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Respiratory Viruses and Other 
Relevant Viral Infections 
in the Lung Transplant Recipient

Ali Abedi, Reed Hall, and Deborah Jo Levine

�Introduction

As advances occur in surgical technique, postop-
erative care, and immunosuppressive therapy, the 
rate of mortality in the early postoperative period 
following lung transplantation continues to 
decline [1].

With the improvements in immediate and 
early posttransplant mortality, infections and 
their sequel as well as rejection and chronic 
allograft dysfunction are increasingly a major 
cause of posttransplant mortality [2–5].

This chapter will focus on infections by respi-
ratory viruses and other viral infections relevant 
to lung transplantation, including data regarding 
the link between viral infections and allograft 
dysfunction.

�Factors Related to Risk 
of Respiratory Viral Infections

Lungs are the most prone to infection of all solid 
organ transplantations [2, 4]. This reality is based 
on multiple factors related and unique to lung 
transplantation [1, 2]. The lungs are continually 
exposed to both new environmental pathogens 
and the colonized native upper airways. 
Furthermore, many of the natural defense mecha-
nisms of the respiratory system are made ineffec-
tive by both the technical aspects of lung 
transplantation and the relatively increased 
degree of immunosuppression required to mini-
mize high rates of acute and chronic rejection 
seen in lung transplantation compared to other 
solid organs [1, 2, 6, 7].

The usual physical barriers of the respiratory 
tract against infections include the presence of the 
mucociliary escalator that traps and expels infec-
tious organisms. These mechanisms are facilitated 
by the integrity of the epithelium lining the tra-
chea, bronchi, and small airways. The complete 
disruption of the bronchial circulation during lung 
transplantation can cause a loss of epithelium 
integrity and associated mucociliary action, which 
may not fully recover despite development of col-
lateral flow in the future [1, 2, 6, 8, 9]. Additional 
compromise of the anatomical barrier to infection 
is created by the potential suppression of the 
cough reflex caused by denervation of the allograft 
[4, 7]. Disruption of the normal lymphatic flow of 
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the lung during transplantation also increases the 
risk of infections by creating edema and stasis of 
interstitial fluids [4, 7].

The incidence of allograft dysfunction due to 
both acute and chronic rejection in lung trans-
plantation is among the highest in solid trans-
plantation, requiring relatively high levels of 
immunosuppression targeting multiple lines of 
immune cells and their associated cytokine 
pathways.

The use of induction and high levels of main-
tenance of immunosuppression creates a signifi-
cant risk for development of viral infection, with 
higher tacrolimus levels having been specifically 
associated with increased rates of CARV infec-
tions [2]. Prevention and suppression of infection 
by respiratory viruses involves the activities of 
cellular and antibody-mediated immunity, which 
are impaired by immunosuppression targeting 
adaptive T-cell-mediated processes. This point is 
highlighted by relatively weak antibody response 
to vaccines directed against certain respiratory 
viruses in recipients of solid organ transplanta-
tion [3, 10–13].

The transmission of donor-harbored infec-
tions at the time of transplantation is another fac-
tor that increases the likelihood of viral infection 
in the LTR [1, 4, 5]. With many viruses, the high-
est risk for development active disease exists in 
circumstances when a recipient with no prior 
exposure or established humoral immunity to a 
virus is “mismatched” with a donor whose tis-
sues harbor the active infection or latent form of 
the virus. Viral infections that have previously 
been documented as originating from donor lung 
tissue include CMV, Epstein-Barr virus, vari-
cella-zoster, adenovirus, influenza, hepatitis B 
and C, and human immunodeficiency virus, in 
addition to others [2, 4, 14, 15]. Therefore, at 
most centers, the evaluation of a donor for lung 
transplantation routinely includes serologic 
screening for common viruses, as well as bron-
choscopic assessment with PCR analysis of BAL 
samples for common respiratory viruses [1, 2].

Reactivation of latent virus previously intro-
duced to the LTR following induction and 
maintenance of immunosuppressive therapy is 
another risk factor for clinically significant 

viral infection [16–18]. For this reason the ini-
tial pretransplant candidate evaluation process 
includes a thorough screening for many of the 
same viruses listed above. In addition to help-
ing to determine a patient’s candidacy for trans-
plantation, this screening can help determine 
the need and duration of antiviral prophylaxis 
to specific viruses in the posttransplantation 
period [19, 20].

Infections with previously latent viruses in 
donor or recipient tissues are of significant con-
cern early in the posttransplantation period. 
However, the period after several months post-
transplantation represents its own risks for viral 
infection [2, 4, 5, 14, 15]. This phenomenon is 
related primarily to the return to community life 
by LTRs who have recovered from the initial sur-
gical course and any subsequent physiologic or 
infectious insults. Evidence suggests LTRs who 
are greater than 1 year from surgery are five times 
more likely to present with CARV infections 
compared to those less than 1  year from trans-
plantation [2, 14, 21].

�Changing Epidemiology of Viral 
Infections in Lung Transplantation

Respiratory viruses and some members of the 
Herpesviridae family frequently cause clinically 
significant infections with potentially severe 
complications after solid organ transplantation 
(SOT).

Advancement in the field of diagnostic virol-
ogy, primarily based on new molecular assays, 
has greatly improved the breadth and sensitivity 
of detection methods for viral infections. 
Multiplex PCR assays have now been available 
and FDA-approved for nearly a decade; they have 
provided a significantly larger number of small 
laboratories without expertise in viral culture 
techniques the opportunity to participate in real 
time diagnosis of a wide array of respiratory viral 
pathogens [22–24]. Furthermore, these new mul-
tiplex PCR-based assays are able to provide more 
rapid and sensitive identification of respiratory 
viruses than traditional viral culture and immu-
nofluorescence testing [22, 25, 26].
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Just in the last decade, several new viral respi-
ratory tract pathogens have been identified, 
including human metapneumovirus (hMPV), 
human bocavirus (HBoV), new strains of human 
coronavirus (HCoV-NL63 and HCoV-HKU1), 
and new species of rhinovirus (HRV-C) [27, 28].

