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Abstract

Purpose of Review—The prevalence of end-stage organ disease is increasing among HIV-

infected (HIV+) individuals. Individuals with well-controlled HIV on antiretroviral therapy (ART), 

without active opportunistic infections or cancer, and with specified minimum CD4 cell counts are 

appropriate transplant candidates. Infectious disease clinicians can improve access to 

transplantation for these patients and optimize management pre- and post-transplant.

Recent Findings—Clinical trials and registry-based studies demonstrate excellent outcomes for 

select HIV+ kidney and liver transplant recipients with similar patient and graft survival as HIV-

uninfected patients. Elevated allograft rejection rates have been observed in HIV+ individuals; this 

may be related to a dysregulated immune system or drug interactions. Lymphocyte-depleting 

immunosuppression has been associated with lower rejection rates without increased infections 

using national registry data. Hepatitis C virus (HCV) coinfection has been associated with worse 

outcomes, however improvements are expected with direct-acting antivirals.

Summary—Solid organ transplantation should be considered for HIV+ individuals with end-

stage organ disease. Infectious disease clinicians can optimize ART to avoid pharmacoenhancers, 

which interact with immunosuppression. The timing of HCV treatment (pre- or post-transplant) 

should be discussed with the transplant team. Finally, organs from HIV+ donors can now be 

considered for HIV+ transplant candidates, within research protocols.
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Introduction

There are over 1.2 million HIV+ individuals in the US, and approximately 50,000 new 

infections each year [1,2]. The advent of antiretroviral therapy (ART) in the mid-1990’s 

fundamentally altered the landscape of HIV transforming it into a chronic, manageable 

disease [3]. Though obstacles remain in the HIV care continuum, improvements in treatment 

options have resulted in an increase in life-expectancy and a decrease in the incidence of 

opportunistic infections (OIs) and AIDS-defining illnesses [4,5]. As a result, chronic 

diseases now contribute to significant morbidity and mortality for HIV+ individuals [6,7]. 

These chronic illnesses arise from a number of sources including: common co-morbidities 

(such as cardiovascular disease, hypertension, and diabetes), co-infections with other chronic 

viruses (such as hepatitis B and hepatitis C), and long-term effects of HIV-infection (such as 

continuous ART exposure, inflammation, and cancer). These factors have led to an increase 

in the burden of end-stage organ disease and organ failure, and thus a corresponding increase 

in the need for solid organ transplantation (SOT), for HIV+ individuals.

End-stage renal and liver disease in HIV

In the post-ART era, there has been an increase in the prevalence of end-stage renal disease 

(ESRD) among HIV+ individuals. The prevalence of HIV infection among the 661,000 

ESRD patients in the US varies, depending on the underlying prevalence of HIV in the 

population being measured [8]. Studies from the US and Europe indicate that approximately 

0.5% – 1.5% of ESRD patients have HIV [9–12]. Particularly among African Americans, 

HIV-associated nephropathy (HIVAN) is a leading cause of ESRD and these patients have an 

increased mortality risk, compared to patients with other causes of ESRD [7,9]. Although 

HIVAN is decreasing in incidence in the era of effective ART [10,13], HIV+ individuals 

remain at risk of developing ESRD due to more traditional risk factors, such as hypertension 

and diabetes. Up to one-third of all HIV+ individuals will develop chronic kidney disease 

[14–17]. Overall, HIV+ individuals appear to experience an accelerated progression to 

ESRD. On dialysis, they face a higher risk of death, are less likely to be listed for a kidney 

transplant (KT), and are less likely to receive a KT, compared to ESRD patients without HIV 

[18–20].

End-stage liver disease (ESLD) also leads to significant morbidity and mortality among HIV

+ individuals [21]. A large international multi-cohort study of HIV+ individuals on ART 

found that liver disease was the most common cause of non-AIDS related death for these 

patients [6]. Co-infections with HIV and hepatitis B virus (HBV) and/or hepatitis C virus 

(HCV) are common in this population. In the US, approximately 20–33% of HIV+ 

individuals are co-infected with HCV [22]. Not only is co-infection common, it accelerates 

progression to ESLD [23,24]. In addition, ESLD in HIV+ individuals may develop due to 

adverse effects of ART [25] or due to factors seen in HIV-uninfected individuals, including 
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alcoholic liver disease and disorders of hepatic fat accumulation (non-alcoholic fatty liver 

and non-alcoholic steatohepatitis) [26,27]. Recent longitudinal studies of well-characterized 

HIV+ cohorts have reported non-alcoholic fatty liver disease prevalence estimates of 13–

55%, depending on the cohorts described and the biomarkers used [28–31]. Once HIV+ 

individuals progress to ESLD, they are less likely to receive a liver transplant (LT) and have 

a greater waitlist mortality risk, compared to HIV-patients with ESLD [32–34].

