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ABSTRACT

Objectives: The aim of this review is to provide updated information on the clinical spectrum, treatment
options, and infection prevention strategies for respiratory viral infections (RVIs) in both solid organ
(SOT) and hematopoietic stem cell transplant (HSCT) patients.

Methods: The MEDLINE and PubMed databases were searched for literature regarding the aforemen-
tioned aspects of RVIs, with focus on respiratory syncytial virus, adenovirus, influenza virus,
parainfluenza virus, human metapneumovirus, and rhinovirus.

Results: Compared to immunocompetent hosts, SOT and HSCT patients are much more likely to
experience a prolonged duration of illness, prolonged shedding, and progression of upper respiratory
tract disease to pneumonia when infected with respiratory viruses. Adenovirus and respiratory syncytial
virus tend to have the highest mortality and risk for disseminated disease, but all the RVIs are associated
with higher morbidity and mortality in these patients than in the general population. These viruses are
spread via direct contact and aerosolized droplets, and nosocomial spread has been reported.
Conclusions: RVIs are associated with high morbidity and mortality among SOT and HSCT recipients.
Management options are currently limited or lack strong clinical evidence. As community and
nosocomial spread has been reported for all reviewed RVIs, strict adherence to infection control
measures is key to preventing outbreaks.

© 2017 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction Although the incidence of these infections typically follows

Respiratory viral infections (RVI) such as those caused by
respiratory syncytial virus (RSV), adenovirus (ADV), influenza
virus, parainfluenza virus (PIV), human metapneumovirus (hMPV),
and rhinoviruses typically cause self-limited upper respiratory
tract infections (URTI) in immunocompetent hosts, but are
associated with high morbidity and mortality in both bone
marrow and solid organ transplant (SOT) recipients. The rates of
these infections typically mirror epidemiological prevalence in the
community, but the clinical course tends to be more aggressive
early post-transplant. Most patients initially develop a URTI, and
up to half may develop complicated lower respiratory tract
infections (LRTI) (Raad et al., 1997; Lee and Barton, 2007), resulting
in a prolonged duration of illness with viral shedding, graft
dysfunction, graft loss, and sometimes even bronchiolitis obliter-
ans among lung transplant recipients (LTRs) (Ison, 2009; Lee and
Barton, 2007).

These respiratory infections are known to be community-
acquired in the general population, but in transplant patients,
nosocomial transmission is frequently encountered. In a study
performed among bone marrow transplant (BMT) patients, 48% of
RVIs were associated with nosocomial transmission (Whimbey
et al., 1996).

The Centers for Disease Control and Prevention (CDC)
recommend the implementation of specific measures to prevent
the spread of RSV, PIV, ADV, and influenza virus infections within
healthcare settings (Tablan et al., 2004). Studies suggest that
infection control practices vary across institutions throughout the
country and unfortunately are not widely implemented. Strict
adherence to infection control measures such as hand hygiene and
contact precautions, staff education regarding modes of transmis-
sion and disease prevention, regular monitoring of healthcare
worker practices, and surveillance are key elements in the
prevention of outbreaks (Tablan et al., 2004).

This article aims to review the literature on RVIs among
transplant recipients, including their management and principles
of infection prevention.

Respiratory syncytial virus

RSV is a common infectious complication of transplantation,
with an incidence of up to 12% in hematopoietic stem cell
transplant (HSCT) patients and 16% in adult LTRs. It has year-round
prevalence, with peak incidence from September through April
(Hirsch et al., 2013; Renaud and Campbell, 2011). Infections from
RSV typically manifest as self-limiting URTIs in immunocompetent
adults. However, LRTIs develop in about two-thirds of HSCT
recipients (Hattington et al., 1992; Weigt et al., 2011). The
progression to an LRTI is commonly observed in patients with
an allogeneic stem cell transplant, mismatched donor transplant,
graft-versus-host disease, old age, myeloablative therapy, long
duration of lymphopenia, and early post-transplant infection
(Weigt et al., 2011; Lavergne et al., 2011; Neemann and Freifeld,
2015). RSV infections in this patient population are associated with
higher morbidity and mortality when compared to other RVIs.