�Respiratory and Other Viral 
Infections and Lung Allograft 
Dysfunction

The development of chronic lung allograft rejec-
tion (CLAD), encountered as bronchiolitis oblit-
erans syndrome (BOS) or restrictive chronic lung 
allograft dysfunction (R-CLAD), continues to be 
the primary driver of mortality in LTR after the 
first 2  years following transplantation. 
Obliterative bronchiolitis, the hallmark of BOS, 
appears to be the pathologic end-stage of a pro-
cess initially beginning with airway epithelial 
injury and leading to inflammatory reactions that 
promote airway obliteration. The inciting injury 
to the epithelium may be initiated as an exposure 
to toxic chemicals or drugs, infection including 
to viral agents, or an autoimmune process [3, 29, 
30]. Airway inflammation and injury resulting 
from both the number and severity of episodes of 
acute rejection are also thought to play an impor-
tant role in the development of CLAD [3, 30].

Viral infection as a process leading to allograft 
rejection has been previously documented in 
other solid organ transplants, such as renal 
allograft dysfunction caused by infections with 
BK virus and CMV.  Similarly, multiple studies 
over the last two decades have indicated that 
respiratory viral infections play a major role in 
the development of acute rejection and chronic 
lung allograft dysfunction, manifested both as 
BOS and R-CLAD [3, 19, 29–37]. And these 
findings apply to both CMV and non-CMV respi-
ratory viruses, with symptomatic or asymptom-
atic respiratory virus infection (RVI) [3, 19, 30, 
32, 38–42].

In the past, remarkably high rates of patho-
logically documented graft changes suggestive of 
acute rejection have been reported in the setting 
of active respiratory viral infections. In some 

series as many as 62% of cases of respiratory 
virus infection in LTR were noted to have varying 
degrees of perivascular mononuclear cell infil-
trates, as are seen in acute cellular rejection [3, 
35, 36, 41, 43]. These findings are further sup-
ported by cohort studies where higher incidences 
of BOS have been noted in LTR who suffered 
CARV infections and have been reproduced in 
different settings where the acute and long-term 
outcomes of respiratory viral infection on declin-
ing allograft function have been documented [3, 
33–35, 37, 39, 41, 42].

In cases where this relationship is seen, fac-
tors more likely to be associated with the devel-
opment of graft dysfunction include respiratory 
virus infection involving the lower respiratory 
tract and infection with viruses known to cause 
more severe respiratory illness in general such 
as influenza and the paramyxoviruses [3, 33–35, 
37, 39, 41].

The relationship between viral infection of the 
respiratory tract and development of allograft 
rejection would seem to be based on the similar-
ity in pathogenesis of these processes. During the 
acute phase of a viral infection, as well as during 
the prolonged viral shedding often seen in the 
setting of lung transplantation, chemotactic cyto-
kines released by injured parenchymal cells in 
the inflamed graft recruit alloreactive leukocytes. 
This process is further augmented by immune 
response specifically targeting the virus [44].

During this process, Th-1 and Th-2 CD4 T-cell 
subtypes and their associated cytokines interleu-
kin (IL)-1, tumor necrosis factor, IL-6, and IL-8 
are upregulated. The resulting alloreactive envi-
ronment in the transplanted lung may lead to 
immune-mediated injury to the airway and sub-
sequent rejection and graft dysfunction [45–51].

In recent lung transplant literature, the activity 
of the CXCR3 receptor expressed on the surface 
of activated lymphocytes provides further evi-
dence supporting the role of viral infection in the 
development of lymphocyte-mediated allograft 
dysfunction [52, 53]. The CXCR3 receptor and 
its ligands, CXCL9-11, have roles both in the 
immune response to viruses and in the develop-
ment of BOS [54–56]. In the setting of CARV 
infection in LTRs, the concentrations of each 
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CXCR3 ligand are increased and associated with 
larger decline in FEV1 at 6 months [52].

In the case of CMV specifically, which is not 
a member of the CARV group, the interplay of 
viral-associated changes and host immune fac-
tors forms a pathophysiologic relationship that 
promotes development of allograft dysfunction. 
Here the cytokine cascades induced by the 
activity of CMV infection, as well as cytokines 
involved in the pathophysiology of rejection, 
promote the progression of one another [57–
60].The release of tumor necrosis factor-alpha 
during allograft rejection, which acts as a key 
reactivation signal for latent CMV, facilitates 
viral replication and progression to active infec-
tion. Meanwhile the activity of CMV within the 
vascular endothelium and smooth muscle 
induces the upregulation of adhesion molecules 
which promote further proliferation and activ-
ity of inflammatory cells in the graft, leading to 
development of rejection. CMV has been 
thought to play an additional role in the devel-
opment of rejection by the process of molecular 
mimicry, where the immune response against 
viral antigens leads to the production of anti-
endothelial antibodies within the graft [2, 42, 
57, 58, 60, 61].

�Respiratory Viruses and Viral 
Infections Relevant to Lung 
Transplantation

�Community-Acquired Respiratory 
Viruses (CARVs)

CARVs represent a diverse group of human 
pathogenic viruses, which belong to several dis-
tinct families. These include the Paramyxoviridae 
(RSV, hMPV, and PIV), Orthomyxoviridae 
(influenza A and B), Picornaviridae (rhinovirus 
and enteroviruses), Adenoviridae (adenovirus), 
and Coronaviridae (coronaviruses) [27, 28].

These viruses represent the most common 
causes of human respiratory infections and are 
most commonly acquired from contact with 
infected individuals or secretions left in the envi-
ronment by an infected person [62–64].

Modes of transmission include contact with 
secretions followed by autoinoculation of muco-
sal membranes versus direct inoculation large 
droplets or aerosols.

Infection patterns for some of these organisms 
follow typical seasonal or temporal patterns and 
in these cases tend to mirror patterns in the gen-
eral community. Healthcare-associated infections 
can also occur, even exhibiting cases of outbreaks 
within hospitals [65].

CARV infections can lead to serious compli-
cations in those with predisposing factors such as 
immunosuppression and altered pulmonary ana-
tomical defense mechanisms, with LTR at par-
ticularly high risk of developing severe infections. 
Infections of the respiratory tract by CARVS in 
LTR can be further complicated by the occur-
rence of secondary bacterial infections and 
increased incidence of associated acute and 
chronic rejection [4, 21, 42, 64, 66, 67].

