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Introduction

Human immunodeficiency virus (HIV) infection is a well-
established etiology of kidney disease and is characterized 
by nephrotic range proteinuria, followed by progressive 
renal failure (1-3). HIV infection can directly cause 
renal dysfunction in a variety of ways, including HIV-
associated nephropathy (HIVAN), immune complex 
diseases, and thrombotic microangiopathy. HIVAN occurs 
in approximately 10% of patients with HIV (4) and is the 
third most common etiology of end-stage renal disease 
(ESRD) among African Americans aged 20–64 years (5,6). 
HIV can also indirectly cause kidney disease through 
the nephrotoxicity associated with antiretroviral therapy 
(ART) (e.g., tenofovir, indinavir) and antimicrobials used 
to treat opportunistic infections (e.g., trimethoprim-
sulfamethoxazole, aminoglycosides, acyclovir, amphotericin, 
and foscarnet) (7,8). Despite the adverse effects of HIV 
infection on renal function, widespread use of highly active 
antiretroviral therapy (HAART) has decreased the number 

of patients requiring dialysis and has improved overall 
survival (9,10). HIV was once considered a contraindication 
to transplantation in the United States and Europe due to 
concerns about HIV disease progression in the setting of 
transplant immunosuppression (11-13). As a result, dialysis 
was believed to be the only solution for ESRD in HIV 
patients. However, kidney transplantation in the HAART 
era has shown improved overall survival compared to HIV 
patients on dialysis, and similar graft survival rates to HIV-
negative patients (14,15). Due to these encouraging results, 
HIV-seropositivity is no longer a contraindication to renal 
transplantation at some centers (14,16,17). In this study, we 
review the most recent publications regarding the safety, 
efficacy, outcomes, and challenges of kidney transplantation 
in HIV positive recipients.

Methods

We performed a comprehensive literature search using the 
PubMed database from January 1st, 2000 to June 1st, 2018. 
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For our search strategy, we used the combination of the Mesh 
terms “Kidney transplantation” and “HIV”. We limited our 
search to only include articles written in English.

History

The first series of kidney transplantation in HIV-positive 
patients occurred in 2003, which included 10 patients that 
were followed for a mean of 480 days (18). A standard post-
transplantation immunosuppression regimen of prednisone, 
mycophenolate mofetil (MMF), and cyclosporine was  
used (18). At 3 months post-transplantation, all patients had 
undetectable plasma HIV-1 RNA levels, CD4 T-cell counts 
>200 cells/µL, and no history of opportunistic infections or 
neoplasms (18). However, half of the patients experienced 
acute rejection requiring treatment with antithymocyte 
globulin (ATG). At 1 year post-transplantation, HIV viral 
loads remained undetectable in all patients maintained 
with HAART, and CD4 counts remained stable in patients 
not treated for rejection (18). Later publications have 
reported similar results (19,20) with one study reporting 
normal renal function at 1 year post-transplantation in 3 
HIV patients who underwent a living-related donor kidney 
transplantation with alemtuzumab preconditioning and 
steroid-free tacrolimus monotherapy (21).

Indications and patient selection for kidney 
transplantation in HIV-positive patients

In general, the indications for kidney transplantation in 
HIV-positive patients are the same as in HIV-negative 
patients. Patients with ESRD and well-controlled HIV, who 
are otherwise medically healthy, are the best candidates 
for kidney transplantation in this patient population (22). 

Groups in North America and Europe have worked to 
establish common transplant waiting list criteria for HIV-
positive patients (23-26). However, the general consensus is 
that the recipient should have a CD4 count >200 cells/µL, 
an HIV viral load <50 HIV-1 RNA copies/mL, demonstrate 
adherence and tolerance to HAART, and be absent of 
AIDS-defining illnesses. British and Italian groups exclude 
patients with prior or current infections that are considered 
to be high risk for reactivation with immune suppression 
(23,26). These infections include aspergillosis, other 
invasive fungal infections, active cytomegalovirus, recent 
influenza, recent RSV, recent severe bacterial infection, or 
incompletely treated mycobacterial infection. In contrast, 
the Spain and United States groups do not include all 
of these infections in their exclusion criteria (24,25). A 
more detailed list of inclusion and exclusion criteria is 
summarized in Table 1.

