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Abstract

®

Check for
updates

Use of organs from donors previously or currently infected with hepatitis C virus is gaining interest in the transplantation realm.
Purpose of Review Here we will outline the historical perspectives for discarding such organs, review the reasons for revital-
ized interest in their use, and highlight available data on the use of hepatitis C virus (HCV)-viremic grafts in transplantation. We
will summarize arguments supporting and against such practices and offer our recommendations.

Recent Findings HCV can now be safely and effectively treated post transplantation with direct-acting antivirals (DAAs).
Several reports are highlighted in which HCV-viremic organ donation was performed, followed by DAA treatment. However,

opinions abound on the appropriateness of this practice.

Summary Use of viremic organs requires further study and additional larger-scale data with longer-term follow-up, but overall
appears safe. It is a viable method to expand the donor pool in both liver and non-liver organ transplantation, but must be carefully

weighed with the risks.
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Introduction

The number of patients on the liver transplantation waitlist
continues to grow, and the demand for liver grafts persistently
exceeds the supply [1]. As a result of the relatively low supply,
approximately 20% of patients awaiting liver transplantation
die or are removed from the waitlist due to worsening clinical
condition [2].

One method to expand the donor supply is to utilize organs
from patients infected with hepatitis C virus (HCV). This
practice previously had been discouraged but in the last few
years has gained renewed interest. The following article will
review the historical context and current literature regarding
HCV infection in the transplantation realm. Finally, we will
provide discussion of the current controversies surrounding
this topic and opinions on future directions.

Historical Perspectives on HCV and Organ
Transplantation

Hepatitis C is one of several infectious diseases that can be

transmitted from organ donor to recipient. The term “donor-
derived infection” is used to describe any infection transmitted
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to an organ recipient from the organ donor [3]. If organs from
such a donor are allocated to multiple recipients, any or all
recipients may contract the infection.

All organ donors are screened at the time of donation for
HCV as well as many other infectious diseases. When such
infections are passed from donor to recipient, they can be
further characterized into expected and unexpected transmis-
sions. Unexpected transmissions occur when the donor infec-
tion was not identified at the time of organ donation. This can
occur due to donation during the serological window period,
when antibodies to a pathogen have not yet developed, or due
to false negative testing. The use of nucleic acid testing (NAT)
or polymerase chain reaction (PCR) testing has reduced this
risk. Unexpected transmission can still occur if donation oc-
curs during the eclipse period, the time between acquisition of
infection and the detection of pathogen by NAT or PCR. This
time period is shorter than the serological window period [3].

In contrast to unexpected transmission, expected transmis-
sions occur when the donor is known to carry the infection at
the time of donation. In liver transplantation, common expect-
ed transmissions include cytomegalovirus (CMV) and
Epstein-Barr virus (EBV). Donors who are hepatitis B core
antibody positive are another example of a potential source of
expected transmission. HCV is also considered an expected
viral transmission, except in uncommon cases when donation
occurs during the eclipse period, approximately 10 days after
exposure [3]. The risk of transmission of HCV during the
eclipse period is estimated to be 0.3 to 3%, depending on the
behavior at risk and the time interval between the behavior
and organ donation [4, 5S¢, 6].

The high risk of HCV transmission in solid organ trans-
plantation from donors infected with HCV was recognized as
early as 1991 [7], with transmission risk 96% in early studies
[8]. As a result, organs from donors testing positive for HCV
were historically not recommended for use.

In addition to transmitting virus from organ donors, HCV
has an extremely high recurrence rate in patients who undergo
liver transplant for this indication. Recurrence of HCV is uni-
versal if the recipient had viremia during the transplant itself
[9, 10], whereas there is virtually no risk of recurrence if the
patient has been successfully treated (SVR12) prior to liver
transplantation [11, 12]. In patients with virologic clearance at
least 30 days prior to transplantation, the chance of remaining
free of HCV is 95% [13]. Recurrent HCV after liver transplan-
tation was difficult to manage in the interferon age due to poor
tolerance and low efficacy [14]. Furthermore, HCV viral loads
are higher with immunosuppression in the post-
transplantation setting and accelerated fibrosis progression
was common [15, 16]; in fact, cirrhosis develops as early as
5 years after transplantation in 20-30% of patients [17-19],
with the associated risk of hepatocellular carcinoma (HCC)
and graft failure. Graft survival for patients with HCV had
previously been lower than for patients transplanted for other
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reasons, due to accelerated HCV progression [20-23]. For
those able to tolerate treatment, data suggests treating HCV
recurrence after liver transplantation has improved outcomes
if cure is achieved [21, 24-27]. Historically, recipients of other
organs who also had HCV infection had worse outcomes
when they received an organ from a donor that was “HCV
positive” [28].