Picornaviruses, primarily RhV, are the most 
common viruses found in nasopharyngeal and 
BAL samples collected from LTR bit at routine 
screening and healthcare visits specifically for 
respiratory and infectious symptoms [14, 42, 67, 
68]. Common CARVs and other RhV are much 
more likely to be isolated during emergency vis-
its than routine screening, suggesting a higher 
incidence of symptomatic infection [14]. In gen-
eral the LTR population can have as high as a 
10% incidence of positive tests for CARV infec-
tion at surveillance screening without symptoms, 
with nearly double this rate when tested while 
presenting with symptoms of an acute respiratory 
illness [4, 14, 69].

The spectrum of disease severity for CARV 
infection in LTR varies significantly and does so 
depending on the specific infectious agent. RhV 
infections which are the most common of CARVs 
can often present with limited symptoms or be 
found on asymptomatic screening in one third of 
cases [14]. The most common symptoms of RhV 
infection include rhinorrhea and nasal conges-
tion, with fevers and myalgias being relatively 
uncommon. Meanwhile, infections with influ-
enza and paramyxoviruses (RSV and PIV) are 
almost always associated with symptoms and 
much more likely to be febrile illnesses [14, 67, 
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70]. Lower respiratory tract involvement with 
radiographic manifestation is typically rare 
except in the case of influenza. Infections with 
influenza and paramyxoviruses are also more 
than twice as likely to result in hospitalization 
compared with RhV and coronavirus, with nearly 
50% of cases requiring admission [14, 21, 70].

In nearly all cases of symptomatic infection with 
CARVs, lower FEV1 and FVC can be seen when 
compared to preinfection values for patients [14].

�Respiratory Syncytial Virus (RSV)

RSV is an almost universally common respira-
tory tract infection of early childhood. It carries 
an incomplete pattern of natural immunity and 
frequent reinfections [45, 71]. It is the most 
charcterstic virus of the Paramyxoviridae. RSV 
is among the most commonly isolated CRVs and 
clinically ranges from mild upper respiratory 
infection symptoms such as rhinorrhea and cough 
to life-threatening lower respiratory tract infec-
tions with bronchiolitis and pneumonia similar to 
influenza. Risk factors for more severe disease 
include higher levels of immunosuppression, 
infection immediately following transplantation, 
and pre-existing pulmonary pathology. In LTR, 
RSV infection can cause significant morbidity 
and can be associated with acute and chronic 
graft dysfunction [72, 73]. RSV has been shown 
to significantly increase the risk of graft dysfunc-
tion, with as much as a mean FEV1 decline of 
30% in some series and associated mortality 
ranging from 10 to 15% [74–76].

Reverse transcription-polymerase chain reac-
tion (RT- PCR)-based assays are the current 
mainstay of diagnosis with excellent sensitivity 
in symptomatic patients, while fluorescent anti-
body and serologic testing as well as viral culture 
can also be used to diagnose acute infection [76].

In the normal host, RSV infection primarily 
affects airway epithelial cells. The subsequent 
immune response, mediated in part by the IL-2-
mediated T-helper 1 (Th1) activity, can clear the 
infection and prevent a prolonged inflammatory 
response leading to reactive airways disease [69, 
77–80]. Th1 deficiency, meanwhile, can be asso-

ciated with viral persistence and chronic airway 
inflammation, with a Th2-driven interleukin-
10-associated response [81]. Suppression of the 
IL-2 pathway in LTR and the associated altera-
tions in mucosal immunity may influence the 
pathogenesis of RSV infection in LTR and subse-
quent allograft dysfunction.

�Prophylaxis and Treatment
Currently, there is no vaccine or antiviral prophy-
lactic regimen for RSV, but there are multiple 
clinical trials assessing the effectiveness of inno-
vative RSV vaccines. Pavilizumab is recom-
mended for prophylaxis in children meeting 
treatment criteria, but the use of this medication 
for the prevention of RSV in older transplant 
recipients is not recommended [82].

There are limited data regarding the role of 
antiviral therapy to treat RSV in lung transplant 
recipients. Currently, the drug of choice is ribavi-
rin with or without corticosteroids, which can be 
administered intravenous, orally, or inhaled 
(Table 15.1) [82, 83, 85–87]. Treatment decisions 
are commonly dependent on the severity of dis-
ease, and inhaled ribavirin is most often the route 
of choice for severe RSV infections. Inhaled riba-
virin has many drawbacks: administration 
requires a hospital admission and an extended 
inhalation interval, and it can be teratogenic to 
women of child-bearing age. Because of these 
factors of the medication, appropriate precau-
tions should be taken [82]. Intravenous ribavirin 
has reported success, although it is only available 
through compassionate use in the United States 

Table 15.1  Ribavirin treatment regimens

Dosage form Regimen Duration
Inhaled 
ribavirin

6 g over 12–18 h 3–7 days

IV 
ribavirin 
[83, 84]

Day 1: 33 mg/kg in three 
divided doses (q8h)
Maintenance: 20 mg/kg/
day in three divided 
doses every 8 h

7 days + 
negative 
swab

PO 
ribavirin 
[84, 85]

400 mg three times daily 
± loading dose
Or
20 mg/kg/day divided 
every 8 h

5–10 days

Data from References [83–86]
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[82, 83]. Adjunctive therapy using pavilizumab 
and intravenous immunoglobulin has been used, 
with little published efficacy [82, 88]. Lastly, pre-
satovir and ALN-RSV01 are medications under-
going phase II clinical trials to assess the efficacy 
of these novel antiviral agents for the treatment of 
RSV infections in lung transplant patients [89].

�Parainfluenza Virus (PIV)

The PIV family includes four major serotypes 
that have been found to cause human disease, 
with serotype 3 most commonly isolated from 
LTRs. Incidence of respiratory infection with 
parainfluenza virus ranges from 2 to 10% of all 
LTRs. As a community-acquired infection, the 
majority of cases occur more than 1 year follow-
ing transplantation, with seasonal peaks in the 
warmer months of spring and summer [69, 90]. 
Parainfluenza virus infections have been associ-
ated with high rates acute cellular rejection, up to 
82% in one series. Furthermore in this series, a 
significant portion, nearly one third of cases, pro-
gressed to develop BOS [90].

