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Background. Organ transplantation from donors with human immunodeficiency virus (HIV) to recipients with HIV (HIV D*/R")
presents risks of donor-derived infections. Understanding clinical, immunologic, and virologic characteristics of HIV-positive donors
is critical for safety.

Methods. 'We performed a prospective study of donors with HIV-positive and HIV false-positive (FP) test results within the HIV Organ Policy
Equity (HOPE) Act in Action studies of HIV D'/R" transplantation (Clinical Trials.gov NCT02602262, NCT03500315, and NCT03734393). We com-
pared clinical characteristics in HIV-positive versus FP donors. We measured CD4 T cells, HIV viral load (VL), drug resistance mutations (DRMs),
coreceptor tropism, and serum antiretroviral therapy (ART) detection, using mass spectrometry in HIV-positive donors.

Results. Between March 2016 and March 2020, 92 donors (58 HIV positive, 34 FP), representing 98.9% of all US HOPE donors during
this period, donated 177 organs (131 kidneys and 46 livers). Each year the number of donors increased. The prevalence of hepatitis B (16%
vs 0%), syphilis (16% vs 0%), and cytomegalovirus (CMV; 91% vs 58%) was higher in HIV-positive versus FP donors; the prevalences of
hepatitis C viremia were similar (2% vs 6%). Most HIV-positive donors (71%) had a known HIV diagnosis, of whom 90% were prescribed
ART and 68% had a VL <400 copies/mL. The median CD4 T-cell count (interquartile range) was 194/pL (77-331/uL), and the median CD4
T-cell percentage was 27.0% (16.8%-36.1%). Major HIV DRMs were detected in 42%, including nonnucleoside reverse-transcriptase inhibi-
tors (33%), integrase strand transfer inhibitors (4%), and multiclass (13%). Serum ART was detected in 46% and matched ART by history.

Conclusion. The use of HIV-positive donor organs is increasing. HIV DRMs are common, yet resistance that would compromise
integrase strand transfer inhibitor-based regimens is rare, which is reassuring regarding safety.
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include donor-derived opportunistic infection (OI) and super-
infection with drug-resistant HIV [5, 6]. These complications
have not been observed in SA, albeit in the context of a pri-
marily antiretroviral therapy (ART)-naive donor population
(87%), and recipients generally taking protease inhibitor (PI)-
based recipient ART which may overcome HIV drug resistance
mutations (DRMs) [7].

In the United States, the risk profile of HIV-positive donors
may be higher given differing HIV acquisition behaviors asso-
ciated with transmitted drug resistance (eg, men who have sex
with men [MSM]) [8], more prevalent coinfections (eg, hepa-
titis C [HCV]) [9, 10], and higher rates of ART use and circu-
lating DRMs (<10% in SA vs 20%-40% in the United States)
[11-16]. Transient detection of donor HIV strains, including
the presence of DRMs, has been described in HIV D/R" trans-
plantation in high-income countries [17, 18].

Understanding the risk profile of the US HIV-positive donor
population is critical for transplant providers who make time-
constrained, point-of-care decisions to accept organs for HIV-
positive candidates and may not have access to immunologic
data or HIV genotypes for individual donors. The objective of
this study was to describe clinical, virologic, and immunologic
characteristics of donors under the HOPE Act, with focus on
ART use and HIV DRMs, to characterize the safety profile of
donors in HIV D/R" transplantation.

METHODS

Study Population

The study included deceased donors with reactive HIV tests
or HIV history who had organs recovered for transplantation
to HIV-positive recipients from 1 March 2016 to 15 March
2020 within the HOPE in Action studies (ClinicalTrials.
gov: NCT02602262, NCT03500315, and NCT02602262).
HIV screening assays were performed according to Organ
Procurement and Transplantation Network (OPTN) protocols
[19, 20], including HIV antibody (Ab), antibody/antigen (Ab/
Ag), and nucleic acid testing (NAT).

Donors could not have active OI and the transplant team
had to anticipate an “effective, safe, and tolerable” recipient
ART regimen [21]. There were no restrictions on donor HIV
viral load (VL) or CD4. Donors with discordant Ab/NAT re-
sults and no known history of HIV infection were suspected
to have false-positive (FP) HIV results (“FP donors”) [22].
Confirmatory testing was performed by the Organ Procurement
Organization (OPO) or research team, using Western blot or
fourth-generation HIV Ag/Ab results (if Ab positive) and/or
quantitative HIV VL (if NAT positive).

