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KEY POINTS

� Lung transplant recipients are at a higher risk of infectious complications than recipients of other
solid organs.

� The major cause of mortality beyond 1 year after lung transplantation is bronchiolitis obliterans
syndrome (chronic allograft rejection).

� Infections with cytomegalovirus (CMV), Pseudomonas aeruginosa, and Aspergillus species have
been associated with the development of bronchiolitis obliterans syndrome.

� CMV and fungal prophylaxis regimens vary by transplant center.

� Pneuomcystis jiroveci pneumonia is rare in the era of prophylaxis.
INTRODUCTION infectious complications. In addition, factors such
In 2009, 3272 lung transplant procedures were
reported to the International Society for Heart and
Lung Transplantation for end-stage lung disease,
the highest annual number to date. Survival for
lung transplant recipients continues to lag behind
that of other solid organ transplant recipients, with
a median survival (“half-life”) of 5.5 years.1 Graft
failure and non-cytomegalovirus (non-CMV) infec-
tion remain themajor reported causes of postoper-
ative mortality in the first year after transplantation.
After the first year, the most common identifiable
causes for mortality are bronchiolitis obliterans
syndrome (BOS) and non-CMV infection. Immuno-
suppression contributes significantly to posttrans-
plant infections in all recipients; however, lung
transplant recipients are generally more intensively
immunosuppressed than other solid organ recipi-
ents and have more frequent and more severe
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as preoperativemicroorganismcolonization, trans-
mission of infectious agents from the donor organs,
blunted cough mechanism due to denervation,
impaired mucociliary clearance, poor lymphatic
drainage, ischemic large airways in the immediate
postoperative period, and constant exposure to
the environment uniquely place lung transplant
recipients at higher risk for infections than other
organ recipients.2

Chronic allograft rejection, in the form of BOS,
is the major life-limiting complication after lung
transplantation. Pulmonary infections with viruses,
including CMV; gram-negative bacilli, especially
Pseudomonas aeruginosa; and Aspergillus species
have all been associated with an increased risk of
BOS.3–7 These findings underscore the importance
of prevention, diagnosis, and treatment of infec-
tions in the population that has undergone lung
transplantation.
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PERIOPERATIVE PERIOD

During the perioperative period, lung transplant
recipients are at increased risk for bacterial, fungal,
and viral infections. In this patient population,
gram-negative organisms, including P aeruginosa,
and methicillin-resistant Staphylococcus aureus
(MRSA) are often encountered.8 Infections can
result from chronic preoperative recipient coloni-
zation, as is common in suppurative conditions
such as cystic fibrosis (CF). Other mechanisms
include acute perioperative donor colonization or
infection and postoperative infection in early recipi-
ents via mechanical ventilation or through other
means throughout the initial hospital stay.
Donor airway sputumspecimensare typically ob-

tained for culture in patients before implantation.
The results ofGram stain and culture from thedonor
sputumare followedup to ensure that the initial anti-
biotic regimen appropriately covers organisms
identified in the donor airway specimens. In trans-
plant recipients colonized with known organisms,
perioperative antibiotic prophylaxis is based on
the results of prior cultures and sensitivity data.
This is especially important in patients with CF or
non-CF bronchiectasis because these patients are
often chronically infected with multidrug-resistant
organisms. When such patients are placed on the
waiting list for lung transplantation, theperioperative
antibiotic regimen is usually planned ahead of time.
In addition to results of bacterial cultures, any recent
positive cultures for Aspergillus species or nontu-
berculous mycobacteria are considered when se-
lecting the perioperative antimicrobial regimen.
For patients without previous airway cultures,

prophylactic perioperative antibiotic therapy must
provide coverage against multidrug-resistant gram-
negative organisms and MRSA. At our center,
patients are initiated on an antipseudomonal
b-lactam (eg, cefepime [Maxipime], meropenem
[Merrem] or piperacillin/tazobactam [Zosyn]) and
vancomycin perioperatively.9 The choice of anti-
pseudomonal agent should be based on the local
sensitivities for each institution. This antibiotic
combination is continued for 7 days unless an indi-
cation for a longer course of therapy arises in the
postoperative period.
Surgical site infections in the postoperative

