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Abstract

Donor-derived infections are defined as any infection present in the donor that is transmitted 

to 1 or more recipients. Donor-derived infections can be categorized into 2 groups: “expected” 

and “unexpected” infections. Expected transmissions occur when the donor is known to have an 

infection, such as positive serology for cytomegalovirus, Epstein Barr virus, or hepatitis B core 

antibody, at the time of donation. Unexpected transmissions occur when a donor has no known 

infection before donation, but 1 or more transplant recipients develop an infection derived from the 

common donor. Unexpected infections are estimated to occur in far less than 1% of solid organ 

transplant recipients. We will review the epidemiology, risk factors, and approaches to prevention 

and management of donor-derived viral infectious disease transmission in liver transplantation.

Liver transplantation is the treatment of choice for end-stage liver disease and hepatocellular 

carcinoma. Currently, the demand for liver transplantation greatly outweighs the number of 

organs available; over 1000 patients die while awaiting liver transplantation annually (range 

836–1914 deaths per year). Due to the imbalance in supply and demand, significant interest 

has resulted in implementing strategies to expand the donor pool. One such method is the 

use of organs from Public Health Service (PHS) defined increased risk donors.1

To better inform which donors with potential or known infection can safely be used, global 

organ vigilance systems, such as the Organ Procurement and Transplant Network (OPTN)/

UNOS ad hoc Disease Transmission Advisory Committee and the French Agence de la 

Biomedicine have been established. Given the growing pool of data, organ-specific details 

and risk of disease transmission can now be assessed. Donor-derived viral infections in liver 

transplantation will be reviewed below.
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DEFINITION OF DONOR-DERIVED INFECTIONS

Donor-derived infections are defined as any infection present in the donor that is transmitted 

to 1 or more of the recipients. A variety of pathogens can be transmitted by the transplanted 

organ (Table 1). Donor-derived infections can be categorized into 2 groups: “expected” and 

“unexpected” infections. Expected transmissions occur when the donor is known to have an 

infection, such as positive serology for cytomegalovirus (CMV), EBV, or hepatitis B core 

antibody (HBcAb), at the time of donation.2 Unexpected transmissions occur when a donor 

is not known to be infected before donation, but 1 or more transplant recipients develop 

an infection derived from the common donor.2 Unexpected infections are estimated to 

occur in less than 1% of solid organ transplant (SOT) recipients.3 Donor-derived infections 

are suspected when clusters of infections sharing unusual clinical symptoms occur among 

recipients sharing a common donor.

The reporting of suspected or documented donor-derived infections is required in the 

United States by OPTN Policy 15.4.1 Reporting of such transmissions generally remains 

voluntary in most other countries. Currently, the United States, Australia, France, Italy, and 

Eurotransplant have formal organ vigilance systems for collecting, organizing, and analyzing 

the reports of potential disease transmissions.

RISK MITIGATION THROUGH DONOR SCREENING

Donor screening usually identifies donors with exposure and often latent infection with a 

range of potentially transmissible viruses. Most organ procurement organizations (OPO) 

screen donors by serology for human immunodeficiency virus (HIV), hepatitis B virus 

(HBV), hepatitis C virus (HCV), CMV, and EBV; a minority of OPOs screen for other viral 

infections, including human T lymphotropic virus (HTLV), human herpesvirus (HHV)-8, 

West Nile virus (WNV), and Zika virus. Further, such screening may be accomplished by 

detection of antibodies (serology) or direct detection of the virus itself (antigen detection or 

nucleic acid testing [NAT]/polymerase chain reaction [PCR]).

Serologic testing detects the donor’s immune response to an infection, which may take 

several weeks to develop. As such, donors tested before their development of antibodies 

against the infection will have a false-negative test. This results in the “serologic window” 

(see Figure 1). Donors in the serologic window may transmit infection from the donor to 

recipient despite negative serologic testing. Further, hemodilution from blood transfusion or 

large volumes of intravenous fluids may also result in false-negative results and result in 

unexpected disease transmissions.4 Finally, all tests have a low rate of false-negative testing 

that may also result in rare transmission of infection despite negative serologic testing.

Direct detection of the virus through antigen detection or NAT is often used to overcome 

many of these problems, particularly in donors with recognized risk factors for such 

transmittable infections. Although the interval between initial infection and detection of the 

virus in the blood via NAT is much shorter than for serology testing, the “eclipse period” is 

defined as the time when a donor may be infected, but the virus is not detectable in the blood 

(see Figure 1). For hepatotropic viruses, such as hepatitis B and C virus, liver transplantation 
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poses the most significant risk of transmission in patients in the eclipse period, as discussed 

below.

GENERALLY EXPECTED DONOR-DERIVED VIRAL INFECTIONS

The viruses described below are predictably associated with transmission to donors, 

although unexpected transmissions can occur. Standardized approaches exist to reduce 

transmission, and these measures generally result in excellent outcomes.5

Cytomegalovirus

Cytomegalovirus is the most common viral pathogen in transplant recipients despite 

effective antiviral therapies.6 Cytomegalovirus is ubiquitous, with a seroprevalence of 60% 

in the United States,7 and up to 100% in developing countries.8–10 The risk is greatest 

in naïve recipients of organs from CMV-infected donors (D+/R− transplants); a more 

intermediate risk is recognized in seropositive recipients (D±/R+).6,11,12 The lowest risk 

is in the D−/R− population, although CMV may occur in such settings due to false-negative 

serologic testing or de novo acquisition posttransplant, typically through blood transfusions 

or posttransplant exposures.6,12

In SOT recipients, CMV infection can present as asymptomatic viremia or progress to tissue 

invasive disease if left untreated.13 Up to 70% of tissue-invasive CMV disease in liver 

transplant recipients manifest as gastrointestinal disease. CMV can also cause hepatitis and 

graft injury.11

Cytomegalovirus is most commonly diagnosed by NAT.12 Definitive diagnosis of tissue

invasive disease relies on detection of CMV in the tissue specimen, except in CNS disease 

and retinitis, generally by using immunohistochemical staining of the biopsy material from 

all sites except CNS and retina. Patients with gastrointestinal disease may have undetectable 

or low viral load values in peripheral blood samples, and endoscopy with biopsies may be 

required to diagnose CMV disease.14

Approaches to prevention of CMV include universal prophylaxis, virological monitoring and 

preemptive treatment, and the hybrid approach.12 All have been demonstrated to effectively 

reduce CMV disease.12 Multiple antiviral agents are currently available for the treatment 

of CMV, whereas immunotherapy and novel antivirals are under investigation for SOT 

recipients.15,16 Details of these options are reviewed elsewhere.1,6,12,17–19

Epstein-Barr Virus

Epstein-Barr virus is a herpesvirus that only affects humans. In developing nations, 

seroprevalence can be higher than 90% before the age of 5 years.20 After transplantation, 

