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Abstract: Advances in stem cell transplantation procedures and the overall improvement in the clinical manage-
ment of hematopoietic cell transplant (HCT) recipients over the past 2 decades have led to an increase in survival
duration, in part owing to better strategies for prevention and treatment of post-transplant complications, including
opportunistic infections. However, post-HCT infections remain a concern for HCT recipients, particularly infections
caused by community respiratory viruses (CRVs), which can lead to significant morbidity and mortality. These viruses
can potentially cause lower respiratory tract illness, which is associated with a higher mortality rate among HCT
recipients. Clinical management of CRV infections in HCT recipients includes supportive care and antiviral therapy,
especially in high-risk individuals, when available. Directed antiviral therapy is only available for influenza infections,
where successful use of neuraminidase inhibitors (oseltamivir or zanamivir) and/or M2 inhibitors (amantadine or
rimantadine) has been reported. Data on the successful use of ribavirin, with or without immunomodulators, for
respiratory syncytial virus infections in HCT recipients has emerged over the past 2 decades but is still controver-
sial at best because of a lack of randomized controlled trials. Because of the lack of directed antiviral therapy for
most of these viruses, prevention should be emphasized for healthcare workers, patients, family, and friends and
should include the promotion of the licensed inactivated influenza vaccine for HCT recipients, when indicated. In
this review, we discuss the clinical management of respiratory viruses in this special patient population, focusing
on commercially available antivirals, adjuvant therapy, and novel drugs under investigation, as well as on available
means for prevention.
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Over the past 2 decades, advances in stem cell
transplantation procedures and improvements
in the clinical management of hematopoietic
cell transplant (HCT) recipients, including bet-
ter strategies for the prevention and treatment
of post-transplant complications such as
opportunistic infections, have led to an increase
in survival duration [1]. HCT recipients are, how-
ever, still particularly susceptible to community
respiratory viruses (CRVs) owing to a decreased
host immune response, mainly because of a
shortage of T cell ymphocytes [2]. CRVSs, includ-
ing respiratory syncytial virus (RSV), influenza
virus, parainfluenza virus (PIV), human adenovi-
rus (HAdV), human metapneumovirus (HMPV),
human rhinovirus (HRhV), and human coronavi-
rus (HCoV), have been reported to cause infec-

tions in this population at incidences between
1% and 30%, as shown in Figure 1 [3-7]. Other
newly discovered viruses such as human boca-
virus (HBoV) are emerging as potential causes
of respiratory infections, but data on their
impact in this population are lacking. All of
these CRVs can potentially cause lower respira-
tory tract illnesses (LRTI) (rates of LRTI range
from 5% to 50%), which could be associated
with high mortality rates (10% to 50%) in HCT
recipients [3-8]. As demonstrated in Figure 1,
HAdV, HRhV, and HCoV have equally higher inci-
dences in HCT recipients, whereas LRTI rates
are higher for RSV, influenza, PIV, HAdV, and
HMPV. Other late complications, such as bron-
chiolitis obliterans and organizing pneumonia,
have been associated with some of these viral
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Figure 1. Incidence of respiratory viral infections and associated LRTI and mortality in HSCT recipients. Data ob-
tained from [3, 5, 6, 21]. "CRV indicates common respiratory viral infections; HSCT, hematopoietic stem cell trans-
plant; LRTI, lower respiratory tract infection; and NA, data not available.
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infections (i.e., RSV, PIV, and HMPV) [8, 9], but
the direct relationship needs to be better
elucidated.

