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Abstract
Since the introduction of highly active antiretroviral the­
rapy (HAART) in 1996 for human immunodeficiency 
virus (HIV)-infected patients, the incidence of liver 
diseases secondary to co-infection with hepatitis C 
has increased. Although data on the outcome of liver 
transplantation in HIV-infected recipients is limited, the 
overall results to date seem to be comparable to that 
in non-HIV-infected recipients. Liver transplant centers 
are now accepting HIV-infected individuals as organ 
recipients. Post-transplantation HIV replication is con­
trolled by HAART. Hepatitis C re-infection of the liver 
graft, however, remains an important problem because 
cirrhotic changes of the liver graft may be more rapid in 
HIV-infected recipients. Interactions between the HAART 
components and immunosuppressive drugs influence 
drug metabolism and therefore meticulous monitoring 
of drug blood level concentrations is required. The risk 
of opportunistic infection in HIV-positive transplant pa­
tients seems to be similar to that in HIV-negative trans­
plant recipients. 
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INTRODUCTION
Liver transplantation is an established standard therapeutic 
option for end-stage liver disease (ESLD) with a 1 year 
survival rate exceeding 80%[1]. Before the introduction 
of  highly active antiretroviral therapy (HAART) in 1996, 
the results of  transplantation for patients with human 
immunodeficiency virus (HIV) were poor[2-5] and HIV 
was considered a contraindication in most centers[6-8]. The 
3 year survival rates were around 45% and the most fre
quent cause of  death was acquired immune deficiency syn­
drome (AIDS)[2-5]. 

Since the introduction of  HAART, HIV-related mor
bidity and mortality have dramatically decreased from 
20-30 to 1.5-2.5 per 100 person-years[9,10]. In the setting of  
the improved prognosis in the HIV-infected population, 
the focus has turned to the morbidity and mortality asso
ciated with hepatitis C (HCV) and ESLD[11-15]. As HAART 
has changed HIV infection to a chronic condition, trans
plant centers around the world are slowly becoming less 
reluctant to accept HIV-positive patients as transplant reci
pients for both medical and ethical reasons[16-19] and liver 
transplantation is now considered a possible therapeutic 
option for these patients. The aim of  the present review is 
to explore the new indications for liver transplantation in 
HIV/HCV co-infected patients. 
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EPIDEMIOLOGY OF HIV AND HAART
An estimated 33 million persons are currently living with 
HIV infection worldwide, including 16 million women 
and 2 million children less than 15 years of  age[20]. In 
2008, 2 million adults and 0.4 million children were 
newly infected and 2 million died from HIV infection. 
HIV infection is transmitted via heterosexual contact, 
intravenous drug use and homosexual contact.

Liver-related diseases among HIV-infected persons 
are caused by hepatitis B virus and/or HCV co-infection, 
hepatotoxic medication, alcohol and illegal drug use. 
Of  these, co-infection with HCV is the most frequent 
cause of  liver disease in HIV patients and substantially 
contributes to morbidity and mortality[21,22]. HIV and HCV 
usually share common routes of  transmission. Appro
ximately 4 to 5 million HIV-infected persons are co-
infected with HCV. The prevalence of  co-infection differs 
by geographical region and by patient demographical 
and behavioral characteristics ranging from 1%-5% in 
persons who acquired HIV infection by heterosexual or 
homosexual contact to 70%-95% in patients with current 
or former injecting drug use and transfused hemophiliac 
patients[23]. 

HCV MANAGEMENT BEFORE 
TRANSPLANTATION
There are several challenges in the management of  HIV/
HCV co-infected patients who require transplantation. 
The first is to minimize mortality while on the organ 
transplant waiting list because such patients frequently 
have a more rapid progression from the first decom
pensation to death. The interval between the first mani­
festation of  liver decompensation and death is 16 mo for 
HIV/HVC co-infected versus 48 mo for HIV mono-
infected patients. Prognostic factors after first decom
pensation include age, severity of  liver disease [model for 
end-stage liver disease (MELD) score] and the nature of  
the decompensation event[24].

