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Abstract

Background: Although many transplant programs have been forced to suspend liv-

ing donor transplants due to the emergence of coronavirus disease (COVID-19), there

are relatively few real-time databases to assess center-level transplant activities. We

aimed to delineate the actual impact of COVID-19 on living donor transplant programs

and the resumption process in Japan.

Methods: In a nationwide survey, questionnaires were sent to 32 liver transplant pro-

grams that had performed at least more than one case of living donor liver transplan-

tation in 2019 and 132 kidney transplant programs that had performedmore than one

living donor kidney transplantation in 2018.

Results: Thirty-one (96.9%) and 125 (94.7%) liver and kidney transplant programs

responded, respectively. In the early pandemic period, 67.7% (21/31) of liver programs

COVID-19, coronavirus disease; DDKT, deceased donor kidney transplantation; DDLT, deceased donor liver transplantation; JST, Japan Society for Transplantation; LDKT, living donor kidney

transplantation; LDLT, living donor liver transplantation; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
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and29.8% (37/125) of kidneyprogramswere able tomaintain transplant activities sim-

ilar to those during the pre-pandemic period. After temporal suspension, 58.1% of kid-

ney programs resumed their transplant activity after the number of local COVID-19

cases peaked. Establishing institutional COVID-19 screening, triage, and therapeutic

management protocols was mandatory to resume transplant activity for 64.5% and

67.7% of liver and kidney programs, respectively. In the future wave of COVID-19,

67.7% of liver programs would be affected by institutional COVID-19 intensive care

unit-bound patient numbers, and 55.7% of kidney programs would stop if hospital-

acquired severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection

spreads.

Conclusions: This nationwide survey revealed for the first timehow living donor liver

and kidney: transplant programs changed in response to the COVID-19 pandemic in a

country where living donor transplantations are predominant.
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1 INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) was

identified in December 2019 and was subsequently determined to be

the cause of coronavirus disease (COVID-19).1,2 The risk of death from

COVID-19 is higher among immunosuppressed patients than in the

general population.3 Accordingly, elective surgeries, including living

donor transplant procedures, were paused in many countries.4,5 It is

important to note that organ transplantation in Japan depends heavily

on living donors due to a shortage of deceased donors. Responding to

the inquiries from multiple transplant programs, the Japan Society for

Transplantation (JST) published a set of guidelines on March 6, 2020

(version 1). In the guidelines, the JST recommended continuing trans-

plants for immediate life-saving organs such as the heart, lung, and

liver (for fulminant liver failure) after performing a risk–benefit assess-

ment for each case. Nonurgent transplants of the kidney, pancreas, and

bowel, as well as all nonlife-threatening living donor transplantations,

were recommended to be postponed. For urgent living donor trans-

plants, including living donor liver transplantation (LDLT), preventa-

tive measures such as 14 days of home or inpatient quarantine and a

COVID-19 screening test for both donors and recipients were recom-

mended. Many transplant programs have suspended their living donor

transplants in response to the guidelines in Japan.

As the first wave of COVID-19 peaked, the JST announced the

fourth edition of the guidelines on May 29, 2020 (version 4) and pro-

posed a checklist to help determine the appropriate time to resume liv-

ing donor kidney transplantation (LDKT) programs. These guidelines

also recommended resuming living donor transplant activities based

on the local community and institutional transmission risk. For liv-

ing donor liver and kidney transplant donors and recipients, preven-

tive measures, such as 14 days of home or inpatient quarantine and

COVID-19polymerase chain reaction (PCR) tests,were recommended.

Most recently, the JST announced the fifth edition of the guidelines on

November 8, 2021 (version 5) and proposed a checklist to help deter-

mine de novo transplantation for both living donors and recipientswho

recovered fromCOVID-19.

Each transplant facility faced a difficult situation in which they

had to make decisions individually to resume or postpone transplant

surgeries. Since there are relatively few real-time databases to assess

center-level transplant activities and no evidence-based guidelines for

themanagement of transplant patients (especially from living donors in

Japan), communication of knowledge is vital.6

This study aimed to understand the impact of COVID-19 on

transplant activities across Japan and to explore center-level varia-

tions in activity, clinical practice, testing, and policies. Through this

study, we examined how living donor transplant programs in Japan

were previously suspended or continued; this information is critical

for the maintenance of programs and for the future if COVID-19

re-spikes.