community outbreaks, one study reported that up to two-thirds of
RSV infections were hospital-acquired (Whimbey et al., 1995).
During an outbreak of RSV infection among BMT recipients, pre-
engraftment patients had a higher risk of acquiring RSV infections
than engrafted patients (Hattington et al., 1992). If patients
developed an infection isolated to the upper respiratory tract,
outcomes were generally good, with 100% survival; however,
mortality rose to 78% among patients with RSV pneumonia despite
treatment with inhaled ribavirin. Prolonged viral shedding (21.7
days) was also associated with a higher rate of mortality
(Hattington et al., 1992). In another study, RSV pneumonia was
associated with 100% mortality among adult BMT recipients in
whom antiviral therapy was started after the onset of respiratory
failure.

The LTR population is the best studied group among adult SOT
recipients for RSV infections. The overall mortality for RSV
infections ranges from 10% to 20% among immunocompromised
patients (Weigt et al., 2011). Although mortality is lower in LTRs
than in BMT patients, morbidity remains high. According to one
study, 72% of LTRs with RSV infections developed graft dysfunction
(Hopkins et al., 2008). In terms of long-term sequelae, LRTIs caused
by RSV have been associated with the development of reactive
airway disease in pediatric patients, airflow decline in HSCT
patients, and bronchiolitis obliterans syndrome in LTRs (Weigt
et al., 2011).

Transmission

RSV infection is transmitted via droplets and direct skin contact
(Jensen et al., 2016). Droplet transmission requires close contact
(<1m) with large-particle virus-containing droplets (>5 wm).
While this may occur during sneezing, coughing, and procedures
such as bronchoscopy, it is a less common means of nosocomial
transmission, because larger particles do not remain suspended in
air for a long time (Garner, 1996). Skin contamination, likely of
healthcare workers, results in the nosocomial spread of RSV from
one patient to another (Raad et al., 1997).

Treatment and prevention

Currently, no vaccines are available for the prevention of RSV
infections (Weigt et al., 2011). Early diagnosis of infection and
timely institution of antiviral therapy is critical to prevent
progression to LRTI and to achieve a favorable outcome (Jones
et al., 2000). Although there are no clear recommendations or
randomized study data regarding the treatment of RSV, there are
early reports of improved outcomes with inhaled ribavirin.
However, aerosolized ribavirin is logistically difficult to administer
and has teratogenic potential. Dispensing systemic oral and
intravenous ribavirin has been effective in some cohort studies,
with no available evidence to strongly recommend a specific route
of administration (Weigt et al., 2011; Neemann and Freifeld, 2015;
Lehners et al., 2013; Gross and Bryson, 2015; Beaird et al., 2016).
Several reports describe combining ribavirin with intravenous
immunoglobulin (IVIG) or RSV-specific immune globulin
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(Neemann and Freifeld, 2015; Whimbey et al., 1995; Beaird et al.,
2016). Novel drugs such as ALN-RSVO1 are currently under
investigation with promising phase 2b results demonstrating a
low incidence of RSV-induced bronchiolitis obliterans syndrome in
LTRs (Gottlieb et al., 2016).

Intensifying infection prevention practices such as vigilant
hand washing, contact precautions, and the use of masks and eye
protection while performing procedures are key elements to
prevent the nosocomial transmission of RSV (Tablan et al., 2004;
Lehners et al., 2013; Hall, 2000; Garcia et al., 1997). In addition,
interactions with visitors and other staff members should be
reduced by screening visitors for symptoms of respiratory tract
infection, employing universal masking in transplant units,
prohibiting children <12 years of age from visiting patients
admitted to the unit, moving patients with suspected RSV to a
private room, and limiting transport while diagnostic testing is
underway (Tablan et al., 2004; Hattington et al., 1992; Garcia et al.,
1997). According to one study, the incidence density of RSV
infections among BMT recipients declined from 1.4 to 0.2 per 1000
patient-days with the implementation of such measures (Raad
et al.,, 1997; Lavergne et al., 2011; Jones et al., 2000; Garcia et al.,
1997). Further proposed prevention strategies include the use of
palivizumab, a monoclonal antibody approved for RSV prophylaxis
among infants born prior to 29 weeks of gestation (American
Academy of Pediatrics, 2014). There is no consensus regarding its
off-label use for RSV prophylaxis in HSCT and SOT recipients
(Gaboli et al., 2014). Although palivizumab is not currently
recommended for the prevention of RSV infections among adults,
a growing body of evidence suggests that it may represent a safe
option for RSV prophylaxis among the pediatric as well as adult
HSCT patient population (Weigt et al., 2011; American Academy of
Pediatrics, 2014; Recommendations of the Center for International
Blood and Marrow Transplant Research (CIBMTR®) et al., 2009;
Kassis et al., 2010). Kassis and colleagues used active surveillance
successfully to identify patients infected with RSV and instituted
necessary infection control measures along with palivizumab
prophylaxis for high-risk patients to successfully prevent an
outbreak among adult HSCT patients (Kassis et al., 2010).

