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Abstract In response to several inadvertent transmissions of
human immunodeficiency virus (HIV), hepatitis B virus
(HBV), and hepatitis C virus (HCV) through organ transplan-
tation, the US Public Health Services issued guidelines to
prevent the transmission of HIV through transplantation of
human tissue and organs in 1994. Despite significant changes
in the epidemiology of HIV in the USA and advances in
screening assays for detecting latent infection, the guidelines
remained generally unchanged for nearly 20 years. Although
the 1994 guidelines identified risk factors in donors that
placed them at increased risk of HIV transmission, compli-
ance with the recommendations was highly variable at US
transplant centers. After the cotransmission of HIV and HCV
from one donor to four transplant recipients, the OPTN poli-
cies were amended to incorporate the definitions of donors at
increased risk for HIVand required transplant centers to obtain
specific informed consent and follow-up when such donor
organs were utilized. With renewed attention, it became obvi-
ous that the guidelines needed to be revised and expanded to
include HBV and HCV. A revised US PHS Guideline was
developed over a several year period, and final recommenda-
tions were published in 2013. Despite the revisions, defini-
tions of donors at increased risk of disease transmission

require further review and revision. This article will attempt
to review the revision process of the US PHS Guideline and
make suggestions for next steps in further refining the
guideline.
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Introduction

Ever since human immunodeficiency virus (HIV) was initially
identified in the early 1980s, its ability to be transmitted by
blood, organ, and tissues has been evident. Beginning in 1983,
prospective blood donors who engaged in risk behaviors for
HIV infection were excluded from donating blood [1•]. Once
serologic tests for HIV antibodies were approved in 1985,
screening of prospective blood, organ, and tissue donors be-
gan [2, 3]. This screening resulted in significant reductions in
the rate of transmission of HIV via these routes. Despite this
screening, rare transmissions of HIV continued to occur [4–6,
7••]. A high-profile transmission of HIV from one organ and
tissue donor to 7 of 58 recipients of heart, liver, and 2 kidneys
in addition to recipients of 2 femoral head and patella trans-
plantations resulted in the first US Public Health Service
(PHS) guideline related to preventing the transmission of
HIV through organ and tissue donation; the donation event
occurred in 1985 and was first recognized in 1991 [7••, 8••].

To prepare the first US PHS guideline, a working group
was formed with representatives from several federal agencies
with oversight over organs and tissues, donor screening tests,
and the epidemiology of HIV/AIDS. A panel of external con-
sultants from interested parties, including key public and pri-
vate health professionals, as well as key government agencies
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(Centers for Disease Control and Prevention, Food and Drug
Administration, Health Care Financing Administration, Heath
Resources Services Administration, the National Institutes of
Health and the Office of the Assistant Secretary for Health)
was also constituted to independently review the guideline
and provide advice to the US PHS to optimize the guideline.
These guidelines were developed in the context of a desire to
reduce the risk of transmission of HIV through organ and
tissue donation in an era where there was significant stigma
around HIV and low rates of testing and early detection of
HIV infections in the US population. Additionally, the guide-
lines were developed with earlier generations of HIVantibody
testing that had a relatively long window period, of up to 4–
10 weeks [9]. Based on these assumptions and limitations, the
guidelines recommended that Bpersons who meet any of the
criteria, listed in Table 1, should be excluded from donation of
organs or tissues unless the risk to the recipient of not
performing the transplant is deemed to be greater than the risk
of HIV transmission and disease (e.g., emergent, life-
threatening illness requiring transplantation when no other
organs/tissues are available, and no other life-saving therapies
exist). In such a case, informed consent regarding the possi-
bility of HIV transmission should be obtained from the recip-
ient [8••].^

There was concern from the transplant community that the
guideline would significantly harm the field by excluding
many donors that could safely be used for organ transplanta-
tion. As such, the guideline had the potential to result in more
harm, through patients not being transplanted, than benefit. In
response to these concerns, the Centers for Disease Control
issues a clarification that stated that Bwhen a potential organ
donor tests HIV-antibody negative but has behavioral risk
factors for HIV infection, the decision to accept an organ for
transplantation should be made after consideration of the rel-
evant risk factors for the individual recipient and with recog-
nition of the very low incidence of HIV transmission in such
situations. CDC recognizes the need for transplant centers, not
organ procurement organizations, to deal with matters of
patient consent in this setting [10].^ With this clarifica-
tion, the basic tenants of prevention transmission
through organ transplantation included the following:

