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Nucleic acid testing (NAT) for hepatitis C virus (HCV) is
recommended for screening of organ donors, yet not
all donor infections may be detected. We describe
three US clusters of HCV transmission from donors at
increased risk for HCV infection. Donor’s and recipi-
ents’ medical records were reviewed. Newly infected
recipients were interviewed. Donor-derived HCV in-
fection was considered when infection was newly
detected after transplantation in recipients of organs
from increased risk donors. Stored donor sera and
tissue samples were tested for HCV RNA with high-
sensitivity quantitative PCR. Posttransplant and pre-
transplant recipient sera were tested for HCV RNA.
Quasispecies analysis of hypervariable region-1 was
used to establish genetic relatedness of recipient HCV
variants. Each donor had evidence of injection drug
use preceding death. Of 12 recipients, 8 were HCV-
infected—6 were newly diagnosed posttransplant.
HCV RNA was retrospectively detected in stored
samples from donor immunologic tissue collected at
organ procurement. Phylogenetic analysis showed
two clusters of closely related HCV variants from
recipients. These investigations identified the first
known HCV transmissions from increased risk organ
donors with negative NAT screening, indicating very

recent donor infection. Recipient informed consent
and posttransplant screening for blood-borne patho-
gens are essential when considering increased risk
donors.
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Introduction

The risk of infection transmission via solid organ or tissue

transplantation has been recognized for decades, and

improving the safety for recipients remains a worldwide

concern (1). Nearly 80 000 US patients are on active waiting

lists for organ transplantation, while over 6000 die annually

while waiting (2,3). As a result, there has been greater

use of more extended criteria donors (4). Donors with

behaviors associated with an increased risk for recent

infection with human immunodeficiency virus (HIV),
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hepatitis C virus (HCV) and hepatitis B virus (HBV), known

as increased risk donors, are increasingly accepted for

transplant, especially as they tend to be younger and in

otherwise good health (5). Although they are deemed to be

at increased risk for possible unexpected viral pathogen

transmission, the actual risk for transmission through organ

transplantation is rare (6–9). However, when transmissions

occur, they often result in serious illness and death in organ

recipients (10–14).

In 2013, the US Public Health Service (PHS) published

guidelines with revised criteria for recognizing donors at

increased risk for transmission of HIV, HBV and/or

HCV (15). Among 12 criteria that determine increased

risk is nonmedical injection drug use (IDU) (15). Due to the

long window period of HCV serologic detection (7–10

weeks) (15–18), which has resulted in HCV transmissions

despite negative serologic screening (7–9), and the

unreliability of donor next-of-kin history for HCV risk factors,

the PHS guidelines now recommend HCV nucleic acid

testing (NAT) as screening of all deceased donors prior to

organ procurement (15). Consistent with PHS guideline

recommendations, Organ Procurement and Transplanta-

tion Network/United Network for Organ Sharing (OPTN/

UNOS) policy mandates informed consent of recipients

who receive increased risk donor organs and recommends

posttransplant follow-up for all recipients receiving organs

from increased risk donors (15).

Despite these measures, transmission may not be fully

averted. NAT has a 7–10-day period preceding testing,

virologically defined as an eclipse phase, when HCV

infection might go undetected (16). To date, transmission

of HCV through organ transplantation during this period

of NAT has not been described in the literature. Risk

behaviors, including IDU, during this period might result in

new acute donor infection, which would be undetected by

NAT. Potential donor-derived disease transmission events

are reported to the OPTN per policy and reviewed by the ad

hoc OPTN Disease Transmission Advisory Committee

(DTAC) to determine the likelihood of disease transmis-

sion (19,20). Through an agreement with the OPTN/DTAC,

the US Centers for Disease Control and Prevention (CDC) is

represented on DTAC and leads investigations of select

cases of public health importance. We describe three

clusters of solid organ transplant–transmitted HCV infec-

tions reported to CDC, which occurred despite negative

HCV NAT and serologic testing of the donors prior to organ

procurement. Implications for donor selection and safe

donor use are discussed.