2 MATERIALS AND METHODS

The survey was conducted from October 20, 2020, to November 30,

2020. Questionnaires were constituted only for this survey. The sur-

veys were reviewed by the project members of the grant and adapted

based on the feedback. Questionnaires were sent via e-mail to 32 liver

transplant programs that had performed at least more than one case

of LDLT in 2019 and 132 kidney transplant programs that had per-

formedmore than one LDKT in 2018. Data were collected from 96.9%

(31/32) of the LDLT programs and 94.7% (125/132) of the LDKT pro-

grams. One answer from the two LDKT programs (Hirosaki University

and Oyokyo Kidney Research Institute Hirosaki Hospital, run by the

same team) was counted as one program for the analysis. The ques-
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tionnaire consisted of four sections: (1) institutional transplant activi-

ties, (2) influenceofCOVID-19on the institutional transplantationpro-

gram, (3) institutional transplant outpatient practices, and (4) institu-

tional COVID-19 treatment practices (Table S1).

Section 1 focused on the number of LDLT, LDKT, deceased donor

liver transplantation (DDLT), and deceased donor kidney transplanta-

tions (DDKT) performed in 2017, 2018, and 2019, as well as the num-

ber of LDLT, LDKT, DDLT, and DDKT performed permonth in 2020.

Section 2 focused on the present status of the institutional trans-

plant program at the time of the survey (October 2020). The sur-

vey asked who approved the institutional transplant activities (institu-

tion, department, or government) during the pandemic, if there were

any adverse effects on the recipients by resuming the transplant pro-

gram, how tomanage future transplant programs and the preoperative

COVID-19 preventative measures for both donors and recipients.

Section 3 focused on outpatient management. Specifically, items

about the recipient routine check-up list, number of donor/recipient

outpatients, number of patients who delayed their routine visits, and

institutional measures taken to reduce the risk of COVID-19 in outpa-

tient clinics were included.

Section 4 focused on the hospital’s experience in dealing with

COVID-19. Items about center-level COVID-19 treatment systems

were included.

An additional survey was performed to reveal the COVID-19 test

status of the donors and the recipientswho underwent transplantation

during the survey period. Twenty-eight (85.7%) liver transplant pro-

grams and 111 (89.5%) kidney transplant programs responded to the

additional survey.

On April 7, 2020, to prevent the spread of COVID-19, a state of

emergency was declared in seven prefectures (Saitama, Chiba, Tokyo,

Kanagawa, Osaka, Hyogo, and Fukuoka), which had an increasing num-

ber of new cases. On April 16, six prefectures (Hokkaido, Ibaraki,

Ishikawa, Gifu, Aichi, and Kyoto) were added. These 13 prefectures

either had a high population density and high levels of traffic or had

clusters of COVID-19. In general, for living donor transplantation pro-

grams in Japan, recipients anddonors are fromthe sameorneighboring

prefectures, except in pediatric cases. We categorized the transplan-

tation programs into two groups based on their location: red zone—

transplant programs located in the 13 prefectures where the state of

emergency was declared (Figure 1A), and blue zone—the remaining 34

prefectures where a state of emergency was not issued. Based on this

definition, 58.1% of the transplantation programs were categorized as

the red zone group, and the remaining 41.9% were categorized as the

blue zone group (Figure 1B).

3 RESULTS

Answers from 31 LDLT and 124 LDKT programs were analyzed in the

study.

3.1 Institutional transplantation activities

3.1.1 Transplantation numbers in the
pre-pandemic era

Theyearly numberof cases of living donor liver andkidney transplanta-

tionswas334/1402 in2017, 343/1555 in2018, and312/1701 in2019.

From deceased donors, the number of yearly liver/kidney transplant

cases was 63/127 in 2017, 59/121 in 2018, and 88/176 in 2019. Cate-

gorized by zone, 219 (70.2%) LDLTs, 66 (75.0%) DDLTs, 1192 (70.1%)

LDKTs, and 135 (76.7%) DDKTs were performed in 2019 in the red

zone.

3.2 Transplantation numbers in the
pandemic era

Figure 1C shows the total number of transplantations per month

from January to September 2020. Although LDLTs were routinely

performed at 25 cases per month on average, the number of LDKTs

dropped to 55% (an average of 115 cases per month) from March to

June; the rate increased gradually thereafter. In total, 229 LDLTs and

1034 LDKTs were performed. The number of deceased donor trans-

plantations decreased slightly at an earlier stage. On average, six cases

of DDLTs and 11 cases of DDKTswere performed permonth from Jan-

uary to September 2020. In total, 52 DDLTs and 97 DDKTs were per-

formed. To examine the regional impact of COVID-19, the total num-

ber of transplantationswas sorted according to the red and blue zones.