EBV seronegative individuals are at significant risk for primary acquisition of EBV, 

which in turn is associated with an increased risk of development of posttransplant 

lymphoproliferative disorder (PTLD). The EBV genome is found in over 90% of B-cell 

PTLD occurring within the first year of solid organ transplantation.21
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Epstein-Barr virus can also present as hemolytic anemia, hemophagocytosis, and 

thrombocytopenia.5 In liver transplant patients, EBV has been linked to hepatitis and 

subsequent liver failure as well.22 Hepatic involvement of PTLD should be considered in 

the evaluation of early liver dysfunction after transplantation.3

Posttransplant lymphoproliferative disorder encompasses a diverse spectrum of disease 

states including polyclonal and monoclonal hyperplasia, B and T cell neoplasms, and 

classic Hodgkin lymphomas.23,24 The risk of early-onset PTLD (<1 year after transplant) 

is associated with young age, an EBV seronegative recipient receiving an organ from 

a seropositive donor (D+/R−), persistent low-level EBV viremia, lymphocyte-depleting 

antibody therapy, and allograft involvement.

Typically, high-risk patients are screened at regular intervals (every 2–4 weeks for 

the first 3–6 months) although there are no guidelines for universal monitoring. Such 

practice is more common at pediatric than adult centers.25 If viremia is persistent or 

rising, immunosuppression is typically reduced initially with additional interventions, 

including empiric use of rituximab for replication that persists despite reduction in 

immunosuppression.25,26 There is no clear role for empiric antiviral use. Ultimately, the 

diagnosis and staging of PTLD require tissue histopathology and oncological consultation.27

Hepatitis B Virus

Hepatitis B virus is widely prevalent with approximately one third of the world population 

having current or previous infection,28,29 and thus the proportion of donors with HBcAb 

positivity is substantial; up to 57% in Asia and 2% to 10% in the United States.30 

Management of HBV transmission risks is critical for safely expanding the donor pool. 

Vaccination, prior exposure, and active infection can be distinguished via DNA testing and 

serology, which provides insight into the risk of disease transmission (see Table 2).31

Patients with prior exposure to HBV (positive HbcAb) have lifelong hepatocyte infection 

due to covalently closed circular DNA (cccDNA) in the hepatocyte nucleus that cannot be 

cleared by the host immune response.32 Even HbcAb-positive donors with negative serum 

HBV DNA can transmit HBV to the recipient.31 In the United States, all organ donors are 

tested for surface antigen (HbsAg) and HbcAb.33 Potential living kidney or liver donors 

are also tested for surface antibody (hepatitis B surface antibody [HbsAb]).34 In deceased 

donation, additional testing (ie, HbsAb, HbcAb IgM, HBV DNA) can be performed at the 

discretion of the OPO. Nucleic acid testing for HBV DNA reduces the window period of 

acute infection from 44 to 22 days.3 Negative NAT results are not fail-proof as the donor 

may have eclipse period infection or latent HBV (ie, HbcAb alone donor).35–43

Approach to the Isolated HbcAb-positive Donor—In donors who are HbsAg 

negative and HbcAb positive, transmission of HBVis expected, and preventative approaches 

with antiviral treatment and/or hepatitis B immune globulin (HBIG) can minimize the risk of 

disease transmission.41,44–48 The risk of infection from these donors is significantly higher 

in liver rather than nonhepatic transplants.31,49 Without prophylaxis, 1 study demonstrated 

that nonimmune liver recipients (HbsAb negative) have the highest rates (77%) of HBV 

infection from HbcAb-positive donors.50 In vaccinated recipients (HbcAb negative, HbsAb 
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positive), HBV transmission can rarely occur. For recipients who had isolated HbcAb 

positivity, transmission occurred in 13%. No HBV transmission occurred in naturally 

immune (HbcAb positive, HBSAg negative, HbsAb positive) recipients. Another review 

of 140 liver recipients noted similar transmission rates, although 3 (4%) of 70 naturally 

immune recipients had viral transmission.44

Recent guidelines advocate for HBV vaccination in all organ transplant candidates, 

preferably in the pretransplant setting when the vaccine is most effective.51–54 Until 2017, 

there were 3 available HBV vaccines: Energix-B, Recombivax HB, and the combined 

hepatitis A virus (HAV) and HBV vaccine, Twinrix. For such vaccines, higher doses of 

vaccine (40 μg) are required in patients who are immunosuppressed, posttransplant, or 

on hemodialysis.31,51 Transplant recipients vaccinated with any of these vaccines should 

have HbsAb titers checked; decreasing titers may no longer be protective in the setting of 

immunosuppression.55 Recently, HEPLISAV-B vaccine (Dynavax) was licensed as the only 

adjuvanted HBV vaccine.56 It can be given in 2 doses separated by 1 month with improved 

vaccine responses compared to traditional, unadjuvanted vaccines. Accelerated vaccination 

for HBV, using high dose (40 μg) on days 0, 7, and 28, allows for 3 doses of traditional 

vaccine to be given, but has shown lower immunogenicity compared with traditional vaccine 

schedules.51

Current guidelines also recommend that recipients of organs from isolated HbcAb+ donors 

receive prophylaxis with antivirals. Hepatitis B immune globulin is no longer needed in 

the era of effective antivirals.31,34,42,47 Vaccinated liver transplant recipients should receive 

antiviral prophylaxis for at least 1 year, and if the levels of HbsAb are greater than 10 IU/mL 

at 1 year, withdrawal of prophylaxis can be considered.31 Prophylaxis is recommended 

indefinitely in patients who are HbsAb negative and HbcAb negative. For liver recipients 

who are naturally immune (HbcAb positive and HbsAb positive), prophylaxis is not 

generally required. In all liver recipients, HBV DNA and /or HBSAg should be monitored 

every 3 months for the first year and every 3 to 6 months indefinitely.31 Prophylaxis is 

suggested if rituximab is given to recipients who do not have preexisting immunity.57,58

