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Background: The number of organ donations from hepatitis B virus (HBV) or hepatitis C virus (HCV)-positive donors is grad-
ually increasing; however, the current status of organ donation from brain-dead donors with hepatitis in South
Korea has not been analyzed. This study aimed to analyze this.

Material/Methods: In total, 9210 potential brain deaths were reported in South Korea from January 2013 to December 2017, of
which 333 were hepatitis carriers (HBV, n=246; HCV, n=87). Based on the data from the Korean Network for
Organ Sharing and Korea Organ Donation Agency, 2460 completion of transplantations from brain-dead do-
nors have been performed, of which 71 were hepatitis carriers (HBV, n=60; HCV, n=11).

Results: There were 60 and 11 transplantations from HBV- and HCV-positive brain-dead donors, respectively. The main
reasons for organ transplantation failure were recipient’s refusal (n=90), unsuitability as donors (n=80), non-
brain death (n=45), and cardiac death (n=20). There were 71 and 31 kidney and liver donations, respectively;
the average number of organs donated by HBV-positive donors was higher than that donated by HCV-positive
donors. HBV-positive donors donated more hearts and livers than HCV-positive donors.

Conclusions: There are few organ donations from brain-dead donors with hepatitis B or C which led to transplantation com-
pletion in South Korea, and the main reasons for failure are recipient’s refusal to receive organs from donors
with hepatitis and unsuitability for donation due to active viral conditions. To promote organ transplantations
from donors with hepatitis B and C virus, we could consider 3 strategies: 1) reducing recipient’s refusal rates
by educating recipients and their families on the outcomes of organ donation from hepatitis carriers, 2) estab-
lishing treatment protocols for infection management after organ transplantations from HBV/HCV brain-dead
donors, and 3) increasing the relevant experience of medical staff.
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Background

The demand for transplantations has been increasing with the
increase in the number of patients with organ failure, such as
kidney, liver, heart, and lung failures. However, the supply of
donated organs is lower than the demand [1]. Each year, ap-
proximately 3000 patients in the U.S. die waiting for an organ
transplantation, and approximately 100 000 potential candi-
dates for transplantation die before they are placed on a wait-
ing list [2]. Donations from marginal- or expanded-criteria do-
nors have been considered to solve organ shortage and the
number of donations from such donors has been increasing [3].
These include elderly donors, pediatric donors, diabetic donors,
donors with an extended cold ischemic time, donation after
circulatory death, split-liver transplantation, and donors with
infection. Liver transplantations from HBV- and HCV-infected
donors are also being considered [4].

According to the Korean Network for Organ Sharing (KONOS)
guidelines, HBV-positive donors can donate organs only to
HBV-positive recipients, and anti-HCV-positive donors can
donate organs only to anti-HCV-positive recipients. Heart and
lung transplantations using organs from HBV-positive and an-
ti-HCV-positive donors are allowed for HBV-negative and an-
ti-HCV-negative recipients if they are in critical condition [5].
Conversely, liver and kidney transplantations from HBV/HCV-
positive donors to negative recipients have been increasing-
ly performed recently with the development of therapeutic
agents to treat hepatitis.

In cases of organ transplantations from anti-HBc-positive do-
nors to negative donors among HBV serologic types, hepati-
tis B immunoglobulin and nucleos(t)ide analogs, such as lami-
vudine, entecavir, and tenofovir, are used to prevent de novo
hepatitis, and their safety has been proven in multiple stud-
ies [6]. In cases of liver transplantations from HCV-infected
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donors to uninfected recipients, the recipients’ RNA titer is
monitored, and treatment with direct-acting antivirals (DAAs)
is administered [7]. Between 2008 and 2017, there were 2635
liver transplantations using livers of HCV-seropositive donors
performed in the U.S., of which 2378 cases were for HCV-
seropositive recipients. The number of transplantations from
HCV-seropositive donors to negative recipients increased from
7 cases in 2008 to 107 in 2017; 55 cases were in the pre-DAA
era and 202 cases were in the post-DAA era [8].

Although organ donations from HBV- and HCV-infected do-
nors have been increasing in South Korea, most of the dona-
tions are limited to HBV/HCV-positive recipients, and there is
no report on their specific status. Therefore, this study aimed
to analyze the current status of transplantations from brain-
dead donors with HBV or HCV infections from 2013 to 2017
in South Korea.