HCT recipients with CRV infections may present
with various combinations of upper respiratory
tract infection (URTI) symptoms such as rhinor-
rhea, nasal or sinus congestion, cough, low-
grade fever, headache, otitis media, wheezing,
and sore throat. Some patients may present
with LRTI, with symptoms including dyspnea
and hypoxemia and radiologic findings that
include new or changing bilateral interstitial
infiltrates. These signs and symptoms are sug-
gestive of viral etiology, but laboratory confir-
mation is needed for a definitive diagnosis.
Viral culture is the gold standard for diagnosing
CRVs, but the time required for a culture to
become positive is a limiting factor, especially
in  immunocompromised patients, where
prompt institution of treatment is of utmost
importance [10, 11]. Direct immunofluores-
cence antigen testing is a rapid and inexpen-
sive alternative, but it has low sensitivity (50%
to 93%) [12-17]. More sensitive and specific
modalities include molecular assays (e.g., mul-
tiplex polymerase chain reaction [PCR]) that
test for multiple different viruses [18-20], and
real-time PCR is becoming the most preferred
method for diagnosing viral infections.

The management of CRV infections in HCT
recipients includes supportive care and, when
available, antiviral therapy, especially in indi-
viduals at high risk of developing LRTI. Some
evidence of successful antiviral therapy has
been reported with ribavirin for RSV, oseltami-
vir, zanamivir, and/or M2 inhibitors for influen-
za, and cidofovir for HAdV. There are also some
anecdotal reports of PIV and HMPV infections
being successfully treated with a combination
of ribavirin and intravenous immunoglobulins
(IVIGs). However, none of these regimens have
been tested in randomized controlled trials to
determine their efficacy in HCT recipients and,
therefore, are not licensed by the US Food and
Drug Administration (FDA) for virus-specific
therapy in these patients.

With the high morbidity and mortality rates
associated with CRV infections and the lack of
directed antiviral therapy for most of these
infections, prevention remains the mainstay for
reducing their incidence and controlling trans-
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mission in HCT recipients. A licensed vaccine is
only available for the influenza virus, and its
use should be encouraged in all HCT recipients,
when indicated, as well as in healthcare work-
ers and family members. Infection control mea-
sures should be emphasized for healthcare
workers and patients alike and should focus on
basic precautions such as frequent hand wash-
ing and the use of protective equipment such
as face masks, gowns, and gloves.

In this review, we discuss the available data
behind the use of antiviral therapy, adjuvant
therapy, and novel investigational drugs, as
well as available means for prevention, in each
respiratory virus with a significant incidence in
HCT recipients.

Respiratory syncytial virus

This paramyxovirus (RNA virus) affects 2-17% of
HCT recipients on a seasonal basis, with the
highest incidence between the fall and spring
[16, 21-25]. Factors reported to be associated
with the acquisition of RSV infection include
male sex, allogeneic transplantation, cytomeg-
alovirus seropositivity, and pre-engraftment
status [25-27]. URTI is the most common pre-
sentation and may progress to LRTI in 17% to
84% of patients [5, 21, 22, 27-32]. Risk factors
associated with progression to LRTI include
older age, myeloablative regimen, lymphope-
nia, mismatched or unrelated donor transplant,
graft-versus-host disease (GVHD), and pre-
engraftment status or early post-transplanta-
tion period [5, 21, 22, 24-26, 29, 33]. RSV-LRTI
in HCT recipients increases the likelihood of a
fatal outcome; therefore, prompt diagnosis and
early intervention at URTI stage may be indicat-
ed in patients at risk of LRTI [21].

Treatment

Aerosolized ribavirin is the only drug that has
been approved by the FDA for the treatment of
high-risk infants and young children hospital-
ized with RSV-LRTI [34]. In our recent system-
atic review on this subject, we reported that
ribavirin-based therapy had variable success
rates for preventing RSV-associated morbidity
or mortality in high-risk HCT recipients [21]. In
that review, we examined published studies to
determine the efficacy of various routes of riba-
virin administration (oral, intravenous, and
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aerosol), with or without immunomodulators
(palivizumab and IVIGs), as therapy for RSV
infections in adult HCT recipients. Based most-
ly on retrospective data, we found that patients
treated with ribavirin with or without an immu-
nomodulator had better outcomes than those
not treated (16% vs. 45% rate of progression to
LRTI and 35% vs. 70% mortality rate) [21]. In a
recently published randomized clinical trial in
HSCT recipients with RSV-URTI comparing two
dose schedules of aerosolized ribavirin (contin-
uous vs. intermittent), both of them were identi-
fied to be effective in preventing RSV-LRTI [35].
Time of administration may play an important
role in the success of ribavirin-based therapy,
with those treated at URTI stage having more
favorable outcomes than those treated at LRTI
stage, irrespective of the regimen [21].