Given the high risk of HCV infection to the recipient with
attendant morbidity and mortality including graft failure and
the lack of effective therapies, organs from donors with active
HCV previously were not used for patients not already infect-
ed with HCV, although this idea has been debated since 1995
[29]. If no suitable potential organ recipients were available
that were not infected with HCV, “HCV-positive” donors were
discarded [30, 31, 32¢]. Rarely, they were used in emergency
settings such as fulminant hepatic failure [33].

In recent years, the advent of direct-acting antivirals
(DAAs) revolutionized the treatment of HCV in the non-
transplantation population, providing highly efficacious
interferon-free regimens with minimal side effects. The ability
to cure HCV was dramatically increased, including for pa-
tients with renal dysfunction, cirrhosis, viral resistance, and
those intolerant to interferon. The post-liver transplantation
population was eagerly studied; numerous trials have been
conducted with DAAs for recurrent HCV demonstrating sim-
ilar safety and efficacy as in non-transplantation patients, in-
cluding those with cirrhosis. Patients with HCV and HIV co-
infection can also be safely treated [34-45]. Joint guidelines
from the American Association for the Study of Liver Discase
(AASLD) and the Infectious Diseases Society of America
(IDSA) can assist in treatment choices [46]. Since 2011 and
the approval of the first DAAs, post-transplantation outcomes
for HCV patients have improved; 5-year survival of HCV
patients currently matches outcomes for those transplanted
for other reasons [47].

One strategy that has been employed is treatment in the
peri-transplantation setting to prevent recurrence [13, 48,
49]. During the transplantation hepatectomy, serum viral
levels drop rapidly [50]; this nadir may represent the ideal time
to initiate treatment. Treating patients at the time of transplan-
tation has been shown to prevent reinfection, and patients who
are started on DAA treatment on the day of transplantation can
be treated successfully with an abbreviated 4-week regimen
[STee].

In addition to treating recurrence of HCV, DA As have been
used to cure HCV in cases of unexpected donor-derived HCV
infection [52, 53], such as increased-risk donors (IRD) who
were tested during the eclipse period. The efficacy and ease of
treatment post-transplantation including early treatment to
prevent recurrence, and safe and effective treatment in cases
of unexpected viral transmission, has led to the increased in-
terest in using organs from donors with HCV in the uninfected
recipient population as well.
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The ability to distinguish organ donors with positive HCV
antibody testing as actively or previously infected with HCV
is critical. Since 2014, all donors with a positive HCV anti-
body must be tested with NAT/PCR to determine if viremia is
present [54]. Patients with a positive HCV antibody without
active viremia may have been previously treated and cured,
spontaneously cleared, or potentially have a false positive an-
tibody. A consensus conference from the American Society of
Transplantation (AST) proposed the term “HCV-viremic do-
nor” to distinguish those with active infection, rather than
“HCV positive” [28]. Separating viremic from non-viremic
donors is important for studying risks and outcomes. UNOS
data have shown that from 2015 to 2016, only 4.4% of all
donors are HCV viremic [55]. An additional analysis from
1993 to 2008 determined that only 53% of “HCV-positive”
donors were actually viremic [56]. However, viremic donors
are projected to increase with the current opioid epidemic.

Interest in using donors with active HCV raised attention to
current organ allocation and resource utilization, given that
these organs are declined frequently. The increase in drug
overdose deaths has expanded the overall supply of organs:
an OPTN data analysis from 2003 to 2014 demonstrated a
350% increase in drug overdose as a cause of donor death
[57]. Many viremic donors come from people who have re-
cently injected drugs [58]. Baby boomers with HCV are also a
source of viremic donors, but as this population ages, these
organs are more likely to be declined for transplantation.
Donors who have died from opiate overdoses are generally
younger (the median viremic donor age is now much lower
than before) and have high-quality organs as they are often
otherwise healthy [28]. Currently, such organs are unfortu-
nately discarded frequently. Analysis of data from 2015 to
2017 demonstrated that 31% of HCV seropositive livers were
discarded, whereas 14% of seronegative livers were
discarded; this trend was starting to decrease over the time
period studied. A total of only 30 livers from HCV-viremic
donors were used, with no overall decrease in discard rates
over the study time period [59].