TREATMENT: HIV+ Kidney and Liver Transplant

Historically, HIV+ individuals were rarely offered organ transplants due to concerns 

regarding immunosuppression, risk of OIs, and accelerating the progression of HIV disease. 

Between 2003–2008, several small studies of carefully selected HIV+ KT and LT showed 

promise [33,35,36]. These initial reports led to a larger prospective NIH-funded trial called 

the HIV Multisite Transplant Recipient (HIV-TR) Study, conducted at 26 US transplant 

centers [37–39]. Outcomes from both the HIV-TR cohort and data on HIV+ KT and LT from 

the Scientific Registry of Transplant Recipients (SRTR) have informed current practice and 

guidelines for solid organ transplantation in HIV+ individuals. The SRTR data system 

includes data on all donors, waitlist candidates, and transplant recipients in the United 

States, submitted by members of the Organ Procurement and Transplantation Network 

(OPTN) as previously described [40]. The Health Resources and Services Administration 

(HRSA), U.S. Department of Health and Human Services provides oversight to the activities 

of the OPTN and SRTR contractors.

HIV+ Kidney Transplant

In the HIV-TR Study, excellent outcomes were reported in 150 HIV KT recipients: 1-year 

patient and graft survival were 95% and 90%, respectively; 3-year patient and graft survival 

were 88% and 74%, respectively (Table 1). These rates were superior to rates among HIV− 

KT recipients >65 years of age in SRTR (which the authors used as a comparison group, 

based on the fact that older KT recipients are considered higher risk) [37]. These favorable 

results were confirmed with four-year patient and graft survival rates of 89% and 70%, 

respectively [39].

Using SRTR data, Locke et al. reported outcomes in 510 HIV+ KT recipients with HIV-

uninfected matched controls and up to 10 years of follow-up [41]. In this analysis, HIV+ KT 

recipients without HCV co-infection had similar patient and graft survival to HIV− KT 

recipients up to 10 years post-transplant (Table 1). In another analysis, Locke et al. found 

that, compared to remaining on dialysis, HIV+ KT was associated with an 80% lower risk of 

death at 5 years [42]. Finally, Locke et al. studied the association between transplant center 

experience measures and transplant era on HIV+ KT outcomes. There were no differences in 

outcomes related to transplant center experience, however HIV+ KT recipients who received 

transplants after 2008 had 41% and 38% lower risks of death and graft failure, respectively 

[43].
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HIV+ Liver Transplant

In HIV-TR, there were 89 HIV/HCV co-infected LT recipients; 1-year patient and graft 

survival were 76% and 72%, respectively; 3-year patient and graft survival were 60% and 

53%, respectively (Table 1). These survival rates were significantly lower than the 

comparison group of HCV mono-infected LT recipients (n=325) [38]. Lower survival for 

HIV/HCV LT recipients compared to HCV-only LT was also seen in a study in Spain of 84 

HIV LT recipients [44]. In both studies, reasons for worse survival were hypothesized to be 

related in part to HCV co-infection. This is supported by outcomes of LT observed in HIV+ 

individuals without HCV co-infection. For example, a small study (n=20) comparing 

hepatitis B virus (HBV) mono-versus HIV/HBV co-infected LT recipients showed patient 

and graft survival were similar: 100% versus 85% in with 4 years of follow-up [45].

Using a cohort in SRTR that included both HIV mono-infected and HIV/HCV co-infected 

LT recipients (n=180), Locke et al. found that HIV/HCV co-infection was associated with a 

2.24-fold higher hazard of death. However, after 2008, the hazard of death for HIV mono-

infected LT recipients was equivalent to that in HCV mono-infected LT recipients [46]. 

Overall, given the high mortality of ESLD, even for HIV/HCV co-infected candidates LT 

remains a reasonable treatment.