An investigational monoclonal antibody, mota-
vizumab, was compared with palivizumab for
RSV prophylaxis in in vitro experiments, in a
cotton rat model, and in phase lll trials in pre-
term infants which showed comparative effica-
cy for these two drugs [36-38]. However, the
FDA did not approve motavizumab in a recent
filing, in part because the drug caused some
non-fatal hypersensitivity adverse events,
which may have been more severe in the sick
child population where it is indicated than in
healthy children [39]. ALN-RSVO1 (Alnylam
Pharmaceuticals, Cambridge, MA) interferes
with viral replication and has shown some
promising results in two randomized clinical tri-
als. When used for prophylaxis, it reduced the
occurrence of RSV infection by 44% in healthy
individuals [40]. In lung transplant recipients,
ALN-RSVO1 decreased the incidence or the
progression of bronchiolitis obliterans when
used as therapy for RSV infection (6.3% vs.
50% in treated vs. non-treated groups, respec-
tively) [41]. Whether this drug will be tested in
phase lll trials, and specifically in HCT recipi-
ents, is not known.

Prevention

No vaccine is yet available for RSV. Passive
immunoprophylaxis for high-risk HCT recipients
with RSV-IVIG was tested in a small study, which
failed to determine its efficacy [42]. On the
other hand, the use of palivizumab for prophy-
laxis in young children undergoing HCT was
suggested by the 2009 international HCT
guidelines [43]. It was also successful in con-
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trolling an outbreak of nosocomial transmis-
sion of RSV in a HCT unit and is well tolerated in
this patient population [44, 45]. However, the
high cost of these drugs combined with a lack
of clear evidence of efficacy in this patient pop-
ulation precludes their wide-scale acceptance.
Infection control measures to prevent new
infections and subsequent transmission
remain the best approach for decreasing the
burden of RSV in HCT recipients. Overall aware-
ness among healthcare personnel and caregiv-
ers about the possible deleterious outcomes of
RSV infections in HCT recipients and the impor-
tance of their early detection may have a major
impact on the incidence of RSV infections and
subsequent complications. More specifically,
adherence to contact and respiratory droplet
isolation, along with hand hygiene, will help
reduce RSV infections in HCT recipients.

Influenza virus

This orthomyxovirus causes seasonal out-
breaks in HCT recipients, especially during the
winter months. It has 2 types of glycoproteins
(hemagglutinins [H1, H2, and H3] and neur-
aminidases [N1 and N2]), which undergo anti-
genic drifts and shifts that cause epidemics
and pandemics, respectively. Patients may
develop various combinations of constitutional
symptoms (e.g., fatigue, malaise, myalgia) and
URTI symptoms (e.g., rhinorrhea, cough, sore
throat), thus presenting with the typical ‘flu-like’
illness, or may present with minimal respiratory
symptoms and/or fever. The incidence rate of
influenza infection in HCT recipients ranges
from 1.3% t0 2.6% [3, 6]; however, this rate can
vary depending on the dominant strain of influ-
enza virus during a particular season.
Progression to LRTI is particularly common in
immunocompromised hosts such as HCT recip-
ients [46, 47]. The incidence rates of LRTI can
range from 7% to 35%, and the associated risk
factors for this outcome include lymphocytope-
nia and recent transplant [3, 6]. Mortality rates
following LRTI can range from 15% to 28% [6].
Influenza infection is suspected in patients with
“flu-like” symptoms during community out-
breaks; however, prompt confirmation by immu-
nofluorescence assays, enzyme immunoas-
says, cultures, or PCR-based assays is needed,
especially in immunocompromised patients, as
early initiation of antiviral therapy may positive-
ly affect outcome [10, 11].
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Table 1. Antiviral susceptibility patterns for various strains of human influenza virus®®°

