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Abstract
Viral infections, including β-herpes viruses and community respiratory viruses, are frequent
pathogens in lung transplant recipients. These pathogens have become increasingly recognized as
having a significant role in long-term outcomes of lung transplantation, which has been limited by
the frequent development of infections, and chronic allograft dysfunction. Community respiratory
viruses, such as influenza and respiratory syncytial virus have been associated with both acute
rejection and chronic allograft dysfunction, particularly if early treatment was not administered. β-
herpes viruses, particularly cytomegalovirus (CMV), have long been associated with increased
mortality in lung transplant recipients, although the advent of effective antiviral strategies has led
to improved morbidity and mortality. Because these pathogens have been associated with altered
immune responses against the allograft, a better understanding of immunopathogenesis of viral
infections may lead to a broader approach to limit the morbidity from these pathogens.
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Lung transplantation is the final therapeutic option for select patients with multiple end-
stage pulmonary diseases, yet its long-term success is limited by chronic allograft
dysfunction and frequent infections, which together account for 25 to 30% of posttransplant
mortality after the first year.1 Viral infections, such as β-herpes viruses and community-
associated respiratory viruses such as respiratory syncytial virus (RSV) not only contribute
to morbidity from acute infection but have also been associated with increased risk of
chronic allograft dysfunction, characterized pathologically by obliterative bronchiolitis (OB)
and clinically by the bronchiolitis obliterans syndrome (BOS). While cytomegalovirus
(CMV), the most common viral pathogen, historically had been associated with worse
mortality in lung transplant recipients (LTRs), recent advances in antiviral therapy have
markedly improved outcomes associated with CMV infections. On the other hand,
community respiratory viruses, for which treatment options are more limited, are
increasingly recognized as having an important role in allograft dysfunction. Although a
comprehensive review of all viral infections in LTRs is beyond the scope of this review, this
discussion will focus on the incidence, pathogenesis, treatment strategies and areas of
investigation for viruses that currently confer greatest risk of adverse outcomes, namely the
β-herpes virus CMV, and community respiratory viruses (CRVs).
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RESPIRATORY VIRAL INFECTIONS
Community respiratory viruses comprise many common RNA and DNA viruses that are
usually associated with self-limited upper respiratory tract infections in healthy
immunocompetent adults; however, in the immunocompromised host CRV infections can
often involve the lower respiratory tract and are associated with significant morbidity and
mortality.2 Table 1 summarizes epidemiology and clinical manifestations of common
respiratory viruses. Usually transmitted via respiratory droplets, these infections are most
common after the first year of transplant, as recipients resume community activities and are
thus exposed to persons harboring virus. Sensitive assays for detection of viral pathogens is
essential for diagnosis because the clinical syndromes are often nonspecific and can vary in
severity in immunocompromised hosts. It is likely that older literature may underestimate
the true incidence of CRV in LTRs as newer molecular detection methods are becoming
recognized as more sensitive to conventional culture and antibody based methods for
detection of many respiratory viruses.3–6 Given that medical treatment options are currently
limited and most efficacious when initiated promptly, infectious control measures to limit
exposure and spread of virus are of paramount importance.

Paramyxoviruses
Human RSV, Metapneumovirus, and parainfluenza viruses are enveloped RNA viruses that
are members of the Paramyxovirudiae family. Both Metapneumovirus and RSV have been
associated with significant graft dysfunction [mean forced expiratory volume in 1 second
(FEV1) decline 30%, and 25%, respectively) and mortality from paramyxoviruses may range
from 10 to 15% in LTRs.7,8 Respiratory syncytial virus (RSV) is one of the most commonly
isolated CRVs, and disease can range from a mild upper respiratory tract infection with
rhinorrhea and cough to life-threatening pneumonia associated with acute graft rejection and
subsequent obliterative bronchiolitis. Although viral culture, fluorescent antibody, and
serologic testing can be used to diagnose acute infection, reverse transcription–polymerase
chain reaction (RTPCR) based assays yield greater sensitivity in symptomatic
patients.9Metapneumovirus (HMPV) is a recently identified pathogen whose clinical
spectrum of disease is similar to that of RSV, although in general, acute HMPV appears to
be less severe than RSV and appears to have a lower incidence of postviral obliterative
bronchiolitis.10 Parainfluenza virus has been classified into four major serotypes, of which
serotype 3 is the most common isolate found in LTRs. The incidence of parainfluenza
infections ranges from 2 to 10% of all LTRs, the majority of cases occurring more than 1
year after transplantation, with a seasonal peak in the spring and summer.11 The incidence
on concomitant acute rejection as been reported as high as 82% in one series, with a
significant portion (30%) going on to develop BOS.11

