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Abstract

Purpose of review: Respiratory viruses are common in solid organ transplant (SOT) recipients
and recognized as a significant cause of mortality and morbidity. This review examines the
literature on influenza and non-influenza viruses in the SOT recipient.

Recent findings: Advances in immunosuppression and antimicrobial prophylaxis have led to
improved patient and graft survival, yet respiratory viruses continue to be a common cause of
disease in this population. Influenza viruses have received top priority regarding prevention and
treatment, while advances in molecular diagnostic tests detecting an array of other respiratory
viruses have expanded our knowledge about the epidemiology and impact of these viruses in the
both the general population and SOT patients. Effective treatment and prevention for non-
influenza respiratory viruses are only emerging.

Summary: Respiratory viruses can contribute to a wide array of symptoms in SOT, particularly
in lung transplant recipients. The clinical manifestations, diagnosis, and treatment options for
influenza and non-influenza viruses in SOT patients are reviewed. PCR and related molecular
techniques represent the most sensitive diagnostic modalities for detection of respiratory viruses.
Early therapy is associated with improved outcomes. Newer classes of antivirals and antibodies are
under continuous development for many of these community acquired respiratory viruses.
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Introduction

Advances in surgical technique, immunosuppression, and antimicrobial prophylaxis have led
to improved patient and graft survival among solid organ transplant (SOT) recipients.
Nonetheless, infections remain a common complication in transplantation. Community
acquired respiratory viral (CARV) infections, in particular, are a common cause of morbidity
and mortality.

Since multiplex nucleic acid testing (NAT) has been widely available in general health care
in resource-rich countries, a wide range of CARVs have been attributed to disease among
SOT recipients. This includes a wide array of RNA viruses such as influenza A and B,
respiratory syncytial virus (RSV; recently renamed human orthopneumovirus), parainfluenza
virus (P1V), rhinovirus, human metapneumovirus (hMPV), and coronavirus (1). In addition,
DNA viruses, such as adenovirus, polyomavirus, and bocavirus, may also be responsible for
cases of respiratory tract infection. CARVs have been attributed to a range of diseases from
mild congestion and rhinorrhea to more severe tracheobronchitis and pneumonia (1, 2). SOT
recipients often present with mild or atypical symptoms and fever may be absent, leading to
delayed diagnosis.

The rate of progression to LRTI is greater with certain viruses such as influenza, RSV, and
P1V, with the pediatric age group, early after transplantation, in lung transplant recipients,
and with a greater net state of immunosuppression, especially when there is significant
lymphocyte depletion (3). The outcomes of respiratory infections are strongly associated
with the site of involvement, net state of immunosuppression, lower respiratory tract
involvement and early initiation of antiviral therapy. Patients who are heavily
immunosuppressed, have LRTI, and those who fail to receive timely antiviral therapy are
more likely to experience a complicated course or die. In this review, we outline the optimal
diagnostic strategies to detect respiratory viruses, the epidemiology of key respiratory viral
infections in SOT recipients, as well as available preventative and therapeutic strategies.

Epidemiology and Diversity of CARVs

The incidence and seasonality of respiratory viral infections are reflective of what one would
expect from healthy community contacts of the transplant recipient. Influenza, human
metapneumovirus, and respiratory syncytial virus (or human orthopneumovirus) typically
occur most commonly from November through April in the Northern hemisphere, whereas
rhinovirus is more common in the fall and spring while parainfluenza virus (PIV) and
adenovirus occur throughout the entire year. Severity is typically worse early post-transplant
or with recent use of lymphocyte depleting antibodies. Rhinovirus is consistently the most
commonly identified respiratory viral infection and is typically associated with mild self-
limited respiratory symptoms, although more serious complications can occur. After
rhinovirus, coronavirus, PV, RSV, and influenza are the most prevalent. Prolonged
asymptomatic shedding, especially with coronavirus and rhinovirus, is common in SOT
recipients.
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Clinically it is challenging distinguish influenza from infections caused by other viruses
based on clinical symptoms alone (4). Since SOT patients are on medications that modulate
the inflammatory response, symptoms associated with CARVSs are typically less severe and
less common than in normal healthy hosts (5), especially in patients with severe
lymphopenia (6). No single symptom or symptom complex correlates sufficiently to
influenza to be able to make a diagnosis clinically (4); with frequent co-circulation of other
respiratory viruses that are known to cause influenza-like illness. Further, even in patients
infected with influenza, cardinal symptoms may be absent or exceptionally short lived. In
the largest study to date, fever was present in approximately 60%, sore throat was present in
about 35% and myalgias in less than 40% of infected SOT recipients at presentation.(7)

