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Abstract
Introduction The demand for organs in the USA exceeds supply resulting in high mortality for patients awaiting transplantation.
To increase the pool of available organs, the transplant community is investigating the safety and utility of organs previously
considered high risk. Guidelines currently advocate for the use of hepatitis C antibody, nucleic acid testing (NAT)-negative
organs in hepatitis C–positive recipients. However, data is limited regarding outcomes of using such grafts in hepatitis C–
negative recipients.
Purpose of Review The purpose of this paper is to review the literature on utilizing hepatitis C virus (HCV)-positive NAT-
negative livers and to determine if utilizing direct-acting antivirals lowers the risk of HCV transmission regardless of the
recipient’s HCV status.
Recent Findings The current literature demonstrates that the overall risk of transmission of HCV with the use of these organs in
HCV-negative recipients is low and that risk is increased with high-risk donors that died from IVDA overdose.
Summary Direct-acting antivirals are highly effective in treating HCV and lowering the risk of transmission. Therefore, we
should reconsider utilizing these organs in HCV-positive recipients.

Keywords Liver transplantation . Extended criteria donors . Nucleic acid test . HCV antibody-positive/NAT-negative donors .

HCV transplant transmission risk . Hepatitis C–positive donors . Occult hepatitis C

Review Paper

The mismatch of supply to demand for organs in the USA has
pushed the transplant community to test various strategies
geared toward increasing the organs available for transplanta-
tion. Hepatitis C antibody-positive organs have traditionally
been considered high risk due to the concern of transmission
of the virus from organ to recipient at the time of transplant.
The hepatitis C virus was discovered in 1989. Routine testing
of the US blood supply began in 1990 and with improved
serologic testing becoming available in 1992, overall transmis-
sion of hepatitis C via blood supply was reduced significantly
[1]. Nucleic acid testing (NAT) was implemented in 1999,

leading to further reduction in viral hepatitis C transmitted by
blood transfusion [2, 3]. The risk of transmission of infection
via organ transplantation remained a concern due to the dem-
onstration that transmission of HCV by a donor organ could
lead to loss of the allograft and rarely recipient death. Data
obtained from the UNOS database literature on cadaver kidney
and heart transplantations that were performed from 1994 to
1997 demonstrated that 50% of HCV-negative recipients of
donor organs positive for IgG antibody to HCV formed de-
tectable antibodies to HCV with detectable hepatitis C viremia
by PCR analysis occurring in 24% and 35% developing liver
disease [4]. The OR for recipients developing antibodies to
HCV within 1 year of transplantation, in donors that tested
positive for antibody to HCV, was 12.94 in kidney transplant
recipients and 31.83 in heart transplant recipients [5, 6].

In addition, previous reports suggested that recipients of
HCV-positive organs had lower patient and graft survival as
in comparison to recipients of HCV-negative organs [7–9].

However, more recent data has demonstrated that both
mortality and graft loss at 1, 3, and 5 years were not sig-
nificantly different in the HCV-positive recipients of livers
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from HCV-positive or HCV-negative donors. Furthermore,
in recipients of kidney transplants, the risk of receiving an
HCV-positive kidney was minute leading to a 1% de-
creased survival at 1 year and a 2% decreased survival at
3 years [10–15].

There are currently guidelines provided by the Centers for
Disease Control (CDC) to classify donors as high risk (in-
creased risk of having an infectious disease). A donor is de-
fined as “high risk” if they fall into any one or more of the
following categories: men who have engaged in sex with men
in the last 5 years, people that report non-medical intravenous,
subcutaneous, or intramuscular drug use within the preceding
5 years, people with clotting disorders or hemophilia and have
received human-derived clotting factors, men or women who
have been involved in sexual activity for money or drugs in
the 5 years preceding presentation, persons who have engaged
in sexual intercourse in the last 12 months with any person
listed above, people who have been exposed in the last
12 months to diagnosed or suspected HIV-infected blood
and inmates or correctional systems [16].

The U.S. Public Health Service (PHS) published new
guidelines in July 2013, in order to reduce hepatitis C virus
(HCV) transmission through organ transplantation. These “in-
creased risk” guidelines replaced guidelines from 1994. The
term “increased risk” refers to donor features that could po-
tentially place the recipient at increased risk of disease trans-
mission [16].

