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Transplantation�

OVERVIEW

REVIEW OF SOLID-ORGAN TRANSPLANTATION IN
HIV-INFECTED PATIENTS

MICHELLE E. ROLAND1,3 AND PETER G. STOCK2

Patients with HIV infection are at risk for end-stage organ
disease. Before the highly active antiretroviral therapy
(HAART) era, such patients were often not considered for
transplantation because of poor prognosis. HIV-infected pa-
tients have experienced significant improvements in morbid-
ity and mortality with HAART (1). Thus, increasing numbers
of HIV-infected patients with end-stage organ disease are
potential candidates for transplantation (2). Data on the
safety and efficacy of solid-organ transplantation in people
with HIV infection are limited, and the results are mixed.
Before the HAART era, some transplant centers reported
good outcomes (3–7); other reports have been less favorable
(8, 9). Encouraging preliminary data are increasingly avail-
able in the HAART era (10–12).

WHY CONSIDER TRANSPLANTATION IN HIV-INFECTED
PATIENTS NOW?

People with HIV infection are living longer and dying
less often from AIDS-related complications but are ex-
periencing morbidity and mortality secondary to organ
failure. Although immunosuppression was once thought to
be an absolute contraindication in the context of HIV in-
fection, it is increasingly appreciated that immune activa-
tion is a prominent feature of HIV pathogenesis. Thus,
immunosuppression may have beneficial effects in people
with HIV infection through moderation of immune activa-
tion or reduction of HIV reservoirs. Specific immunosup-
pressant drugs also have antiviral properties or interact
synergistically with certain antiretroviral agents (ARVs).
Not only is there is a need to consider transplantation in
this population, there may even be benefits beyond those
directly related to the new organ.

Recent Advances in HIV Therapy and Improvements in
Morbidity and Mortality

Clinical trials have demonstrated clear survival benefits
associated with the use of protease inhibitor (PI)-containing
or non-nucleoside reverse-transcriptate inhibitor (NNRTI)-
containing regimens (HAART) (13). Epidemiologic data show
decreased mortality, hospitalization rates, and opportunistic
infection (OI) incidence associated with HAART (1, 14).
There have been dramatic reductions in new AIDS-related
OIs, most of which are now occurring in people with low
CD4� T-cell counts and those who are not receiving medical
care. Epidemiologic and modeling data support the clinical
trial efficacy data, suggesting that HAART has a significant
impact on clinical outcome.

Prevalence and Natural History of End-Stage Renal Disease
in HIV-Infected Patients

HIV-infected patients are at risk for end-stage renal dis-
ease (ESRD) caused by common and HIV-specific diseases,
including HIV-associated nephropathy (HIVAN), immune
complex glomerulonephropathy (GN), and hepatitis C (HCV)-
associated cryoglobulinemic GN (15). HIVAN, a rapidly pro-
gressive disease of uncertain etiology, is the third leading
causes of ESRD in African-American men. The prevalence
ranges from 3.5 to 6.9%, and is 7 to 12% among African
Americans, presumably because of human leukocyte antigen
(HLA)-related disease susceptibility (16). Dialysis shortens
survival in patients with HIV infection (17). The prognosis
may be changing in the HAART era. Among a small group of
patients, 4 of 7 patients not receiving HAART died at a mean
of 13 months, while only 3 of 15 patients receiving HAART
died at a mean of 28 months, suggesting HAART may in-
crease survival in hemodialysis patients (18).

Prevalence and Natural History of End-Stage Liver Disease
in HIV-Infected Patients

HIV-infected patients are at risk for HCV and hepatitis B
(HBV) infection and the development of ESLD. The preva-
lence of HCV and HIV co-infection is approximately 23 to
33% (19). The prevalence of chronic HBV co-infection is ap-
proximately 9% (19). ESLD progression is accelerated in
co-infected patients (20, 21) and may be complicated by ARV
toxicity (22), immune-restoration-induced hepatitis (23), or
the development of lamivudine-resistant HBV (24). ARV
therapy can be associated with accelerated HCV disease pro-
gression thought to be secondary to immune reconstitution or
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direct hepatotoxicity (23). ARV toxicity can cause fulminant
hepatic failure with lactic acidosis and massive hepatic ste-
atosis, although this is rare (25). Deaths caused by ESLD are
of growing significance among patients with HIV infection.
For example, Bica et al. (26) report that 50% of deaths in
1998 to 1999 were caused by ESLD compared with 11.5% in
1991 and 13.9% in 1996.

