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Abstract

Rationale: HIV seropositivity has long been considered
a contraindication to lung transplantation, primarily because of the
potential risks of added immunosuppression. In the past decade,
however, experience with kidney and liver transplantation in the
setting of HIV infection, with achievement of satisfactory outcomes,
has grown considerably. This promising development has created
a need to reconsider this contraindication to lung transplantation.

Objectives: There is presently limited evidence upon which to base
medical decision-making regarding lung transplantation in individuals
with HIV infection. In our present study, we wished to extend the
existing literature by reporting the outcomes of three individuals with
HIV infection who underwent lung transplantation at two centers.

Methods: We compiled data for a case series of three HIV-
infected subjects undergoing lung transplantation at two centers.

Measurements and Main Results: We reviewed medical
records to investigate the effects of lung transplantation on the

course of HIV infection, the development of HIV-related
opportunistic infections or malignancies, the occurrence of lung
transplant and HIV drug interactions, and the extent of acute
rejection. Subject 1, who underwent transplantation for HIV-
associated pulmonary arterial hypertension, experienced
recalcitrant acute rejection requiring a lymphocyte-depleting
agent with subsequent rapid development of bronchiolitis
obliterans syndrome. Subjects 2 and 3, who underwent
transplantation for idiopathic pulmonary fibrosis, experienced
mild acute rejection but remain free from chronic rejection at
4 and 2 years after transplant, respectively.

Conclusions: Lung transplantation may be feasible for carefully
selected patients in the setting of controlled HIV infection. On the
basis of our experience with three patients, we caution that
acute graft rejection may be more common in such patients.

Keywords: acute rejection; human immunodeficiency virus;
idiopathic pulmonary fibrosis; lung transplantation; pulmonary
arterial hypertension
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With current therapeutics, HIV infection
has evolved to become a chronic disease
with an extended life expectancy, albeit
marked by multiorgan complications that

are unrelated to acute opportunistic
infection (1–3). The burden of
nonmalignant lung disease in HIV-infected
individuals is growing. HIV infection is an

independent risk factor for chronic
obstructive pulmonary disease, lung cancer,
asthma, interstitial lung disease, and,
saliently, pulmonary arterial hypertension
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(4–7). The latter has an estimated
prevalence of 0.5% among certain groups of
persons with HIV infection (8). As a result,
experience with solid organ transplantation
involving the kidney, liver, and the heart
among individuals with HIV is growing
(9–13). To date, however, the literature
contains only one published report of
lung transplantation in a recipient infected
with HIV, which was performed for cystic
fibrosis. At the time the case was published,
the recipient had experienced an excellent
outcome at 2 years after receiving the lung
transplant (14). Nonetheless, HIV
seropositivity remains a contraindication to
lung transplantation (15). Reluctance to
provide lung transplantation as a treatment
option for persons infected with HIV is
driven by concerns that iatrogenic
immunosuppression may increase the risk
of infection and HIV reactivation. There is
also trepidation that combining antiretroviral
therapy with immunosuppressive medications
may result in unmanageable drug–drug
interactions. In addition, some have raised
ethical concerns regarding the allocation of
a scarce resource to persons with HIV
infection (16).

To address some existing knowledge
gaps, we report outcomes in three subjects
with HIV infection who underwent lung
transplantation. We aimed to address
four main questions. (1) Does lung
transplantation affect the course of HIV
infection? (2) Are lung transplant recipients
at increased risk for HIV-related
opportunistic infections or malignancies?
(3) Can drug–drug interactions between
immunosuppressive and antiretroviral
medications be managed? (4) Are lung
transplant recipients with HIV infection at
increased risk for acute rejection, consistent
with the experience in liver and kidney
transplant recipients with HIV infection
(9–12)? Information gathered from this
series has been reported previously in
abstract form (17–19).

