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Abstract

Respiratory viral infections (RVIs) are common causes of mild illness in immunocompetent 

children and adults with rare occurrences of significant morbidity or mortality. Complications are 

more common in the very young, very old, and those with underlying lung diseases. However, 

RVIs are increasingly recognized as a cause of morbidity and mortality in recipients of 

hematopoietic stem cell transplants (HSCT) and solid organ transplants (SOTs). Diagnostic 

techniques for respiratory syncytial virus (RSV), parainfluenza, influenza, and adenovirus have 

been clinically available for decades, and these infections are known to cause serious disease in 

transplant recipients. Modern molecular technology has now made it possible to detect other RVIs 

including human metapneumovirus, coronavirus, and bocavirus, and the role of these viruses in 

causing serious disease in transplant recipients is still being worked out. This article reviews the 

current information regarding epidemiology, pathogenesis, clinical presentation, diagnosis, and 

treatment of these infections, as well as the aspects of clinical significance of RVIs unique to 

HSCT or SOT.
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Respiratory viral infections (RVIs) are a significant cause of morbidity and mortality in the 

immunocompromised host. Traditionally, the laboratory diagnosis of respiratory viruses has 

been difficult and limited to relatively few viruses. Virus isolation in cell lines generally 

provides results in 8 to 10 days. Direct fluorescent antibody (DFA) testing using a 

nasopharyngeal aspirate or swab has also been available in most clinical laboratories and 
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provides a rapid result in 3 to 5 hours. However, this test is commonly limited to influenza, 

parainfluenza, respiratory syncytial virus (RSV), and adenovirus (AdV). Sensitivity of 

detection may also be limited. In the past decade, nucleic acid amplification testing (NAT) 

played a leading role in the diagnosis of RVI. Multiplex polymerase chain reaction (PCR), 

microbead detection, and DNA microarrays have the capability of searching for several 

viruses in one test. In general, NAT testing is more sensitive than other methods, and the 

detection of some viruses (eg, human bocavirus) is dependent on NAT. Most studies of RVI 

in transplant recipients are retrospective, focus on symptomatic patients, and utilize culture 

or DFA tests for diagnosis. These methods likely lead to underestimates of incidence and 

overestimate severity, and can be difficult to apply to clinical practice today. This review 

describes the current knowledge of RVI as it relates to hematopoietic stem cell transplant 

(HSCT) and solid organ transplant (SOT) recipients and provides the reader with the 

knowledge required to make informed decisions about the care of these patients.

RESPIRATORY SYNCYTIAL VIRUS

Epidemiology and Transmission

RSV is a common cause of seasonal RVI in immunocompetent hosts of all ages. In the 

United States, most RSV infections occur in the months of November to April.1 Among 

healthy, nonelderly adults, RSV usually causes only mild, self-limited, upper respiratory 

tract illness. However, RSV is the most common cause of lower respiratory tract infection 

(LRTI) in children younger than 1 year.1 Almost all children are infected with RSV by 2 

years of age, and reinfection is common. RSV is also a frequent, and often unrecognized, 

cause of LRTI in the elderly, with up to 7% of the healthy elderly infected annually.2 In 

elderly patients hospitalized with RSV infection, length of stay and need for intensive care 

are similar to those seen with influenza A, and mortality rates (8 and 7%, respectively) are 

also similar.2 Additional risk factors for lower respiratory tract disease include age less than 

6 months,3 preterm birth infants, those with lung disease3,4 or cardiopulmonary disease,3,5 

and immunocompromised individuals.6–9 RSV infections are also common in healthy, 

nonelderly adults but usually cause only mild, self-limited, upper respiratory tract infections 

(URIs).

Among HSCT recipients, RSV is a common cause of seasonal respiratory tract infections. 