period are most commonly caused by skin flora,
the most frequent organism being Staphylococcus
aureus. Patients colonized with gram-negative
organisms preoperatively and those with surgical
complications can develop pleural, and less com-
monly mediastinal, infectious complications in the
postoperative period. Ischemic airway injury is the
major risk factor for the development of Aspergillus
tracheobronchitis. Rare occurrences of challenging
surgical site infections have been observed in re-
cipientswithmultidrug-resistant organisms present
preoperatively. It seems logical, although largely
not supported by evidence, that such patients
shouldundergo longerandmorevigorous infectious
prophylaxis.
Fungal colonization and infections, most

commonlyCandida species orAspergillus species,
can occur in the perioperative period.Candida albi-
cans remains the most common Candida species
to be isolated from lung transplant recipients,
although there has been a recent rise in non-albi-
cans species. It is sometimes difficult to distinguish
an invasive candidal infection from airway coloni-
zation. At our center, we usually treat patients
with either fluconazole (Diflucan) or an echinocan-
din if they have ischemic airway injury or copious
secretions and Candida species are the only
organisms that are cultured. The major risk factors
for Aspergillus infections are previous colonization
and ischemic airway injury.10 Table 1 outlines
some common prophylaxis regimens for viral,
fungal, and Pneumocystis jiroveci infections.

BACTERIAL INFECTIONS

In contrast to nontransplant hosts, patients who
have undergone lung transplantation are at much
higher risk of becoming colonized and infected
with drug-resistant organisms. Gram-negative
organisms are themost frequent cause of bacterial
pneumonia, with P aeruginosa being the most
common. Other gram-negative organisms identi-
fied less frequently include, but are not limited to,
Acinetobacter baumannii, Escherichia coli, Klebsi-
ella pneumoniae, Stenotrophomonas maltophilia,
Burkholderia cepacia, and Serratia marcescens.
De novo colonization of the airways with P aerugi-
nosa after transplantation has been demonstrated
to be an independent risk factor for the develop-
ment of BOS.6 Staphylococcus aureus is the most
common gram-positive organism causing pneu-
monia and the second most common specific
organism causing bacterial pneumonia among
lung transplant recipients.10,11

Infection with B cepacia has historically been
associated with poor outcomes after transplanta-
tion, and many centers consider chronic infection
with B cepacia an absolute contraindication to
lung transplantion.12,13 However, it has since been
recognized that organisms formally classified as B
cepacia represent a group complex (B cepacia
complex, BCC) comprising several distinct species
(genomovars).Burkholderiacenocepacia (genomo-
var III) and Burkholderia multivorans (genomovar II)
account for the majority of infections.14 B cenoce-
pacia is associated with a much higher risk of



Table 1
Some common prophylaxis regimens in the lung transplant recipient

Infection Viruses/Organisms Common Prophylaxis Regimens

Viral Herpes simplex virus Acyclovir, 200 mg, po twice daily indefinitely
CMV High risk (D1/R�)

Valganciclovir, 900 mg, po daily for 6–12 mo
Medium Risk (D1/R1, D�/R1)
1. Weekly CMV polymerase chain reaction, treat

when test result is positive
2. Valganciclovir, 900 mg, po daily for 3–12 mo

Pneumocystis jiroveci
pneumonia

Pneumocystis jiroveci Trimethoprim/sulfamethoxazole, 160/800 mg,
po 3 times weekly indefinitely

Alternatives for sulfa intolerant, all continued
indefinitely

1. Atovaquone, 1500 mg, po daily
2. Pentamidine, 300 mg, inhaled monthly
3. Dapsone, 100 mg, po daily

Fungal C albicans Until corticosteroid dose weaned postoperatively
or 3 mo

1. Nystatin, 5 mL, po 4 times daily
2. Fluconazole, 100 mg, po daily

Aspergillus species When colonized preoperatively or immediately
postoperatively, continued until cultures negative

1. Voriconazole, 200 mg, po twice daily
2. Itraconazole, 200 mg, po twice daily
3. Amphotericin, 20–40 mg, inhaled daily

Abbreviation: po, by mouth (oral).
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posttransplant mortality, including a 6-fold higher
risk of death at 1 year compared with patients in-
fectedwithBCCorganismsother thanBcenocepa-
cia and an 8-fold higher risk of death at 1 year
compared with patients not infected with any BCC
organism.15 In that series, BCC infection with
organisms other than B cenocepacia did not
increase the risk of death after transplantation in
comparison with patients not infected with BCC.
B cenocepacia can cause pneumonia, locally inva-
sive disease with empyema, and disseminated
infection. Although not a member of the BCC, Bur-
kholderia gladioli has also been associated with an
increased mortality.16 Transplant centers have to
consider the specific species of Burkholderia and
the risk ofB cenocepacia infection when evaluating
patients with CF infected with these organisms.