The Organ Procurement and Transplantation Network/
United Network for Organ Sharing (OPTN/UNOS) ad hoc
Disease Transmission Advisory Committee (DTAC), collab-
orated with the Joint Society Steering Committee to develop a
document, which included recent peer reviewed literature and
OPTN data, to define the risk of the transmission of undetect-
ed disease from increased risk DONORS [16]. The aim of this
guidance document is to assist the transplant community in
making decisions when organ offers are made from OPOs,
allowing transplant physicians to evaluate the risk of undetect-
ed infection of the donor with HBV, HIV, or HCV. The doc-
ument provides transplant program staff with information in
order to provide patient education and gives guidance for the
decision-making process for patients. Finally, the document
aims to identify organ donors that were recently infected but
appear negative on serologic testing and be capable of HIV,
HBV, or HCV transmission to recipients. The Organ
Procurement and Transplantation Network/United Network
for Organ Sharing (OPTN/UNOS) policy has mandated in-
formed consent being obtained from recipients that receive
organs from increased risk donors and post-transplant fol-
low-up for all recipients of organs from increased risk donors
is recommended [17].

HCV nucleic acid testing (NAT) is now recommended by
the PHS guidelines prior to organ procurement when screen-
ing all deceased donors [18]. This recommendation is

intended to decrease transmission risk since NAT decreases
the risk of serologic non-detection of HCV at the time of the
window period by about tenfold in most cases [19]. The im-
pact of HCV antibody status and NAT on donor utilization is
undetermined and only recently has NAT testing become rou-
tine, as all organ procurement organizations were mandated in
2015 to report and perform NAT testing on all donors whether
they are deceased or living [20].

Since the application of these new policies, the number of
possible increased risk deceased donors has gone up national-
ly to approximately one in five donors [21]. There are current-
ly rising rates of donors that are HCV antibody-positive and
NAT-negative due to the increasing rates of intravenous drug
use and advances in HCV therapy. According to the CDC
data, opioid overdose deaths were five times higher in 2016
than in 1999 and opioids were involved in 42,249 deaths in
2016 [22]. In fact, there was a recent abrupt surge in opioid use
in the USA, which resulted in a significant rise in transmission
of HCV, injection drug use, and deaths from opioid overdose.
There has also been a rapid increase in recovery and utilization
of HCV-positive donor organs in areas most affected by the
opioid epidemic. The proportion of hepatitis C–positive de-
ceased donor LTs in the USA has increased nearly twofold in
the last 3 years [23].

Data has shown that organs from donors defined as in-
creased risk are less likely to be utilized and more likely to
be discarded compared to organs from donors that are not
increased risk [24, 25]. This is surprising considering the fact
that post-transplant patient and graft survival with high-risk
organs is better or equal to that of non-increased risk organs
[26]. Data demonstrates that the percentage of organ procure-
ments from donors defined as increased risk donors increased
from 12.3 to 19.5% and superseded 25% in 2015 in 14 organ
procurement organizations [26]. However, data from the
OPTN demonstrates that despite the rise in increased risk or-
gan donors during the period 2010 to 2015, not all centers
utilize these organs. Between 2010 and 2015, only 16.4 to
42.3% of transplant programs performed transplants using
high-risk donor organs in at least 10% of their recipients. In
fact, from 2005 to 2014, increased risk donors were not uti-
lized in as many as 16.4% of transplant programs, depending
on the organ type [27]. Data also showed that the level of risk
is not equal among all high-risk organ donors [26]. So, al-
though these organs are increasingly available for transplan-
tation, many centers remain reluctant to use them for their
recipients.

Organs from individuals that are HCV antibody-positive/
NAT-negative have generally not been utilized for donation to
HCV-negative recipients and have been reserved for patients
with positive HCV RNA due to the scant amount of data on
the HCV transmission risk from these organs to non-infected
recipients. However, with widespread use of NAT testing,
utilization of HCV antibody-positive, NAT-negative organs

328 Curr Transpl Rep (2018) 5:327–333



is being reconsidered. The recent American Society of
Transplantation guidelines emphasize the importance of
distinguishing HCV-positive/NAT-positive donors from
NAT-negative HCV-positive donors [28]. The risk of in-
creased risk donors with negative serologic screening trans-
mitting HCV infection has been estimated to be from 300.6 in
IVDA and 0.26 in hemophiliacs per 10,000 donors and 0.26 in
hemophiliacs [27]. Therefore, the OPTN policy requires all in-
creased risk donors undergo NAT testing (for HIV and HCV).
However, HCV can be transmitted to organ recipients evenwhen
donors have a negative NAT [23]. In increased risk donors with
increased risk behaviors for the acquisition of HCV infection,
especially injection drug use, this likely reflects the “eclipse
phase.” The definition of the eclipse phase “previremic phase”
is the time between virus exposure and when the virus can be
detected in the plasma (new virion production) [29].