HSCT recipients infected with RSV are especially vulnerable to infection of the lower 

respiratory tract. Factors reported to elevate the risk of LRTI include allogeneic transplant, 

mismatched/unrelated transplant, graft versus host disease, myeloablative regimens, 

advanced age, infection within 1 month of transplantation, and prolonged lymphopenia.10–15 

RSV LRTI is a strong predictor of mortality in HSCT patients, with an associated mortality 

reported to range from 7% to 83%.16 A general trend for improved rates of survival over 

time may in part be explained by increased awareness and improvements in care of these 

patients.16

The incidence and severity of RSV infections in lung transplant recipients have been 

described in multiple retrospective series.17–22 In one prospective study of 50 lung 

transplant recipients, eight (16%) patients contracted RSV infection during a single 

season.21 However, in a similar single-season study of 388 lung transplant recipients, only 
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seven (2%) were diagnosed with RSV infection.23 Importantly, severe LRTIs have been 

described in lung transplant recipients, and mortality rates attributable to RSV range from 10 

to 20%.17–22

Studies reporting the incidence and spectrum of RSV infections in SOT recipients, other 

than lung recipients, are sparse. A study of pediatric renal transplant recipients found that 

the spectrum of RSV infections was similar to that reported in normal children.24 Another 

study of pediatric liver transplant recipients also reported that the clinical spectrum of RSV 

infections was similar to that seen in normal children, but concluded that early onset of 

infection (within 20 days of transplant) and preexisting lung disease were risk factors for 

more severe disease.25 Augmented immunosuppression and age less than 1 year have also 

been associated with increased severity of disease among SOT recipients.26

Transmission of RSV most commonly occurs by direct inoculation of the mouth, nose, or 

eyes after contact with virus-containing secretions or fomites.27,28 However, spread via 

large aerosolized droplets has also been implicated.29 RSV can survive for several hours on 

hands and contaminated surfaces.30 Nosocomial transmission of RSV has been reported on 

HSCT units13,31–34 and in the HSCT clinic.35 The duration of viral shedding may be 

prolonged in HSCT patients and ranged from 7 to 84 days in one study.36

Pathogenesis

After replicating in the nasopharynx, RSV extends to the lower respiratory tract, presumably 

by aspiration of secretions.37 Pathological findings include proliferation of the bronchial 

epithelium, epithelial necrosis, and infiltration of monocytes and T-cells centered on airways 

and pulmonary arterioles.38 A finding of neutrophilia in bronchoalveolar lavage (BAL) fluid 

has also been de-scribed.39 RSV infection is restricted to the respiratory epithelium and only 

rarely has been isolated from extrapulmonary tissues.40,41

The immune response to RSV includes a vigorous production of cytokines and chemokines, 

including interleukin-1 beta (IL-1β), tumor necrosis factor alpha (TNF-α), IL-8, IL-6, CCL3, 

and CCL5.42–49 Concentrations of these immune response cytokines/chemokines in 

respiratory secretions may correlate with the severity of the disease.43,49 However, it is not 

yet evident whether these immune response cytokines/chemokines directly cause damage, or 

if they merely represent a stronger immune response stimulated by a higher burden of RSV.

Clinical Presentation and Complications

RSV is one of the most common causes of RVI in transplant recipients. Initial 

manifestations of RSV infection are usually limited to upper respiratory tract symptoms 

including congestion and rhinorrhea. However, among immunocompromised patients, RSV 

upper URI may quickly progress to LRTI, including life-threatening pneumonia. According 

to one recent literature review of HSCT patients, the progression rate to LRTI was 68% 

(76/112) in untreated patients.50 Moreover, the risk of mortality is high among those patients 

who progress to LRTI. RSV attributable mortality was 32% among the 437 HSCT patients 

diagnosed with LRTI.50
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Among patients with RSV LRTI, the incidence of coinfection with another virulent 

pathogen may be lower with RSV relative to other respiratory viruses. In one study of HSCT 

patients, the incidence of coinfection was 25% (3/12) in patients infected with RSV as 

compared with 100% (7/7) of those infected with influenza and 41% (11/27) infected with 

parainfluenza.51 In another study, 14% (1/7) of HSCT patients with LRTI due to RSV 

developed invasive aspergillosis, as opposed to 57% (4/7) and 75% (3/4) of those with 

influenza and parainfluenza infection, respectively.52

RSV infection may have a unique association with subsequent pulmonary sequelae. Among 

infants, severe RSV infection is associated with an increased risk of reactive airways 

disease.53–57 Moreover, even among previously healthy adults, RSV infection is associated 

with altered airway activity 8 weeks after infection.58 Pulmonary sequelae following RSV 

infection in immunocompromised patients have not been adequately studied. Notably, 

however, RSV LRTI in the first 100 days following HSCT was associated with an increased 

risk of subsequent airflow decline in one study.59 RSV LRTI has also been associated with a 

high risk for graft dysfunction and the development of bronchiolitis obliterans syndrome 

(BOS) in lung transplant recipients.20,60,61

Diagnosis

One should hold a high clinical suspicion for RSV in the setting of lower respiratory tract 

disease and known circulation of RSV in the community, usually during the winter season. 