Because lung transplant recipients are immuno-
compromised lifelong, empiric antibiotic treatment
in lung recipients for pneumonia should include
coverage for MRSA, P aeruginosa, and atypical
organisms (Listeria, Mycoplasma, Chlamydia).
Based on the patient’s clinical status, bronchos-
copy with bronchoalveolar lavage, with or without
transbronchial biopsies, should be considered. In
addition to culture data, bronchoscopy helps to
evaluate for noninfectious causes of shortness of
breath and abnormal chest radiography, including
airway complications and acute or chronic rejec-
tion. Lung transplant recipients often require up to
14 days of antibiotic therapy or longer if recovery
is slow or airway cultures remain positive. As with
any patient with pneumonia, the spectrum of the
antibiotic therapy should be narrowed based on
culture results when possible.
VIRAL INFECTIONS
CMV

CMV infection is a significant cause of morbidity in
all transplant recipients. Among lung recipients,
CMV is the most common opportunistic infec-
tion.17 The major risk factor for the development
of CMV disease is the interaction of the CMV status
of the recipient and the CMV status of the donor.
Patients who are CMV negative receiving CMV-
negative donor organs (D�/R�) are at very low
risk for CMV infection. CMV-positive recipients
receiving either a CMV-positive or CMV-negative
allograft (D�/R1 or D1/R1) are at medium risk,
and CMV-negative recipients receiving a CMV-
positive allograft (D1/R�) are at the highest risk of
developing CMV disease. CMV infection most
commonly occurswithin the first 3 to 6months after
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transplantation, and the risk wanes after the first
year inmost recipients unless the immunosuppres-
sive regimen is augmented. However, a minority of
recipients have recurrent CMV infections beyond
the first year after transplantation, and this can
result in increased morbidity and mortality.
CMVprophylaxismay delay the onset of invasive

disease. In general, there are 2 main prophylactic
strategies, but practices in specific centers are
highly variable. Most centers advocate valganci-
clovir (Valcyte) or intravenous ganciclovir (Cyto-
vene) for 6 to 12 months in high-risk recipients
(D1/R�), and some encourage lifelong prophylaxis.
In contrast, controversy exists on the optimal
approach for recipients at medium risk (D�/R1 or
D1/R1) for CMV disease. One strategy involves
universal prophylaxis for all at-risk patients. The
second strategy is based on monitoring and pre-
emptive therapy at the time of identification of
active viral replication, ideally before symptomatic
infection. Using this strategy, medium-risk patients
are monitored frequently (once to twice weekly),
screening either for viral pp65 antigenemia or
with a plasma polymerase chain reaction (PCR)
for CMV. Assays vary, and different virology labo-
ratory tests have different thresholds of positivity.
At present, fewer centers rely on testing for pp65
antigenemia because the PCR assay has become
morewidely available and is less prone to technical
errors. Treatment of CMV infection is started at the
first sign of viral replication.
Concerning prophylactic therapy, most centers

either start with intravenous ganciclovir and then
transition to oral valganciclovir or administer oral
valganciclovir from theoutset. Valganciclovir is typi-
cally administered at a dose of 900 mg orally daily
for prophylaxis in patients with normal renal func-
tion, but the dose may need to be adjusted in the
setting of low body mass or leukopenia.18 The
most frequent adverse effects from ganciclovir or
Fig. 1. (A) A bilateral lung recipient who CMV seropositi
failure. (B) Pathologic examination of CMV pneumonia wit
valganciclovir therapy are leukopenia and thrombo-
cytopenia. There is also a small risk of ganciclovir
resistance in patients on prophylaxis, especially if
treatment is periodically interrupted. In addition,
a limitation of prophylaxis for a given time course
is shifting the timeline of CMV disease to a later
time point after transplantation. CMV-specific
immunoglobulin (Cytogam) is used at few centers
as part of the prophylactic regimen for high-risk
patients.19 No randomized controlled trials have
demonstrated the superiority of universal prophy-
laxis over a preemptive strategy. However, one
large multicenter trial demonstrated that in at-risk
patients, 12 months of prophylaxis with valganci-
clovir was superior to 3 months after 13 months of
follow-up with respect to CMV infection, with no
change in acute rejection, CMV UL97 ganciclovir
resistancemutations, or laboratoryabnormalities.20