Material and Methods

The Korea Organ Donation Agency (KODA) provided data for
9210 potential brain deaths in South Korea from January 2013
to December 2017, of which 333 were hepatitis carriers (HBV,
n=246; HCV, n=87). The data of 2460 cases of transplantations
completed from 9210 potential brain deaths reported by the
KONOS were analyzed. Of the 2460 brain-dead organ donors,
a total of 71 had hepatitis (HBV, n=60; HCV, n=11) (Figure 1).

All continuous data are presented as medianststandard devi-
ations and ranges. All categorical data are presented as num-
bers and percentages/frequency. IBM SPSS Statistics version
23.0 for Windows (IBM Corp., Illinois, USA) was used for all
statistical analyses. The Kolmogorov-Smirnov test and the t
test were used to test each variable. P values <0.05 were con-
sidered statistically significant.

Figure 1. Study population.

Total 262 donation failures

« Recipient's refusal: 90 (34.3%)

« Not suitable as donors: 80 (30.5%)
- Not brain death: 45 (17.2%)

« Cardiac death: 20 (7.6%)

« No recipient matched: 9 (3.4%)

« Legal issues: 8 (3.1%)

« No legal guardians: 5 (1.9%)

« Consent retrieval: 4 (1.5%)

« Accident problem: 1(0.4%)

Total 71
HBV: 60 (60/246, 24.4%)
HCV: 11(11/87,12.64%)

2,460 (2460/9210, 26.7%)

successful organ transplantation
from brain-dead organ donors
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This study was approved by the Institutional Review Board
of Korea University Medical Center (approval number:
2018AN0211), which waived the requirement for informed
consent.

Results

Table 1 shows the details related to the donations by hepati-
tis-infected donors among the potential brain deaths report-
ed by the KODA between 2013 and 2017.

Among the 246 cases of HBV-positive potential brain deaths, 60
(24.4%) led to transplantation completion, while 186 (75.6%)
led to failures. The main reasons for transplantation failures
were recipient’s refusal (n=66), followed by unsuitability as do-
nors (n=56), not-brain death (n=33), and cardiac death (n=16).
Among the 87 cases of HCV-positive potential brain deaths, 11
(12.6%) led to transplantation completion and 76 led to fail-
ures. The main reasons for transplantation failures were re-
cipient’s refusal (n=24), unsuitability as donors (n=24), not-
brain death (n=12), no recipient matched (n=6), cardiac death
(n=4), no legal guardians (n=2), consent retrieval (n=2), legal
issues (n=1), and accident problem (n=1).

Although brain-dead organ donor management began with
HBV and HCV carriers, a total of 89 cases (the sum of not suit-
able as donors and no recipient matched; 22 cases in 2013,
23in 2014, 15in 2015, 13 in 2016, and 16 in 2017) led to do-
nation failures owing to the lack of donation organizations or
incompatible recipients (HBV, n=59; HCV, n=30).

Table 2 shows the general characteristics of 60 HBV-positive
organ donors and 11 HCV-positive organ donors with com-
pletion of transplantation. The average number of organs do-
nated by HBV-positive donors was 1.9, which was higher than
the number of organs donated by HCV-positive donors (1.5);
however, there was no significant difference (P=0.085). HBV-
positive donors donated more hearts (25% vs 18.2%, P<0.001)
and livers (46.7% vs 27.3%, P=0.325) than HCV-positive donors.

In terms of HAV-positive brain-dead donors, 4 transplantations
were performed from 2013 to 2017. The donors’ mean age was
36.8+10.8 years, and 3 (75%) donors were men. The causes of
brain death were cerebral hemorrhage, traumatic brain inju-
ry, hypoxia, cerebral infarction, and acute hepatic failure. The
mean number of organs donated was 3.0+1.2. Kidneys were
donated in all the cases; hearts, lungs, and livers were donat-
ed in 2 cases; and corneas were donated in 2 cases.

During the management of HBV-infected brain-dead donors
between 2013 and 2017, there were 12 cases of donation fail-
ures even after completing the first brain death assessment
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and recipient selection process (Table 3). The reasons for fail-
ure included not suitable as donor (n=>5: active viral conditions;
n=4 and unsuitability for donation during organ procurement;
n=1), absence of recipients (n=3), abdominal tuberculosis infec-
tion during procurement (n=1), non-brain death due to seizure
activity during the electroencephalogram test (n=1), unsuit-
ability for donation owing to renal cell carcinoma on abdom-
inal CT (n=1), and cardiac death from hemodynamic instabil-
ity (n=1) (Table 3).