This study was approved centrally by the Johns Hopkins
University Institutional Review Board (IRB0041681) as well
as locally at each participating US transplant center. It was ex-
empted from requirements for human subjects research by the

Johns Hopkins Institutional Review Board, as it included only
data and biospecimens from decedents. Authorization for do-
nation, including collection of biospecimens for research pur-
poses, was confirmed by OPOs in accordance with federal
regulations.

National Enumeration of Donors with Reactive HIV testing

To determine the number of donors with reactive HIV testing
who completed organ donation during the study period, we
used the Scientific Registry of Transplant Recipients (SRTR),
which includes data on all US donors, wait-listed candidates,
and transplant recipients, submitted by members of OPTN. The
Health Resources and Services Administration (US Department
of Health and Human Services) provides oversight to OPTN/
SRTR contractors. Within limited data sets released by OPTN/
SRTR, each donor is assigned an anonymous identifier; the re-
cord includes infection serostatus. Donors with reactive HIV
tests were identified by “positive” HIV Ab and/or HIV NAT
results. SRTR identifiers were cross-referenced with the HOPE
database to confirm a match. HIV history and confirmatory as-
says were not in SRTR. FP donors served as a proxy for contem-
poraneous HIV-negative US deceased donors; characteristics
were contrasted with published OPTN data (kidney donors in
2018; >99.8% HIV negative) [23].

Donor Characteristics

OPOs collected demographic data, comorbid conditions, so-
cial history, serologic results, and medications. An additional
HIV medical history form obtained the following, if available:
HIV diagnosis date, acquisition risk(s), ART experience, OI his-
tory, and laboratory data (eg, CD4 T-cell count and percentage,
VL, and genotype/phenotype). HIV provider notes were also
obtained if available.

Laboratory Testing

All donors underwent serologic testing per OPTN policies [20]
for hepatitis B (surface Ag and core Ab), hepatitis C (Ab and
NAT), and HIV (Ab, Ab/Ag, and NAT). Donors were predomi-
nantly screened using anti-HIV I/II Abs (enzyme-linked immu-
nosorbent or chemiluminescent assay) and multiplex qualitative
HIV/HCV/hepatitisBvirus(HBV)NAT (SupplementaryTable1).
Additional serologic findings included CMV (immunoglobulin
[Ig] G), Epstein-Barr virus (IgM/IgG/nuclear antigen), syph-
ilis (rapid plasma reagin), and toxoplasma (IgG). These results
were available to providers during donor evaluation.

For HOPE donors, 100 mL of blood was collected to measure
CD4 T cells, HIV VL (Abbott RealTime HIV-1 assay; limit of
detection, 40 copies/mL), sequencing for DRMs (GenoSure
PRIme/Archive assays), and chemokine coreceptor (CC) tro-
pism (Trofile RNA assay; Monogram Biosciences). These results
were not entered into SRTR and were not available to providers
in real time to inform clinical care.
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Major DRMs were defined according to the International
Antiviral Society-USA (IAS-USA) [24] and the Stanford
University HIV Drug Resistance Database [25]. Multiclass re-
sistance was defined as >1 major DRM per the IAS-USA defini-
tion, versus >1 drug class.

To detect serum ART, liquid chromatography-tandem mass
spectrometry (QExactive; Thermo Fisher Scientific) was per-
formed for 22 drugs [26]: abacavir, amprenavir, atazanavir,
darunavir, dolutegravir, efavirenz, elvitegravir, emtricitabine,
indinavir, lamivudine, lopinavir, maraviroc, nelfinavir, nevirapine,
raltegravir, rilpivirine, ritonavir, saquinavir, stavudine, tenofovir,
tipranavir, zidovudine (limit of detection, 10 ng/mL). Bictegravir,
cobicistat, and doravirine were not assayed.

Statistical Analysis

Demographic and transplant factors were summarized and
compared between HIV-positive and FP groups. Summary sta-
tistics were expressed as median (interquartile range [IQR])
for continuous variables and count (percentage) for categorial
variables. Continuous variables were compared using Wilcoxon
rank-sum testing and categorical variables compared using X
or Fisher exact testing. Analyses were performed using Stata/
MP2_v16.1 software (StataCorp). No hypothesis testing was
performed between FP and aggregate OPTN donor data.