HIV Immune Pathogenesis

HIV infection is characterized by the progressive loss of
CD4� T cells and alterations in CD4� T-cell function. Ab-
normal activation of CD8� T cells may contribute to the loss
of both CD4� and CD8� T cells through apoptosis, which
may represent a major cause of infected and noninfected cell
death in HIV infection. Many HIV-infected individuals lose
CD4� T-cell proliferative responses to recall antigens (e.g.,
influenza, tetanus), irradiated stimulator peripheral blood
mononuclear cells (PBMCs) from healthy, unrelated (alloge-
neic) donors, or T-cell mitogens, such as phytohemagglutinin
(27). HIV-infected transplant recipients may be at increased
risk of accelerated CD4-infected T-cell depletion or increased
CD4� T-cell dysfunction, the development of opportunistic
complications, or difficulty in controlling HIV replication.
Conversely, immunosuppression might reverse the immuno-
pathology associated with HIV disease.

Antiviral or Immune Modulating Effects of Cyclosporine
and Mycophenolate Mofetil

Cyclosporine (CsA) may indirectly suppress viral replica-
tion by inhibiting interleukin (IL)-2-dependent proliferation
of T cells. CsA prevents activation-induced CD4� T-cell
death in cells from HIV-infected subjects (28). In a retrospec-
tive review of HIV-infected transplant recipients, those using
CsA progressed to AIDS at the same rate as nontransplanted
HIV-infected patients, whereas those who did not receive
CsA progressed at a faster rate (6). Although low-dose CsA in
HIV-infected subjects did not significantly increase CD4� T
cells (29), a median increase in CD4� T cells of 300 cells/mm3

was seen in subjects who received standard doses of CsA (30).
Subjects who received PI-containing HAART and CsA
(achieving trough levels seen in transplant recipients) imme-
diately after diagnosis of acute HIV infection achieved a
larger rise in CD4� T cells than historical control subjects
(31).

Mycophenolate mofetil (MMF) is being evaluated as a syn-
ergistic component of HAART. MMF forms mycophenolic
acid (MPA), an inhibitor of inosine monophosphate dehydro-
genase, an enzyme involved in the synthesis of deox-
yguanosine triphosphate (dGTP). Reduction in intracellular
dGTP concentrations may increase the ARV activity of aba-
cavir (ABC), a guanosine analogue. In in vitro studies, MPA
synergistically increases the antiviral effect of ABC (32) as
well as didanosine (ddI) and tenofovir. Antagonism, likely
caused by inhibition of thymidine kinase, was observed with
MPA plus the thymidine analogues zidovudine (ZDV) and
stavudine (d4T). Transplant recipients receiving MMF may
experience synergistic antiviral effects or increased toxicity,
if their HAART regimens contain ABC, ddI, or tenofovir. It
may be prudent to limit the use of ZDV and D4T in this
population when possible.

Effect of Immunosuppression on the HIV Viral Reservoir

Resting T lymphocytes are an important reservoir for HIV
despite HAART (33). Immunosuppression may affect the res-
ervoir of HIV-infected cells that persist during HAART by
decreasing cell-associated HIV through either direct inhibi-
tion of viral replication, potentiation of HAART effects, or
depletion of infected cells and reduction in the availability of
permissive target cells by preventing T-cell activation. Alter-
natively, decreased immune control of HIV-expressing cells
may result in enhanced viral reservoirs.