Approach to Use of HbsAg or HBV NAT-positive Donors—Donors who are HbsAg 

or HBV NAT positive are infrequently used out of safety concerns. Active HBV infection 

leads to unacceptably high rates of HBV transmission to the recipient. When used, these 

grafts are typically donated to recipients with active HBV infection themselves or after 

meticulous informed consent for urgent situations.31,42 Any liver graft from a donor who 

is HbsAg positive should be evaluated for histological evidence of liver disease before 

transplantation. In liver transplant recipients, without prophylaxis, HBV infection occurs in 

nearly 100% of all recipients of HBSAg-positive donors.59 Current guidelines recommend 

any organ recipients from HbsAg-positive donors receive indefinite prophylaxis with 

entecavir or tenofovir.31 Additionally, if the recipient’s HbsAb titer is low, HBIG can be 

administered as well. Hepatitis B virus DNA should be monitored every 3 months for at least 

the first year after transplant, and thereafter every 3 to 6 months indefinitely. Management of 

posttransplant HBV is typically with antivirals and HBIG per local center guidelines.31
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Transmission of HBV through the use of HBV-positive donor vessels has occurred,60 and 

thus, current OPTN policy precludes the storage of extra donor vessels that are HbsAg or 

HBV NAT positive.61

Hepatitis C Virus

Hepatitis C virus affects more than 130 million people globally and is the most common 

indication for liver transplantation in the United States. The newer direct-acting antiviral 

agents (DAAs) have revolutionized the treatment of HCV. The high efficacy (cure rates, 

>95%) and minimal side effect profile of DAAs make treatment of HCV simpler and more 

palatable than interferon-based regimens. In addition, SOT recipients with preexisting HCV 

can be successfully treated with DAAs before or after transplantation.

Testing of donors for HCV traditionally was limited to serology (anti-HCV antibody), the 

presence or absence of which labeled a donor HCV positive or negative.62 However, window 

period transmissions (during which HCV antibody is negative) occurred. Antibody status 

does not account for either spontaneous viral clearance or cure after treatment. Therefore, 

in 2014, OPTN policy mandated that in addition to HCV antibody all donors must also 

undergo HCV NAT.33,62 Use of NAT not only reduces the likelihood of missing a window 

period infection but also helps to discriminate between a viremic donor and ones who have 

either spontaneously cleared the virus or achieved cure after treatment. The most important 

exception to NAT is testing during the eclipse period when the virus is still undetectable. 

Donors with active infection (NAT positive and anti–HCV positive) clearly represent a risk 

of potential donor-to-recipient transmission. In contrast, patients who are NAT negative 

and anti–HCV positive have prior HCV exposure but no current infection (either treatment 

cure or spontaneous clearance), or possibly have a false-positive anti-HCV. Those who are 

NAT positive and anti–HCV negative may have acute infections in the window period, 

or possibly false-positive NAT. The term “HCV-viremic donor” has been proposed rather 

than “HCV-positive donor” to more precisely reflect the screening test results and to more 

accurately identify the donors with documented active infection.62

Hepatitis C virus transmission from donors can be either unexpected or expected. 

Unexpected transmission occurs in NAT-negative donors, and is most likely when donation 

occurs in the eclipse period. Two studies have looked at the residual risk of HCV; the risk of 

undetected infection is dependent on the interval between the last risk behavior and testing, 

as well as the specific behavior in question.63,64 The donor with the highest residual risk, 

an active injection drug user, would have up to 3% residual risk of undiagnosed HCV if the 

NAT was done within the eclipse period (ie, 5–7 days after last risk behavior)65 and 0.32% 

residual risk with negative NAT performed outside eclipse period64 (see Table 3).

There have been a number of cases of unexpected donor-derived HCV transmission 

involving liver and nonliver transplants.66–68 Donors in these cases were NAT negative 

and anti-HCV negative but increased-risk donors; in some cases, donor HCV was detected 

in splenocytes or lymphatic tissue.68 Presumably, donation occurred during the eclipse 

period. These cases highlight the limitations of donor screening and the need for early 

screening of recipients of organs from PHS increased risk donors. Notably, all infected 

recipients were NAT positive, HCV antibody negative, which illustrates the need to use 
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PCR-based testing of recipients. Further, the data suggest that PCR will be positive relatively 

quickly posttransplant, highlighting the importance of early screening within the first month 

posttransplant.

In contrast to unexpected transmission, expected transmission of HCVoccurs when the 

donor has known active infection as documented by positive NAT testing, either with or 

without positive anti-HCV. Traditionally, HCV-“positive” organs (previously defined only by 

positive anti-HCV) were only transplanted into HCV-positive recipients.62 Ample outcomes 

data support the safety of this practice in liver recipients, with no differences in graft or 

patient survival if the donor liver has no greater than stage 2 fibrosis.69–77 Although virus 

may be transmitted, specific genotyping is often not repeated to confirm transmission, as 

cases of mismatched geno-types are not as relevant in the DAA era. Recent data suggest that 

only half of HCV seropositive organs have detectable viremia at donation.73,78,79

The newfound ease of treatment of HCV with DAAs pretransplant and posttransplant has 

generated a revival of interest in use of donors with either positive HCV NAT or positive 

anti-HCV antibodies. With broader use of DAAs in the general population, there will be 

significant growth in the number of donors who are anti-HCV positive, NAT negative. There 

may also be more donors who are HCV NAT positive due to the ongoing opioid epidemic.62

There is very limited long-term data on outcomes of HCV-negative recipients of liver 

and nonhepatic grafts that receive known HCV-positive (either anti-HCV or NAT positive) 

organs, as this practice had been previously avoided.62 More centers are considering 

using anti–HCV-positive, NAT-negative donors for liver and nonliver transplants due to the 

presumed low risk of disease transmission, as well as the availability of highly effective 

DAAs. Limited evidence of safe donation from anti–HCV positive, NAT-negative donors has 

been demonstrated by 3 case reports, 2 in kidney recipients, and the third in a living liver 

donor who had achieved HCV cure years before donation.80–82 No disease transmission 

to the recipients occurred in these cases. Further, there is a growing body of data among 

transplant recipients who have been successfully treated with DAAs posttransplant without 

relapse of infection. As such, donors who are NAT negative, anti–HCV positive are thought 

to represent an exceptionally low risk of donor-derived HCV transmission unless they have 

ongoing risk factors for acquisition of new HCVinfection.