Based on the results of these studies (Table 1), current guidelines state that HIV-infection is 

no longer considered to be an absolute contraindication for transplantation for individuals 

who otherwise meet standard transplant criteria. However, HIV+ transplant candidates must 

have well-controlled HIV and it is recommended that they meet the same inclusion criteria 

used in the HIV-TR Study. These include: HIV VL <50 copies/mL on ART or an anticipated 

effective post-transplant ART regimen for patients with ART intolerance/hepatotoxicity, and 

limited or no history of OIs. HIV+ candidates must also meet minimum CD4 count 

thresholds of >100/μL for liver candidates and or >200/μL for kidney candidates or for those 

with a history of OIs [47].

Solid organ transplant in HIV: Beyond Liver and Kidney

Excellent cohort studies of HIV+ individuals have generated data on increased incidence of 

cardiovascular disease and lung disease in HIV+ individuals [6,48,49]. HIV+ individuals are 

at risk for heart failure resulting from cardiomyopathy directly related to the virus and 

metabolic effects of ART as well as increased ischemic cardiovascular disease resulting from 

traditional risk factors [50]. Non-infectious pulmonary disease such as chronic obstructive 

pulmonary disease and pulmonary hypertension have also been associated with HIV-

infection [51].

There are limited data regarding access to transplantation, and pre- and post-transplant 

outcomes for HIV+ recipients of heart, lung, pancreas, and intestines. The limited reports of 

heart transplant recipients with HIV indicate that short-term outcomes are good, but that 

rejection remains a potential complication [52–56]. There is one published case of a lung 

transplant recipient with HIV, who was also co-infected with HBV, and survived for at least 

2 years post-transplant indicating no major infectious complications or rejection [57]. There 
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are also limited reports of simultaneous liver-kidney [58] and simultaneous kidney-pancreas 

transplants [59–63] in recipients with HIV, though only 1 published case from the US [64].

For all organ types, the number of HIV+ transplant recipients has increased over time, 

according to SRTR data (Figure 1). From 2000 to 2016, there has been a >40-fold increase 

in HIV+ KTs and >10-fold increase in HIV+ LTs. Only 6 lung transplant recipients and 42 

heart HIV+ transplant recipients in the US have been reported in the national registry.

Post-transplant Management Challenges

Infections including AIDS-Defining Illnesses

HIV+ transplant candidates who had a prior history of an appropriately treated OI were not 

excluded from the HIV-TR Study [37,38]. Post-transplant survival was not associated with a 

recipient’s history an OI. At 4 years follow-up, there were 13 cases of AIDS-defining 

illnesses: cutaneous Kaposi’s sarcoma (n=4), esophageal candidiasis (n=5), bronchial 

candidiasis (n=1), Pnuemocystis jirovecci pneumonia (n=2), and cryptosporidiosis (n=1) and 

none of these were cases of an OI recurrence [39]. In HIV-TR, those who received induction 

immunosuppression with a lymphocyte depleting agent, antithymocyte globulin (ATG), did 

experience a higher number of infections than HIV+ KT recipients who did not receive 

ATG, however this higher rate of infection was not associated with a difference in survival.

In a study of 308 HIV KT recipient kidney recipients in the national registry, Kucirka et al. 

found that post-transplant infections were common, with over 50% of patients experiencing 

an infection in the first year after transplant. Urinary tract infections were the most common, 

accounting for about one-third of all infections, followed by sepsis, which occurred in 15–

20%, depending on the type of induction immunosuppression. Approximately, 10% of HIV 

KT recipients had an AIDS-related infection. This was primarily CMV disease which is a 

frequent complication among all KT recipients, regardless of HIV status. Induction with 

ATG was not associated with a higher risk of infection [65].

Allograft Rejection

HIV+ transplant recipients do experience an increased incidence of allograft rejection [34, 

38, 41, 47, 48]. For HIV+ KT recipients, rates were between 2–4 times higher than HIV− 

KT recipients. At 1-year post-transplant, 15% and 31% of HIV+ KT recipients had an 

episode of rejection in HIV-TR and SRTR, respectively [37,66]. At 3 years post-transplant, 

41% of HIV+ KT recipients in HIV-TR experienced rejection. For HIV LT, there has also 

been an elevated rate of rejection reported. In the HIV-TR Study, acute rejection occurred in 

39% of the HIV+ LT recipients, with half of the episodes occurring within the first 21 days. 

