 3 130 Omicron variant
24 12 16 4.2 – – 2 149 Omicron variant
25 7 16 2.8 – – 3 68 Omicron variant
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immunosuppressive therapy. None were vaccinated before the 
rejection. Moreover, one patient infected during the delta vari-
ant pandemic had reinfection in the omicron variant pandemic 
approximately 13 months after the first infection and 7 months 
after the second dose of the BNT162b2 vaccine. Additionally, 
none of our children developed multisystem inflammatory syn-
drome in children.

4. Discussion
Pediatric LT recipients with COVID-19 were mainly diagnosed 
during the omicron variant pandemic, of which common mani-
festations were fever, cough, and rhinorrhea. None had moder-
ate or severe disease. Most were described with good outcomes 
and rarely developed long COVID-19.

The number of infected patients in this study was higher 
during the pandemic of the omicron variant, which is more con-
tagious than the delta variant.[14] The increased prevalence of 
the disease after the omicron variant pandemic was also demon-
strated in healthy Thai children.[15] While the patients infected 
with the omicron variant may be younger than the delta vari-
ant,[14] our patients’ ages were comparable in both periods of 
the pandemic.

While the number of COVID-19 patients has increased over 
time, the disease caused by the omicron variant is less severe 
than that caused by earlier strains.[1,14] COVID-19 infections 
in healthy children during the omicron variant pandemic are 
mild, with fever and cough being the most common symptoms, 
similar to our findings.[1] This study found that the majority of 
pediatric LT recipients also have mild disease with a very low 

mortality rate, comparable to studies conducted on healthy 
children during the pre-[8] and post-delta variant pandemic.[14] 
Only a small number of patients were reported requiring oxy-
gen support.[9,10]

Although children who underwent LT are considered immu-
nocompromised, we hypothesized that COVID-19 in these 
children was not severe due to several factors. Compared to 
adults, children were reported to have decreased expression of 
the angiotensin-converting enzyme 2 receptor,[16] which is cru-
cial for SARS-CoV-2’s cell entry.[1] The prevalence of co-mor-
bidities of COVID-19,[1,7] such as obesity, cardiac disease, and 
chronic lung disease, was also low in this study. Moreover, the 
pathophysiology of COVID-19 primarily involves an excessive 
host-immune response.[17] A previous study proposed that cor-
ticosteroids and tacrolimus may have some beneficial effects on 
the COVID-19 disease,[18] and immunosuppressant agents were 
not an independent risk factor for severe COVID-19.[16]

The two-dose regimen of the BNT162b2 vaccine has high 
effectiveness for the prevention of COVID-19 infection, hospi-
talization, and admission to the intensive care unit among chil-
dren aged 5 to 18 years.[19] However, the protectiveness tends 
to decrease over time and is less effective among the omicron 
variant.[19] To our knowledge, there are limited studies regarding 
vaccine effectiveness in pediatric LT recipients. Previous reports 
demonstrated a lower immunogenic response in adolescents LT 
recipients compared to healthy controls,[20] and a booster vac-
cine might be required.[21] Although our study did not reveal 
any differences between severity, duration of symptoms, and 
incidence of long COVID-19 among patients with and without 
vaccination, we found that fever was less found in patients who 

Figure 1. Clinical manifestations of coronavirus disease 2019 among pediatric liver transplant recipients.

Table 3

Clinical manifestations of pediatric liver transplant recipients with coronavirus disease of 2019 during the omicron variant pandemic 
according to the SARS-CoV-2 BNT162b2 vaccination status (N = 46).

Clinical 
manifestations 

No vaccination or receiving only 1 dose of 
SARS-CoV-2 BNT162b2 vaccine (N = 24, 52.2%) 

Receiving at least 2 doses of SARS-
CoV-2 BNT162b2 vaccine (N = 22, 47.8%) OR* 95%CI* P* 

Adjusted 
OR** 95%CI** P** 

Fever 21 (87.5) 10 (45.6) 0.12 0.03–
0.52

<.01 0.08 0.01–0.57 .01

Cough 12 (50) 11 (50) 1 0.31–
3.18

>.99 1.28 0.28–5.90 .76

Rhinorrhea 12 (50) 10 (45.6) 0.83 0.26–
2.66

.8 1.02 0.21–5.00 .98

Sore throat 5 (20.8) 11 (50) 3.8 1.04–
13.83

0 1.9 0.43–8.45 .4

*A group of patients with no vaccination or receiving only 1 dose of SARS-CoV-2 BNT162b2 vaccine served as reference.
**Adjusted for age and types of immunosuppressive therapy.
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received at least 2 doses of BNT162b2 compared with unvac-
cinated patients or patients received only 1 dose of the vaccine 
during the omicron variant pandemic. Unfortunately, the num-
ber of patients who received a booster dose was too low to 
demonstrate statistical significance.

Most children in this study received favipiravir for the treat-
ment of COVID-19, according to the national treatment guide-
lines,[22] suggesting the consideration of favipiravir therapy 
among symptomatic children with immunosuppressed state. 
However, the efficacy of favipiravir is still debatable. While 
the beneficial effects on the disease duration were previously 
mentioned,[23] favipiravir efficacy is not well-demonstrated 
in a large randomized controlled trial in adults.[24] Although 
Anugulruengkitt et al[7] revealed that 90% of children who 
received the medication were less likely to have fever >72 hours 
after the treatment, a randomized controlled trial may be needed 
to confirm its efficacy in children. In terms of the immunosup-
pression adjustment during the pandemic, we followed the sug-
gestions from the Beijing Working Party for LT,[25] which stated 
that patients with mild-to-moderate COVID-19 should continue 
the same immunosuppressive treatment before the infection 
unless they develop severe COVID-19.

Only 4 children in this study had abnormal transaminases >1 
month, and all spontaneously resolved under close observation. 
SARS-CoV-2 is known to be one of the causes of acute liver 
injury in pediatric LT recipients.[26] To our knowledge, the virus 
rarely causes persistently abnormal liver enzymes. In addition, 
acute cellular rejection was reported in 2 children (3.7%), simi-
lar to a previous multicenter report (5.4%).[26] We hypothesized 
that acute rejection was due to poor compliance to the immu-
nosuppressive drugs, which was well-documented in both cases, 
rather than its association with COVID-19 infection. Moreover, 
the prevalence of long COVID-19 in our children was lower 
than previous reports in healthy children.[27,28]

This study has some limitations of its retrospective nature 
that was prone to missing data. We were also unable to iden-
tify all pediatric LT recipients with asymptomatic COVID-19. 
Moreover, the sample size was relatively small, which may 
reduce the effect of statistical analysis. Additionally, some of 
the diagnosis was based on ATK, which was not as specific as 
the Ag- or PCR-based tests. Despite these limitations, this study 
provides valuable information on clinical manifestations and 
outcomes of COVID-19 infection among a specific popula-
tion of pediatric patients who underwent LT. In addition, the 
evaluation of long-term effects, such as the occurrence of long 

COVID-19 symptoms and abnormal liver function tests after 
the infection, provides insights into the potential impact of 
COVID-19 on pediatric LT recipients beyond the acute phase 
of the illness.

5. Conclusions
Despite undergoing immunosuppressive therapy, most pediatric 
LT recipients with COVID-19 had mild symptoms and favor-
able outcomes during the delta and omicron variant pandem-
ics. Even though favipiravir exhibited no adverse effects in this 
report, further studies regarding its efficacy in COVID-19 are 
needed.
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