Overall, previous studies have suggested a 0.32% risk of
HCV transmission from high-risk individuals that were NAT-
negative and HCV antibody-positive [30]. However, the
Disease Transmission Advisory Committee of Organ
Procurement and Transplantation Network estimates HCV
transmission risk from donors with immediate needle expo-
sure to be approximately 3%. [19]

Current available literature demonstrates that NAT-neg-
ative/HCV antibody-positive serology can occur due to
four mechanisms: previous exposure and successful treat-
ment of HCV, spontaneous clearance of HCVat the time of
infection, an HCVantibody test that is falsely positive, or a
HCV RNA that is falsely negative [31–34, 35•, 36]. In an
analysis of 66 studies by Cooke et al., the risk of reinfec-
tion or late relapse post-sustained virologic response
(SVR) was 0.9% at 5 years in low-risk patients, 21.8% in
HIV/HCV co-infected patients, and 8.1% in HCV mono-
infected IV drug users or prisoners [37, 38]. These individ-
uals who have achieved SVR would remain HCV
antibody-positive but NAT-negative. Furthermore, based
on the literature, there is no evidence to support hepatitis
C reactivation in the immunosuppressed host. [39].

Spontaneous clearance may occur following infection as
well. In a cohort study by Tyndall et al., the spontaneous
HCV clearance was observed to be 23.5% in 762 individuals
between 1999 and 2005 that were HCVantibody- and RNA-
positive. Persistence of HCV was demonstrated in 583 indi-
viduals (76.5%). The study also demonstrated that the spon-
taneous clearance rate of HCV was decreased in subjects that
used any illicit drugs no matter the type of illicit agent [40].

The percentage of falsely positive hepatitis C antibody re-
sults was approximately 35% (range 15 to 60%) in immuno-
competent individuals and 15% in immunocompromised pop-
ulations. The explanation for false-positive anti-HCV results
is the fact that no structural proteins and antigens have been
obtained from HCV up to now. There is a strong tendency for
some of the IgG molecules to be bound to the micro-well

surface by indirect capture via the surface molecules, or by
direct adsorption and then create a signal, providing false-
positive results because of the high IgG concentration in hu-
man blood (> 5 mg/mL) [41–43].

Finally, HCV RNA may be falsely negative. The titer of
HCV RNA will decline as the titer of anti-HCV increases
during acute infection [44] Therefore, HCV RNA is not iden-
tified in certain people during the acute phase of their hepatitis
C; however, this finding can be transient.

HCV RNA can be identified in blood 1 to 2 weeks post
infection in most patients. HCV likely establishes infection in
susceptible hepatocytes during the eclipse phase. Therefore,
the use of qualitative HCV RNA assays with very high sensi-
tivity will occasionally detect HCVRNA in the blood at levels
less than 10 copies/mL in blood. After the eclipse phase, there
is an 8- to 10-day “ramp-up” phase. HCVreplication increases
exponentially during this phase and can be detected in plasma.
At 6 to 10 weeks after infection, HCV RNA levels typically
peak and this is known as the plateau phase. HCV RNA de-
tection during acute infection is not completely reliable as
HCV RNA levels can fluctuate and in some cases, HCV
RNA levels are undetectable. However, HCV RNA levels
are present with the onset of symptoms [45]. Current HCV
NAT testing has a sensitivity value of 99% and specificity
values of 98 to 99%; therefore, qualitative PCR has been re-
placed by quantitative PCR. [41]