Oseltamivir Zanamivir M2 Inhibitors®
Pandemic 2009/H1N1 Susceptible Susceptible Resistant
Seasonal HIN1 Mostly resistant Susceptible Mostly susceptible
Seasonal H3N2 Susceptible Susceptible Susceptible
Influenza B Susceptible Susceptible Resistant
Avian H5N1 Susceptible Susceptible Variable

aTable obtained from [3], "Centers for Disease Control and Prevention, http://www.cdc.gov/h1n1flu/recommendations.htm,
‘WHO Guidelines for the Pharmacologic Management of Pandemic (H1N1) 2009 influenza and other influenza viruses http://
www.who.int/csr/resources/publications/swineflu/h1n1_use_antivirals_20090820/en/index.html, “amantadine and rimanta-

dine.

Treatment

The two main classes of anti-influenza drugs
are neuraminidase inhibitors (e.g., oseltamivir
and zanamivir) and M2 inhibitors (e.g., amanta-
dine and rimantadine). Prompt initiation of ther-
apy, preferably within 24-48 hours of onset of
symptoms, is essential to prevent complica-
tions in patients with cancer, including HCT
recipients [10, 11]. Nausea and vomiting are
the most common side effects of oseltamivir,
whereas central nervous system toxicities have
been reported more frequently with amanta-
dine [3].

Recommendations for the treatment of influ-
enza infections have changed over the past few
years to address the changes in the susceptibil-
ity patterns of different strains of influenza
virus each season (Table 1). While its resis-
tance to oseltamivir has increased, seasonal
HAN1 has remained susceptible to zanamivir
and M2 inhibitors [48-50] (http://www.cdc.
gov./hiniflu/immunosuppression/index.htm;
http://www.who.int/csr/resources/publicatio-
ns/swineflu/hinl_use_antivirals_20090820/
en/index.html.), whereas the rece-nt pandemic
2009/HIN1 strain was only susceptible to
oseltamivir and zanamivir. In a retrospective
study comparing seasonal influenza with pan-
demic 2009/HIN1 in children with cancer,
early initiation of antiviral therapy was critical in
preventing LRTI and death from both strain
[11].

Intravenous formulations of neuraminidase
inhibitors such as peramivir and zanamivir are
still being evaluated in phase Il clinical trials
[51-54]. This intravenous route may be advan-
tageous for patients with graft versus host dis-
ease (GVHD) of the gastrointestinal tract,
because of possible decreased absorption and
less bioavailability of oral drugs, or for those
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with LRTI or lung injury, where the inhalation
route of the drugs may not be appropriate.
DAS181 is a new investigational antiviral drug
that acts by removing from the respiratory epi-
thelial cell surface the sialic acid residues that
are essential for viral entry and infection [55,
56]. This drug is undergoing phase Il trials after
promising results were seen against oseltami-
vir- and zanamivir-resistant strains in vitro and
in mouse models [57-60]. Favipravir (T-705),
another drug under investigation that inhibits
viral replication by targeting viral-specific RNA-
dependent RNA polymerase, is currently under-
going phase Il trials [61-64]. Finally, the long-
acting neuraminidase inhibitor laninamivir had
efficacy comparable to that of oseltamivir for
the treatment of influenza infection in a large
double-blind, randomized, non-inferiority clini-
cal trial [65]. It may also be effective against
oseltamivir-resistant influenza strains and is
currently available in Japan [66, 67]. Adjunctive
therapy for influenza infections has yielded
conflicting results. For example, corticosteroid
therapy, possibly owing to its anti-inflammatory
properties, has been shown to decrease the
rates of LRTI; however, it has also been
observed to prolong viral shedding [10, 47, 68].