Methods

Epidemiologic investigation

Cases were defined as solid organ recipients with either nonreactive anti-

HCV antibody or undetectable HCV NAT in the 6 months prior to transplant,

but with detectable HCV RNA within 12 weeks of transplantation. Medical

recordswere reviewed for each case and respective organ donors. Recipient

medical record review included ascertaining any exposures other than organ

donation that may have resulted in HCV infection including high-risk

behaviors (e.g. IDU, intranasal drug users) or healthcare exposures such as

receipt of injectable medications and percutaneous procedures or surgeries

in the 2 weeks preceding transplantation until the date of HCV detection

after transplantation. Similarly, donor medical records were reviewed for

evidence of increased risk behavior and any healthcare exposures in the

2 weeks preceding death.

A standardized acute case report questionnaire to identify routinely reported

HCV risk factors was administered to all infected recipients (21). Further-

more, infection control practices within donor and recipient facilities were

reviewed using standardized CDC guidance to identify opportunities for

blood-borne pathogen transmission (22). Narcotics safeguards and adminis-

tration practices were evaluated by hospital infection control practitioners to

determine whether HCV transmission occurred secondary to diversion.

Employee logs and surgical records were reviewed to identify any common

healthcare personnel in surgical procedures of newly infected recipients and

any documented needle stick injuries. A trace back of blood products, which

involved voluntary re-testing of identifiable donors, was attempted for blood

components transfused to either the donor or recipients in the 2 weeks

before transplant and to recipients in the weeks following transplant surgery

before HCV diagnosis.

Laboratory methods

Laboratory testing was conducted at CDC. Stored serum from each organ

donor was re-tested with the high-sensitivity quantitative COBAS Ampli-

Prep/COBAS Taqman HCV v2.0 PCR assay (Roche Molecular Systems,

Branchburg, NJ). Serum specimens (posttransplant and if available stored

pretransplant) were obtained from recipients and tested with the same

COBAS platform for evidence of HCV infection. Nucleic acid was extracted

fromdonor splenocytes or lymphocytes,which are archived fromeach organ

donor at organ recovery for histocompatibility typing. The extracted nucleic

acid was subjected to amplification and testing for detection of HCV RNA

with an in-house Taqman assay (23).

Seven confirmed genotypes and 67 subtypes of HCV exist (24). The most

heterogeneous region of the HCV genome is the hypervariable region-1

(HVR-1), which is typically sequenced and compared between persons in

investigations of HCV transmission (25). Sequencing of both HVR-1 and

nonstructural protein 5B (NS5B, which encodes an HCV polymerase) can

identify genotype and subtype, while sequencing of the 50 untranslated

region (50-UTR), themost conserved region of the HCV genome, can identify

genotype, but is less reliable in subtype classification (24). The HCV HVR-1

was amplified and its intra-host variants (quasispecies) sequenced using

454/Roche GS Junior next-generation sequencing, according to previously

describedmethods (25).When HVR-1 could not be amplified due to low viral

titer, recipient NS5B sequences were compared with those identified in the

respective organ donor serum, splenocytes or lymphocytes. Phylogenetic

analyses (maximum likelihood) were conducted to determine genetic

relatedness of HVR-1 quasispecies from recipients. Initial phylogenetic trees

were built using the Kimura two-parameter nucleotide substitution

model (26). Maximum likelihood phylogenetic trees were constructed using

MEGA1 (version 5).

Cases were confirmed as donor-derived when, after exclusion of other

opportunities for HCV infection, HCV HVR-1 sequences from two or more

recipientswere genetically related to each other throughmolecular analyses

orwhenHCVRNAwas detected from stored serumobtained from the organ

donor in the week preceding death or in the archived splenocyte or

lymphocyte specimen obtained from the organ donor at organ recovery.
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Results

A timeline of notable findings that informed each transmis-

sion investigation is summarized in Figure 1.

Case summaries
Case 1: In 2011, a 25-year-old woman with a 7-year history

of active IDU was found unresponsive with hypodermic

needles. She developed anoxic encephalopathy and died

from heroin overdose. Four days prior to organ recovery,

NAT for HCV, HBV and HIV was negative for all three

pathogens with the Procleix1 Ultrio assay on the Procleix1

Tigris system (Novartis, Gen-Probe, San Diego, CA). Heart,

liver and both kidneyswere recovered and transplanted into

four recipients who consented for receipt of organs from an

increased risk donor, at two separate transplant cen-

ters (27). The liver and right kidney recipients had known

HCV infection genotype 3a and 1b, respectively, prior to

transplant. Nine days after transplantation, the left kidney

recipient was found to have newly detected HCV RNA (viral

load: 454 international units [IU] per milliliter [mL]) during

routine screening. Thirty-one days after transplantation, the

heart recipient at the same institution had detectable HCV

RNA (viral load: 38 000000 IU/mL) during routine screening.