HCV/HIV co-infections adversely affect each other: 
HIV infection accelerates the progression of  HCV di- 
sease by increasing HCV viremia, causing cellular im
munodeficiency, increasing the risk of  liver fibrosis and 
cirrhosis and leading to the rare fibrosing cholestatic 
hepatitis[25,26]. HCV may adversely affect the course of  
HIV infection[27,28] by reducing the efficacy of  antiretro
viral treatment and increasing the rate of  antiretroviral 
medication-related hepatotoxicity[25,29]. The effect of  
antiretroviral therapy to reduce liver-related mortality in 
HCV co-infected persons is controversial[10,30]. Some co-
infected persons are not eligible for HCV treatment due to 
somatic or psychosocial comorbidities, contraindications 
for HCV drugs and decompensated cirrhosis[31].

INDICATIONS FOR TRANSPLANTATION
Table 1 showed the inclusion criteria for liver trans
plantation. The acceptance criteria for liver transplanta

tion in HIV-positive recipients continue to evolve with 
increased experience with the co-infected population. 
In deceased donor liver transplantation, there are ethical 
concerns regarding the use of  a scarce resource for a 
group of  recipients with unknown survival duration. The 
acceptance criteria have gradually expanded, however, 
based on acceptable initial results[32-34]. 

The best timing for liver transplantation from the 
point of  view of  liver damage (Child-Pugh or MELD) is 
unknown. Pre-transplant survival for liver candidates is re
ported to be poorer in HIV-infected individuals compared 
with others awaiting liver transplantation, despite equi
valent MELD scores[24,35]. In one study, significantly fewer 
HIV patients (26% of  58) survived on a liver transplant 
waiting list compared to candidates without HIV (63% 
of  860)[36]. Although more rapid deterioration in HIV co-
infected patients may be the cause[37], death in that study 
was not associated with MELD, viral load, CD4, ability to 
tolerate medications or HCV progression. Further studies 
are necessary to understand the risk factors for death in 
HIV-positive patients on the liver transplant waiting list[38]. 

 The inclusion criteria of  an NIH sponsored study in 
the USA[39] are AIDS-related opportunistic infections or 
cancers that are resolved by sufficient treatment prior to 
transplant. CD4 counts should be greater than 100/mL 
for those without a history of  opportunistic infection 
and greater than 200/mL for those with a history of  
opportunistic infection completely treated before trans
plantation. These requirements may be applied 3 to 4 
mo prior to transplantation. Opportunistic infections 
include chronic cryptosporidiosis, progressive multifocal 
leukoencephalopathy and multi-drug resistant systemic 
fungal infections. Patients with a history of  AIDS-asso
ciated lymphoma should be excluded. Most clinical trials 
include individuals with a history of  resolved cutaneous 
Kaposi’s sarcoma if  a recent high-resolution computed 
tomography scan reveals no evidence of  pulmonary 
lesions[40]. 

In a Spanish consensus statement[41], the criteria are 
similar except for the requirement of  CD4 cell counts 
greater than 350/mL in patients that do not fulfill the 
HAART criteria. Ragni et al[32] noted that cumulative 
survival among HIV-positive recipients is similar to that 
of  age- and race-comparable HIV-negative recipients. 

Another potential conflict regarding the absolute 
requirement for a CD4 cell count greater than 100/mL 
relates to the use of  interferon therapy[42]. In a recent 
series at Paul Brousse Hospital[42], CD4 cell counts greater 
than 150/mL were observed in 7 patients and 6 of  these 
7 patients developed severe chronic HCV. The use of  
interferon can cause a transient decrease in CD4 cell 
counts. The absolute CD4 cell count prior to interferon 
therapy should be taken into account in the decision 
regarding liver transplantation. 