A laboratory diagnosis can be made by analysis of respiratory secretions (eg, nasal washing, 

BAL). Standard viral culture techniques in HEp-2 cells remain the gold standard, but RSV 

identification by these methods can take from 4 to 14 days. Rapid antigen assays are 

available, but these tests may lack sensitivity in adults.62 PCR-based assays can also be 

performed rapidly and are more sensitive.63 Testing for RSV is now typically included in 

multiplex PCR assays for a multitude of respiratory viruses.

Prevention and Treatment

Vaccine development for RSV and other paramyxoviruses has been hampered by the 

development of vaccine-associated pulmonary inflammation in early trials, and currently no 

licensed vaccines are available for clinical use. Palivizumab is a monoclonal RSV-specific 

antibody that was shown to reduce hospitalization rates among children at high risk for RSV 

infection in a multicenter, randomized, controlled trial64. In HSCT recipients, palivizumab 

appears to be safe and may be beneficial in the prevention and/or treatment of RSV 

infections65. However, further clinical trials are needed to determine its efficacy in 

preventing RSV infections in high-risk transplant recipients.

Although there is no consensus for a standard treatment algorithm for RSV, ribavirin is the 

mainstay in treatment algorithms for serious RSV infections.61 Ribavirin alone (orally or IV 

± inhaled ribavirin) has been associated with improved survival in HSCT recipients with 

RSV infection.66 Limited success has also been reported with inhaled ribavirin alone,12,65 

inhaled ribavirin with intravenous immunoglobulin (IVIg) or RSV- specific immune 

globulin,14,67–69 and inhaled ribavirin with IV palivizumab.70,71 Unfortunately, all treatment 

studies of RSV have been plagued by lack of randomization or small sample sizes.
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A recent review has condensed all published data regarding outcomes of RSV infection.16 In 

this review, the authors found that ribavirin treatment, regardless of form, was associated 

with a much lower rate of progression from URI to LRTI when compared with no therapy. 

This was also true for mortality when patients with LRTI were treated. The addition of an 

immunomodulator (IVIg or RSV immune globulin) to inhaled ribavirin was associated with 

a trend for better outcomes than in patients treated with inhaled ribavirin alone. Until 

conclusive evidence is obtained from future clinical trials, the authors recommend that 

HSCT patients with RSV URI, and at least one risk factor for progression to LRTI, should 

be treated with either inhaled or oral ribavirin. Moreover, patients with RSV LRTI should be 

treated with combination therapy (IVIg or palivizumab) to reduce the risk of RSV-

associated mortality.16

There are several new agents in early clinical trials for RSV. ALN-RSV01 (Alnylam 

Pharmaceuticals, Cambridge, MA) is a promising compound under development. This 

compound inhibits replication of RSV by interrupting synthesis of the viral nucleocapsid 

protein (N-protein). Phase 2 trials are under way.16

PARAINFLUENZA

Epidemiology and Transmission

Parainfluenza virus (PIV) is a single-stranded, enveloped RNA virus of the Paramyxoviridae 

family and may cause clinically significant disease in normal and immunocompromised 

hosts.72 There are four genetically distinct serotypes of parainfluenza: type 3 (PIV3), type 1 

(PIV1), type 2 (PIV2), and type 4 (PIV4), in order of frequency isolated. The different 

serotypes vary in seasonality, prevalence, and clinical disease. PIV3 is found year-round 

with an increased incidence during spring and summer in areas where it is endemic, and it 

can be associated with bronchiolitis and pneumonia.73,74 PIV1 and PIV2 are found in 

epidemics, usually during the autumn/fall and winter and can result in childhood 

laryngotracheobronchitis (croup).73,74 Type 4 (PIV4) has not been well studied and is the 

least common serotype isolated.

