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ABSTRACT

BACKGROUND
Kidney transplantation from donors with human immunodeficiency virus (HIV)
to recipients with HIV is an emerging practice. It has been performed since 2016
under the U.S. congressional HIV Organ Policy Equity Act and is currently ap-
proved for research only. The Department of Health and Human Services is con-
sidering expanding the procedure to clinical practice, but data are limited to small
case series that did not include donors without HIV as controls.

METHODS

In an observational study conducted at 26 U.S. centers, we compared transplantation
of kidneys from deceased donors with HIV and donors without HIV to recipients
with HIV. The primary outcome was a safety event (a composite of death from any
cause, graft loss, serious adverse event, HIV breakthrough infection, persistent fail-
ure of HIV treatment, or opportunistic infection), assessed for noninferiority (mar-
gin for the upper bound of the 95% confidence interval, 3.00). Secondary outcomes
included overall survival, survival without graft loss, rejection, infection, cancer, and
HIV superinfection.

RESULTS

We enrolled 408 transplantation candidates, of whom 198 received a kidney from a
deceased donor; 99 received a kidney from a donor with HIV and 99 from a donor
without HIV. The adjusted hazard ratio for the composite primary outcome was 1.00
(95% confidence interval [CI], 0.73 to 1.38), which showed noninferiority. The follow-
ing secondary outcomes were similar whether the donor had HIV or not: overall
survival at 1 year (94% vs. 95%) and 3 years (85% vs. 87%), survival without graft loss
at 1 year (93% vs. 90%) and 3 years (84% vs. 81%), and rejection at 1 year (13% vs.
21%) and 3 years (21% vs. 24%). The incidence of serious adverse events, infections,
surgical or vascular complications, and cancer was similar in the groups. The inci-
dence of HIV breakthrough infection was higher among recipients of kidneys from
donors with HIV (incidence rate ratio, 3.14; 95%, CI, 1.02 to 9.63), with one potential
HIV superinfection among the 58 recipients in this group with sequence data and no
persistent failures of HIV treatment.

CONCLUSIONS
In this observational study of kidney transplantation in persons with HIV, trans-
plantation from donors with HIV appeared to be noninferior to that from donors
without HIV. (Funded by the National Institute of Allergy and Infectious Diseases;
ClinicalTrials.gov number, NCT03500315.)
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KIDNEY TRANSPLANTATION FROM DONORS WITH HIV

IDNEY TRANSPLANTATION PROVIDES A

survival benefit for persons with human

immunodeficiency virus (HIV) and end-
stage renal disease,! but access is limited by a
shortage of available organs. In particular, per-
sons with HIV who are receiving dialysis have a
higher risk of death?? and less access to kidney
transplantation*® than persons without HIV.

Kidney transplantation from donors with HIV
to recipients with HIV is a strategy that ad-
dresses the organ shortage and mitigates dis-
parities in mortality among candidates on the
waiting list and in transplantation access. Good
outcomes from a series in South Africa involving
transplantation from donors with HIV to recipi-
ents with HIV provided preliminary evidence to
support this practice.>” In the United States, trans-
plantation from donors with HIV to recipients
with HIV was historically banned; however, after
the passage of the HIV Organ Policy Equity (HOPE)
Act in 2013%1° and the publication of research
guidance from the Department of Health and
Human Services (HHS) in 2015, the procedure
became legal as research only, and implementa-
tion of kidney transplantation from donors with
HIV to recipients with HIV for research purposes
began in 2016."

A HOPE pilot study in the United States that
included 25 persons with HIV who received kid-
ney transplants from donors with HIV showed
the feasibility of the procedure with encouraging
short-term results.”®> However, that study was not
designed or powered to determine whether kid-
ney transplantation from donors with HIV to
recipients with HIV would be noninferior to
kidney transplantation from donors without HIV
to recipients with HIV, given the potential risks
of donor-derived HIV superinfection, opportu-
nistic infections, and the increased incidence of
allograft rejection or dysfunction. Such deter-
mination is critical because the HHS secretary is
tasked by the HOPE Act with deciding whether
kidney transplantation from donors with HIV to
recipients with HIV should move from research
to clinical practice.’®

We conducted a multicenter, observational
study that was larger than the HOPE pilot study
and that was designed to assess whether kidney
transplantation from donors with HIV to recipi-
ents with HIV would be safe and would be non-
inferior to transplantation from donors without
HIV. In addition, we assessed the risks of HIV

breakthrough infection, HIV superinfection, and
post-transplantation complications.

METHODS

STUDY DESIGN AND OVERSIGHT

Our observational, noninferiority study com-
pared kidney transplantation from deceased do-
nors with HIV to recipients with HIV with that
from deceased donors without HIV to recipients
with HIV at 26 transplantation centers in the
United States (Table S1 in the Supplementary
Appendix, available with the full text of this ar-
ticle at NEJM.org). The study was designed by the
principal investigators and by the project team at
the National Institute of Allergy and Infectious
Diseases (NIAID), Division of Allergy, Immunol-
ogy, and Transplantation (DAIT). HHS HOPE Act
research criteria were followed." The institutional
review board at each center approved the study.
All the participants provided written informed
consent. The NIAID-DAIT data and safety mon-
itoring board reviewed annually. The protocol
(available at NEJM.org) included pausing rules if
the incidence of allograft rejection, graft loss,
biopsy complications, or HIV breakthrough infec-
tion exceeded prespecified thresholds.

Data were managed by the Johns Hopkins
Transplant and Oncology Infectious Diseases Clin-
ical Research Center and were analyzed by the
investigators and the NIAID-DAIT team. The first
author wrote the first draft of the manuscript;
all the authors revised the manuscript and ap-
proved the final version for submission. The first
two authors vouch for the accuracy and complete-
ness of the data and for the fidelity of the study
to the protocol.

This study used data from the Scientific Reg-
istry of Transplant Recipients (SRTR), which in-
cludes data on all donors, candidates on the wait-
ing list, and transplant recipients in the United
States, submitted by the members of the Organ
Procurement and Transplantation Network (OPTN).
The Health Resources and Services Administra-
tion, Department of Health and Human Services,
oversees the activities of the OPTN and SRTR
contractors.

STUDY PARTICIPANTS

Persons with HIV and end-stage renal disease
were eligible if they were 18 years of age or
older, met local criteria for kidney transplantation,
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and consented to consider receiving a kidney from
a deceased donor with HIV. Additional criteria
included a CD4+ cell count of at least 200 cells
per microliter, active antiretroviral therapy, and
an HIV RNA level of less than 50 copies per mil-
liliter. Exclusion criteria were an active opportu-
nistic infection, previous progressive multifocal
leukoencephalopathy, and central nervous system
lymphoma.