Figure 1D shows the total number of LDLT cases per month, which

were routinely performedduring the studyperiod. Figure 1E shows the

total number of DDLT cases per month. The total number decreased

in March, April, and May, and a decrease was observed in both the red

and blue zones. The number of DDLT cases increased in June. In total,

22 liver transplantations (18 LDLTs and four DDLTs) were performed

per month in the red zone, whereas only nine (eight LDLTs and one

DDLT) were performed in the blue zone. Throughout the pandemic

era, 161 (70.3%) LDLTs and 39 (75.0%) DDLTs were performed in the

red zone. Figure 1F,G shows the total number of kidney transplanta-

tion cases per month. The number of LDKT cases decreased drasti-

cally in April and May and that of DDKT cases decreased in March

and April. A decrease was observed in both the red and blue zones.

The number of LDKT started to increase in June and DDKT in May.

In total, 89 kidney transplantations (81 LDKTs and eight DDKTs) were

performed per month in the red zone, and 36 (33 LDKTs and three

DDKTs) were performed per month in the blue zone. Throughout the

pandemic era, 759 (73.4%) LDKTs and 71 (73.2%) DDKTs were per-

formed in the red zone. In short, although the number of cases of LDLT

did not change, DDLT and kidney transplantation decreased in the pan-

demic era.
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(A) (B)Location of 13 red zone transplant programs Liver/kidney transplant programs categorized 
by red/blue zones

State of emergency 
declaredGovernment

Academic 
(Japan Society for 
Transplantation)

Guideline Ver.1 Guideline Ver.4

Monthly COVID-19 positive Pt.

Jan Feb Mar Apr May June July Aug Sep

Living donor

Liver 25 26 24 27 22 22 25 24 34

Kidney 141 122 112 51 58 96 155 140 159

Deceased donor

Liver 7 7 4 3 3 5 6 8 9

Kidney 10 12 7 7 9 9 15 15 13

Total number of liver/kidney transplantations per month

(C)

(E)Total number of LDLT per month

Total number of DDLT per month

Total number of LDKT per month

Total number of DDKT per month

average; 25 cases/month average; 115 cases/month

average; 6 cases/month
average; 11 cases/month

(D)

(F) (G)
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TABLE 1 Institutional transplantation activities

Liver Kidney

Institutional activity onOctober 2020

Without any regulation 67.7% 29.8%

Only urgent/selected

transplantation

19.4% 6.5%

Resume after local COVID-19

peak out

9.7% 58.1%

Pause 3.2% 5.6%

Institutional approval for transplantation activities

Institutional board 61.3% 52.4%

Department board 67.7% 68.6%

Government guidelines 0% 1.6%

Abbreviation: COVID-19, coronavirus disease.

3.3 Influence of COVID-19 on institutional
transplantation programs

3.3.1 Institutional transplantation activities

Twenty-seven (87.1%) LDLT and 117 (94.4%) LDKT programs followed

the guidelines proposed by the JST on the management of COVID-

19. In addition, 110 (88.7%) LDKT programs referred to the check-

list in the JST guidelines. Table 1 shows the institutional transplanta-

tion activities at the end of October 2020. Although almost 70% of the

LDLT programs could continue transplant activities without any regu-

lations, almost 60% of the LDKT programs resumed after the number

of local COVID-19 patients peaked. Most transplant programs were

approved by either an institutional or departmental board. As an indi-

cator of urgent LDLT, theModel for End-Stage Liver Disease score was

used, ranging from 15 to 30 (average, 22). Acute liver failure (n = 29)

and pediatric transplantation (n = 14) were also evaluated to deter-

mine the urgency of LDLT. For LDKT, difficulty in creating vascular

access (n = 48), preemptive cases (n = 53), pediatric cases (n = 36),

and marginal donors (n = 26) were considered factors for immediate

transplantation. Although most of the transplant programs indicated

that interruption of transplant programs did not impact the awaiting

donors and recipients, death of the recipient during the waiting time

TABLE 2 Reasons to resume the institutional transplant program

Liver Kidney

Institutional

Operation restriction was released 22.6% 26.6%

COVID-19 treatment systemwas

constituted

64.5% 67.7%

COVID-19 infection status was improved 25.8% 25.0%

NoCOVID-19 spread 51.6% 42.7%

Regional

COVID-19 infection status was improved 41.9% 46.0%

Abbreviation: COVID-19, coronavirus disease.