Anti-HCV antibody testing was nonreactive for both

recipients at the time of the initial PCR result. Neither

recipient had other behavioral risk factors for HCV infection

nor other healthcare exposures identified as sources of

transmission. In a trace back investigation of fresh frozen

plasma received by the organ donor, no evidence of HCV

infection was identified in one of four plasma donors who

were contacted and agreed to re-testing.

HCV RNA was detected in serum obtained after transplan-

tation from all four recipients, but was not detected in the

archived donor serum sample or in stored serum from the

left kidney and heart recipients obtained 36 and 15 days

before transplantation, respectively. HCV RNA was de-

tected in donor splenocytes with a titer of <43 IU/mL.

Phylogenetic analysis of the NS5B sequences obtained

from the donor, left kidney and heart recipient showed that

the donor and both recipients were infected with geneti-

cally close HCV genotype 2b strains. HCV HVR-1 quasis-

pecies sequences from the left kidney and heart recipients

clustered together in a phylogenetic tree, suggesting a

Figure 1: Timeline of notable events informing three investigations of hepatitis C virus (HCV) transmission from increased risk

organ donors with negative nucleic acid test (NAT) screening.

HCV Transmission NAT Negative Donor
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common source of infections. The HCV genotype 2b was

not detected in the liver or right kidney recipients,whowere

HCV-infected prior to transplant (Figure 2A).

HCV RNA levels in the heart recipient were nearly

38million IU/mL 30 days posttransplant, though liver

function remained normal. Antiviral treatment was initiated

with pegylated interferon (27 weeks postdiagnosis) and

ribavirin (16.5 weeks postdiagnosis). After treatment the

patient achieved a sustained virologic response and remains

free of clinically evident liver diseasewithout graft rejection.

The left kidney recipient could not receive interferon therapy

due to co-morbidities and had a peak HCV RNA level of

>69million IU/mL approximately 8 months after transplant.

After the development of cirrhosis attributed to nonalcoholic

steatohepatitis, he began sofosbuvir and ribavirin approxi-

mately 2 years after transplantation (Table 1). HCV RNA

remains undetectable in the patient.

Case 2: In 2012, a 35-year-oldmanwith history of IDU in the

year preceding admission and incarceration in the previous

6 months sustained a motor vehicle accident, resulting in

progressive neurologic decline and brain death 4 days after

admission. Nonmedical injection sites were noted on his

body, which were attributed to active IDU. Predonation

infectious disease screening included NAT for HCV, HBV

and HIV with the Procleix1 Ultrio assay on the Procleix1

Tigris system (Novartis, Gen-Probe), which were undetect-

able on the day before organ recovery. Two organs (left

and right kidney) were transplanted into two recipients

at the same institution who were not previously HCV-

infected (27). Both recipients provided special informed

consent given the organ donor’s increased risk criteria and

were tested for HCV infection following transplantation.

Approximately 1 month after transplant, HCV RNA was

detected in the right kidney recipient with viral load of

8 000 000 IU/mL with nonreactive anti-HCV antibody. The

left kidney recipient had undetectable HCV RNA at 1, 2 and

3 months posttransplant.

No behavioral HCV risk factors were identified in the right

kidney recipient. The recipient tested negative by NAT on

the day prior to transplant, but received hemodialysis in the

week preceding transplant. Infection control breaches

were not reported from the hemodialysis center nor

were clusters of HCV infection identified among recipients

dialyzed on the same day as the right kidney recipient in

that center. A trace back of blood products received by

the organ donor (2U of packed red blood cells and fresh

frozen plasma) did not identify evidence of transfusion-

transmission of HCV.

HCV RNA was not detectable in archived donor serum.

However, HCV RNA was detected at low viral load

(<43 IU/mL) in an extract of the donor lymphocyte

suspension obtained from lymph nodes at organ recovery.

HCV from this lymphocyte suspension was classified as

belonging to genotype 1b based on HVR-1 sequences.