Prevention

Intramuscular inactivated influenza virus vac-
cine is recommended annually for immunocom-
promised patients such as HCT recipients who
are able to mount an immunologic response to
the vaccine and for healthcare personnel, close
family members, and friends [69]. HCT recipi-
ents may not, however, have the desired
immune response to the influenza vaccine;
which can be up to 50% lower than that
observed in the general population [70-72].
Therefore, the Advisory Committee on
Immunization Practices recommended daily
chemoprophylaxis with an effective antiviral
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drug for immunocompromised individuals dur-
ing community outbreaks [69]. Furthermore,
the updated guidelines of the American Society
of Bone Marrow Transplantation recommended
annual inactivated influenza vaccination before
the beginning of the influenza season and
before transplantation or 4 to 6 months follow-
ing transplantation [43]. The vaccine should be
administered prior to the onset of the influenza
season to avoid new infections and related
complications. The main two contraindications
for influenza vaccine are febrile illness and
severe allergy to eggs [73]. Additionally, in
cases of community or nosocomial outbreaks,
prophylaxis and preemptive treatment with a
strain-specific antiviral agent should be admin-
istered to all HCT recipients within 24 months
of transplantation and to those who have GVHD
and/or are taking immunosuppressive therapy
[43]. The efficacy of oseltamivir prophylaxis (75
mg/day) in reducing the incidence of influenza
infections during the peak of the season was
reported by a randomized, double-blind, place-
bo-controlled trial in immunocompromised
patients [74]. On the other hand, some studies
have shown that oseltamivir prophylaxis may
occasionally lead to the selection of resistant
influenza strains, as during the 2009/H1N1
pandemic [75-77]. Last, but not the least, infec-
tion control practices should be strictly
observed to prevent new infections and reduce
transmission during community and nosocomi-
al outbreaks.

Parainfluenza virus

PIV is an enveloped, single-stranded, RNA para-
myxovirus comprising four antigens sharing
serotypes. PIV infects 2.5% to 7.1% of HCT
recipients, with the highest incidence observed
during the summer season [4, 26, 78-80]. PIV
type 3 is responsible for up to 90% of these
infections, with URTI being the most common
presentation following an incubation period of
1 to 4 days. The main risk factors reported in
the literature for acquiring PIV in HCT recipients
are a transplant from an unrelated donor [26]
and CD4 Iymphopenia in T-cell-depleted
patients [81]. PIV is clinically indistinguishable
from other CRVs encountered in immunocom-
promised patients; therefore, laboratory confir-
mation is important. Modalities used to diag-
nose PIV include rapid antigen testing, enzyme
immunoassays, real-time PCR, and viral cul-
tures [14, 82-84]. One of the most common
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complications following PIV-URTI is progression
to LRTI, which occurs at a rate of 20% to 39% in
HCT recipients, with an associated mortality
rate of up to 30% [4, 80]. The associated risk
factors for progression to LRTI include neutro-
penia, lymphopenia, systemic corticosteroid
use, high APACHE Il score at presentation, and
pulmonary co-infections [79, 81]. Furthermore,
subsequent late airflow obstruction may be
associated with PIV-URTI as well as PIV-LRTI
[9].

Treatment

Ribavirin use for the treatment of PIV infections
has shown promising results in animal models
and children with severe combined immunode-
ficiency [85, 86]. However, ribavirin therapy,
with or without IVIG, has had conflicting results
in PIV-infected HCT recipients in the absence of
randomized clinical trials [4, 8, 79, 80, 87].
Mainly in large case series, ribavirin had no
effect on viral shedding, duration of symptoms,
length of hospital stay, progression to PIV-LRTI,
or mortality associated with these infections in
HCT recipients [4, 79, 80]. Many novel drugs,
such as DAS-181 (a recombinant sialidase pro-
tein) and BCX2798 (a hemagglutinin-neuramin-
idase inhibitor), are being evaluated for the
treatment of PIV infections [88-90]. However,
no PIV-specific antiviral therapy is commercially
available, and clinical management of HCT
recipients relies on supportive care. The impact
of IVIG on overall outcome still needs to be
determined.