A substantial portion of HIV-positive patients also have 
concomitant hepatitis B virus (HBV) and hepatitis C virus 
(HCV) infections. Additional screening for these diseases 
is recommended in HIV patients prior to transplantation 
because of an accelerated progression to end-stage liver 
disease and mortality after kidney transplantation in 
patients with HBV and HCV co-infections (27,28). As a 
result, patients with actively replicating HBV should be 
appropriately treated until they are aviremic to become 
candidates for transplantation. Special attention must be given 
to treat these patients with renally dosed medications and to 
continue their HAART (23). Besides medically optimizing 
and screening for common co-infections in HIV patients 
prior to transplantation, additional care must be given to the 
type of graft that is used. In general, live donation (related 
or unrelated donor) is preferable to cadaveric donation. 
British HIV association guidelines suggest that extended 
criteria donors are not used with deceased donors until there 
is more experience with transplantation in HIV-positive  
recipients (23). Lastly, live donors must also be informed that 
the recipient is HIV-positive and that the prognosis for both 
the graft and the patient may be worse than average.

Immunosuppressive protocols

Induction and maintenance

The first cases of kidney transplantation in HIV-positive 
patients showed greater than expected episodes of acute 
rejection (18). In general, the optimal immunosuppression 
regimen in these patients must balance the risks of worsening 

Table 1 Selection criteria for renal transplantation in HIV positive 
patients

Variable Spain UK USA

Opportunistic infections Some† None Some‡

CD4+ T-cell count >200 cells/µL Yes Yes Yes

Plasma HIV-1 RNA viral load <50 
copy/mL on ART

Yes Yes Yes

†, previous tuberculosis, PCP, or esophageal candidiasis are 
not exclusion criteria; ‡, PCP and esophageal candidiasis are 
not exclusion criteria. HIV, human immunodeficiency virus; 
ART, antiretroviral treatment; RNA, ribonucleic acid; PCP, 
Pneumocystis jiroveci pneumonia.
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the underlying HIV infection and exposing the patient to 
opportunistic infections, while achieving adequate levels of 
immunosuppression to prevent graft rejection. Special care 
must also be given to maintain therapeutic and nontoxic 
levels of immunosuppressive agents, given the complicated 
pharmacokinetic interactions of these agents with some 
antiretroviral agents.

Maintenance immunosuppression in HIV-positive 
patients is not well established. Most centers use tacrolimus 
as a first line calcineurin inhibitor (CNI), however there 
are no studies that compare the effects of tacrolimus and 
cyclosporine on the progression of HIV infection. As 
previously mentioned, there are significant interactions 
between immunosuppressive agents and antiretroviral 
therapies (29). Patients treated with protease inhibitors 
(PIs) require substantially lower doses of CNI to achieve 
therapeutic blood levels (18,30). The immunosuppressive 
agent MMF may increase intracellular levels of abacavir, 
didanosine, and tenofovir, which may increase toxicity 
from these HIV medications (29). However, MMF has also 
been shown to have inhibitory effect on HIV replication 
in multiple studies (31-33). On a similar note, m-TOR 
inhibitors may provide an antiproliferative effect to help 
prevent solid organ transplantation-associated malignancies, 
such as Kaposi sarcoma (34). Overall, careful selection of 
immunosuppression and antiretroviral medications must be 
made to address patient-specific needs.