�Prophylaxis and Treatment
There are no known vaccines or prophylactic 
antiviral medications known to prevent parainflu-
enza. Currently, there are no proven treatments 
for parainfluenza viral infections. Ribavirin, ste-
roids, and IVIG have been used to treat parainflu-
enza infections in transplant recipients but have 
not been proven to provide benefit [91]. DAS181, 
a novel sialidase fusion protein, has been used 
through compassionate use and is currently in 
phase II trials for treatment of parainfluenza in 
immunocompromised patients [92, 93].

�Human Metapneumovirus (hMPV)

hMPV is a relatively new addition to the para-
myxovirus family. hMPV presents with a clinical 
spectrum of disease similar to RSV, albeit typi-
cally less severe. Disease severity can range from 
asymptomatic infection to severe lower respira-
tory tract infection [94, 95]. Current data do not 

support an association with hMPV infection and 
the development of persistent allograft dysfunc-
tion as is the case with RSV [96]. However, evi-
dence of acute decline in lung function following 
hMPV infection does exist [69, 74, 75].

�Influenza A and B Virus

Influenza A and B viruses are associated with 
seasonal infections, most common in the winter 
months and accounting for up to 5% of viral 
infections in LTRs [97].. Compared to normal 
hosts, where influenza infection is typically a 
self-limited upper respiratory syndrome with 
myalgias and fever, the risk of lower respiratory 
tract involvement is higher for LTRs and immu-
nocompromised populations in general [35, 43].

Consequently, the Centers for Disease Control 
recommend annual influenza vaccination and 
chemoprophylaxis for the immunocompromised 
during community outbreaks [98].

In some series a majority of LTR patients with 
active influenza had concomitant acute allograft 
rejection, and seasonal increases in BOS have 
been suggested to have association with influenza 
outbreaks [36, 41, 99, 100]. Despite this, unlike 
paramyxovirus infections, serious influenza dis-
ease does not appear to be very common in LTR 
[72]. Rapid diagnostic methods using antigen-
based assays or PCR amplification of target 
nucleic acid sequences can be performed on 
nasopharyngeal swabs or BAL samples.

�Prophylaxis
The immunogenicity of the influenza vaccine in 
lung transplant recipients is unknown [82]. Even 
so, seasonal influenza vaccine is recommended 
for transplant patients [101]. Along with immu-
nizing transplant patients themselves, herd 
immunity is a very important strategy when it 
comes to posttransplant patient care. Therefore, it 
is essential to ensure all close contacts of lung 
transplant recipients are also vaccinated. There 
are two types of influenza vaccines available: the 
intranasal live attenuated influenza vaccine and 
the intramuscular inactivated vaccine. Live 
attenuated vaccines are contraindicated in 
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transplant recipients; therefore, the inactivated 
vaccine is to be administered. Due to the intensity 
of immunosuppression directly posttransplant 
and concern of decreased immunogenicity, vac-
cinations are often withheld directly after trans-
plantation. According to the American Society of 
Transplantation, a reasonable time frame is to 
wait at least 3  months after transplant before 
influenza vaccine administration [82] .

Postexposure prophylaxis with oseltamivir or 
zanamivir may be indicated in transplant recipi-
ents exposed to influenza, primarily if it is an 
exposure of someone living in their household 
[82]. Prophylaxis should be initiated if patient 
presents within 48 h of exposure for oseltamivir 
and 36 h of exposure for zanamivir [102, 103]. 
See Table  15.2 for prophylaxis dosing and 
duration.

�Treatment
There are two classes of antivirals that have been 
used to treat influenza: the M2 inhibitors (aman-
tadine and rimantadine) and neuraminidase 
inhibitors (oseltamivir, zanamivir, and perami-
vir). The neuraminidase inhibitors are preferred 
agents to treat influenza [82]. M2 inhibitors are 
no longer recommended due to increased resis-
tance and inactivity to influenza A and B, respec-
tively [82]. Oseltamivir is commercially available 
as a capsule and suspension; zanamivir is admin-
istered as an inhalation and peramivir as an infu-
sion [102–104]. Currently, the IV formulation of 

zanamivir and oseltamivir are only available as 
an investigational use, and not commercially 
available. Oseltamivir is the most used antiviral 
to treat influenza in the lung transplant popula-
tion; zanamivir and peramivir lack data for severe 
disease and for treatment of hospitalized patients 
[101, 105]. The usual duration of therapy for 
influenza A or B treatment is 5  days, although 
immunosuppressed patients, including lung 
transplant recipients, may have prolonged viral 
replication and also have an increased risk of 
developing antiviral resistance; therefore, longer 
duration of therapy can be considered [82, 105]. 
Dosing and duration of therapy is presented in 
Table 15.2.

�Rhinoviruses (RhV)

RhVs are the most common cause of colds in 
adults and are members of the Picornaviridae 
family [66]. Much like in the general population, 
RhVs are increasingly recognized as the most 
common cause of respiratory viral illness in the 
LTR [66, 106–111]. In addition, as many as 50% 
of PCR-documented cases of RhV infections in 
transplant recipients have few to no symptoms at 
the time of surveillance testing [106, 108, 112]. 
The typical clinical presentation involves an afe-
brile upper respiratory illness with rhinorrhea 
and sinus congestion. It is sometimes associated 
with sore throat and cough. Coinfections with 

Table 15.2  Dosing of anti-influenza medications

CrCl (mL/min) Treatment Duration Prophylaxis Duration
Oseltamivir ≥60 75 mg twice daily ≥5 days 75 mg once daily 7–10 days

30–60 30 mg twice daily 30 mg once daily
10–30 30 mg once daily 30 mg every other day
HD/CrCl<10 30 mg after each HD session 5 days 30 mg after every other 

HD cycle
Zanamivir N/A Two inhalations (10 mg) twice 

daily
≥5 days Two inhalations 

(10 mg) once daily
10 days

Peramivir 
(IV)

≥ 50 600 mg Single 
dose

N/A

30–49 200 mg
10–29 100 mg
< 10/HD Dose after dialysis, adjusted 

based on creatinine clearance

Data from References [102–105]
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other pathogens complicate many cases of RhV 
infection in LTR and may contribute significantly 
to the relatively high morbidity and mortality 
rates observed [110].