Prevention

In the absence of an effective therapy or vac-
cine, infection control measures are the main-
stay for preventing the spread of PIV in HCT
recipients. Contact isolation, hand hygiene,
and wearing masks and gloves, along with uni-
versal precautions, should be emphasized for
healthcare personnel, family members, and
visitors, as 17% to 22% of these infections may
be acquired in the healthcare setting [4, 79].

Human adenovirus

Occurring throughout the year, HAdV belongs to
the Adenoviridae family of DNA viruses with 6
subgroups and 51 known serotypes. It may
infect up to 3% of HCT recipients overall, but
has a higher incidence in allogeneic (6%) and
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pediatric (24-32%) HCT recipients [6, 16,
91-94]. Since T lymphocytes are crucial for
building an immune response against HAdV
infections, HCT recipients are most susceptible
to these infections during post-transplant T cell
suppression [95]. Consequently, risk factors
unique to HCT recipients that may lead to
acquiring adenoviral infections are GVHD,
transplant from an unrelated donor, total body
irradiation, presence and severity of T-cell
depletion, recent transplantation, and T cell
suppression following transplantation [95-99].
The clinical presentation may be similar to
other respiratory viruses; however, any organ
system can be affected and disseminated dis-
ease can occur without involvement of the
respiratory system. The mortality rate in HCT
recipients can be high (15-28%), especially in
those with disseminated disease following
DNAemia or LRTI [94, 95, 100, 101].

Many diagnostic tests are available for HAdV
detection, including enzyme immunoassays,
immunofluorescence assays, PCR assays, and
viral cultures [12, 13]. Additionally, quantitative
viral loads were shown to predict clinical
response and prognosis, with high titers (more
than 1 x 10° DNA copies/mL) correlating with
increased risk of death [102, 103].

Treatment

A lack of randomized controlled trials makes it
difficult to ascertain the efficacy of available
antiviral drugs for the treatment of HAdV infec-
tions, especially in HCT recipients. Cidofovir, a
monophosphate nucleoside analogue of cyto-
sine, appears to be the most effective agent in
vitro against HAdV [104-106], and no HAdV
strains have been shown to be clinically resis-
tant to this drug [107]. In a recent review of the
management of HAdV in HCT recipients,
Lindemans et al recommended that vigilant
monitoring using PCR assays in combination
with preemptive cidofovir therapy may be the
best strategy currently available to “bridge the
severely immunocompromised period” follow-
ing HCT [106]. Preemptive treatment with cido-
fovir, before dissemination of HAdV or end-
organ disease, may be of prime importance,
given the high mortality rates associated with
these conditions [108]. However, the main lim-
iting factor in cidofovir use is its associated
side effects, mainly the high incidence of neph-
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rotoxicity, including increased serum creatinine
levels (up to 25% of cases), proteinuria follow-
ing renal proximal tubule dysfunction (50% of
cases), and, rarely, Fanconi syndrome (1% of
cases) [105, 109, 110].

CMX001, a lipid conjugate of cidofovir, is an
oral investigational drug with activity against
HAdV in animal models [111] and in humans
[112] and without untoward nephrotoxic
effects. A few immunocompromised patients
with adenoviral infections have been success-
fully treated with CMX001, without any serious
adverse events reported [113, 114]. Currently,
oral CMX0O01is undergoing study in a phase I
trial for the treatment of HAdV infections in HCT
recipients.