HIV-RNA should be undetectable at transplantation. 
Unfortunately, however, most recipients cannot tolerate 
HAART therapy due to its hepatotoxicity. When an 
undetectable HIV viral load is not achievable, an ex
perienced HIV clinician should predict the ability to 
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control HIV after the transplantation, based on a complete 
review of  the antiretroviral history, HIV RNA history 
and resistance testing[43]. This issue is more controversial 
for patients with CD4 counts greater than 100/mL but 
who have detectable HIV that is multi-drug-resistant. 
Currently, most centers still consider this an exclusion 
criterion, although with more data demonstrating the 
safety of  immunosuppression in the HIV-positive patient 
as well as an increasing number of  antiretroviral agents, 
this exclusion criterion may be liberalized on a case by 
case basis[44].

SURGICAL RESULTS
Survival
Survival at 1 year post-transplantation ranges from 58% 
to 89% (Table 2). Ragni et al[32] reported 1, 2 and 3 year 
survival rates of  87%, 73% and 73% in 24 HIV-positive 
patients which were not statistically different from age 
and race-matched HIV-negative patients. Similar results[45] 
were reported based on an analysis of  15 HIV-positive 
recipients with a 3 year survival rate of  73% compared 
to 79% for HIV-negative recipients. Neff  et al[33] reported 
that graft and patient survival rates in HIV-positive pa
tients are similar to that of  HIV-negative patients tran
splanted for the same indication. Studies that analyzed 
liver transplantation for a variety of  reasons showed ex
cellent outcome for ESLD irrespective of  underlying HIV 
infection. Another report showed lower survival rates in 
27 patients with 1, 3 and 5 year survival rates of  67%, 
56% and 33% respectively[35]. A Spanish series found HIV-
positive patient survival rates of  90% at 1 year and 67% at 
3 years[46]. 

Two recently published studies comparing survival in 
HCV/HIV-co-infected and HCV-mono-infected trans
plant recipients reported a significantly lower survival 
rate in co-infected patients[35,42]. In a French study of  35 
HCV/HIV-infected and 44 HCV-infected recipients, 2 
and 5 year patient survival rates were statistically lower in 
co-infected patients, 73% vs 91% and 51% vs 81% respec
tively[42]. MELD was the only significant predictor for mor­
tality and HIV infection did not predict survival. In a US 
study[35] of  27 HCV/HIV-infected and 41 HCV-infected 
recipients, the 3 and 5 year patient survival rates tended to 

be lower in co-infected patients, 56% vs 72% and 33% vs 
72% respectively. 

In a review of  the United Network for Organ Sharing 
liver transplant database (between 1997 and 2006)[47], the 
2 and 3 year survival rates in 138 HIV-positive recipients 
were 70% and 66% respectively. These outcomes were 
slightly worse than the 2 and 3 year survival rates of  
81% and 77% respectively of  the 30 520 HIV-negative 
recipients (P < 0.05). The overall results of  liver trans
plantation in HIV-positive patients are favorable but large 
prospective clinical trials providing insight into survival 
and clinical management are required.

Complications
Rejection episode rates in HIV-positive recipients are not 
different from those of  HIV-negative recipients[42]. HIV-
associated opportunistic infections and AIDS-related 
diseases are uncommon. Only a single case of  Kaposi’
s sarcoma and multicentric Castleman’s disease has been 
reported[48]. Death from infectious complications, how
ever, is reported to be more frequent in HIV-positive 
recipients[45]. Importantly, no HIV disease progression has 
been reported and HIV replication is efficiently controlled 
by HAART[32,35,42,49,50]. An exception, though, is the 
report by Schreibman et al[45] that HIV-infected patients 
experienced significantly higher mortality from infectious 
complications (4 of  15 recipients). The results of  HCC 
cases within Milan-criteria are encouraging and there are 
no reports of  recurrences[33,35,45,48,49,51-54].

Prognostic factors
A recent report[42] identified high MELD scores at the 
time of  transplant as predictive of  a poor outcome. Early 
and severe HCV graft re-infection is a major determinant 
influencing post-transplant outcome[32,34,48,51-53,55-58]. An
other report[35] showed that HAART intolerance is a 
significant predictor. Other risk factors include low pre­
transplant body mass index and African American race[59].