PUBLISHED SAFETY AND EFFICACY DATA IN THE
PRE-HAART ERA

United Network for Organ Sharing (UNOS) policy does not
consider HIV infection to be a contraindication for transplan-
tation. HIV-infected patients have received transplants, al-
though most were undiagnosed at the time of transplant or
acquired HIV infection perioperatively. Although several ini-
tial papers reported poor outcomes following transplantation
in HIV-infected recipients (8, 9), there have also been reports
where there were no apparent adverse effects of HIV infec-
tion on allograft survival (3–7). Reports of two HIV-infected
patients undergoing liver (5) or renal transplantation (7)
demonstrated normal graft function for at least 8 years fol-
lowing transplant. The renal-transplant experience is the
most promising, with the largest retrospective review dem-
onstrating 6 of 11 renal allografts functioning at a mean
follow-up of 31 months. Twenty-seven percent of the patients
progressed to AIDS during this time, with no evidence of
HIV-related opportunistic diseases in the remaining patients
(4). The results were significantly worse in liver-transplant
recipients who were found to be HIV-infected at the time of
transplant (4). In this series, 5 of 7 died within 18 months of
transplant, with 3 of the deaths being AIDS-related. More
recent follow-up of liver-transplant recipients who acquired
HIV through perioperative blood transfusion or infected or-
gans demonstrated 5-year survival in 5 of 8 patients, and
only 1 progressed to AIDS (6).

PRELIMINARY SAFETY AND EFFICACY DATA IN THE
HAART ERA

We have described the preliminary outcomes of 53 kidney
and liver transplant recipients in the HAART era (10). The
analysis included prospective evaluation of patients partici-
pating in an on-going clinical trial and retrospective evalua-
tion of patients transplanted at one of the centers participat-
ing in the trial before the trial was instituted at their site.
Selection criteria included (1) no history of OI, (2) CD4�
T-cell counts of greater than 200 cells per milliliter for kidney
recipients and greater than 100 cells per milliliter for liver
recipients, and (3) HIV RNA less than 50 copies per milliliter
(liver recipients could have detectable HIV RNA off ARVs if
the study HIV clinician predicted full virologic suppression
posttransplant). Forty-five subjects would have met the in-
clusion criteria for the clinical trial, and thus were considered
“eligible.” Eight subjects did not meet the study criteria and
thus were considered “ineligible.”

Among the eligible patients, 26 received kidney trans-
plants and 19 received liver transplants. Median baseline
CD4� T-cells counts for the kidney recipients were 441 (200–
1,054), and for the liver recipients were 280 (103–973). Me-
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dian baseline HIV RNA in the liver recipients was less than
50 (�50–115,776). The median follow-up is 314 days (3–
1,696). There were 6 deaths: 2 in kidney recipients (ischemic
bowel and enterococcal sepsis in 1 patient and chronic rejec-
tion and staphylococcal sepsis 2 months after resumption of
dialysis in the second patient) and 4 in liver recipients (re-
current HCV, rejection after PI was discontinued but immu-
nosuppression dose was not adjusted, postoperative pancre-
atitis, and sinus thrombosis secondary to rhizopus infection
4.5 years posttransplant). Two AIDS-defining OIs occurred,
cytomegalovirus (CMV) and candida esophagitis. Follow-up
CD4� T-cell counts remained stable: kidney recipients had a
median of 436 (3–975), and liver recipients had a median of
218 (110–992). HIV RNA remained suppressed in most sub-
jects. One liver recipient was retransplanted secondary to
small-for-size graft failure following a living donation. Three
kidney patients lost their grafts because of rejection (2) or
thrombosis (1). Total rejection rates were 38% in kidney
recipients and 21% in liver recipients. Subject and graft
survival rates in this small sample were similar to 1-year
survival rates in the UNOS database (Table 1).

In contrast, two of the eight ineligible subjects died of
AIDS-associated complications including progressive multi-
focal leukoencephalopathy (PML) and disseminated myco-
bacterium avium complex (MAC). One of these subjects had
advanced, undiagnosed AIDS at the time of transplant, and
the other had incompletely evaluated altered mental status,
another protocol exclusion. Those ineligible because of CD4�
T cell-count or HIV RNA criteria have done well, as have two
subjects with a previous history of OI, who are both without
recurrence at 6 and 15 months posttransplant. The current
version of the clinical trial protocol has been modified to
accept patients with specified OI histories.