The termCMV infection applies to any situation in
which viral replication is identified. CMV disease
indicates CMV infection with symptoms, including
mononucleosis-like syndrome with fever, malaise,
and fatigue, or organ-specific invasion involving
the lung (Fig. 1), liver, gastrointestinal tract, central
nervous system, or retina.21 As discussed earlier,
there is no universal standard of the viral load cutoff
that represents a positive blood PCR result.
However, if symptoms are present, the general
consensus is to initiate treatment of CMV infection.
Standard therapy includes intravenous ganciclovir,
5 mg/kg twice daily, or oral valganciclovir, 900 mg
twicedaily,with doseadjustments for renal function
and leukocyte count. Oral valganciclovir has been
shown to be noninferior to intravenous ganciclovir
in a mixed population of transplant recipients and
can be considered as initial therapy, especially in
patients with subclinical CMV infection and mild
disease.22,23Antiviral therapy isgenerally continued
for at least 1 week after viral replication is no longer
detectable. CMV-specific immunoglobulin can be
ve developed severe CMV pneumonia and respiratory
h characteristic inclusion bodies (black arrow).
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used as add-on therapy in severe cases or in
patients not responding to initial therapy, especially
in seronegative recipients. In patients not respond-
ing to conventional therapy, resistance to ganciclo-
vir must be evaluated. The UL 97 gene encodes
a protein kinase involved in the phosphorylation
and activation of ganciclovir, and mutations within
this gene are the most common mechanisms of
ganciclovir resistance. Mutations within the UL54
region, which encodes for CMV DNA polymerase,
also confer ganciclovir resistance and are more
likely to result in resistance to cidofovir and foscar-
net. Many patients with UL 97mutations, and some
with UL54mutations, respond to therapy with cido-
fovir or foscarnet; however, drug toxicity is the
major obstacle to treatment.
Community-Acquired Respiratory Viruses

Community-acquired respiratory virus (CARV) infec-
tions, including respiratory syncytial virus (RSV),
influenza, parainfluenza, rhinovirus, and adenovirus,
have been associated with increased risk of BOS
and death.24 Other CARVs have been identified,
including human metapneumovirus, coronavirus,
and bocavirus, but the role of these viruses in the
development of BOS is not yet established.

Given that influenza infection is treatable, it is
important to evaluate patients with clinical symp-
toms during the typical influenza season and treat
them accordingly. As in nontransplant recipients,
the first-line therapy for influenza in lung transplant
recipients is the neuraminidase inhibitor oseltami-
vir (Tamiflu). When the severity of illness is high,
the duration of therapy is often extended beyond
the conventional 5 days to 7 to 14 days.

The decision to treat RSV with ribavirin, either
inhaled or systemic, varies from center to center
and between individual patients. The RSV season
overlaps with the influenza season andmay extend
later into the spring. In patientswithRSV, the goal is
to reduce the progression from upper respiratory
tract infection to lower respiratory tract infection
and thus the risk of BOS.25 Given this risk, in addi-
tion to high clinical suspicion for influenza, patients
with upper respiratory tract symptoms during the
winter and early spring should be tested for RSV
as well. At our center, patients with a positive result
for nasopharyngeal viral swab for RSV are treated
with 3 days of inhaled ribavirin therapy. Intravenous
ribavirin therapy is limited by drug toxicity, espe-
cially hemolytic anemia. Other treatment modali-
ties, including palivizumab, an immunomodulating
RSV-specific monoclonal antibody; intravenous
immunoglobulin (IVIG); and RSV-IVIG (no longer
commercially available), have been evaluated in
children and in hematopoietic stem cell transplant
recipients. These agents seem to decrease viral
loads in animal studies and have shown trends
toward efficacy in clinical trials in the stem cell
transplant population; however, few data exist in
lung transplant recipients.26
Epstein-Barr Virus and Posttransplant
Lymphoproliferative Disorder