POSTOPERATIVE MANAGEMENT
Immunosuppression and HAART
Cyclosporine (CyA) inhibits CD4 cell apoptosis and 
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Table 1  Inclusion criteria for liver transplantation

NIH sponsored study in the USA[94] 1. No AIDS-related opportunistic infections
2. CD4 counts should be > 100/mL for those without a history of opportunistic infection and > 200/mL for those 
with a history of opportunistic infection.
3. HIV-RNA should be undetectable. In the event that an undetectable HIV viral load is not achievable as a result of 
drug-induced hepatotoxic, an HIV clinician should predict the ability to control the HIV virus post-transplantation.

Spanish criteria[41] 1. No opportunistic infections
2. CD4 counts > 100/mL
3. HIV-RNA should be undetectable or suppressible with antiretroviral therapy.

O’Grady[95] 1. Absence of AIDS-defining illness after immune reconstitution 
2. CD4 counts should be > 200/mL or > 100/mL in the presence of portal hypertension.
3. Absence of HIV viremia
4. Antiretroviral therapeutic options available if the HIV disease reactivates

AIDS: acquired immunodeficiency syndrome; HIV: human immunodeficiency virus.



p55Gag processing by binding to cyclophilin A[60-62]. So
me beneficial effects of  the combination of  HAART 
and CyA have been demonstrated [63] but low-dose CyA 
exhibits no benefits in patients with stable early HIV 
disease[64]. 

Mycophenolate mofetil (MMF) inhibits inosine mo
nophosphate dehydrogenase and depletes the pool of  
deoxyguanosine triphosphate. MMF is expected to reduce 
HIV infection by both virological and immunological 
mechanisms[65-70]. Antagonism due to the inhibition of  
thymidine kinase has been reported with MMF plus the 
thymidine analogues zidovudine and stavudine. Mito
chondrial toxicity of  nucleoside reverse transcriptase inhi
bitors (NRTI) is potentially augmented by the effect of  
MMF. Mitochondrial toxicity and lactic acidosis are linked 

to the use of  didanosine, stavudine and zalcitabine and are 
attributed to damage to mitochondrial polymerase[71].

Sirolimus (SRL) downregulates the expression of  che
mokine receptor 5 on T-cells which is required for the pro
pagation of  macrophage tropic strains of  HIV-1[72]. SRL 
inhibits the progression of  Kaposi’s sarcoma and primary 
effusion lymphoma[40,73].

Interactions between HAART drugs [protease inhi
bitors (PIs) and non-nucleoside reverse transcriptase 
inhibitors (NNRTIs)] and calcineurin inhibitors or SRL 
are well described[74,75]. NNRTIs induce the expression 
of  cytochrome P450, family A gene (CYP3A)[74]. PIs 
inhibit the production of  cytochrome P450 enzymes or 
P-glycoprotein. CyA, tacrolimus and SRL are substrates 
of  CYP3A4 and P-glycoprotein. PIs, therefore, increase 
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Table 2  Survival, hepatitis C virus recurrence, and therapy in hepatitis C virus/human immunodeficiency virus co-infected liver 
transplant patients

References Institution Years n Genotypes Time to 
recurrence (mo)

IFN and RBV doses Time to 
therapy (mo)

SVR 
(%)

FCH 
(n)

Death 
(n)

Follow 
up (mo)

Prachialis 
2001[58], 
Norris 2004[56]

King’s College 95-03 7 NA 5 From 2 wk: IFN, 3 MU 
tiw and RBV, after 3 wk: 

Peg- IFN 180 μg/wk

0.5 (n = 2), 6 
m (n = 1)

       0 2 5 12

Rafecas 
2004[51]

Hospital 
Universitari de 

Bellvitge

02-03 4 4, 1b, 1b, 1a 7 NA 5 (n = 3)        0 0 0 17

Moreno 
2005[55]

Hospital Ramon 
(Madrid)

02-03 4 NA 1-6 NA 1-6        0 1 1 14-18

Radecke 
2005[57]

University 
Hospital Essen

98-01 4 NA 3-8 NA NA NA 1 2 10-61

Vogel 2005[48] Bonn University 97-04 4 1a (n = 2), 2a/2c, 
3a

1-8 NA 5-15 50 0 0 NA

Neff 2003[33], 
Fung 2004[71], 
de Vera 
2006[35]