The number of HCV-infected recipients on the waitlist has
decreased as DAA treatment has become more widely adver-
tised. As demand continues to exceed supply of liver grafts,
modeling studies have shown an increase in waitlist mortality
with a hazard ratio of 2.36 when increased-risk donors are
turned down [60e¢]. For “HCV-positive donors” (either vire-
mic or not), accepting such an organ at a MELD of 20 or
higher was associated with increased life expectancy, with
the highest benefit when the recipient’s MELD score is 28
[O1ee].

For many reasons including increasing risk of waitlist mor-
tality, ability to easily treat recurrent HCV in the post-
transplantation setting as well as prevent recurrence with early
treatment, ease of treating cases of unexpected viral transmis-
sion, ability to accurately determine active infection in donors

by testing for HCV viremia, an increase in opioid-related
deaths in young healthy potential donors, analysis showing
high discard rates of such organs, and modeling studies show-
ing survival benefit of accepting “HCV-positive organs,” there
is now a rising interest in using organs from donors with HCV
in non-traditional settings, including for recipients in need of
an organ who do not have HCV.

Current Data on Liver Transplantation
with HCV-Positive Donors

One of the first considerations in the use of “HCV-positive”
grafts for liver transplantation is graft fibrosis related to the
HCYV, particularly if the donor is older or has had longstanding
infection. Biopsy of donors with active or prior HCV infection
is recommended [62]. Numerous studies have found that no
difference in patient or graft survival occurs as long as there is
no more than stage 2 fibrosis on biopsy [31, 63-71].

HCV-Infected Recipients

Transplantation of organs from donors with either prior expo-
sure or current infection with HCV into HCV recipients is a
standard consideration at most centers. Between 2010 and
2015, the number of HCV seropositive recipients who re-
ceived an “HCV-positive” liver increased from 7 to 17%
[32¢]. The AST supports the use of HCV-viremic donors for
viremic recipients [28]. Prior concerns about potential geno-
type switching have been allayed with the availability of pan-
genotypic treatment regimens [46].

Non-viremic but Exposed Donors (“HCV +")
to Non-infected Recipients

This practice has generally been avoided due to limited data,
but the infectious risk has been thought to be low [28]. It has
been performed in liver as well as other organs [72—75].
Unexpected infections have occurred, particularly from do-
nors during the serological window or NAT eclipse period
[52, 76], particularly in donors who recently engaged in
high-risk behaviors. However, as mentioned above, such un-
expected infections have been successfully treated with DAAs
[52, 53]. The concept of “occult HCV” in hepatocytes has
been discussed [77—-80], but the clinical significance of this
is unclear. It was raised by one group in a description of un-
expected transmission, but this was more likely eclipse period
transmission [3]. In a larger study of 55 recipients who re-
ceived livers from donors who were HCV antibody positive
but non-viremic, five viral transmissions occurred. Notably,
76% of these donors had a history of injection drug use, but
the study reported that no cases of viremia occurred from such
IRD donors. While eclipse period/false negative NAT testing
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could have occurred, this study does raise concern about po-
tentially higher risk of infection than previously recognized.
However, four of the five patients were treated with DAAs
(the fifth died of unrelated issues). SVR was achieved in all
four, and there was no difference in survival or outcomes
[81ee].

Although the infectious risk of a liver graft from an ex-
posed but non-viremic donor is low, use of vessels from such
donors is currently prohibited due to transmission of virus in
this setting [82, 83].

HCV-Viremic Donors to Non-infected Recipients

This is unarguably the most controversial form of transplant,
but is not prohibited by OPTN. While this practice has previ-
ously been highly discouraged, it has become more acceptable
with the advent of effective DAAs [28]. An analysis from the
OPTN/UNOS database from 2015 to 2017 found that a total
of 30 livers from HCV-viremic donors were transplanted into
non-infected recipients, with no difference in survival at 1 year.
The study did not discuss whether the patients were treated
afterwards [59]. Case reports of non-infected recipients of
livers from HCV-viremic donors have demonstrated cure with
DAA therapy, with excellent short-term outcomes and no graft
loss or death [84, 85].