HCV from the right kidney recipient was classified as

genotype 1b using the 50-UTR sequence obtained at the

transplant center. At CDC, genotype 1a was identified

through sequencing of HVR-1 and NS5B regions. This

discrepant genotyping using different genomic regions

suggests a potential infectionwith a recombinant genotype

1a/1b strain, or inaccurate detection of subtypes of

genotype 1 using conserved genomic regions such as

50-UTR. Despite testing an additional recipient serum

sample drawn at a later time point after infection was

initially identified, HCV HVR-1 sequences from recipient

samples did not cluster with HCV HVR-1 sequences from

the donor lymphocyte suspension.

Though there was no laboratory evidence of liver dysfunc-

tion at the time of HCV detection, the right kidney recipient

developed a low level of elevated liver enzymes 4 months

following transplant and died 19 months after transplant

due to transplant pyelonephritis, sepsis and refusal of

dialysis. Autopsy identified chronic cirrhosis presumed

due to be steatohepatitis without findings suggestive of

hepatitis C–related disease.

Case 3: In 2013, a 38-year-old man with history of IDU

sustained severe injuries following an assault and died

1 day after hospital admission. Predonation NAT with the

Cobas1 TaqScreen MPX v2.0 Test (Roche Molecular

Systems) for HCV, HBV and HIV performed on the day of

death was negative for all three pathogens. Six organ

recipients (left lung, right lung, left kidney/pancreas, right

kidney, liver and heart) in three transplant centers received

organs after providing informed consent (27). In routine

posttransplant screening of the left lung recipient 66 days

following transplantation, HCV RNA (>500000 IU/mL) was

detected. The left kidney/pancreas recipient also tested

positive for HCV RNA (>14 000000 IU/mL), 73 days after

transplantation. Both patients were infected with HCV

genotype 1a strains, with HVR-1 quasispecies clustering in

a phylogenetic tree, suggesting a common source of

transmission (Figure 2B). HCV RNA was also detected

(<15 IU/mL) in stored serum obtained from the donor on

the day of death and in stored splenocytes (58 IU/mL)

obtained from the donor at organ recovery, 2 days following

death. The right lung recipient died shortly after transplan-

tation after developing primary graft dysfunction, progres-

sive interstitial lung disease, pulmonary hemorrhage and

cardiac tamponade. However, following identification of

infection in the left kidney/pancreas and left lung recipients,

stored serum specimens from the right lung recipient

obtained 3 days before and 20 days after transplantation

were tested. HCV RNA was undetectable in the pretrans-

plant sample but detectable in low levels (<15 IU/mL) in the

posttransplant specimen. Genotyping and quasi-species

analyses were not performed for these specimens due to

insufficient sample quantities. No behavioral risk factors or

healthcare exposures were identified as likely sources of

transmission. HCV RNA was not detected in the right

kidney recipient at 69, 86, 135 and 216 days after

Suryaprasad et al
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Figure 2: Phylogenetic trees illustrating two clusters of hepatitis C virus (HCV) genetically related at the hypervariable-1 region

among organ recipients from common increased risk donors with negative nucleic acid test screening, (A) 2011–2012 and (B)

2013–2014.

HCV Transmission NAT Negative Donor
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transplantation. HCV RNA was not detected in the heart

recipient at 6-month follow-up. The liver recipient had

known genotype 1a HCV infection prior to transplantation.

The left lung recipient had mild elevation of liver trans-

aminases (alanine aminotransferase [ALT] of 75 IU/mL and

aspartate aminotransferase [AST] of 64 IU/mL) at the time

of infection detection, without further deterioration and

with resolution on repeat testing. The left kidney/pancreas

recipient was asymptomatic at diagnosis and had no

evidence of liver injury at 7-month follow-up.

Discussion

Based on OPTN data as of December 5, 2014, 4.4% of

deceased donors with organs recovered for transplantation

in 2013 had a positiveHCV antibody test. The residual risk of

HCV infection from increased risk donors with negative

serologic screening has been estimated from 0.26 (hemo-

philiacs) to 300.6 (IDU) per 10 000 donors (28). PHS guide-

lines, therefore, have recommended NAT screening of

donors for HCV in addition to mandated serology, in re-

cognition of the prolonged time (up to 10 weeks) for

seroconversion and the increased yield from NAT, which

shortens the window period to 7–10 days (15–18).