INTERVENTION
All the participants provided consent and were
eligible to receive a kidney from a donor with or
without HIV, whichever was available first. Allo-
cation could not be randomized because of con-
straints of the national OPTN (e.g., blood type,
HLA matching, and geographic location). To ac-
count for the potential overenrollment of partici-
pants into the group receiving a kidney from a
donor without HIV, some participants in this
group were randomly assigned to a limited obser-
vational group with the use of a balancing rule.
Investigators were unaware of the outcomes ac-
cording to group until study completion.
According to HOPE research criteria, donors
with HIV could not have an active opportunistic
infection or cancer. There were no criteria for
donors with respect to the HIV RNA level or
CD4+ cell count; however, investigators had to
anticipate and prescribe effective antiretroviral
therapy that recipients would receive after trans-
plantation.” Donors without HIV were evaluated
according to local criteria. As previously described,
some donors had false positive tests for HIV.1®
According to OPTN, all donors in the United
States are screened for HIV with the use of anti-
body and nucleic acid testing. Donors without
known HIV who had a single positive test for HIV
were suspected to have a false positive test but
were treated as having HIV during allocation. Sub-
sequently, confirmatory testing was performed by
OPTN or the HOPE in Action laboratory, with
results available within 7 days or less. All the
donors with a suspected false positive test un-
derwent a subsequent negative confirmatory test;
accordingly, recipients of kidneys from these
donors were assigned to the group whose do-
nors did not have HIV.

MEASUREMENTS AND OUTCOME DEFINITIONS
Participant visits occurred before transplantation;
at transplantation; at weeks 1, 2, 3, 4, 13, and 26

after transplantation; and then every 6 months
for a minimum of 1 year and for up to 4 years.
Data on medications, hospitalizations, infections,
and laboratory values were collected at each visit.
An allograft biopsy was performed at transplanta-
tion, at weeks 26 and 52 after transplantation,
and when clinically indicated. Testing for donor-
specific antibodies was performed before trans-
plantation, at week 52 after transplantation, and
when clinically indicated.

The primary outcome, assessed in a time-to-
event analysis, was a safety event, defined as a
composite of death from any cause, graft loss,
serious adverse event, HIV breakthrough infec-
tion, persistent failure of HIV treatment, or op-
portunistic infection, whichever occurred first.
Graft loss was defined as the use of renal-replace-
ment therapy for at least 90 days, graft nephrec-
tomy, or repeat transplantation. Serious adverse
events were defined according to the Division of
Acquired Immunodeficiency Syndrome Table for
Grading the Severity of Adult and Pediatric Ad-
verse Events.” HIV breakthrough infection was
defined as at least two consecutive measurements
of an HIV RNA level of more than 200 copies per
milliliter or as one measurement of more than
1000 copies per milliliter. Persistent failure of
HIV treatment was defined as an HIV RNA level
of more than 1000 copies per milliliter for more
than 90 days. Opportunistic infections included
acquired immunodeficiency syndrome (AIDS)—
defining conditions as defined by the Centers for
Disease Control and Prevention (CDC).1®

Secondary outcomes included overall surviv-
al, survival without graft loss, serious adverse
events, allograft rejection, graft function, HIV
breakthrough infection, persistent failure of HIV
treatment, CD4+ cell count, infection, surgical
or vascular complications, cancer, and new do-
nor-specific antibodies at week 52 after trans-
plantation. Rejection was categorized as clini-
cally suspected and treated or as biopsy-proven,
according to the Banff classification. Graft
function was defined as the estimated glomeru-
lar filtration rate (eGFR), as assessed by means
of the 2021 Chronic Kidney Disease Epidemiol-
ogy Collaboration equation, a tool that omits
race.” Infections were defined with the use of
CDC definitions for AIDS-defining conditions'
and Swiss Transplant Cohort Study definitions for
other infections.”? Kaposi’s sarcoma—-associated
herpesvirus infection was considered to be both
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an opportunistic infection and cancer. Induction
therapy, maintenance immunosuppression, and
infection prophylaxis were administered accord-
ing to local practice (Table S2).

HIV SUPERINFECTION

HIV superinfection was defined as the acquisi-
tion of a new, genetically distinct strain of HIV
and was evaluated among recipients of kidneys
from donors with HIV as previously described.*?
Genomic DNA was extracted from recipient and
donor peripheral-blood mononuclear cells. Site-
directed next-generation sequencing for HIV re-
verse transcriptase (HIV pol) and glycoprotein 41
(gp41) was performed (MiSeq, Illumina). Phylo-
genetic analyses were conducted to identify ge-
netically distinct viral populations after trans-
plantation, which were considered to be potential
HIV superinfections or dual infections.

STATISTICAL ANALYSIS

The primary outcome was adjusted for factors
potentially associated with transplantation out-
comes, including recipient hepatitis C viremia,
treatment with antithymocyte globulin (ATG), and
participation in a trial of C-C motif chemokine
receptor 5 blockade (ClinicalTrials.gov number,
NCT02741323). The hazard ratio for the prima-
ry-outcome safety event was compared between
the groups with the use of Cox regression analy-
sis in a noninferiority framework; a margin of
3.00 for the upper bound of the 95% confidence
interval was selected to indicate noninferiority
with respect to a survival benefit of kidney trans-
plantation in persons with HIV.! Prespecified
sensitivity analyses included the primary out-
come with adjustment for age, sex, race, CD4+
cell count, and the duration of renal-replacement
therapy; individual components of the composite
primary outcome; and opportunistic infections.
On the basis of estimated event rates, we calcu-
lated that 100 participants per group would pro-
vide the study with 96% power to determine
noninferiority with respect to the primary out-
come, at a two-sided alpha of 0.05.

With respect to secondary outcomes, recurrent
events and the proportions of participants with
new donor-specific antibodies were quantified
with the use of Poisson regression. Multilevel
mixed-effects linear regression with a participant-
level random intercept was used to analyze the
eGFR. No correction was made to account for

multiple comparisons. Missing data on longitu-
dinal outcomes were assumed to be missing at
random; data for participants who died were
censored for longitudinal outcomes.

To ensure completeness, data were linked to
the SRTR.? All the analyses were two-tailed
(alpha, 0.05) and were performed with the use of
Stata/MP software, version 17.0 (StataCorp).