The Epstein-Barr virus (EBV) is the agent that most
commonly causes infectious mononucleosis. In
transplant recipients, the major morbidity of EBV
is posttransplant lymphoproliferative disorder
(PTLD). There are 2 major subtypes of PTLD. Poly-
morphic PTLD is characterized by a monoclonal
B-cell population in various stages of maturation
and reactive T cells. Monomorphic PTLD is char-
acterized by homogenous sheets of transformed
monoclonal B cells, frequently with cytogenetic
abnormalities. Monomorphic PTLD is a subtype
of non-Hodgkin lymphoma.27

PTLD occurs in the setting of immunosuppres-
sion, and evidence of EBV infection has been identi-
fied in as many as 80% to 90% of patients with
PTLD.28,29 PTLD frequently occurs in the first year
after transplantation but can present years later.
Among transplant recipients, thosewhohaveunder-
gone heart and lung transplants are at the highest
risk of developing PTLD, which is likely related to
the higher intensity of immunosuppression main-
tained in these patients.30 The reported incidence
of PTLD after lung transplantation varies between
2.5% and 8%, with a recent series identifying 34
cases in 705 patients (4.8%) who had undergone
lung transplantation at a single center.31 PTLD
frequently occurs in the transplanted organ, and, in
lungrecipients, thisneoplasmcanpresentassolitary
or multiple pulmonary nodules or masses, hilar or
mediastinal lymphadenopathy, or a pleural effusion.
In general, cases of PTLD that develop in the first
year after lung transplantation tend to be isolated
to the chest, but cases that develop beyond the first
year after transplantation tend to be extrathoracic,
often involving the abdomen and pelvis.32,33 It is
noteworthy that late extrathoracic cases tend to
have a worse prognosis and are less likely to
respond to de-escalation of immunosuppression.

The diagnosis of PTLD requires tissue examina-
tion, and, similar to the evaluation for lymphoma,
excisional biopsies are ideal. Serum PCR testing
for EBV has been evaluated as a tool to aid in the
diagnosis and follow-up of patients with PTLD.
While the specificity of a positive test in patients
with PTLD is near 100%, the sensitivity has been
reported to be as low as 40% because many
patients with pathologically confirmed PTLD will
have negative serum EBV PCR results.34



Fig. 2. A bilateral lung transplant recipient developed
a thick-walled right lower lobe cavity, which was
confirmed to be due to invasive aspergillosis histolog-
ically. The recipient developed respiratory failure and
pneumothorax and did not respond to therapy.
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The initial treatment of PTLD is generally a de-
escalation of immunosuppression.35 There is an
increased risk of allograft rejection with this
approach. The anti-CD20 monoclonal antibody rit-
uximab (Rituxan) is the next line of therapy for
PTLD. Rituximab is used when remission is not
achieved with reduced immunosuppression. In
addition, recent studies suggest that administering
rituximab earlier in the course of PTLD improves
the response and duration of remission.36,37 If
reducing immunosuppression and administration
of rituximab does not induce remission of PTLD,
systemic chemotherapy with CHOP (cyclophos-
phamide, doxorubicin, vincristine, and prednisone)
is usually administered. Surgical resection can be
curative in cases of PTLD with localized disease.
Radiation therapy can also be considered in cases
of local diseases that are not amenable to surgical
resection. When performed, both surgery and radi-
ation should be combined with a reduction in
immunosuppression with or without rituximab.

FUNGAL INFECTIONS
Prophylaxis

Antifungal prophylaxis in the immediate posttrans-
plant period varies widely from center to center.
This variation is demonstrated in a survey of 50
lung transplant centers published in 2006.38

Universal prophylaxis and targeted prophylaxis
(patients colonized with Aspergillus species before
transplantation or becoming colonized after trans-
plantation) were the 2 most common approaches
in the survey. Regimens used by different centers
included inhaled amphotericin B with or without an
azole (usually itraconazole [Sporanox]), itraconazole
alone, and fluconazole alone. Universal voricona-
zole (Vfend) prophylaxis has been shown to
decrease the incidence of invasive aspergillosis at
1 year in comparison with targeted prophylaxis
with itraconazole with or without inhaled amphoter-
icin B; however, there were increased adverse
events in the treatment group, predominantly an
elevation of serum liver enzyme levels suggestive
of hepatic toxicity.39 At our center, we practice a tar-
geted approach using itraconazole or voriconazole
in patients colonized with Aspergillus before trans-
plantation or immediately after transplantation. In
addition, patients are administered prophylaxis
withnystatinor fluconazole fororopharyngeal thrush
until the corticosteroid doses have been tapered.

