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1  | EPIDEMIOLOGY

With the advent of combined antiretroviral therapy (cART) in the 
mid‐1990s, morbidity and mortality in patients with human immu‐
nodeficiency virus (HIV) is less frequently attributed to HIV‐related 
causes; cirrhosis and cardiovascular complications have been in‐
creasingly implicated.1 Despite a decline in HIV‐associated nephrop‐
athy, individuals with HIV remain at increased risk for end‐stage 
kidney disease.2,3 Consequently, organ transplantation has become 
increasingly common in persons living with HIV, offering a survival 

advantage over dialysis and becoming a standard of care for individ‐
uals with end‐stage liver disease.4‐6

Currently, the vast majority of transplant recipients with HIV are 
known to have HIV infection prior to transplant. Donor‐derived HIV 
infection has occurred rarely before the advent of universal testing 
of donors for HIV and more recently due to the failure of standard 
testing to identify HIV infection in deceased and live donors.7‐10 
In an unknown number of cases, HIV has been acquired following 
transplantation; outcomes may be worse in those individuals with 
post‐transplant acquisition.11
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Abstract
These updated guidelines from the Infectious Diseases Community of Practice of the 
American Society of Transplantation review the management of transplantation in 
HIV‐infected individuals. Transplantation has become the standard of care for pa‐
tients with HIV and end‐stage kidney or liver disease. Although less data exist for 
thoracic organ and pancreas transplantation, it is likely that transplantation is also 
safe and effective for these recipients as well. Despite what is typically a transient 
decline in CD4+ T lymphocytes, HIV remains well controlled and infection risks are 
similar to those of HIV‐uninfected transplant recipients. The availability of effective 
directly active antivirals for the treatment of Hepatitis C is likely to improve out‐
comes in HIV and HCV co‐infected individuals, a population previously noted to have 
decreased survival. Drug interactions remain an important consideration, and inte‐
grase inhibitor‐based regimens are preferred due to the absence of interactions with 
calcineurin and mTOR inhibitors. Additionally, despite the use of more potent immu‐
nosuppression, rejection rates exceed those found in HIV‐uninfected recipients. 
Ongoing research evaluating HIV‐positive organ donors may provide support for uti‐
lizing these donors for HIV‐positive patients in need of transplantation.
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Liver and kidney transplants are the most common transplant 
procedures performed in patients with HIV, reflecting the com‐
mon occurrence of end‐stage kidney disease and liver cirrhosis in 
this patient population and increasing familiarity with these pro‐
cedures. HIV‐associated nephropathy is an important, although 
declining, cause of end‐stage kidney failure, especially in people 
of African ancestry; and people infected with HIV also have in‐
creased incidences of hepatitis‐associated glomerulonephritis, 
membranous nephropathy, IgA nephropathy, and drug‐related 
nephrotoxicity.2,3 Due to common infection pathways, HIV often 
co‐exists with both hepatitis C virus (HCV) and hepatitis B virus 
(HBV), both of which appear to have accelerated progression to 
cirrhosis in co‐infected individuals. Historically, HIV‐infected in‐
dividuals had diminished responses and intolerance to therapy; 
however, therapy with directly active antivirals has improved out‐
comes with HCV and likely will lead to a decrease in liver transplan‐
tation for end‐stage liver disease due to HCV.12,13 Cardiovascular 
disease has become an increasingly common cause of death in 
HIV‐infected patients, and experience with heart transplantation 
in this population is limited but increasing.1,14‐16 Reports of lung 
transplantation and pancreas transplantation are also uncommon 
but increasing.17,18

Outcomes of liver and kidney transplant in HIV‐infected indi‐
viduals have been consistent with those in HIV‐uninfected people, 
especially in the absence of HCV coinfection.22‐30 Moreover, HIV‐in‐
fected patients with end‐stage kidney disease experience superior 
survival when compared with maintenance on dialysis.5 Results in 
liver transplantation vary based on the underlying disease. Prior to 
the availability of oral direct‐acting antiviral agents (DAAs), HIV‐in‐
fected individuals transplanted for chronic hepatitis C were found 
to have decreased survival when compared with HIV‐infected coun‐
terparts transplanted for other indications, whose survival may be 
comparable to non‐HIV‐infected liver transplant recipients.23,28,29 
Information regarding transplantation of other organs has been 
limited to anecdotal reports and small case series. Based on limited 
data, successful outcomes have been noted in a limited number 
of HIV‐infected recipients of cardiac, combined kidney‐pancreas 
transplants, and lung transplants.14‐20 Large‐scale, multi‐center pro‐
spective data are lacking in these populations; consequently, rec‐
ommendations for cardiac, lung, and pancreas transplant recipients 
have been extrapolated from the kidney and liver experience. Data 
available on outcomes in combined liver and kidney transplants are 
not yet available in the era of DAAs. We anticipate that the poor 
outcomes previously seen in patients co‐infected with HIV and HCV 
will be abrogated with use of DAAs.9

2  | RISK FAC TORS

In order to limit the potential impact of HIV on transplant outcomes, 
most centers have required patients to have well‐controlled HIV 
infection prior to transplantation. Suggested criteria for transplan‐
tation in HIV‐infected individuals are noted in Table 1 and mirror 

those utilized for the NIH‐sponsored collaborative trial of trans‐
plantation in HIV‐infected individuals.24,30 These criteria reflect the 
requirement for stable HIV infection at the time of transplant with‐
out any evidence of active opportunistic infections or uncontrolled 
HIV viremia. An exception may be made for patients with end‐stage 
liver disease and intolerance of antiretrovirals related to severe liver 
disease but HIV genotypic and phenotypic testing that is predictive 
of viral suppression on resumption of cART. In those cases, cART 
should be resumed as soon as possible following transplant to con‐
trol viral infection. There are no data that establish a time period for 
which individuals need to demonstrate evidence of controlled HIV 
infection prior to transplantation; it is possible that longer periods 
of control may decrease immune activation potentially decreasing 
the risk of rejection, but this has not been definitively established.31