Adenovirus

ADV can be grouped into seven distinct subgroups (A-G) and 53
serotypes. Serotypes 1-4, 7, and 21 cause disease in humans and
each serotype is associated with a specific clinical syndrome
(Sandkovsky et al., 2014). The American Society of Transplantation
defines ADV infections based on symptoms, detection of virus by
PCR or culture, and the presence of tissue invasive disease. The
American Society of Transplantation defines asymptomatic infec-
tion as the detection of the virus by PCR in blood, urine, stool, or a
respiratory specimen in the absence of overt symptoms. ADV
disease is defined as the detection of virus in biopsy specimens or
cultures in a patient with compatible symptoms. Patients are
diagnosed with disseminated disease if two or more organs are
involved regardless of the presence of viremia (Florescu and
Hoffman, 2013).

In immunocompetent individuals, the spectrum of infections
caused by ADV ranges from mild URTI to conjunctivitis and
gastrointestinal infections; in immunocompromised patients,
pneumonia, hepatitis, hemorrhagic cystitis, colitis, pancreatitis,
meningoencephalitis, and disseminated disease may also be seen
(Weigtetal., 2011; Sandkovsky et al., 2014). Infections among HSCT
and SOT patients are associated with high morbidity and mortality
(Sandkovsky et al., 2014).

The incidence of ADV infections ranges from 2.5% to 14% among
autologous HSCT recipients and from 5% to 47% among allogeneic
HSCT recipients. The incidence is highest during the first 100 days

following transplantation. Factors associated with severe disease
and poor outcomes include allogeneic transplant, young age,
disseminated disease, exposure to T-cell depleting agents, low T-
cell counts following transplantation, graft-versus-host disease,
ADV viremia, rising serum viral load, total body irradiation, and
HLA mismatch (Sandkovsky et al., 2014).

The true incidence of ADV infections among adult SOT
recipients is unknown. In SOT patients, most infections occur
within the first year of transplantation. ADV infections are more
common in pediatric transplant recipients, with an estimated
incidence of 10% (Sandkovsky et al., 2014; Florescu and Hoffman,
2013; McGrath et al., 1998). Asymptomatic viremia is common
among adult patients and may be observed in 6.5-22.5%, with a
low risk of progression to overt disease (Humar et al., 2005; Ison
et al., 2009). The degree of immunosuppression, type of trans-
planted organ (i.e., small intestine), and sero-mismatched organs
are factors associated with worse outcomes among SOT patients
(Sandkovsky et al., 2014; Ison et al., 2009; Runde et al., 2001). ADV
infections may lead to pneumonia, graft loss, and death among SOT
patients. In a pediatric study, 50% of LTRs with graft loss were
infected with ADV (Bridges et al., 1998). In a retrospective review of
191 adult orthotopic liver transplant patients, seven cases of ADV
disease were diagnosed. All patients had pneumonia, three were
diagnosed with disseminated disease, and two patients died
(McGrath et al., 1998). While infection may be associated with graft
failure in heart, kidney, and liver transplant patients, pneumonia is
a less common manifestation than in LTRs (Sandkovsky et al.,
2014).

In HSCT, manifestations include severe pneumonia and
gastrointestinal disease, including hepatitis and colitis. Other
complications may involve hemorrhagic cystitis and adenoviral
keratoconjunctivitis (Linderman et al., 2010; Robin et al., 2007).

