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Abstract: Viral infections account for up to 30% of all infectious complications in lung transplant
recipients, remaining a significant cause of morbidity and even mortality. Impact of viral infections is not
only due to the direct effects of viral replication, but also to immunologically-mediated lung injury that
may lead to acute rejection and chronic lung allograft dysfunction. This has particularly been seen in
infections caused by herpesviruses and respiratory viruses. The implementation of universal preventive
measures against cytomegalovirus (CMV) and influenza (by means of antiviral prophylaxis and vaccination,
respectively) and administration of early antiviral treatment have reduced the burden of these diseases and
potentially their role in affecting allograft outcomes. New antivirals against CMV for prophylaxis and for
treatment of antiviral-resistant CMV infection are currently being evaluated in transplant recipients, and
may continue to improve the management of CMV in lung transplant recipients. However, new therapeutic
and preventive strategies are highly needed for other viruses such as respiratory syncytial virus (RSV) or
parainfluenza virus (PIV), including new antivirals and vaccines. This is particularly important in the advent
of the COVID-19 pandemic, for which several unanswered questions remain, in particular on the best
antiviral and immunomodulatory regimen for decreasing mortality specifically in lung transplant recipients.
In conclusion, the appropriate management of viral complications after transplantation remain an essential

step to continue improving survival and quality of life of lung transplant recipients.
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Introduction a higher rate of pre transplant colonisation with multidrug

o ) resistant pathogens is observed, that may increase the risk
Lung transplant recipients are considered to be at the . . . .
y L ) ' leat Lol for post-transplant surgical site infection or pneumonia

ighest risk for infectious complications among all solid- caused by these pathogens (1,2). Post-transplant infections

organ transplant (SOT) recipients. This increased risk is due have been more robustly associated with impaired

to some particularities of lung transplantation, including a
direct contact of the organ with the environment (that may
more commonly expose allograft to external pathogens) and
an overall more important net state of immunosuppression
due to higher doses of immunosuppressive drugs needed
to prevent acute rejection. In patients with cystic fibrosis,
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transplant outcomes in lung transplant recipients than in
other transplant recipients, namely a higher risk for acute
allograft rejection (3), chronic lung allograft dysfunction
(CLAD) (4,5) and/or decreased survival.

Recent cohort studies provide updated and comprehensive
data on the epidemiology of infectious complications in lung
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Figure 1 Timeline and burden of infection in lung transplant recipients in the Swiss Transplant Cohort Study (2). The timeline and relative

burden are based on the temporal distribution of 463 episodes of infection in 286 lung transplant recipients. CMV, cytomegalovirus.

transplant recipients. In a Swiss nationwide cohort of SOT
recipients including more than 3,500 patients, the rate of
clinically significant infection was higher in lung transplant
recipients as compared to all other organs (1.7 infections vs.
1.3 infections per person-year in all SOT recipients). In lung
transplant recipients, approximately 60% of all infections
were caused by bacteria, while viral infections represented
30% of them. In this cohort, the most common viral
pathogens were respiratory viruses [mainly picornaviruses,
influenza, and respiratory syncytial virus (RSV)] and
herpesviruses [including cytomegalovirus (CMV), herpes
simplex virus (HSV), and varicella-zoster virus (VZV)]
(Figure 1) (2). Current antivirals used for treating respiratory
viral and herpesvirus infections are summarized in Table 1
and Table 2, respectively.

In this review, we will update the epidemiology, clinical
manifestations, management and outcomes of the most
common viral infections that have a significant impact
on lung transplantation, focusing on respiratory viral and
herpesvirus infections. We will not address in the present
review the topic of viral hepatitis.

Respiratory viral infections
General considerations

Respiratory viruses are increasingly recognized as a major
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cause of morbidity and mortality in SOT recipients, and
particularly in lung transplant recipients. Viral pathogens
of particular clinical relevance include influenza A
and B viruses, RSV, parainfluenza virus (PIV), human
metapneumovirus (hMPV), human coronaviruses (HCoV),
picornaviruses, and adenovirus (1,3). A novel HCoV named
SARS-CoV-2 was identified in the Chinese province
of Wuhan in late 2019 and has caused a pandemic of a
respiratory and multisystemic disease named COVID-19 (6).
COVID-19 seems to have a more severe course in lung
transplant recipients than in the general population (7-9).
Seasonal patterns of respiratory viral infections in lung
transplant recipients are similar as those found in the
community, with a higher incidence rate during winter
(10-13). Prevalence of respiratory viral infections varies
between studies mostly due to the type of screening done,
with usually a higher incidence in prospective cohorts using
a universal screening including asymptomatic patients, and
lower incidence in retrospective studies. Although clinical
manifestations are generally not associated with a specific
respiratory virus, in a cohort from Spain half of upper
respiratory tract infections were caused by picornavirus
(rhinovirus), whereas RSV, PIV, hMPV and influenza
mainly caused pneumonia. Asymptomatic infections
were associated largely with picornavirus (10). Of note,
clinical manifestations of respiratory viral infections in
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Table 1 Antiviral drugs used for therapy of respiratory viral infections in lung transplant recipients
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Mechanisms of