The incidence of RhV-associated lower respi-
ratory tract infection in LTR has been docu-
mented in contrast to typically mild and 
self-limited disease in the general population. 
These events are associated with risk of both 
acute and chronic rejection and increased mortal-
ity [106, 110].

There a currently no specific prophylactic or 
treatment options available for RhV.

�Adenovirus

Adenovirus is a non-enveloped DNA virus ubiq-
uitous in the community. Adenovirus causes a 
primary infection in all individuals typically in 
the first few years of life and counts for about 
10% of all childhood respiratory illness. From 
there the virus may remain in lymphoepithelial 
tissues in latent form and subsequently create 
disease by reactivation [70, 113].

The mode of transmission of adenovirus in 
general involves inhalation of aerosolized drop-
lets, direct contact with conjunctival secretions, 
feco-oral contamination, or contact with infected 
blood [66]. In the immunocompromised, specu-
lation exists regarding adenovirus disease as 
either a primary infection from the environment 
or the result of transmission from the donor tissue 
and reactivation of previously latent virus epithe-
lia of the pharynx, intestinal tract, and urinary 
tract [13, 114, 115].

In the immune competent host, symptoms 
associated with infection are usually self-limited, 
including cough, pharyngitis, keratoconjunctivi-
tis, gastroenteritis, and fevers.

Disease in the immunocompromised, includ-
ing LTR, has a wide range of severity. Although 
asymptomatic infection is reported, severe dis-
ease with significant morbidity and mortality can 
also occur. Infection sites in the immunocompro-
mised are typically comprised of the urinary 
tract, gastrointestinal tract, lung, and liver [116]. 
More severe disease and poorer outcomes can be 

predicted based on higher number of affected 
sites and organ systems involved, as well as 
pathologically determined invasive disease 
[116–118].

The more feared complications of adenovirus 
infection for the recipients of solid organ trans-
plants include pneumonia and hepatitis, with 
mortality rates of up to 50% documented [70].

Severe pulmonary infections have specifically 
been documented in LTR, with many of these 
cases progressing to respiratory failure with high 
mortality rates. In these instances, pathologic 
assessments at autopsy have revealed necrotizing 
hemorrhagic pneumonia with diffuse alveolar 
damage, as well as invasive disease represented 
by basophilic inclusions within bronchial epithe-
lial cell consistent with adenovirus infection 
[114]. These severe infections have been docu-
mented to occur both in the first few weeks fol-
lowing transplantation and less frequently years 
after returning to the community [114, 119].

�Prophylaxis and Treatment
There are no vaccines or established chemopro-
phylaxis to prevent adenovirus in solid organ 
transplant recipients.

Currently, there are no randomized controlled 
trials regarding the treatment of severe adenovi-
rus infections. The current preferred therapy for 
most centers is minimization of immunosuppres-
sion. If an antiviral is needed cidofovir can be 
considered [120]. This drug should be utilized 
with caution; cidofovir administration is associ-
ated with significant adverse reactions, primarily 
neutropenia and nephrotoxicity, both of which 
are pronounced with lung transplant [120, 121]. 
In order to mitigate nephrotoxicity caused by 
cidofovir, probenacid and hydration should be 
added to the regimen [121]. Probenacid is admin-
istered 3 h before, 3 h after, and 8 h after cidofo-
vir, along with hydration with normal saline [120, 
121]. As adjunct to reduced immunosuppression 
with or without cidofovir, immunoglobulin may 
be considered, primarily in patients with hypo-
gammaglobinemia [120], although the benefits of 
IVIG in the setting of adenovirus infection with 
or without hypogammaglobinemia are still not 
clear. In the future, brincidofovir (CMX001), a 
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lipid conjugate of cidofovir which is currently in 
clinical trials, may be a viable option. Benefits of 
this dosage form may include an oral formula-
tion, higher potency, and less nephrotoxicity.

�Coronaviruses

Coronaviruses are a frequent cause of the com-
mon cold with currently an unclear role in 
infections affecting LTR [14, 21, 68]. New sen-
sitive molecular assays for detection of corona-
virus infection can help to detect this virus, 
which can range from simple upper respiratory 
illness to severe lower respiratory tract infec-
tions [122]. Severe infections in the immuno-
compromised can present as pneumonia and 
bronchiolitis [123, 124].

Similar to RhV infections, no current pharma-
cologic options for prophylaxis or treatment are 
available.

�Human Bocavirus (HBoV)

HBoV, a recently identified member of the 
Parvoviridae family, can cause respiratory dis-
ease in humans with typically seasonal pattern 
in winter [125, 126]. Although a great deal of 
data regarding infections in the immunocom-
promised has not yet been compiled, case 
reports have documented severe respiratory and 
disseminated infections in the setting of lung 
transplantation [127].

�β-Herpesviruses
The Herpesviridae are a heterogeneous family of 
morphologically similar double-stranded DNA 
viruses that can infect humans and other animals. 
Humans act as primary hosts for eight members 
of this virus family and are typically transmitted 
through direct person-to-person contact.

�Cytomegalovirus (CMV)

CMV is the most common and important among 
the opportunistic infections that complicate lung 

transplantation. Its association to morbidity and 
mortality posttransplant has been well docu-
mented and increasingly shown to be mediated 
by elevated risk of acute and chronic allograft 
dysfunction [2, 32, 128–131].

CMV exposure and seropositivity are ubiqui-
tous in the general population, ranging from 30 to 
97% [59]. Exposure to and infection with the 
virus confer a life-long carrier status with risk of 
future reactivation in the setting of a compro-
mised immune system [2, 69, 132]. The overall 
incidence of CMV infection in LTR has been 
reported as the highest among all solid organ 
transplants, with figures ranging from 30 to 86% 
of patients, in part due to the relatively higher-
level immunosuppression required in the post-
lung transplantation setting [57, 59]. The high 
incidence rates and associated complications of 
CMV infection exact a high price on the LTR 
population, with mortality rates reported at 
2–12% [2, 57, 69].