Methods

We compiled data from medical records of
all persons with HIV infection undergoing
lung transplantation at the UCSF Medical
Center and Houston Methodist Hospital.
Of 1,394 lung transplantations performed,
3 (0.2%) were in individuals with HIV
infection. To determine whether lung
transplantation affects the course of HIV, we

evaluated cluster of differentiation 4 (CD4)
counts and HIV viral loads before and
after lung transplantation. We defined
HIV-related opportunistic infections or
malignancies as those unique to patients
with HIV infection and not commonly
observed in other lung transplant
recipients (see online supplement). Drug–
drug interactions were defined as drug
interactions requiring a change or
a significant dose adjustment of standard
immunosuppressive, antimicrobial
prophylactic, or antiretroviral drug
regimens. Acute rejection was defined
according to International Society for
Heart and Lung Transplantation (ISHLT)
Lung Rejection Study Group guidelines
(20). The Committee for Human Research
waived review of this study because it
includes three or fewer subjects in a case
series.

Results

Subject 1
Subject 1 was a 40-year-old woman who
was diagnosed with HIV infection at
age 30 (Table 1). Prior to undergoing
transplantation, she had maintained
a CD41 T cell count .1,000 cells/mm3 and
experienced no AIDS-defining illness,
including opportunistic infections. Her
antiretroviral regimen consisted of
lamivudine/zidovudine and efavirenz. At
age 33, she was diagnosed with HIV-related
pulmonary arterial hypertension. Despite
receiving therapy with continuous
intravenous treprostinil, oral bosentan,
and sildenafil, her pulmonary arterial
hypertension progressed to New York
Heart Association Class III symptoms.
Right heart catheterization showed a mean
pulmonary artery pressure of 57 mm Hg
and a Fick cardiac index of 1.48 L/min/m2.

In 2009, she underwent bilateral lung
transplantation (Table 2). Induction
immunosuppressive therapy included
basilixumab, intravenous mycophenolate
mofetil (1,000 mg), and intravenous
methylprednisolone (1,000 mg). The
perioperative period was complicated by
ISHLT Grade 3 primary graft dysfunction
at 24 and 72 hours, which required
a tracheostomy and mechanical ventilation
for 10 days. She was discharged on room air
on postoperative Day 23. Her antiretroviral
regimen was unchanged, although the

efavirenz dosage was reduced while she was
on voriconazole.

Her first year after transplantation was
complicated by recurrent episodes of ISHLT
Grade A2 rejection that occurred at 4, 9, and
11 months and by Grade A1 rejection at 10
months. The first two episodes of ISHLT
Grade A2 rejection were treated with
intravenous methylprednisolone followed
by oral prednisone taper. The third Grade
A2 episode was treated with antithymocyte
globulin (ATG). The dose of ATG (6 mg/kg
intravenous injection divided into four
doses) was not modified for her HIV status
(Table 3). She was hospitalized with severe
respiratory syncytial virus (RSV) infection
15 months after transplantation and treated
with intravenous immunoglobulin and
inhaled ribavirin. Notably, at the time of
RSV infection, she had already developed
ISHLT Grade 2 bronchiolitis obliterans
syndrome (21). Eighteen months after
transplantation, and one month after RSV
infection, donor-specific antibody testing
identified an antibody against HLA Class II
locus DQ7 (mean fluorescence index =
2,822). All samples prior to this date had
been negative (see Table E1 in the online
supplement), and thus this antibody was
not temporally associated with her
development of bronchiolitis obliterans
syndrome. For bronchiolitis obliterans
syndrome prophylaxis, she had been
maintained on azithromycin 250 mg
thrice weekly since 2 months after
transplantation. Aspiration was not
suspected to be a significant clinical
concern. Nevertheless, she had been
maintained on a proton pump inhibitor
since transplantation.

Four years after transplantation, she
has ISHLT Grade 3 bronchiolitis obliterans
syndrome with a forced expiratory volume
in 1 second of 0.8 L, which is reduced from
a peak value of 2.3 L after transplantation,
and she has limited functional status
(Figure 1). Her CD41 cell count decreased
from 1,053 to 183 cells/mm3 after ATG
and subsequently increased to .400
cells/mm3. Her HIV viral load remains
undetectable.

Subject 2
Subject 2 was a 65-year-old man with HIV
infection (Table 1) who underwent bilateral
lung transplantation in 2010 for idiopathic
pulmonary fibrosis (Table 2). Before
receiving the transplants, he had an
undetectable viral load, a CD4 nadir of 302
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cells/mm3, and no history of AIDS-defining
illness. He had hepatitis C virus (HCV)
antibody seropositivity without cirrhosis
and undetectable HCV RNA, and he had
previously been treated for basal cell
carcinoma. His antiretroviral regimen
included emtricitabine, tenofivir, and
atazanivir. Right heart catheterization
revealed that his mean pulmonary arterial
pressure was 30 mm Hg.