Spectrum of

Standard dose and

Antiviral drug action action duration Potential toxicity Comments
Drugs against respiratory viral infections
Baloxavir Endonuclease Influenza A <80 kg: 40 mg single Gastrointestinal No renal or hepatic
inhibitor and B virus dose; >80 kg: 80 mg intolerance, adjustment needed.
single dose hypersensitivity reaction Additional doses
may be needed for
immunocompromised
patients
Oseltamivir Neuraminidase Influenza A 75 mg BID, 5-10 days Gastrointestinal No hepatic adjustment
inhibitor and B virus intolerance, needed. Renal
hypersensitivity reaction,  adjustment: CrCl
liver toxicity <30 mL/min: 75 mg OD
Peramivir Neuraminidase Influenza A IV 600 mg every Gastrointestinal Approved in China,
inhibitor and B virus 24 hours for 5-10 days intolerance, neutropenia,  Japan, South Korea
rash, hyperglycemia, and USA. No hepatic
neuropsychiatric adjustment needed
disorders Renal adjustment:
e CrCl 30-49 mL/min:
200 mg OD
e CrCl 10-29 mL/min:
100 mg OD
e CrCl <10 mL/min:
100 mg single dose
then 15 mg OD
Remdesivir Inhibition of RNA SARS-CoV-2 200 mg loading dose, Liver toxicity, rash No effect on mortality in
synthesis then 100 mg OD for the general population
5-10 days in a large multinational
study
Ribavirin DNA polymerase RSV, hMPV, Oral: 15-25 mg/kg/day  Inhaled: teratogenic No hepatic or renal
inhibitor. Broad- PIV 1-4 in three divided doses. potential, bronchospasm, adjustment but use
spectrum nucleoside IV: 15-25 mg/kg/d in cough, nausea, rash. with caution if CrCl
analogue with activity 3 divided doses. Oral/IV: hemolysis, <50 mL/min
against DNA and Inhaled: 2 gm every lactic acidosis, rash,
RNA viruses 8 hours over 1-4 hours.  hyperbilirubinemia,
Duration: 7-10 days leukopenia
Zanamivir Neuraminidase Influenza A 10 mg 2 puffs BID, No hepatic or renal
inhibitor and B virus 5-10 days adjustment

BID, twice daily; CrCl, creatinine clearance; hMPV, human metapneumovirus; OD, once daily; PIV, parainfluenza virus; RSV, respiratory
syncytial virus; SARS-CoV-2, severe acute respiratory syndrome-coronavirus-2; TID, thrice daily; TIW, thrice weekly.

lung transplant recipients can be mild or atypical and may
initially presented as shortness of breath or subtle changes
in pulmonary function without frank symptoms (14).
Due to immunosuppression and altered respiratory
mucociliary clearance in the first months after surgery,
progression to bronchiolitis and pneumonia can be high
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after lung transplantation, with an incidence up to 25% (15).
Respiratory viral infections seem also to be a risk factor for
secondary bacterial or fungal pneumonia (10,16).

In lung transplant recipients, respiratory viral infections
may cause inflammatory processes mediated by both the
innate and the adaptive immune responses (5). In addition
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to the direct sequelae and tissue damage, respiratory
viruses may promote immunologically-mediated lung
injury resulting in the development of acute rejection and
CLAD (3,5). CLAD is a multifactorial process that leads to
progressive and irreversible decline in allograft function,
with a reported 5-year incidence of up to 50% (17,18).
CLAD is the leading cause of mortality after the first year
post-transplant, accounting for 20-30% of deaths (19).
Recent reports including large cohorts using multiplex
panels support the association between respiratory viral
infections and CLAD (1,10,20-22). Peghin et 4l. reported
in a prospective study in Spain using universal screening
that respiratory viral infections were associated with the
development of CLAD, with a hazard ratio (HR) of 3.0
(P=0.002) (20). Likewise, in a study including 250 lung
transplant patients who underwent symptom-guided testing
for respiratory viral infections, an independent association
with CLAD was observed in multivariate models (HR=1.9;
P=0.03) (22). Finally, Allyn ez 4/. found that patients with
viral pneumonia had an increased risk of CLAD (HR=3.94,
P<0.01) (21). Taken together, it seems that the association
between respiratory viral infections and the development
CLAD is more robust in case of symptomatic viral infection
(20-22). For example, in the Spanish cohort, asymptomatic
respiratory viral infections were not associated with a
significant decline in lung function (10). Importantly,
although studies suggested that some viruses (RSV and
influenza) were more commonly responsible for the
development of CLAD, more recent data using multiplex
panels have not associated a particular virus with CLAD
(23-29). This supports the hypothesis of an increased
immunologic activation in the allograft, rather than specific
viral virulence factors (20,30). More evidence is needed to
understand if viral infection is only a marker of patients at

risk or the actual cause of CLAD (22).

Influenza viruses

Influenza viruses belong to the Orthomyxoviridae family,
with two main genera causing yearly worldwide epidemics:
influenza A virus (with two main circulating subtypes
A/HIN1 and A/H3N2), and influenza B virus (with
currently two subtypes, Yamagata and Victoria). Influenza
is associated with significant morbidity and mortality
in immunocompromised patients. In a study evaluating
the clinical outcomes of more than 35,000 patients with
influenza, immunosuppression was strongly associated
with more severe complications including the need for

© Journal of Thoracic Disease. All rights reserved.
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ICU admission, mechanical ventilation, and death (31). In
SOT recipients, lung transplant patients have the highest
incidence of influenza, with a reported rate of 41.8 cases
per 1,000 persons-year (as compared to 4.3 cases per 1,000
persons-year in kidney transplant recipients) (32). Influenza
transmission from donor to recipient has been documented
in lung transplant recipients (33).

