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Abstract
Background: The impact of the COVID pandemic on liver transplant (LT) programs 
varied	among	countries.	Few	data	are	available	about	 that	 impact	 in	pediatric	 liver	
transplant (PLT) programs. This study aimed at comparing the data of our program in 
Brazil (2019 vs. 2020).
Methods: Retrospective cohort study.
Results: One hundred and seventy- four PLT were performed in the period (93% living 
donors). Patients were divided into two groups according to the LT date: pre- COVID- 19 
period	 (march/2019–	February/2020)	and	COVID-	19	period	 (March/2020–	February	
2021). In the pre- COVID- 19 period, 97 LTs were performed, and 77 LTs were per-
formed in the COVID- 19 period. Patients in the COVID- 19 period were younger 
(10.9 months vs. 16 months, p 0.009), had higher PELD scores (15 vs. 14, p 0.04), more 
ascites (66.2 vs. 51.5%, p 0.03), and more frequently hospitalized before LT (27.3 vs. 
17.5%). However, there was no difference in post- LT complications, retransplantation 
nor survival rates. Six (6.2%) patients from pre- COVID- 19 period were COVID posi-
tive at a median of 15.5 months (14– 17.5), and 6 (7.8%) patients from COVID- 19 pe-
riod were COVID positive at a median of 3 months (20 days– 6 months) from LT. There 
was	neither	mortality	nor	complications	in	those	patients.	Four	(33%)	were	hospital-
ized,	and	one	had	prolonged	intubation.	Four	(33%)	were	asymptomatic,	4	(33%)	had	
upper airways symptoms, and the remaining had gastrointestinal symptoms.
Conclusion: Overall, PLT was not affected during COVID- 19 period. Even though pa-
tients from COVID- 19 period were sicker, there was no significant impact in LT out-
comes.	All	the	recipients	who	tested	positive	for	COVID	had	a	favorable	outcome.
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1  |  INTRODUC TION

One year after the global report of the severe acute respiratory syn-
drome	coronavirus	2	(SARS-	CoV-	2)	pandemic,	a	total	of	114	653	749	
confirmed cases and 22 550 500 deaths were registered (until March 
3, 2021). Of the global numbers, 10 646 926 confirmed cases and 
257 361 deaths were registered in Brazil, the second country with 
the highest cumulative confirmed cases and deaths.1

The global impact on liver transplantation (LT) programs was no-
torious due to several factors: the shortage of intensive care unit 
(ICU) beds, precluding the performance of high- risk procedures such 
as LT, and the fear of the medical team and the patients of contract-
ing COVID- 19 in the hospital environment.2	Additionally,	 in	Brazil,	
there was a decrease in the number of transplantations due to a drop 
in the deceased donation rate, as well as in the number of trans-
plants from live donors.3

Countries that rely mainly on living donor liver transplantation 
(LDLT) also reported a decrease in the number of procedures per-
formed during the pandemic. This effect was predominant in the 
beginning of the pandemic, improving somewhat after the centers es-
tablished segregated patient flows to avoid cross- contamination.4– 7

The balance between the continuity of transplant activity, while 
mitigating pre- transplant mortality versus the risk of recipient in-
fection, determines the incorporation of strategic guidelines for 
COVID- 19 that increase patient safety in this pandemic scenario. 
Such protocols must be adapted according to local and global epide-
miological markers for transmission.

Published	studies	suggest	that	children	(≤17	years)	infected	with	
COVID- 19 are less likely to progress to the severe form of the dis-
ease when compared to adults.8,9 However, scarce data are available 
on morbidity and mortality in children with comorbidities— such as 
candidates on the waiting list for LT — and the evolution of COVID- 19 
in those patients is still unpredictable.

The aim of this study was to evaluate the impact of the COVID- 19 
pandemic in the pediatric LT activity in a high- volume program in 
Brazil and to compare the outcomes for those patients transplanted 
during the COVID- 19 pandemic with those transplanted in the pre-
ceding 12 months.