PATHOGENESIS—The immunopathological mechanisms of respiratory viral infections in
LTRs remain incompletely understood. As an example, in normal hosts, RSV primarily
infect airway epithelial cells; the subsequent innate and adaptive immune responses may
lead to either resolution or chronic airways disease.12 RSV infection of respiratory epithelial
cells has been shown to induce innate immune mechanisms, including toll-like receptor
(TLR4), which is a potent activator of costimulation pathways for adaptive T-helper 1 (Th1)
adaptive immune responses.13,14 This Th1-driven response, characterized by augmented
interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and interleukin-2 (IL-2) production,
as well as cytolytic T cell responses, has been associated with clearance of virus and
resolution of injury.15,16 In preclinical models of Th1 deficiency, RSV infection has been
associated with viral persistence, chronic airway inflammation, characterized by
interleukin-10 (IL)-10 and a Th2-driven response.17 Further studies are needed to determine
how the altered mucosal immunity in LTRs, which includes suppression of IL-2-mediated
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responses, influences the pathogenesis of RSV pulmonary infection and subsequent allograft
dysfunction and whether similar mechanisms apply to other viral pathogens in this family.

PROPHYLAXIS AND TREATMENT—Vaccine development for RSV and other
paramyxoviruses has been hampered by the development of vaccine-associated pulmonary
inflammation in early trials, and currently no licensed vaccines are available for clinical
use.18,19 Alternatively, a monoclonal RSV-specific antibody, palivizumab, was shown to
reduce hospitalization rates among children at high risk for RSV infection in a multicenter,
randomized, controlled trial. In immunocompromised patients, palivizumab has an excellent
safety profile and may be beneficial in the prevention and/or treatment of RSV infections;
however, further clinical trials are needed to determine its efficacy.20 The mainstay of
treatment for paramyxoviral infections has been inhaled ribavarin, which has been
associated with improved survival in hematopoietic stem cell recipients with RSV
infection.21 Weill et al reported stable lung function when LTRs infected with either RSV or
parainfluenza were treated with inhaled ribavarin, corticosteroids, and intravenous
immunoglobulin (IVIG), with additional palivizumab if RSV was present; however, no
control group was available for comparison.22 Due to the inconvenient delivery method and
high cost of inhaled ribavarin, oral and intravenous ribavarin for treatment of RSV has also
been studied; however, further studies are needed to compare the long-term efficacy of oral
versus intravenous versus inhaled therapies.23,24 There are several new agents in early
clinical trials for RSV, including RSV604, a novel benzodiazepine, and ALN-RSV01, which
is based on small interfering RNA that suppresses viral replication without limiting
induction of the memory immune response.25,26 A phase I study of safety of ALN-RSV01 in
a multicenter cohort of LTRs was recently completed, and further clinical trials are planned.
However, an optimal treatment strategy for paramyxoviruses remains to be determined in
LTRs because the majority of studies are limited by small sample sizes, lack of control
groups, and variable definitions of efficacy in clinical studies.

Influenza
Seasonal influenza has been reported to cause infection in up to 5% of LTRs, with increased
frequency in winter season.2 Although infection in normal hosts is usually a self-limited
disease with prominent upper respiratory symptoms along with myalgias and fever, LTRs
may have increased lower respiratory tract involvement and prolonged viral shedding.27,28

Diagnosis can be made using rapid antigen-based assays of nasopharyngeal swabs, or by
molecular PCR-based methods. The epidemiological pattern of influenza reflects a marked
ability of the virus to undergo antigenic drifts and, at times, shifts in their envelope
glycoproteins, hemagglutinin (H) and neuraminidase (N), which can result in pandemic
outbreaks.29 As an example of an antigenic shift, the recently described novel H1N1
influenza virus has now infected more than 1 million people to date and has been associated
with >4000 deaths to date in the United States alone. Although the impact of this strain on
immunocompromised hosts has yet to be fully defined, several transplant centers have
reported increased severity of infection in transplant recipients.30 Clinical features of H1N1
influenza may be similar to seasonal influenza; however, fever and increased gastrointestinal
symptoms such as nausea and diarrhea may be prominent.31 Clinical suspicion of H1N1 is
paramount to avoid a delay in treatment because rapid antigen-based nasopharyngeal testing
designed for seasonal influenza does not accurately detect novel H1N1.32 Molecular RT-
PCR based assays were approved for novel H1N1 in July 2009 but may have longer
turnaround time, particularly if testing is not available locally.