The clinical presentation of influenza in lung transplant
recipients is similar than in the general population,
with cough and coryza as symptoms commonly found,
although fever can be absent in up to 40% of patients,
and non-respiratory symptoms are frequently reported
(myalgia, headache, and gastro-intestinal symptoms) (34).
Asymptomatic influenza seems to be uncommon in lung
transplant recipients (3,10,13).

Diagnosis of influenza relies in the identification of
influenza virus in nasopharyngeal swab or other respiratory
sample. Of note, the most accurate assay is nucleid acid
testing (NAT), which has replaced other assays using
antigen identification. Rapid NAT assays have the advantage
of diagnosis in 2-3 hours, and therefore may foster the
administration of early antiviral therapy (34,35).

Therapy of influenza is based on the administration of
a neuraminidase inhibitor (NAI). Currently approved NAI
are oral oseltamivir, inhaled zanamivir, and intravenous
peramivir. In large observational cohort studies, early
administration of oseltamivir in SOT recipients showed a
decreased rate of pneumonia, ICU admission, and allograft
dysfunction (34-36). Because these benefits seems to remain
even if the drug is given after the first 48 hours of symptoms
and because immunocompromised patients have prolonged
viral shedding, therapy for influenza is recommended
irrespective of the duration of symptoms (35,37). Resistance
to oseltamivir is mostly seen with influenza A/HIN1
and accounts for 0.5-3.4% of circulating strains (38,39).
Lung transplant recipients are considered at higher risk
of developing resistance because of potential higher viral
loads and prolonged shedding during infection (37).
The most common mutation identified is H275Y mutation
in influenza A/H1N1, which confers resistance to
oseltamivir and peramivir, but does not affect the activity
of zanamivir (39). Oral baloxavir marboxil is a novel
antiviral with a mechanism of action relying on the selective
inhibition of the influenza cap-endonuclease, which has
shown similar efficacy than oseltamivir for prevention
and therapy of uncomplicated influenza in the general
population (40). Of note, up to 10% of patients developed
a resistance to baloxavir due to the low genetic barrier (41).
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Despite absence of experience on the use of baloxavir in
lung transplant recipients, combined therapy of oseltamivir
and baloxavir could be considered in case of suspicion of
NAI resistance or in high-risk patients very early after
transplantation.

Patients with influenza in healthcare facilities need to be
isolated with standard and droplets measures. Nosocomial
transmission of influenza is underestimated and remains a
real concern because of high rates of morbidity and mortality
documented in immunocompromised patients (42).
The main preventive strategy against influenza remains
the administration of the seasonal trivalent or quadrivalent
inactivated influenza vaccine. Vaccination in lung
transplant recipients is highly recommended as it reduces
the incidence of influenza and prevents the development
of severe clinical presentations, such as pneumonia and
ICU admission (4,43,44). Different strategies to increase
immunogenicity of the vaccine in SOT recipients are
currently evaluated, using high-dose or adjuvanted vaccines
(45-47). Current guidelines recommend annual influenza
vaccination to all transplant candidates and recipients and to
their closed family and contacts (48). Oral oseltamivir can
be an alternative for prevention in patients at risk of severe
influenza if poor immunogenicity of the vaccine is expected.

RSV

RSV is a paramyxovirus belonging to the Preumovirus
genus, which causes annual epidemics worldwide,
particularly in young children. RSV is a leading cause of
respiratory tract infections in lung transplant recipients
and has been associated with impaired allograft outcomes.
Mortality rates of 10% to 20% despite medical treatment
and supportive care have been reported (49-52); although
recent data suggest that attributable mortality is much
lower (53). There is no strong evidence on the best
therapy for RSV in lung transplant recipients (26,49,54).
Uncontrolled data suggest that inhaled or oral ribavirin
(with or without addition of IVIG or steroids) is associated
with a decreased rate of progression from upper to lower
respiratory infections (55). Presatovir, a novel orally RSV
fusion inhibitor, has failed to improve viral or clinical
outcomes in lung and stem cell transplant recipients (56,57).
Beside general preventive measures and isolation of RSV
cases, there is no validated preventive strategy against
RSV in adult SOT recipient; in children younger than
24 months, the RSV-specific humanized monoclonal
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antibody palivizumab may be considered for prophylaxis.

PIVs

PIVs are enveloped RNA viruses from the genus
Paramyxoviridae, with four types known (PIV-1 to 4). Most
of PIV infections are community-acquired, but outbreaks
have been described in health care facilities (58). PIV
usually cause mild upper respiratory infections, but can
lead to severe lower respiratory tract infections in lung
transplant patients. PIV infections are also associated with
allograft lung dysfunction (3,15). Treatment is mainly based
on supportive care and reduction of immunosuppression,
although some experts recommend the use of ribavirin and
IVIG to treat severe PIV infections. A novel recombinant
sialidase fusion protein administered by oral inhalation,
DAS181, has shown a good response in two reports in lung
transplant recipients and a phase 2 trial is currently ongoing
for the treatment of PIV in transplant recipients (59-61).

bMPV

hMPV is an RNA paramyxovirus that causes respiratory
infections with clinical manifestations similar than in patients
with RSV infection. hMPV infection is common in lung
transplant recipients and can cause severe presentation with
pneumonia, acute and chronic allograft dysfunction (44).
Ribavirin with or without IVIG may be considered for
therapy in case of severe infection, but supportive care
remains the main treatment for h(MPV infection (62).