Other drugs used for the treatment of HAdV dis-
eases include ribavirin (oral or aerosolized) and
ganciclovir; however, the data derived are
mostly from uncontrolled studies, and the
results are conflicting. Therefore, these drugs
are not routinely recommended for the treat-
ment of adenoviral diseases [97, 115-118].
Immunotherapy with specific and non-specific T
cells given exogenously has also been tried in
several small studies with favorable outcomes
[119-122].

Prevention

After production of adenovirus vaccine was
stopped in 1996 because of a lack of funding,
a new live oral vaccine against adenovirus
types 4 and 7 was approved by the FDA in
March 2011 for new military recruits entering
basic training or military personnel who may be
at higher risk for infection (http://www.cdc.gov/
vaccines/pubs/vis/downloads/vis-adenovirus.
pdf). For haploidentical stem cell transplant or
cord blood transplant recipients, weekly PCR
surveillance and pre-emptive therapy with cido-
fovir may be used to decrease the risk of dis-
seminated disease [95, 104]. As mentioned
above, maintaining T cell function by using a
reduced-intensity conditioning regimen and
exogenous immunotherapy may be a good
strategy to prevent reactivation of latent adeno-
viral infection and disseminated disease in HCT
recipients [120-124]. Overall, general safety
precautions, along with infection control mea-
sures, are recommended to decrease its hori-
zontal transmission.
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Table 2. Infection control guidelines at various levels of intervention

Level of intervention  Strategies for prevention

Patient level (HCT recipients) HCT recipients should be educated about risks associated with respiratory viral illnesses and encouraged to seek

medical attention early on.

Patients seen in outpatient clinics with URTI symptoms should be immediately placed in private rooms. Masks and
alcohol-based gel should be provided to avoid transmission during outpatient visits.
Isolation and cohorting (in case of a nosocomial outbreak) of immunocompromised patients with CRV infections

should be practiced.

All admitted HCT recipients with CRV infections should occupy private rooms.

Patients scheduled to undergo intensive induction chemotherapy should postpone their treatment regimens
before conditioning therapy begins if they have evidence of URTI

Diagnosing and treating pulmonary coinfections with appropriate therapy can reduce mortality in these patients.
Influenza vaccine administration prior to influenza season, if appropriate, and chemoprophylaxis with a specific
antiviral agent (oseltamivir or zanamivir, based on outbreak virus strain) are recommended, when vaccine is not

appropriate.

Healthcare personnel level Symptomatic healthcare workers should be restricted from direct patient contact.
Adherence to contact and droplet precautions and the use of gowns, masks, and gloves for contact isolation during

any patient contact is critical.

The necessity of hand washing between patient visits must be stressed to all staff.
Influenza vaccine should be given prior to influenza season.
Unvaccinated staff should undergo chemoprophylaxis or have their access to HCT recipients restricted unless they

wear masks.
Institutional level
beginning of each winter season.

Information regarding CRV infections should be offered to patients, their families, and staff members before the

Screening and restricting visitors with respiratory symptoms, especially during the respiratory illness seasons,
should be practiced, and masks should be provided to those who screen positive.

Vaccination of all caregivers and family members in close contact with immunocompromised patients is essential.
Active surveillance and sanitization of environmental surfaces contaminated with PIV is recommended [27].

Community level

Awareness of the impact and transmission of these CRV infections in HCT recipients should be increased.

Support of research for developing novel antiviral drugs and potent vaccines is important.
Efforts should be made to increase awareness of the importance of influenza (or other available) vaccinations.
Public health education about hand washing and personal hygiene to prevent transmission of these viruses and

control an outbreak/pandemic is essential.