TABLE 3 Institutional liver transplantation activities categorized
by zones

Red zone Blue zone

Institutional activity onOctober 2020

Without any regulation 72.2% 61.5%

Only urgent/selected transplantation 16.7% 23.1%

Resume after local COVID-19 peak

out

11.1% 7.7%

Pause 0% 7.7%

Abbreviation: COVID-19, coronavirus disease.

(n = 1), and deterioration of patient condition beyond the indication

(n = 2) were reported from LDLT programs, and patient death due to

acute myocardial infarction (n = 1), deterioration of patient condition

(n= 3), and unexpected temporal introduction of hemodialysis (n= 16)

were reported from LDKT programs.

Table 2 indicates the reasons that led to institutional trans-

plant resumption. Most of the transplant programs were resumed

because institutional COVID-19-related treatment and the screen-

ing system were established. Additional analyses were performed

to examine the regional impacts of COVID-19. Tables 3 and 5

show institutional liver/kidney transplantation activities, and Tables 4

and 6 indicate the reasons for resuming liver/kidney transplant pro-

grams categorized by red and blue zones. Although liver transplant

programs could continue without any regulations regardless of the

F IGURE 1 (A) The 13 prefectures where the state of emergency was declared in Japan on April 7 and 16, 2020 to prevent the spread of
coronavirus disease (COVID-19) (Saitama, Chiba, Tokyo, Kanagawa, Osaka, Hyogo, Fukuoka, Hokkaido, Ibaraki, Ishikawa, Gifu, Aichi, and Kyoto).
(B) Red zone: transplant programs located in the 13 prefectures where the state of emergencywas issued. Blue zone: the remaining 34 prefectures
where the state of emergency was not issued. (C) Themonthly case numbers of liver and kidney transplantations in 2020 along with the timing of
when the state of emergency was declared; the first and fourth versions of the guidelines were published by the Japan Society for Transplantation
(JST). In version 1, the JST recommended continuing transplants for life-saving organs such as the heart, lungs, and status 1 livers, requiring a
risk–benefit assessment for each case. The JST recommended postponing any nonurgent transplants of the kidney, pancreas, and bowel, as well as
all nonlife-threatening living donor transplantations. In version 4, the JST recommended resuming living donor transplant programs based on the
local community and institutional transmission risk. They also proposed a checklist to help determine the restart of the living donor kidney
transplantation (LDKT) programs. The JST guidelines are summarized in Table S2. (D)–(G) Themonthly case numbers of liver and kidney
transplantations in 2020 categorized by blue and red zone groups. The straight line indicates the average transplantation case number during the
respective period. (D) Living donor liver transplantation (LDLT); (E) deceased donor liver transplantation (DDLT); (F) LDKT; (G) deceased donor
kidney transplantation (DDKT). Blue zones indicate prefectures where emergencymeasures were not implemented; red zones indicate
prefectures where emergencymeasures were implemented
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TABLE 4 Reasons to resume the institutional liver transplant
program categorized by zones

Red zone Blue zone

Institutional

Operation restriction was released 11.1% 23.1%

COVID-19 treatment systemwas

constituted

66.7% 61.5%

COVID-19 infection status was

improved

33.3% 30.8%

NoCOVID-19 spread 44.4% 46.2%

Regional

COVID-19 infection status was

improved

22.2% 69.2%

Abbreviation: COVID-19, coronavirus disease.

TABLE 5 Institutional kidney transplantation activities
categorized by zones

Red zone Blue zone

Institutional activity onOctober 2020

Without any regulation 29.2% 30.1%

Only urgent/selected transplantation 8.3% 3.8%

Resume after local COVID-19 peak out 58.3% 57.7%

Pause 4.2% 7.7%

Abbreviation: COVID-19, coronavirus disease.

TABLE 6 Reasons to resume the institutional kidney transplant
program

Red zone Blue zone

Institutional

Operation restriction was released 30.6% 21.2%

COVID-19 treatment systemwas

constituted

70.8% 63.5%

COVID-19 infection status was improved 31.9% 26.9%

NoCOVID-19 spread 48.6% 25.0%

Regional

COVID-19 infection status was improved 34.7% 59.6%

Abbreviation: COVID-19, coronavirus disease.

zones, kidney transplant programs in the red zone resumed once

there was no institutional COVID-19 spread, and the blue zone groups

resumed once the regional SARS-CoV-2 infection status improved.