Picornaviruses

Human rhinovirus and enteroviruses are members of the
Picornaviridae family. Because current molecular diagnostic
assays usually do not differentiate between both genera,
the term picornavirus infection is preferred, although most
of the upper respiratory viral infections found in lung
transplant recipients are actually caused by rhinoviruses (10).
Infections are usually mild, with cough and rhinorrhea being
the most common symptoms, although lower respiratory
tract infections in lung transplant recipients have also been
described (10,13). Of note, in case of universal screening
by PCR, up to one third of rhinovirus infection in lung
transplant recipients may be asymptomatic. Rhinovirus can
also cause chronic infection with protracted viral shedding
and progressive decline in lung function (63). There is no
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specific treatment or prophylaxis for rhinovirus infection.

HCoV
HCoV, including HCov 229E, NL63, OC43, and HKUI,

are a frequent cause of respiratory viral infection in lung
transplant recipients (13). HCoV usually causes mild upper
respiratory disease but may progress to low respiratory tract
infections. Two additional zoonotic HCoV were associated
with outbreaks of severe respiratory syndrome in the last
decade, namely SARS-CoV and MERS-CoV, with very few
cases diagnosed in SOT recipients (64). A novel coronavirus
disease caused by SARS-CoV-2, named COVID-19, was first
described in December 2019 in Wuhan, China, and declared
as pandemic in March 2020, affecting millions of people
worldwide (6). In the general population, approximately
20% of patients with COVID-19 have a moderate to severe
presentation that requires hospitalization, and 5% progress
to critical disease, with a mortality estimated between 1-3%
(65). The clinical course of COVID-19 is characterized by
a first phase of viral syndrome with fever and cough, with
high SARS-CoV-2 viral load found in the respiratory tract,
followed by a second inflammatory phase associated with
the development of ARDS and a hypercoagulability state,
due to massive cytokine release (66). Currently, it is under
discussion whether COVID-19 have a more severe course
in SOT recipients than among general population (67-69).
On the one hand, SOT recipients are known to have a
higher risk for complications of respiratory viral infections.
On the other hand, the immunosuppressive regimens used
after transplantation may attenuate the manifestations of
the inflammatory syndrome produced by SARS-CoV-2
infection. Assessment of mortality is challenging because
of potential diagnostic biases towards more severe cases,
a higher rate of comorbidities in transplant recipients as
compared to the general population, and differences in
overall mortality among centers. Nevertheless, recent
reports showed a higher mortality among hospitalized
transplant recipients compared to general population when
adjusting for comorbidities. In a French study comparing
outcomes between matched kidney transplant recipients and
non-transplant patients, the 30-day cumulative incidence
of severe SARS-CoV-2 infections did not differ between
the two groups, whereas 30-day mortality was significantly
higher in kidney transplant recipients (17.9% vs. 11.4%
respectively, P=0.038). Specifically for lung transplant
recipients, a large international cohort involving 482 SOT
recipients, with only 30 cases of lung transplant recipients,
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showed a mortality of 20.5% in the whole cohort and 33%
among lung transplant recipients (9). In a French cohort
including 35 lung transplant recipients most patients had a
severe presentation and requiring hospitalization, resulting
in 14.2% of hospital mortality (69).

No clinical trials are available evaluating COVID-19
treatment specifically among SOT recipients. As a
consequence, evidence to guide their management is draw
from large clinical trials among general population. In the
UK Recovery trial, dexamethasone reduced mortality in
patients who needed oxygen or invasive ventilation (70),
and has become the standard of care for COVID-19 also
in lung transplant recipients. Addition of tocilizumab, an
anti-IL6 receptor, may further improve patient outcomes,
in particular at the time of admission in the ICU (71).
However, the potential increased risk of opportunistic
infections in lung transplant recipients with the use of these
immunomodulatory drugs has not been systematically
evaluated, so that caution is needed with its use. Remdesivir
reduced the time to recovery and length of stay in one
US trial (72), but did not showed a significant decrease
in need for ICU, length of stay and mortality in a large
multinational trial including more than 10,000 patients (73),
so that the use of remdesivir is not universally recommended
for treating COVID-19 in the general population (74).
Convalescent plasma and use of anti-Spike monoclonal
antibodies seems to improve outcome by reducing viral
load and rate of severe outcomes when given very early
in the course of infection, before the development of the
cytokine storm (75-77). Although very few data are available
specifically in lung transplant recipients, these therapies
could be used for preventing severe COVID-19 at the time
of the initial diagnosis. Modulation of immunosuppression
during COVID-19 is an important part of the therapeutic
approach of COVID-19 in SOT recipients (9,78). Based on
expert opinion, it is recommended to taper or discontinue
temporarily antimetabolites, but to maintain calcineurin
inhibitors and corticosteroids (7,79-81). International
scientific societies advice against the use of organs
from deceased donors tested positive for SARS-CoV-2,
particularly for lung donors (81-83). However, a case
report describing a proven transmission of SARS-CoV-2
from a lung donor, who tested negative by RT-PCR on a
nasopharyngeal swab but positive on bronchoalveolar lavage
fluid when subsequently tested, supports universal SARS-
CoV-2 testing in the lower respiratory tract before lung
donation (84).