2  |  METHODS

During the pandemic period, indications for LT were restricted due to 
The	risks	of	exposing	immunosuppressed	recipients	to	SARS-	CoV-	2	
in a hospital environment— as well as healthy donors, in the case of 
LDLT. Data on the hospital environment ensuring a COVID- 19- free 
pathway,10 as well as the severity status of the children on the waiting 
list, were taken into consideration when deciding to move forward 
with the LT. Therefore, candidates on the waiting list with higher 
mortality risk, that is, with higher pediatric end- stage liver disease 
(PELD) scores and/or with a recent decompensation requiring hospi-
talization, or in cases of malignancy, were considered for LT.6,11 Other 
markers for waiting- list mortality, such as ascites and hyponatremia, 

were also considered a priority for LT in our program.12 The informed 
consent form was signed by the parents or guardians of the pediatric 
candidates,	 informing	them	about	the	risks	related	to	SARS-	CoV-	2	
infection during their hospital stay, and the false- negative rates of 
the polymerase chain reaction real- time (PCR- RT) test. The same 
applied to donors, in the case of LDLT. Organs from deceased do-
nors were accepted when epidemiological and clinical screening and 
PCR- RT test for COVID- 19 were negative. The LT procedures for 
these organs were approved only after the candidate had negative 
epidemiological and clinical screening; however, it was not possible 
to obtain the result of the candidate's PCR- RT test prior to LT. These 
recipients with unknown COVID- 19 status were kept in a holding 
isolation area and triaged into the COVID- free or COVID areas once 
the PCR- RT results for COVID- 19 were ready. These results were 
available at least 12 h after hospitalization.

As	for	LDLT,	both	donors	and	recipients	underwent	epidemiolog-
ical and clinical screening and PCR- RT testing for COVID- 19 (naso-
pharyngeal samples) within 48 h before the planned LT.6,11 Only the 
pair of patients— donor and candidate— who presented full negative 
screening (epidemiological, clinical, and testing) were considered for 
LT. When the candidate and/or donor had clinical suspicion or active 
SARS-	CoV-	2	infection,	the	procedure	was	postponed	until	28	days	
after symptom resolution, in addition to presenting two negative 
tests taken at least 24 h apart.6,13 Patients and donors involved in 
LDLT were recommended to intensify quarantine and protective 
measures	for	at	least	2	weeks	prior	to	the	scheduled	LT.	For	patients	
hospitalized prior to transplantation, as well as in the period after 
the procedure, access to visitors and family members was limited to 
one person (and always the same person), per patient, for the dura-
tion of the hospital stay. These visitors were instructed to practice 
measures of social isolation and individual protection. In the event 
the accompanying person presented with epidemiological and clin-
ical screening for COVID- 19, they were immediately isolated from 
the patient. They then underwent PCR- RT testing for COVID- 19 
and, even with a negative result, were not allowed contact with the 
patient for 14 days after the end of symptoms, in addition to pre-
senting a new negative test. No changes were made neither to the 
antibiotic and antifungal prophylaxis, nor to the immunosuppression 
protocols.

The same medical team was responsible for the surgical proce-
dures, and the pre-  and post- transplantation management of the pa-
tients at both hospitals. Data were acquired through retrospective 
review of medical records and from a prospectively collected data-
base. The hospitals’ ethics committees approved this study under 
protocol	numbers	HSL	2011–	21	and	AC	2068/15.

Recipient	and	donor	selections	were	based	on	ABO	blood	group	
compatibility. Pediatric patients with end- stage liver disease who 
were accepted by the transplant team for LT were placed on the 
waiting list for DDLT.

The medical staff involved in patient care, as well as healthcare 
workers (HCW) who had clinical, epidemiological criteria and/or 
tested positive for COVID- 19, were forbidden from contacting the 
patient for up to 14 days after the end of symptoms and until they 
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had a negative PCR- RT test. Scientific and clinical round meetings 
were done remotely. Remote telemedicine follow- up of outpatients 
was prioritized, and face- to- face returns were selectively requested. 
Hospital staff was reduced to avoid the risk of cross- contamination. 
Personal protective equipment (PPE) was used by physicians and 
HCW.

After	 the	LT,	patients	were	not	 routinely	 tested	for	COVID-	19,	
unless they had a positive epidemiological screening, or developed 
symptoms	 suggestive	of	 SARS-	CoV-	2	 infection.	Only	 cases	with	 a	
positive PCR- RT test were considered positive for COVID- 19.

2.1  |  Statistical analysis

We performed a retrospective analysis including children (<18 y.o.) 
who	underwent	LT	between	March	11,	2019	and	February	19,	2021.	
The sample was divided into two groups, designated COVID- 19 pe-
riod group— which coincided with the initial rise in COVID- 19 cases 
in	Brazil	(March	4,	2020	to	February	19,	2021)—	and	pre- COVID- 19 
period group, for the same 12- month period in 2019. To determine 
the impact of the pandemic in the transplantation activity in our 
program, a comparative analysis of the total number of LTs in each 
period was performed. Demographic and clinical characteristics, 
intra- operative parameters, and postoperative outcomes were con-
sidered, and a comparative analysis of recipient and graft survival 
was performed between the groups.