The relative risk of transmission of HCV from liver grafts
of HCV NAT-negative donors remains unknown [46, 47].
Data from Suryaprasad et al. reported newly detected donor-
derived HCV after transplantation in organ recipients from
increased risk donors. Cases were defined as recipients of
solid organs with either undetectable HCV NAT or nonreac-
tive anti-HCVantibody in the 6 months prior to transplant that
were found to have detectable HCV RNAwithin 12 weeks of
transplantation. HCV RNA was detected retrospectively in
donor tissue collected at organ procurement in stored lympho-
cyte or splenocyte samples. Cases were confirmed as donor-
derived when other possibilities for HCV infection were ex-
cluded and after exclusion, HCV HVR-1 sequences from two
or more recipients were genetically related to each other
through molecular analyses or when HCV RNAwas detected
from stored serum obtained from the organ donor in the week
preceding death or in the archived lymphocyte or splenocyte
specimen obtained at organ recovery from the donor. All do-
nors were NAT-negative and there was evidence of injection
drug use preceding each donor’s death. Of the 12 recipients, 8
were found to be HCV-infected and 6 were newly diagnosed
after transplant. This data identified the first known transmis-
sions of HCV fromNAT-negative increased risk organ donors,
demonstrating significantly recent donor infection [48••].

Bari et al. recently performed a prospective study that
demonstrated an HCV transmission rate of 16% (with a
mean follow-up period of 11 months) in 25 HCV-negative
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recipients of HCV antibody-positive NAT-negative organs.
The average age of this patient population was 62 years
(range 36–69) and the median meld was 22. Eighty-eight
percent of donors were Caucasian and 60% died of pre-
sumed of drug overdose. None of the recipients had behav-
ior risk factors for HCV infection and did not have any other
healthcare exposure that could have served as a source for
infection. Two patients who received simultaneous liver and
kidney transplants and one patient who received two liver
transplants were included. This is the first prospective study
to assess HCV transmission from such donors. Four patients
acquired HCV infection post-transplant and three were
treated with direct-acting antiviral therapy with two achiev-
ing a sustained virologic response and the third patient hav-
ing an end-of-treatment response. Although this study was
not powered to draw conclusions on other factors that may
increase transmission risk, it does provide some idea regard-
ing transmission risk. One hundred percent of the HCV
transmission occurred from donors that died from drug
overdose. This may have relevance in the selection of do-
nors given that high-risk donors dying secondary to drug
overdose may be more likely to have negative NAT testing
if recent infection has occurred [49••]. The overall risk of
transmission in this situation appears to be low with HCV
antibody-positive/NAT-negative donor organs. Given the
better organ quality and younger age of some of these do-
nors, it seems relevant to consider utilizing these organs.
Nevertheless, it is vital that liver transplant recipients un-
derstand the potential for transmission despite negative
NAT and the limitations of currently available testing.

Another proposed mechanism of transmission is occult
hepatitis C infection being present in the donor tissue. The
definition of occult hepatitis C (HCV) is the presence of the
HCV genome in either peripheral blood monocytes or liver
tissue, despite constant negative results from tests for HCV
RNA in serum. Occult hepatitis C has been identified in pa-
tients with spontaneous or treatment-induced recovery from
hepatitis C and with abnormal results of liver function tests of
unknown origin, in anti-HCV-positive individuals with nor-
mal liver enzymes, and in subjects at risk for HCV infection
such as hemodialysis patients or family members of patients
with occult HCV. Occult HCV infection has also been detect-
ed in healthy people with no evidence of liver disease. A
prospective study was performed by Elmasry et al. on 134
patients with recurrent HCV infection, based on HCV RNA
testing, who were treated with direct-acting antivirals (DAAs)
after liver transplantation, with or without ribavirin, from
2014 through 2016. Data revealed that 129 patients achieved
an SVR12 and that in > 10% of the patients who achieved
SVR12 (n = 14), serum levels of aminotransferases did not
normalize during or after DAA therapy, or they normalized
transiently but then increased sharply after DAA therapy. Of
these 14 patients, 9 were assessed for occult HCV infection by

reverse transcription quantitative polymerase chain reaction.
This analysis revealed that 55% of these patients had an occult
infection, indicating viral replication. These findings demon-
strate that occult HCV infection can be present in some pa-
tients with abnormal levels of serum aminotransferases, de-
spite SVR12 to DAAs for HCV infection after liver transplan-
tation. [34, 35•] This may have potential implications for do-
nor organs from previously treated patients in that these do-
nors would likely test positive for HCV antibody and have
negative NAT.