Transmission

ADV is transmitted through direct contact with a patient’s
surroundings via fomites and infected secretions. Strains associat-
ed with gastroenteritis may be spread via fecal-oral route (Ison
et al., 2009). ADV may be associated with healthcare-associated
infections. In addition, these infections may be acquired from
infected donors. The virus may establish latency in the organ and
cause overt disease in the period of high intensity immunosup-
pression following transplantation (Ison et al., 2009).

Treatment and prevention

Supportive care and a reduction in immunosuppression are the
cornerstones of management for ADV infections (Sandkovsky et al.,
2014). Although there are no US Food and Drug Administration
(FDA) approved medications for the treatment of ADV infections,
several agents including cidofovir, brincidofovir, ribavirin, and
ganciclovir demonstrate in vitro activity against the virus (Ison
et al., 2009). Of these, intravenous cidofovir is favored by most
studies because it retains activity against all ADV serotypes
(Ganapathi et al., 2016).

While support for the use of antiviral agents is based largely on
case reports and series, most transplant centers favor the use of
intravenous cidofovir for the treatment of severe, progressive, and
disseminated disease. Once initiated, treatment should be contin-
ued until symptoms have resolved completely and three consecu-
tive specimens obtained 1 week apart from the site of infection test
negative for ADV (Florescu and Hoffman, 2013; Ison et al., 2009).
Cidofovir may also be used to preemptively treat viremic patients
with a clinical syndrome compatible with ADV infection. Antiviral
initiation should be weighed carefully given possible medication
side effects, namely nephrotoxicity.
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Brincidofovir is a cidofovir derivate with a lipid chain that
increases its cellular uptake. It has good in vitro activity against
ADV. Phase 2 and 3 studies have shown reduced renal and bone
marrow toxicity, making this a promising alternative treatment for
double-stranded DNA viruses including ADV. The AdVise trial
open-label non-randomized study in pediatric and adult HSCT
patients week-24 report showed ADV viral load reduction at week
4 (76% of all pediatric patients and 44% of adults), 60-day all-cause
mortality of 19% for pediatric patients vs. 43% for adults, and
improved mortality with antiviral response in patients with ADV
disseminated disease. Gastrointestinal side effects were a common
cause of drug discontinuation in this and previous trials (Florescu
et al,, 2012; Grimley et al., 2016; Anon, 2017).

Prophylaxis is not recommended for ADV infections and there is
no vaccine available for the prevention of these infections
(Sandkovsky et al., 2014). Proposed strategies for the prevention
of ADV outbreaks include cohorting patients, limiting the number
of staff and visitors in a patient’s room, and excluding infected
hospital staff members from the unit (Weigt et al., 2011). Hand
washing is unlikely to eradicate the virus from hands of staff
members; therefore the implementation of strategies such as
contact and droplet precautions for the duration of an infected
patient’s hospital stay is recommended (Weigt et al., 2011; Ison
et al., 2009).

Influenza virus

There are four types of influenza virus: A, B, C,and D. Influenza A
and B viruses are responsible for seasonal epidemics of the disease.
A typical case in an immunocompetent host is associated with an
average of 3 days (range 4-8 days) of systemic symptoms including
fever, myalgia, cough, and diarrhea. However, transplant patients
may present atypically and therefore be diagnosed later. For
example, in HSCT patients, rhinorrhea was the most common
symptom occurring in 85% of patients, followed by cough in nearly
half of patients; fever was relatively rare occurring in only 30% of
patients (Ison, 2013).

The incidence of influenza virus infection in transplant patients
is similar to that in the general population. It is estimated to be 0-
13% among SOT recipients and 4-5% among HSCT patients (Weigt
et al.,, 2011). Therefore, organ transplant recipients represent a
high-risk group for seasonal influenza viral epidemics and may
experience worse outcomes compared to the general population
(Raad et al.,, 1997; Weigt et al., 2011; Whimbey et al., 1994).