Use of HCV-Viremic Donors in Other Organs

Interest for use of HCV organs in the non-liver transplantation
community is also high. While previous data suggest out-
comes were worse in patients who received “HCV-positive”
organs in infected recipients, the data were collected before
the use of NAT/PCR testing [28]. Data also show higher re-
jection and DSA formation during HCV infection in kidney
transplantation recipients [86, 87]. However, these studies
evaluated patients before DAA treatment was routine, and
thus may not be pertinent.

The use of HCV-viremic organs transplanted into non-
viremic recipients has been studied in other organs [88ee,
89]. HCV treatment with DA As post-transplantation in kidney
recipients, despite the expense, is still more cost effective than
patients not receiving kidney transplantation and remaining on
dialysis [90¢]. Transmission of HCV in non-hepatic transplan-
tation recipients has also been successfully treated with DAAs
[91-96] with excellent outcomes. In addition, the larger
THINKER [88¢] and EXPANDER [97¢¢] clinical trials
both demonstrated excellent outcomes using HCV-
viremic donor kidney organs to non-infected recipients.
Such excellent transplantation outcomes in recipients of
other organs further generates interest in use of HCV-
viremic organs for all organ transplants.
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Current Controversies and Points of Debate

The use of HCV-viremic donor organs into non-viremic recip-
ients is widely debated (Table 1). There have been arguments
against this process. Ethical concerns have been raised about
introducing iatrogenic infection in non-infected patients, with
concerns about social stigma and healthcare system mistrust
raised. Many still perceive this as “experimental” [98].
Rigorous informed consent is recommended when this is con-
sidered, and some believe that IRB-approved clinical trials are
most appropriate for this practice [28, 99].

Medical issues include concerns about potential increased
rejection rates in the setting of HCV post-transplantation.
Patients with HCV appear to have increased risks of rejection
[100]; in one report of patients who received livers from HCV-
viremic donors, two of ten had antibody-mediated rejection,
although it is uncertain that HCV was the cause [84]. Immune-
mediated graft dysfunction has been reported in up to 3.4% of
patients receiving DAAs, including acute and chronic rejec-
tion and plasma cell hepatitis [101¢].

In addition to rejection, concerns about allografts with bridg-
ing fibrosis have been raised, including risk by genotype.
Genotype 1 patients have the highest risk of advanced fibrosis,
and the lowest rates of SVR with DAA [102]. These risks must
be discussed with the recipient. Expert consensus opinion rec-
ommends that grafts with fibrosis of more than F2 should not
be used [28], although there is always a concern of biopsy
sampling error underestimating true degree of fibrosis.

Although DAAs seem to be effective and safe for treatment of
HCV post-liver and other organ transplantation, trials have been
small, and further study with larger patient numbers is needed. In
addition, there have been concerns that pan-genotypic DAA
regimens have not been studied in the post transplantation set-
ting. In addition, pertinent drug-drug interactions exist and have
not yet been assessed in this population [103].

Logistical and cost issues such as insurance coverage (de-
lays in obtaining treatment approval, or insurance denial for
coverage of an iatrogenic known infection) are also of con-
cern. Treatment delay raises fear of development of fibrosing
cholestatic hepatitis. Although this only occurs at a rate of 5—
10%, it has led to graft loss and death in liver transplantation
[104] and kidney transplantation recipients [105]. If insurance
approval for DAA therapy is not expeditious, a backup ap-
proach must be available for timely treatment [106].