RESULTS

Counts and Regional Distribution of HOPE Donors

Ninety-two donors (58 HIV positive, 34 FP) donated 177 organs
(131 kidneys, 46 livers) to HIV-positive recipients at 24 trans-
plant centers. During the study period, OPTN/SRTR reported 92
donors with any reactive HIV test, of whom 91 were confirmed
in our cohort. One FP donor in our cohort was identified by
medical history from next of kin yet had a negative HIV testing
result, whereas 1 donor in SRTR with reactive HIV testing was in-
volved in a transplant outside the HOPE in Action Consortium.
Thus, this series encompassed 98.9% of the US HIV-positive/FP
donor total. The number of donors increased each year (Figure
1A). There was >1 HIV-positive donor in each of the 11 United
Network for Organ Sharing regions, including 26 donors (18
HIV positive, 8 FP) in southeast regions 3 and 11 (Figure 1B).

Donor Characteristics: HIV Positive Versus FP

Donor characteristics are shown in Table 1. Comparing HIV-
positive and FP donors, the median age (IQR) was 36 (29-46)
versus 31 (23-41) years, respectively (P = .01); 76% versus 65%
were male (P = .25); and 37% versus 44% were white (P = .21).
The median body mass index (IQR) (calculated as weight in
kilograms divided by height in meters squared) was 25.2 (22.7-
29) in HIV-positive and 28.4 (22.1-34.8) in FP donors (P = .11).
ug intoxication was the cause of death in 26% of HIV-positive
and 12% of FP donors (P = .11). HCV NAT results were positive

in 2% of HIV-positive and 6% of FP donors (P = .11). HBV core
AD results were positive in 16% of HIV-positive and 0% of FP
donors (P =.02), CMV IgG results in 91% and 58%, respec-
tively (P <.001), and syphilis (rapid plasma reagin) results in
16% and 0% (P = .02). The median kidney donor profile index,
a marker of organ quality with lower numbers signifying better
quality, was 41 (IQR, 30-63) in HIV-positive and 36 (21-60) in
FP (P = .2). There were fewer donations after circulatory death
in HIV-positive than in FP donors (7% vs 21%, respectively;
P =.05) and more corticosteroid administration (72% vs 55%;
P =.08).

FP donors were similar to the overall US donor population in
demographic and laboratory features (eg, approximate median
age of 35 years, 60% male, 10% with diabetes, 20% donation
after circulatory death, 7% HCV Ab positive, and 50% CMV
IgG positive). There was a higher proportion of black FP donors
(29%) than in OPTN data (15%).

Donor HIV Testing

All HIV-positive donors had reactive anti-HIV Ab; 69% had re-
active qualitative NAT (Table 2). FP donors predominantly had
isolated reactive anti-HIV Ab (79%), and 15% had isolated re-
active multiplex NAT. One FP donor had an FP Ab/Ag test. The
FP donor identified by erroneous medical history had negative
HIV Ab and NAT results. All FP donors, by definition, had neg-
ative confirmatory testing (Supplementary Table 1).

Donor HIV History, Risk Factors, and ART experience

Of HIV-positive donors, 71% had prior known HIV infection,
and 24% had HIV discovered at admission (Table 2). HIV ac-
quisition risk factors included MSM status (43%), injection
drug use (22%), and heterosexual sex (28%). OI history was
unknown in 67%. Three donors had prior OIs: herpes simplex
virus infection (acyclovir-resistant genital ulcers) and crypto-
coccosis; pneumocystosis; and CMV disease and herpes sim-
plex virus esophagitis.

Most HIV-positive donors (64%) were prescribed ART
(Table 3), including 90% of those with known HIV diagnosis.
ART history was unavailable for 6 donors (10%), 2 of whom
had undetectable VLs. The most common regimens included
2 nucleoside reverse-transcriptase inhibitors (NRTIs) plus an
integrase strand transfer inhibitor (INSTI) (65%). Overall,
28 (77%) of donor regimens included INSTIs, whereas 8
(22%) included protease inhibitors (PIs), and 3 (8%) included
nonnucleoside reverse-transcriptase inhibitors (NNRTTIs).

HIV Viral Control

Quantitative HIV VL was performed on all 58 HIV-positive
donor samples (Table 2). The median VL (IQR) was 882 (<40 to
20 417) copies/mL, and 47% of donors had a VL <400 copies/
mL. Stratifying by ART treatment, the median VL was <40
copies/mL for those taking ART versus 20 417 copies/mL for
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Figure 1. A, Number of HOPE organ donors (both human immunodeficiency virus positive [HIV+] and false-positive [FP]) who donated kidneys and/or livers during the study
period, by calendar year. Donations increased significantly in 2018 and continued to increase through March 2020. B, National distribution of HOPE donors during the study
period. At least 1 HOPE donation occurred in each of the 11 United Network for Organ Sharing (UNOS) regions. Abbreviation: HOPE, HIV Organ Policy Equity.