Influenza infections may occur at any point following trans-
plantation in comparison to immunocompetent individuals, and
the vast majority of these may be complicated by superimposed
bacterial or fungal pneumonia (Raad et al., 1997; Weigt et al., 2011).
In a study performed among HSCT patients, 23% developed LRTIs
and the 30-day mortality was 5% (Kmeid et al., 2016). In a
multicenter evaluation of pandemic influenza A/2009 H1N1 in
HSCT patients, a 30-day mortality of 18.9% was noted (Reid et al.,
2013). In HSCT, poor patient outcomes were associated with
augmented immunosuppression for graft-versus-host disease,
lymphopenia (CD4 <100 cells/ml), increasing age, and unrelated
or mismatched donors (Ison, 2013; Reid et al., 2013).

In SOT patients, severe disease is usually seen early post-
transplant during periods of intense immunosuppression, partic-
ularly in LTRs (Ison, 2013). Risk factors for severe disease include
recent use of high-dose steroids, recent rejection, lymphocyte
depletion, and lung transplantation. According to a retrospective
single-center study, 39% of all respiratory infections were causedby
influenza and 32% of all viral infections were observed among LTRs
(Garbino et al,, 2004). Overall, SOT patients are at higher risk of
progression to pneumonia, respiratory failure requiring mechanical
ventilation, secondary bacterial pneumonia, and extrapulmonary

complications including pericarditis, myositis, and bronchiolitis
obliterans (LTR) (Whimbey et al., 1994). Influenza infections may be
associated with a significant decline in FEV1 (forced expiratory
volume in 1second) in LTRs (Garbino et al., 2004).

Transmission

Influenza viruses may be transmitted through the air in the
form of aerosols and droplets, or through direct contact with
secretions from infected patients or contaminated surroundings
(Recommendations of the Center for International Blood and
Marrow Transplant Research (CIBMTR®) et al., 2009). Transplant
recipients may acquire an influenza viral infection during hospital
admissions. According to one study in BMT patients, more than
50% of cases of influenza A infection may be healthcare-associated,
with suspected transmission from infected visitors and healthcare
workers (Raad et al., 1997; Whimbey et al., 1994). Another study
reported an outbreak of the influenza A(H1N1) pandemic strain in
a kidney transplant unit in 2009. Twenty-three patients in
postoperative care were included in the cohort and received
either prophylactic or treatment doses of oseltamivir based on
nasopharyngeal swab PCR testing. Six out of the 23 patients had
not received seasonal influenza vaccination previously and had
poor outcomes: five of the six were diagnosed with influenza A
(H1N1) and three of the five developed severe respiratory distress
syndrome and eventually died in the intensive care unit. Of the 17
previously vaccinated patients, only one developed a mild
symptomatic illness; the others remained asymptomatic (Helan-
terd et al., 2015).

Immunosuppressed patients receiving >1 mg/kg of corticoste-
roids and allogeneic stem cell transplant recipients may shed the
virus for prolonged durations (often more than 2 weeks, but for up
to 6 months), thereby increasing the chance of healthcare-
associated infections and outbreaks (Weigt et al., 2011; Klimov
et al,, 1995). Additionally, donor-derived infections are possible,
with transmission of the disease occurring through the lung and
small intestines recovered from infected donors. The transmission
of infection following transplant of other solid organs has not been
well-established. It may occur due to biological plausibility, which
may lead to delayed allograft function (Weigt et al., 2011).

Treatment and prevention

A retrospective study revealed that HSCT recipients may
recover fully from their infection without sequelae if treatment
with antivirals is instituted in a timely manner (Suyani et al., 2011).
Annual influenza vaccination is the most effective strategy to
prevent infection and is currently recommended for all patients,
their families, and healthcare personnel (Tablan et al., 2004;
Ferguson et al., 2010). The three drugs currently approved by the
FDA for use in the USA and approved by the CDC for the treatment
of influenza infections include oseltamivir, zanamivir, and
peramivir. These drugs have activity against influenza A and B
virus, as opposed to the M2 protein inhibitors which are only
effective against influenza A. Moreover, the latter have fallen out of
favor given the emergence of resistant influenza A viruses (Centers
for Disease Control, 2017). Antivirals must be initiated within 48 h
of symptom onset for maximum benefit, but should be initiated in
this population regardless of the duration of symptoms. Early
treatment with oseltamivir may prevent progression to pneumo-
nia in about 70% of the patients and reduce mortality to <10%
(Ferguson et al., 2010).