Pre- transplant variables included gender, age at transplanta-
tion,	 diagnosis,	 recipient	 body	 weight	 (BW),	 weight-	to-	age	 (W/A)	
and	height-	to-	age	(H/A)	z	scores,	PELD/MELD	scores,	ascites,	and	
pre- LT hospitalization status. Intra- operative parameters were 
graft- to- recipient weight ratio (GRWR), type of living donor graft, 
and blood transfusion requirement. Post- transplant outcomes in-
cluded the occurrence of technical complications such as hepatic 
vein outflow obstruction (HVOO), biliary stricture (BS), biliary leak 
(BL), late (>30	days)	portal	vein	thrombosis	(LPVT),	early	(≤30	days)	
PVT	(EPVT),	hepatic	artery	thrombosis	(HAT),	and	retransplantation.

Living donors’ characteristics and postoperative outcomes, 
grouped by the Clavien- Dindo classification,14 were also evaluated 
in both periods. Means and medians were calculated to summarize 
continuous effects, and the results were compared using t- tests or 
appropriate non- parametric tests when distributional assumptions 
were in doubt. Categorical variables are expressed as numbers and 
percentages. Differences between groups were assessed using chi- 
square	or	Fisher's	exact	tests,	when	needed.	Significant	differences	
were considered at a p < .05.

Patient and graft survival analysis was conducted according to 
the Kaplan- Meier product- limit estimates, and patient subgroups 
were compared using a two- sided log- rank test.

The incidence of COVID- 19 infection was evaluated in both 
groups.	 A	 detailed	 description	 of	 those	 cases	 that	 tested	 positive	
for	COVID-	19	was	included,	as	well	as	their	outcomes.	All	analyses	
were performed using the SPSS 21.0 statistical package (IBM, Inc.).

3  |  RESULTS

A	 total	 of	 174	 pediatric	 LTs	 were	 performed	 between	March	 11,	
2019	and	February	19,	2021.	 In	 the	pre-	COVID-	19	period,	97	LTs	
were performed, versus 77 LTs performed in the COVID- 19 period, 
representing a decrease of 20.6% in pediatric LT activity during 
the	pandemic.	 Figure	1	 represents	 the	pediatric	 LT	 activity	 in	our	
center for each month during the pandemic. The number of reported 
COVID- 19 confirmed cases in Brazil is shown per week since the 
beginning of the pandemic.

The majority of LTs were performed with living donors, in both 
periods: 91 (93.8%) in the pre- COVID- 19 period and 71 (92.2%) 
in the COVID- 19 period, p = .4. The comparative analysis of clin-
ical characteristics of children transplanted in the first period 
(pre- COVID- 19) with children transplanted in the second period 
(COVID- 19), showed that those from the COVID- 19 period were 
younger at LT, with higher PELD/MELD scores and greater preva-
lence of ascites, and were more frequently hospitalized before the 
LT (Table 1).

Waiting- list mortality rates in pediatric candidates were 8.4% 
and 11.9% in the pre- COVID- 19 period and COVID- 19 period, 
respectively.

The postoperative outcomes analysis shows no significant dif-
ferences between the periods, either in the length of hospital stay, 
or in the development of post- LT complications (Table 2). Two pa-
tients were retransplanted during the follow- up, one in each group. 
The 1- year patient survival was similar in both groups (95.9%, p = .9).

There was no donor mortality, and 2 donors developed pul-
monary thromboembolism, equally distributed among the periods, 
which were properly managed and had a good outcome. None of the 
donors were COVID- 19 positive after the donation.

A	total	of	12	patients,	6	(6.2%)	from	the	pre- COVID- 19 period 
and 6 (7.8%) from the COVID- 19 period were infected, in a median of 
15.5 months (14 to 17.5 months) and 3 months (20 days– 6 months) 
after the LT, respectively. The clinical characteristics and outcomes 
of recipients diagnosed with COVID- 19 are detailed in Table 3.

Most patients developed mild symptoms or were asymptomatic, 
and only one COVID- 19 patient was diagnosed on the first postop-
erative day. The clinical and epidemiological screening before LT for 
this patient was negative, but the PCR- RT result for COVID- 19 was 
not	 available	 until	 the	moment	 of	 LT.	 All	 patients	who	 developed	
COVID- 19 had a good recovery, without complications related to 
the disease, and there was no need to change their immunosuppres-
sion. PCR- RT tests for these patients were repeated and resulted in 
negative.