Whether prolonged waiting times may affect outcomes follow‐
ing liver transplantation is debatable. Early reports suggested that 
pre‐transplant survival for liver candidates was diminished in HIV‐in‐
fected individuals when compared with others awaiting liver trans‐
plantation despite equivalent MELD scores.32 Subsequent studies 
have not confirmed these results, instead demonstrating that MELD 
was an accurate predictor of wait list mortality in HIV‐infected pa‐
tients, similar to its use in HIV‐uninfected candidates.33 Another 
survey suggests that HIV‐infected hemophiliacs may be at increased 
risk for death due to accelerated MELD.34

Following kidney transplantation, diminished patient and al‐
lograft survival have been noted in older recipients, those with dia‐
betes mellitus and pre‐transplant dialysis, recipients of older donor 
organs and organs with prolonged ischemic time as well as those 
with delayed graft function and rejection.24,27,35 There have been 
conflicting data regarding the use of thymoglobulin with the original 
NIH study suggesting that thymoglobulin might be associated with 
decreased patient and allograft survival and subsequent analysis of 
registry data noting decreased rejection rates with thymoglobulin 
induction.24,29,36,37

Historically, HCV has been associated with worse outcomes in 
both kidney and liver recipients.22‐24,27 Live kidney donor organs 
were associated with better outcomes.24,27 In liver transplant recip‐
ients, HCV‐positive recipients had reduced survival compared with 
HBV‐infected recipients.23,28,29 Factors associated with reduced 
patient and graft survival in HIV and HCV co‐infected kidney recip‐
ients included use of an HCV‐infected donor.27 In co‐infected liver 
recipients, older donor age, higher donor risk index, combined liver 
and kidney transplant, higher MELD at transplant, HCV genotype 
1, and BMI <21 kg/m2 have all been associated with reduced sur‐
vival.28,30,38 Patients whose HCV and HIV are undetectable at the 
time of transplant appear to have improved survival compared to 
those with detectable virus.38,39 In the current era of DAA therapy, 
it is possible that HCV in either donor or recipient will not portend 
the same poor prognosis; consequently, observations regarding out‐
comes of HCV in HIV‐infected recipients of and candidates for solid 
organ transplantation are expected to change.

Reduced survival on the wait list has been noted in HIV‐nega‐
tive liver candidates with increased frailty as measured by the use of 
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standard frailty indices.40 Preliminary data suggest that frailty may 
also be an important predictor of outcomes in HIV‐infected liver re‐
cipients in whom it has been associated with reduced patient and 
allograft survival.41

Significantly increased rejection rates (2‐3 fold) have been noted 
throughout the post‐transplant period in both kidney and liver recip‐
ients, and case series also suggest increased rejection rates in car‐
diac and pancreas transplant recipients.15,19,24,26,27,36,38 The etiology 
of the higher rejection rates remains unclear; innate immune system 
dysregulation in the HIV‐infected recipient, choice of immunosup‐
pressive agents, and inadequate exposure to immunosuppressive 

agents secondary to pharmacokinetic interactions with cART have 
all been considered to be contributory.42

Opportunistic infections and other AIDS‐defining conditions 
have been uncommonly reported following transplantation. Instead, 
HIV‐infected recipients more commonly experience bacterial in‐
fections typically found in HIV‐uninfected patients.7,24,26,39,43,44 
Patients typically experience transient declines in the CD4+ T‐cell 
counts following transplantation, but these transient declines do 
not appear to have an impact on long‐term infection risk; although 
short‐term CD4 counts <200 cells/mm3 may be associated with early 
infections following transplant.24,44,45 Moreover, T‐cell responses 

TA B L E  1   Suggested criteria for transplantation in HIV‐infected Individualsa ,24

 Kidney transplant Liver transplant Heart transplant Lung Transplant Kidney‐pancreas transplant

Meet center‐specific inclusion 
criteria

X X X X X

CD4 count >100 cells/µL 
(without history of OI)

NRb  Xc  NR NR NR

CD4 count >200 cells/µL 
during 3 mo prior to 
transplantation

X X X X X

Undetectable HIV viral load 
while receiving antiretroviral 
therapy

X X X X X

Detectable HIV viral load due 
to intolerance of HAART, HIV 
can be suppressed post‐tx

NR X NR NR NR

Documented compliance with 
a stable antiretroviral 
regimen

X X X X X

Absence of active opportunis‐
tic infection and malignancyd 

X X X X X

Absence of chronic wasting or 
severe malnutrition

X Xe  X X X

History of hepatitis B or C 
with lack of evidence of 
advanced fibrosis or cirrhosis

f  NA f  f  f 

Appropriate follow‐up with 
providers experienced in the 
management of HIV

X X X X X

Ready access to immunosup‐
pressive medication 
therapeutic drug monitoring

X X X X X

NR, not recommended; NA, not applicable.
aAll recommendations are strong, moderate for kidney and liver transplantation but strong, low for all others given the more limited experience with 
these populations. 
bThere are currently insufficient data upon which to base recommendations regarding transplantation of non‐liver recipients with lower CD4 counts 
but no history of OIs. 
cWith no history of AIDs defining illness such as opportunistic infection or malignancy. 
dPatients with a previous history of progressive multifocal leukoencephalopathy, chronic interstitial cryptosporidiosis, primary central nervous system 
lymphoma, and visceral Kaposi's sarcoma were excluded from the original HIV‐TR study. Patients with hepatocellular cancer can be considered for liver 
transplantation if they meet center‐specific criteria. Data on the safety of transplantation in patients with HPV‐related anal carcinoma in situ are insuf‐
ficient to determine definitive guidance for patients with this malignancy. 
eBMI > 21 kg/m2 (weak, low) 
fAbsence of data in current era of DAAs and in setting of non‐liver HBV co‐infected recipients. Patients with controlled hepatitis B on therapy may be 
considered. Caution for hepatitis C‐infected patients, in whom DAA therapy has not been initiated. 
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following transplantation both directed at HIV and at herpesviruses 
have been shown to be stable or expanded, reflecting an increase 
in immune reactivity.46 A major exception to this both in vitro and 
clinically has been related to the administration of thymoglobulin ei‐
ther for induction or treatment of rejection. This has been associated 
with prolonged declines in CD4+ T‐cell counts, loss of polyfunctional 
T‐cell antiviral cytotoxic T lymphocyte responses, and the subse‐
quent development of life‐threatening bacterial infections.47 HIV vi‐
remia is generally well controlled with occasional transient episodes 
of viremia and less frequent persistent HIV viremia.24,38Although 
most reports have focused on infection and rejection, several other 
complications have also been noted. Malignancies have been un‐
common, but those associated with human papillomavirus have been 
noted more frequently.24,48 Patients with hepatocellular carcinoma 
have been successfully transplanted with only one study suggesting 
a trend toward decreased survival in HIV‐infected recipients with 
hepatocellular cancer when compared with HIV‐uninfected recipi‐
ents.30,49,50 It is unclear whether there is an increased risk of vascu‐
lar thrombosis; single center reports noted an increased incidence 
of vascular complications post‐liver transplant and pancreas trans‐
plants involving arterial and venous systems.19,20,51