DAAs are approved for chronic HCV therapy, and the
treatment of acute donor-derived HCV infection is an off-
label use that may require further study. Finally, in non-
hepatic transplantation patients who receive an HCV-
infected organ, concerns have been raised regarding the need
for evaluating patients for underlying, undiagnosed liver dis-
ease. For instance, a potential kidney transplantation recipient
with NASH risk factors may require evaluation since HCV
infection may be poorly tolerated in a liver with underlying
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Table 1 Arguments for and against use of viremic donors

Arguments supporting use of viremic donors

Arguments against use of viremic donors

-Young drug overdose donors have excellent organs

-Available data supports the efficacy and safety of treating HCV with DAAs

-Pan-genotypic regimens are available

-Expands the donor pool and reduces discarding of otherwise excellent grafts

-Less expensive than care on the transplant waitlists
-Allows transplantation at lower MELD scores

-Ethical (iatrogenic), social stigma, healthcare system mistrust
-Concerns of increased rejection rates

-Concerns of graft fibrosis

-Data on DAAs in this setting are all from small trials
-Pan-genotypic regimens not studied in post-transplant setting

-Risks of treatment delays and uncertainty on best timing of treatment

-Many centers are considering/in favor of, actively studying, or routinely doing -Concerns of insurance denial/cost of treatment

-Interest persists across all organs

-Not FDA-approved for acute HCV treatment
-Risk of HCV in undiagnosed liver disease in non-hepatic recipients
-Drug interactions with PIs and CNIs

disease [98]. However, early treatment of HCV would likely
obviate any liver-related issues from acute transmission of
infection after transplantation. Finally, treatment of HCV with
DAA regimens after transplantation may involve drug-drug
interactions between protease inhibitors and calcineurin inhib-
itors [107—109]. This may make treatment more problematic,
and immunosuppression levels must be closely monitored.

Conversely, there are numerous points in favor of HCV-
viremic transplantation [103, 110]. First, HCV-viremic donors
have been increasingly available from opioid overdose patients,
and such younger donors may be ideal in terms of graft quality
despite infection with HCV. As discussed above, DAAs are ef-
fective and safe and use is supported in the post-transplantation
setting by the current guidelines. Pan-genotypic and salvage reg-
imens are currently available. Although the ideal timing of treat-
ment is uncertain, the immediate or early post-operative period
seems to be appropriate [51¢¢]. Treatment with DAAs post-liver
transplantation is less expensive than remaining on the waitlist
[111¢], for which the risk of waitlist death is as high as 20% [2].
MELD scores of recipients who receive HCV-viremic organs
may be lower [112] than waiting for a non-viremic graft. This
strategy may facilitate patients with lower MELD scores to re-
ceive an excellent graft earlier. Adverse long-term outcomes
have not been demonstrated in liver transplantation associated
with HCV donor “positivity” [113e].

The concept of transmitting a virus from an infected donor
to a non-infected recipient is not new. It is standard with HBV
(cAb), CMYV, and EBY, for example. Whereas those viruses
have significant morbidity and mortality, HCV is easily treat-
able and curable.

Author Recommendations and Conclusions

Given the availability of efficacious and safe DAA therapy for
HCV and the issue of limited organ availability for solid organ
transplantation, it is our opinion that the use of HCV-viremic
donors be considered for any organ transplantation recipient
including non-infected patients. This is being actively studied
at many centers and will likely soon become standard. The

concept continues to gain favor; a recent national survey con-
ducted in 2018 revealed that 39% of transplantation centers
were willing to consider “HCV-positive” grafts into uninfect-
ed recipients, a trend that changed with the availability of
DAAs [114].

We suggest that all patients listed for organ transplantation
be educated about the option (risks and benefits) of accepting
an HCV-viremic organ and that informed consent be obtained
if the patient is willing. Currently, patients must opt in by the
UNOS guidelines for consideration of HCV+ organs.
Insurance clearance for post-transplantation HCV DAA ther-
apy (including iatrogenic, expected transmission) should also
be sought to avoid potential delays in treatment after
transplantation.

Results of ongoing studies assessing long-term outcomes
in patients are eagerly awaited. Time to transplantation, organ
quality, organ and patient survival, graft function, degree of
fibrosis in the donor graft, SVR, and potential post-
transplantation immunological issues (acute or chronic rejec-
tion, plasma cell hepatitis) must be defined [28].

Conclusion

The current time is an exciting time in organ transplantation.
We now have the ability to transplant grafts from HCV-
viremic donors in liver transplantation, as well as in other
organs, and effectively treat the infection afterward. This prac-
tice serves to both expand the donor pool and, for patients who
opt in for these grafts, may allow access to transplant with a
shorter wait and decreased risk of waitlist mortality. It is time
to capitalize on this opportunity.
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