Table 7 shows the items that would affect transplant activities if

there were to be a future wave of COVID-19. Although most of the

LDLT programs said that they would depend on the COVID-19 inten-

sive care unit (ICU)-bound patient number, LDKT programs said that

they would stop if institutional transmission of COVID-19 occurred.

Tables 8 and 9 list the items that would affect transplant activities

stratified by red and blue zones; these were not significantly differ-

ent between the groups. In short, after the constitution of the COVID-

TABLE 7 Items that affect future transplant activities

Liver Kidney

Stop once institutional COVID-19 infection

appears

29.0% 55.7%

Institutional COVID-19 patient number 35.5% 42.0%

Institutional COVID-19 ICU-bound patient

number

67.7% 40.3%

Will not stop transplant program 22.6% 8.9%

Abbreviations: COVID-19, coronavirus disease; ICU, intensive care unit.

TABLE 8 Items that affect future liver transplant activities
categorized by zones

Red zone Blue zone

Stop once institutional COVID-19 infection

appears

22.2% 38.5%

Institutional COVID-19 patient number 33.3% 38.5%

Institutional COVID-19 ICU-bound patient

number

55.6% 92.3%

Will not stop transplant program 27.8% 7.7%

Abbreviations: COVID-19, coronavirus disease; ICU, intensive care unit.

TABLE 9 Items that affect future kidney transplant activities
categorized by zones

Red zone Blue zone

Stop once institutional COVID-19 infection

appears

54.2% 51.9%

Institutional COVID-19 patient number 43.1% 44.2%

Institutional COVID-19 ICU-bound patient

number

41.7% 38.5%

Will not stop transplant program 9.7% 7.7%

Abbreviations: COVID-19, coronavirus disease; ICU, intensive care unit.

19-related screening system, most of the LDLT programs could con-

tinue transplantation activities, and the number of transplantations

that can be performed in the future would be affected by institu-

tional COVID-19 ICU-bound patient numbers regardless of the facility

location. Although LDKT programs in the red zone resumed as there

was no institutional COVID-19 spread and blue zone groups resumed

as the regional SARS-CoV-2 infection status improved, future trans-

plant activity would be stopped once institutional COVID-19 infection

appears.

3.3.2 Preoperative check-up system for donors
and recipients

Table 10 shows the preoperative check-up systems for the donors and

recipients. A preoperative COVID-19 screening test was performed
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TABLE 10 Preoperative check-up system for donors and
recipients

Liver Kidney

COVID-19 preoperative screening test

Recipient 93.6% 87.9%

Donor 90.3% 86.3%

COVID-19 test samples

Nasopharyngeal swab 71.0% 56.5%

Nasal swab 25.8% 21.8%

Sputum 3.2% 3.2%

Saliva 19.4% 32.3%

COVID-19 screening test

RT-PCR 96.8% 93.6%

Qualitive antigen test 3.2% 12.1%

Quantitative antigen test 3.2% 6.5%

Antibody test 0% 3.2%

Chest CT scan for the recipient

Routinely performed 83.9% 65.3%

Performed initially but stopped 0% 12.1%

Not performed 16.1% 22.6%

Chest CT scan for the donor

Routinely performed 54.8% 58.9%

Performed initially but stopped 0% 12.1%

Not performed 45.2% 29.0%

Preoperative self-quarantine period for the recipient

28 days 3.2% 3.2%

14 days 67.7% 60.5%

7 days 0% 12.9%

Not fixed 29.0% 23.4%

Preoperative self-quarantine period for the donor

28 days 0% 1.6%

14 days 48.4% 53.2%

7 days 19.4% 9.7%

Not fixed 32.3% 35.5%

Abbreviations: COVID-19, coronavirus disease; CT, computed tomography;

RT-PCR, reverse transcription polymerase chain reaction.

in almost 90% of transplant programs for both recipients and donors.

A nasopharyngeal swab was mainly used for test samples, and as a

COVID-19 screening test, more than 90% of the transplant programs

used reverse transcription polymerase chain reaction (RT-PCR. Com-

puted tomography (CT) chest scans for the recipients were routinely

performed in 83.9% of the LDLT and 65.3% of the LDKT programs, and

for donors, the proportion decreased to54.8%and58.9%, respectively.

More than 60% of the transplant programs set the preoperative self-

quarantine period for the recipients as 14 days. In terms of the preop-

erative isolation period for donors, almost 50% of the transplant pro-

grams set the period as 14 days.