Thomas E Starzl 
Transplantation 

Institute

97-05 27 1 (n = 16), 2 (n = 2), 
3 (n = 1)

6 IFN and Peg -IFN, RBV 
800 mg/d

2-50 27 6    14 27+-5 

Castells 
2007[53]

Hospital 
Universitari 

Vall d’Hebro'n 
(Barcelona)

02-05 9 1 (n = 7), 3 (n = 2) 3+-3 Peg-IFN 1.5 μg/kg, RBV 
800-1000 mg/d

NA 14 0 1 15+-13

Schreibman 
2007[45] 

University of 
Miami

99-06 8 NA NA NA NA 25 0 2 6-74

Vennarecci 
2007[52]

Regina Elena 
Cancer Institute 

(Rome)

02-06 10 NA NA NA NA 10 3 6 5-46

Wojcik 
2007[88]

Medical 
University of 

Lodz (Poland)

97-06 4 1a (n = 2), 2a, 3a 1-3 Peg-IFN 180 μg/wk, 
RBV 200-1000 mg/d

1-3    100 0 0 21-54

Duclos-Vallee 
2005[50], 
2008[42]

Paul Brousse 99-05 35 1 (n = 20), 2 (n = 1), 
3 (n = 9), 4 (n = 4)

0-3 Peg-IFN 50-180 μg/wk, 
and RBV 400-800 mg/d

0-3 16 3    13 44+-83

Stock 2003[43], 
Roland 
2008[96]

University of 
California, San 

Francisco

00-03 6 NA  1-11 NA 1-11 NA 2 4 NA

Testillano 
2009[97]

Hospital de 
Cruces (Vizcaya)

01-07 12 1 (n = 8), 3 (n = 4) NA NA NA 50 2 4 NA

Hughes 
2010[98]

Emory University 
School of 
Medicine

NA 5 1  2-12 Peg-IFN 135-180 μg/wk, 
and RBV 600 mg/d

2-12 40 2 2 6-48

Di Benedetto 
2008[54], 
2010[99]

University of 
Modena and 

Reggio Emilia

03- 13 1 (n = 3), 3a (n = 7), 
4 (n = 3)

 2-16 Peg-IFN 50-180 μg/wk, 
and RBV 400-800 mg/d

NA        0 2 4 1-14

HCV: hepatitis C; IFN: interferon; Peg-IFN: pegylated interferon; RBV: ribavirin; SVR: sustained virological response; NA: not available; FCH: fibrosing 
cholestatic hepatitis.



blood levels of  CyA, tacrolimus and SRL, requiring 
dose reductions of  85 % to 99%[74-78] (Table 2). HAART 
without PIs may have fewer significant interactions with 
CyA, tacrolimus and SRL[79].

Efavirenz (NNRTI) induces the production cyto
chrome P450 enzymes[74] but when efavirenz or a nucle
soide analogue combination are added to the treatment 
regimen, little change in the dosing of  tacrolimus is re
quired. In contrast, nelfinavir and lopinavir/ritonavir inhi­
bit the first pass metabolism of  tacrolimus, resulting in an 
increase in its elimination half-life and a reduction in its 
oral clearance[75]. 

Monitoring for HAART-associated hepatotoxicity is 
important. The use of  NRTIs is associated with hepatic 
steatosis, mitochondrial dyfunction and fulminant he
patic failure[80,81]. PI-related hepatitis occurs in 5 % to 
9% of  patients[82] and has an aggressive course in HCV-
positive patients[83]. Liver dysfunction is observed in up 
to 30% of  patients taking NNRTIs[84]. A French study[50] 
reported evidence of  mitochondrial dysfunction in 5 
patients with severe recurrent HCV, with most patients 
developing mitochondrial dysfunction while on stavudine 
or stavudine plus didanosine and in patients concurrently 
using ribavirin. 