SPECIAL CLINICAL CONCERNS

HBV and HBV Drug Resistance in the Context of HIV
Antiviral Therapy. Transplant recipients co-infected with
HIV and HBV may be at increased risk of recurrent or pro-
gressive HBV infection posttransplantation because of HIV-
associated immune deficiencies or high rates of lamivudine
(3TC)-resistant HBV. Without effective prophylactic therapy,
50% of HIV-negative liver transplant recipients experienced
liver failure leading to graft loss within 5 years. With use of
long-term HBIg prophylactic treatment, graft reinfection
rates are reduced to approximately 20%. The natural history
of HBV infection in kidney recipients is also accelerated.

Lamivudine, a cytosine analogue with activity against HIV

and HBV, is effective against HBIg-resistant HBV, reducing
HBV reinfection rates in liver recipients to 20% in the first
year; however, lamivudine resistance leads to treatment fail-
ure with longer duration of therapy. Combination HBIg and
lamivudine is more effective, with success rates of 90 to 100%
after 15 to 18 months follow-up. In HIV-negative patients,
lamivudine resistance can develop within 6 months and is
seen in 50% of patients after 3 years therapy. Lamivudine is
a common component of HAART. Thus, HIV-infected pa-
tients on lamivudine for HIV treatment are at risk of having
lamivudine-resistant HBV infection. Fortunately, lamivu-
dine-associated mutants are sensitive to other nucleotide
analogues, including adefovir dipivoxil and tenofovir (34, 35).
There are no data on the effectiveness or safety of these
agents in kidney recipients.

HCV Natural History in the Context of HIV Infection. Up
to 240,000 people are co-infected with HCV and HIV, and
HCV disease progresses more rapidly in HIV-infected pa-
tients (21). HCV disease progression is also accelerated in
liver and kidney transplant recipients, but overall patient
survival is improved. While nearly 100% of patients under-
going liver transplant for HCV develop recurrent infection,
the spectrum of disease is variable. After 5 to 8 years, 8 to
30% of patients have bridging fibrosis or cirrhosis. A minority
of transplant recipients with HCV develop cholestasis and
rapidly progressive hepatitis, a syndrome called fibrosing
cholestatic hepatitis (FCH). Immunosuppression related to
HIV infection may result in accelerated posttransplant HCV-
disease progression. Preliminary data available in HIV-HCV
co-infected patients are inconsistent, with excellent outcomes
reported from the University of Pittsburgh (12) and poor
outcomes reported from King’s College (11). Given the prev-
alence of co-infection, the accelerated natural history of HCV
infection in HIV-infected patients and the inconsistent initial
experience with transplantation in this population, this is an
area of both special urgency and heightened concern.

Human Herpesviruses (CMV, HHV-6, HHV-8, EBV) and
the Intersection of Clinical Disease Manifestations in HIV
Infection and Transplantation. Opportunistic infections
with herpesviruses (CMV, Epstein-Barr virus [EBV], human
herpes virus [HHV]-6, and HHV-8) are a significant cause of
morbidity and mortality in both organ transplant recipients
and HIV-infected patients because of suppression of host
antiherpesvirus T-cell immunity. The important contribution
of host immunity to the control of viral infection is illustrated
by the resolution of Kaposi’s sarcoma (KS) in HIV-negative
transplant recipients when immunosuppression is reduced.

TABLE 1. Patient and graft-survival rates in HIV-infected and uninfected recipients

UNOS cadaver kidney
(%)

UNOS living kidney
(%)

HIV and kidney
(%)

UNOS liver
(%)

HIV and liver
(%)

Subject survival (n)
UNOS 1 year 94.8 97.5 — 87.9 —
HIV � all — — 92 (N � 26) — 79 (N � 19)
HIV � 1 yeara — — 91 (N � 11) — 92 (N � 12)

Graft survival (n)
UNOS 1 year 89.4 94.5 — 87.9
HIV � all — — 85 (N � 26) — 79 (N � 19)
HIV � 1 yeara — — 71 (N � 11) —

UNOS, United Network of Organ Sharing.
a Limited to the subset of subjects who had at least 1 year of follow-up or who died in the first year, posttransplantation.
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Similarly, control of KS and CMV-associated diseases is im-
proved with ARV-induced immune reconstitution. Therefore,
posttransplant immunosuppression may lead to reactivation
and increased replication of these viral pathogens.