those who were not. Among those taking ART, 27% had a VL [P =.38]; male sex. 83% vs 72% [P = .45]; and black race, 42%
>1000 copies/mL; compared with those with suppressed VL,  vs48% [P = .6]), apart from a trend toward more MSM (67% vs
clinical characteristics were similar (median age, 36 vs 43 years 36%; P = .08).
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Table 1. HOPE Donor Characteristics in Human Immunodeficiency Virus—Positive and False-Positive Donors

Donors, No. (%) PValue®
Total HIV Positive HIV FP
Donor Characteristic (n=92) (n =58) (n=34)
Age, median (IQR), y 33.0 (28.0-44.0) 36.0 (29.0-46.0) 31.0 (23.0-41.0) .01
Male sex 67 (72) 44 (76) 22 (65) .25
Race
White 37 (41) 22 (38) 15 (44) 21
Black 37 (40) 27 (47) 10 (29)
Other 18 (19) 9 (16) 9 (26)
BMI, median (IQR)° kg/m? 26.1 (22.7-30.5) 25.2 (22.7-29.0) 28.4 (22.1-34.8) N
Diabetes 9 (10) 5(9) 4(12) .64
Hypertension 25 (27) 16 (28) 9 (26) .87
CAD 3(3) 1(2) 2 (6) .29
Cause of death
Anoxia 38 (41) 27 (47) 11 (32) .53
Cerebrovascular 24 (26) 14 (24) 9 (26)
Head trauma 28 (30) 15 (26) 13 (38)
Other 3(3) 2 (3) 1)
Mechanism of death
Drug intoxication 19 (21) 15 (26) 4 (12) M
Cardiovascular 12 (13) 9 (16) 3(9) .36
Suicide 9 (10) 7 (12) 2 (6) §e8
Results of serologic screening
HCV Ab+ 4(4) 1(2) 3(9) N
HCV NAT+9 3(3) 1(2) 2 (6) .56
HBV Ab+ 9 (10) 9 (16) 0 (0) .02
CMV IgG+ 72 (79) 53 (91) 19 (68) <.001
Toxoplasma IgG+ 5 (6) 3 (6) 2(7) .84
Syphilis (RPR) 9 (10) 9 (16) 0(0) .02
Organ donated
Kidney (1) 77 (84) 46 (79) 31(91) 14
Liver 46 (52) 34 (59) 12 (35) .03
Kidney and liver 31 (34) 22 (38) 9 (26) 7
KDPI, median (IQR) % 40 (28-62) 41 (30-63) 36 (21-60) .20
DCD 11 (12) 4(7) 7(21) .05
Steroid given 60 (66) 42 (72) 18 (65) .08
PHS increased risk 62 (67) 47 (81) 15 (44) <.001

Abbreviations: Ab, antibody; BMI, body mass index; CAD, coronary artery disease; CMV, cytomegalovirus; DCD, donation after circulatory death; FR. false-positive; HBV, hepatitis B virus
(hepatitis B core Ab); HCV, hepatitis C virus; HIV, human immunodeficiency virus; HOPE, HIV Organ Policy Equity; IgG, immunoglobulin G; IQR, interquartile range; KDPI, kidney donor profile

index; NAT, nucleic acid testing; PHS, Public Health Service; RPR, rapid plasma reagin.
“Data represent no. (%) of donors unless otherwise specified.
®Comparisons are unadjusted.

°BMI calculated as weight in kilograms divided by height in meters squared.

9Two other FP donors had FP results of HCV screens with multiplex HIV/HCV/HBV NAT, with negative confirmatory quantitative polymerase chain reaction results (omitted from table).

CD4 T-Cell Counts and Percentages

CD4 T-cell counts and percentages were measured in 53 HIV-
positive donor samples. Overall, the median CD4 T-cell count
(IQR) was 194/uL (77-331/uL); 51% of donors had an absolute
CD4 T-cell count <200/uL (Table 2). The median CD4 T-cell
percentage (IQR) was 27.0% (16.8%-35.4%), and 22% of donors
had a CD4 T-cell percentage <14%. Historical CD4 T-cell per-
centage was strongly correlated with donation CD4 T-cell per-
centage (r=0.72) (Supplementary Figure 1A), and historical
absolute CD4 T-cell count was moderately correlated with do-
nation count (r = 0.43) (Supplementary Figure 1B). Stratifying

by treatment status, the median CD4 T-cell count was 262/uL for
those taking ART and 118/uL for those who were not (P < .01);
the median CD4 T-cell percentage was 29.9% for those taking
ART and 17.2% (P = .02) for those not taking ART (P = .02).
There were 11 donors with a CD4 T-cell percentage <14%, all
of whom were viremic with a median VL (IQR) of 83 770 (2238-
380 736) copies/mL. This included 5 donors with newly diag-
nosed HIV infection and 3 donors prescribed ART (with VLs of
1905, 2111, and 51 827 copies/mL). Geography, demographics,
and acquisition risks were indistinguishable between donors with
low CD4 T-cell percentages and other donors (data not shown).
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Table 2. Donor Human Immunodeficiency Virus History, Screening, and
Biology

Donors, No. (%)?