& A list of factors that place donors at increased risk of
having HIV infection

& Transplant centers should carefully review the avail-
able donor information to assess the risk of undiag-
nosed HIV and contextualize that risk with the risk
of adverse consequences of the recipient not under-
going an organ transplantation

& The transplant center should obtain special informed
consent from the potential recipient or their
appointed decision maker prior to accepting the
organ

& The transplant center should test the recipient for acquisi-
tion for HIV from the donor with a recommended time of
screening of 3 months post-transplant

These guidelines were clearly published, but compliance
with the recommendations was not clearly assessed. The
Organ Procurement and Transplant Network (OPTN) did not
enact policy related to these guidelines, and therefore, the
OPTN had no mechanism to assess compliance with the
guideline. Nonetheless, evidence suggests that key compo-
nents of the recommendations were not universally followed.
A survey of Transplant Infectious Diseases experts performed
in 2007 attempted to assess compliance with the recommen-
dations of the guideline [11•]. While the response rate was low
and limited to Transplant Infectious Diseases clinicians, the
authors hypothesized that this would be a population more
likely to understand the guidelines and operationalize the rec-
ommendations. Thirty-three percent of responding centers ob-
tain only verbal, 52 % verbal and written, and 14 % do not
obtain any special consent from recipients of organs from
increased risk donors (ROIRD). Post-solid organ transplanta-
tion serologies for HIV, hepatitis B virus (HBV), and hepatitis
C virus (HCV) are obtained at 40% of centers in ROIRD only,
20 % in all recipients, and not performed in 40 %. Post-solid
organ transplantation nucleic acid testing (NAT) testing is car-
ried out in 36–45 % of centers in ROIRD, 11 % in all recip-
ients, and not performed in approximately 50 % of centers
[11•]. The study also attempted to investigate how frequent
results were reported to the OPTN as required by recipient
data collection tools. Because of changes in data collection
by UNOS related to increased risk status and HIV and HCV
testing results post-transplant, only data from June 30, 2004,
to February 28, 2006, for thoracic organs and to August 31,
2006, for abdominal organs were available. Additionally, be-
cause of local and state laws related to reporting of HIV re-
sults, not all HIV results could be captured by UNOS. The
available data, though, show a very low rate of post-transplant
testing, at any time point, for HIV and HCV in recipients of
increased risk donor organs: 3.7 % had reported HIV results
and 5.9 % have reported HCV results [11•].

The transplant community applied renewed attention to the
approach to increased risk organ donors after a cotransmission
of HIVand HCV from one seronegative, appropriately labeled
increased risk organ donor to four (two kidneys, liver and
heart) recipients in 2007 [12••]. In this case, the donor’s only
known risk factor for HIV was having sex with another man.
Nonetheless, retrospective testing confirmed that the donor
was truly seronegative but positive by nucleic acid testing
(NAT). The HIV nucleotide sequences were indistinguishable
between the donor and four recipients, and HCV subgenomic
sequences clustered closely together. As the result of this
transmission event, the OPTN quickly put policy into place
that codified the BExclusionary Criteria^ from the 1994 PHS
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guidelines as increased risk criteria for donors. Further, OPTN
policy required obtaining special informed consent from re-
cipients willing to accept organs from such increased risk
donors. About a year later, policy was further amended to
require transplant centers to perform appropriate testing of
recipients to assess for transmission of infection.

Although the OPTN requires special informed consent
from recipients who agree to accept organs from increased
risk donors, there are limited data on what should be shared
with the recipients and how best to discuss the sensitive topic.
This is critical because accurate, easily understandable infor-
mation is needed to allow the patient to make a truly informed
decision. Further, the data needs to be given to the patient in
such a way that they can easily contextualize the risk with the
alternatives, including not undergoing transplantation. This is

especially important as just hearing that a donor Bmay^ have
HIV or hepatitis may result in the patient rejecting the organ
offer even though the risk of the alternative (i.e., dialysis) may
be higher than accepted an organ from a donor with risk fac-
tors [13]. Further, data from surveys of patients suggest that
patients confuse risk posed by OPTN-defined increased risk
donors and other nonstandard risk donors, such as deceased
after cardiac death or extended criteria donors [14]. As such,
they may misunderstand the risk posed by the donor organs
and turn down the offer. This challenge is especially difficult
in living donation in which there may be some connection
between the donor and recipient [15].