Unlike community-acquired infections, the 
primary risk factor development of CMV infec-
tion appears to be a mismatch between the 
serostatus of donor and recipient [57, 59, 131]. 
The highest risk category is that of a seropositive 
donor with seronegative recipient, in which case 
the transplant recipient who lacks previously for-
mulated immunity to CMV receives exposure to 
the virus harbored within the allograft at a time 
when immunosuppression is at its most aggres-
sive [59]. The intensity of the immunosuppres-
sion regimen, both at induction and maintenance, 
is also an important risk factor for CMV infec-
tion, as are host factors such as age medical 
comorbidities [57, 59]. Other modes of infection 
include transfusion of blood products from a 
seropositive donor and reactivation of latent 
infection in a seropositive LTR.

�Clinical Manifestations
CMV infection and disease are distinct clinical 
entities. Replication of CMV with or without 
symptoms is regarded as infection, while the 
presence of symptoms or physiologic changes 
attributable to CMV is required to meet a defini-
tion of disease. The hallmarks of CMV dis-
ease  include fevers and malaise, myalgias and 
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arthralgias, leukopenia and thrombocytopenia, as 
well as tissue invasive manifestations [20, 59].

Tissue invasive disease most commonly 
manifests as a pneumonitis. This syndrome can 
present with subtle fevers, nonproductive cough, 
and dyspnea associated with decline in pulmo-
nary function tests. Other manifestations of tis-
sue invasive disease include incidences of 
hepatitis associated with abnormal liver func-
tion tests, and gastroenteritis and colitis typi-
cally presenting with nausea, vomiting, and 
diarrhea [20].

�Diagnosis
Quantitative nucleic acid-based amplification 
assays utilizing polymerase chain reaction (PCR) 
technology for the identification of viremia have 
largely replaced previously used methods of 
diagnosis relying on antigen detection for viral 
particles. Monitoring and diagnosis of CMV 
infection is now used in the overwhelming major-
ity of transplant center [133]. Despite this, there 
is no current consensus on threshold values of 
CMV viral load considered to be an indicator of 
infection. Viral culture performed on blood, 
urine, and BAL samples is no longer routinely 
recommended for detection of CMV [42].

The presence of cell-mediated immunity to 
CMV, as determined by quantiferon-CMV assay 
measuring the presence of a CD8 T-cell response 
to the virus, holds promise as a marker to deter-
mine risk of CMV disease. Patients with positive 
CMV interferon-gamma release assays have been 
shown to more frequently clear viremia without 
progression to clinical disease, while those with 
negative assays suffer higher rates of late onset 
CMV disease after discontinuation of prophylac-
tic therapy [134, 135].

�Treatment General
Intravenous ganciclovir has historically been the 
treatment of choice for the treatment of CMV 
[136]. The IV formulation is still the drug of 
choice for severe life-threatening disease and in 
patients who have severe diarrhea or cannot toler-
ate medications by mouth [137]. In 2007, the 
Victor Study group concluded that oral valganci-
clovir is also a treatment option in select solid 

organ transplant recipients with mild to moderate 
disease [138], although it should be noted that 
less than 10% of the patients in the Victor Study 
were lung transplant recipients, and these patients 
did not have severe disease [138]. Whether using 
intravenous ganciclovir or oral valganciclovir 
treatment should be continued for 14–21  days 
plus viral clearance [136]. If virus is not cleared 
after 21  days, there is a high risk for recurrent 
disease; therefore, longer duration may be neces-
sary if resolution of viremia is not accomplished 
[136–138]. Table 15.3 outlines dosing guidelines 
adjusted for renal function for both ganciclovir 
and valganciclovir.

�Prophylaxis
Chemoprophylaxis for CMV should be started 
as soon as possible, and always within 10 days 
after transplantation for those at risk for CMV 
[136]. Recommendations for prophylaxis of 
CMV disease in lung transplant recipients are 
based on donor and recipient IGG serostatus 
(Table 15.4). For patients at the highest risk for 
developing CMV disease, donor IGG positive 
and recipient IGG negative (D+/R−), prophy-
laxis with IV ganciclovir, valganciclovir, or a 
combination of both is recommended [136]. The 
duration of prophylaxis varies, but at least 
12 months of prophylaxis is recommended, with 
some centers extending prophylaxis beyond 
12 months [136, 142]. As adjunct to chemopro-
phylaxis, CMV immune globulin can also be 
considered for the D+/R− high-risk group of 
patients [136]. For moderate-risk recipient IGG 
seropositive recipients, IV ganciclovir or val-
ganciclovir is recommended for 6–12  months 
[136, 142, 143]. For low-risk donor and recipi-
ent IGG seronegative negative patients, no 
CMV-specific prophylaxis is necessary [136, 
142]. HSV prophylaxis with acyclovir is still 
indicated, but neither ganciclovir nor valganci-
clovir is required [35, 142, 144] (Table  15.4). 
Preemptive therapy, i.e., withholding valganci-
clovir or IV ganciclovir prophylaxis and moni-
toring patients on a weekly basis for CMV 
viremia then treating to prevent disease progres-
sion, is generally not recommended in lung 
transplant recipients [136].
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�Resistance
An emerging concern is the management of gan-
ciclovir-resistant CMV disease. Ganciclovir 
resistance is associated with high morbidity and 
mortality, and there are few options when it 
comes to treatment [145]. Current drugs of choice 
are either foscarnet or cidofovir, both of which 
are highly toxic and require extended hospitaliza-
tions when initiating therapy. Resistance is usu-
ally due to a mutation of the UL97 gene and less 
commonly the UL54 gene [136, 145]. The UL97 
mutation does not confer resistance to cidofovir 
or foscarnet, but the UL54 mutation may confer 
resistance to all three medications and is there-
fore more difficult to treat [136, 145]. Many 
times as adjunct to cidofovir or foscarnet trans-
plant, centers consider discontinuation of the cur-
rent antimetabolite and initiating leflunomide, 
which has both antiviral and antimetabolite prop-
erties [146, 147]. Future options for treatment of 
CMV include maribavir and brincidofovir 
(CMX001), both of which are currently in clini-
cal trials and not available for use [148, 149]. No 
matter the situation, treatment of ganciclovir-
resistant CMV should be undertaken with cau-
tion and on a case by case basis.