Current microbiologic testing required to definitively diagnose influenza include serology,
rapid antigen detection, direct fluorescent antibodies (DFA), culture, and molecular
diagnostics (8). Molecular diagnostics such as PCR are considered the gold standard for
diagnosis of multiple respiratory viruses, due to their enhanced sensitivity and specificity as
well as speed of diagnosis. Those that detect a wide range of pathogens are preferred and
have been found consistently superior to other diagnostic methods in transplant populations
(8, 9). While PCR has excellent sensitivity, poorly collected specimens can result in false
negative results. Likewise, patients with lower tract infection may have negative nasal swab
testing in up to 20% of cases; as such, sampling of the lower tract may be required to
establish a diagnosis. Serology lacks sensitivity in transplant patients. Rapid antigen testing
is fast, but only are available for influenza and lack sensitivity (40-69%) in novel pandemic
viruses (10, 11). While DFA is rapid and effective, many viruses do not have commercially
available antibodies, limiting the sensitivity of these methods (9).

Influenza Viruses

There are four species of influenza virus that circulate in humans: A, B, C and D. Influenza
A and B are responsible for seasonal epidemics of the disease. Rates of infection among
SOT recipients vary depending on the specific population, type of immunosuppression used,
and circulating influenza strain. Likewise, seasonal variability in vaccine efficacy contributes
to the variability of rates in the SOT population.

Seasonal influenza is typically associated with a self-limited infection, usually of the upper
airway, in otherwise healthy patients and most non-lung SOT recipients (12). In general,
there are been few studies of influenza in SOT recipients with most of the studies focused on
lung transplant recipients (3, 13-17). Influenza may affect up to 48% of transplant patients
during the winter months (16), with mortality ranging from 2—-4% (7, 18). Even higher
mortalities of up to 21% were observed in lung transplant recipients with preexisting grade 3
bronchiolitis obliterans syndrome (BOS) during the 2009 H1N1 epidemic(18, 19). Donor-
derived influenza is a rare event that is of particular concern in lung transplant recipients
(14).
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The epidemiology and significance of influenza in nonlung SOT recipients is less well
understood; in general, while severe disease can occur, most non-lung SOT recipients will
have milder disease, particularly when treated early. Influenza in the SOT population has
been associated with the development of acute rejection, and in the case of lung transplant
with chronic rejection, or chronic lung allograft dysfunction (CLAD) (17, 20-22). Typically,
progressive and severe complications such as viral pneumonia, secondary bacterial and
fungal pneumonia, and extrapulmonary complications are seen more commonly amongst
lung transplant recipients (23).

Prevention and Treatment of Influenza

Prevention of infection is best achieved through respiratory hygiene, vaccination of
recipients and their close contacts, and appropriate contact and droplet precautions in the
hospital setting. Data on immunogenicity of vaccines is thought to be reduced in SOT
patients, especially early post-transplant (24-26). Existing data suggests that responses are
only minimally reduced compared to healthy controls and are associated with reduction in
infection and morbidity and mortality when infection develops despite vaccination (7, 27).
Efforts to improve on influenza vaccine have led to studies of adjuvanted vaccines,
intradermal vaccines, prime-boost approaches and the use of high dose influenza vaccine.
While results from most studies showed modest benefits with alternative vaccine strategies,
a single center study found that high dose vaccine was significantly more immunogenic than
standard dose vaccines (28). Post-exposure prophylaxis with a lower prophylactic dose is not
recommended, but rather empiric treatment with therapeutic dosing of oseltamivir should be
considered in high risk patient such as those with lung transplant or on rejection treatment as
long as started within 48 hours of a confirmed significant exposure. Additionally, in patients
predicted to have poor responses or when vaccine is not available, seasonal prophylaxis can
be considered and has been demonstrated to be associated with significantly lower rates of
culture or PCR-confirmed influenza infections (23).

To date, there are no prospective studies of antiviral therapy specifically in SOT recipients
(29). Therefore, the optimal regimen and duration of antiviral therapy has been incompletely
defined; likewise the role of combination therapy has yet to be studied. Available data for
neuraminidase inhibitors (NAIs), though, do strongly suggest early therapy may be
associated with improved outcomes (3, 7, 30). As such, any SOT patient presenting with
symptoms suggestive of influenza should be started on appropriate antiviral therapy prior to
diagnostic test results, even if the symptoms have been going on for more than 48 hours.
Longer durations of therapy are recommended by many experts and our approach is to treat
for at least 10 days, with longer durations with patients with continued symptoms and
ongoing evidence of viral replication.