One of the first steps in providing meaningful informed
consent is to assess the residual risk of an undiagnosed HIV
or hepatitis C virus (HCV) infection in a donor screened with

Table 1 1994 US PHS guideline
donor exclusion criteria Criteria Characteristics

Behavior and
history

1. Men who have had sex with another man in the preceding 5 years.

2. Persons who report nonmedical intravenous, intramuscular, or subcutaneous injection of
drugs in the preceding 5 years.

3. Persons with hemophilia or related clotting disorders who have received human-derived
clotting factor concentrates.

4. Men and women who have engaged in sex in exchange for money or drugs in the
preceding 5 years.

5. Persons who have had sex in the preceding 12 months with any person described in items
1–4 above or with a person known or suspected to have HIV infection.

6. Persons who have been exposed in the preceding 12 months to known or suspected HIV-
infected blood through percutaneous inoculation or through contact with an open wound,
nonintact skin, or mucous membrane.

7. Inmates of correctional systems.

Pediatric donor 1. Children meeting any of the exclusionary criteria listed above for adults should not be
accepted as donors.

2. Children born to mothers with HIV infection or mothers who meet the behavioral or
laboratory exclusionary criteria for adult donors (regardless of their HIV status) should
not be accepted as donors unless HIV infection can be definitely excluded in the child as
follows: Children >18 months of age who are born to mothers with or at risk for HIV
infection, who have not been breast fed within the last 12 months, and whose HIV
antibody tests, physical examination, and review of medical records do not indicate
evidence of HIV infection can be accepted as donors.

3. Children ≤18 months of age who are born to mothers with or at risk for HIV infection or
who have been breast fed within the past 12 months should not be accepted as donors
regardless of their HIV test results.

Laboratory and
other

1. Persons who cannot be tested for HIV infection because of refusal, inadequate blood
samples (e.g., hemodilution that could result in false-negative tests), or any other reasons.

2. Persons with a repeatedly reactive screening assay for HIV-1 or HIV-2 antibody regard-
less of the results of supplemental assays.

3. Persons whose history, physical examination, medical records, or autopsy reports reveal
other evidence of HIV infection or high-risk behavior, such as a diagnosis of AIDS,
unexplained weight loss, night sweats, blue or purple spots on the skin or mucous
membranes typical of Kaposi’s sarcoma, unexplained lymphadenopathy lasting
>1 month, unexplained temperature >100.5 F (38.6 °C) for >10 days, unexplained per-
sistent cough and shortness of breath, opportunistic infections, unexplained persistent
diarrhea, male-to-male sexual contact, sexually transmitted diseases, or needle tracks or
other signs of parenteral drug abuse.

Source: [8••]
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serologic or serologic plus nucleic acid testing (NAT). From a
meta-analysis of existing literature, it became clear that the
risk of residual HIV and HCV infection was reduced with
serology plus NAT compared to serologic testing alone, gen-
erally by a log (see Table 2) [16••, 17••]. These studies also
demonstrated significant variability in the residual risk based
on the specific behavioral risk factor present in the donor (see
Table 2) [16••, 17••]. For even the highest risk behavior, non-
medical injection drug use, the residual risk of HIVand HCV
with serology plus NAT screening is similar to the risk of
acquiring HIVor HCVon dialysis for 1 year in the USA. As
such, these data provide useful tools to contextualize the risk
for patients and allow for more informed decision making by
the patient.

With the new OPTN requirements in response to the HIV-
HCV cotransmission event, the transplant community also rec-
ognized that the PHS guidelines needed to be updated. This led
to calls from the transplant professional societies, the Advisory
Committee on Organ Transplantation, and others for a revision
and updating of the guideline. Since there were a number of
transmission events of HBVand HCV involving donor organs,
it was felt that the guideline should be expanded to include
these two viruses as well [12••, 18–21]. Further, with a trans-
mission of HIV through living organ donation, it was also
determined that the guideline should provided greater clarity
about live organ donors [22•]. Lastly, it was determined that the
guideline utilized factors known to be associated with an in-
creased likelihood of recent HIV, HBV, or HCV infection as a
surrogate for determining which donors should be classified as
at increased risk of disease transmission.