�Epstein-Barr Virus (EBV)

EBV, an oncogenic virus, holds a strong associa-
tion for the development of post-lymphoprolifer-
ative disease (PTLD). Encompassing a 
heterogeneous group of lymphoproliferative dis-
orders, PTLD ranges from a reactive polyclonal 
lymphoid hyperplasia to aggressive non-Hodg-

kin’s lymphomas. A deficient EBV-specific cel-
lular immune response caused by 
immunosuppressant regimens is considered to 
be at the etiology of PTLD [68, 150]. In the set-
ting of lung transplantation, the incidence of 
PTLD has been noted to range from 1 to 20%, 
with intense prolonged immunosuppression and 
EBV mismatch (EBV positive donor and EBV 
negative recipient) considered major risk factors 
[150–152]. In the setting of EBV mismatch, 
monitoring of viral load can be clinically useful 
as a continuous increase of EBV load may indi-
cate pending development of PTLD [153].

�Prophylaxis and Prevention
Overall immunosuppression plays a vital role in 
EBV and PTLD occurrence [154]. The use of 
lymphocyte-depleting therapy has been linked to 
increased PTLD cases [154]. This should be con-
sidered with discussing the use of lymphocyte-
depleting induction and treatment approaches in 
order to prevent rejection and minimize the risk 
of PTLD [154]. Both acyclovir and ganciclovir 
have in vitro activity against EBV lytic replica-
tion and have been used as prophylaxis, although 
efficacy is not proven [154].

Another approach is monitoring of EBV viral 
load with serial PCRs during posttransplant fol-
low up. This allows centers to preemptively add 
chemoprophylaxis, decrease immunosuppres-
sion, and trend the viral load. As with other pro-
phylactic strategies, the efficacy of EBV 
monitoring and preemptive intervention to 
decreases the occurrence of PTLD posttransplant 
has is not established.

Table 15.4  CMV prophylactic regimens

Risk level Recommended medication therapy Duration
High D+/R- IV ganciclovir

Or
Valganciclovir
+/−
CMV IVIG

At least 12 months

Moderate D+/R+ IV ganciclovir
Or
Valganciclovir

6–12 months
D−/R+

Low D−/R- CMV-specific chemoprophylaxis not recommended

Data from References [136, 139, 140, 142]
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�Treatment
Minimization of immunosuppression is a main-
stay in management of EBV and PTLD.  With 
reduced immunosuppression, the reconstituted 
cytotoxic T-Cell population is thought to control 
the EBV infected B-cell population [154]. The 
addition of antiviral medication in combination 
to reduced immunosuppression for patients with 
PTLD is controversial. This is primarily due to 
the majority of EBV within a PTLD mass not 
undergoing lytic infection; therefore, the utility 
of antiviral therapy is not well defined [154]. 
IVIG has also been considered as an adjunctive 
therapy to the treatment regimen, although the 
benefit of the addition of IVIG is not 
established.

Anti-CD20 treatment with rituximab with or 
without traditional chemotherapy is an option 
depending on severity of the disease and patients 
response to reduced immunosuppression [154]. 
Usual regimens are those similar to B-cell lym-
phoma, often requiring CHOP [154]. Even with 
treatment options, PTLD in lung transplant recip-
ients remains a high cause of morbidity and mor-
tality. Recently a single center reported 
approximately 50% of patients treated with a 
rituximab-based therapy had full remission of 
disease and 22% with no response to treatment 
and a 5-year survival of only 29% after PTLD 
diagnosis [155].

Due to the complexity of the transplant and 
severity of PTLD, a multidisciplinary approach 
is often beneficial. Patients, transplant care 
providers, along with a cancer treatment center 
can devise a plan that would best fit each indi-
vidual patient and maximize outcome and 
quality of life.

�Herpes Simplex Virus (HSV) 1 and 2 
and Varicella-Zoster Virus (VZV)

HSV and VZV are members of the 
Alphaherpesvirinae which previously repre-
sented opportunistic infectious agents in first 
week post-lung transplantation. Infection with 
HSV in particular was a cause of severe pneu-
monitis in up to 10% LTR and associated with 

high mortality rates [4, 68]. However, severe 
HSV infection has since become a rela-
tively  rare complication with improved 
antiviral prophylaxis in the posttransplant 
setting.

Herpes zoster, caused by the reactivations of 
dormant VZV infection, presents with painful 
vesicular dermatomal skin lesions. 
Development of zoster in LTR bears a cumula-
tive probability of approximately 20% after 
5  years posttransplantation, with over 5% of 
cases progressing to disseminated cutaneous 
infection. Following occurrence of herpes zos-
ter, the post-herpetic neuralgia syndrome can 
be observed in nearly one of five of those 
effected [151].

�Prophylaxis
Prior to listing, transplant candidates should be 
evaluated for varicella seropositivity [156]. 
Seronegative patients are commonly considered 
for the varicella vaccine, administered least 
14 days prior to transplantation [156]. The vari-
cella vaccine is a live-attenuated vaccine and 
should not be administered after transplanta-
tion; therefore, every effort should be made to 
vaccinate appropriate patients prior to trans-
plantation [156].

All lung transplant recipients should receive 
prophylaxis for herpes viruses directly after 
transplantation [156, 157]. Most patients will be 
receiving prophylaxis with valganciclovir for 
CMV; this is sufficient herpes virus prophylaxis 
[156, 157]. For patients who do not require 
CMV prophylaxis (donor and recipient are sero-
negative for CMV), acyclovir or valacyclovir is 
the drug of choice for prophylaxis [156, 157], 
although famciclovir is also acceptable 
(Table 15.5).

�Treatment
Treatment as an outpatient with oral antivirals is 
appropriate for mucocutaneous and mild to mod-
erate disease in lung transplant recipients. 
Patients with moderate to severe disease who are 
hospitalized require more aggressive therapy 
[156, 157]. For these transplant recipients, 
primarily those diagnosed with disseminated or 
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CNS disease, intravenous acyclovir is the drug of 
choice (Table 15.5) [156, 157].