We recognize that infection of the graft in patients with
untreated hepatitis C infection that receive liver transplanta-
tion occurs nearly universally. Reinfection has been demon-
strated to occur as soon as reperfusion of the allograft has
occurred. In these cases, viral levels have been found to reach
pre-transplantation titers within 72 h of transplantation. In
patients with HCV reinfection/infection post-liver transplan-
tation, 20% have normal or near normal aminotransferase
values with minimal inflammation on liver biopsy, less than
10% develop severe fibrosing cholestatic hepatitis, and the
rest can develop chronic hepatitis [50, 51]. HCV-related fibro-
sis progression after liver transplantation has an accelerated
course when compared with this condition pre-transplant.
This resulted in outcomes which were inferior for HCV-
positive recipients as compared to recipients who were
HCV-negative.

However, there are currently multiple direct-acting antivi-
ral agents for the treatment of hepatitis C post-transplantation
as depicted in the AASLD IDSA HCV guidance (https://
www.hcvguidelines.org).

Treatment of HCV-positive patients was previously lim-
ited by the low success rates and side effects of older reg-
imens. The advent of highly efficacious, new treatments
for HCV has made clearance of HCV with excellent toler-
ance and efficacy possible. New direct-acting antivirals
have allowed treatment in both decompensated as well as
post-transplant recipients. In fact, the overall treatment re-
sponse (cure) approaches that of pre-transplant patients if
treated soon after transplantation [52].

Given the excellent efficacy and tolerance of new antiviral
treatments for HCV, the opportunity of using HCV-positive
donors for HCV-negative recipients has been explored by the
transplant community. Desai et al. performed a single-center
open-label nonrandomized trial to determine the tolerability
and feasibility of using direct-acting antivirals (DAAs) as pro-
phylaxis before and after kidney transplantation from HCV-
infected donors to non-HCV-infected recipients (HCVD+/R−
transplantation). The study population included 10 HCV D+/
R− kidney transplant candidates older than 50 years with no
available living donors. All recipients received a dose of
grazoprevir (GZR), 100 mg, and elbasvir (EBR), 50 mg, im-
mediately before transplantation. Recipients of kidneys from
donors with genotype 1 infection continued receiving GZR-
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EBR for 12 weeks after transplantation; those receiving or-
gans from donors with genotype 2 or 3 infection had
sofosbuvir, 400 mg, added to GZR-EBR for 12 weeks of triple
therapy. Results demonstrated that pre- and post-
transplantation HCV treatment was safe and prevented chron-
ic HCV infection in HCV D+/R− kidney transplant recipients
[53]. If this can be confirmed in larger studies, this should
markedly expand organ options and decrease mortality in
transplant candidates that do not have HCV infection.
Furthermore, the use of pan-genotypic regimens should obvi-
ate the need for HCV genotyping at the time of or after trans-
plantation [54].

However, we must remain aware that there are factors that
may potentially impact our ability to achieve a cure in the
setting of donor-related transmission and we need to be mind-
ful that the cost of medications can be prohibitive for patients
requiring insurance approval. Insurance companies often re-
strict the use of these medications and may not cover the
medication most appropriate for the patient depending on
the HCV genotype and prior recipient or donor medication
exposure. In addition, many insurance companies require pa-
tients to demonstrate significant liver fibrosis prior to approv-
al, which would prevent any attempt at “preemptive” treat-
ment. Finally, approval of therapy may take weeks, which
may influence patient ability to respond, especially in cases
of fibrosing cholestatic recurrence [55].

In summary, there are an increasing number of increased
risk donors positive for hepatitis C. Although transmission
of HCV is possible despite negative NAT testing in an
organ which is HCV antibody positive, the risk remains
low. Ideally, we should utilize these organs in HCV-
positive recipients. However, due to the low risk of HCV
infection transmission and the availability of highly effica-
cious treatment for HCV, it is likely that the benefit of
receiving an organ outweighs the potential risk of graft loss
or death from NAT-negative HCV antibody-positive or-
gans. It is important to make sure that recipients under-
stand the limitations of the currently available testing strat-
egies and that there is the potential for transmission despite
HCV NAT testing being negative. The creation of proto-
cols for monitoring and reporting of newly detected infec-
tions and early post-transplant HCV RNA screening of
recipients are critical to detecting patients with new infec-
tions that may benefit from antiviral regimens.
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