The primary goal for this revision was to make the
guideline as strongly evidenced-based as possible. To do
so, the guideline was crafted through a interagency
working group of the US PHS with outside support
for a systematic review by an independent academic
group (The University of Pennsylvania Center for
Evidence-Based Practice), three experts to provide

expert opinion for issues with limited published evi-
dence, and two external advisory committees who pro-
vided comments and advice to strengthen the guideline
and attempt to make it more clinically applicable. The
process began with an evidence review (available at
http://stacks.cdc.gov/view/cdc/12164/) and GRADE
rating of all of the data relevant to the ten key
questions to inform development of the guideline.
Based on the reviewed evidence, the PHS guideline
was updated with the following key features:

& The guidelines clarified the optimal screening of donors,
taking into account contemporary molecular assays and
fourth generation antibody–antigen combination serologic
assays. In large part, due to the long window period for
HCV, the guideline recommends antibody and HCV NAT
testing for HCV screening of all donors while enhanced
screening for HIVwith a fourth generation serologic assay
or NAT for increased risk donors.

& All living potential donors should be tested for HIV, HBV,
and HCV as close as possible to the date of the organ
recovery operation, but at least within the 28-day time
period prior to surgery.

& Greater details as to the components of the informed con-
sent to be obtained for recipients of organs from increased
risk donors, based predominately on expert opinion.

& Enhanced clarity about the need for testing of recipients
post-transplant with assays that directly detect the pres-
ence of the virus (i.e., NAT or HBsAg) and greater clarity
about the timing of recipient screening for inadvertent
transmission of HIV, HBV, and HCV (testing for all three
viruses within 3 months of donation and testing for HBV
at 12 months post-transplant), based predominately on
expert opinion.

& Greater details about the collection and maintenance of
donor specimens for later use as part of a transmission
investigation, based predominately on expert opinion.

Table 2 Residual risk of
undiagnosed human
immunodeficiency virus (HIV)
and hepatitis C virus (HCV)
infection per 10,000 donors at
increased risk of infection

Risk Factor HIV HCV

Serology
Alone

Serology
+NAT

Serology
Alone

Serology
+NAT

Men who have sex with men 8.3 3.4 36.0 3.8

Nonmedical intravenous, intramuscular, or subcutaneous
drug use

12.9 5.3 350.0 37.8

Hemophilia 0.05 0.02 0.46 0.05

Persons who have had sex in exchange for money or drugs 2.9 1.2 107.8 11.5

Partners with any of the above risk factors 2.7 1.1 126.2 13.5

Individuals who have been exposed to blood or blood
products from someone with HIVor HCV

1.3 0.5 22.0 2.3

Incarceration 1.5 0.6 68.6 7.3

Source: [16••, 17••]. Residual risk is the rate of undetected infection depending on risk factor and testing strategy
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& Updated criteria for defining donors at increased risk of
transmitting HIV, HBV, and HCV, based predominately
on evidence (see Table 3).

& Most importantly, the guideline outlines 20 areas where
further studies are needed to provide improved evidence to
refine the guideline in the future.

Overall, the revised guideline provided clearer delineation
of which donors were at increased risk compared to the 1994
guideline, removed several criteria, and narrowed the risk pe-
riod from 5 to 1 year generally; only one new criterion was
added. The revised criteria in the current PHS guidelines
should have resulted in slightly lower to stable numbers of
donors categorized as increased risk with the new guidelines
[25]. In actual practice, though, there has been a significant
increase in the number of donors labeled as increased risk
under the revised PHS guidelines. In the first period analyzed
after implementation of the revised criteria, 19.5 % donors
were labeled increased risk donor, compared to 10.4, 12.2,
and 12.3 % in the three most recent years under the old guide-
lines (IRR=1.45, p<0.001), with increases in 44 of the 59
OPOs [26]. For reasons that are somewhat unclear, African-

Americans were 52 % more likely to be labeled increased risk
with the revised guidelines in place (RR=1.52, p=0.01).
Clearly, this is an unintended consequence of the revision
which reduces the utility of the tool. With an increased per-
centage of the donor pool being labeled as increased risk, it
makes it harder for clinicians and patients to fully recognize
the highest risk donors that represent the highest residual risk
of undiagnosed infections.

As a result of this disturbing trend, there is the need to
rapidly collect more information to inform an optimized def-
inition of increased risk donors. Key to collecting this infor-
mation is more routine collection of data to inform which
patients are most likely to have an undiagnosed infection that
can be transmitted to the recipients. This will require that
centers become more compliant with recipient screening to
allow for the recognition of all transmitted infections. From
the reports of donor-derived disease transmissions, centers
cannot rely on serologic testing of recipients post-transplant
alone. In every reported donor-derived transmission of HCV
since the advent of DTAC, the serology has been negative in
the recipients despite relative high viral loads, irrespective of
the time since transplant [18, 27•, 28•, 29, 30]. In many of the
transmission events, negative HCV recipient serology led to a
delay in recognition of transmission of hepatitis.