Outbreaks have been described in the inpatient and outpatient
settings (Apewokin et al, 2014). To prevent an outbreak,
prophylactic oseltamivir or M2 inhibitors are recommended for
patients in units where influenza cases are diagnosed, regardless of
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vaccination status. Prophylaxis may be considered for BMT
patients during the first 6 months following transplantation, for
patients with a contraindication to the vaccine, and for all
unvaccinated healthcare workers and vaccinated personnel in
the event of an outbreak attributed to a strain not covered by the
seasonal influenza vaccine. If an influenza outbreak is confirmed,
antiviral prophylaxis must be continued for at least 2 weeks or
until 1 week following the control of an outbreak. In addition,
educating staff, intensifying infection control measures such as
hand washing, restricting the number of visitors and personnel
entering an infected patient’s room, cohorting patients with
influenza, and implementing droplet precautions for all patients
and airborne precautions in the case of suspected pandemic strains
are recommended strategies to minimize the transmission of
influenza virus within a facility (Tablan et al., 2004; Weigt et al.,
2011).

While these measures are instrumental in limiting influenza
outbreaks, it is important to note that the vaccine may be
ineffective in BMT and SOT recipients during the first few months
following transplantation (Engelhard et al., 1993 ). However, cohort
studies and a recent meta-analysis have shown that influenza
vaccination seems to confer clinical protection and is mostly safe in
SOT and HSCT patients. An observational cohort study of 168 LTRs
reported that 88% had received at least one H1N1 vaccination (68%
received a second dose) during the 2009 pandemic. HIN1 was
documented in only two of 148 vaccinated patients, in contrast to
five infections in 20 non-vaccinated LTRs. Minor-to-moderate self-
limited side effects occurred in 66%. A Brazilian cohort of 177 HSCT
recipients followed for up to 1 year had 43 patients eligible for
vaccination 6 months after BMT. Compliance with vaccination was
44.2% (19 patients) and influenza was diagnosed in only two,
compared to 12 out of the 24 unvaccinated patients, translating to
vaccine efficacy of 80% (Beck et al., 2012; Schuurmans et al., 2011;
Machado et al., 2005).

Parainfluenza virus

There are four distinct serotypes of PIV: PIV1, PIV2, PIV3, and
PIV4. PIV1 and PIV2 are implicated in community-acquired
infections in children, while PIV3 causes healthcare-associated
infections. Infections may occur throughout the year, with a peak
incidence in summer and spring (Hirsch et al., 2013; Sydnor et al.,
2012). Overall, the virus accounts for about 10% of respiratory
infections among BMT recipients (Raad et al., 1997) and is usually
associated with a low mortality. Patients initially develop URTIs,
with progression to pneumonia observed in 23-60% of infected
HSCT patients (Weigt et al., 2011; Wendt et al., 1992). Disease
progression has primarily been seen in patients who have received
an unrelated donor transplant, developed lymphopenia, and had
profound immunosuppression, particularly patients on corticoste-
roids (Wendt et al., 1992). Although mortality is relatively low,
URTIs and LRTIs may be fatal. According to one study, up to two-
thirds of the patients may develop pneumonia and a third of those
patients with severe disease may die (Wendt et al, 1992). A
prospective cohort study of LTRs, systematically screened for
different respiratory viruses via nasopharyngeal specimens or
bronchoalveolar lavage when indicated, found PIV along with RSV,
and PIV associated with a three times higher chance of being
hospitalized compared to those without viral or bacterial infection
(Bridevaux et al., 2014). Of note, co-infection with other respiratory
pathogens and respiratory failure are associated with worse
outcomes (Bridevaux et al., 2014).

Among SOT recipients, PIV infections have been the most
studied. In SOT recipients, the incidence of disease varies across
centers, ranging between 5% and 16% (Vilchez et al., 2001). The vast
majority of infections are observed 1 year after transplantation,

with most patients being asymptomatic. Infection is associated
with allograft rejection in 82% of patients and bronchiolitis
obliterans in 32% (Vilchez et al.,, 2001). PIV LRTIs may also be
associated with airway decline among allogeneic HSCT patients
(Wendtetal., 1992). As is seen in most RVIs in transplant recipients,
PIV infection has been associated with prolonged shedding in HSCT
patients (Sydnor et al., 2012).