Inductive immunosuppression therapy
included basilixumab, intravenous
mycophenolate mofetil (1,000 mg), and
intravenous methylprednisolone (500 mg).
His antiretroviral regimen was resumed on
postoperative Day 4. On postoperative
Day 10, tacrolimus had to be reduced to
0.5 mg every Monday, Wednesday, and
Friday because of elevated troughs. This
elevation may have been driven by
reinitiating atazanavir, a protease inhibitor,

on postoperative Day 4. On postoperative
Day 14, raltegravir, an integrase inhibitor,
was added for a newly detectable HIV viral
load (,20 copies/ml), which was attributed
to the interruption of therapy from
postoperative Days 0 through 4. He was
discharged on postoperative Day 18. The
explanted lungs showed histopathological
findings consistent with idiopathic
pulmonary fibrosis as well as severe medial
hypertrophy of small pulmonary arteries
and arterioles. Surprisingly, the
arteriopathy was similar to that seen in
pulmonary arterial hypertension (Figure
E1), but not traditionally seen in idiopathic
pulmonary fibrosis.

On postoperative Day 42, he had Grade
A1 acute rejection, which was treated with
intravenous methylprednisolone. His first
postoperative year was also complicated by
granulation tissue at both bronchial

anastomotic sites. He underwent
placements of a covered AERO stent
(Alveolus, Inc., Charlotte, NC) and an
uncovered Ultraflex stent (Boston Scientific,
Natick, MA) in the left and right mainstem
bronchi, respectively. These stents were
complicated by Pseudomonas aeruginosa
colonization. To date, the stents remain
patent and the patient is free of
bronchiolitis obliterans syndrome. His CD4
nadir was 68 cells/mm3. We did not add or
adjust prophylaxis for opportunistic
infections based on this CD4 level. At last
measure, his CD4 count was 588 cells/mm3.
His viral load has remained undetectable
since raltegravir was added. He has had two
episodes of pseudomonas pneumonia in
the third year after transplantation, which
were treated successfully with antibiotics.
He has not developed anti-HLA antibodies.
He has not had a recurrence of skin

Table 1. Baseline demographics and clinical features of three HIV-positive patients prior to undergoing lung transplantation

Characteristics Subject 1 Subject 2 Subject 3

Indication for transplant HIV-associated PAH IPF IPF
Sex Female Male Male
Age at transplant (yr) 40 65 60
Race/ethnicity Caucasian Caucasian Caucasian
Hepatitis B serologies 1Surface ab, 2core ab,

2surface ag
1Core ab, 1surface ab,
2surface ag, 2DNA

1Core ab, 1surface ab,
2surface ag, 2DNA

Hepatitis C serologies Negative 1HCV ab, 2RNA Negative
CMV 1IgG 1IgG 1IgG
EBV 1IgG Not performed 1IgG
Malignancy history None Basal cell carcinoma of

nose, local excision 2 yr prior
Hodgkin’s lymphoma .5 yr
ago, currently in remission

HIV viral load Undetectable Undetectable Undetectable
CD4 (cells/mm3) 1,053 302 407
Pretransplantation
opportunistic infection
history

None None None

cART regimen Lamivudine, zidovudine,
efavirenz

Emtricitabine, tenofovir,
atazanavir

Lamivudine, abacavir,
atazanivir, ritonavir

FEV1 (% predicted 74 38 54
FVC (% predicted) 82 48 50
TLC (% predicted) 95 48 66
DLCO (% predicted) 75 23 25
6-MWD (ft) 964 400 500
RA pressure (mm Hg) 9 6 6
PA pressure (mm Hg) 81/41 (57) 40/24 (30) 46/26 (32)
Wedge (mm Hg) 14 14 8
Baseline Cr (mg/dL) 0.66 0.7 1.1
Peak PRAs HLA Class I = 3

HLA Cass II = 5
Repeat PRAs were
negative in each of the
10 subsequent months
they were measured.