RESULTS

RECIPIENT AND DONOR CHARACTERISTICS

From April 2018 through September 2021, a to-
tal of 515 persons with HIV consented to par-
ticipate in the study; 408 participants were eli-
gible for transplantation and put on a waiting
list (Fig. S1). Of those participants, 58 were
withdrawn from the study and 209 received a
transplant, leaving 141 participants on the wait-
ing list; 2 of the 209 participants withdrew on
the day of transplantation, and 9 recipients of a
kidney from a donor without HIV were ran-
domly assigned to limited observation, which
left 198 participants who had received a kidney
transplant from a deceased donor (99 partici-
pants who had received a kidney from a donor
with HIV and 99 who had received a kidney from
a donor without HIV) in the analysis group. The
characteristics of the recipients and transplanta-
tions were similar in the two groups.

There were 146 donors: 64 donors with HIV
and 82 without HIV; a total of 27 donors without
HIV initially had a false positive test for HIV.
The characteristics of the donors were similar in
the two groups, except that the donors with HIV
were more often Black, had a lower median Kid-
ney Donor Profile Index score, and were more
often seropositive for hepatitis B and cytomega-
lovirus than the donors without HIV (Table 1).

PRIMARY OUTCOME

The median follow-up was 2.2 years (interquar-
tile range, 1.8 to 3.1) among recipients of kid-
neys from donors with HIV and 2.3 years (inter-
quartile range, 1.5 to 3.2) among recipients of
kidneys from donors without HIV. With regard
to the composite primary outcome (a composite
of death from any cause, graft loss, serious ad-
verse event, HIV breakthrough infection, persis-
tent failure of HIV treatment, or opportunistic
infection), the adjusted hazard ratio in the group
whose donors had HIV as compared with the
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Table 1. Characteristics of Kidney-Transplant Recipients with HIV and Donors, According to Donor HIV Status.*
Donors with Donors without Absolute
Characteristic HIV HIV SMD
Recipients
No. of recipients 99 99
Median age (IQR) — yr 53 (45-60) 57 (50-63) 0.264
Female sex — no. (%) 16 (16) 19 (19) 0.080
Race or ethnic group — no. (%)t 0.296
Black 72 (73) 69 (70)
White, non-Hispanic 10 (10) 13 (13)
Hispanic or Latino 10 (10) 15 (15)
Other 7(7) 2 (2)
Hepatitis C antibody—positive — no. (%) 9(9) 17 (17) 0.241
Positive hepatitis C nucleic acid test — no./total no. (%) 1/9 (11) 6/17 (35) 0.598
HIV RNA level <200 copies/ml at transplantation — no. (%) 98 (99) 98 (99) 0
Median CD4+ cell count (IQR) — cells/ul 511 (375-652) 492 (362-686) 0.021
Antiretroviral therapy — no. (%)
Containing a protease inhibitor or cobicistat 6 (6) 6 (6) 0
Containing integrase strand transfer inhibitor 98 (99) 95 (96) 0.194
Cause of kidney failure — no. (%)§ 0.092
HIV-associated nephropathy 34 (34) 36 (36)
Diabetes 23 (23) 25 (25)
Hypertension 20 (20) 17 (17)
Median duration of renal-replacement therapy (IQR) — yr 4.1 (2.6-6.1) 4.8 (2.6-7.6) 0.359
Induction immunosuppression — no. (%) 0.187
ATG or ATGAM 61 (62) 63 (64) 0.042
Basiliximab 34 (34) 33 (33) 0.021
ATG or ATGAM plus basiliximab 4 (4) 2(2) 0.118
Maintenance immunosuppression — no. (%)
Tacrolimus 96 (97) 98 (99) 0.144
Mycophenolate mofetil or mycophenolic acid 96 (97) 95 (96) 0.054
Glucocorticoids 77 (78) 82 (83) 0.127
Participation in CCRS trial — no. (%) 30 (30) 23 (23) 0.160
Donors
No. of donors 64 82
Median age (IQR) — yr 36 (28-45) 40 (30-49) 0.305
Female sex — no. (%) 18 (28) 26 (32) 0.078
Race or ethnic group — no. (%)9 0.480
Black 25 (39) 17 (21)
White, non-Hispanic 30 (47) 47 (57)
Hispanic or Latino 9 (14) 15 (18)
Other 0 3(4)
Median Kidney Donor Profile Index score (IQR) | 38 (26-54) 53 (35-69) 0.407
Hepatitis C antibody virus—positive — no. (%) 3(5) 10 (12) 0.273
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Table 1. (Continued.)

Donors with Donors without Absolute
Characteristic HIV HIV SMD
Hepatitis C RNA detectable — no. (%) 2 (3) 8 (10) 0.273
False positive HIV test — no. (%) NA 27 (33) NA

* An unabridged version of this table is shown in Table S3. ATG indicates rabbit antithymocyte globulin, ATGAM equine
antithymocyte globulin, CCR5 C-C motif chemokine receptor 5, HIV human immunodeficiency virus, IQR interquartile
range, NA not applicable, and SMD standardized mean difference.

1 Race and ethnic group of the recipients were determined by the investigator.

I One recipient of a kidney from a donor with HIV had an HIV RNA level of 423 copies per milliliter at transplantation,
which decreased to less than 20 copies per milliliter 9 days after transplantation. One recipient of a kidney from a donor with-
out HIV had an HIV RNA level of 38,679 copies per milliliter at transplantation, which decreased to less than 40 copies

per milliliter 30 days after transplantation.

§ Other causes of kidney failure are listed in Table S3 in the Supplementary Appendix.
9 Race and ethnic group of the donors were recorded from medical records.
| Scores range from 0 to 100, with higher values indicating a greater risk of graft loss.

group whose donors did not have HIV was 1.00
(95% confidence interval [CI], 0.73 to 1.38), which
showed noninferiority (Fig. 1A). Results of pre-
specified sensitivity analyses are shown in
Figure 1B.