TABLE 11 Management of fever transplant patients

Liver Kidney

Management of the patient

At fever clinic 61.3% 66.9%

At transplant clinic 58.1% 48.4%

COVID-19 screening test

Routinely performed 19.4% 20.2%

Only suspicious cases 83.9% 66.1%

Chest CT

Routinely performed 19.4% 30.7%

Only with cough cases 41.9% 30.7%

Abbreviations: COVID-19, coronavirus disease; CT, computed tomography.

3.4 Institutional transplant outpatient practices

The usual check-up list for the recipients included patients’ body

weight, bloodpressure, heart rate, body temperature,water intake, uri-

nary volume (kidney transplant), adherence to medication, number of

steps (liver transplant), andglucose level at outpatient clinicswithmod-

ifications at each facility. In total, 5842 (average 195, 5–1000) liver

transplant recipients and 3280 (average 106, 0–700) donors visited

the outpatient clinic, whereas 20 451 (average 165, 10–2500) kidney

transplant recipients and 10 365 (average 86, 0–700) donors visited

the outpatient clinic. From January 1, 2020, to September 30, 2020,

a total of 991 (average 32, 0–95) LDLT recipients and 5079 (average

41, 0–100) LDKT recipients postponed their consultation at the out-

patient clinic. Most of the programs implemented several preventa-

tive measures to reduce COVID-19 transmission risk, such as reduc-

ing the frequency of outpatient clinic visits, extending the interval for

refilling prescriptions, reducing the frequency of tests, shortening the

length of hospital stay, andminimizing contact between other patients.

To reduce the frequency of outpatient visits, 38.7% of LDLT and 21.8%

of LDKT programs conducted telemedicine. Moreover, 87% of LDLT

and 66.9% of LDKT facilities utilized an application system to support

remote consultations.

3.5 Institutional COVID-19 treatment practices

The facilities of 27 (87.1%) LDLT and 106 (85.5%) LDKT programs had

experience accepting COVID-19 patients. The outpatient fever clinic

was established in 27 (87.1%) LDLT and 99 (79.8%) LDKT programs.

The general ward was used for COVID-19 patients in 27 (87.1%) LDLT

and102 (82.3%) LDKTprograms, andCOVID-19patientswere treated

in the ICU in 29 (93.6%) LDLT and 84 (67.7%) LDKT programs. The

routes for transplant and COVID-19 patients were separated into 26

(83.9%) LDLT and 108 (87.1%) LDKT programs, and 31 (100%) LDLT

and 112 (90.3%) LDKT programs had already established a collabo-

ration system between infectious disease specialists and intensivists

to treat transplant recipients who had COVID-19. Table 11 shows

the management of febrile transplant patients. More than half of the
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patients were referred to fever clinics or managed at transplant out-

patient clinics. COVID-19 testing was mainly performed if the disease

was suspected after amedical history interview.Of the LDLT and LDKT

programs, 40% and 30.7% performed chest CT if the recipients pre-

sented with cough, respectively.

3.6 Impact of COVID-19 on transplantation

Twenty-eight (87.5%) liver transplant programs responded to the

additional survey. Among the living donors and the recipients who

underwent LDLT from January to September 2020, no patient was

diagnosed with COVID-19 before transplantation. After transplan-

tation, one donor (3.57%) and four recipients (10.71%) were diag-

nosed with COVID-19. Based on the national registry of the Japanese

Liver Transplant Society, the 1-year patient survival after LDLT was

85.4% and after DDLT was 89.2% during the pre-COVID period

(accessed at http://jlts.umin.ac.jp/images/annual/JLTSRegistry2019.

pdf [in Japanese]). For the patients who underwent liver transplanta-

tion during the COVID-19 era from January to September 2020, the

1-year survival for LDLTwas 90.2% and 88.1% for DDLT.

One hundred and eleven (89.5%) kidney transplant programs

responded to the additional survey. There were no donors or recipi-

entswhowerediagnosedwithCOVID-19before transplantation.After

transplantation, one donor (0.92%) and 15 recipients (11.82%) were

diagnosed with COVID-19. Based on the national registry, the 1-year

patient survival was 99.5%, and graft survival was 98.8% in the pre-

COVID period. For the patients who underwent kidney transplan-

tation during the COVID-19 era from January to September 2020,

the 1-year patient survival was 99.8%, and the graft survival was

99.2%.