• HIV‐infected patients should be on a stable cART regimen with 
no	evidence	of	viremia	and	a	CD4	count	≥200	cells/mm3 for all 
except	liver	candidates	in	whom	a	CD4	count	≥100	cells/mm3 can 
be considered (strong, moderate).

• HIV‐infected liver candidates who cannot tolerate cART due to 
advance liver disease can be considered for transplantation if they 
have evidence of an easily controllable HIV infection based on ge‐
notypic and/or phenotypic assessment (weak, low).

• HIV‐infected candidates who are co‐infected with HCV can be 
considered for transplantation assuming there is a plan for treat‐
ment of HCV either prior to transplant or in the early post‐trans‐
plant period (strong, low).

3  | DIAGNOSTIC STR ATEGIES POST‐
TR ANSPL ANT IN THE HIV‐POSITIVE 
RECIPIENT

As with other transplant recipients, the cause of allograft dysfunc‐
tion may not be apparent based on clinical presentation or laboratory 
testing. Medications, rejection, disease recurrence, and superinfec‐
tion may all be contributory. Consequently, allograft biopsies should 
be considered for persistently elevated serum creatinine (kidney 
transplant recipients), liver enzymes (liver transplant recipients), or 
amylase, lipase, or blood glucose (pancreas transplant recipients). Use 
of "for cause" or surveillance biopsies in the setting of heart and/or 
lung transplant should follow center‐specific standards of care.

Assays using cell‐free DNA to aid in diagnosis of allograft injury 
were recently approved for use in heart and kidney transplant recip‐
ients.52 Limited data exist on the use of these assays in HIV‐infected 

transplant recipients. It is unknown how HIV may adversely impact 
the interpretation of these assays; therefore, caution is recom‐
mended in use of cell‐free DNA assays in the HIV‐infected trans‐
plant population until more data are available.

Since liver enzymes may not reflect the degree of damage in kid‐
ney transplant candidates co‐infected with hepatitis B or C, all can‐
didates for kidney transplantation with hepatitis co‐infection should 
undergo assessment of liver disease with either transient elastogra‐
phy or liver biopsy prior to listing. Patients with cirrhosis should be 
carefully evaluated for hepatic decompensation and potentially ex‐
cluded from kidney transplantation unless they could be considered 
for combined liver and kidney transplant.

In order to maintain virologic control of HIV infection, it is rec‐
ommended that quantitative HIV RNA and CD4+ T‐cell counts be 
measured regularly, with the first assays at 1 month after transplant 
and subsequent studies every 2‐3 months thereafter. More frequent 
monitoring may be necessary in patients receiving depleting anti‐
bodies in order to determine the need for anti‐infective prophylaxis. 
If patients have persistent HIV viremia, resistance testing should be 
performed (genotypic and phenotypic) to determine treatment op‐
tions. Use of new archival resistance testing techniques which inter‐
rogate the viral archive using next‐generation sequencing (NGS) may 
be beneficial in determining resistance in the setting of suppressed 
or low HIV viral loads and the desire to modify the cART regimen due 
to concern for drug‐drug interactions (DDIs) or drug intolerance.53,54

• All candidates for kidney transplantation with hepatitis co‐infec‐
tion should undergo assessment of liver disease with either tran‐
sient elastography or liver biopsy prior to listing and patients with 
cirrhosis should be carefully evaluated for hepatic decompensa‐
tion and potentially excluded from kidney transplantation unless 
they could be considered for combined liver and kidney transplan‐
tation (strong, low).

• Biopsy should remain the gold standard in assessing graft dys‐
function in HIV‐infected individuals (strong, moderate).

• HIV RNA and CD4+ T‐cell counts should be monitored 1‐month 
post‐transplant and then every 2‐3 months post‐transplant to in‐
sure control of HIV (strong, low).

• Individuals with persistent HIV viremia should undergo genotypic 
and phenotypic testing for resistance (strong, moderate).

• Use of archival resistance testing should be considered prior to 
modifying cART regimens due to drug intolerance or interactions 
when HIV VL is suppressed (weak, very low).

4  | TRE ATMENT CONSIDER ATIONS IN THE 
HIV‐POSITIVE TR ANSPL ANT RECIPIENT

One of the most intriguing outcomes, seen consistently across al‐
most all HIV‐positive transplant studies, is the surprisingly high re‐
jection rates, which are in excess of 30% in kidney recipients and 
nearly twice those of HIV‐uninfected liver recipients.24,26,27,36,38 
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Consequently, polyclonal depleting antibodies especially anti‐thy‐
mocyte globulin (rabbit) (rATG) have been considered for use in 
HIV‐infected kidney transplant recipients and are commonly used 
in many kidney transplant programs. Unfortunately, data regarding 
the long‐term safety and efficacy of such use are conflicting. Large‐
scale registry data have suggested a benefit with use of rATG induc‐
tion whereas more granular prospective data have demonstrated an 
increased risk of graft loss and significant infectious complications 
seen when used at higher doses for rejection.24,29,36,37 Use of rATG 
as an induction agent results in a similar rapid and profound deple‐
tion of CD4+ T cells compared to what is seen in the HIV‐uninfected 
population.24,55 Based on these results, induction therapy with ei‐
ther lymphocyte depletion or interleukin 2 receptor antagonist may 
be appropriate. Consideration can be given to use more potent lym‐
phocyte‐depleting induction in high immunologic risk candidates 
(African American, presence of donor specific antibodies, prior 
transplant). Monitoring for infection risks including measurement of 
CD4 counts should be performed every 2‐3 months to assess infec‐
tion risk.