There were 9 cases of donation failures from HCV-infected
brain-dead donors (Table 4). The main reasons were no recip-
ients (n=5), not suitable as donor owing to a high RNA titer
(n=1), not suitable as donor owing to HCV positivity confirma-
tion after the first brain death assessment (n=1), non-brain
death (n=1), and renal cell carcinoma during organ procure-
ment (n=1). For case no. 1 (Table 4), 12 eligible recipients with
the same AB blood type refused to receive organ donations.

Discussion

Between 2013 and 2017, there were 60 and 11 cases of do-
nations from HBV or HCV-positive brain-dead donors, respec-
tively. There were 71 kidney donations and 31 liver donations
from HBV or HCV-positive brain-dead donors, which accounted
for 1.6% (71/4421) of the total number of brain-dead kidney
transplantations and 1.4% (31/2185) of the total number of
liver transplantations during the study period in South Korea
[9]. Based on U.S. Scientific Registry of Transplant Recipients
data, there were 2131 cases of HCV-positive liver grafts be-
tween 2005 and 2015 (HCV-negative liver grafts, n=23 435).
The proportion of patients receiving HCV-positive liver grafts
from 2005 to 2010 was 6.2%, which increased to 9.1% in 2013
during the early DAA/interferon (IFN) era, 12.2% in 2014 (the
IFN-free DAA era), and 16.9% in 2015. In addition, the num-
ber of HCV-positive liver grafts discarded every year showed
a decreasing trend from 28% between 2005 and 2010 and
t0 22% in 2011 and 11% in 2015 [10]. In South Korea, limit-
ed liver/kidney transplantations from HBV/HCV-positive do-
nors to HBV/HCV-positive recipients have been performed for
a long time; however, transplantations to virus-negative re-
cipients have just recently begun. The number of transplan-
tations from HBV-positive donors has been gradually increas-
ing, from 6 cases in 2013 to 14 cases in 2017. However, there
were only 3 cases of transplantations from HCV-positive do-
nors in 2017; thus, donations from hepatitis carriers are not
active in South Korea [5].

While the number of donations from HBV- and HCV-positive
donors is important, the function of the donated organs and
the medical outcome of the recipients are more important.
Using the UNOS data, a study on patients who underwent liver
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Table 1. Summary of viral hepatitis cases among potential brain-dead donors according to the year between 2013 and 2017 in South
Korea.

HBV-positive donors

Transplantation Not
. SR : :
completion  Recipient’s suitable Not brain  Cardiac Legal

refusal death death issues recipient
as donors matched

No legal Consent number
guardians retrieval

60 66 56 33 16 7 3 3 2
(24.4%) (26.8%) (22.8%) (13.4%) (6.5%) (2.8%) (1.2%) (1.2%) (0.8%)

Transplantation Not No
completion Recipient’s Not brain Cardiac No legal Consent Legal Accident pumber

refusal SUISRIE dea recipient death guardians retrieval issues problem
as donors matched

2016 3 5 2 6 2 3 0 0 0 0 21
2017 3 6 5 0 1 0 1 1 1 0 19
Total 11 24 24 12 6 4 2 2 1 1 87

(12.6%) (27.5%) (27.5%) (13.8%)  (6.9%) (4.6%) (2.3%) (2.3%) (1.1%) (1.1%)
Summary

Donation failure

Transplantation

completion Recipient’s Not brain Cardiac No Legal Nolegal Consent Accident pumber

recipient : q
P issues guardians retrieval problem

t
suitable
refusal as donors death death matched

71 90 80 45 20 9 8 5 4 1
(21.3%) (7%)  (24%) (13.5%)  (6%) Q7%) (4% (1.5%)  (12%)  (0.3%)

transplantations owing to HCV-related liver cirrhosis showed showed better patient and graft survival rates than the group
that the patient and graft survival rates were similar between that underwent organ transplantations from HCV-negative
96 patients who underwent organ transplantations from HCV-  donors (2-year survival rate: 90% vs 77%, P=0.01) [11]. These
positive donors and 2827 patients who underwent organ trans- results may be attributed to the fact that the patients who
plantations from HCV-negative donors; further, the group that agreed to receive organs from virus-positive donors were in
underwent organ transplantations from HCV-positive donors less severe condition when they underwent transplantations.
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Table 2. General characteristics of brain-dead organ donors with hepatitis B or C with transplantation completion.

Age, years

48.7+10.9*

51.248.3 0.597
) 5 @s4 0309
3 @y
)6 (4%
0 o
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.932

Kidney

60 (100.0)

11 (100.0)

There was no pancreas or cornea donation. One case of HCV-positive donation was kidney en bloc donation. * Mean+standard

deviation.