Negative Negative

Definition of abbreviations: 6-MWD = 6-minute-walk distance; ab, antibody; ag = antigen; cART = combined antiretroviral therapy; CD4 = cluster of
differentiation 4; Cr = serum creatinine; DLCO = diffusing capacity of the lung for carbon monoxide; FEV1 = forced expiratory volume in 1 second; FVC =
forced expiratory volume; HCV = hepatitis C virus; IPF = idiopathic pulmonary fibrosis; PA = pulmonary arterial; PAH = pulmonary arterial hypertension;
PRAs = panel reactive antibodies; RA = right atrial; TLC = total lung capacity.
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malignancy or reactivation of HCV. Now,
4 years after lung transplantation, he enjoys
an excellent functional status and has
returned to active employment.

Subject 3
Subject 3 was a 60-year-old man with HIV
infection (Table 1) who underwent single
right lung transplantation in 2012 for
idiopathic pulmonary fibrosis (Table 2).
Prior to lung transplantation, his viral load

had been undetectable. His CD4 count was
407 cells/mm3, and he had no AIDS-
defining illness. His antiretroviral regimen
included lamivudine, abacavir, atazanavir,
and ritonavir. He had a history of
Hodgkin’s lymphoma, which had been in
remission since treatment in 2002.

Induction immunosuppressive
treatment included basilixumab,
intravenous mycophenolate mofetil (1,000
mg), and intravenous methylprednisolone

(500 mg). His antiretroviral regimen was
resumed on postoperative Day 1. Because of
ritonavir-induced cytochrome P450 3A4
(CYP3A4) suppression, a lower dose and
a longer dose interval for tacrolimus were
anticipated. A graph illustrating tacrolimus
trough levels over time underscores this
relationship (Figure E2). On postoperative
Day 8, he had Grade A1 acute rejection,
which was treated with intravenous
methylprednisolone. He was discharged on
postoperative Day 11.

Now, 24 months after lung
transplantation, he remains free of
bronchiolitis obliterans syndrome, has an
excellent functional status, and has returned
to active employment. He remains on the
same antiretroviral regimen. His tacrolimus
dosing is 0.5 mg orally every 12 days. He has
grown Mycobacterium avium-intracellulare
in a bronchial washing without clinical or
radiographic evidence of disease. His CD4
count most recently has ranged from 211
to 746 cells/mm3, and his HIV viral load
remains undetectable.

Discussion

The current ISHLT Pulmonary Scientific
Council consensus guidelines designate HIV
seropositivity an absolute contraindication
to lung transplantation (15). Absent
a formal reassessment of these guidelines,
some centers are considering persons with
HIV infection for transplantation on a case-
by-case basis. Such evaluations are hindered
by an evidence base that, until now, has
been limited to one publication in which
the authors reported excellent medium-
term outcomes (14). Our experience
provides additional data and insights into
important clinical questions. HIV is now
a chronic disease. A 20-year-old adult with
HIV infection who is being treated with
antiretroviral therapy is currently expected
to live into the eighth decade of life (2).
However, individuals with HIV infection
are still at increased risk for chronic
obstructive pulmonary disease, lung cancer,
pulmonary arterial hypertension, and
pulmonary fibrosis; therefore, the number
of persons with HIV presenting for lung
transplant evaluation is anticipated to grow
(4–7, 22). As experience in solid organ
transplantation for persons with HIV
grows, the lung transplantation community
may need to cautiously reassess this
contraindication to treatment.

Table 3. Timeline transbronchial biopsies and interventions after lung transplant in
Subject 1 (HIV-associated pulmonary arterial hypertension)

Biopsy date Result Intervention

2 wk A0/B0
4 wk A0/B0
2 mo N/A Pulmonary emboli fortuitously discovered on

abdominal CT scan; patient started on
anticoagulation. This biopsy deferred.

4 mo A2/B0 Pulsed with 500 mg intravenous
methylprednisolone for 3 d with prednisone
taper per standard protocol.

5 mo A0/B0
9 mo A2/B0 Pulsed with 500 mg intravenous

methylprednisolone for 3 d with prednisone taper
10 mo A1/B0
11 mo A2/B0 ATG for refractory rejection*

Definition of abbreviations: ATG = antithymocyte globulin. The “A” acute rejection score indicates
degree of perivascular and interstitial mononuclear infiltrates. The “B” acute rejection score indicates
the degree of lymphocytic bronchiolitis.
*ATG dose (6 mg/kg intravenous injection divided into four doses).