Some have raised safety concerns of this practice in light of reports of “occult” HCV, 

in which RNA is still present in hepatocytes despite negative serum RNA.83,84 These 

had previously been deemed of unclear clinical significance in the absence of known 

transmission of infection and a very large body of data that liver recipients treated both 

before and after transplant did not develop relapsed disease at a higher rate that patients 

without immunosuppression.62 Four (16%) of 25 HCV-negative recipients of increased risk 

donors with active drug use who were HCV antibody positive, NAT negative developed 

HCV RNA-emia posttransplant.85 While the authors questioned whether this transmission 

was the result of chronic, “occult” HCV infection in the liver despite negative NAT, 

window period infection is far more likely. Such donors with immediate injection drug 

use before donation were likely reinfected with HCV after previous clearance and result 

in an eclipse period transmission. As of now, this finding should not prevent other centers 
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from using anti–HCV-positive, NAT-negative donors, but data on these cases should be 

collected to confirm the safety of this approach. Further, this report highlights that donors 

with known risk factors represent a true risk, and when used, recipients should undergo early 

posttransplant PCR-based screening for transmission to allow early therapy.

At the other end of the spectrum is the intentional use of NAT-positive organ donors into 

NAT-negative recipients, which is not prohibited by OPTN policy. Although the experience 

with such HCV D+/R− transplant is limited, and mostly involving kidney and lungs, 

protocols exist to study this in all organs. The limited data suggest that HCV D+/R− can 

safely be performed with early use of DAA at the time of or early posttransplant.62,86 Given 

the limited data on safety and questions about the ability to deliver DAAs posttransplant, 

as well as variation in insurer practices, a recent consensus conference on the topic 

recommended to obtain meticulous informed consent and proceed only under institutional 

review board-approved research protocols.62 Data from ongoing trials will be helpful to 

mitigate the ethical, safety, and cost concerns of this practice.

Finally, as in HBV, transmission of HCV through the use of HCV-positive donor vessels has 

been described.60 Current OPTN prohibits the storage of extra donor vessels that are HCV 

antibody or NAT positive.61

UNEXPECTED DONOR-DERIVED VIRAL INFECTIONS

Unexpected donor-derived viral infections reported include HAV, hepatitis D virus (HDV), 

hepatitis E virus (HEV), HIV, HTLV I/II, HHV-6,7, and 8, WNV, rabies, lymphocytic 

choriomeningitis virus (LCMV), and arboviruses.

Hepatitis A Virus

Hepatitis A virus is the most common etiology of viral hepatitis, with 1.5 million cases 

worldwide annually.87 The infection is acute and no prolonged infectious carrier state 

exists.88 Given the acute nature of the illness, organ donors are not tested for HAV.3,89

There was a case of a documented donor-derived HAV infection in 2015. The recipient was 

a child that received liver, pancreas, and intestine grafts and presented with transaminase 

elevation and increased stoma output 8 months posttransplant. HAV RNA was later 

identified in the recipient’s feces, serum, liver and intestinal biopsies and sequencing of 

RNA was identical in the donor and the recipient. Despite this case, pretransplant testing 

of donors was previously not considered practical.90 However, since March 2017, recent 

reports exist of HAV in homeless and drug-using persons in California, Kentucky, Michigan, 

and Utah. Thus, OPOs should be diligent about the risk of acute HAV infection in donors 

with identified risk factors91 and in these settings consider screening for HAV.

Universal vaccination (including all donors) is the most feasible way to prevent donor

derived HAV infections.
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Hepatitis D Virus

Hepatitis D virus is a “defective” virus that uses the envelope protein of HBV to cause 

chronic hepatitis.92 Of approximately 240 million people with active HBV infection, 15 

to 20 million have HDV coinfection.92 Hepatitis D virus is most prevalent in Asia, 

whereas the prevalence in the United States is only 70 000.93 Because HDV is present 

in only 3% of HBV-infected patients, it is considered unlikely to cause an unexpected 

donor-derived infection.93 However, it is likely that in HBV-infected donors with concurrent 

or superinfection with HDV transmission of both viruses could occur. Currently, there are 

no reports of known donor-derived unexpected HDV infection. In the United States, donor 

HDV testing is not required by the current OPTN policy,33 although testing for HDV in all 

HBsAg-positive donors is recommended by the European guidelines.94

Hepatitis E Virus

Hepatitis E virus is most commonly encountered in under-developed countries where 

transmission is largely fecal-oral.95 Hepatitis E virus is traditionally characterized as causing 

acute hepatitis only, but chronic infections (persistence of HEV RNA for >6 months) in 

immunosuppressed patients have been described.96–98 Because of the acute self-limited 

course of HEV infection, HEV is not routinely tested for in organ donors.33

Most cases of posttransplant HEV infection develop from reactivation of prior infection 

or a new acquisition. To date, there have been few cases of donor-derived HEV infection 

in SOT recipients. A review of 17 SOT recipients who developed early posttransplant 

HEVinfection found that 1 donor had positive anti–HEV IgM, but undetectable serum HEV 

RNA.99 Another case of donor-derived HEV infection occurred in a liver recipient who 

developed severe HEV infection 37 days posttransplant.100 While the donor retrospectively 

had negative serum HEV RNA, the donor liver contained high concentrations of HEV 

RNA, and sequencing of HEV RNA confirmed donor-to-recipient transmission.100 The 

case represents either eclipse period infection, or a low-level carrier state in which virus 

persists in hepatic tissue but serum antibody response is minimal.101 Two other cases of 

donor-derived HEV in nonhepatic recipients are reported.102,103

The various clinically available HEV IgM and IgG serologic assays have significant 

variability in their sensitivity, making these assays challenging to interpret in the transplant 

setting. As a result, RNA testing, which is less widely available than serology, is preferred 

when possible95; serum and stool HEV RNA are detectable during the incubation and early 

phase of infection. HEV RNA usually becomes undetectable in the serum approximately 