PATHOGENESIS—Experimental models of influenza have shown that infection of lung
epithelial cells is associated with a toll-like receptor 3–mediated innate immune response,
activation of CD8+ cytolytic T lymphocytes, and induction of the type 1 effector cytokines
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IFN-γ and TNF-α.33 Disease severity appears related to altered innate immunity, excess
CD8+ T cell responses, and hypercytokinemia both in seasonal and possibly in novel H1N1
influenza.34 The regulation of this immune response to limit lung injury appears complex
because some preclinical studies have demonstrated that attenuation of lung inflammation is
dependent on IL-10 production by CD8+ T lymphocytes, whereas others have described
development of a protective Th17 response in IL-10 deficient hosts that enhances survival
after influenza infection.35,36 In LTRs, the majority of patients with active influenza, but not
RSV infection, had concomitant acute allograft rejection.37–39 Furthermore, the
inflammatory mediators IFNγ, IL-12p40, and ICAM-1 (inter-cellular adhesion molecule-1)
have been shown to be upregulated in both murine respiratory viral models as well as human
lung allografts during acute rejection.40–42 Because few studies have examined the antigenic
specificity of the immune response during respiratory viral infections in lung allografts, it
remains to be determined whether the augmented inflammatory responses are directed
against the virus or the allograft, and whether these immune responses are protective due to
enhanced viral clearance, or deleterious due to increased lung allograft injury, or both.

PROPHYLAXIS AND TREATMENT—Use of the inactivated trivalent vaccine against
seasonal influenza in LTRs has been shown to induce both humoral and cellular immune
responses to candidate antigens; however, these responses are attenuated compared with
normal controls.43,44 Because periods of augmented immunosuppression (such as with
induction agents or cytolytic therapy) may decrease immunogenicity of vaccines, the timing
of vaccination should be adjusted accordingly, along with chemoprophylaxis using
neuraminidase inhibitors considered depending on local epidemiology and patient
exposure.45 Although the effectiveness of novel H1N1 influenza vaccine in
immunocompromised hosts is unknown, over 90% of healthy controls achieved significant
antibody titers by 3 weeks, and use of the vaccine is strongly encouraged and supported by
CDC and International Society for Heart and Lung Transplant (IHSLT) Guidelines.31 Due to
the emergence of osteltamivir-resistant seasonal influenza, treatment guidelines for
confirmed or possible seasonal influenza include oseltamivir plus amantadine or
rimantidine, or zanamivir monotherapy.46 Oseltamivir monotherapy may be acceptable
when novel H1N1 is confirmed or predominant in the community, although case reports of
resistance have been reported.31 Molecular assays for oseltamivir resistance are under
development but not currently available clinically. Although standard treatment duration for
both seasonal and novel influenza is 5 days, it is likely that immunocompromised hosts may
have prolonged viral shedding. Further studies would be needed to determine optimal length
of treatment in LTRs.

IMPACT ON CHRONIC ALLOGRAFT DYSFUNCTION
Respiratory viruses are increasingly being recognized as a significant risk factor for
development of BOS.47,48 Obliterative bronchiolitis, the histopathological hallmark of
chronic rejection, is a fibroproliferative small airways disease thought to be preceded by
inflammation, epithelial injury and mucosal ulcerations, clinically manifested by airflow
obstruction, or BOS.49 In addition to the epidemiological studies above, which suggest that
respiratory viral infections are a risk factor for BOS, several animal models of lung
transplantation have suggested that respiratory viral infections can potentiate airway damage
in an allogeneic environment. Winter et al demonstrated that murine Sendai virus, which is
closely related to human parainfluenza-1, augmented the airway damage in allogeneic but
not syngeneic or non-transplanted rat lung allografts.41 Subsequent studies in a murine
orthotopic tracheal transplant model of obliterative airways disease demonstrated increased
airway fibrosis in allografts infected with Sendai virus that was attenuated if recipients had
the opportunity to develop pretransplant immunity to the virus.50 In other preclinical
transplant models, viruses were shown to induce allograft rejection in otherwise tolerant
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hosts via activation of TLR-dependent pathways.51,52 Further research is needed to
determine whether these mechanisms may also contribute to postviral chronic allograft
dysfunction in LTRs.