The optimal maintenance immunosuppressive regimen for the 
HIV‐infected transplant recipient is currently unknown. Early data 
suggested that cyclosporine may be the preferred calcineurin inhib‐
itor (CNI) due to its potential antiviral activity against HIV. However, 
data from the large‐scale HIV‐TR kidney study in addition to that 
from various single center experiences and the large UK HIV trans‐
plant study suggest that tacrolimus is the optimal CNI due to its su‐
perior ability to prevent rejection.24,56 Mycophenolate mofetil is the 
more potent antiproliferative agent (compared to azathioprine) and 
may therefore be more effective in preventing rejection in this high‐
risk population. A possible benefit of mycophenolate is its potential 
to suppress HIV replication, especially in combination with nucle‐
oside reverse transcriptase inhibitors such as abacavir.57 Sirolimus, 
an mTOR inhibitor, has also been shown to possibly enhance in vitro 
the antiviral activity of cART including enfuvirtide, efavirenz, and 
the CCR5 inhibitors.58 Sirolimus may also play a role in modulating 
the progression of HIV‐associated nephropathy (HIVAN) by altering 
HIV gene expression in the kidney and may reduce HIV persistence 
following transplantation.59,60 The lack of potential for drug‐drug 
interactions (DDIs) and nephrotoxicity in addition to the potential 
for additive antiviral activity against HIV make use of belatacept an 
intriguing alternative to CNIs and mTOR inhibitors post‐transplant, 
and there has been a report of successful conversion to belatacept 
in an HIV‐infected kidney recipient with subsequent kidney recov‐
ery.61 Experience comparing belatacept with cyclosporine in HIV‐
uninfected individuals reported higher than expected rates of early 
rejection, which may explain the reluctance for many to use this 
agent in the HIV‐infected transplant population.62 Caution should 
be advised given the limited data with use of this agent at this time.

The desire to avoid the long‐term steroid‐associated metabolic 
adverse effects should be carefully weighed against known risks of 
steroid avoidance protocols, including the increased risk of rejection. 
Given the already increased risk of rejection in the HIV‐infected 
transplant population, most centers include prednisone as part of 

their long‐term maintenance immunosuppression regimens. In one 
single center study employing induction treatment followed by early 
steroid withdrawal, rates of rejection were low.63 However, an Italian 
cohort of 13 HIV‐infected patients receiving basiliximab induction 
followed by CNI and half dose mycophenolate sodium experienced 
1‐year rejection rates approaching sixty percent.64 Given the lim‐
ited data on successful steroid withdrawal protocols in HIV‐infected 
transplant recipients, this approach should be avoided.

One of the most challenging aspects of managing the HIV‐in‐
fected transplant recipient has been managing the numerous drug 
interactions associated with cART and immunosuppressive agents.65 
Prior to transplantation, HIV‐infected individuals should be on a sta‐
ble treatment regimen, which ideally does not contain a protease 
inhibitor or pharmacokinetic enhancer such as cobicistat. The use 
of once daily single tablet combination regimens in the HIV‐infected 
transplant population should be used with caution as many of these 
combination regimens do not allow for easy renal dose adjustment 
and many contain the pharmacokinetic booster cobicistat. Cobicistat 
is a structural analog of ritonavir and has been demonstrated in in‐
vitro studies to inhibit CYP3A to a similar degree. Two case reports 
illustrating the clinical significance of this DDI and the consequences 
of inadequate CNI dose adjustments were recently published.66,67 
If it is identified that patients are receiving one of these products, 
the patients’ infectious disease providers should work together to 
determine whether the patient has a history of cART resistance that 
would preclude a change in therapy. If this information is unavail‐
able, and the patient has a suppressed or low HIV viral load, use of 
archival testing may be beneficial to determine whether the cART 
regimen can be altered to minimize the impact of detrimental inter‐
actions in the post‐transplant setting. If a patient's cART regimen is 
not able to be modified to remove the protease inhibitor or cobici‐
stat, significant dose adjustments of both CNI and mTOR inhibitors 
will be necessary.68

Tacrolimus should be initiated in patients remaining on PIs or 
cobicistat through the peri‐transplant period with a mini‐load of 
1‐2 mg. Daily tacrolimus levels should be monitored and tacrolimus 
0.5 mg should be given 3‐5 days later when the tacrolimus level 
plateaus in the therapeutic range consistent with organ specific 
targets. Patients receiving boosted PIs or cobicistat typically re‐
quire 0.25‐0.5 mg of tacrolimus once or twice a week to maintain 
therapeutic targets.65 A similar degree of adjustment is necessary 
when boosted PIs are used with sirolimus. A sirolimus dose adjust‐
ment down to 0.5‐1 mg once weekly has been reported.68 No data 
currently exist on everolimus dose adjustments with use of PI or 
cobicistat‐based regimens. Everolimus has a long half‐life similar to 
sirolimus (38 hour vs 67 hour), therefore, one may assume a similar 
adjustment to that seen with sirolimus where small doses are given 
once or twice a week would be necessary. Use of cyclosporine in 
combination with boosted PIs is somewhat easier because available 
formulations allow for administration of the substantially lower daily 
doses required when PIs are used. In order to maintain therapeutic 
targets, patients receiving PI or cobicistat containing regimens gen‐
erally require modified cyclosporine doses in the range of 15‐25 mg 
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twice daily.65 Regardless of the choice of CNI, pharmacokinetic 
(PK) studies evaluating the impact of boosted PIs on tacrolimus 
and cyclosporine exposure have shown that the peak CNI levels are 
blunted when these agents are used together potentially resulting 
in lower than expected overall drug exposure.69,70 Data have begun 
to emerge suggesting that use of PI‐based cART regimens may in‐
crease the risk of allograft loss and patient death within the first‐year 
post‐transplant.71