Among the herpesviruses, CMV causes the most serious
diseases in both HIV-infected patients and transplant recip-
ients. Retinitis is the most common CMV disease manifesta-
tion in HIV-infected patients, and CMV hepatitis, gastroen-
teritis, and pneumonia are common in transplant recipients.
EBV is a cause of posttransplantation lymphoproliferative
disease, and it is associated with central-nervous-system
lymphomas in HIV-infected patients. While HHV-6 has not
been linked to disease in HIV-infected persons, it is associ-
ated with pneumonitis and graft rejection in transplant re-
cipients (36), and HHV-6 reactivation increases the risk of
posttransplant CMV disease. Virtually all HIV-infected pa-
tients are HHV-6 seropositive. HHV-8 causes KS. Eight to
28% of HHV-8-infected transplant recipients develop KS
(37). HHV-8 infection may also result in other posttransplant
complications, including fever, rash, hepatitis, neutropenia,
and thrombocytopenia. Although less than 10% of the gen-
eral population in the United States is HHV-8 seropositive,
50 to 60% of HIV-infected men who have sex with men
(MSM) are HHV-8 seropositive (38), as are an estimated 15%
of HIV-infected women (39).

Human Papilloma Virus and the Intersection of Clinical
Disease Manifestations in HIV Infection and Transplanta-
tion. Transplant recipients are at 5 to 100-fold higher risk
for human papilloma virus (HPV)-associated cancers (40).
Ninety-three percent of all HIV-infected MSM and 75% of
HIV-infected women have anal HPV infection. Anal intraepi-
thelial neoplasia (AIN), the putative precursor lesions to anal
cancer, is also very common among both HIV-infected men
and women (41, 42). HAART does not improve the course of
AIN (43), and the incidence of anal and cervical cancer has
not declined in the HAART era. HIV-infected men are at
37-fold higher risk of anal cancer than the general popula-
tion, and HIV-infected women are at 8-fold higher risk (44).
Posttransplant, the course of AIN may be accelerated be-
cause of the combined risk associated with HIV infection and
with immunosuppression.

Impact of HIV Infection on the Alloimmune Response and
Allograft Rejection. Perturbations of the immune system as-
sociated with HIV infection may influence the immune re-
sponse to allografts. HIV infection can cause impaired re-
sponses to allogeneic stimulation (27), suggesting that it may
be possible to reduce immunosuppressive medications. How-
ever, preliminary experience demonstrates that HIV-positive
transplant recipients can reject their grafts (10). Alterations
in T-cell repertoire have been observed in HIV-infected indi-
viduals as well as kidney-transplant recipients (45, 46). Al-
though generation of naive T cells contributes to the in-
creased CD4� T-cell counts, the majority of the T cells
initially repopulating the periphery following HAART initi-
ation are derived from memory cells. If expanded T cells have
cross-reactivity with alloantigens on the graft, these cells
may cause graft rejection.

Pharmacokinetic Interactions Between Immunosuppres-
sive Agents and ARVs. Many of the immunosuppressive
drugs (CsA, tacrolimus, and sirolimus), as well as the PIs and
NNRTIs, are hepatically metabolized by the cytochrome
P-450 enzymatic system. P-glycoprotein (P-gp) is a drug-

efflux pump expressed on the apical surfaces of many epithe-
lial cells. P-gp expression and function and cytochrome
P4503A function can be affected by both sets of drugs. Drug
interactions may require dosing modifications to maintain
appropriate drug levels; over or under dosing carries the risk
of toxicity, transplant rejection, or HIV rebound. Our prelim-
inary experience shows that giving a PI with another P-gp
inhibitor can markedly change the exposure of one or both
drugs (47). For example, adding a calcineurin inhibitor to a
PI-containing regimen markedly increases the calcineurin
inhibitor levels. In contrast, NNRTI use has minimal effect
on calcineurin inhibitor levels. The impact of the immuno-
suppressant on ARV drug levels is under investigation.

CONCLUSIONS

The care of transplant recipients with HIV infection re-
quires a well coordinated, multidisciplinary team of care
providers with expertise in transplant and HIV medicine and
pharmacology. Ongoing and planned clinical trials will be
instrumental in defining clinical practice guidelines in this
complex area. In the meantime, there is no ethical justifica-
tion for withholding transplantation from this population (2),
and the early experience in the HAART era is very
encouraging.
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