CYTOMEGALOVIRUS AND OTHER β-HERPES VIRUSES
CMV remains a significant cause of morbidity in solid organ transplant recipients because
greater than 75% of patients develop primary infection or reactivate CMV after
transplantation.53 Moreover, primary CMV infection in naïve recipients from a positive
donor (i.e., donor+/recipient−, D+R−) has been shown to be a risk factor for increased 1- and
5-year mortality in LTRs according to registry data from the ISHLT.54 In addition, registry
data also indicate that the presence of CMV infection in the graft (i.e., D+R− and D+R+

LTRs) negatively impacts long-term survival in LTRs compared with those without (D−R+

and D−R−), as shown in Fig. 1.54 At the same time, the continued improvement in effective
antiviral therapies and prophylaxis strategies has contributed to improved outcomes in LTRs
at risk for CMV infection compared with the earlier period of lung transplantation.55

Epidemiology
The seroprevalence of CMV infection increases with age with rates ranging from 40% in
young adults to >90% in those over 80 years of age.56 In immunocompetent hosts primary
infection is followed by the establishment of latency, in which viral replication is
undetectable by sensitive quantitative assays (i.e., PCR), but virus is not eradicated in the
host.57 In LTRs, the risk of CMV infection with pneumonitis is 15 to 55% but varies in
different serologic groups, with the great risk for CMV disease occurring in D+R−

individuals, as has been reported in all solid organ transplant recipients (SOTRs). The
observation of increased susceptibility to active CMV infection in LTRs is perhaps due, in
part, to the lung serving as an important reservoir for latent virus.58,59 Early studies prior to
the widespread use of CMV antiviral prophylaxis provide clear evidence that LTRs with
early significant active infection marked by CMV pneumonitis went on to develop rapid
allograft dysfunction and BOS; thus CMV infection has been considered a “probable” risk
factor for BOS on the basis of these and subsequent studies that showed a decrease in BOS
with the use of prophylactic regimens.60–62 However, more recent studies in the era of
routine CMV prophylaxis have not found active CMV infection to impart increased risk for
the development of BOS. These apparently conflicting data could be interpreted that serious
CMV infection very early after lung transplant can be quite detrimental for allograft
function; however, CMV infection at later time points posttransplant may pose less overall
risk for BOS development provided prompt treatment is administered. However, many
questions remain unanswered regarding the role of CMV infection and BOS, including,
What is the optimal antiviral prophylaxis duration posttransplant? Is there a role for
continued monitoring after prophylaxis? Does chronic CMV infection in the lung allograft
pose increased risk for a subset of individuals? (as is suggested by the increased mortality
data in D+ LTRs) (Fig. 1).

PATHOGENESIS—CMV infection is characterized by synthesis of immediate-early,
early, and late viral proteins, leading to viral replication and shedding of virus.63 The virus
has been shown to infect a variety of cell types, including monocytes, dendritic cells,
endothelial cells, and epithelial cells.58,64 The immunopathogenesis of CMV infection is
highly complex because it engages both the innate (i.e., natural killer or NK cells) and
adaptive (CD8+ and CD4+ T lymphocytes) cellular effector arms of immunity, in addition to
humoral immunity from B cells and plasma cells that produce antibody. Although these
multiple immune components are likely important for immune control of viral replication
during acute primary and chronic infection, CMV has evolved immune evasion mechanisms,
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to enhance viral transmission in its host.65 In LTRs, intense immunosuppression, as is
common during the immediate posttransplant period, might limit the maintenance of
sufficient memory T cell immune responses that are important for optimal CMV immune
control.66 Several studies have shown an association between CMV infection and allograft
dysfunction, with increased levels of chemokines CCL2 and CCL5 in BAL during
infection.67 We and others have shown that certain D+R− LTRs are capable of maintaining
robust CMV-specific CD8+ and CD4+ T cell and humoral responses that can persist up to
years following primary infection. More recently, we have shown that D+R− LTRs are
capable of acquiring robust CMV-specific CD8+ T cells during acute primary infection
capable of producing the type 1 effector cytokines IFN-γ and TNF-α in response to the
CMV phosphoprotein 65 (pp65), and are increased in the lung allograft compared with the
blood (Fig. 2). These viral-specific effector memory T cell responses can be detected at the
single-cell level in cells obtained from bronchoalveolar lavage fluid (BALF) and using flow
cytometric analysis, as demonstrated in airway CD8+ T cells from an LTR following
primary CMV infection and during acute influenza infection (Fig. 2). These CMV immune
responses have been associated with freedom from CMV disease and preservation of
allograft function; however, many questions remain, and the identification of the critical
functional and phenotypic correlates of immune protection following transplant need to be
further refined. 68–71 For example, a recent report showed that LTRs who develop recurrent
episodes of CMV viremia demonstrate significantly decreased long-term survival; therefore,
the ability to predict the important correlates of protective immunity could greatly enhance
our ability to optimize clinical management strategies for CMV.72