Attempts to improve the rates of acute rejection and 
graft survival were explored by using ATG induction. HIV-
positive kidney transplantation patients who received ATG 
induction had a 61% lower risk of acute rejection at 1 year 
(aRR =0.39, 95% CI: 0.18–0.87, P=0.02) compared to those 
who did not receive induction therapy (35). However, ATG 
induction may severely deplete CD4 T cell counts and 
increase the risk of developing opportunistic infections. In 
fact, patients who received ATG induction therapy incurred 
twice as many serious infections and had an increased risk of 
death and graft loss compared to patients who did not receive 
induction therapy (14,18). Due to these risks and the narrow 
therapeutic window of ATG in this patient population, 
ATG induction therapy is only recommended for patients 
with a very high immunological risk for rejection (14,36). 
Belatacept-based immunosuppressive regimens may benefit 
HIV-positive kidney transplant patients. These regimens 
avoid drug interactions between CNI and antiretroviral 
medications, as well as decrease the risk and severity 
of non-immune toxicities, such as new-onset diabetes, 
hyperlipidemia and hypertension after transplantation (37,38). 

Lastly, polyclonal antibodies and OKT3 should not be used 
for induction or rescue therapy due to an increased risk of 
post-transplant lymphoproliferative disease, CMV, and other 
infections (39-41).

Allograft rejection and treatment

Acute rejection after kidney transplantation may be 2–3 folds 
higher in HIV-positive patients compared to HIV-negative 
patients (14); although, the etiology of this increased risk 
is not well understood. It has been suggested that patients 
with chronic HIV infection have an increased pathological 
immune activation (42-44). However, one study showed that 
patients with the highest levels of immune activation were 
less susceptible to rejection, suggesting that pathological 
immune activation is not the mechanism of increased 
allograft rejection in HIV patients (42). As previously 
mentioned, drug interactions between immunosuppressive 
and antiretroviral agents may have a role in the increased 
rejection rates. New antiretroviral medications that do not 
interact with CNIs, such as raltegravir, may offer more stable 
immunosuppressive regimens and lower the risk of acute 
rejection (45). The British HIV association recommends 
bolus therapy with high-dose methylprednisolone for initial 
episodes of acute rejection and graft nephrectomy after two 
or more episodes (23).

HIV therapy in kidney transplant recipients

Due to the complexities of these patients, an ideal ART 
regimen has not been established for HIV-positive kidney 
transplant recipients. As a result, general guidelines and 
recommendations for HIV-negative patients should be 
followed and adjusted to patient specific issues that arise 
(46,47). One suggested first line regimen is the combination 
of abacavir (or tenofovir as an alternative), lamivudine/
emtricitabine, and raltegravir (48). Another study showed 
PI sparing ART regimens is superior than PI-containing in 
HIV-positive kidney transplant recipients (49). In general, 
the ideal ART regimen must maintain viral suppression 
and increased CD4 count, while preserving renal graft 
function and avoiding pharmacokinetic interactions with 
immunosuppressive medications.

Outcomes of kidney transplantation in HIV 
positive patients

The HIV infection progression and graft survival outcomes 
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of HIV-positive kidney transplant patients have been largely 
positive. In one of the first and largest cohorts, 40 patients 
were reported to have 85% and 82% overall survival at 
1 and 2 years, respectively (16). At 2 years, patients had 
undetectable plasma HIV-1 RNA levels, average CD4 
counts of 4,400 cells/mm3, and no evidence of AIDS. 
However, acute rejection was noted to occur in 22% of 
patients (16). Preliminary results from a prospective cohort 
of 18 patients reported a 94% patient survival and an 83% 
graft survival at 3-year follow-up, which were consistent 
with the general transplant population (20). Plasma HIV 
RNA levels and CD4 counts remained stable, but acute 
graft rejection occurred in 52% and 70% of patients at 1 
and 3 years, respectively (20). Despite the high incidences 
of graft rejection reported in these studies, a cohort of  
8 patients noted 100% patient survival, 88% graft survival, 
and 13% acute rejection rates at 1 year follow-up (50). 
These small patient cohorts highlight the overall success 
of HIV infection progression and overall survival rates, but 
also underscore the high incidence of acute graft rejection 
in this patient population.