SECONDARY OUTCOMES
The adjusted incidence rate ratio of opportunis-
tic infections in the group whose donors had
HIV as compared with the group whose donors
did not have HIV was 1.28 (95% CI, 0.51 to 3.18)
(Fig. 1B). Overall survival was 94% among re-
cipients of kidneys from donors with HIV and
95% among recipients of kidneys from donors
without HIV at 1 year and was 85% and 87%,
respectively, at 3 years (Fig. 2A and Table S4).
Survival without graft loss in the two groups was
93% and 90%, respectively, at 1 year and was
84% and 81% at 3 years (Fig. 2B and Table S5).
The incidence of rejection was 13% among
recipients of kidneys from donors with HIV and
21% among recipients of kidneys from donors
without HIV at 1 year, and was 21% and 24%,
respectively, at 3 years (Fig. 2C and Table S6).
Data on overall survival, survival without graft
loss, and rejection in the observational group
whose donors did not have HIV are provided in
Table S7. The incidence rate ratio for rejection in
the group whose donors had HIV as compared
with the group whose donors did not have HIV
was 0.63 (95% CI, 0.37 to 1.10) (Table 2). The
median eGFR was 49 ml per minute per 1.73 m?
(interquartile range, 37 to 60) among recipients
of kidneys from donors with HIV and 48 ml per

minute per 1.73 m? (interquartile range, 36 to
60) among recipients of kidneys from donors
without HIV at 1 year and was 41 ml per minute
per 1.73 m? (interquartile range, 26 to 60) and
48 ml per minute per 1.73 m? (interquartile
range, 33 to 69), respectively, at 3 years (Figs. S3
and S4).

The incidence of serious adverse events, infec-
tions, infections leading to hospitalization, op-
portunistic infections, surgical or vascular com-
plications, or cancer did not differ between the
two study groups (Table 2 and Tables S8 and S9).
There were 19 opportunistic infection events: 11
in the group whose donors had HIV and 8 in the
group whose donors did not have HIV. The two
most common infections were cytomegalovirus
and esophageal candidiasis. A total of 17 HIV-
breakthrough infections occurred, with 13 in
the group whose donors had HIV and 4 in the
group whose donors did not have HIV (incidence
rate ratio, 3.14; 95% CI, 1.02 to 9.63) (Table 2
and Table S10). The most common reason for
breakthrough infection was nonadherence to anti-
retroviral therapy (11 of 17 breakthrough infec-
tions); in all cases, the HIV RNA level decreased
to less than 200 copies per milliliter at a median
of 26 days after the HIV-breakthrough infection
event.

HIV SUPERINFECTION

Among the 99 recipients of kidneys from donors
with HIV, 71 had sequence amplification of
HIV pol, gp41, or both before transplantation and
at one time point or more after transplantation.
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A Cumulative Incidence of Composite Primary-Outcome Event among Recipients with HIV
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Figure 1. Composite Primary Outcome and Sensitivity Analyses.

Panel A shows the cumulative incidence of a safety event (primary outcome), which was defined as a composite of
death from any cause, graft loss, serious adverse event, human immunodeficiency virus (HIV) breakthrough infec-
tion, persistent failure of HIV treatment, or opportunistic infection, among kidney-transplant recipients with HIV.
Of 99 recipients of a kidney from a donor with HIV, 79 had a primary-outcome event: 71 had a serious adverse
event, 6 had HIV breakthrough infection, 1 had an opportunistic infection, and 1 died. Of 99 recipients of a kidney
from a donor without HIV, 77 had a primary-outcome event: 70 had a serious adverse event, 3 had graft loss, 2 had
HIV breakthrough infection, and 2 had opportunistic infection. The median time without a primary-outcome event
was 0.36 years (interquartile range, 0.05 to 2.08) among recipients of kidneys from donors with HIV and 0.34 years
(interquartile range, 0.05 to 2.02) among recipients of kidneys from donors without HIV. Panel B shows the adjust-
ed relative risk (hazard ratio is shown for all outcomes except the secondary outcome of opportunistic infection, for
which incidence rate ratio is shown) for each outcome in the prespecified sensitivity analyses of the primary out-
come with adjustment for age, sex, race, CD4+ cell count, and the duration of renal-replacement therapy; individual
components of the composite primary outcome; and opportunistic infections. The shaded area indicates the pre-
specified noninferiority margin of 3.00. Kaplan—Meier estimates of prespecified components of the primary outcome
are shown in Figure S2.

Of these 71 participants, 58 had successful ampli- transplantation (Fig. S5). HIV sequence amplifica-
fication of the same region at both time points, tion from donor peripheral-blood mononuclear
which allowed for longitudinal phylogenetic cells was unsuccessful in this case; therefore,
analysis. In 1 of these 58 participants, a geneti- this participant was categorized as having a po-
cally distinct viral population was identified after tential HIV superinfection (Table S11).
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Figure 2. Overall Survival, Survival without Graft Loss,
and Survival without Rejection.

Shown are the Kaplan—Meier estimates of overall par-
ticipant survival (Panel A), survival without graft loss
(Panel B), and survival without rejection (Panel C).
Overall survival was 94% (95% Cl, 87 to 97) among
recipients of kidneys from donors with HIV and 95%
(95% Cl, 88 to 98) among recipients of kidneys from
donors without HIV at 1 year, and was 85% (95% Cl,
74 t0 92) and 87% (95% Cl, 77 to 93), respectively, at
3 years. Twelve deaths occurred in the group whose
donors had HIV and 11 deaths occurred in the group
whose donors did not have HIV. Survival without graft
loss was 93% (95% Cl, 86 to 97) in the group whose
donors had HIV and 90% (95% Cl, 82 to 94) in the
group whose donors did not have HIV at 1 year and
was 84% (95% Cl, 73 to 91) and 81% (95% Cl, 71 to
88), respectively, at 3 years. Rejection occurred in 13%
of the participants (95% Cl, 8 to 22) who received kid-
neys from donors with HIV and in 21% of those (95%
Cl, 14 to 31) who received kidneys from donors with-
out HIV at 1 year and in 21% (95% Cl, 13 to 31) and
24% (95% Cl, 16 to 34), respectively, at 3 years.