DIAGNOSIS—The advent of quantitative molecular techniques for detection of CMV
antigens allows for early and more sensitive detection of active viral replication and may
correlate with CMV disease, which is defined as symptomatic end-organ involvement
attributable to active infection. Although serum-based assays, including quantitative PCR,
hybrid capture assays, and the semi-quantitative pp65-antigenemia assay, have all been
shown to be effective in LTRs, quantitative methods may be most predictive of disease
severity.73–75 Weinberg et al compared the predictive value of quantitative PCR, cultures,
and antigenemia for development of CMV disease and found that quantitative PCR-
measured DNA viral load increased five- to 10-fold prior to symptomatic disease and
decreased with antiviral treatment. 76 However, in clinical use, one must be aware of the
potential for interlaboratory variation in quantitative viral load testing because an
international reference standard for calibration has not yet been created.77

The most serious manifestation of CMV disease in LTRs is CMV pneumonitis, a relatively
common manifestation of either primary or reactivation of chronic pulmonary viral infection
in immunocompromised hosts. CMV pneumonitis has been classically defined by the
presence of histopathological changes of cytopathic effect or “owl’s eye” viral inclusions in
infected cells; however, the low sensitivity of transbronchial biopsies may limit the
diagnostic utility of this finding for “definite” pneumonitis. Therefore, the presence of
pulmonary symptoms along with microbiological evidence of active CMV infection, in the
absence of other causes, fulfills the diagnostic criteria for “probable” pneumonitis.78

Because the lung is a major reservoir for latent CMV, qualitative diagnostic measures, such
as a positive viral culture or early antigen assay for CMV, are relatively common in the
absence of symptoms but may not be specific for the diagnosis of CMV pneumonitis. 79,80

However, more recent studies examining the role of more sensitive quantitative viral load
assays in BALF to either predict pneumonitis or perhaps better quantify subclinical viral
infection appear very promising, but further studies are needed before widespread clinical
application.81,82
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MANAGEMENT STRATEGIES—Despite a paucity of prospective, randomized,
controlled trials, cumulative retrospective data suggest that the widespread implementation
of CMV prophylaxis and treatment is associated with an overall reduction in incidence of
BOS.55,83 Duncan et al first demonstrated a delay in the onset of BOS among CMV
seropositive LTRs (D+ or R+) with 90 days of posttransplant ganciclovir compared with
acyclovir.84 The oral prodrug valganciclovir is also being widely incorporated into
prophylaxis regimens, although direct comparison with ganciclovir has not been performed
in LTRs.85 Recent studies have reported a reduction in CMV viremia and CMV disease with
prolonged prophylaxis regimens of up to 360 days; however, it is more likely that increasing
length of prophylaxis delays onset of CMV infection rather than preventing its onset.86–90

Furthermore, prolonged prophylaxis may carry increased risk of systemic toxicity from
medication, may increase risk of UL97 mutations that confer ganciclovir resistance, and
may not be necessary in patients that are able to develop protective immune responses
against CMV.91

The additive benefit of passive immunoprophylaxis with CMV immunoglobulin has not
been well characterized in prospective trials. In several retrospective studies combined
prophylaxis with ganciclovir plus CMV immune globulin was compared with a group of
historical controls that received ganciclovir alone. In these studies, freedom from disease,
obliterative bronchiolitis, and survival were greater in the group that received combination
therapy.92,93 Given these uncertainties, commonly used protocols vary from 90 days of
prophylaxis with IV ganciclovir in high-risk recipients only (D+R−) to indefinite prophylaxis
with CMV immune globulin followed by daily oral valganciclovir in all LTRs. This
variability underscores the need for randomized-controlled studies to determine optimal
prophylaxis and treatment regimens for CMV because these requirements may vary
significantly depending on whether LTRs are at risk for primary infection versus
reactivation of chronic infection.