HIV Positive HIV FP

HIV Factor (n=58) (n=234)
Reactive HIV screening assay®

Anti-HIV I/l Ab 58 (100) 27 (79)

HIV qualitative NAT 40 (69) 5 (15)

Ab/Ag+ 1(3)
Confirmatory rule-out assay®

Western blot 25 (74)

Ag/Ab (4th generation) 7 (21)

Quantitative PCR 4(12)
Time of HIV diagnosis

Prior knowledge 41 (71)

At admission 14 (24)

Unknown 3(5)
HIV risk category®

MSM 25 (43)

DU 13 (22)

Heterosexual sex 16 (28)

Perinatal 1(2)

Other or unknown 16 (28)
Reported ART use

Yes 37 (64)

No 15 (26)

Unknown 6 (10)
CD4 T-cell findings at donation®

Count, median (IQR), cells/uL 194 (77-331)

Proportion, median (IQR), % 27.0 (16.8-36.1)

Count <200/uL 27 (51)

Proportion <14 % 11 (22)

HIV VL at donation’

Median (IQR), copies/mL 882 (<40 to 20 417)

Log VL, median (IQR) 2.9 (1.0-4.3)
VL <400 copies/mL 27 (47)

CC tropism?
R5 19 (68)
Dual R5-X4 9(32)
X4 0(0)

Abbreviations: Ab, antibody; Ag, antigen; ART, antiretroviral therapy; CC, chemokine
coreceptor; FR, false-positive; HIV, human immunodeficiency virus; HOPE, HIV Organ Policy
Equity; IQR, interquartile range; IDU, injection drug use; MSM, men who have sex with
men; NAT, nucleic acid testing; PCR, polymerase chain reaction; VL, viral load.

“Data represent no. (%) of donors unless otherwise specified.

®No FP donor had >1 positive screening assay result, and 1 screened positive by medical
history only. All NAT-positive FP donors were tested with a multiplex qualitative assay (HIV/
hepatitis B virus/hepatitis C virus). One FP donor had reactive HIV Ag (Ab negative).

°See Supplementary Table 1 for additional information; multiple rule-out assays were used
for individual donors.

9Risk categories are not mutually exclusive. “Heterosexual sex” includes sex work and
intercourse with sex workers.

°Donation CD4 T-cell counts were available for 53 donors, and CD4 T-cell percentages for 51.

VL <40 copies/mL was set at 10 copies/mL (1 log) for analysis.
9HIV tropism results in 38 donors with successful assays.

Corticosteroid Administration and Discordance Between Absolute CD4
T-Cell Count Percentage

Notably, 59% of donors with CD4 T-cell count <200/uL had
discordant CD4 T-cell percentage >14% (Figure 2, upper left
quadrant); no donor with a CD4 T-cell percentage <14% had

a CD4 T-cell count >200/pL (Figure 2, lower right quadrant).
In-hospital corticosteroid administration was higher in donors
with a CD4 T-cell count <200/puL versus >200/uL (81% vs 62%;
P=.11).

ART Detection by Mass Spectrometry

Mass spectrometry was performed on 54 of 58 HIV-positive
donor samples (93%), with detection of >1 ART drug in 25
samples (46%) (Table 4). All samples with detectable ART were
from donors documented as having ART prescribed (25 of
34 [74%]). Of the 9 donors prescribed ART in whom no ART
was detected, 4 had HIV VLs >10 000 copies/mL, and the re-
mainder had a median length of stay of 10 days before dona-
tion (IQR, 6-11 days). ART was not detected in any of the 7
donors reported as either not prescribed ART or with unknown
ART history. The percentage agreement between historical and
laboratory ART detection was 83% (95% confidence interval,
49%-86%; k = 0.67).

HIV DRMs

HIV genotyping was successfully performed in 47 donation
samples (81%); 11 assays (19%) failed, 9 among donors with
HIV VLs <40 copies/mL. In addition to genotyping of blood
at organ donation (“laboratory genotypes”), we collected
prior genotype reports from the medical record, available
for 14 donors (24%), including 1 for whom the laboratory
genotyping failed.