To maintain virological control of  HIV infection, 
quantitative HIV RNA and CD4 cell counts should be 
measured with the first assays at 1 mo after transplant and 
subsequent studies every 2 to 3 mo thereafter. If  patients 
have persistent HIV viremia, resistance testing should be 
performed to determine treatment options[59].

HCV management
HCV recurrence is a significant problem following trans­
plantation[35,42,50] although there are reports of  spontan
eous clearance of  HCV post-transplantation[85]. HCV 
recurrence appears earlier in HIV-infected HCV patients 
than in HIV-uninfected HCV patients (median time 2 mo) 
and the rate of  the progression of  fibrosis is enhanced. 
In one controlled study, the proportion of  patients with 
bridging fibrosis or cirrhosis at 2 and 5 years post-trans­
plantation was 28% and 48% respectively for HCV-HIV 
co-infected patients versus 10% and 18% respectively in 
HCV-mono-infected patients[42]. HCV recurrence is at
tributed to graft loss (Table 2). The prognosis for patients 
with fibrosing cholestatic hepatitis is poor[42,53].

Pegylated interferon and ribavirin combination therapy 
is the mainstay for the management of  recurrent HCV 
disease. The mitochondrial toxicity of  HAART, however, 
increases when used in conjunction with ribavirin[86,87]. The 
rates of  a sustained virological response (SVR) are low 
in co-infected patients, apart from one recent study that 
showed 100% SVR[88]. SVR occurs in only 11% to 27% of  
treated patients[35,42,88,89] (Table 2). Biochemical responses 
are obtained in more than half  of  patients but histological 
stabilization or improvement is rare in virological non-
responders. Tolerability of  the full dose therapy is limited, 
contributing to the poor SVR rates.

In the HCV-mono-infected population, viral factors (a 
high viral load before and after transplantation) and host 

factors (donor age > 50 years) are associated with a more 
severe recurrence of  HCV[90]. Corticosteroid boluses 
are also associated with a severe HCV recurrence and 
should be avoided. Rapid corticosteroid withdrawal after 
transplantation should be avoided and may be associated 
with a more rapid progression of  fibrosis[91]. The effects 
of  immunosuppressant agents, including tacrolimus, 
CyA, MMF, anti-interleukin 2 receptor antibodies, SRL 
and azathioprine, on the severity of  HCV recurrence are 
controversial[90].

Prophylaxis for opportunistic infections[59] 
The risk of  opportunistic infection in HIV-positive trans
plant patients seems to be similar to that of  HIV-negative 
transplants. The ability to suppress HIV viral loads in 
patients on HAART is associated with the stabilization of, 
or improvement in, CD4 counts, which decreases oppor
tunistic infection in HIV-positive patients[92]. 

Prophylactic regimens for preventing opportunistic 
infection include those against Pneumocystis jirovecii with 
trimethoprim-sulfamethoxazole, toxoplasmosis (for CD4 
counts < 100), Mycobacterium avium complex (for CD4 
counts < 50) and histoplasmosis and coccidioidomycosis. 
For patients at risk for primary toxoplasmosis due to 
donor infection, trimethoprim-sulfamethoxazole should 
be considered for primary prevention; dapsone or atova
quone in combination with pyrimethamine can be con
sidered for patients intolerant to trimethoprim-sulfame
thoxazole[71].

CONCLUSION
Clinical trials[35,41,48,56,71,88] suggest that liver transplantation 
in HIV/HCV co-infected patients is safe and that HIV 
infection does not influence the outcome. The United 
Network for Organ Sharing no longer considers HIV an 
absolute contraindication for transplantation. The French 
agency for Organ Distribution[93] has also concluded that 
there is no reason to consider HIV a contraindication. 
Spain has published a national policy[41] advocating liver 
transplantation for patients with HIV infection within 
defined criteria. 

To improve the results of  liver transplantation in HIV-
infected individuals, better selection of  candidates at an 
earlier stage of  liver disease and optimization of  donor 
and perioperative factors are needed. The natural history 
of  HCV re-infection and treatment algorithms must also 
be determined as HCV recurrence is the most important 
concern. Better management of  HAART after trans
plantation is also required. 
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