Aspergillus Species Infections

Aspergillus fumigatus causes most fungal infec-
tions in lung transplant recipients. However, other
species, including Aspergillus flavus, Aspergillus
niger, Aspergillus terreus, and Aspergillus ustus,
have been increasingly reported as causes of inva-
sive fungal infection.40 Aspergillus infections can
be classified as localized airway infection or inva-
sive disease. Invasive diseases include Aspergillus
tracheobronchitis, invasive pulmonary aspergil-
losis, and disseminated aspergillosis.41

Aspergillus tracheobronchitis is characterized
by the involvement of anastomotic sites and distal
airways, especially areas of ischemic injury with-
out extension into the lung parenchyma. Necrosis,
ulceration, and pseudomembrane formation are
the characteristic features of Aspergillus tracheo-
bronchitis, and the diagnosis is made using bron-
choscopy.42 The risk of developing Aspergillus
tracheobronchitis is highest in the first 3 months
after transplantation. Progression of the infection
is possible if treatment is delayed.
In contrast to the stem cell transplant popula-

tion, patients who have undergone any solid organ
transplant and develop invasive pulmonary asper-
gillosis do not regularly demonstrate the charac-
teristic halo sign radiologic finding on computed
tomography of the chest.43,44 The most common
radiologic findings are nonspecific, including focal
or multifocal consolidation, infiltration, or nodular
lesions with or without cavitation (Fig. 2).
The diagnosis of invasive Aspergillus infections

is based on appropriate clinical signs and symp-
toms combined with pathologic and microbiolog-
ical confirmation. The Aspergillus galactomannan
antigen assay has been used as a marker of an-
gioinvasive disease, especially in the stem cell
recipient population, but the sensitivity of the assay
for the diagnosis of invasive disease in lung trans-
plant recipients has been reported to be only
30% and is especially poor in patients with
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tracheobronchitis.45 Testing the bronchoalveolar
fluid for the presence of the galactomannan
antigen appears to be more sensitive than testing
the serum when looking for tracheobronchitis or
invasive pulmonary aspergillosis; however, the
overall clinical condition of the patient must be
considered before deciding on any one diagnostic
test to make the diagnosis of invasive aspergil-
losis.46 False-positive results of the serum galacto-
mannan assay can occur in the presence of certain
antibiotics, especially piperacillin/tazobactam.

The treatment of Aspergillus infections involves
the useof azoles, echinocandins, andamphotericin
B and generally depends on the severity of illness,
with the lipid formulation of amphotericin B remain-
ing the first line of treatment in severe disease.
There is emergingdata that echinocandins, (caspo-
fungin [Cancidas],micafungin [Mycamine], andani-
dulafungin [Eraxis]), alone or in combination with
voriconazole may be an effective first-line treat-
ment of pulmonary aspergillosis, with significantly
less toxicity.47,48 Voriconazole is generally
preferred over itraconazole, given the more predi-
cable bioavailability of voriconazole over itracona-
zole. Posaconazole (Noxafil) also has activity
against Aspergillus species, but there is not as
much experience with this agent, and it is not avail-
able in an intravenous formulation. In addition,
azoles have a potent interaction with calcineurin
inhibitors, and the cyclosporine (Neoral) or tacroli-
mus (Prograf) doses need to be significantly
reduced when itraconazole or voriconazole are
inititated.41
Candida Species Infections

C albicans remains the most common Candida
species causing fungal infections in lung transplant
recipients but a shift toward non-albicans species
has been observed.10 Clinical patterns of candidi-
asis in lung transplantation recipients range from
mucocutaneous to invasive disease, with candide-
mia and multiorgan involvement. Although C albi-
cans is generally sensitive to azole agents,
including fluconazole, some non-albicans Candida
species are resistant to fluconazole. Several recent
studies have demonstrated the effectiveness of
echinocandins in invasive candidiasis and should
be considered as a first-line treatment pending
identification and speciation of the Candida
species in culture.49–51 Amphotericin B is effective
for invasive candidiasis; however, given its toxicity
and the effectiveness of safer echinocandins and
azoles, it should be reserved for treatment failures
or patients who are intolerant of echinocandins
and are infected by organisms that are resistant
to azole agents.
P jiroveci