Novel antiviral therapies for the treatment of influenza include polymerase inhibitors such as
favipiravir, pimodivir, and baloxavir. Baloxavir was recently globally approved for treatment
of uncomplicated influenza (31-34). Studies in the SOT population are currently lacking.
Given the high rate of resistance emerging with baloxavir therapy in healthy patients, it
would be predicted that resistance emergence would be a significant concern among
immunosuppressed patients; as such, baloxavir monotherapy is not recommended for
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transplant patients. Combination therapy has not been studied in transplant patients but
could be considered in patients presenting with severe illness; such approaches likely will
require repeat dosing every 3 days as is being studied in hospitalized patients
(ClinicalTrials.gov Identifier: ). Unfortunately, there are no current data on drug interactions
with baloxavir and common immunosuppressions which is concerning given the role of
CyP450 in the metabolisms of baloxavir. Studies of baloxavir combination therapy are,
therefore, needed before such approach is considered for routine use in transplant patients.

Human Respiratory Syncytial Virus (RSV)

There are two antigenic types of RSV (recently renamed human orthopneumovirus) called
RSV-A and -B which co-circulate in the community, with local variance to their abundance.
In SOT, RSV has the highest impact in the first year-post transplant except in lung transplant
recipients where the detection rates remain similar over time post-transplant (35, 36).
Progression to LRTI is the most common in lung transplant recipients, with increased risk of
progression early post-transplant due to lymphocyte-depleting antibody therapy or in
patients with significant lymphocytopenia (37, 38).

Ribavirin, IVIG, and steroids have been studied for the treatment of RSV with mixed results.
In SOT, ribavirin has become standard of care despite the lack of randomized controlled
trials demonstrating efficacy. Aerosolized ribavirin is expensive, teratogenic, and requires a
special room for administration, and therefore many centers have begun using oral ribavirin
instead (39). There is no significant difference in 6-month outcomes between oral and
inhaled ribavirin therapy for RSV infection after lung transplant (40, 41). Palivizumab is an
anti-RSV monoclonal antibody that is indicated for RSV prevention in children but has not
been studied in SOT recipients.

Multiple drugs are undergoing investigation for the treatment of RSV (42-47). Only 2
investigational drugs have been studied, to date, in the lung transplant populations: ALN-
RSVO01 and Presatovir. ALN-RSVO0L1 is a small interfering RNA that targets RSV. Two
studies in lung transplant patients have been completed and use was associated with a
significant decrease in new or BOS/CLAD at day 180 (13.6% vs 30.3%, p=0.058). The
effect was enhanced when started early at less than five day from symptom onset. However,
no significant impact on viral parameters or symptom scores was observed and the drug is
no longer being studied.(43, 48) Presatovir (oral GS-5806) is an oral small molecule fusion
inhibitor that has completed phase 2 studies. In the phase Ilb studies in lung transplant
recipients (Clinical Trials.gov Identifier ), presatovir did not result in improved viral or
clinical outcomes.(49) Several trials for RSV vaccines are also underway, but no current
vaccine is available.

Human Parainfluenza Viruses (PIV)

The incidence of PIV is about 5-7% in lung transplant recipients. Traditional diagnostics

covered only PIV-1, -2, and -3, with consistent PIV-4 data being entered only following the
use of multiplex NAT. Outbreaks with PIV-3 occur annually with distribution over the spring
and summer months, and is also the most frequent serotype found in lung transplant patients
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(50-53). PIV infection in lung transplant patients involves the lower respiratory tract
between 10-66% of cases (50). In addition to the immediate effects of the virus, PIV LRTI
has been associated with long-term pulmonary dysfunction in lung transplant patients with
high rate of development of CLAD or chronic rejection (21, 50).

There are no vaccines or approved drugs with clear clinical benefit against PIV. Many
clinicians will administer IVIG, and occasionally oral or aerosolized ribavirin for high risk
patients, despite lack of evidence for efficacy. Studies using DAS181, a novel inhaled host-
active antiviral, for the treatment of PIV in immunocompromised hosts have been completed
but data have not yet been published (ClinicalTrials.gov Identifier: ).

Human Metapneumovirus (hMPV)

The impact of hMPV in SOT is not well defined, as most of the studies are limited to lung
transplant recipients. One study shows HMPV in ~7% of patients with symptoms in half,
and two-thirds with LRTI with tracheobronchitis (35). A link between HMPYV infection and
acute rejection within 3 months, followed by CLAD has been suggested as well (54). Further
large prospective multicenter studies are needed to define further risk factors and clinical
impact of hMPV. No studies of antiviral agents have been conducted for hMPV, although
ribavirin can be considered based on data suggesting efficacy in vitro.