The advent of rapid, sensitive screening assays for CMV infection has led some centers to
adopt a preemptive approach that involves frequent screening and prompt treatment of CMV
infection as compared with universal prophylaxis. Although studies that have examined this
approach differ in their frequency of screening and choice of assay for CMV detection, a
solely preemptive approach may be associated with increased CMV pneumonitis and more
importantly, chronic allograft dysfunction in D+R− recipients.94,95 Furthermore, despite
decreased use of ganciclovir, a preemptive approach has not been shown to reduce the
incidence of ganciclovir resistance.96 It remains to be determined whether this approach
may be more suitable for R+ recipients, who have lower risk of reactivation. Finally, many
centers have adopted a combination of limited prophylaxis, such as 90 days, followed by
preemptive therapy. This approach may limit the use of antiviral therapy without adversely
impacting long-term outcomes, as suggested in a study by Tamm et al, in which 90 days of
prophylaxis with ganciclovir and prompt treatment of CMV pneumonia did not increase the
risk of BOS or decrease patient survival in any combination of donor/recipient serological
matches.97

Despite the significant progress made in treating CMV-associated complications following
lung transplant, challenges still exist in the small recipients who have recurrent episodes of
viremia or ganciclovir resistance, which can occur in 5 to 10% of patients. In patients with
ganciclovir resistance, foscarnet has been employed with some reduction in viral load,
although this approach may impair renal function.98 In the modern era, patients most at risk
of developing CMV-associated morbidity and mortality are those who have recurrent
viremia and may lack critical immune control mechanisms. Although adoptive T cell
immunotherapy has been employed successfully in stem cell recipients who do not respond
to standard antiviral treatment, this approach has had limited success in LTRs because it is
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costly, and autologous CMV-specific effector T cells have been derived from
immunocompromised hosts rather than healthy donors.99–101

OTHER β-HERPES VIRUSES
In addition to CMV, several other β-herpes viruses can reactivate in LTRs, with potential for
increased complications. Over 90% of adults have been exposed to Epstein-Barr virus; the
majority of primary infections in immunocompetent hosts are subclinical and the virus
persists in lymphocytes, epithelial cells, and monocytes in a latent phase. The virus is
capable of transforming infected B lymphocytes, and is associated with development of
posttransplant lymphoproliferative disorder (PTLD) in LTRs and other SOTRs. The risk of
PTLD correlates to the degree of immunosuppression, time after transplant, and recipient
EBV serostatus, with an overall incidence estimated to be 2 to 9% in LTRs.102 Diagnosis of
PTLD continues to require a high degree of suspicion because presenting features may be
subtle, with radiologic evidence of a mass, an elevated lactate dehydrogenase (LDH), and/or
positive positron emission tomography scanning all supportive of the diagnosis. Monitoring
of EBV viral loads may be useful in detecting early disease that is more likely to respond to
treatment. In a prospective study by Tsai et al, plasma-based EBNA assays had greatest
specificity; however, a complete PCR panel consisting of latent membrane protein 1
(LMP-1), Epstein Barr encoded RNA 1 (EBER-1), and Epstein Barr nuclear antigen 1
(EBNA-1) was most sensitive.103 Whole blood assays may also have excellent sensitivity
but may lack sufficient specificity for PTLD.104 Treatment strategies for PTLD include
reduction of immunosuppression, surgical resection, standard chemotherapy, and, more
recently, use of the humanized anti-CD20 B cell–targeted monoclonal antibody,
rituximab.105 Although used frequently in many protocols, antiviral agents such as
ganciclovir have not been shown to significantly impact clinical outcome after onset of
PTLD but may reduce incidence of PTLD when used in prophylaxis.106 Because of the
increased risk of rejection with reduced immunosuppression and risk of toxicity with
chemotherapy, the optimal therapy for PTLD in LTRs remains to be determined.