The potential for drug interactions also exist with the NNRTIs 
nevirapine, etravirine, and efavirenz due to their ability to induce 
clearance of drugs metabolized by CYP3A; rilpivirine does not ap‐
pear to have as significant of an effect on CNI clearance.65 Published 
reports detailing the impact of efavirenz and nevirapine on CNI 
kinetics are conflicting. The majority of the available data implies 
that minimal or no dose adjustments are necessary. However, the 
study by Frasseto et al65 reported that patients receiving efavirenz 
required twice the dose of cyclosporine to achieve therapeutic lev‐
els. Consequently, close monitoring of immunosuppressive levels 
is critical in all patients with HIV and should begin on the first‐day 
post‐transplantation with daily follow‐up until levels have stabilized. 
Additionally, it would be prudent to increase the frequency of ther‐
apeutic drug monitoring any time an NNRTI is removed from a pa‐
tients cART regimen.

The choice of antiretrovirals should take into account the poten‐
tial for increased toxicity when combined with common immunosup‐
pressants following transplantation. Table 2 outlines the potential 
pharmacokinetic and pharmcodynamic interactions that may result 
in additive toxicity when various cART classes are combined with 
available immunosuppressants. A number of significant concerns 
are outlined in this table. Use of the integrase inhibitors raltegra‐
vir, bictegravir, and dolutegravir offers the advantage of having no 
drug interactions and minimal toxicity. This class has become the 
favored backbone of cART regimens post‐transplant.72 Dolutegravir 
has a higher barrier to resistance than raltegravir and comes with 
the advantage of once daily dosing. Serum creatinine levels may in‐
crease after initiation of dolutegravir as this agent can inhibit tubular 
secretion of creatinine in a similar manner to that of trimethoprim, 
rilpivirine, and cobicistat without reducing glomerular filtration.73 A 
recent case of dolutegravir use post‐transplant speculated that the 
increase in serum creatinine post‐kidney transplant may be more 
profound than anticipated due to the presence of only one func‐
tional kidney.74 The recent approval of a single tablet co‐formu‐
lated product consisting of bictegravir, emtricitabine, and tenofovir 
alafenamide allows for the opportunity to decrease pill burden using 
cART with a favorable side effect and DDI profile; experience using 
this in HIV‐infected transplant recipients is limited thus far. There is 
limited experience using maraviroc but theoretic interest in its use 
due to the potential for reduction of rejection; a clinical trial of its 
uses is ongoing.

Treatment of HBV prior to and following transplantation is es‐
sential in HIV‐infected transplant recipients who are co‐infected 
with HBV.75 The most recent guideline on use of antiretrovirals sug‐
gests that all HBV and HIV co‐infected patients receive antiretroviral 

therapy that includes two drugs with activity against HBV: specifi‐
cally, tenofovir (Tenofovir alafenamide or Tenofovir disoproxil fuma‐
rate) plus lamivudine or emtricitabine.54 Use of tenofovir alafenamide 
is preferred to tenofovir disoproxil fumerate because of its improved 
safety profile. The lower incidence of nephrotoxicity and bone 
disease is particularly important in the co‐infected HBV and HIV 
transplant recipient because of the potential for synergistic toxicity 
with long‐term prednisone and CNI use. Standard management of 
co‐infected liver transplant recipients has also included the use of 
hepatitis B immune globulin to maintain titers >200 IU/mL (the goal 
titer may vary relative to time from transplantation).29 Lamivudine 
resistance in HBV B has been common in patients co‐infected with 
HBV and HIV as a result of prolonged utilization of lamivudine as a 
component of cART therapy.54 Termination of anti‐hepatitis B ther‐
apy should be avoided as it may result in a hepatitis flare.

Treatment of HCV infection in the co‐infected transplant recip‐
ient has evolved tremendously with the emergence of the new di‐
rect‐acting antiviral agents (DAAs). The guideline on hepatitis viruses 
(see Hepatitis section of the 4th edition of the AST ID Guidelines) will 
provide the details necessary to understand the treatment guidelines 
as well as navigate the complex DDIs that exist with various combi‐
nations of cART and DAAs. In HIV‐infected recipients, it is unknown 
if it is preferable to treat patients prior to or following transplant. 
Consideration for pre‐transplant treatment in the non‐liver candidate 
should include the severity of liver disease, the increased likelihood 
of earlier transplant with receipt of an HCV‐positive donor organ, and 
the availability of treatment. If treatment is delayed until after trans‐
plant, genotype appropriate treatment should be instituted in the 
early post‐transplant period to minimize rapid hepatic deterioration.

• Induction therapy with either lymphocyte depletion or inter‐
leukin 2 receptor antagonist should be used (strong, moderate). 
Lymphocyte‐depleting induction is recommended for high immu‐
nologic risk candidates (African American, presence of donor spe‐
cific antibodies, prior transplant) (strong, moderate).

• Maintenance immunosuppression regimens for kidney recipients 
should include tacrolimus, a mycophenolate analog, and long‐term 
corticosteroids (strong, moderate). Steroid avoidance regimens 
should not be used given the increased risk of rejection (strong, 
very low).

• Protease inhibitor‐based regimens and cobiscistat should be 
avoided (strong, moderate). Regimens avoiding these medications 
should be implemented prior to transplant, unless there are no 
alternative options based on genotypic and phenotypic testing 
(strong, moderate).

• If use of a protease inhibitor or pharmacokinetic enhancer such as 
cobicistat is necessary, significant dose reductions of calcineurin 
and mTOR inhibitors are necessary; daily monitoring of levels is 
required to determine optimal dosing (strong, moderate).

• Use of an integrase inhibitor‐based cART regimen is preferred due 
to the favorable safety profile and lack of DDIs (strong, moderate).

• Transplant recipients co‐infected with HBV and HIV should re‐
ceive cART that includes two drugs with activity against HBV 
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(strong, high). Tenofovir alafenamide is preferred to tenofovir 
disoproxil fumerate because of its improved safety profile (strong, 
weak).