There was a 1.6-fold higher risk of allograft rejection, compared to HCV mono-infected 

recipients (39% vs. 24%) [38].

There are multiple potential mechanisms proposed to explain the observed increased 

rejection rates. Drug interactions between ART and calcineurin inhibitors may lower overall 

exposure to immunosuppressant agents, thus guidelines now recommend avoiding these 

problematic combinations (as will be discussed below) [47]. Chronic viral infection may 

lead to immune dysregulation with more memory alloreactive T cells [67,68] and there may 
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also be a higher prevalence of HLA alloantibodies in HIV+ individuals [69]. One small 

study of HIV+ KT recipients showed that HIV was detectable in the allograft, suggesting 

another potential mechanism for the acute rejection seen in these patients [70,71].

Given the dual priorities of preventing infection and rejection in this population, there has 

been significant debate over the optimal choice of induction immunosuppression. Induction 

is generally considered standard of care for KT recipients, but there may be reluctance to use 

these agents, particularly T-cell depleting regimens such as ATG. A large national registry 

study of HIV+ KT recipients showed that receipt of ATG was associated with a 2.6-fold 

lower risk of acute rejection [66]. A follow-up study using Medicare claims data, 

specifically looking at infection rates by induction type, confirmed that receipt of ATG was 

associated with a 40% reduction in risk of rejection and was not associated with an increase 

in the risk of infections compared to no induction [65]. Based on this, the current 

recommendation for HIV+ individuals undergoing SOT is to treat these patients with the 

appropriate level and class of immunosuppression based on their overall risk of rejection, 

independent of their HIV-infection.

Antiretroviral Therapy and Drug Interactions

Calcineurin inhibitors such as tacrolimus and cyclosporine are mainstays of long-term 

immunosuppression to prevent rejection in transplant recipients. Dosing is typically based 

on a 12-hour area under the curve (AUC), and in practice, trough levels are closely 

monitored, assuming a correlation with AUCs [72]. Calcineurin inhibitors are metabolized 

by the cytochrome P450 enzyme, CYP3A, which is strongly inhibited by antiretroviral class 

of protease inhibitors and the pharmacoenhancers ritonavir and cobicistat. As a result, with 

co-administration in HIV+ transplant recipients, tacrolimus doses need to be reduced up to a 

50-fold in order to achieve the same target troughs. The pharmacokinetic curve does not 

show the normal peak-and-trough pattern but instead resembles a flat line with a half-life of 

up to 20 days [73]. This leads to a lower tacrolimus AUC and may explain, in part, the 

increased rejection rates observed in HIV transplant studies. This was seen in a recent cohort 

analysis of HIV+ KT recipients combining registry data and a pharmacy claims database in 

which receipt of a PI-based regimen as associated with a 1.8-fold increase of allograft loss 

and a 1.9-fold increase in the risk of death compared to receipt of non-PI regimens [74]. As 

such, avoiding protease post-transplant in HIV+ recipients has been recommended in clinical 

practice [47]. Alternatively, if protease use is unavoidable, raising tacrolimus trough levels to 

achieve an exposure equivalent to HIV-negative recipients has also been suggested [75].

Integrase strand transferase inhibitors are neither inducers nor inhibitors of cytochrome P450 

and have been safely administered to HIV+ transplant recipients on calcineurin inhibitors 

[76]. In addition, the antiretroviral drug maraviroc does not interact with tacrolimus and may 

be of special interest. Maraviroc works by blocking the CCR5 receptor on T lymphocytes 

which is used by the most common strains of HIV (R5 tropic strains) as a co-receptor for 

viral entry. Blockade of the CCR5 receptor not only has anti-HIV activity in individuals with 

exclusive R5 virus, but also impairs lymphocyte chemotaxis and has anti-inflammatory 

properties. Notably, about 1% of white populations are homozygous for a 32 base pair 

deletion in CCR5 that leads to lack of expression of the co-receptor. Renal transplant 
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recipients who are homozygous for this mutation have been observed to have prolonged 

graft survival [77]. A multisite clinical trial is ongoing to investigate the impact of maraviroc 

on rejection and other transplant outcomes in HIV+ KT recipients (ClinicalTrials.gov 

Identifier: NCT02741323).