A Overall Survival among Recipients with HIV

g Donors with HIV

T ——
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Adjusted hazard ratio for death,
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DISCUSSION

In this multicenter, noninferiority, observational
study involving transplantation candidates with
HIV, we found that kidney transplantation from
donors with HIV was noninferior to kidney trans-
plantation from donors without HIV with re-
spect to the primary safety outcome (a composite
of death from any cause, graft loss, serious ad-
verse event, HIV breakthrough infection, persis-
tent failure of HIV treatment, or opportunistic
infection). No meaningful difference was ob-
served between the two groups in terms of overall
survival, survival without graft loss, or rejection.
Furthermore, the incidence of serious adverse
events, infections, surgical or vascular complica-
tions, and cancer was similar in the two groups.
The occurrence of HIV breakthrough infection
was approximately three times as high in the
group whose donors had HIV as in the group
whose donors did not have HIV, primarily be-
cause of nonadherence to antiretroviral therapy.
In all participants with HIV breakthrough infec-
tion, viral suppression was regained. A single
case of potential HIV superinfection or dual in-
fection occurred, without clinical consequences.
Taken together, these outcomes support the ex-
pansion of kidney transplantation involving do-
nors and recipients with HIV from research to
clinical care.
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B Survival without Graft Loss amo

ng Recipients with HIV
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0 T T T T T 1
0 6 12 18 24 30 36
Months since Transplantation
No. at Risk
Donors with HIV 99 96 92 87 58 39 28
Donors without HIV 99 90 88 66 49 40 27
C Survival without Rejection among Recipients with HIV
100,
L
90+ Donors with HIV
w 804
]
H 70 Donors without HIV
s
3 60
[
% 50+
&
s 404
<
g 301
v
8 20
Adjusted hazard ratio for rejection,
104 0.63 (95% Cl, 0.33-1.20)
0 T T T T T 1
0 6 12 18 24 30 36
Months since Transplantation
No. at Risk
Donors with HIV 99 90 82 76 46 27 17
Donors without HIV 99 81 71 51 39 31 18
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Table 2. Post-Transplantation Events According to Donor HIV Status.

Outcome

Serious adverse event — no. (%)

Allograft rejection — no. (%)

Allograft rejection at 1 yr — no. (%)

HIV breakthrough infection — no. (%)
Persistent failure of HIV treatment — no.
Any infection — no. (%)

Opportunistic infection — no. (%)

Any infection with hospitalization — no. (%)
Surgical or vascular complication — no. (%)
Cancer — no. (%)

New donor-specific antibodies at 1 yr — no./
total no. (%)*

Donors with HIV Donors without HIV Crude Incidence Rate
(N=99) (N=99) Ratio (95% Cl)
Participants Total No. Participants Total No.
with Event of Events with Event of Events
74 (75) 206 76 (77) 222 0.90 (0.74-1.08)
18 (18) 21 22 (22) 32 0.63 (0.37-1.10)
13 (13) 13 20 (20) 25 0.52 (0.26-1.01)
10 (10) 13 4 (4) 4 3.14 (1.02-9.63)
0 0 0 0 NA
81 (82) 273 71 (72) 229 1.15 (0.97-1.37)
3 (8) 11 7(7) 8 1.33 (0.53-3.30)
43 (43) 94 43 (43) 97 0.94 (0.70-1.24)
12 (12) 17 19 (19) 23 0.71 (0.38-1.34)
3 (8) 9 6 (6) 6 1.45 (0.52-4.07)
9/67 (13) 9 13/59 (22) 13 0.61 (0.28-1.33)

* A total of 32 recipients of kidneys from donors with HIV and 40 recipients of kidneys from donors without HIV had no donor-specific anti-

body data either at day O or at 1 year.

1398

More than 500 persons with HIV consented
to participate in this study, with the age, sex,
and race or ethnic group of these participants
being generally similar to what has been re-
ported among persons with HIV and end-stage
renal disease in the United States (Table §12).24?°
At the close of the study, 141 participants re-
mained on the kidney transplantation waiting
list; most of these participants subsequently en-
rolled in a follow-up study involving donors and
recipients with HIV, highlighting the need for
kidney transplantation in persons with HIV.*°
Although the annual number of donors with
HIV has not yet reached the projected potential
number,”?2® it has been increasing over time,”
and a substantial advantage with respect to wait
time exists for recipients who are willing to ac-
cept kidneys from donors with HIV.3

Overall survival among participants with HIV
who received a kidney transplant from a donor
with HIV was slightly lower in our study (94% at
1 year) than in the HOPE kidney transplantation
pilot study (100% at 1 year).?* This difference may
be due to the coronavirus disease 2019 (Covid-19)
pandemic, which occurred after the pilot study;
8 of 23 participants with Covid-19 died during
our study. Nonetheless, overall survival among
the 99 recipients of kidneys from donors with

N ENGL J MED 391,15

HIV in our study (94% at 1 year and 85% at 3
years) was similar to survival among the 51 re-
cipients with HIV in South Africa (87% at 1 year
and 87% at 3 years)’! and among the 150 re-
cipients with HIV in the National Institutes of
Health (NIH) Transplant Recipient cohort (95%
at 1 year and 88% at 3 years),*? all of whom re-
ceived kidneys from donors with HIV. Moreover,
survival without graft loss in our study (93% at
1 year and 84% at 3 years) was higher than that
observed in the South Africa cohort (75% at
1 year and 61% at 3 years)*! and in the NIH
Transplant Recipient cohort (90% at 1 year and
74% at 3 years).> These data may reflect im-
provements in post-transplantation treatment of
persons with HIV over time® or the effects of
curative treatment for hepatitis C virus (HCV), a
common coexisting disease among persons with
HIV that is associated with lower graft surviv-
al3>3* In our study, most recipients with HCV
were cured before transplantation, with only
seven recipients having HCV viremia at trans-
plantation.

In previous studies, rejection was recognized
as an increased risk among kidney-transplant
recipients with HIV.3>3> Multiple factors contrib-
uting to rejection in these recipients have been
proposed, including lower overall exposure to
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immunosuppressants owing to interactions with
antiretroviral therapy’»* or immune dysregula-
tion resulting from HIV. The observed incidence
of rejection varies according to type of immuno-
suppression, with a lower incidence of rejec-
tion with the receipt of ATG induction therapy
than with non-lymphocyte-depleting therapy,*’
and with tacrolimus for maintenance than with
cyclosporine.??3® In our study, the incidence of
rejection among recipients of transplants from
donors with HIV (13% at 1 year and 21% at 3
years) was lower than that observed in the HOPE
kidney transplantation pilot study (50% at 1
year).!* One explanation is that 66% of the par-
ticipants in our study received ATG, as com-
pared with 33% of those in the pilot study. The
incidence of rejection was also lower in our
study than in the South Africa cohort of donors
and recipients with HIV (25% at 1 year and 39%
at 3 years).’! In that cohort, 100% of the recipi-
ents were receiving ATG; however, 24% of the
recipients were also receiving a protease inhibi-
tor as antiretroviral therapy (which interacts
with maintenance immunosuppression), as com-
pared with only 6% of the recipients in our study
who were receiving a protease inhibitor or cobic-
istat. The incidence of rejection was also lower
in our study than in the NIH Transplant Recipi-
ent cohort of recipients with HIV and donors
without HIV (31% at 1 year and 41% at 3 years);
in that study, only 32% of the participants re-
ceived ATG induction therapy, 66% received tacro-
limus maintenance, and 42% received protease
inhibitors.