Other CARV in SOT

A number of other viruses have been detected in respiratory samples including rhinovirus
(RhV), coronavirus (CoV), adenovirus (AdV), and bocavirus. Unfortunately, information on
clinical presentation and impact is limited to case series in SOT. There is significant
uncertainty regarding these agents due to known prolonged asymptomatic shedding (55) and
variety of sero-/geno-types of RhVs, CoVs, and AdVs that are not well differentiated in
multiplex NAT diagnostics. Further dedicated clinical and diagnostics studies are needed to
understand the role of the CARVs in SOT recipients.

Rhinovirus (RhV)

RhV has been shown in up to 11% of lung transplant patients (56), with both upper
respiratory tract infection (URT]I) as well as LRTI. There is some evidence that suggests
LRTI with RhV is independently associated with acute rejection and CLAD, although most
studies have not found a significant association with RhV and acute or chronic rejection
(35).

Coronavirus (CoV)

Animal CoV are known for respiratory zoonosis as seen in the past SARS-outbreak and the
ongoing MERS-CoV outbreaks. CoV has been linked to severe pneumonia SOT, with
significant disease in lung transplant. A study from Switzerland identifies CoV in BAL
samples of 5.4% of SOT recipients, with 62% showing signs of LRTI represented by
abnormal radiographic findings and 31% requiring ICU admission (57). Whether the lower
tract changes were due to coronavirus are less clear and most patients have no significant
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clinical sequellae from most coronavirus infections. MERS- and SARS-coronavirus is an
exception and severe, often fatal disease can occur.

Adenovirus (AdV)

AdV are known to persist for prolonged times in lymphoid rich tissues with corresponding
asymptomatic shedding from urine and stool even in healthy hosts for months to years (58,
59). While AdV can cause approximately 1-10% of febrile respiratory tract disease in adults
and children, immunocompromised children with SOT can develop organ-invasive disease
(60). AdV may have a predilection for involvement of the transplanted allograft. In renal
transplant recipients, AdV involvement is most frequently not respiratory disease, but renal
allograft nephritis and hemorrhagic cystitis. These cases are generally not associated with
mortality in the modern era and typically do not require antiviral therapy; reduction of
immunosuppression is usually sufficient to clear infection over a period of weeks (61, 62).
AdV in pediatric lung transplant recipients is associated with CLAD (63), while no
association with CLAD was found in adults (35). AdV can also disseminate to other organs
and cause parapneumonic effusions, hepatitis, gastrointestinal disease, and rarely central
nervous system disease (64—66). The mainstay of treatment is to reduce immunosuppression.
While evidence for efficacy is lacking, cidofovir dosed 1mg/kg three times weekly or
5mg/kg weekly for 2 weeks then every other week have been most widely utilized for
treatment of clinically significant infections; this is typically combined with hydration and
co-administration with probenecid to reduce the risk of nephrotoxicity. To improve
outcomes, allow oral administration and reduce the risk of renal and bone marrow toxicity,
brincidofovir, a lipid ester of cidofovir is currently being developed (67). Patients with
confirmed clinically significant adenovirus infections are eligible for an expanded access
protocol for compassionate use of brincidofovir (ClinicalTrials.gov Identifier: ).

Conclusions

CARVs are common in SOT recipients and can lead to a broad array of infections causing
morbidity and mortality. Understanding their clinical impact is important to optimize further
strategies on prevention and treatment. Treatment options for many of the CARVs are
limited to supportive care and reduction of immunosuppression, while currently approved
therapeutic antiviral options are only available for influenza and RSV. Early therapy is
associated with the best outcomes. Newer classes of antivirals and antibodies are under
continuous development for many of these viruses. Hopefully, these newer options will lead
to a reduction of impact caused by respiratory viruses on the transplant population.
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Key Points:

. Respiratory viruses can cause a wide array of symptoms in the solid organ
transplant (SOT) recipient with increased morbidity and mortality,
particularly in lung transplant recipients, when compared to healthy subjects.

. The gold standard for diagnosis of respiratory viral infections is multiplex
PCR.
. There is proven morbidity benefit in SOT patients who receive early antiviral

therapy and annual influenza vaccination even despite reduced
immunogenicity of vaccines this population.

. Multiple therapeutic and preventative options are currently under
development for a wide array of respiratory viruses.
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