Of donors with any genotype data, 20 of 48 (42%) had >1
major DRM (Table 5); 8 had >1 historical DRM and 15 had
>1 laboratory DRM detected. There were no significant dif-
ferences between donors with and those without DRMs in
demographics, HIV acquisition risk factors, HIV VL, CD4
T-cell count or percentage, or ART exposure (data not shown).
NNRTT resistance was common (33%), most frequently substi-
tutions at the K103 position of the reverse-transcriptase gene.
Three donors had historical NNRTT DRMs, identical to those
detected with laboratory genotyping.

NRTI mutations were detected in 19%, particularly M184V/I
(10%). One donor had historical NRTI DRMs, confirmed with
laboratory genotyping. Thymidine analogue mutations were de-
tected in 3 donors (6%). One donor had multi-NRTT resistance
(A62V + K65N).

INSTI mutations were seen in 2 donors (4%) on histor-
ical genotypes only (T66I + E92Q; Y143C). Multiclass DRMs
were detected in 6 donors (13%), all with NRTT resistance plus
a second class, commonly NNRTIs. These donors were all re-
ported to have ART prescribed, typically with an NRTT + INSTI
or NRTT + PI backbone, and 4 (66%) were virologically sup-
pressed. One donor with perinatal HIV acquisition demon-
strated DRMs versus 3 drug classes (including INSTIs), with an
HIV VL <40 copies/mL at donation, on an NRTT + INSTI + PI
regimen.
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Table 3. Reported Antiretroviral Therapy Regimens of HOPE Donors at

Table 4. Antiretroviral Therapy Drugs Detected in Serum of HOPE Donors

d4t + TAF/FTC + DTG + DRV/c

Donation by Mass Spectrometry
ART Regimen Donors, No. (n =37) No. With Drug Detected in Serum/Total No.
2 NRTIs + INSTI 24 (65%) All Donors With HIV VL
TAF/FTC/EVG/c 9 Individual ART Drug Donors? <400 Copies/mL® (n = 23)
ABC/3TC/DTG 7 NRTIs
TAF/FTC/BIC 5 3TC 778 6/6
TAF/FTC + DTG 2 ABC 26 15
TDF/FTC/EVG/c 1 94T o on
2 NRTIs + NNRTI 4 (11%) FTC 15/26 117
TAF/FTC/RPV 3 TAF 1/20 114
TDF/FTC + ETR 1 TDF 3/6 2/3
2 NRTIs + PI 3 (8%) NNRTIs®
TAF/FTC + ATV/c 1 RPV 02 02
TDF/FTC + ATV/c 1 Pls®
TDF/FTC + DRV/c 1 ATV 33 202
Other 6 (16%) DRV 5/5 4/4
A BTG ! RTV 3/a 212
3TC + DTG + DRV/r 1 INSTIs®
TDF/FTC + DTG + ATV/r 1 EVG 6/10 45
ABC/3TC +TDF + DRV/c 1 DTG 911 8/9
1
1

TDF/FTC/EFV + DRV/r

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV, atazanavir;
BIC, bictegravir; ¢, cobicistat; d4t, stavudine; DRV, darunavir, DTG, dolutegravir; EFV,
efavirenz; ETR, etravirine; EVG, elvitegravir; FTC, emtricitabine; HOPE, HIV Organ
Policy Equity; INSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse-
transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; Pl, protease inhib-
itor; r, ritonavir; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

Viral Coreceptor Tropism

CC tropism testing was performed in 50 donors; the assay failed
in 22, including 16 donors with VLs <40 copies/mL. Of 28 with
reportable results, 19 (68%) showed R5 and 9 (32%) mixed

CDA4% versus Absolute CD4 Count, by Donor
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Figure 2. Donor CD4 T-cell percentage versus absolute CD4 T-cell count at do-
nation for 51 human immunodeficiency virus—positive donors with both values
available. Solid vertical line corresponds to a CD4 T-cell count of 200/uL; dashed
horizontal line, to CD4 T-cell percentage of 14% (ie, AIDS-defining thresholds). Of
these 51 donors, 27 (53%) had a donation CD4 T-cell count <200/yL, yet 16 (59%) of
these 27 had a preserved CD4 T-cell percentage >14% (upper left quadrant). In con-
trast, no donors with a CD4 T-cell proportion <14% had a CD4 T-cell count >200/pL
(bottom right quadrant).