Duration of therapy ranges from 7 to 21 days 
depending on the severity of disease [156, 157]. 
For localized herpes zoster infections, therapy 
should be continued for at least 7 days AND until 
the lesions are crusted over [156]. It should be 
noted that a delay in lesion crusting is commonly 
seen in transplant recipients, which often extends 
the duration of therapy. In general, duration of 
treatment for mild to moderate HSV and VZV 
disease is recommended to for 7–14  days, and 
21  days in severe and central nervous system 
infections [156, 157].

�Human Herpes Virus (HHV) 6 and 7

HHV-6 and HHV-7 are lymphotropic viruses 
belonging to the same subfamily as CMV. They 
can cause primary infections during early child-
hood. Patients who have undergone solid organ 
transplantation have been noted to suffer reacti-
vation of disease typically early in the posttrans-
plantation period [162].

The clinical syndrome associated with HHV-6 
can consist of skin rashes, hepatitis, bone marrow 
suppression, pneumonitis, and encephalopathy, 
although severity of infection varies and the 
majority of cases are thought to be asymptomatic 
[68, 162].

The clinical impact of HHV-7 is less well 
characterized.

�Human Herpes Virus (HHV) 8

HHV-8 is the virus associated with the develop-
ment of Kaposi’s sarcoma (KS), which is a well-
characterized entity following SOT in heart, renal, 
and liver transplant recipients. The incidence of KS 
after transplantation in the United States is approxi-
mately 0.4%, with the majority of cases occurring 
in renal transplant recipients. In about 60% of 
cases, KS lesions are confined to skin and mucosa 
of the oropharynx, while the remainder can exhibit 
involvement of internal organs and lymph nodes 
[163]. In the last few decades, a mounting number 
of cases of KS in LTR have brought recognition to 
HHV 8 as an important pathogen in the setting of 
lung transplantation [163, 164]. KS, considered a 
rare malignancy in LTR, can manifest with involve-
ment of the allograft as bronchial and pleural dis-
ease, as well as cutaneous lesions or involvement 
of other viscera such as the gastric or intestinal 
tracts [163–166]. It should be considered in patients 
with characteristic skin lesions and pulmonary dis-
ease, including hemorrhagic pleural effusions that 
are typically rich in HHV-8 viral particles and 
DNA when tested [166]. Furthermore, an associa-
tion between increasing HHV-8 viremia and pro-
gression of pulmonary KS has been previously 
described [163].

Although data on the management of this rare 
entity in LTR are limited, most cases appear to 
have full or partial response to reduction in 
immunosuppression, with small case series 
showing response to therapy with sirolimus 

Table 15.5  Herpes simplex/herpes zoster (VZV) prophylaxis and treatment table

Medication

Indication

Prophylaxis

Treatment
(outpatient)
Duration: 7–14 days

Treatment (moderate to severe/CNS)
Duration: 21 days

Acyclovir (PO) 400–800 mg 2× 
daily

HSV: 400 mg 3× daily
VZV: 800 mg 5×  daily

N/A

Valacyclovir 
(PO)

500 mg 2× daily HSV: 1 g 2× daily
VZV: 1 g 3× daily

N/A

Famciclovir 
(PO)

500 mg 2×  daily HSV: 500 mg 2× daily
VZV: 500 mg 3× daily

N/A

Acyclovir (IV) N/A 5 mg/kg 3× daily (if unable to 
tolerate PO)

10 mg/kg 3× daily

All medications are adjusted for renal function; refer to individual product labeling
Data from References [158–161]
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[163]. Other therapies traditionally used in the 
treatment of KS include conventional chemother-
apies with bleomycin, vincristine, and doxorubi-
cin in addition to radiation, although there are no 
data regarding these therapeutic modalities in the 
setting of lung transplantation.

HHV-8 is susceptible in vitro to the anti-Her-
pesviridae agents cidofovir, foscarnet, and ganci-
clovir, with data from the management of KS in 
the setting of HIV suggesting a reduced risk of 
developing KS [167–169]. However, data on the 
use of these agents in the management of KS fol-
lowing SOT are again limited.

�Other Viruses

Several other viral infections have been docu-
mented to create complications in the course of 
lung transplantation. Although largely out of the 
scope of this chapter, a few examples are briefly 
discussed below.

�BK Virus

BK virus is a member of the human polyomavi-
rus family, almost universally infecting healthy 
adults with seroprevalence in up to 100%. Data 
from kidney transplant recipients provde the larg-
est source of information regarding clinically 
infection with BK virus, where reactivation of 
BK virus occurs in up to 45% and may cause 
parenchymal and obstructive renal allograft dis-
ease. In the setting of lung transplantation, only 
rare cases of BK virus-associated nephropathy of 
native kidneys have been reported [170–172].

�Prevention and Treatment
Standard of prevention and treatment of BK virus 
in lung transplantation is not well established. 
Although BK virus may be detected in the urine 
of over 25% of lung transplants, viuria has not 
shown to have an effect on renal function [170, 
173, 174]. Therefore, decreasing immunosup-
pression or the use of other treatment modalities, 
such as leflunomide for BK virus in lung trans-
plantation, is not established as a standard of care.

�Parvovirus B19

Parvovirus B19 can cause pure red cell aplasia, 
more commonly seen in renal transplant recipi-
ents. It has been shown to occur as a very rare 
complication after lung transplantation, in iso-
lated case reports [68, 175]. Despite the relative 
lack of data in the literature on this subject, the 
ubiquity of parvovirus exposure in the commu-
nity warrants investigation of this possibility in 
cases of unexplained isolated anemia in LTRs 
[176, 177].

�Summary

Chronic lung allograft dysfunction (CLAD) con-
tinues to be the major causes of morbidity and 
mortality after lung transplantation. Viruses, 
especially the community respiratory viruses 
(CRV), are common and have also been a major 
source of morbidity in lung transplant recipients. 
An important and newly intense area of focus for 
research has been the interface between respira-
tory viruses, the respiratory virome, and chronic 
rejection. With improved techniques to study the 
pathogenesis of all types of chronic rejection as 
well as recent advances in metagenomics, we are 
no doubt in a place now when we can move for-
ward in not only understanding the relationship 
between viruses and lung allograft rejection but 
also being able to work toward a solution.
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