Recent data showed that immunogenicity of mRNA
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vaccines against SARS-CoV-2 is highly impacted in
solid organ transplantation, as compared to the general
population, with only 30-50% of transplant recipients able
to generate an antibody response after 2 doses of vaccine,
suggesting that most transplant recipient remain at risk for
SARS-CoV-2 infection after vaccination (85,86). Use of
antimetabolites, in particular mycophenolate, seem to be
associated with impaired responses. Interventional research
is needed to establish additional strategies for increasing the
immunogenicity of COVID-19 vaccines specifically in SOT

recipients.

Adenoviruses

Adenovirus is a non-enveloped double-stranded DNA virus
of the family Adenoviridae. Infections due to adenovirus
occur throughout the year without seasonality (87). Clinical
presentation cannot be differentiated from other respiratory
viral infections, usually causing mild upper respiratory
tract infection (62). However, in highly immunosuppressed
patients, life threatening disseminated disease with viremia
and organ failure can also be seen. Treatment of adenoviral
infection is supportive with reduction of immunosuppression
therapy (88). Cidofovir and brincidofovir can be used in case
of disseminated disease (27,89,90).

Herpesviruses infections
cMV

CMV is a ubiquitous B-herpesvirus that persists as a
latent virus after primary infection and can reactivate in
immunocompromised individuals (91,92). CMV infection is
defined as the presence of CMV replication in tissue, blood,
or other body fluids regardless of symptomatology (93).
CMV disease refers to CMV infection with clinical
signs and symptoms and can be categorized as CMV
syndrome (presenting with fever, malaise, leukopenia,
thrombocytopenia, and/or elevated hepatic transaminases)
and end-organ CMV disease (colitis, gastritis, pneumonitis,
hepatitis, retinitis) (94). The presence of CMYV in a biopsy
is needed for the diagnostic of proven disease (except for
CMV retinitis); otherwise, the event is referred as probable
disease (95).

The main risk factor for the development of CMV
disease is CMV serostatus of the donor (D) and recipient
(R), being D+/R~ patients at the highest risk and CMV-
seropositive recipients (R+) at a moderate risk (93,96,97).
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Immunosuppression plays also a role, with the use of
lymphocytes-depleting agents associated with increased
risk (98,99), and the use of mTOR inhibitors generally
associated with a lower risk (100).

The most common clinical manifestations of CMV
disease in lung transplant recipients include viral syndrome
and gastrointestinal disease (colitis and gastritis). While
CMV pneumonitis was an important complication in the
early years of lung transplantation, the incidence of CMV
pneumonitis in lung transplant recipients nowadays is
relatively low (less than 10%). However, given that CMV
replication in the allograft measured in the bronchoalveolar
lavage is relatively common (40-45%), diagnosis of CMV
pneumonitis may be challenging in this setting. In addition
to the direct effects of CMV infection and disease, CMV
has pro-inflammatory and immunosuppressive effects
(101-103). In lung transplant recipients, CMV has been
associated with CLAD in some, but not all studies (104-107).
Those immunomodulatory effects of CMV may predispose
patients to opportunistic infections, in particular fungal
infections (101,108,109). The use of universal antiviral
prophylaxis in the current era seems to reduce the impact of
CMV in allograft outcomes (110,111).

Without a preventive strategy, CMV infection and
disease typically occur during the first three months after
transplantation (93). Current incidence of CMV disease in
lung transplant recipients varies from 5% to 40% depending
on serological status and preventive strategy used (111-113).
The main preventive strategies against CMV disease are
antiviral prophylaxis and preemptive approach. Antiviral
prophylaxis consists in the administration of an antiviral
drug for a defined period, generally 6 to 12 months in lung
transplant recipients. The pre-emptive approach is based
on monitoring of CMV viral load in blood/plasma and
administrating an antiviral drug in case of early detection
of CMV replication before the development of symptoms.
While the preemptive approach is widely used in kidney
and liver transplant recipients, antiviral prophylaxis with
valganciclovir remains the most commonly used preventive
strategy in lung transplant recipients, in both D+/R- and
R+ patients (93). Potential advantages of prophylaxis include
a better control of CMV replication early after transplant,
which may reduce the immunomodulatory effects of CMV.
However, antiviral prophylaxis may also delay the mounting
of an effective cell-mediated immunity to control CMV
replication. Of note, no controlled trial has compared both
strategies after lung transplantation (108,112,114-117).
Letermovir is a novel antiviral drug targeting UL56 of the
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terminase enzyme complex approved for CMV prophylaxis
in stem cell transplantation (118-120). Experience in
lung transplant recipients is limited to case reports of
secondary antiviral prophylaxis after ganciclovir-resistant
cases (121,122). A phase III trial is ongoing comparing
valganciclovir and letermovir for CMV prophylaxis in
kidney transplant recipients.