Hepatitis C Co-Infection and Treatment

HIV/HCV co-infection is associated with worse outcomes after KT and LT, compared to 

mono-infection with HCV. In the original HIV-TR Study, the 1-year survival for HIV/HCV 

co-infected KT recipients was 86% compared to 94% among the HIV mono-infected KT 

recipients (p=.09) and with 4-year follow-up, the hazard of death for HCV/HIV was 1.9-fold 

higher, though neither difference was statistically significant with less than 20 HIV/HCV KT 

recipients [37,39]. In the HIV-TR Study, most LT recipients were HIV/HCV co-infected and 

as discussed above, patient and graft survival were lower than HCV-mono-infected LT 

recipients [38]. In a larger cohort of HIV LT recipients (n=180), Locke et al. found 

significantly lower 5- and 10-year patient survival rates of 67% and 29% among HIV/HCV 

co-infected KT recipients compared to 5- and 10-year patient survival rates of 79% and 56% 

among matched HCV-mono-infected controls (p < .01) [41]. The advent of direct acting 

antivirals (DAAs) for HCV will undoubtedly improve outcomes in HIV/HCV co-infected 

transplant recipients. Although there are no specific trials of DAA to treat HCV in HIV+ 

transplant recipients, multiple trials in HIV+ individuals [78–82] and trials in HIV-

uninfected transplant recipients have shown cure rates >95% [83–86]. One unique challenge 

in this patient population is whether to eradicate HCV with DAAs pre- or post-transplant. 

Current guidelines do not address this issue specifically. Candidates may receive organ 

offers from donors who are HCV+, many of which are high-quality organs from otherwise 

low-risk donors. Accepting these offers has been shown to reduce time spent waiting for an 

organ, and has been associated with good post-transplant outcomes [87–89]. However, 

eradicating HCV with DAAs prior to transplantation can prevent infection of the graft, 

avoids the potential for drug-drug interactions with post-transplant immunosuppression, and 

may improve the health and quality of life for patients while on the waitlist. We recommend 

infectious diseases clinicians discuss this with the transplant team and the patient, weighing 

these risks and benefits on a case-by-case basis.

Emerging Therapies – HIV+ to HIV+ Organ Transplantation

HIV+ donor organs represent a unique and novel source of organs for HIV+ individuals. Dr. 

Elmi Muller of the Groote Schuur Hospital, pioneered HIV+ to HIV+ kidney transplantation 

in Cape Town, South Africa, successfully performing the first HIV+ to HIV+ KTs in the 

world [90]. Since this initial groundbreaking work, she has reported on outcomes for a total 

of 27 HIV+ recipients of HIV+ donors with 3- and 5-year graft-failure-free survival of 84% 

and 74%, respectively [91]. In the US, the use of HIV+ organ donors was outlawed in the 

1980’s and thus, a change in federal law was required to allow this. The HIV Organ Policy 

Equity Act was signed into law in 2013, implemented in 2015, and permits research into 

HIV+ to HIV+ transplantation [92,93]. Since the passage of the HOPE Act, studies have 

begun enrolling participants to investigate the potential of HIV+ to HIV+ kidney and 

transplants and the first US transplants were done at Johns Hopkins Hospital in March 2016 
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(ClinicalTrials.gov Identifier: NCT02602262) [94]. There have also been case reports of 

successful HIV+ to HIV+ LTs in Switzerland [95] and the UK [96].

Conclusions

HIV+ individuals are at increased risk for end-stage organ disease and face disproportionate 

mortality and decreased access to organ transplantation. Kidney and liver transplant offer a 

benefit for this population and those with well-controlled HIV disease should be referred 

and considered for transplantation. Partnering with the transplant team, infectious disease 

physicians can optimize ART to minimize drug interactions, utilize appropriate opportunistic 

infection prophylaxis, and carefully consider when to treat HCV co-infection, thereby 

improve pre- and post-transplant outcomes for HIV+ transplant recipients. Finally, trials are 

ongoing to determine whether the use of organs from HIV+ donors may safely expand donor 

options for these patients.
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Figure 1. 
Annual number of HIV+ recipients (y-axis, left) has grown since 2000 for kidney transplants 

(A), liver transplants (B), and heart transplants (C), but remained rare for lung transplants 

(D). The total number of annual transplants per organ is shown for reference as a dashed line 

(y-axis, right).
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