Human rhinovirus

Commonly known to cause “the common cold”
in the general population, these non-enveloped
RNA picornaviruses may cause severe infec-
tions in immunocompromised hosts such as
HCT recipients [125-127]. Although they occur
throughout the year, fall and spring are the
peak seasons for these infections, with the
highest incidence in children, who also act as
reservoirs for this virus. Self-inoculation and
respiratory droplets are the common modes of
transmission [128]. An incidence rate of 32%
was reported in HCT recipients [125], and rates
of progression to LRTI and mortality could be
as high as 55% and 33%, respectively [6, 125,
126]. The prognosis largely depends upon the
severity of immunosuppression.

Treatment

Currently, no specific antiviral therapy is avail-
able, and treatment is mainly supportive with
antihistamines, decongestants, and non-steroi-
dal anti-inflammatory drugs [3]. Many novel
drugs, such as pleconaril, BTA-798, and inhaled
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interferon-B 1a (SNGOO1), are being tested in
the general patient population with rhinovirus
infections; however, their role in HCT recipients
is uncertain [129, 130].

Prevention

A vaccine for human rhinovirus seems implau-
sible at the moment because of the sheer num-
ber of strains causing infections [128, 131],
and general infection control practices are rec-
ommended for controlling its horizontal
transmission.

Other viruses
Human coronavirus (NL63 and HK)

HCoV is commonly encountered in the fall and
spring seasons and may cause respiratory ill-
nesses every 2-4 years. The clinical presenta-
tion is very similar to rhinovirus infections, and
a definitive diagnosis can be made using PCR-
based methods. Generally a self-limiting dis-
ease, this infection can progress to LRTI in HCT
recipients [132]. Data are limited on the mor-
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bidity and mortality of these infections in immu-
nocompromised hosts; however, a higher inci-
dence rate was reported when compared to
immunocompetent hosts (8.8% vs. 4-5%,
respectively) [8]. Neither specific antiviral ther-
apy nor a vaccine is available for HCoV, and
supportive care with general infection control
practices is recommended.

Human metapneumovirus

This newly discovered negative sense RNA
paramyxovirus [133], which is genetically very
similar to RSV, is reported to infect about 5-9%
of HCT recipients [27, 134]. The rate of progres-
sion to LRTI can range from 21% to 40%, and
the mortality rate increases with the onset of
LRTI (33-40%) [6] . High fatality rates (80%) in
HCT recipients with positive bronchoalveolar
lavages for HMPV and the potential for the virus
to cause bronchiolitis obliterans, based on his-
tological assessment, have been reported
[135]. With clinically indistinguishable presen-
tation compared to other respiratory viruses
and unreliable growth of diagnostic cultures,
this infection is best diagnosed using PCR-
based assays or direct antigen detection. No
drugs are currently licensed to treat HMPV
infection, and the only drug shown to be active
against this virus is ribavirin; however, there is a
dearth of knowledge about this virus and its
treatment [136, 137]. A recent retrospective
study examined the efficacy of ribavirin com-
bined with IVIG in HCT recipients with HMPV-
LRTI. No difference in mortality rates was
observed between treated (n = 13) and untreat-
ed (n = 10) patients [138]. There is no vaccine
available for HMPV, and general infection con-
trol practices are recommended for controlling
its transmission.

Human bocavirus

A seemingly common virus affecting children
worldwide, the impact of HBoV in HCT recipi-
ents is unclear [139]. A recent survey of 51 chil-
dren with acute lymphoblastic leukemia identi-
fied HBoV in 5.6% of nasal swabs [140]. No
drugs or vaccine is currently available for HBoV.

Conclusions
Despite overall advances in clinical manage-

ment, respiratory viruses still remain a source
of concern for HCT recipients because of the
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significant morbidity and mortality associated
with these infections and the lack of directed
antiviral therapy for most of these viruses.
Randomized clinical trials are needed to deter-
mine the efficacy of novel antiviral agents, and
future research should focus on developing
potent vaccines to prevent outbreaks and epi-
demics in the community. Prevention of CRVs
should be emphasized for healthcare workers
and patients alike, with a focus on general safe-
ty precautions (Table 2).
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