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV, atazanavir;
d4t, stavudine; DRV, darunavir; DTG, dolutegravir; EVG, elvitegravir; FTC, emtricitabine;
HIV, human immunodeficiency virus; HOPE, HIV Organ Policy Equity; INSTIs, integrase
strand transfer inhibitors; NNRTIs, nonnucleoside reverse-transcriptase inhibitors; NRTIs,
nucleoside reverse-transcriptase inhibitors; Pls, protease inhibitors; RPV, rilpivirine; RTV,
ritonavir; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate; VL, viral load.
*Mass spectrometric data were unavailable for 3 of 37 donors with reported ART use,
whose drug regimens are excluded from this table: ABC/3TC/DTG, TAF/FTC/RPV, and TAF/
FTC/bictegravir (1 donor each)

PHIV VLs were available for 33 of 34 donors with mass spectrometric data and known ART
regimens, including 23 with VLs <400 copies/mL.

“Bictegravir, etravirine, and cobicistat were not assayed by mass spectrometry.

R5-X4 tropism. Among those with mixed tropism, the median
VL (IQR) was 83 770 (15 488-410 407) copies/mL; the median
CD4 T-cell count, 80/pL (42-176/pL), and the median CD4
T-cell percentage, 12.9% (4.6%-20.9%). No donor was reported
to be taking maraviroc.

DISCUSSION

In 4 years of the HOPE in Action studies, there were 92 deceased
donors with reactive HIV screens who donated 177 organs to
recipients with HIV. Among donors, 37% had FP results, and
24% had new HIV diagnoses. Of those with known HIV infec-
tion, most (90%) were prescribed ART. Major HIV DRMs were
frequent, yet INSTT and multiclass DRMs were rare. Overall,
this should reassure providers who aim to minimize the risk of
HIV breakthrough in potential recipients due to donor-derived
INSTI or multiclass DRMs.

In contrast to SA HIV D/R" data—where 8% donors were
ART experienced and <10% had circulating DRMs [6, 11]—most
(64%) US donors were ART experienced, and 42% had >1 DRM.
NNRTI DRMs were common (33%), including mutations af-
fecting second-generation drugs, such as rilpivirine. This concords
with transmitted NNRTI drug resistance patterns in the United
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Table 5. Major Drug Resistance Mutations and Multiclass Resistance Profiles in Human Inmunodeficiency Virus—Positive HOPE Donors

Donors Major DRMs
NRTIs NNRTIs Pls INSTIs
All detected DRMs (n = 20 [42%])° (n=9019%]) (n'=16[33%]) (n=11[2%] (n =2 [4%))
M184V/l (n = 5), K103N/S/H/T/R/Q/E (n=8),  L9OM TE6A/I/K,
D67N/G/E/H/S/T (n =2),  V179D/E/F/I/L/T (n = 6), E92Q/G/V,
M41L, V108! (n = 2), Y143Y/C
AB2V, L1001V,
K65R/N/E, K101E/H/P/Q/R/N,
L74V/1, V106A/M/I,
T215Y/F/C/D Y181C/IN/S/IG
Donors with multiclass DRMs (n = 6 [13%])
Donor 1 (ART: ABC/3TC/DTG; VL: <40 copies/mL) AB2V, L100l,
K65N V108I,
V1791
Donor 2 (ART: TAF/FTC/EVG/c; VL: 51 827 copies/mL) M184l K103N
Donor 3 (ART. TAF/FTC + DRV/c; VL: <40 copies/mL) M184V V1791 L90M
Donor 4 (ART: TDF/FTC + DTG + ATV/r; VL: <40 copies/mL) M41L, K103N Y143C
M184V,
T215C/Y
Donor 5 (ART: TDF/FTC/EFV + DRV/r; VL: 1905 copies/mL) M184V/I T66l,
E92Q
Donor 6 (ART. TAF/FTC/BIC; VL: <40 copies/mL) D67N K103N

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV, atazanavir; BIC, bictegravir; c, cobicistat; DRMs, drug resistance mutations; DRV, darunavir; DTG, dolutegravir; EFV,
efavirenz; EVG, elvitegravir; FTC, emtricitabine; HOPE, HIV Organ Policy Equity; INSTIs, integrase strand transfer inhibitors; NNRTIs, nonnucleoside reverse-transcriptase inhibitors; NRTIs, nucleo-
side reverse-transcriptase inhibitors; Pls, protease inhibitors; r, ritonavir; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate; VL, viral load (for human immunodeficiency virus).