Figure 1. Rapid development of bronchiolitis obliterans syndrome. Graph depicting the rapid
decrease in forced expiratory volume in 1 second (FEV1) over the first 2 years after lung
transplantation in Subject 1 (HIV-associated pulmonary arterial hypertension). An obstructive pattern
developed, which was visualized by spirometry. The FEV1/FVC ratios fell in parallel with the changes
noted in the graph, with the most recent FEV1/FVC ratio being 35%. CT chest imaging demonstrated
severe air trapping on expiratory images, without evidence of fibrosis, including in the periphery.
BOS = bronchiolitis obliterans syndrome, International Society for Heart and Lung Transplantation
Grades 1–3; RSV = respiratory syncytial virus.
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It appears that lung transplantation
may impact the course of HIV early after
transplant surgery. In all three of our
subjects, we observed decreases in CD4
levels early after transplantation. In
general, IL-2 receptor antagonists, such as
basilixumab, do not lead to significant T cell
depletion (23). The drop in CD41 T cells
may be due in part to mycophenolate
mofetil (24). Although the role of any
induction therapy for persons with HIV
undergoing lung transplantation remains
unknown, given the low incidence of
infection observed in our cases, we
cautiously feel that the risks of rejection
outweigh the risks of CD41 T cell depletion
early after transplantation. Despite CD4
decreases, two of our three subjects never
had detectable viral loads, and the third
subject had transient viremia in the setting
of a brief hiatus from antiretroviral therapy
from postoperative Days 0–4. Further, no
instances of AIDS-related opportunistic
infections or malignancies were observed
during the study follow-up period.

Drug–drug interactions were
challenging but manageable. Standard
tacrolimus trough targets and the duration
of fungal prophylaxis were not adjusted.
Efavirenz, a non-nucleoside reverse
transcriptase inhibitor, was given to
Subject 1. Efavirenz increases the
metabolism of calcineurin inhibitors, but
its own metabolism is decreased by
voriconazole. Using voriconazole for
aspergillosis prophylaxis did pose
challenges in efavirenz dosing, necessitating
a 50% dose reduction with a concomitant
.100% increase in the prophylactic dose of
voriconazole. Subject 3 was given the
protease inhibitor ritonavir as part of his
antiretroviral regimen. Ritonavir, a potent
CYP3A4 and P-glycoprotein inhibitor, is
usually administered as a booster to
increase the effects of other protease
inhibitors (25, 26). Our use of ritonavir
required a dramatic reduction in tacrolimus
dosing. The use of protease inhibitors,
especially ritonavir, requires heightened
vigilance for drug toxicities. If feasible,
an antiretroviral regimen absent
efavirenz or ritonavir could simplify
immunosuppressive drug management
after lung transplantation. For example,
integrase inhibitors and chemokine C-C
motif receptor antagonists have fewer drug
interactions and may be considered in
consultation with HIV experts prior to
transplantation (25).

Of concern is that all three subjects
experienced acute cellular rejection. Acute
rejection was recurrent and refractory in
Subject 1, in whom it was followed by
severe bronchiolitis obliterans syndrome.
Although acute rejection occurs in
approximately one-third of lung transplant
recipients within the first year after
transplantation (27), most episodes are
successfully treated with corticosteroids.
Treatment of glucocorticoid-recalcitrant
acute rejection in patients with HIV
infection is challenging. The potential
benefits of treating acute rejection with
a lymphocyte-depleting agent need to
be weighed against the risks of
CD41 reduction in an already
immunocompromised host. Although ATG
increases the risk of infection in recipients
with and without HIV infection (9, 28),
it is unclear if those with HIV infection are
at heightened risk. Investigators of a case
series evaluated the effects of ATG on 20
kidney transplant recipients with HIV.
Although treatment of acute rejection with
ATG was successful, it was also associated
with profound and long-lasting suppression
of CD41 T cell counts and increased risk of
serious infection requiring hospitalization.
Most were routinely observed infections
after transplantation; only one was an
AIDS-defining illness (Candida
esophagitis) (29). In Subject 1, ATG
treatment for acute rejection was successful,
but it also resulted in CD41 depletion to
an AIDS-defining nadir (183 cells/mm3).
Her subsequent rebound was also to
a plateau substantially lower than her
level prior to lung transplantation.