3 weeks after the onset of symptoms, but can persist in stool for 2 additional weeks 

in immunocompetent patients104 and for prolonged periods in the immunocompromised 

patient.96

In patients who develop HEV posttransplant, antivirals, such as ribavirin, are typically 

needed, because the course is not self-limited as it is in immunocompetent patients. In 

fact, those who develop chronic HEV can progress to cirrhosis and liver failure. Treatment 

algorithms for chronic HEVexist and are described elsewhere.95
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Human Immunodeficiency Virus

With the advent of routine screening, transmission of HIV from donor to recipient is now 

an exceptionally rare event. Nonetheless, rare transmissions do occur. Of the 4 documented 

HIV transmission events, 2 involved errors in communication of positive results,105,106 1 

involved an HIV-HCV cotransmission from a likely window period infection without NAT 

of the increased risk donor,66 and 1 involved a living kidney donor with likely acquisition of 

infection between initial donor screening and the transplant event without interval testing.2 

A liver recipient was involved in all of the transmission events except the isolated living 

kidney transplant case.

In 2007, HIV-positive organs were transplanted from a common donor to 3 separate 

recipients in Tuscany, Italy, due to an error in communication. The donor HIV testing results 

had been erroneously transcribed as negative despite being positive. Although systems 

failure leading to the communication error was identified, an eerily similar case occurred 

in Taiwan involving the transmission of HIV to 5 separate recipients, including a liver 

recipient.106

The case involving the living kidney donor occurred in 2009 after the living donor had 

identified as men who have sex with other men. He had negative HIV serology 79 

days before the transplant but did not have additional testing before donation. The donor 

eventually tested HIV positive about a year postdonation which resulted in the discovery of 

transmission. Retrospective white blood cell NAT testing of residual donor blood obtained 

11 days before transplant confirmed donor infection. This case highlights the need for repeat 

HIV screening by both serology and NAT in all living donors as close to the time of organ 

donation as possible.2 It is recommended that HIV, HBV, and HCV are tested within 30 

days (but optimally within 14 days) from the organ donation procedure.3 Although the donor 

was a kidney donor, the key lessons and screening recommendations are true for living liver 

donors as well.

Finally, in 2011, there was a high-profile HIV-HCV cotransmission case involving an 

OPTN-defined increased-risk deceased donor to 4 separate recipients (2 kidneys, 1 liver, 

and 1 heart recipient) despite negative predonation serologies. The donor was NAT positive 

by retrospective testing, suggesting a window period transmission.66 In response to the HIV

HCV cotransmission event, OPTN clarified language for a requirement of special informed 

consent to accept organs from increased risk donors. More recently, the policy was modified 

to also require centers to develop and follow policies to offer appropriate follow-up testing 

to recipients of increased risk donors.

To prevent transmissions, OPTN policy was revised requiring HIV, HBV, and HCV 

screening to include NAT for PHS-identified increased risk donors.1 It is currently 

estimated that about 0.2% of HIV seronegative donors would be captured during their 

“window period” with NAT. The estimated window period for HIV serological testing is 

approximately 22 days.107 NAT can be positive 5.6 to 10.2 days after infectious exposure, 

which reduces the window period by 12 days.108 In addition, NAT screening may provide 

the benefit of capturing false seropositive donors (estimated <1%) if the patient is not a 

known HIV patient on antiretroviral therapy with viral suppression.109
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Because of the concerns for donor-derived HIV transmission, HIV-positive patients are 

excluded from organ donation in most countries. This leads to the loss of an estimated 

356 potential organ donors per year in the United States, with a potential loss of 247 

HIV-infected livers annually.110 To use organs from HIV-positive donors in HIV-positive 

recipients, the HIV Organ Policy Equity Act was signed into law. Initially, this will be done 

under tight research restrictions in the United States.111 To date, 9 HIV-positive livers have 

been transplanted into HIV-positive recipients (Personal Communication, Christine Durand 

& Dorry Segev, HIV Organ Policy Equity in Action Study). There has also recently been 

a report of successful HIV-to-HIV liver transplantation in Switzerland from a virologically 

suppressed donor to virologically suppressed recipient.112 From these ongoing studies, the 

safety and challenges of using HIV-infected donors will be better understood.

Human T Lymphotropic Virus

Human T lymphotropic virus screening in deceased donors was standard of practice in 

the United States until 2009. Human T lymphotropic virus-1 is transmitted by transfusion 

of blood products, sexual activity, IV drug injection, breastfeeding, and SOT113 and is 

endemic in the Caribbean, South America (Brazil, Peru, Ecuador, and Venezuela), and 

Asia. Nearly 15 to 20 million individuals are infected with HTLV-1, which amounts up 

to 10% in endemic areas such as Japan.114 In contrast, the United States is considered a 

low seroprevalence region with only 0.0006% of healthy blood donors positive for HTLV-1. 

Human T lymphotropic virus-2 is more widespread in intravenous drug users and is endemic 

in North, South, and Central America as well as West and Central Africa.

Human T lymphotropic virus-1 establishes as a latent infection in lymphocytes, and the 

infection persists for life. Most patients remain asymptomatic, but 2% to 5% of patients 

can develop adult T-cell leukemia/lymphoma (ATL).114 In addition to ATL, patients 

can also develop severe neurological disease known as HTLV-1 associated myelopathy/

tropical spastic paraparesis. Unfortunately, no reliably effective treatment is currently 

available.115,116 Disease association with HTLV-2 is unclear and HTLV-2–positive donors 

are generally not considered to present a risk of donor-derived disease.

All reported cases of donor-derived HTLV-1 are from endemic regions. There are currently 

only a few reported cases of HTLV-1 related disease after liver transplantation. Although 

most posttransplant cases represent reactivation of latent infection, donor-transmitted 

HTLV-1 is associated with HAM and ATL.116–120 Available data from Japan suggest that 

HTLV-1 has a negative impact on 5-year survival rate after living donor liver transplantation 

for HCV.121 In low-prevalence populations, HTLV-1/2 reactive organs do not show a 

significant risk of graft failure or decreased survival.115,122

Routine screening for HTLV-1 is no longer recommended in low-seroprevalence regions, 

such as the United States.114,115,123 In addition, most commercially available assays 

currently are not able to reliably distinguish between HTLV-1 and HTLV-2.