°A total of 48 human immunodeficiency virus—positive donors had available genotype data, with 47 interpretable laboratory genotypes and 14 historical genotypes, which were combined.

Mutations were reported on only 1 donor genotype unless otherwise specified in parentheses.

States, >10% in some populations [16], as well as rising commu-
nity prevalence of DRMs against this class (eg, 23% in black MSM)
[12, 13, 27]. Thus, relying on NNRTTs as the empirical primary
backbone in US HIV D*/R" transplantation appears to be unfavor-
able. Doravirine, however, may maintain activity against most de-
tected NNRTI DRMs. Otherwise, multi-NRTI DRMs and TAMs
were seen in only 8%, largely maintaining this class.

As in the greater US HIV population [28, 29], INSTT DRMs
were uncommon in HOPE donors. Moreover, none were pre-
dicted to affect later-generation INSTIs, such as dolutegravir
or bictegravir. Multiclass DRMs were detected in only 6
donors (13%), 2 of whom were virologically suppressed on
NRTI + INSTI regimens, and all of whom, based on available
genotypes, would likely have achieved viral suppression with
such regimens. One donor with perinatal HIV acquisition
and extensive ART exposure demonstrated DRMs against 3
drug classes (including INSTIs) and had viral suppression on
an NRTT + INSTI + PI regimen. This rare case highlights the
need for thorough HIV history ascertainment and indicates
that broadly active ART (eg, INSTT + PI) may be required in se-
lect circumstances. Finally, the frequency of R5-X4 tropic virus
(32%) among HIV-positive donors may limit CCR5 inhibitors
as posttransplantation ART in HIV D*/R" transplantation.

Other HIV-positive donor features included frequent HBV,
CMYV, and syphilis seropositivity, approaching rates seen in
North American people living with HIV [30, 31], and higher
than in FP donors or the general donor population [19, 23].

In addition, discordance in CD4 T-cell count or percentage
was observed in 31% of donors, potentially related to cortico-
steroid administration (73%), previously associated with CD4
lymphopenia in HIV-uninfected donors without affecting the
CD4 T-cell percentage [32].

Detailed HIV history was an important adjunct to OPTN
questionnaires and serologic findings. A considerable propor-
tion of donors had historical ART (64%) and genotype (24%)
data, key to informing posttransplantation ART selection.
Results of mass spectrometry for ART exposure were largely
concordant with medical records, showing 83% agreement,
particularly in the setting of VL suppression. Of the 9 donors
prescribed ART who had no ART detected in serum, 4 had
VLs >10 000 copies/mL, consistent with nonadherence. The re-
mainder had a prolonged length of stay, which, if withholding
enteral ART during critical illness, may have led to washout
of drugs with short elimination half-lives, such as tenofovir
alafenamide [33] (rarely detected, even in donors with VL sup-
pression). Overall, medication ascertainment by OPO staff and
transplant providers was a very good point-of-care metric to
determine ART exposure and emphasizes the critical role of in-
fectious diseases providers in risk stratifying donors in HIV D"/
R" transplantation [34].

The current study had several limitations. Donors were care-
fully selected, given the novelty of HIV D/R" transplantation,
and may not reflect the greater potential HIV-positive US donor
population. There were only 92 donors over 4 years, far lower
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than projections (350-600 yearly) [35, 36], possibly reflecting
measured adoption of a new practice by OPOs and transplant
centers, as well as stigma surrounding donor HIV disclosure
and lagging registration for organ donation, despite high will-
ingness [37]. Regardless, annual donations quadrupled over
time and occurred across all United Network for Organ Sharing
regions, with concentration in the southern United States,
overlapping the current HIV epicenter [38] and consistent with
estimated HIV-positive deceased donor distribution [39].

Owing to missing historical genotype information, technical
assay failure, and imperfect sensitivity of laboratory genotypes,
we may have underestimated DRM prevalence in HIV-positive
donors. In addition, we were unable to correlate donor DRMs
with HIV breakthrough in HOPE recipients as the blinded
studies are ongoing. Reassuringly, early studies of the SA [7] and
US HIV D*/R" cohorts [40] have not revealed conclusive donor
HIV superinfection, and the HIV D'/R" pilot study noted only
1 case of HIV viremia, attributed to ART interruption rather
than resistant donor virus.

This report highlights the promise of organ donation from
deceased donors with HIV. As HIV D'/R" transplantation ex-
pands, further characterization of HIV donors will focus on risk
stratification to identify donors with problematic drug resist-
ance (INSTI, multiclass DRMs) and permit posttransplantation
ART optimization for recipients.
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Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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