More recently, human herpesvirus 6 (HHV-6) and human herpesvirus 7 (HHV-7) have
shown to reactivate following transplantation, and in other solid organs, may be associated
with immunomodulatory effects, increased CMV coinfection, and possible graft
dysfunction.107,108 A recent study by Humar et al78 documented a 10 to 20% 1-year
incidence of HHV-6 and HHV-7 in LTRs treated with valganciclovir prophylaxis; however,
the clinical significance of these infections remains controversial. In this retrospective study,
investigators noted common coinfection with CMV but did not find any association with
acute rejection or BOS at 3 years.55 Other studies have suggested a possible association
between HHV-6 and BOS, and HHV-7 and bronchiolitis obliterans organizing pneumonia,
but the small cohort size, retrospective data, and variable methods of detection limit the
ability to directly compare study results.109,110

CONCLUSIONS
Viral infections continue to contribute to complications after lung transplantation, not only
from acute infection, which can cause severe lower respiratory tract infections that are in
some instances uncommon in immunocompetent hosts, but also from their potential to
induce and/ or augment chronic allograft dysfunction. The cumulative epidemiological data
in CMV suggest that the ability to limit viral replication, either with antiviral agents and/or
via protective immune responses, may significantly attenuate morbidity and mortality from
CMV. Although advances in molecular diagnostics and new treatment options may improve
outcomes for select respiratory viruses, further understanding of the mechanisms that
regulate the immune response are needed to design broader approaches to limiting the
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potential immunopathology associated with viral infections in LTRs. These endeavors are
critical to limiting chronic allograft dysfunction and improving long-term outcomes
following lung transplantation.
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Figure 1.
Decreased survival in cytomegalovirus (CMV) donor+ lung transplant recipients. Shown are
Kaplan-Meier survival data by donor/recipient CMV status from October 1999 to June 2007.
Reprinted with permission from Elsevier, International Society for Heart and Lung
Transplantation. Christie et al.111
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Figure 2.
Cytomegalovirus (CMV)-specific and influenza-specific CD8+ effector memory T cells are
detectable in the lung allograft using flow cytometric analysis. Bronchoalveolar lavage
(BAL) cells were obtained from a lung transplant recipient (LTR) during acute influenza
pneumonia and approximately 1 year following primary CMV infection. Cells were
restimulated in vitro using pooled peptides to the influenza antigens nucleoprotein (NP) and
matrix 1 and matrix 2 (M1/M2) or the CMV antigens phosphoprotein 65 (pp65) and
immediate early antigen-1 (IE1) for 6 hours. Cell cultures were then stained for CD3, CD8,
and the intracellular cytokines interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α).
Upper quadrants show the frequencies of cytokine+ cells, following gating on total CD8+ T
cells in BAL (left lower quadrant).
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Table 1

Epidemiology of Community Respiratory Viral Infections in Lung Transplant Recipients2

Virus Incidence Clinical Features Diagnosis

Respiratory syncytial virus 5–10% of LTRs
Mortality 10–15%

URTI, LRTI, BOS (50%), Acute rejection NP aspirate/BAL

Culture+

EIA+

FA++

RT-PCR+++

Influenza A/B 3–4% of LTRs URTI, LRTI, Bacterial super-infection, BOS (50%), Acute
rejection (60–75%), Prolonged shedding

NP aspirate/BAL

Culture+

EIA++

FA++

RT-PCR+++

Parainfluenza viruses 2–10% of LTRs URTI, LRTI, BOS (60%), Acute rejection NP aspirate/BAL

Culture+

EIA++

FA++

RT-PCR+++

Metapneumovirus 4–5% of LTRs LRTI, BOS (<10%) NP aspirate/BAL

Culture+

EIA:NA

FA++

RT-PCR+++

Rhinoviruses 14% of LTRs URTI, LRTI, Persistent infection with graft dysfunction NP aspirate/BAL

Culture: poor sensitivity

EIA++

FA++

RT-PCR+++

BAL, bronchoalveolar lavage; BOS, bronchiolitis obliterans syndrome; EIA, enzyme immunoassay; FA, fluorescent antibody; LRTI, lower
respiratory tract infection; LTR, lung transplant recipients; NP, nucleoprotein; PCR, polymerase chain reaction; RT, reverse transcription; URTI,
upper respiratory tract infection.

Listed are incidence, clinical features, and diagnostic assays for common respiratory viral infections.
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