Human Herpesvirus 6, 7, and 8

There is increased interest and awareness of the possible roles of HHV-6 and HHV-7 

as cofactors for CMV effects, fungal infections, and possible allograft dysfunction.124 
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However, given that almost all adults are seropositive, screening for these viruses is not 

recommended.125

Human herpesvirus-8 is thought to be transmitted by direct contact with saliva, semen, 

blood (transfusions) or other bodily fluids,126 but can reactivate during transplantation, as 

well as be transmitted through transplantation.127–131 Human herpesvirus-8 is the causative 

agent of Kaposi sarcoma (KS), Castleman disease, hemophagocytic syndrome and primary 

effusion lymphoma. The risk of KS is about 400 to 1000 times in transplant recipients when 

compared to the general population.131,132 The seroprevalence of HHV-8 is less than 5% in 

the United States, Asia, and Northern Europe but increases to more than 50% in sub-Saharan 

Africa, with intermediate risk of 10–30% in the Mediterranean area.127,133,134 The mean 

time from transplantation to development of KS is 6.2 to 10.4 months,135,136 while the risk 

of KS is thought to be highest within 30 days posttransplantation.137

Posttransplant immunosuppression-associated KS tends to have an aggressive clinical 

course involving lymph nodes, mucosa, and visceral organs, sometimes in the absence 

of skin lesions.138 Kaposi sarcoma has been described primarily in renal transplant 

recipients of Mediterranean descent,139 but also has been reported in some liver transplant 

recipients.131,135,140–142 Presentations similar to that of PTLD have also been reported 

with diagnoses of visceral KS.132,140 Screening for HHV-8 DNA may miss many latent 

infections so antilytic and antilatent antibodies are usually used to identify patients at 

risk for posttransplant HHV-8 related disease.127 Treatment consists of either reduction 

of immunosuppression, switching from calcineurin inhibitors to mammalian target of 

rapamycin inhibitors, using anti-herpesvirus agents and/or chemotherapy.143

West Nile Virus

West Nile virus was first detected in the United States in 1999 and has become endemic 

nationally with areas of enhanced infection locally.144 Although most WNV infections 

are asymptomatic, less than 1% of infected persons within the general population can 

develop neuroinvasive disease.145 West Nile virus has been transmitted directly through 

the allograft and through the use of infected blood products.146–153 Clinical symptoms, 

including encephalomyelitis, develop after an incubation period of 3 to 17 days.148 Death 

occurs in 40% to 64% with severe neurologic consequences in many of the survivors.148,154 

To date, there have been 6 WNV transmissions involving liver recipients.152 There are 

no effective therapies for WNV, although immunoglobulins have been tried with variable 

success, along with reduction of immunosuppression.150,155,156

Unfortunately, current methods of screening for WNV are imperfect. West Nile virus 

serological testing with IgM and IgG antibodies of both the serum and CSF are unreliable 

and may lead to a significant number of false positives. These antibodies may cross-react to 

other Flaviviridae, and IgM can persist up to 500 days after exposure and is therefore not 

always indicative of acute infection.157,158 As a result of these limitations, serology is not 

recommended for donor screening and could lead to a loss of 272.6 life years annually in 

liver transplant patients.159,160 There are no regulatory requirements that recommend NAT

based screening for WNV in the United States, but OPTN recommends deferring organs 

from all potential donors with encephalitis, meningitis, or flaccid paralysis of undetermined 
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etiology residing in areas of known WNV activity. Screening can be considered for deceased 

donors in areas of WNV activity. Further, the OPTN policy requires following a written 

protocol for screening for geographically defined endemic disease for all living donors; 

as such, areas with active WNV transmission should likely include WNV NAT as part of 

their screening protocols. This screening is often triggered based on a predefined WNV 

season, local WNV activity or positive testing in local blood banks. Current OPTN guidance 

advocates for deferral of live donors who test positive for 120 days with negative serum 

NAT.

Rabies

Rabies is an acute fatal encephalitis caused by neurotropic viruses in the genus Lyssavirus, 
family Rhabdoviridae.161 Although prevalent globally, human rabies is rare in the United 

States.162 Rabies virus has been transmitted by corneal transplants163 as well as solid organ 

and vascular tissue transplant.

The first US reported case in a liver transplant recipient occurred in 2004 from a common 

donor whose liver, 2 kidneys, and iliac artery segment were transplanted to 4 separate 

recipients.164,165 All transplant recipients developed rapid encephalitis resulting in death at 

an average of 13 days. It was determined in retrospect that the donor had been bitten by 

a bat. This history was initially obscured as the donor had presented with subarachnoid 

hemorrhage in the setting of a positive toxicology screen for cocaine.

A more recent case involved delayed development of rabies in a kidney transplant recipient 

18 months posttransplant. The 3 other recipients (1 each kidney, heart and liver) were given 

rabies immune globulin and 5 doses of rabies vaccine, and remained asymptomatic.166 

Retrospective sequencing of the virus from the donor and the recipient was consistent 

with raccoon rabies. Additional cases have been reported from Germany167,168 and, most 

recently, China.169,170 The US raccoon rabies and German experience demonstrated the 

efficacy of the postexposure prophylaxis in transplant recipients.166,168 These cases also 

demonstrate that while index cases typically develop symptoms early posttransplant, usually 

within 6 weeks of the procedure163; delayed onset of symptoms can occur.

Lymphocytic Choriomeningitis Virus

Lymphocytic choriomeningitis virus is a rodent-borne virus that causes aseptic meningitis 

in immunocompetent humans. Most recover without complication.171–173 Infection is 

presumed to occur through aerosols or other contamination from rodents such as wild 

mice or pet mice and hamsters with 5% of the US population demonstrating LCMV 

seropositivity.174

There have been several clusters of donor-derived LCMV transmissions in the United 

States resulting in a 70.5% mortality rate (5 total clusters, 17 LCMV-infected organ 

recipients, 12 deaths).173,175–178 There is an additional case of a related Arenavirus 

from Australia that resulted in the death of 2 kidney and 1 liver recipient.179 Affected 

patients typically present with fever, altered mental status, renal and liver dysfunction 

early posttransplant (2–23 days).175,176 Early recognition and use of antiviral therapy and 

reduction of immunosuppression has been associated with improved outcomes.177,178
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Arbovirus Infections

Arboviruses are of a global concern given that more than 30% of the world’s population is 

living in risk areas. The risk of donor-derived transmission of arboviruses, such as Dengue, 

Chikungunya, or Zika is not well delineated.

