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Combined antiretroviral therapy (ART) has made HIV 
infection a manageable chronic disease, allowing a near 
normal lifespan. Consequently, aging HIV-infected 
patients face the chronic health conditions and organ 
failures of the general population. The most important 
advance in 2 decades is HIV-infected patients with end-
stage organ disease being evaluated for and undergoing 
solid organ transplantation (SOT) [1], now routine clini-
cal care in developed countries and increasingly frequent 
in developing ones. Multidisciplinary teams including 
HIV specialists are needed to improve outcomes.

So far, we have learned that, first, any organ can be 
transplanted to HIV-infected patients. Most frequently, 
it is the kidney, liver and heart, with the pancreas, com-
bined kidney and pancreas and lung transplants also 
being successful. Second, HIV criteria for SOT have 
worked [1, 2]. Patients with well-controlled HIV infec-
tion on ART, without previous opportunistic infections 
(OIs) (or with treatable and preventable ones) and meet-
ing minimum CD4+ T cell counts (> 100 for liver and 
> 200 for other SOT), do not face higher risks of devel-
oping OIs after SOT, and HIV-infection remains well 
controlled. Furthermore, non-boosted integrase inhibi-
tor (e.g., raltegravir and also dolutegravir and bictegravir, 
although there is less clinical experience) based ARTs [3] 
have avoided drug-drug interactions with immunosup-
pressors (e.g., calcineurin inhibitors) and direct antiviral 
agents (DAAs) for hepatitis C virus (HCV), simplifying 
the treatment and improving the management and pos-
sibly the outcome of this challenging population. Third, 
dialysis should only be a bridge to kidney transplantation. 

It has shown its safety and a better prognosis and quality 
of life for HIV-infected individuals than continued hemo-
dialysis [4]. Fourth, liver transplantation (LT) is a safe and 
effective therapy for selected HIV-infected patients with 
hepatocellular carcinoma (HCC) [5], a leading non-AIDS 
defining cancer in this population. Fifth, acute rejection 
is more common in SOT HIV-infected recipients and 
associated with graft loss [6–8]. The pathophysiology is 
unknown, and transplant teams must diagnose and treat 
early. Finally, mid- (5 years) and long-term (10 years) sur-
vival rates of kidney, liver and heart transplantation are 
lower than their matched HIV-negative recipients but are 
still acceptable (Table 1) (see references in supplementary 
material). HCV co-infection has negatively affected these 
results, as the cure rate with pegylated interferon and 
ribavirin was low. However, interferon-free DAAs have 
since changed this, and cure rates for LT are high, similar 
to those in HIV-negative recipients [9]. With HCV elimi-
nated, the prognosis of liver and renal transplantation 
in HIV-infected patients is good (Table  1). Eliminating 
HCV is important in liver retransplantation, as the out-
comes of HCV-HIV co-infected recipients are poor short 
term [10].

Many challenges remain, however, particularly com-
bined organ transplantation and small donor organ pools 
for HIV- and non-HIV-infected patients. Combined kid-
ney-liver transplantation (CKLT) and simultaneous kid-
ney-pancreas transplantation (SKPT) have been reported 
in HIV-infected patients with contradictory results. The 
NIH trial [7] of LT in HIV-infected individuals showed 
CKLT to be associated with poor outcomes. It has there-
fore been rarely performed with these results negatively 
impacting decisions by transplant teams. We believe that 
it should be revisited in the current era. Experience in 
SKPT in HIV-infected individuals is still limited. A few 
case reports suggest that it is feasible in individuals with 
HIV, although outcomes are mixed. In the largest series 
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[11] of four HIV-infected recipients with type 1 diabetes 
mellitus and end-stage renal disease (ESRD), all patients 
suffered complications requiring surgical re-exploration 
and postoperative infections. At a mean follow-up of 
45 months, all four had normal renal function, and one 
experienced late pancreatic graft failure, whereas three 
remained insulin independent. More data are needed to 
determine if pancreas transplantation in HIV-infected 
recipients is safe and feasible.

Unfortunately, donor organs are in short supply, 
whereas waiting lists grow. Using organs from living 
donors is not well explored in HIV-infected patients, 
and using organs from HCV-infected or HIV-infected 
donors is currently being investigated. Living-donor kid-
ney transplantation (KT) is the oldest solid organ trans-
plantation and is associated with better outcome than 
deceased-donor KT in the general population. However, 
in a recent publication [12], the likelihood of living-
donor KT in HIV-infected candidates has been reported 
to be 47% lower, with a trend toward lower likelihood of 
deceased-donor KT. However, in the NIH trial [6] of KT 
in HIV-infected individuals, using living-donor trans-
plants was protective against graft loss. Therefore, HIV-
infected patients with ESRD should not be excluded from 
living-donor transplant programs. Living-donor liver 
transplantation (LDLT) has been controversial since its 
inception because of the significant risks to the living 
donor, including death and substantial morbidity. For 

these reasons and because of the initial poor outcomes 
of LT in HIV/HCV co-infected patients in the pre-DAA 
era, LDLT in HIV-infected individuals has not been con-
sidered so far. We believe that in the current era of ART 
and DAAs, it should be explored as an alternative to 
deceased-donor transplantation.