4 DISCUSSION

To the best of our knowledge, this is the first national survey that has

been conducted to examine the impact of COVID-19 on institutional

living donor transplantation programs. We found that although most

of the LDLT programs continued liver transplantation without any reg-

ulations, most of the LDKT programs were forced to pause; accord-

ingly, the number of cases substantially decreased during this period.

Most transplant programs resumed living donor transplant activities

after constituting an institutionalCOVID-19 treatment system.Almost

70% of transplantations were performed before and during the era

of the COVID-19 pandemic in areas where the state of emergency

was declared. In areas where the state of emergency was not issued,

the regional SARS-CoV-2 infection status had to be considered. In the

case of a future COVID-19 wave, liver transplant activity would con-

tinue if the number of ICU-boundCOVID-19 patientswas not too high,

while kidney transplant activitywould stop if institutional SARS-CoV-2

spread appeared.

Several systematic reviews and meta-analyses have shown that

transplant recipients have a higher risk of developing critical COVID-

19 illness due to chronic immunosuppression than the general

population.7,8 International and national registries showed a mortal-

ity rate between 19% and 32% among solid organ transplant recipients

with COVID-19.9–11 Regarding the clinical outcomes of liver trans-

plant recipients with COVID-19, international registries reported a

mortality rate of 18%–19%.12,13 In Japan, the Japanese registry by JST,

accessed on February 8, 2021, reported that the case-fatality rate for

organ transplant recipients was 7.1% (accessed at http://square.umin.

ac.jp/jst-covid-19 [in Japanese]). Based on the Johns Hopkins Coron-

avirus Resource Center accessed on February 11, 2021 (accessed at

https://coronavirus.jhu.edu/data/mortality), the case-fatality rate for

the general population was 2.9% in the United Kingdom, 1.7% in the

United States, 2.1% in Spain, 2.3% in France, and 1.6% in Japan. To

date, some studies have concluded that there is no difference in over-

allmortality between the general population and solid organ transplant

recipients,14,15 and there is also an opinion that this conclusion needs

further analysis because the study groupwas limited only to inpatients

or ICU-bound patients.16 As LDLT and LDKT programs are performed

in the presence of living donors, concrete policies to reduce the risk

of COVID-19 infections should be thoroughly discussed at each trans-

plant center.

The response rate for this study was as high as ≥90%, implying

a strong national need to better understand the impact of COVID-

19. In short, the results of the study can be summarized as follows:

(1) although the LDKT program decreased drastically, the LDLT pro-

gram was not affected by the emergence of COVID-19; (2) transplant

programs stopped once and restarted based on either institutional

or department policies; (3) almost 20% of the transplanted recipients

postponed their routine check-up at the outpatient clinic; (4) more

than 85% of transplant programs accepted COVID-19 patients, and

(5) short-term patient/graft survival was not affected by the emer-

gence of COVID-19. In the raw data, there were some differences

between liver and kidney transplant programs. In general, LDKT pro-

grams implemented more rigorous restrictions than LDLT programs.

While most liver patients require urgent transplantation, kidney trans-

plantation is an alternative option for renal replacement therapy. As

resources outlining safety measures for COVID-19 in the early phase

of the pandemic were scarce, most kidney transplant programs were

more cautious in avoidingpotential harmtoboth recipients anddonors.

Moreover, the JST recommended postponing nonurgent kidney trans-

plants. All these factors decreased the total number of kidney trans-

plantations that were performed during the COVID-19 era. How-

ever, a recent report from Belgium found that the cumulative inci-

dence of COVID-19was 5.31% in hemodialysis patients, 1.82% in peri-

toneal dialysis patients, and 1.40% in kidney transplant patients,17

suggesting that transplant patients have a decreased chance of con-

tracting COVID-19, possibly due to less frequent visits to the hos-

pital compared to dialysis patients. Furthermore, delaying kidney

transplantation by 1 year would decrease patient survival.18 A risk–

benefit analysis should be carefully performed for each patient con-

sidering the availability of resources, the intensity of the pandemic

in the patient’s region, and their comorbidities.19 COVID-19 preop-

erative screening was performed in more than 90% of transplant

http://jlts.umin.ac.jp/images/annual/JLTSRegistry2019.pdf
http://jlts.umin.ac.jp/images/annual/JLTSRegistry2019.pdf
http://square.umin.ac.jp/jst-covid-19
http://square.umin.ac.jp/jst-covid-19
https://coronavirus.jhu.edu/data/mortality
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programs, as recommended in the JST guidelines (accessed at https://

square.umin.ac.jp/jst-covid-19/images/guidance4.1.pdf [in Japanese]).