PIV infects airway epithelial cells in children in whom infection is usually mild, ranging 

from the characteristic laryngotracheobronchitis to URI. However, bronchiolitis and 

pneumonia can also occur. LRTI typically affects only 15% of cases in infants and 

children.75 Adults can also be infected and transmit the disease.76 The primary sites of 

infection in children and adults are the mucous membranes of the nose and throat, and the 

incubation period ranges from 2 to 4 days. Distal spread of virus throughout the respiratory 

epithelium can be found within 1 to 3 days later.77

Typically transmission occurs from person to person, presumably through the transfer of 

secretions from the respiratory tract by direct contact or as large droplets. Reinfection can 

occur, but it usually results in mild illness. PIV, as with other respiratory viruses, may 

predispose to secondary bacterial infections via epithelial damage, impairment of ciliary 

function, and/or altering the normal host immune-inflammatory responses. In addition, 

bacterial infection may be promoted by increased expression of bacterial receptors on PIV-

infected cells.78
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With regard to HSCT two large retrospective studies performed at the University of 

Minnesota (1974 to 1990) and Fred Hutchinson Cancer Research Center (1990 to 1999) 

demonstrated that PIV respiratory infection was found in 27/1253 (2.2%) and 253/3577 

(7.1%) HSCT; respectively.79,80 In the first study, of 27 patients with PIV, 12 (44%) were 

adults and 15 (56%) were children.79 Between both studies, 30 to 87% had limited URI, 

whereas 6 to 70% presented with simultaneous URI and LRTI.79,80 In other studies the 

frequency of LRTI due to PIV ranged between 23 and 58%.51,81–84 Combined with more 

recent studies, the incidence of PIV infection post-HSCT, diagnosed by the standard 

methods of DFA and viral culture, varies from 2 to 9%.51,75,79–82,85 However, new 

technologies used to detect PIV via PCR methods are demonstrating a higher incidence than 

previously reported. For instance one series demonstrated that up to 14% of HSCT 

recipients developed PIV, although this included asymptomatic cases.77 The median interval 

from transplantation to PIV infection ranges from 23 to 62 days.79,80

The serotype most commonly isolated after HSCT is PIV3, accounting for 70 to 90% of 

cases, whereas PIV1 and PIV2 account for 7 to 11% and 4 to 14%; respectively.79,80 PIV4 

infection is rare (0.05 to 4%).79,80 Most cases of PIV3 infection among HSCT recipients 

occur during the spring and summer months, when PIV3 infection peaks in the community; 

however, year-round occurrence is possible.79,86 The source of PIV infection is usually not 

apparent. Because PIV produces nonspecific symptoms in the immunocompromised and 

normal host, it may go unrecognized, rendering nosocomial transmission difficult to 

detect.87 Since reactivation without reinfection has not been confirmed, nosocomial 

transmission appears to be a mode of in-fection.51,83,84,88 Hospital-acquired PIV infections, 

defined as those occurring 7 or more days after admission, accounted for more than 20% of 

PIV infections in a large HSCT population.80

Studies suggest that intense immunosuppression and lymphopenia may be the primary 

factors associated with PIV infection and pneumonia in HSCT recipients. Multivariable 

analysis identified the receipt of an unrelated transplant as the only risk factor for PIV 

acquisition.80 However, the dose of corticosteroids at the time of PIV infection acquisition 

was the primary factor associated with the development of PIV3 pneumonia, among both 

allogeneic and autologous HSCT recipi-ents.80 Yet another study of HSCT patients that 

received nonmyeloablative conditioning demonstrated a 35% cumulative probability of RVI 

at 18 months post-transplant, with PIV3 being the most frequently isolated organism (46% 

of cases).89

Among SOT recipients, the majority of published data involve lung transplant recipients 

(LTRs). In one study of 93 LTRs who underwent serial BAL sampling with a Luminex 

xTAG Respiratory Viral Panel assay (Luminex Corporation, Austin, TX) that included PIV, 

15 patients (16%) had PIV; 12/15 (80%) were asymptomatic.90 In another retrospective 

study of 454 LTRs from the University of Pittsburgh Medical Center between 1990 to 2000, 

PIV was found via culture and DFA in 24 (5%) LTRs. The median time to diagnosis was 2.1 

years; 20 (83%) occurred more than 1 year after transplantation.91 PIV serotypes included 

PIV1 (29%), PIV2 (8%), and PIV3 (63%).91 The incidence of PIV in other SOT recipients is 

not well studied.
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Pathogenesis