Transmission

Direct contact with patient surroundings and secretions is the main
mode of transmission for PIV infections, but spread through droplets
may also occur (Raad et al., 1997; Weigt et al., 2011). Nosocomial
transmission and outbreaks of PIV infection have been described in
inpatient as well as outpatient settings (Sydnor et al., 2012).

Treatment and prevention

At present, there are no FDA licensed drugs or vaccines for the
treatment and prevention of PIV infections (Weigt et al., 2011).
Reducing immunosuppression, prophylaxis, and preemptive treat-
ment are some of the recommended strategies (Recommendations
of the Center for International Blood and Marrow Transplant
Research (CIBMTR®) et al., 2009). Drugs such as ribavirin have
been used in some studies, but they have failed to impact mortality
among patients with respiratory failure (Weigt et al., 2011; Nichols
et al,, 2001). The administration of aerosolized ribavirin with or
without IVIG has been shown to have no effect on mortality in
patients requiring mechanical ventilation (Nichols et al., 2001).
Neuraminidase inhibitors may be beneficial, but additional studies
are required to further characterize this (Weigt et al., 2011). Novel
agents such as DAS181 (a recombinant sialidase fusion protein) and
BCX2798 (a hemagglutinin-neuraminidase inhibitor) are under
investigation and may be effective in treating PIV infection
(Salvatore et al., 2016; Shah et al., 2016a). In a small study of 16
HSCT recipients with PIV infections, 56% had a complete clinical
response with DAS181 therapy, while 19% died (Salvatore et al.,
2016). Larger studies are required to further evaluate its efficacy
(Salvatore et al., 2016). The CDC currently recommends contact
isolation, hand hygiene, protective gear such as masks and gloves,
and universal precautions to prevent outbreaks (Shah et al., 2016a).

Human metapneumovirus

hMPV was first identified as a cause of upper and lower
respiratory tract infection in 2001 (Dosanjh, 2015). It is the second
most common cause of bronchiolitis among pediatric patients and
most cases are identified between December and May (Weigt et al.,
2011; Seo et al., 2016). It is increasingly recognized as a cause of
respiratory tract infection among organ transplant recipients (Seo
et al,, 2016). As with the other RVIs, infections with hMPV may
progress from URTI to pneumonia and may even be fatal, with
mortality rates of up to 50% (Oliveira et al., 2008). The use of systemic
corticosteroids, low lymphocyte counts, and respiratory failure are
factors associated with the progression of disease to pneumonia (Seo
etal., 2016; Oliveira et al., 2008). Studies have reported an incidence
of 4-7% among stem cell transplant recipients, with less well defined
statistics for SOT, although similar infection rates in LTRs of around
4-7% have been reported (Lee and Barton, 2007; Shah et al., 2016b;
Weinberg et al., 2010). LRTIs may develop in 21-40% of infected
patients, with reported fatality rates of up to 80% (Shah et al., 2016b).
In a study performed among LTRs, hMPV was isolated from 19 of 47
patients with a viral respiratory tract infection. Sixty-three per cent
of these patients developed graft dysfunction (Hopkins et al., 2008).
These infections may also be complicated by prolonged viral
shedding and allograft dysfunction (Dosanjh, 2015).
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Table 1

Strategies for the prevention of respiratory viral infections (Centers for Disease Control and Prevention, 2017; Dignan et al., 2016; Lessler et al., 2009).

Type of Incubation Mode of transmission Infection prevention principles Treatment options

virus period (days)

RSV 3-7 Direct or indirect contact; Standard precautions; contact precautions; droplet precautions Ribavirin aerosolized, 1V,
droplet or PO £ IVIG; palivizumab?