A	 total	 of	3	 LDLTs	were	 canceled	because	of	 positive	PCR-	RT	
results in the pre- LT screening— one recipient, and two donors, and 
their respective recipients. Only one of these recipients actually de-
veloped the disease, while the others were asymptomatic. Only one 
of these two donors developed mild respiratory symptoms of the 
disease	 with	 favorable	 evolution.	 All	 procedures	 were	 postponed	
and performed after a negative PCR- RT test.
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In our country, vaccines were not yet widely available at the time 
these patients were transplanted. In this period, only priority groups 
such as healthcare workers, people over 60 years of age and individ-
uals with comorbidities had access to vaccination.

Our current protocol recommends the vaccination of donors, 
when available for the age group, in the preoperative period up to 
4 weeks before the procedure. The same time interval is considered 
for vaccination in the postoperative period.

4  |  DISCUSSION

This is the first study offering outcomes in the field of pediatric LT 
from a single high- volume program in Brazil during the COVID- 19 
pandemic. One year after the outbreak, Brazil has become the epi-
center of the pandemic. The outcome analysis of transplantations 
performed during this period plays a role in making us rethink our 
medical practice, in order to establish landmarks toward the safe 
continuity of transplantation activity.

Initially, the results showed a decrease in our transplantation ac-
tivity, especially at the beginning of the pandemic in Brazil, as we can 
see	in	Figure	1.	This	was	caused	by	uncertainties	about	the	transmis-
sion and severity of the new disease, and the time needed to estab-
lish new policies and practices to ensure the safety of patients and 
medical staff. The continuation of the activity involves the discus-
sion of ethical issues and depends on the availability of public and 
local resources.15 Especially, living donation is contingent on local 
circumstances related to internal hospital adaptation determinants 
in maintaining transplantation activity. Other local factors may also 
be crucial, such as the shortage of hospital beds and staff.16,17 The 

construction of a COVID- 19- free pathway for recipients is made 
possible by efficient communication between the multidisciplinary 
medical care team and the hospital's resource management. This 
communication must be agile and quickly adapted to momentary 
needs.

Questions related to which patients to transplant and which to 
postpone are relevant in this scenario. Our patients were continu-
ously evaluated considering aspects related to the severity of the 
liver disease. In this series, LT was considered for those patients who 
were at real risk of death before LT, while waiting on the list. This is 
what has been recommended by other authors, and there is a con-
sensus among them that LT should be indicated according to liver 
disease severity. Therefore, for those at higher risk of mortality on 
the waiting list, the procedure should not be delayed.18

Comparative analysis of the clinical characteristics of candidates 
in the two groups showed sicker candidates in the COVID- 19 cohort, 
with higher PELD scores, greater incidence of ascites, and longer 
hospitalization before LT.

This can be explained by the delay in referring pediatric patients 
to transplant centers, as well as the reluctance of family members to 
seek medical care, for fear of COVID- 19 contamination in the hospi-
tal environment. This was also observed by other authors.18	Another	
determinant that should be considered is the impact of social isola-
tion measures on mobility, which in Brazil made it difficult for people 
to reach medical care centers.

The fear of subjecting immunosuppressed patients and healthy 
living donors to a higher risk of disease transmission offset the risks 
of mortality and/or disease progression in candidates on the waiting 
list.	Asserting	the	results	of	this	consideration	presents	a	real	chal-
lenge at this time.

F I G U R E  1 Number	of	pediatric	liver	transplants	according	to	COVID	weeks	in	Brazil	in	2020
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The LT cannot be considered independently as a factor asso-
ciated with the risk of death for COVID- 19, unlike comorbidities 
such as increased age, for example.19,20 This topic deserves at-
tention	when	we	analyze	the	risk	of	SARS-	CoV-	2	evolving	to	the	
severe form per age group. Previous studies demonstrated that 
severe	manifestation	of	SARS-	CoV-	2	in	children	is	uncommon.21,22 

An	 Italian	study	 in	Bergamo,	a	 location	with	a	high	 incidence	of	
COVID- 19 transmission, involving children monitored for LT or 
with some degree of liver disease, demonstrated no increase in 
hospitalization or pulmonary involvement in COVID- 19- infected 
children.22

Our results demonstrated an incidence of COVID- 19 infec-
tion in 6.9% of recipients, distributed similarly among the groups. 
Most patients had a favorable recovery, as published by other au-
thors.23,24 Only 1 patient required prolonged intubation and oxy-
gen support but did not present severe pulmonary involvement in 
imaging.