Recent data suggest that the assessment of cell-mediated
immunity may better predict the risk for developing CMV
disease post transplant that CMV serostatus, so that the use
of a routine CMV immune monitoring strategy can help to
individualize prevention of CMV in a given patient (123).
In a recent randomized trial involving 118 lung transplant
recipients, patients were randomized to receive either
5 months of prophylaxis or a variable duration according
to the result of the Quantiferon-CMYV (an assay measuring
the release of interferon-y after stimulation by CMV
antigens) (124). Patients in the intervention arm had a lower
incidence of CMV replication in the allograft, in particular
those patients with a detectable cell-mediated immunity.
Other trials to adapt the duration of prophylaxis in different
transplant settings are ongoing (123).

Therapy of CMV disease generally consists on the
administration of oral valganciclovir or IV ganciclovir (125).
Duration of therapy is usually 3 to 4 weeks, and it is
determined by a clinical response and reduction in CMV
viremia. Secondary prophylaxis for 4-6 additional weeks
with valganciclovir is usually recommended to avoid early
relapse, particularly in D+/R~ patients. Recently, a non-
controlled trial showed that patients with detectable cell-
mediated immunity at the end of antiviral therapy had a
low risk for relapse, and that secondary prophylaxis was not
needed in these patients (126). Antiviral-resistant CMV
remains an important clinical concern in D+/R- lung
transplant recipients, with an estimated incidence of 5-15%
(127-129). The most common mechanisms of resistance
are mutations in the UL97 kinase and in the UL54 DNA
polymerase (130-132). Antiviral resistance should be
suspected in case of increased viral load or persistent clinical
symptoms despite adequate antiviral treatment for two
weeks (117). Treatment of drug-resistant CMV is largely
based on expert opinion, but foscarnet or cidofovir and
reduction in immunosuppression remain the preferred
strategy (93). Maribavir is a competitive inhibitor of ATP
binding to the UL97 protein kinase of CMV (133). A
randomized phase II study in patients with refractory CMV
infection showed resolution of CMV viremia in two-thirds
of patients within 6 weeks of maribavir treatment (133), and
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a phase III trial has recently been completed and results are
expected soon.

Epstein-Barr virus (EBV)

EBV is a ubiquitous gamma-herpesvirus with a
seroprevalence reaching 90-95% of the adult population.
Primary infection occurs mainly in children and young
adults and can be asymptomatic or present as a febrile
syndrome known as infectious mononucleosis. EBV
has a tropism for B-cell lymphocytes with the ability to
remain latent throughout life. In transplant recipients,
the lack of cell-mediated immune surveillance due to
immunosuppression can lead to uncontrolled proliferation
of EBV infected B-cells (134). This entity is known as post
transplant lymphoproliferative disorder (PTLD) (135,136),
which is the most common malignancy complicating solid-
organ transplantation, after skin cancer (137). The highest
risk for EBV-related PTLD is seen in seronegative patients
who receive an allograft from a seropositive donor (D+/R-),
a particular concern in pediatric transplantation (138,139).
Due to a higher net state of immunosuppression, PTLD is
more common in lung transplant recipients (140,141), with
a cumulative incidence within 5 years ranging from 3.4% to
9.4%, as compared to 0.5% to 1% in other SOT recipients
(142-146).

The clinical presentation of PTLD is heterogeneous,
ranging from localized lesions to disseminated disease,
and it is characterized by high incidence of extranodal
involvement, including frequently the gastro-intestinal
tract (in 20-30% of cases), allograft (10-15% of cases), and
central nervous system (CNS) (5-20% of cases) (146-149).

Prevention of PTLD in high-risk lung transplant
recipients is of major importance. Although antiviral drugs
(acyclovir or ganciclovir) have in vitro activity against EBV,
they act only in lytic virus and not on the latently EBV-
infected cells, so that the efficacy of antiviral prophylaxis
for preventing EBV primary infection remains unknown.
However, given the wide antiviral activity of ganciclovir
against the other herpesviruses, it is widely used in this
setting. Another preventive strategy for PTLD in high-
risk patients is a preemptive approach consisting on the
monitoring of peripheral blood EBV DNA levels (150-153),
to identify patients with persistent high-levels of EBV
DNAemia at higher risk for the development of PTLD
(154,155). These patients may theoretically benefit from
an intervention to decrease the level of EBV DNAemia,
such as reduction of immunosuppressive therapy or
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administration of rituximab, a monoclonal anti-CD20
antibody. Despite limited published data, this preemptive
strategy seems to be able to reduce the incidence of PTLD
among pediatric SOT recipients (156,157). Limitations of
this approach include a low predictive value of the detection
of EBV DNAemia for subsequent EBV-related PTLD,
the lack of EBV assay standardization, and the absence of a
defined optimal monitoring algorithm (147).

The initial management of PTLD consists in a careful
reduction of immunosuppression to restore partially
the T-cell immunity (136). This strategy alone leads to
a regression of polyclonal PTLD in 20-80% of cases
(136,155). Rituximab associated or not with chemotherapy
(CHOP) is the standard treatment in patients who do not
have a response to reduced immunosuppression (158).
Surgery, radiotherapy and adoptive immunotherapy
(159,160) are used in case of non-response of the first-line
strategies (147).