The RT-PCR assay was used in most cases; however, since RT-PCR

was not available in Japan during the early phases of the pandemic,

less sensitive antigen assays were performed in two (6.4%) LDLT

and 23 (18.6%) LDKT programs. Although RT-PCR is highly sensi-

tive, a single negative result is insufficient to exclude the diagnosis

of COVID-19 if the suspicion of COVID-19 remains high.20 Thus, the

JST guidelines emphasize the importance of practices that minimize

the risk of COVID-19 exposure, including social distancing and self-

quarantine for 14 days before donation and transplantation for both

donors and recipients. Our survey found that approximately 20% of

transplant programs did not encourage self-quarantine before dona-

tion or transplantation. Although the reasons why these measures

were not implemented were unknown, pre-transplant self-quarantine

may not be feasible for some donors and recipients, especially when

they can still work before transplantation. In such cases, simple mea-

sures such as social distancing, universal masking, and frequent hand

washing should be advised to minimize the risk of COVID-19 dur-

ing the pre-transplant period. Importantly, there were no liver/kidney

donors or recipients who were diagnosed with COVID-19 before

transplantation, thus supporting the JST guidelines of preoperative

self-quarantine.

A limitation of the study is that because this survey collected

responses from transplant surgeons, the results may have been dif-

ferent if the survey answers were collected from referring physi-

cians, as they evaluate transplant indication. Accordingly, the num-

ber of transplants is extensively influenced by the number of referred

patients from physicians. Another limitation is that because the sur-

vey was conducted to clarify general practices and policies at each

transplant program, patient-level data on COVID-19 treatments or

changes in immunosuppressant regimens were not collected. In the

study, more transplants occurred in the red zone than in the blue zone.

Based on the Japan Statistical Yearbook 2022, the total population

of 13 red zone prefectures was 77 million, which was almost 61.6%

of the total Japanese population as of December 1, 2020 (accessed

at https://www.stat.go.jp/English/data/nenkan/71nenkan/index.html).

Transplant centers and universities were historically established in the

area, which had a large population and convenient location. Judging

from the fact that almost 70% of transplantations were already per-

formed in the red zone before the era of the COVID-19 pandemic, the

casenumberbiaswas causedby thedefinitionof the red zone itself that

these areas had a high population density and high levels of traffic or

had clusters of COVID-19.

Based on the JapaneseMinistry of Health, Labor, andWelfare data,

the actual ICU utilization rate ranged from approximately 70% to 75%

during the survey period (https://www.mhlw.go.jp/stf/seisakunitsuite/

bunya/0000121431_00180.html). As the ICU utilization rate itself

does not reflect the availability of ICUs for transplant patients, we

focused on the monthly number of newly introduced respirators and

extracorporeal membrane oxygenation (ECMO). Based on the cross-

ICU searchable information systemdata, themonthly number of newly

introduced respirators ranged from 20 (in June) to 393 (in April), and

the monthly number of newly introduced ECMO ranged from 6 (in

June) to 110 (in April) (https://www.ecmonet.jp/crisis). These data sug-

gest that although the actual ICU utilization rate did not drastically

change, ICU-bound patient disease distribution shifted to COVID-19.

Despite the negative surroundings, the total number of LDLTswas pre-

served,whichwas the result of anexcellent teameffort of all concerned

with transplantation.

In conclusion, this nationwide survey in Japan revealed that trans-

plant programs for LDKT decreased drastically at one point and

recovered after institutional resumption policies were implemented.

Most of the transplant programs complied with the JST guidelines,

including performing preoperative COVID-19 tests and promoting

self-quarantine for both donors and recipients, while also consider-

ing the regional COVID-19 infection status. Although vaccination and

therapeutics were introduced after the survey era, how the living

donor transplant program was modified in Japan at the early phase

of the pandemic was elucidated through the study. There were no

donors/recipients who were diagnosed with COVID-19 before trans-

plantation, thus affirming self-quarantine. The maintained LDLT case

numbers with shifted COVID-19 ICU surroundings suggested efforts

by the transplant teamwith the ICU teamtoprotect end-stage liver dis-

ease patients. Supported by preserved transplant patient survival dur-

ing the era of COVID-19, this study provides valuable information to

transplant facilities on how to prepare for future pandemics so that we

can ensure that such living donor transplant programs continue unhin-

dered.
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