The epidemiological and clinical screening of this candidate 
for	 SARS-	CoV-	2	 was	 negative;	 however,	 the	 PCR-	RT	 test	 for	
COVID- 19 was positive 12 h after LT with a deceased donor. 
Most likely, this patient had an asymptomatic disease, a frequent 
situation in pediatric patients.21	 According	 to	 the	 recently	 pub-
lished6 recommendations for recipient management— included in 
the consensus- based approach to managing transplantation pro-
grams during the pandemic — it is preferable to have the PCR- RT 
result for COVID- 19 before LT; however, for patients with negative 
epidemiological and clinical screening, waiting for the result may 
prolong the graft ischemia time to the point where LT is no longer 
feasible. Therefore, transplantation should not be delayed until 
the test result is available. However, we need to emphasize the 
fact that our most severe patient was the one diagnosed within 

Pre- COVID period COVID period

pN = 97 N = 77

Sex, male, n (%) 48 (49.5) 40 (51.9) .43

Age	at	LT(months) 16 (9.4 to 63.2) 10.9 (7.6 to 26.5) .009

Weight at LT (kg), mean ± SD 13.3 ± 10.1 11.8 ± 9.7 .1

Z-	score	W/A −1.1	(2.3	to	0.4) −0.86	(−2	to	−0) .27

Z-	score	H/A −1.6	(−3.1	to	−0.9) −1.2	(−2.1	to	−0.5) .009

PELD/MELD, median (IQR) 14 (9 to 20) 15 (8 to 25) .04

Wait list time (days), 
mean + SD

91.6 ± 107 92.1 ± 118.3 .97

BA,	n (%) 58 (59.8) 52 (67.5) .18

Previous surgery, n (%) 36 (37.1) 31 (40.3) .4

Ascites,	n (%) 50 (51.5) 51 (66.2) .03

Hospitalized before LT, n (%) 17 (17.5) 21 (27.3) .08

Primary LT, n (%) 93 (95.9) 76 (98.7) .26

LDLT, n (%) 91 (93.8) 71 (92.2) .4

Liver segments, n (%) .46

LLS 81 (92) 66 (90.4)

LL 7 (8) 7 (9.6)

GRWR (%) 3 ± 1.3 3.3 ± 1.2

Intra- operative blood 
transfusion (ml/kg)

15.7 (10.5 to 28) 19.7 (11.4 to 27.8) .33

Abbreviation:	LT,	liver	transplant;	SD,	standard	deviation;	W/A,	weight	and	age;	H/A,	height	and	
age;	BA,	biliary	atresia;	LDLT,	living	donor	liver	transplant;	LLS,	left	lateral	segment;	LL,	left	lobe;	
GRWR, graft- to- recipient weight ratio.

TA B L E  1 Recipient	and	intra-	operative	
characteristics according to the LT period

TA B L E  2 Post-	LT	outcomes	in	both	periods

Pre- COVID 
period COVID period

PN = 97 N = 77

Hospital stay 
(days), median 
(IQR)

21 (15.5 to 28.5) 20.5 (17 to 28.7) .91

Biliary leak, n (%) 4 (4.1) 7 (9.1) .15

Biliary stricture, 
n (%)

10 (10.3) 9 (11.7) .47

HAT,	n (%) 1 (1) 1 (1.3) .69

PVT, n (%) 3 (3.1) 5 (6.5) .24

PV stenosis, n (%) 2 (2.1) 0 .3

Re- LT, n (%) 1 (1) 1 (1.3) .69

Death, n (%) 5 (5.2) 3 (3.9) .49

Abbreviations:	HAT,	hepatic	artery	thrombosis;	LT,	liver	transplant;	PV,	
portal vein; PVT, portal vein thrombosis.
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the shortest time after LT. This is relevant in the scenario of pe-
diatric LT with a deceased donor, since most pediatric candidates 
do not have a positive clinical screening for COVID- 19 and present 
as	asymptomatic.	All	recipients	who	had	the	COVID-	19	infection	
showed good recovery.

The overall clinical outcomes in this study were favorable. The 
comparative analysis between the groups related to recipient and 
graft survival, vascular complications, and COVID infection after LT, 
indeed the end- points of this study, showed no significant differ-
ence between the periods. Thus, there was no negative impact on 
the outcomes of pediatric LT recipients during the pandemic. Donors 
also presented favorable results in donation- related morbidity ac-
cording to the Clavien- Dindo criteria, and there was no difference 
between the two periods.

5  |  CONCLUSION

The preliminary publication of our experience in a high- volume pro-
gram of pediatric LT, at the epicenter of the pandemic, allows us to 
conclude that an initial reduction in transplant activity is justified 
until new COVID- free pathways are established to ensure patient 
safety. The comparative analysis with the period before the pan-
demic showed no negative impact on the results, supporting the 
continuation of this activity.
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