US and Canadian subject matter experts recommend that

recipients of organs from increased risk donors should be

screened for HCV, HIV, (both with NAT) and HBV (with

surface antigen and core antibody testing) early after

transplant, at periodic intervals such as 1 month, 3 months,

6 months and 1 year after transplant (18). All recipients in

these investigations were consented for receipt of organs

from increased risk donors and all were screened for HCV

with NAT, from 9 to 73 days posttransplant. Surveys

suggest that adherence to these guidelines is incomplete.

Among surveyed US transplant infectious disease physi-

cians, 8% of respondents reported not performing any

informed consent prior to transplant, 25% reported not

obtaining serology and 35–43% reported not obtaining NAT

for HIV, HBV and HCV following transplant of organs from

increased risk donors (29).

We describe the first published report of transmissions of

HCV from increased risk donors with negative NAT

screening to recipients of solid organs through transplanta-

tion. Evidence for donor-derived transmission is especially

compelling when taken together with other lines of

evidence suggesting transmission, including the history

of donor IDU in the 12 months preceding hospitalization;

evidence suggesting active donor IDU just preceding

hospitalization in each donor; genetically related HCV

HVR-1 sequences among at least two recipients in two

of three clusters; undetectable HCVRNA in recipient serum

collected just before death in two of three clusters and

detection of HCV RNA in splenocytes or lymphocytes

recovered from all three donors at organ recovery.

Posttransplant follow-up with NAT screening was critical

to identifying donor-derived HCV as evidenced by all three

investigations where routine NAT confirmed transmission

in recipients with minimal to no clinically evident liver

disease and negative serologic testing when performed.

In each cluster, the identification of HCV in stored samples

derived from donor immunologic tissue obtained at organ

procurement was an important piece of evidence used to

establish donor-derived transmission. Such cells (derived

from either lymph nodes or spleen) are available routinely

after transplantation because theyare typically recovered and

stored for potential histocompatibility testing by transplant

centers. Tissue typing laboratories follow strict precautions

to avoidHCVcross contamination and, thereby, false positive

NAT results of stored splenocytes and lymphocytes.

Although low levels of detectable HCV could theoretically

result from nonviable genetic elements related to prior

exposure and unsuccessful infection, this seems unlikely

given the compelling epidemiologic evidence suggesting

donor-derived transmission and the negative donor serology

for HCV. To our knowledge, this is the first use of stored

samples derived from immunologic tissue containing periph-

eral blood mononuclear cells for purposes of establishing

HCV transmission, and offers promise for similar testing in

future donor-derived infection investigations.

Notably, transmission of HCV was not universal among

organ recipients from HCV-infected donors in these three

clusters, in contrast to findings fromother investigations (7–

9). In one study, of 29 organ recipients from anti-HCV

positive donors, 96% had detectable HCV RNA in recipient

sera (30). Likewise, in three previously published inves-

tigations describing unexpected HCV transmission from

seronegative donors, HCV transmission was noted in all

nine organ recipients who did not have known HCV

infection before transplantation (7–9). In a 2011 investiga-

tion of donor-derived HBV infection, only three of five

recipients acquired HBV from a donorwith low level HBV by

NAT, despite negative donor serologic and risk factor

screening (31). In the three clusters that we summarize, at

least 3 of 12 recipients did not develop HCV infection when

tested up to 7months after transplantation and in two of the

clusters there was discordant transmission among kidney

recipients from the same donor. These findings suggest

that recipient host factors other than the organ itself, such

as the choice of immunosuppressive regimens and other

host and organ-specific factors, might impact the likelihood

of transmission. It is currently unknown whether immuno-

suppressive regimens should be altered when trans-

planting organs from increased risk donors. Also, the

comparatively lower transmissibility of HCV from these

donors might be related to the low viral load observed in

donor samples presumably due to very recent infection

prior to death.

Even with very sensitive testing assays and donor risk

assessments for HCV, HBV and HIV, it is impossible to fully

HCV Transmission NAT Negative Donor
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prevent transmission. In some cases, HCV risk factors

might be undetected due to the inherent limitations of next-

of-kin donor history. In all three investigations, donor IDU in

the previous 12 months was identified by next-of-kin

history, but history suggesting active IDU was less direct.