The participants in our study had 19 oppor-
tunistic infections (11 in the group whose do-
nors had HIV and 8 in the group whose donors
did not have HIV), which was a lower incidence
than that observed in the HOPE kidney trans-
plantation pilot study.”® The adjusted incidence
rate ratio was 1.28 in the group whose donors
had HIV as compared with the group whose
donors did not have HIV. Herpesvirus infections,
which are more prevalent among donors with
HIV than among those without HIV,” were the
most common infections, followed by esopha-
geal candidiasis. The incidence of infections war-
ranting hospitalization was similar in the two
groups.

Donor-derived HIV superinfection is a risk
associated with the transplantation of kidneys
from donors with HIV to recipients with HIV,

which could contribute to HIV breakthrough
infection or to persistent failure of HIV treat-
ment. In our study, 17 HIV breakthrough infec-
tions occurred. However, in all cases, the HIV
RNA level subsequently decreased to less than
200 copies per milliliter without resistance to
antiretroviral therapy. According to phylogenetic
analysis, one recipient of a kidney from a donor
with HIV had a potential HIV superinfection or
dual infection without HIV breakthrough infec-
tion. In the HOPE kidney transplantation pilot
study, no HIV superinfections were detected
among 14 donors and recipients with HIV.? In
the South Africa cohort of donors and recipients
with HIV, donor virus was transiently detected in
8 of 24 recipients at the earliest time points after
kidney transplantation, with one case of a donor-
derived minor variant at 12 weeks after kidney
transplantation, which was not sustained.?! Sim-
ilarly, in a U.S. case report of kidney transplanta-
tion involving donors and recipients with HIV,
in-depth viral analysis revealed transient detec-
tion of donor HIV sequences in recipient urine
and renal cells, but donor HIV was not detected
at later time points.* These data suggest that
HIV superinfection is rare and is without clear
clinical ramifications.

Our study has certain limitations. True ran-
domization of organs from donors with and
those without HIV was not possible because of
OPTN allocation constraints (e.g., blood type,
HLA matching, and geographic location). How-
ever, participants were equally eligible for a kid-
ney from a donor with or a donor without HIV;
group assignment was determined according to
whichever organ was available first. Further-
more, the group whose donors did not have HIV
served as a control group and included 27 do-
nors who had false positive HIV tests and were
treated as having HIV during allocation; recipi-
ents of kidneys from these donors represent an
ideal counterfactual control group. Immuno-
suppression and prophylaxis were heterogeneous;
however, these factors were balanced between
the two groups and reflect real-world practice,
which increases the generalizability of our
results.

This multicenter, observational study showed
that kidney transplantation from donors with
HIV to recipients with HIV is noninferior to
kidney transplantation from donors without HIV
to recipients with HIV.

N ENGL J MED 391;15 NEJM.ORG OCTOBER 17, 2024

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from negjm.org by JULES LEVIN on December 18, 2024. For personal use only.
No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.

1399



1400

The NEW ENGLAND JOURNAL of MEDICINE

The content of this article is the responsibility of the authors
alone and does not necessarily reflect the views or policies of
the Department of Health and Human Services or the Scientific
Registry of Transplant Recipients, nor does mention of trade
names, commercial products, or organizations imply endorse-
ment by the U.S. government.

Supported by the Division of Intramural Research, National
Institute of Allergy and Infectious Diseases, National Institutes
of Health and by grants (R01AI120938 and R01DK131926, to
Dr. Tobian; U01AI134591, U01AI138897, and U01AI177211, to
Dr. Durand and Dr. Segev; and R01DK101677, to Dr. Massie)
from the National Institutes of Health. The data reported here

have been supplied by the Hennepin Healthcare Research Insti-
tute as the contractor for the Scientific Registry of Transplant
Recipients.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

We thank Grace Link Barnes, Nadine Brown, Jill Kessler, Ba-
hati Kuffar, and Quinten Stearns, of Johns Hopkins University
School of Medicine, and the medical, surgical, and research
teams at the Recanati/Miller Transplantation Institute at Mount
Sinai Hospital.

APPENDIX

The authors’ full names and academic degrees are as follows: Christine M. Durand, M.D., Allan Massie, Ph.D., Sander Florman, M.D.,
Tao Liang, M.S.P.H., Meenakshi M. Rana, M.D., Rachel Friedman-Moraco, M.D., Alexander Gilbert, M.D., Peter Stock, M.D., Sapna A.
Mehta, M.D., Shikha Mehta, M.D., Valentina Stosor, M.D., Marcus R. Pereira, M.D., M.P.H., Michele 1. Morris, M.D., Jonathan Hand,
M.D., Saima Aslam, M.D., Maricar Malinis, M.D., Ghady Haidar, M.D., Catherine B. Small, M.D., Carlos A.Q. Santos, M.D., M.P.H.S.,
Joanna Schaenman, M.D., Ph.D., John Baddley, M.D., David Wojciechowski, D.O., Emily A. Blumberg, M.D., Karthik Ranganna, M.D.,
Oluwafisayo Adebiyi, M.D., Nahel Elias, M.D., Jose A. Castillo-Lugo, M.D., Emmanouil Giorgakis, M.D., Senu Apewokin, M.D., Diane
Brown, B.S.N., Darin Ostrander, Ph.D., Yolanda Eby, M.S., Niraj Desai, M.D., Fizza Naqvi, M.D., Serena Bagnasco, M.D., Natasha
Watson, B.S.N., M.S., Erica Brittain, Ph.D., Jonah Odim, M.D., Ph.D., Andrew D. Redd, Ph.D., Aaron A.R. Tobian, M.D., Ph.D., and
Dorry L. Segev, M.D., Ph.D.