In several studies of liver and kidney
transplantation in individuals who are HIV
positive (9, 10, 12, 30), HIV infection
appears to be an independent risk factor for
acute rejection. In a kidney transplantation
study, subjects with HIV infection were
found to have a two- to threefold increased
risk of acute rejection, and glucocorticoid-
resistant acute rejection was common (9).
In a cohort of kidney transplant recipients
with HIV infection (N = 92), the 1-year
incidence of acute rejection was 55% (12),
which is substantially higher than the
national registry reports of 12.3% (9).
Another cohort of liver transplant
recipients coinfected with HIV and HCV
(N = 89) experienced 3-year acute rejection
rates that were 1.6-fold higher than liver
transplant recipients infected with HCV
only. The cumulative incidence of acute

rejection by Year 3 requiring treatment was
significantly higher for patients coinfected
with HCV and HIV (39%) versus those
with HCV infection alone (24%) (P = 0.01)
(10). A U.S. national registry analysis of 516
kidney transplant recipients with HIV
infection identified a twofold increased risk
of acute rejection and an increased risk of
graft loss compared with recipients not
infected with HIV. Notably, these
differences were not observed among
subjects who received ATG induction
therapy (31).

The reasons for increased rejection in
kidney and liver transplantation are under
active investigation, but may include
immunologic, virologic, and pharmacologic
factors. Canaud and colleagues examined 19
kidney transplant recipients with HIV
infection who did not have detectable levels
of plasma HIV RNA at the time of
transplantation. Despite this presentation,
these investigators discovered, by using
electron microscopy and molecular
techniques, that HIV infected the allograft in
13 subjects (68%) (32). They proposed that
acute rejection might be related to HIV
infection of the allograft. In a different
pharmacologic study of kidney and liver
transplant recipients with HIV infection,
researchers identified a poor correlation
between cyclosporine trough levels and area
under the curve (AUC) levels. These
authors proposed that inadequate
cyclosporine AUC levels might be
responsible for the increased risk of
rejection. Tacrolimus trough and AUC
levels, however, exhibited a strong
correlation (33). Because their study
included only four cases, any discussion of
the specific causes or mechanisms for
a possible increased risk of rejection in their
lung transplant recipients with HIV
infection would be speculative.

Interestingly, all three of our patients
had smooth muscle hypertrophy in the
smaller pulmonary arteries and arterioles.
Two of them had idiopathic pulmonary
fibrosis, which is frequently associated with
World Health Organization Group III
pulmonary hypertension. However, their
histopathology more closely resembled that
seen in HIV-associated pulmonary arterial
hypertension. Thus, absent more data,
heightened awareness of potential
concomitant pulmonary arterial
hypertension in lung transplant candidates
with HIV infection, regardless of disease
indication, is recommended with the caveat
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that particular attention be paid to
preoperative echocardiogram and right
hearth catheterization results.

The major limitation of this study is
its size. We emphasize that, until a more
robust evidence base is available, lung
transplantation for persons with HIV
infection should be considered only on
a case-by-case basis by a multidisciplinary
team that includes specialists in HIV
medicine. It is noteworthy that three of the
four subjects now reported in the literature
experienced good medium-term (14) or
long-term outcomes, thus demonstrating
that good outcomes are at least feasible.

As the population with well-controlled
HIV infection grows, so, too, will the
number of persons with advanced lung
disease and HIV infection who are potential
candidates for lung transplantation. Our
case series demonstrates that lung
transplantation in the setting of HIV
infection may be reasonable. In this limited
case series, AIDS-related opportunistic
infections and persistent reactivation of HIV
did not prove to be problematic. Drug–drug
interactions were challenging, but could be
overcome. Notably, heightened vigilance
for acute rejection is warranted. The
relationship between HIV seropositivity

and acute rejection in solid organ
transplantation requires further study.
Further systematic data collection and
outcomes assessments are needed as
experience accumulates in lung
transplantation for individuals with HIV
infection. n
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