Perhaps the most generalizable results are from the 
largest prospective multicenter investigation that focused 
on the outcomes of kidney transplantation in HIV-
positive patients. In this nonrandomized trial, 150 patients 
were followed for up to 3 years across 19 transplantation 
centers, without standardized immunosuppression 
regimens (14). Patient survival rates of 94.6% and graft 
survival rates of 90.4% were lower than those of HIV-
negative patients, but comparable to rates of older HIV-
negative transplant recipients. HIV infection progression 
was not seen in any of the patients. In a similar fashion as 
previously mentioned studies, the rejection rates of 31% 
and 41% at 1 and 3 years follow-up were 3–4 times as high 
as HIV-negative patients. The investigation also noted that 
patients who were treated for acute graft rejection were 

significantly more likely to incur graft loss (HR =2.8, 95% 
CI: 1.2–6.6, P=0.02) (14). While most studies report high 
acute graft rejection rates, a French group has achieved 
remarkably low rejection rates while adequately managing 
HIV infection (17). In a cohort of 27 HIV-positive kidney 
transplant recipients, patient survival was 100% and 98% 
at 1 and 2 years follow-up, respectively. Graft survival was 
98% and 96% at 1 and 2 years follow-up, respectively. 
Although protease-inhibitor therapies were withdrawn 
from 11 patients due to high trough levels of CNI, HIV 
infection progression was not observed in any patients. 
Only 15% of patients experienced acute graft rejection, 
and one patient developed B-cell lymphoma. Patients 
were maintained on an immunosuppressive regimen that 
primarily included basiliximab for induction therapy, and 
a maintenance therapy of MMF, steroids, and tacrolimus 
or cyclosporine (17). Table 2 summarizes the outcomes of 
various HIV-positive kidney transplant studies. Harbell 
et al. reported the surgical complications in 275 in HIV-
positive liver and/or kidney transplant recipients. He 
concluded the surgical outcomes are similar to what has 
been observed in the non-HIV setting in carefully selected 
HIV-infected liver and kidney transplant (51).

Future perspective

With early promising results from kidney transplantation 
in HIV-positive patients, we anticipate that future studies 
will include data with more than 3 years of follow-up. 
These studies should focus on lowering the high acute 
graft rejection rates to those of their HIV-negative 
counterparts. Additional topics to explore include the long-
term survival of grafts and recipients, the long-term impact 
of immunosuppression on HIV viral loads and CD4 T 
cell counts, and the pharmacokinetic interactions between 
antiretroviral and immunosuppressive therapies. We believe 

Table 2 Outcomes of kidney transplantation in HIV positive recipients

Author Time frame of the study N Median follow-up (months) Acute rejection (%) Graft survival (%) Patient survival (%)

Stock 2003–2009 150 20.4 31 90.4 94.6

Kumar 2001–2004 40 24 22 71 82

Roland 2000–2003 18 36 70 83 94

Gruber 2004–2007 8 15 12.5 88 100

Touzot 2005–2009 27 29 15 96 100

HIV, human immunodeficiency virus.
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that these questions will be answered with increasing 
experience with this patient population and properly 
designed prospective studies. The HIV Organ Policy 
Equity Act, or HOPE Act, the first large-scale clinical trial 
to study kidney transplantations between people with HIV 
has started at several clinical centers across the United 
States. The HOPE in Action Multicenter Kidney Study will 
determine the safety of this practice by evaluating kidney 
recipients for potential transplant-related and HIV-related 
complications following surgery. The study is sponsored 
by the National Institute of Allergy and Infectious Diseases 
(NIAID), part of the National Institutes of Health.

Conclusions

In summary, kidney transplantation can be a safe and 
effective form of renal replacement therapy in carefully 
selected HIV-positive patients. Patients with HIV infection 
well-controlled with ART prior to transplantation who 
are negative for HBV and HCV infections are ideal 
candidates. Patients should continue a stable ART after 
transplantation. Future studies should focus on improving 
acute graft rejection rates and understanding antiretroviral 
and immunosuppression medication interactions. Early 
results suggest that kidney transplantation in HIV-positive 
patients will continue to be a viable treatment for ESRD in 
the future.
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