• All patients co‐infected with HIV and HCV should be treated with 

DAAs for HCV (strong, high). The timing of HCV treatment in 
non‐liver recipients should be determined based on the degree of 
liver disease, the likelihood of earlier transplant with an HCV‐pos‐
itive organ, and the availability of DAA therapy; treatment can be 

TA B L E  2   Potential pharmacokinetic (PK) and pharmacodynamic (PD) drug interactions between antiretrovirals and 
immunosuppressants54,64,65

 Glucocorticoids Calcineurin inhibitors mTOR inhibitors Antimetabolites

NNRTI's

PK ↓ ↓ ↓ NI

PD  RPV, EFV: QTc prolongation   

EFV:	↑	TG,	LDL,	HDL 
Psychiatric AE’s—de‐
pression, psychosis, 
suicidal ideation

RPV:	↑	Scr	(no	change	in	GFR)   

NRTI's

PK NE NI NE NI

PD TDF > TAF: Loss of BMD TDF > TAF: Renal dysfunction, 
proteinuria,	↓phos

 ZDV: Anemia and neutropenia 
3TC,	ABC—↑	lactic	acidosis	and	mitochondrial	
toxicity 
ZDV/D4T—avoid with MMF—antagonistic

 d4T	>	ZDV	>	ABC:	↑	TG	and	LDL 
TAF:↑	TG,	LDL,	HDL

 

Unboosted protease inhibitors (PI)a 

PK ↑↑ ↑↑ ↑↑ NI

PD  SQV/r: QTc prolongation 
ATV	and	LPV/r:	↑	risk	CKD

 Gi intolerance

Boosted protease inhibitors (PIs)a 

PK ↑↑ ↑↑↑ ↑↑↑ NI

PD DRV, FPV,IDV, LPV/r: Increased risk CV events 
IDV, LPV/r: Increase risk of diabetes 
COBI	and	r	boosted	PIs:	↑	TG,	LDL,	HDL

 

Integrase inhibitorsb 

PK NE NI NI NE

PD  RAL,DTG:	↑CPK	and	rhabdo 
DTG:	↑	Scr	(no	change	in	GFR)

  

Pharmacokinetic boosters (cobicistat)

PK ↑↑ ↑↑↑ ↑↑↑ NI

PD  COBI:	↑	Scr	(no	change	in	GFR)   

CCR5‐antagonists

PK NE NE NE NE

PD     

Fusion inhibitors

PK NE NE NE NE

PD NE NE NE NE

↑↑,	known	significant	drug	interaction	resulting	in	increased	exposure	due	to	CYP	inhibition;	↑↑↑,	known	severe	drug	interaction	resulting	in	increased	
exposure	due	to	CYP	inhibition;	↓,	slight	potential	for	decreased	exposure	due	to	CYP	induction;	NE,	no	interaction	expected	based	on	theoretical	
considerations; NI, no interaction found in clinical studies.
Drug name abbreviations: 3TC Lamivudine; ABC Abacavir; ATV Atazanavir; COBI Cobicistat’; D4T Stavudine; DDI Didanosine; DRV Darunavir; DTG 
Dolutegravir; EFV Efavirenz; FPV Fosamprenavir; IDV Indinavir; LPV Lopinavir; r Ritonavir; RAL Raltegravir; RPV Rilpivirine; SQV Saquinavir; TAF 
Tenofovir alafenamide; TDF Tenofovir disoproxil fumarate; ZDV Zidovudine.
aThe degree of CYP inhibition may vary across the class of protease inhibitors. 
bIntegrase inhibitors combined with pharmacokinetic boosters such as cobicistat will result in increased exposure of glucocorticoids, calcineurin inhib‐
itors, and mTOR inhibitors. 
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deferred to the early post‐transplant period in stable patients in 
whom HCV‐positive organs are readily available (strong, moderate).

5  | PRE VENTATIVE ME A SURES IN THE 
HIV+TR ANSPL ANT POPUL ATION

Despite their potential history of opportunistic infections prior to 
transplant, HIV‐infected patients undergoing transplantation have 
a similar risk of developing opportunistic infections to that of their 
HIV‐uninfected counterparts. Similar to HIV‐uninfected recipients, 
prophylactic regimens for prevention of opportunistic infections 
have been recommended which also incorporate current prophy‐
laxis recommendations for HIV‐infected individuals who have not 
undergone transplant.76 Recommendations for opportunistic in‐
fection prophylaxis in the HIV‐infected transplant population are 
outlined in Table 3 and reflect the most recent guidelines for HIV‐
infected individuals. Notably, the HIV‐TR protocol called for lifelong 
Pneumocystis jirovecii prophylaxis. Whether HIV‐infected transplant 
recipients require this more aggressive prophylactic approach is not 
known; most studies report low incidences of opportunistic infec‐
tions in recipients using this extended prophylaxis protocol.

Similar to HIV‐uninfected transplant candidates, vaccination status 
should be assessed prior to transplantation and vaccines updated as per 
regular schedules.76,77Vaccination recommendations for HIV‐infected 
transplant recipients are outlined in Table 4. Additionally, all candidates 
should be screened for latent tuberculosis prior to transplantation using 
either tuberculin skin testing or interferon gamma release assay.76,77

• All HIV‐infected transplant recipients should receive standard in‐
stitution‐based prophylaxis for against Pneumocystis, cytomega‐
lovirus, and fungal pathogens (strong, moderate).

• The need for extended Pneumocystis prophylaxis beyond 1 year 
should be weighed against therapy‐related adverse effects that 
may warrant early discontinuation (weak, low).

• Primary and secondary prophylaxis against opportunistic patho‐
gens in HIV‐infected transplant recipients should be initiated in 
accordance with national HIV guidelines (moderate, moderate).

• Vaccine recommendations for HIV‐infected transplant candidates 
and recipients should mirror those of HIV‐uninfected transplant 
candidates and recipients (strong, moderate).

• Live vaccines should be avoided in most cases (see Vaccine sec‐
tion of 4th edition of AST ID Guidelines) (strong, moderate).