The authors’ affiliations are as follows: the Departments of Medicine (C.M.D., T.L., D.B., D.O., Y.E., E.N., A.D.R.), Surgery (N.D.),
and Pathology (S.B., A.A.R.T.), Johns Hopkins University School of Medicine, Baltimore, the Department of Medicine, University of
Maryland School of Medicine (J.B.), and the National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethes-
da (N.W., E.B., J.O., A.D.R.) — all in Maryland; the Department of Population Health, New York University (NYU) Grossman School
of Medicine (A.M., D.L.S.), the Recanati-Miller Transplantation Institute, Mount Sinai Hospital (S.F.), the Department of Medicine,
Icahn School of Medicine at Mount Sinai (M.M.R.), NYU Langone Transplant Institute (S.A.M., D.L.S.), the Department of Medicine,
Columbia University Irving Medical Center (M.R.P.), and the Department of Medicine, Weill Cornell Medicine (C.B.S.) — all in New
York; the Department of Medicine, Emory University, Atlanta (R.F.-M.); the Department of Medicine, Georgetown University, Washing-
ton, DC (A.G.); the Department of Surgery, University of California, San Francisco, San Francisco (P.S.), the Division of Infectious
Diseases and Global Public Health, University of California, San Diego, La Jolla (S. Aslam), and the Department of Medicine, David
Geffen School of Medicine at University of California, Los Angeles, Los Angeles (J.S.) — all in California; the Section of Transplant
Nephrology, University of Alabama at Birmingham, Birmingham (S.M.); the Divisions of Infectious Diseases and Organ Transplanta-
tion, Northwestern University Feinberg School of Medicine (V.S.), and the Division of Infectious Diseases, Rush University Medical
Center (C.A.Q.S.) — both in Chicago; the Division of Infectious Diseases, University of Miami Miller School of Medicine, Miami
(M.I.M.); the Department of Medicine, Ochsner Health, New Orleans (J.H.); the Section of Infectious Diseases, Yale School of Medicine,
New Haven, CT (M.M.); the Department of Medicine, University of Pittsburgh, Pittsburgh (G.H.), and the Department of Medicine,
Perelman School of Medicine at the University of Pennsylvania (E.A.B.), and the Department of Medicine, Drexel University College of
Medicine (K.R.), Philadelphia — all in Pennsylvania; the Department of Medicine, University of Texas Southwestern Medical Center
(D.W.), and the Department of Medicine, Methodist Health System Clinical Research Institute (J.A.C.-L.) — both in Dallas; the Depart-
ment of Medicine, Indiana University Health, Indianapolis (O.A.); the Department of Surgery, Massachusetts General Hospital, Boston
(N.E.); the Department of Surgery, University of Arkansas for Medical Sciences, Little Rock (E.G.); and the Department of Medicine,
University of Cincinnati College of Medicine, Cincinnati (S. Apewokin).

REFERENCES
1. LockeJE, Gustafson S, Mehta S, etal. HIV-infected waitlist candidates. ClinJ Am  procurement and transplantation: imple-

Survival benefit of kidney transplantation
in HIV-infected patients. Ann Surg 2017;
265:604-8.

2. Trullas J-C, Cofan F, Barril G, et al.
Outcome and prognostic factors in HIV-
l-infected patients on dialysis in the cART
era: a GESIDA/SEN cohort study. J Acquir
Immune Defic Syndr 2011;57:276-83.

3. Razzak Chaudhary S, Workeneh BT,
Montez-Rath ME, Zolopa AR, Klotman
PE, Winkelmayer WC. Trends in the out-
comes of end-stage renal disease second-
ary to human immunodeficiency virus-
associated nephropathy. Nephrol Dial
Transplant 2015;30:1734-40.

4. Locke JE, Mehta S, Sawinski D, et al.
Access to kidney transplantation among

N ENGL J MED 391,15

Soc Nephrol 2017;12:467-75.

5. Cohen JB, Locke JE, Shelton B, et al.
Disparity in access to kidney allograft of-
fers among transplant candidates with hu-
man immunodeficiency virus. Clin Trans-
plant 2019;33(2):e13466.

6. Muller E, Kahn D, Mendelson M. Re-
nal transplantation between HIV-positive
donors and recipients. N EnglJ Med 2010;
362:2336-7.

7. Muller E, Barday Z, Mendelson M,
Kahn D. HIV-positive—to—HIV-positive kid-
ney transplantation — results at 3 to 5
years. N Engl J Med 2015;372:613-20.

8. Health Resources and Services Ad-
ministration (HRSA), Department of
Health and Human Services (HHS). Organ

mentation of the HIV Organ Policy Equity
Act. Final rule. Fed Regist 2015;80(89):
26464-7.

9. Boyarsky BJ, Hall EC, Singer AL,
Montgomery RA, Gebo KA, Segev DL. Es-
timating the potential pool of HIV-infected
deceased organ donors in the United States.
Am J Transplant 2011;11:1209-17.

10. Boyarsky BJ, Segev DL. From bench to
bill: how a transplant nuance became 1 of
only 57 laws passed in 2013. Ann Surg
2016;263:430-3.

11. Final Human Immunodeficiency Vi-
rus (HIV) Organ Policy Equity (HOPE)
Act safeguards and research criteria for
transplantation of organs infected with
HIV. Fed Regist 2015;80(227):73785-96

NEJM.ORG OCTOBER 17, 2024

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from negjm.org by JULES LEVIN on December 18, 2024. For personal use only.
No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



KIDNEY TRANSPLANTATION FROM DONORS WITH HIV

(https://www.federalregister.gov/
documents/2015/11/25/2015-30172/final
-human-immunodeficiency-virus-hiv
-organ-policy-equity-hope-act-safeguards
-and-research-criteria).

12. Malani P. HIV and transplantation: new
reasons for HOPE. JAMA 2016;316:136-8.
13. Durand CM, Zhang W, Brown DM, et
al. A prospective multicenter pilot study
of HIV-positive deceased donor to HIV-
positive recipient kidney transplantation:
HOPE in action. Am J Transplant 2021;21:
1754-64.

14. Boyarsky BJ, Durand CM, Palella FJ Jr,
Segev DL. Challenges and clinical deci-
sion-making in HIV-to-HIV transplanta-
tion: insights from the HIV literature. Am
J Transplant 2015;15:2023-30.

15. Office of Infectious Disease and HIV/
AIDS Policy. ACBTSA recommendations,
November 2022. January 10, 2023 (https://
www.hhs.gov/oidp/advisory-committee/
blood-tissue-safety-availability/
recommendations/2022-11/index.html).
16. Durand CM, Halpern SE, Bowring
MG, et al. Organs from deceased donors
with false-positive HIV screening tests:
an unexpected benefit of the HOPE Act.
Am J Transplant 2018;18:2579-86.

17. National Institute of Allergy and In-
fectious Diseases, Division of AIDS. Divi-
sion of AIDS (DAIDS) table for grading
the severity of adult and pediatric adverse
events, version 2.0. November 2014 (https://
rsc.niaid.nih.gov/sites/default/files/daids
-ae-grading-table-v2-nov2014.pdf).