One donor was identified with active IDU (heroin overdose

at death), while the other two had more subtle evidence

suggesting very recent IDU—one from physical examina-

tion suggesting active IDU and the other with positive

toxicology for opiates. Moreover, other less common risk

factors for very recent HCV transmission are likely missed

in next-of-kin history, such as history of men having sex

withmen. The inherent testing limitations need to be clearly

explained to recipients of these increased risk donors,

underscoring the importance of routine informed consent

and early posttransplant testing with NAT in all recipients of

solid organs from increased risk donors. These steps were

taken in each investigation, even though two of three

predated release of revised PHS guidelines.

The transmission of HCV through solid organ transplanta-

tion has significant implications for posttransplantmorbidity

and mortality. A multicenter cohort study examining

registered cardiac transplantations over a 10-year period

found that receipt of HCV-positive donor hearts was

associated with increased mortality, independent of recipi-

ent pretransplant HCV status or recipient age (10). Like-

wise, HCV infection in recipients of HCV-positive kidneys is

associated with worse patient and graft survival (11–14).

Risk–benefit analysis for kidney transplant candidates is

especially important given that continued dialysis for end

organ failure is an alternative option. Moreover, when

transmission occurs, recognition is critical. Early treat-

ment after transplant may effectively eradicate HCV

infection before the development of chronic liver disease.

The heart recipient in cluster 1 was successfully treated

and achieved sustained virologic response without allo-

graft rejection, despite the use of an interferon-based

regimen. Given the adverse impact of HCV infection on

posttransplant outcomes, particularly in the context of

sustained immunosuppression, further study is warranted

to determine whether newly infected recipients should

be prioritized for antiviral therapy, especially given the

increased availability of interferon-sparing direct-acting

antiviral regimens (32).

There were several limitations to our report. First, donor

HCV HVR-1 sequences could not be definitely linked to

recipients’ HVR-1 sequences, which are typically compared

in transmission investigations (25). The low titers of HCV

RNA detected in donor samples, while precluding HVR-1

analysis, serve as compelling evidence of very recent donor

infection. Second, molecular evidence of transmission

could not be established in one investigation. However,

other lines of evidence supporting donor-derived transmis-

sion were strong—HCV RNA was detected from donor

lymphocytes obtained at organ recovery but was not

detected in serum collected on the day preceding death,

and epidemiologic investigation did not identify any other

compelling cause. While the right kidney recipient’s

infection theoretically could have been acquired from

hemodialysis immediately preceding transplant, the case

for donor-derived transmission was far stronger given the

detection of HCV in donor lymphocytes, the donor’s high-

risk status, and the absence of infection control breaches or

HCV clusters at that hemodialysis center. Moreover, the

discordant genotype findings in testing of donor lympho-

cytes and recipient serum in the same cluster might be

explained by a recombinant HCV genome in the donor or

recipient (33), or might be a result of different HCV

genotype detected in peripheral blood mononuclear cells

versus that detected intra-host in serum, as previously

described (34). Third, blood product trace back was

incomplete due to incomplete voluntary follow-up from

blood product donors. However, the residual risk of HCV

transmission from blood donors is estimated at less

frequent than 1:1 000 000 (35–36) and given the screening

of blood donors with risk factor assessment, HCV serology

and HCV NAT, the risk of HCV associated with active donor

IDU preceding death is much greater than the risk of

acquisition from blood products. Finally, active IDU was

only definitively identified in the first cluster. Nonetheless,

other findings from clinical care are compelling for active

IDU by the donors in the other two clusters.

In summary, HCVmay be transmitted from organ donors to

recipients evenwhen the donors test negative byNAT. In all

likelihood, this reflects the eclipse phase infection in donors

with increased risk behaviors for the acquisition of HCV

infection, especially injection drug users (17). Overall this

risk is low and the use of the increased risk donors may be

warranted given the younger age and better organ quality of

some of these donors. Nevertheless, it is important to

ensure that recipients understand the limitations of current

testing strategies and the potential for transmission despite

negative NAT. Early posttransplant screening of recipients

with NAT for HCV RNA, along with protocols for monitoring

and reporting of newly detected infections, are critical to

identifying patients with new infections who may benefit

from antiviral therapies.
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