6  | HIV TO HIV TR ANSPL ANTATION

Wait list mortality is higher in transplant candidates infected with 
HIV; therefore, there is a pressing need to identify an alternative 
source of donors for this population.5 The safety of transplant‐
ing HIV‐infected donors into HIV‐infected transplant candidates 
was first evaluated in South Africa, where HIV‐infected patients 

with ESRD were historically not considered transplant or dialysis 
candidates. This initial experience of HIV to HIV transplantation 
illustrated that the use of kidneys from HIV‐infected donors did 
not adversely impact patient and graft survival or acute rejection 
rates.79 This experience from South Africa provided the prelimi‐
nary data needed to move the HIV Organ Policy Equity (HOPE) Act 
forward in the United States. With approval of the HOPE act in 
2013, the law banning use of HIV‐positive donors was revised al‐
lowing for use of these organs under specific research protocols.80 
The Health and Human Services (HHS) Secretary set forth specific 
criteria in six categories that must be met by participating cent‐
ers. The six categories include donor eligibility, recipient eligibil‐
ity, Transplant Hospital Criteria, Organ Procurement Organization 
(OPO) responsibilities, prevention of inadvertent transmission of 
HIV, and study design/required outcome measures. All donors 
must be free of invasive opportunistic complications of HIV and 
undergo a pre‐implantation biopsy. Living donors with HIV must 
have	 well‐controlled	 HIV	 defined	 as	 a	 CD4	 count	 ≥500	cells/
mm3 for the 6‐month period prior to donation and an HIV‐1 RNA 
<50 copies/mL, whereas deceased donors must have a history of 
HIV that can be treated with a cART regimen that the study team 
deems will be safe, tolerable, and effective. Details surrounding 
the other requirements can be found in the HOPE Act Safeguards 
and Research Criteria Document published by the Department 
of Health and Human Services.81 Currently, there are multiple 
US transplant centers participating in an NIH trial evaluating the 
safety of this practice and additional centers internationally per‐
forming kidney and liver transplants using HIV‐infected donors.

It is anticipated that the HOPE Act will expand the donor pool for 
HIV‐infected transplant candidates although the ultimate impact on 
the pool of donors for HIV‐infected individuals and the downstream 
effects on HIV‐uninfected candidates is not yet known. An unex‐
pected benefit of the HOPE act has been the increased use of organs 
that would have been discarded due to false‐positive HIV tests; a 
recent report identified an opportunity to use 10 suspected false‐
positive donors (with organs for 21 HIV+ recipients) over a period of 
2 years with excellent outcomes.82 The authors estimated that the use 
of false‐positive donors may result in the opportunity to increase the 
donor pool by 50‐100 donors per year. Use of HIV‐infected organs 
through implementation of the HOPE Act may also pose a number of 
challenges and risks. Given that this is relatively unchartered territory, 
there is much that remains unknown. There is an inherent risk of HIV 
superinfection and potential for transfer of resistant virus to recipients 
with well‐controlled HIV. There is potential for inadvertent transplan‐
tation of an HIV‐infected organ into a HIV‐uninfected individual, and 
risk of HIV transmission to members of the healthcare team procuring 
and transplanting these organs. Finally, it is unknown how the use of 
HIV‐infected organs may impact the risk of rejection in a population 
that already is at a higher risk than the general transplant population.83 

• With approval of the HOPE Act, transplantation of HIV‐infected 
organs into HIV‐infected recipients may be performed under spe‐
cific research criteria (moderate, moderate).
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TA B L E  4   Preventative vaccinations in the HIV+ transplant recipient54,74,75

Vaccine Population
Vaccination 
schedule Recommended product Additional concerns

Influenza A and B All HIV+ transplant candidates and 
recipients

Annually (strong, 
moderate)

Inactivated influenza vaccine 
0.5 mL IM

Avoid use of live intranasal 
vaccine

Streptococcus 
pneumoniae 
infection

All HIV+ transplant candidates and 
recipients

Every 3‐5 y 
(weak, low)

For first pneumococcal 
vaccination:

Pneumococcal conjugate vaccine 
(PCV13) 0.5 mL IM × 1 (strong, 
moderate)

Pneumococcal polysaccharide 
vaccine (PPV23) 0.5 mL IM at 
least 8 wk after the PCV13 
vaccine (strong, moderate)

PPV23 can be offered at least 
8 wk after receiving PCV13 
(weak, low) or can wait until CD4 
count	increased	to	≥200	cells/μL 
(weak, low).

Previous PPV23: One dose of 
PCV13 should be given at least 
1 y after the last receipt of 
PPV23 (strong, moderate)

 

Varicella virus 
(VZV) infection

Pre‐transplant pre‐exposure 
prevention—CD4	count	≥200	who	
have not been vaccinated, have no 
history of varicella or herpes 
zoster, or who are seronegative 
for VZV

Post‐exposure—close contact with a 
person who has active varicella or 
herpes zoster with no history of 
vaccination or infection with 
varicella or herpes zoster, or who 
are seronegative for VZV

One time 
administration 
of vaccine series 
with 3 mo 
between 2 
doses of 
varicella vaccine 
doses

Pre‐exposure prevention for 
pre‐transplant candidates 
only—Primary varicella 
vaccination (Varivax™®) 2 doses 
(0.5 mL SQ) administered 3 mo 
apart (weak, low)

Post‐exposure therapy 
Varicella‐zoster immune globulin 
(VariZIG™®) 125 IU per 10 kg 
(maximum of 625 IU) IM, 
administered as soon as possible 
and within 10 d of exposure. In 
the US, VariZIG™® can be 
obtained only under a treatment 
investigational new drug 
application from the Food and 
Drug Administration (strong, 
low)

Alternative Valacyclovir or 
acyclovir for 7 d beginning 
7‐10 d post exposure (weak, low) 
or intravenous immune globulin 
(IVIG)84 (weak, low)

ProQuad™® (Measles, 
Mumps, Rubella, and 
Varicella Virus Vaccine 
Live) and live attenuated 
zoster vaccine 
(Zostavax™®) both 
contain live virus and 
should not be adminis‐
tered to HIV+ transplant 
recipients.