A multicenter study conducted in Europe also reported sim-
ilar findings [12]. Of the 694 patients who underwent trans-
plantations owing to liver disease caused by chronic HCV in-
fection, 11% received organs from HCV-positive donors. The
comparison of 63 patients who underwent organ transplanta-
tions from HCV-negative donors and 63 patients who under-
went organ transplantations from HCV-positive donors did not
reveal any significant difference in the patient and graft sur-
vival rates. However, the rapid clinical recurrence rate of HCV
infection and the incidence rate of biliary complication and re-
jection was higher in the HCV-positive donor group than in the
HCV-negative donors. The 3-year graft survival rates in the DAA
era were similar for HCV-seropositive and HCV-seronegative
grafts, at 85.1% and 84.5%, respectively [8].

HBV infection is not endemic in the U.S. Although it is endem-
ic in South Korea, transplantations from HBV-positive donors
to negative recipients are limited in South Korea. Therefore,
few studies have been conducted on HBV infection compared
to those on HCV infection. According to a single-center ret-
rospective study in the U.S. comparing 25 recipients who un-
derwent liver transplantations from anti-HBc-positive donors
with 843 recipients who underwent liver transplantations from
HBV-negative donors, the 1-month, 1-year, and 5-year survival
rates for recipients who underwent liver transplantations from
anti-HBc-positive donors were 92%, 74.3%, and 74.3%, while
those for recipients who underwent liver transplantations from
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HBV-negative donors were 96%, 89.1%, and 76.6% (P=0.16),
respectively. Moreover, the 1-month, 1-year, and 5-year graft
survival rates in recipients who underwent liver transplanta-
tions from anti-HBc-positive donors were 92%, 74.3%, and
65%, while those in recipients who underwent liver transplan-
tations from anti-HBc-positive donors were 94.4%, 86.3%, and
73.5% (P=0.15), respectively; there was no significant differ-
ence between the 2 groups [13].

For kidney transplantation, only 2402 (37%) of 6546 kidneys
were transplanted from 3273 anti-HCV-positive donors in the
U.S. between 2005 and 2014 [14]. Thus far, only 2 open-la-
bel nonrandomized single-center trials and 1 single-center
observational study have assessed the outcomes of kidney
transplantations from anti-HCV-positive donors to negative
recipients. In the study by Reese et al (the THINKER trial),
20 HCV-negative recipients who received kidneys from HCV-
positive donors received HCV treatment 5 days after transplan-
tation; all 20 patients reached a sustained virologic response
12 weeks after treatment initiation; the median estimated glo-
merular filtration rate (eGFR) after 6 and 12 months was 67.5
and 72.8 mL/min/1.73 m?, respectively [15]. In the study by
Durand et al (the EXPANDER trial), HCV prophylaxis was per-
formed on 10 HCV-negative recipients who received kidneys
from HCV-positive donors before and up to 12 weeks after
surgery; there was no virologic or clinical evidence of HCV in-
fection after 12 weeks in all cases. The median eGFR after 12
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Table 3. Donation failure cases after obtaining donation consent and determining brain death owing to HBV infection between

2013 and 2017 in South Korea.

Anti-  Anti-

Anti-

HBsAg HBsAb HBc Ab HBc Ab HBeAg
HBe Ab
(I1gM) (1g6) .

PCR titer
(U1/mL)

Donation failure

reasons

Decision timing

Not suitable as

After the first brain

! M 34 * - - * * - 170000000 donor death assessment
2 M 45 + - - + - + 215 No recipients LA br.aln.death
determination
3 M 50 + _ _ + + _ 3590 000 Not suitable as After donation
donor consent
4 M 37 4 - + + + ~ >170000000 Notsuitableas o erg
donor
5 E 40 + 3 _ + _ + 10 504 Not suitable as During organ
donor procurement
6 M 43 + _ _ + . _ 33002 847 Not suitable as After ?btalnlng
donor donation consent
7 M 40 + + = = + + 269 000 No recipients After bljam .death
determination
Abdominal During organ
8 M 50 + + - - + + <20 tuberculosis §0r8
. . procurement
infection
Not'bram de.afi After the second brain
9 M 55 + = = = + + - seizure activity
death assessment
on EEG
10 M 41 + - - - + - No recipients A ?btalnlng
donation consent
RCC on
11 M 68 + - - + - + abdominal CT After EEG
Cardiac
12 M 45 + _ _ + _ + death from . After the first brain
hemodynamic death assessment
instability

EEG — electroencephalogram; RCC — renal cell carcinoma. Case 1 had 989 400 000 DNA copies and case 11 had less than 116 DNA

copies.

weeks was 63.5 mL/min/1.73 m?[16]. In their study, Molnar et
al initiated HCV treatment (DAA) when HCV RNA was detected
in 53 HCV-negative recipients who received kidneys from HCV-
positive donors. All 53 recipients were HCV RNA-negative and
reached sustained virologic response after 12 weeks; the medi-
an eGFR after 12 weeks was 67 mL/min/1.73 m?[17]. However,
no relevant multicenter studies have been conducted thus far.