Chikungunya—Chikungunya infection is rarely fatal in the immunocompetent host but 

is known to cause debilitating arthritis.180 Death from Chikungunya virus (CHIKV) is 

rare but can occur in neonates, elderly, and immunocompromised patients. Severe clinical 

syndromes include encephalitis, myocarditis, hepatitis, and multiorgan failure. To date, 

there have been no documented cases of CHIKV transmission by SOT, although infection 

posttransplant has occurred with no graft dysfunction.181–183 Screening by CHIKV NAT has 

identified a single living donor candidate, who was able to safely donate 4 months later to an 

HIV-positive recipient without transmission.183 Routine screening of donors is not currently 

recommended in the United States.

Dengue Virus—Dengue virus (DENV) is the most common vector-borne disease 

worldwide and classically presents with high fevers, debilitating arthralgias, severe 

headache, nausea/vomiting, and rash. Hemorrhagic fever, hepatitis, and thrombocytopenia 

can also be observed.184 Dengue virus has been well described in transplant recipients, but 

there are only a few case reports of donor-derived transmission of DENV in liver transplant 

recipients.185–187 Dengue virus appears to cause a similar clinical presentation (fever and 

exanthema) in transplant recipients. Donor screening is not routinely performed but could be 

considered in areas of DENVendemicity, particularly among symptomatic donors.

Zika—Although no donor-derived cases have been reported, it is thought that transmission 

via transplantation is possible. There is a case of Zika virus (ZIKV)-related fatal 

meningoencephalitis in a heart transplant patient.188 While there is no formal OPTN 

policy on donor ZIKV screening, Disease Transmission Advisory Committee has provided 

guidance recommending caution when using deceased or living donors with exposure to 

ZIKV and compatible symptoms. Living donors with symptoms could be tested for ZIKV 

with the assistance of state health departments. Testing for DENV and CHIKV would be 

appropriate as well. Potential living donors with documented ZIKV should defer donation a 

period longer than 4 weeks up to 6 months.189

CONCLUSIONS

Although organ transplantation is considered a lifesaving event, it is not without risk. 

The risk of unexpected donor-derived infections is exceptionally low, likely around 0.1% 

to 0.2%.3 Donor screening can mitigate the risk of disease transmission. Limitations to 

current screening will not fully remove the risk of disease transmission. Clinicians managing 

transplant recipients must maintain a high index of suspicion for donor-derived infections 

to ensure early recognition and optimal management (see Figure 2). Understanding the 

risk through collaboration with organ vigilance systems and Transplant Infectious Diseases 

experts can facilitate the safe use of organ for individuals with risk factors. Ultimately, 
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discarding organs due to fear of disease transmission may result in more adverse outcomes, 

including deaths, than the rare transmitted infection.
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FIGURE 1. 
Timing of positive screening testing after infection of the donor.
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FIGURE 2. 
Approach to a potential donor-derived infection.

Nam et al. Page 26

Transplantation. Author manuscript; available in PMC 2021 September 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nam et al. Page 27

TA
B

L
E

 1
.

Po
te

nt
ia

l d
on

or
-d

er
iv

ed
 d

is
ea

se
 tr

an
sm

is
si

on
 a

s 
re

po
rt

ed
 to

 th
e 

O
PT

N
: 2

00
5–

20
16

R
ep

or
ts

 (
do

no
rs

)
R

ec
ip

ie
nt

s 
po

te
nt

ia
lly

 
in

vo
lv

ed
R

ec
ip

ie
nt

s 
w

it
h 

pr
ov

en
/

pr
ob

ab
le

 t
ra

ns
m

is
si

on

D
on

or
-d

er
iv

ed
 d

is
ea

se
 

at
tr

ib
ut

ab
le

 d
ea

th
s 

(r
ec

ip
ie

nt
s)

L
iv

er
 r

ec
ip

ie
nt

s 
w

it
h 

pr
ov

en
/

pr
ob

ab
le

 t
ra

ns
m

is
si

on
a

L
iv

er
 r

ec
ip

ie
nt

s 
do

no
r-

de
ri

ve
d 

di
se

as
e 

at
tr

ib
ut

ab
le

 d
ea

th
sa

M
al

ig
na

nc
y

51
3

11
11

15
6

42
49

16

V
ir

us
es

42
1

12
43

19
2

25
48

4

B
ac

te
ri

a
45

5
14

52
20

9
18

55
5

Fu
ng

i
25

8
84

7
16

6
24

39
4

M
yc

ob
ac

te
ri

a
12

3
39

4
30

7
7

1

Pa
ra

si
te

s
10

8
30

0
99

16
24

3

O
th

er
 d

is
ea

se
10

2
34

1
56

3
17

1

To
ta

l
19

80
56

88
90

8 
(1

5.
1%

)
13

5 
(1

4.
9%

)
23

9
34

 (
14

.2
%

)

a L
iv

er
 S

pe
ci

fi
c 

nu
m

be
rs

 a
re

 o
nl

y 
re

fl
ec

tiv
e 

of
 2

01
2–

20
16

 d
at

a;
 o

rg
an

-s
pe

ci
fi

c 
da

ta
 w

er
e 

no
t e

ff
ec

tiv
el

y 
co

lle
ct

ed
 b

ef
or

e 
th

is
 ti

m
e 

po
in

t.

Transplantation. Author manuscript; available in PMC 2021 September 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nam et al. Page 28

TA
B

L
E

 2
.