If vaccination with 
Varivax™ results in 
disease, this may be 
treated with acyclovir 
VZV susceptible 
household contacts 
should be vaccinated to 
prevent transmission to 
HIV‐infected contact. If 
contacts develop a rash 
due to vaccine, transplant 
recipient should avoid 
contact with vaccine 
recipient until rash 
resolved (weak, low)

Hepatitis A virus 
(HAV) infection

HAV‐susceptible patients with 
chronic liver disease, or who are 
injection drug users, or men who 
have sex with men (AII). May delay 
vaccination until CD4+ 
count>200.

One time 
administration 
of vaccine series 
unless patient is 
considered a 
non‐responder

Hepatitis A vaccine 1 mL IM 
(Havrix™®, Vaqta™®) × 2 doses at 
0 and 6‐12 mo

OR
Combined HAV and HBV vaccine 

(Twinrix™) 1 mL IM as a 3‐dose 
series (at 0, 1, and 6 mo) or as a 
4‐dose series (at days 0, 7, 
21‐30, and 12 mo) (AII)

IgG antibody response 
should be assessed 1 mo 
after final vaccination; 
non‐responders should 
be revaccinated

(Continues)
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Patients with HIV are appropriate candidates for transplantation. Due 
to the significant drug interactions and increased risk of rejection, 
management of these patients can be complex. Development of novel 
highly potent antivirals for both HIV and HCV has resulted in single pill 
treatment options allowing for simplification and improved tolerability 

of treatment regimens. Emerging data in the non‐transplant literature 
have suggested that two drug regimens may be safe for use in cART‐
naive patients without baseline resistance mutations and those with 
sustained viral suppression. It is unknown if use of two drug regimens 
can be safely used in the setting of concomitant immunosuppres‐
sion. Introduction of novel DAAs into treatment algorithms for HIV/
HCV co‐infected transplant recipients has the potential to negate the 

Vaccine Population
Vaccination 
schedule Recommended product Additional concerns

Hepatitis B virus 
(HBV) infection

All HBV seronegative patients. 
(AII). Patients with with isolated 
anti‐HBc: vaccinate (BII)

One time 
administration 
of vaccine series 
unless patient is 
considered a 
non‐responder

Hepatitis B vaccine IM (Engerix‐
B™ 20 µg/mL or Recombivax 
HB™ 10 µg/mL) at 0, 1, and 6 mo 
(AII) or HBV vaccine IM 
(Engerix‐B™ 40 µg/mL or 
Recombivax HB™ 20 µg/mL) at 
0, 1, 2 and 6 mo. Some experts 
recommend vaccinating with 
40 µg doses of either vaccine 
(Engerix‐B™ or Recombivax) 
(strong, moderate) or Combined 
HAV and HBV vaccine (Twinrix™) 
1 mL IM as a 3‐dose series (at 0, 
1, and 6 mo) or as a 4‐dose series 
(at days 0, 7, 21‐30, and 12 mo) 
(strong, moderate)

Hepatitis B surface 
antibody (HBs) should be 
obtained 1 mo after 
completion of vaccine 
series.

If patient is a non‐re‐
sponder (anti‐
Hbs < 10 IU/mL), they 
should be revaccinated 
with a second series 
(weak, low).

If the first series was given 
with low CD4 count 
consideration should be 
given to wait for a 
sustained increase in CD4 
count and repeat the 
series

For patients with isolated 
HBV core antibody 
positivity, administer 1 
standard dose of HBV 
vaccine, check anti‐
HBs1‐2 mo after, if 
>100 IU, no further 
vaccination needed. If 
titer is <100 IU, vaccinate 
with full series (weak, 
low)

Human 
Papillomavirus 
(HPV) infection

Males and females aged 9‐45 One time 
administration 
of three 
vaccines over 
6 mo

HPV recombinant vaccine 9 
valent (Types 6.11.16, 18, 31, 33, 
45, 52, 58) 0.5 mL IM at 0, 1‐2, 
and 6 mo (weak, low)

Consideration can be given 
to providing an additional 
vaccination with 
recombinant 9‐valent 
vaccine to those who 
have completed a 
vaccination series with 
the recombinant bivalent 
or quadrivalent vaccine, 
there is however no data 
to define who might 
benefit or how cost 
effective this approach 
might be (weak, low)

Meningococcus All adults and adolescents 2 doses 
separated by at 
least 2 mo with 
single dose 
booster every 
5 y

MEN ACWY for all 
recipients(strong, moderate); 
MEN B should also be given to 
those age 16‐23

 

aWhenever possible vaccines should be administered prior to transplantation. 

TA B L E  4   (Continued)
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previously seen negative impact of HCV coinfection and use of HCV‐
positive donors on transplant outcomes. The optimal timing of HCV 
treatment in HIV‐infected candidates and recipients is unknown, and 
it is also unknown if the use of new DAAs will expand the opportunity 
for use of HCV‐positive organs to HCV negative HIV‐infected trans‐
plant recipients. We await the results of this novel strategy in the non‐
HIV‐infected population coupled with additional data on the impact of 
DAAs in the HIV‐infected population.

Additional research focusing on strategies to decrease the in‐
cidence of post‐transplant rejection is still needed. Center specific 
data providing granular detail on the impact of depleting antibod‐
ies on rejection and infection risk will be helpful to supplement the 
data gathered from registry studies. Center specific opportunistic 
infection data can provide guidance on the need for lifelong PJP pro‐
phylaxis as well as the need for supplemental OI prophylaxis when 
depleting antibodies are used. Published data thus far have been 
heavily focused on outcomes in adult kidney and liver transplant 
recipients; there remains a need for additional data on outcomes 
in heart, lung, pancreas, vascular composite allograft, and pediatric 
populations to determine whether differences exist. Finally, we await 
data from US and other international clinical trials using HIV‐positive 
donors to determine whether this is a viable option to expand the 
donor pool. Ultimately given the challenging issues related to patient 
selection and post‐transplant management, an integrated multidisci‐
plinary approach involving diverse healthcare providers experienced 
in the care of these patients is recommended for optimal long‐term 
outcomes.
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