According to the 2018 OPTN/STSR annual data report, the will-
ingness to accept HCV-positive organ transplants increased for
candidates for kidneys, pancreas, heart, and lungs from 2006
to 2018. In terms of kidneys, this rise began in 2014, which is
consistent with the expanded use of second-generation DAAs
for HCV infection treatment in 2014. However, the willingness
to accept small intestines showed a decreasing trend, and that

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

for livers showed a rebound trend after decreasing until 2016.
The reasons for such trends are unclear, but the trends could
be attributed to the fact that the waiting period for small in-
testine transplantations is shorter than that for other organ
transplantations and to concerns of potential infection by re-
ceiving livers from HCV-positive donors [18].

In the present study, the main reasons for organ transplanta-
tion failures from brain-dead donors with viral hepatitis (HBV
or HCV) were recipient’s refusal (n=90), unsuitability as do-
nors (n=80), non-brain death (n=45), and cardiac death (n=20).
These results show that recipients often refuse to receive or-
gans from hepatitis-infected donors, even if they are hepati-
tis carriers. Therefore, it is necessary to promote current ther-
apeutic agents to treat hepatitis and help recipients and their
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Table 4. Donation failure cases after obtaining donation consent owing to HCV infection between 2013 and 2017 in South Korea.

1 2013 F 44 - No recipients After the first brain death assessment
2 2013 M 56 = RCC found during organ During organ procurement
procurement

3 2013 60 = Not suitable as donor After brain death determination
"""" 4 2014 M 6 - Notsutableasdomor After obtaining donation consent
"""" s 0w M 5 <> Notbaindesd  AMferthesecondbraindeath

assessment

6 2014 F 72 3 970 000 No recipients After EEG
"""" 7 204 M 47 3430000 Norecipients  After brain death determination
"""" 8 205 M 59 - Norecipients Afterbrain death determination
"""" 9 2015 M 52 9531084 Norecipients After brain death determination

EEG — electroencephalogram; RCC — renal cell carcinoma.

families to understand the outcomes of transplantation to en-
courage organ transplantations from donors with viral hepa-
titis in South Korea.

Further, it is also important to establish a treatment protocol
for infection management after organ transplantations from
HBV/HCV-positive brain-dead donors and to increase the rel-
evant experience of medical staff. Doctors who manage recip-
ients after organ transplantations should also gain sufficient
knowledge and experience in treating hepatitis. Objective data
on the results after transplantation should also be presented.

The significance of this study is there has been no analysis on
the current status of organ transplantations from brain-dead
donors with hepatitis in South Korea. Although the number of
cases is small, the number of donations from HBV- and HCV-
positive donors is gradually increasing. However, there is no
data collection system in South Korea that can be used to an-
alyze the transplantation outcomes of recipients who received
organ donations from hepatitis carriers; thus, the relevant re-
sults cannot be presented together. In 2012, Korean Organ
Transplantation Registry (KOTRY) was established and has
published annual reports since 2014. It is a government-driven
project and collects data from involved institutions. However,
it is not connected with the KODA/KONQOS database, so there
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exists a need to integrate databases. Therefore, follow-up stud-
ies are necessary to evaluate the outcomes of treating recip-
ients who received organ donations from hepatitis carriers in
South Korea. If the follow-up study results are positive, organ
transplantations from hepatitis carriers will become more ac-
tive; this will then help to narrow the gap between the supply
and demand for organ transplantations.

Conclusions

Although the number of donations from HBV- and HCV-positive
donors is gradually increasing, in South Korea there have been
few organ donations from brain-dead donors with hepatitis
that led to transplantation completion. The main reasons for
failure are recipient’s refusal to receive organs from donors
with hepatitis and unsuitability for donation concerning active
viral conditions. To promote organ transplantations from do-
nors with hepatitis B and C virus, we could consider 3 strate-
gies: 1) reducing recipient’s refusal rates by educating recip-
ients and their families on the outcomes of organ donation
from hepatitis carriers, 2) establishing treatment protocols for
infection management after organ transplantations from HBV/
HCV brain-dead donors, and 3) increasing the relevant expe-
rience of medical staff.
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