P jiroveci (formerly Pneumocystis carinii) is an
organism that is ubiquitous in the environment
and can cause pneumonia in any immunosup-
pressed patient. In the era of prophylaxis, it is rare
for patients to develop P jiroveci pneumonia.52

The first-line prophylactic is trimethoprim/sulfame-
thoxazole (Bactrim, Septra), although in patients
who are allergic to sulfa drugs alternative options
include inhaled pentamidine (Pentam), atovaquone
(Mepron), and dapsone. This infection is treated
with high doses of trimethoprim/sulfamethoxazole,
often with an increase in the corticosteroid dose,
especially when complicated by hypoxemia.53 In
patients who are allergic to sulfa drugs, desensiti-
zation can be considered in order to use trimetho-
prim/sulfamethoxazole for either prophylaxis or
treatment in the event ofPneumocystispneumonia.

Other Fungi

Manyother fungalpathogenshavebeenassociated
with clinical disease in lung transplant recipients.
Cryptococcus neoformans can infect the lung itself,
in addition to causing disseminated multisystem
disease. Depending on the geography, endemic
fungi can cause disease in lung transplant recipi-
ents (eg, histoplasmosis, coccidioidomycosis, and
blastomycosis). In addition, several non-Aspergillus
mycelial fungi, including zygomycetes (eg, mucor-
mycosis) and Scedosporium species, have more
recently been recognized as important pathogens
in the transplant recipient populationandaregener-
ally associatedwithworsenedoutcomescompared
with Aspergillus species.54

MYCOBACTERIA
Nontuberculosis Mycobacteria

Nontuberculosis mycobacterial infection before
lung transplantation is generally observed in
patients with bronchiectasis, especially CF. The
prevalence of these organisms has been reported
as 3% to 10% in patients with adult onset bronchi-
ectasis and 13% to 28% in patients with CF.55,56

The risk of recurrenceof nontuberculosismycobac-
terial infection and significant clinical disease
seems to be the highest with Mycobacterium ab-
scessus, although in one study the posttransplant
course was not affected by M abscessus infec-
tion.57 Although difficult to manage, it is possible
to successfully treat infectionscausedbyMycobac-
teriumavium-intracellulare (Fig. 3) andMabscessus
in lung transplant recipients.58 Treatment is guided
by the American Thoracic Society (ATS)/Infectious
Diseases Society of America (IDSA) statement
regarding nontuberculous mycobacterial disease



Fig. 3. A left single lung transplant recipient devel-
oped amasslike infiltrate in the native emphysematous
lung and multiple nodules in the allograft. Pathologic
conditions were consistent with granulomatous in-
flammation and cultures showed positive results for
Mycobacterium avium-intracellulare. The recipient re-
sponded well to treatment.
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and is the same as in the nontransplant immuno-
competent host.59

Mycobacterium tuberculosis

Transplant recipients should be evaluated for
latent infection with Mycobacterium tuberculosis
using the tuberculin skin test. In the event of a posi-
tive test result and no evidence of active tubercu-
losis on chest radiograph, INH therapy should be
administered for 6 to 9 months.60 Active tubercu-
losis should be treated according to ATS/Centers
for Disease Control/IDSA guidelines and is the
same as in the nontransplant host.61
SUMMARY

Throughout their lives lung transplant recipients are
at an increased risk of infectious complications
from the immediate postoperative period. Appro-
priate antimicrobial prophylaxis, knowledge of the
timing of risk of infectious complications, and
aggressive appropriate treatment of the infections
decreasemorbidity andmortality in this population.
Many infectious complications, including bacterial,
viral, and fungal infections, confer an increased risk
for BOS, the leading cause of death in lung recipi-
ents after more than 1 year after transplantation.
Continued investigations regarding the ideal anti-
microbial prophylaxis and immunosuppressive
regimens will allow clinicians caring for lung trans-
plant recipients to minimize the risks of infection,
maximize allograft function by limiting rejection,
and minimize the adverse effects that are associ-
ated with prolonged antimicrobial therapy.
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