H
ep

at
iti

s 
B

 s
er

ol
og

ic
 m

ar
ke

rs
 a

nd
 in

te
rp

re
ta

tio
n

H
B

sA
g

H
B

V
 N

A
T

H
B

cA
b

H
B

sA
ba

In
te

rp
re

ta
ti

on
R

is
k 

of
 d

on
or

-d
er

iv
ed

 t
ra

ns
m

is
si

on

+
+

+
+

/−
A

ct
iv

e 
H

B
V

 I
nf

ec
tio

n
H

ig
h

+
−

+
+

/−
A

ct
iv

e 
H

B
V

 I
nf

ec
tio

n
H

ig
h/

m
ed

iu
m

−
−

+
+

R
ec

ov
er

ed
 w

ith
 c

cc
D

N
A

 in
 h

ep
at

oc
yt

es
O

rg
an

 d
ep

en
de

nt
b

−
−

+
−

R
ec

ov
er

ed
 w

ith
 c

cc
D

N
A

 in
 h

ep
at

oc
yt

es
c

O
rg

an
 d

ep
en

de
nt

b

−
−

−
+

H
B

V
 V

ac
ci

na
te

d
N

o 
ri

sk

−
−

−
−

N
o 

in
fe

ct
io

n,
 n

o 
im

m
un

ity
N

o 
ri

sk

a N
ot

 u
su

al
ly

 a
va

ila
bl

e 
fo

r 
de

ce
as

ed
 o

rg
an

 d
on

or
s.

b H
ig

h 
fo

r 
liv

er
 tr

an
sp

la
nt

s 
an

d 
ty

pi
ca

lly
 r

eq
ui

re
s 

an
tiv

ir
al

s 
po

st
tr

an
sp

la
nt

; n
on

liv
er

 p
at

ie
nt

s 
re

pr
es

en
ts

 lo
w

 r
is

k,
 e

sp
ec

ia
lly

 if
 r

ec
ip

ie
nt

 is
 v

ac
ci

na
te

d 
w

ith
 d

et
ec

ta
bl

e 
H

B
sA

b.

c In
 m

os
t c

as
es

, t
hi

s 
re

pr
es

en
ts

 r
ec

ov
er

ed
 w

ith
 c

cc
D

N
A

 in
 h

ep
at

oc
yt

es
; r

ar
el

y 
m

ay
 r

ef
le

ct
 f

al
se

-p
os

iti
ve

 H
B

cA
b,

 o
cc

ul
t c

hr
on

ic
 in

fe
ct

io
n,

 r
es

ol
vi

ng
 a

cu
te

 in
fe

ct
io

n.

Transplantation. Author manuscript; available in PMC 2021 September 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nam et al. Page 29

TA
B

L
E

 3
.

R
es

id
ua

l r
is

k 
of

 H
IV

 a
nd

 H
C

V
 b

y 
ri

sk
 b

eh
av

io
r

R
is

k 
fa

ct
or

H
IV

 s
er

ol
og

y 
on

ly
H

IV
 s

er
ol

og
y 

+ 
N

A
T

°
H

C
V

 s
er

ol
og

y 
on

ly
H

C
V

 s
er

ol
og

y 
+ 

N
A

T
a

M
en

 w
ho

 h
av

e 
se

x 
w

ith
 m

en
0.

10
%

0.
04

%
0.

33
%

0.
04

%

IV
 d

ru
g 

us
er

s
0.

12
%

0.
05

%
3.

00
%

0.
32

%

C
om

m
er

ci
al

 s
ex

 w
or

ke
rs

0.
07

%
0.

03
%

1.
20

%
0.

12
%

Se
x 

w
ith

 p
ar

tn
er

 in
 th

e 
ab

ov
e 

ca
te

go
ri

es
0.

00
7%

0.
00

3%
1.

20
%

0.
12

%

E
xp

os
ed

 to
 b

lo
od

 p
ro

du
ct

s
0.

01
5%

0.
00

6%
0.

04
%

0.
00

4%

In
ca

rc
er

at
io

n
0.

02
%

0.
00

9%
0.

07
%

0.
00

8%

a T
he

 r
es

id
ua

l r
is

k 
of

 in
fe

ct
io

n 
w

ith
 s

er
ol

og
y 

an
d 

N
A

T
 in

fe
ct

io
n 

is
 o

nl
y 

tr
ue

 if
 te

st
in

g 
is

 d
on

e 
ou

ts
id

e 
th

e 
N

A
T

 w
in

do
w

 p
er

io
d 

w
hi

ch
 is

 5
–6

 d
ay

s 
fo

r 
H

IV
 a

nd
 3

–5
 d

ay
s 

fo
r 

H
C

V
. T

he
 N

A
T

 w
in

do
w

 p
er

io
d 

is
 th

e 
tim

e 
fr

om
 la

st
 r

is
k 

be
ha

vi
or

 to
 te

st
in

g.
 I

f 
a 

do
no

r 
is

 te
st

ed
 w

ith
in

 th
e 

N
A

T
 w

in
do

w
 p

er
io

d,
 th

e 
se

ro
lo

gy
 o

nl
y 

re
si

du
al

 r
is

k 
sh

ou
ld

 b
e 

ut
ili

ze
d 

fo
r 

di
sc

us
si

on
s 

w
ith

 p
ot

en
tia

l r
ec

ip
ie

nt
s.

 F
or

 d
et

ai
le

d 
gu

id
an

ce
, s

ee
: h

ttp
s:

//o
pt

n.
tr

an
sp

la
nt

.h
rs

a.
go

v/
m

ed
ia

/2
27

0/
dt

ac
_g

ui
da

nc
e_

ri
sk

s_
20

17
06

.p
df

.

Transplantation. Author manuscript; available in PMC 2021 September 10.

https://optn.transplant.hrsa.gov/media/2270/dtac_guidance_risks_201706.pdf/

	Abstract
	DEFINITION OF DONOR-DERIVED INFECTIONS
	RISK MITIGATION THROUGH DONOR SCREENING
	GENERALLY EXPECTED DONOR-DERIVED VIRAL INFECTIONS
	Cytomegalovirus
	Epstein-Barr Virus
	Hepatitis B Virus
	Approach to the Isolated HbcAb-positive Donor
	Approach to Use of HbsAg or HBV NAT-positive Donors

	Hepatitis C Virus

	UNEXPECTED DONOR-DERIVED VIRAL INFECTIONS
	Hepatitis A Virus
	Hepatitis D Virus
	Hepatitis E Virus
	Human Immunodeficiency Virus
	Human T Lymphotropic Virus
	Human Herpesvirus 6, 7, and 8
	West Nile Virus
	Rabies
	Lymphocytic Choriomeningitis Virus
	Arbovirus Infections
	Chikungunya
	Dengue Virus
	Zika


	CONCLUSIONS
	References
	FIGURE 1.
	FIGURE 2.
	TABLE 1.
	TABLE 2.
	TABLE 3.