18. 1993 Revised classification system for
HIV infection and expanded surveillance
case definition for AIDS among adoles-
cents and adults. MMWR Recomm Rep
1992;41(RR-17):1-19.

19. Loupy A, Haas M, Solez K, et al. The
Banff 2015 Kidney Meeting report: cur-
rent challenges in rejection classification
and prospects for adopting molecular pa-
thology. Am J Transplant 2017;17:28-41.
20. Inker LA, Eneanya ND, Coresh J, et al.
New creatinine- and cystatin C-based
equations to estimate GFR without race.
N Engl J Med 2021;385:1737-49.

N ENGL J MED 391;15

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

21. van Delden C, Stampf S, Hirsch HH,
et al. Burden and timeline of infectious
diseases in the first year after solid organ
transplantation in the Swiss Transplant
Cohort Study. Clin Infect Dis 2020;71(7):
€159-e169.

22. Bonny TS, Kirby C, Martens C, et al.
Outcomes of donor-derived superinfec-
tion screening in HIV-positive to HIV-
positive kidney and liver transplantation:
a multicentre, prospective, observational
study. Lancet HIV 2020;7(9):e611-e619.
23. Massie AB, Kucirka LM, Segev DL. Big
data in organ transplantation: registries
and administrative claims. Am J Trans-
plant 2014;14:1723-30.

24. Sawinski D, Forde KA, Locke JE, et al.
Race but not hepatitis C co-infection af-
fects survival of HIV* individuals on dialy-
sis in contemporary practice. Kidney Int
2018;93:706-15.

25. Shelton BA, Sen B, Becker DJ, Ma-
cLennan PA, Budhwani H, Locke JE.
Quantifying the association of individual-
level characteristics with disparities in
kidney transplant waitlist addition among
people with HIV. AIDS 2024;38:731-7.

26. Richterman A, Sawinski D, Reese PP,
et al. An assessment of HIV-infected pa-
tients dying in care for deceased organ
donation in a United States urban center.
Am J Transplant 2015;15:2105-16.

27. Woods C, Owens G, Shelton BA, et al.
Efficacy of hope: analysis of organ quality
and availability among deceased HIV-
positive donors. Transpl Infect Dis 2022;
24(6):e13916.

28. Doby BL, Tobian AAR, Segev DL, Du-
rand CM. Moving from the HIV Organ
Policy Equity Act to HIV Organ Policy
Equity in action: changing practice and
challenging stigma. Curr Opin Organ
Transplant 2018;23:271-8.

29. Werbel WA, Brown DM, Kusemiju OT,
et al. National landscape of human im-
munodeficiency virus-positive deceased
organ donors in the United States. Clin
Infect Dis 2022;74:2010-9.

30. Motter JD, Hussain S, Brown DM, et
al. Wait time advantage for transplant

candidates with HIV who accept kidneys
from donors with HIV under the HOPE
Act. Transplantation 2024;108:759-67.

31. Selhorst P, Combrinck CE, Manning
K, et al. Longer-term outcomes of HIV-
positive-to—HIV-positive renal transplan-
tation. N Engl J Med 2019;381:1387-9.

32. Stock PG, Barin B, Murphy B, et al.
Outcomes of kidney transplantation in
HIV-infected recipients. N Engl J Med
2010;363:2004-14.

33. Blumberg EA, Rogers CC. Solid organ
transplantation in the HIV-infected pa-
tient: guidelines from the American Soci-
ety of Transplantation Infectious Diseas-
es Community of Practice. Clin Transplant
2019;33(9):€13499.

34. Locke JE, Mehta S, Reed RD, et al. A
national study of outcomes among HIV-
infected kidney transplant recipients. ] Am
Soc Nephrol 2015;26:2222-9.

35. Locke JE, James NT, Mannon RB, et
al. Immunosuppression regimen and the
risk of acute rejection in HIV-infected kid-
ney transplant recipients. Transplantation
2014;97:446-50.

36. Rollins B, Farouk S, DeBoccardo G, et
al. Higher rates of rejection in HIV-infected
kidney transplant recipients on ritonavir-
boosted protease inhibitors: 3-year fol-
low-up study. Clin Transplant 2019;33(6):
e13534.

37. Kucirka LM, Durand CM, Bae S, et al.
Induction immunosuppression and clini-
cal outcomes in kidney transplant recipi-
ents infected with human immunodefi-
ciency virus. Am J Transplant 2016;16:
2368-76.

38. Gathogo E, Harber M, Bhagani S, et
al. Impact of tacrolimus compared with
cyclosporin on the incidence of acute
allograft rejection in human immunode-
ficiency virus-positive kidney transplant
recipients. Transplantation 2016;100:
871-8.

39. Blasi M, Stadtler H, Chang J, et al.
Detection of donor’s HIV strain in HIV-
positive kidney-transplant recipient. N Engl
J Med 2020;382:195-7.

Copyright © 2024 Massachusetts Medical Society.

NEJM.ORG OCTOBER 17, 2024

Downloaded from negjm.org by JULES LEVIN on December 18, 2024. For personal use only.
No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.

1401


https://www.federalregister.gov/documents/2015/11/25/2015-30172/final-human-immunodeficiency-virus-hiv-organ-policy-equity-hope-act-safeguards-and-research-criteria
https://www.federalregister.gov/documents/2015/11/25/2015-30172/final-human-immunodeficiency-virus-hiv-organ-policy-equity-hope-act-safeguards-and-research-criteria
https://www.federalregister.gov/documents/2015/11/25/2015-30172/final-human-immunodeficiency-virus-hiv-organ-policy-equity-hope-act-safeguards-and-research-criteria
https://www.federalregister.gov/documents/2015/11/25/2015-30172/final-human-immunodeficiency-virus-hiv-organ-policy-equity-hope-act-safeguards-and-research-criteria
https://www.federalregister.gov/documents/2015/11/25/2015-30172/final-human-immunodeficiency-virus-hiv-organ-policy-equity-hope-act-safeguards-and-research-criteria
https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/recommendations/2022-11/index.html
https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/recommendations/2022-11/index.html
https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/recommendations/2022-11/index.html
https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/recommendations/2022-11/index.html
https://rsc.niaid.nih.gov/sites/default/files/daids-ae-grading-table-v2-nov2014.pdf
https://rsc.niaid.nih.gov/sites/default/files/daids-ae-grading-table-v2-nov2014.pdf
https://rsc.niaid.nih.gov/sites/default/files/daids-ae-grading-table-v2-nov2014.pdf