The use of deceased HCV+ donors for HCV/HIV co-
infected recipients showed inferior results in the NIH 
trial [7] of LT in HIV-infected individuals. However, it 
should be reassessed in the future in both LT and KT 
in HIV-infected recipients because of the good prelimi-
nary results in KT in HIV-uninfected individuals, where 
pre- and post-transplant HCV treatment with DAAs was 
safe and prevented chronic HCV infection in HCV D+/
R− kidney transplant recipients [13]. Another emerg-
ing research field is the transplantation of organs from 
HIV-infected donors to HIV-infected recipients (HIV 
D+/R+). There are unique risks of HIV D+/R+ trans-
plant to consider [1]. These include donor-to-recipient 
HIV superinfection, occult OIs in HIV-infected donors 
or lower organ quality due to the impact of chronic HIV 
on organ function. These theoretical risks will need to be 
weighed against the morbidity and mortality of remain-
ing on waiting lists and the survival benefit of transplan-
tation. The practice of HIV D+/R+ KT was pioneered in 
South Africa by Muller et  al. [14] who reported 3- and 
5-year patient survival of 84% and 74%, respectively, for 
27 HIV D+/R+ kidney transplants. These outcomes are 

Table 1  Long-term survival of kidney, liver and heart transplants in HIV-infected recipients compared with HIV-negative 
controls

References are listed in the supplementary material

SVR sustained virologic response

Type of SOT/country 
(references)

Period Number of patients Years P value

1 2 3 4 5 10

Kidney/USA [1] 2002–2011 HIV+ HCV− (n = 362) 96% – 92% – 89% 64% 0.096

HIV− HCV− (n = 3620) 97% – 94% – 89% 78%

Kidney/USA [1] 2002–2011 HIV+ HCV+ (n = 104) 91% – 77% – 67% 29% 0.001

HIV− HCV+ (n = 1050) 94% – 86% – 79% 56%

Liver/Spain [2] 2002–2006 HIV+/HCV+ (n = 84) 88% 71% 62% 60% 54% – 0.008

HIV−/HCV+ (n = 252) 90% 81% 76% 73% 71% –

Liver/Spain [3] 2002–2009 HIV+/HCV+ SVR (n = 16) 93% 87% 79% 79% 79% – 0.093

HIV−/HCV + SVR (n = 64) 98% 98% 98% 92% 92% –

Liver/USA [4] 2002–2011 HIV+/HCV+ (n = 117) 77% – 59% – 52% 44% < 0.001

HIV−/HCV+ (n = 15,581) 88% – 76% – 69% 60%

Liver/USA [5] 2001–2007 HIV+/HBV+ (n = 22) 85% – 85% – 85% – 0.090

HIV−/HBV+ (n = 20) 100% – 100% – 100% –

Heart/USA [6] 1999–2004 HIV+ (n = 20) 86% – 79% – – – 0.950

HIV− (n = 9174) 90% – 90% – – –

Heart/USA [7] 2004–2016 HIV+ (n = 35) 100% – 88% – 88% – 0.149

HIV− (n = 21,400) 89% – 83% – 77% –
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not significantly different from outcomes of HIV+ kid-
ney transplants using HIV-uninfected donors (HIV D−/
R+). Furthermore, this series saw neither HIV virologic 
failure nor AIDS-defining OIs. HIV D+/R+ liver trans-
plant experience is limited to a few case reports without 
unusual complications. In the USA, federal law banned 
HIV D+/R+ transplantation in 1984, but it was revised 
with the HIV Organ Policy Equity (HOPE) Act in 2013, 
allowing HIV D+/R+ transplants in research trials. Mul-
ticenter national trials investigating the practice of HIV 
D+/R+ deceased-donor kidney and liver transplanta-
tion (NCT02602262, NCT03500315) and HIV D+/R+ 
living donor kidney transplantation (NCT03408106) are 
underway.

In conclusion, the field of SOT in HIV-infected patients 
is evolving rapidly. As a recent example, a publication 
reporting the successful LDLT from an HIV-positive to 
an HIV-negative individual opens a completely new sce-
nario in the setting of SOT in HIV-infected individuals 
[15].
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