HSV
HSV-1 and HSV-2 belong to the alphaherpesvirinae

subfamily and have the particularity to remain latent in
the sensitive nerve root ganglia after primary infection
(161,162). While HSV-1 is transmitted by oral secretions
and HSV-2 by sexual contacts, both viruses can be found
in either location. HSV disease in adult SOT patients is
mainly due to reactivation, although donor transmission
in seronegative patients has been documented (163).
Seroprevalence in SOT recipients follows that of the
general population and it ranges from 70-80% for HSV-
1 and 10-20% for HSV-2 (164). Mucocutaneous disease
with painful blisters or ulcers at the site of infection is the
most common clinical presentation of HSV disease in lung
transplant recipients, and it can be more severe than in
immunocompetent individuals, with disseminated cutaneous
disease and visceral involvement (up to 15% in recent series
of SOT recipients) (2,164,165). In absence of prophylaxis,
up to 25-35% of patients will reactivate HSV, particularly
in the first weeks following transplantation (166).
However, in the era of antiviral prophylaxis, incidence is
substantially lower. For example, in a recent cohort study
the incidence of HSV infection at 1-year post transplant
was only 1.8% in lung transplant recipients, as compared
to 9.4% heart transplant recipients, a difference explained
by the longer duration of CMV prophylaxis in lung
transplant recipients (164). Specific HSV prophylaxis with
acyclovir, valaciclovir, or famciclovir is recommended for
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lung transplant recipients not receiving otherwise CMV
prophylaxis (CMV D-/R- patients or patients followed by
a preemptive approach) (Figure 2). Therapy of established
HSV infection relies in IV acyclovir in case of disseminated
and non-mucocutaneous disease, and in oral agents in case
of non-severe disease.

VzZv

VZV is an alpha-herpesvirus acquired by an airborne
route by exposure from patients with primary infection
(chickenpox) or reactivation (herpes zoster-HZ). Given
that most adults are seropositive to VZV, the main clinical
presentation in lung transplant recipients is HZ. HZ may
affect up to 20% of lung transplant recipients within 5 years
after transplant, i.e., 30 times more frequent than in the
general population (167-170). Clinical presentation of
chickenpox and HZ in lung transplant recipients are similar
than in the general population, although with a higher
risk for developing disseminated HZ. Extra-cutaneous
manifestations are uncommon (5% in a recent series),
mostly consisting in keratitis and CNS infection (164).
Antiviral therapy with acyclovir is recommended for
cases of chickenpox and HZ in lung transplant recipients.
Although the IV form is preferred, oral therapy with
valaciclovir of famciclovir can be safely given in non-severe
cases. VZV seronegative transplant candidates should
receive the life-attenuated varicella vaccine at least 4 weeks
before transplantation. Varicella vaccine is generally contra-
indicated in the post-transplant period because of a potential
risk of disseminated disease, although it has been safely
given in selected pediatric liver transplant recipients (171).
An inactivated adjuvanted zoster vaccine has shown to be
highly effective to prevent shingles in immunocompetent
adults and demonstrated promising safety profile in kidney
transplant recipients, although there are limited data in lung
transplantation (172).

Human-berpes virus-6 (HHV-6) and -7

HHV-6 and HHV-7 belong to the subfamily beta-
herpesvirinae with a seroprevalence in adults that
exceeds 90% (173), as primary infection is usually
acquired during the first years of life. The potential
pathogenic role of HHV-7 has not been established
yet (174). HHV-6 has the characteristic to persist by
integration of HHV6 DNA sequences in the human
genome, specifically in the telomeric area of all
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Figure 2 Probability of HSV infection after transplantation according to CMV serostatus and antiviral preventive strategy (164). Probability

of HSV infection in CMV D-/R- patients receiving antiviral (av) prophylaxis (yellow line), CMV D+/R- or R+ patients receiving antiviral

prophylaxis (grey line), CMV D-/R- patients not receiving antiviral prophylaxis (green line), and CMV D+/R- or R+ followed by the

preemptive CMV approach (magenta line) (P<0.001, all four groups). HSV, Herpes-Simplex virus; CMV, cytomegalovirus.

chromosomes, an entity named chromosomal-integrated-
HHV-6 (ciHHV®6) (175,176). It is not completely
understood whether HHV-6 can reactivate in patients with
ciHHV-6. Because patients with ciHHV-6 have high viral
loads of HHV-6 genome in their blood samples without
clinical significance, the interpretation of PCR for the
diagnosis of active HHV-6 infection may be challenging.
The most frequent clinical manifestations of HHV-6 disease
in lung transplant recipients are fever, skin rash, and bone
marrow suppression (177-179). HHV-6 CNS infection
presents as limbic encephalitis, although it is rare in lung
transplant recipients. Pre-transplant HHV-6 serostatus
screening of donor and recipients is not recommended based
on the current evidence of low rate of disease. Of note,
asymptomatic replication of HHV-6 in the lung allograft
is common, with uncertain clinical significance (180).
Ganciclovir and foscarnet are the drugs of choice for

therapy of HHV-6.