ADV 5-9 Direct contact; aerosol; fecal- Standard precautions; contact precautions; droplet precautions Cidofovir; brincidofovir

oral

Influenza 1-4 Contact; droplet; aerosol

Standard precautions; droplet precautions; airborne with invasive ventilation;

Oseltamivir; zanamivir;

seasonal vaccination; post-exposure prophylaxis with oseltamivir peramivir
PIV 2-6 Direct contact; droplet; large Standard precautions; airborne precautions; droplet precautions Ribavirin £ IVIG? DAS-
particle aerosol 181?
hMPV 4-6 Direct contact; droplet; large Standard precautions; contact precautions ND
particle aerosol
Rhinovirus 1-9 Direct or indirect contact; Standard precautions; droplet precautions ND

large or small particle aerosol

ADV, adenovirus; hMPV, human metapneumovirus; IV, intravenous; IVIG, intravenous immunoglobulin; ND, no data; PIV, parainfluenza virus; PO, oral; RSV, respiratory

syncytial virus.

Transmission

hMPV spreads from person to person through secretions from
coughing and sneezing, close contact, and by touching objects or
surfaces contaminated with the virus. These infections are most
often community-acquired, but may also be healthcare-associated
(Lee and Barton, 2007).

Treatment and prevention

There is currently no approved treatment or vaccine for hMPV,
thus further studies are required in this area. Ribavirin has in vitro
activity against hMPV and has been used with or without IVIG with
mixed results (Hirsch et al., 2013; Shah et al., 2016b). A reduction of
immunosuppression may be beneficial in infected patients (Weigt
et al., 2011). Investigational drugs such as MoAb 338 and Fab
DS7 have shown promising results in vitro and may be options for
treating and preventing hMPV infections in the near future (Shah
et al., 2016b). Given the lack of effective treatment options,
infection control measures such as hand hygiene and contact
precautions are crucial in preventing outbreaks. Since many
infections may be subclinical at the beginning of illness, routine
surveillance for patients with respiratory symptoms may be
beneficial (Shah et al., 2016b).

Rhinovirus

Rhinovirus is the most common viral infection in humans and
the predominant cause of the common cold. It is no surprise that it
is also the most commonly isolated virus among transplant
recipients with respiratory infections (Weigt et al., 2011). Most
infections are limited to the upper respiratory tract, but involve-
ment of the lower respiratory tract is observed among patients
with profound immunosuppression (Weigt et al., 2011; Manuel
et al., 2014). According to one study, the cumulative incidence
among HSCT was found to be 22.3% and viral shedding ranged from
3 weeks to 3 months (Milano et al., 2010). In a prospective study
performed among LTRs, 14.7% of patients had rhinovirus identified
in respiratory specimens. Three patients in this study had
prolonged viral shedding lasting 12 months; all of these patients
had allograft dysfunction and two died (Kaiser et al., 2006).

Transmission

Rhinovirus is spread by direct hand-to-hand contact, via
autoinoculation of viral particles into the eyes or nares. It is also
thought to spread via aerosolized droplets. Although usually a
community-acquired infection, rhinovirus has been associated
with healthcare-associated transmission following direct contact

of healthcare workers and patients with an infected individual
(Jacobs et al., 2013).

Treatment and prevention

The CDC currently recommend droplet precautions for patients
with rhinovirus infections. In addition, contact precautions may be
required for patients with copious respiratory secretions (Siegel
et al., 2007). There are currently no vaccines or drugs approved for
the treatment of rhinovirus infections. Treatment options are also
limited to largely supportive care and a reduction in immunosup-
pression. In severe cases, IVIG may be used as an adjunct to these
measures (Weigt et al., 2011).

Conclusions

Although often thought to be self-limited in a healthy host, RVIs
can persist to cause a prolonged duration of illness and progress to
cause LRTIs such as pneumonia, graft loss, and even death in
transplant patients. They can disseminate to involve other organs
and this is most commonly seen with RSV and ADV infections.
Transplant patients are at risk of these infections, particularly
during periods when immunosuppression is the highest (usually
the first 6 months after transplantation). A prolonged duration of
illness and viral shedding is also common in this population. As
transplant patients are often grouped together in shared hospital
units or clinics, nosocomial spread has commonly been observed.
Therefore, vigilant hand washing, as well as other standard
precautions recommended by the CDC, is urged. Cohorting may be
considered along with additional infection control measures, as
outlined in Table 1.
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