More data are needed to identify the highest risk patients in
the context of changing epidemiology and donor screening.
Even with the use of sensitive NAT assays, there is a residual
risk of disease transmission, as demonstrated in three recently
reported transmissions [30]. This case series highlights that
the residual risk of an undiagnosed infection is greatest in
donors at highest risk for incident infections: active nonmed-
ical injection drug users. Further, the residual risk remains
higher when the donor screening is performed within the test
window period. As such, consideration should be given to a
more nuanced risk stratification system of labeling those do-
nors as at increased risk of disease transmission. With a more
nuanced risk stratification, attention can be focused on those
most likely to have an infection that is not detected through
routine donor screening. Further, with the recent OPTN re-
quirement that all organ donors be screened by standard se-
rology in addition to HCV NAT, the capacity of routine NAT
will expand at all OPOs and the most sensitive tests will be
applied to all donors, irrespective of risk.

Further, these cases raise the question of the role of fourth
generation antibody–antigen combination assays for donor
screening, which have been recommended by the current
guideline as an alternative to HIV NAT in screening of in-
creased risk donors. While these assays are less technically
complex than NAT, they have a longer window period when
compared to NAT. The HIVantibody–antigen can only detect
infection 7–16 days after acquisition compared to HIV NAT,
which can detect infection 5–6 days after acquisition [31].
Having the narrowest window seems essential especially since

Table 3 2013 US PHS guideline increased risk donor criteria

Donors at increased risk of HIV, HBV, or HCV

• People who have had sex with a person known or suspected to have
HIV, HBV, or HCV infection in the preceding 12 months

•Men who have had sex with men (MSM) in the preceding 12 months

• Women who have had sex with a man with a history of MSM
behavior in the preceding 12 months

• People who have had sex in exchange for money or drugs in the
preceding 12 months

• People who have had sex with a person who had sex in exchange for
money or drugs in the preceding 12 months

• People who have had sex with a person who injected drugs by
intravenous, intramuscular, or subcutaneous routes for nonmedical
reason in the preceding 12 months

• A child who is ≤18 months of age and born to a mother known to be
infected with or at increased risk for HIV, HBV, or HCV infection

• A child who has been breastfed within the preceding 12 months and
the mother is known to be infected with or at increased risk for HIV,
HBV, or HCV infection

• People who have injected drugs by intravenous, intramuscular, or
subcutaneous route for nonmedical reason in the preceding
12 months

• People who have been in lockup, jail, prison, or a juvenile correction
facility for more than 72 consecutive hours in the preceding
12 months

• People who have been newly diagnosed with or have been treated for
syphilis, gonorrhea, Chlamydia, or genital ulcers in the preceding
12 months

Donors at increased risk of HCVonly

• People who have been on hemodialysis in the preceding 12 months

Source: [23•, 24]. With permission from [24]
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donor testing is frequently done within only a few days fol-
lowing admission to the hospital and therefore potentially
within the window period for the available tests.

Conclusion

In summary, the US PHS has developed and refined
guidelines that allow the identification of donors at in-
creased risk of transmission of HIV, HBV, and HCV
[8••, 23•]. The current guidelines are far from perfect
and need to continue to be revised based on changing
epidemiology of infections in the donor population,
changing screening technology and capacity, and lessons
gained through assessment of disease transmission
events. Further, the current guideline outlines a number
of critical research questions that must be answered to
inform a more precise definition of the highest risk do-
nors. Unfortunately, funding to conduct such research
remains mostly elusive. As such, the transplant commu-
nity needs to learn from the blood community and de-
velop some of the data through collection of already
available but currently uncollected data. Most important-
ly, the transplant community needs to rethink the current
dichotomous risk nomenclature as it related to donors at
increased risk of disease transmission. A more nuanced,
linear model of risk has been developed but it needs to
be optimized to make the data more easily understand-
able to clinicians and patients [32]. Only with a more
nuanced risk stratification will it be possibly to truly
identify donors at highest risk of disease transmission
and to allow the patients to truly make an informed
decision as to whether to accept the organs or not.
Lastly, transmission of HIV, HBV, and HCV through
organ transplantation remains an incredibly rare event.
Future robust risk stratification schema need to take into
account the wide range of diseases that can be inadver-
tently transmitted from donor to recipient and expand
the classification beyond just HIV, HBV, and HCV.
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