Human-berpes virus-8 (HHV-8)

HHV-8 belongs to the gamma-herpesvirinae family. HHV-
8 is a non-ubiquitous virus, with a diverse seroprevalence
depending on the geographic regions, being 50% in Africa,
10-30% in Europe, and <10% in North America (181).
The incidence of Kaposi sarcoma is 50 to 200-fold higher
in SOT recipients than in the general population (182).
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HHV-8 serology is not routinely performed for the
screening of organ and recipients, because low specificity,
although it may be considered in endemic geographic
regions. Of note, clusters of donor-derived HHV-8
infection have been described (183). The most common
clinical manifestation of HHV-8-associated disease is
Kaposi sarcoma. Mucocutaneous disease occurs in 90% of
the cases, but visceral involvement can also be present in
60% of the cases. Other severe manifestations of HHV-8
disease include multicentric Castleman disease and primary
effusion lymphoma (184,185). The main therapeutic
strategy is reduction of immunosuppression (186). A switch
from calcineurin inhibitors to mTOR inhibitors has been
associated with resolution of Kaposi sarcoma lesions, but
relapse may occur (186-188). Intralesional chemotherapy,
surgical excision, and radiation therapy can be used if lesion
do not regress with immunosuppression reduction. Visceral
or severe disease often require systemic chemotherapy (186).

Human immunodeficiency virus (HIV)

In the past, HIV infection was considered an absolute
contraindication to lung transplantation. With the advent
of antiretroviral therapy, prognosis of HIV-infected
persons has improved dramatically with extended life
expectancy (189). Consequently, organ transplantation has
become increasingly common in people living with HIV.
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Lung transplantation remains rare in this population but
is increasing in numbers (190,191), as HIV infection is an
independent risk factor for chronic obstructive pulmonary
disease, interstitial lung disease, and pulmonary arterial
hypertension (192-195). Data from large multicentre
prospective studies for HIV-infected thoracic transplant
recipients are lacking, and recommendations for
management are extrapolated from the kidney transplant
experience (196). Transplantation of organs from HIV-
positive donors are now considered for HIV-positive
recipients, given the need to expand the donor pool.
Experience in South Africa and the US has shown good
outcomes in kidney and in liver transplantation, with no
increased acute rejection or mortality (197).

Other viral infections
Norovirus

Norovirus is the most common viral cause of epidemic
gastroenteritis worldwide (198-200), with an incidence
peak during the winter months (201). In SOT recipients,
norovirus has been documented in up to 8% episodes of
community-acquired diarrhea (202). Norovirus commonly
causes an acute disease with nausea, vomiting, and
diarrhea that typically self-resolved with 2-3 days (203),
but in immunocompromised patients it can result in
chronic diarrhea that can last for months (204,205). In a
retrospective study, 23% of SOT recipients with norovirus
infection developed a chronic presentation, associated with
intestinal histopathologic changes such as disorganization
and flattening of the intestinal epithelium (205,206). Stool
viral shedding for several months has also been described
(204,206). There is no specific treatment for norovirus
infection, although an ongoing trial is evaluating the
efficacy of nitazoxanide in SOT recipients.

Parvovirus B19

Human parvovirus B19 infection occurs worldwide
and seroprevalence in adults is estimated to be 50-80%
(202,207). A study reporting 98 cases of parvovirus B19
in SOT recipients (including 12 thoracic organ transplant
recipients) observed a median time onset of 1.75 months
after transplantation. The main clinical manifestation of
parvovirus B19 infection in lung transplant recipients is
chronic anaemia, with leukopenia and thrombocytopenia
can be observed in around one third of patients. Hepatitis,
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pneumonitis, myocarditis and allograft dysfunction are also
described (208). Diagnosis in SOT recipients is based on
detection of DNAemia by PCR. Use of IVIG and reduction
of immunosuppression are usually associated with good
outcomes (although relapses are common) (209).

Conclusions

Opver the last years, we have seen significant advances on the
management of viral infections after lung transplantation.
The implementation of universal preventive strategies and
oral treatment against CMV has greatly reduced the impact
of CMV and other herpesviruses after transplant. This
is true not only for the direct effect of CMV replication,
but also for CMV-associated immunomodulatory effects
(111,164). Consequently, fatal cases of herpesvirus
infections in lung transplant recipients are rarely seen
nowadays. Universal influenza vaccination and early
administration of NAI have reduced the burden of
influenza-associated disease as well. However, there are still
important unmet clinical needs for the management of viral
infections in lung transplant recipients. First, the use of
safer and more efficacious drugs for preventing and treating
other respiratory viral infections, in particular for RSV and
PIV, would potentially improve lung allograft outcomes.
Although new drugs for difficult-to-treat CMV infection
will be soon available, experience in lung transplant
recipients is currently lacking. Second, the advent of new
vaccines would potentially reduce the burden of disease
of several viral infections with significant impact on lung
transplantation (e.g., RSV or CMV). In addition, obtaining
further evidence of the efficacy and safety of improved
vaccines (e.g., high-dose influenza vaccine or adjuvanted
zoster vaccine) would be essential for implementing these
vaccines in the routine clinical practice. Third, the use of
accurate biomarkers to determine the global or pathogen-
specific state of immunosuppression would allow to
personalize the implementation of specific preventive or
therapeutic strategies in a given patient. While the use of
cell-mediated immune assays for CMV is very promising,
interventional trials are still ongoing. Finally, more
data are needed for better understanding the impact of
COVID-19 in lung transplant recipients, and how to better
manage these patients in terms of immunomodulation of
immunosuppression and use of new drugs. These efforts for
assuring an appropriate management of viral complications
after lung transplantation remain an essential step to
continue improving survival and quality of life of lung

7 Thorac Dis 2021;13(11):6673-6694 | https://dx.doi.org/10.21037/jtd-2021-24



6686

transplant recipients.
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