The primary sites of infection with PIV are the mucous membranes of the nose and throat; 

the incubation period ranges from 2 to 4 days. There is distal spread of virus throughout the 

respiratory epithelium that can be detected 1 to 3 days later.77 The extent of infection 

usually correlates with the severity of disease. For instance, mild URI is associated with 

limited infection of the nasopharynx, whereas more severe disease involves spread of 

infection to the lower respiratory airways.92,93 PIV1 and PIV2 usually infect the larynx and 

upper trachea and may cause croup. PIV3 is more associated with bronchiolitis and 

pneumonia and thus infects the distal airways.94 Interestingly, animal models have 

demonstrated that PIV can directly injure the airway epithelium. Importantly, these studies 

also suggest that indirect injury due to inflammatory mediators from the host immune 

response are more likely to be responsible for airway reactivity, bronchiolitis, and overall 

lung injury.94,95

Clinical Presentation and Complications

The clinical characteristics of PIV infection in the transplant population of patients are 

similar to those of infection with other respiratory virus such as RSV. Typical signs and 

symptoms of PIV infection in HSCT recipients include fever (<5 to 89%), cough (30 to 

78%), coryza (~50%), watery eyes (~33%), sore throat (~22%), wheezing (<10 to 59%), 

sputum (~33%), dyspnea (<5 to 47%), radiographic infiltrates (~60%), sinus headache 

(~15%), sinus congestion (30 to 45%), sinus opacification (~30%), and muscle aches 

(<10%).79,83 Among HSCT recipients with LRTI due to PIV, the typical finding on high-

resolution chest computed tomography is multiple small nodules (<5 mm in diameter) 

without cavitations in a peribronchial distribution.96 However, these findings can be seen 

with other opportunistic infections. Radiographic infiltrates are also seen but usually suggest 

a late phase of the infection or coinfection/superinfection.

Risk factors for poor outcomes in HSCT recipients infected with PIV include sepsis/

multiorgan failure, pulmonary copathogens, and the need for mechanical ventilation.80,82,84 

Coinfection with other respiratory pathogens is common in patients with PIV LRTI.80

Even PIV3 URI was associated with increased mortality in a large cohort of HSCT 

recipients; however, the association with mortality was greater in PIV3 LRTI.80 In fact, 

overall mortality from PIV3 LRTI was 35% at 30 days and 75% at 180 days after the 

diagnosis of pneumonia.80 Multiple other studies cited mortality rates associated with PIV3 

infection ranging from 18 to 33%75,79–82,85,89; PIV involvement of the LRT is associated 

with a further increase in mortality (eg, 46 to 75%).51,59,80,84

Progression of URI to LRTI is associated with the use of high-dose systemic steroids and 

lymphopenia.51,82 In a large retrospective study, the development of LRTI was driven 

primarily by the administration of corticosteroids for graft versus host disease (GVHD).80 

These data suggest that tapering of corticosteroids at the time of PIV3 URI diagnosis may be 

one strategy to prevent progression to pneumonia.

Pulmonary sequelae are another significant complication of PIV infection in the HSCT 

population. In a large retrospective study involving 1131 HSCT recipients between 1990 and 
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2000, 299 (26%) developed airflow decline (defined as a >5%/year decline in percentage of 

predicted forced expiratory volume in 1 second (FEV1) during year 1, with the year 1 

FEV1:-forced vital capacity (FVC) ratio <0.8).59 Among the 58 patients who developed PIV 

URI, 23 (40%) developed airflow decline at 1 year. Seven patients developed PIV LRTI, of 

which six (68%) developed airflow decline. Notably, these rates were higher than with RSV: 

27 URI, of which seven (26%) developed airflow decline, and 11 LRTI, of which six (55%) 

developed airflow decline.59 The steepest decline in FEV1 occurred within 100 days of the 

infection; however; some patients continued to have progressive obstruction after 100 

days.59

Among lung transplant recipients, the typical symptoms of PIV included cough (70%), 

shortness of breath (SOB) (66%), fever (17%), infiltrates (24%), and respiratory failure 

(20%).91 Furthermore, PIV progression from URI to LRTI occurred in (13%) of LTRs with 

PIV.90 Secondary bacterial infections (Pseudomonas and Staphylococcus) occurred in 3% of 

the cases.91 Importantly, PIV is likely to be able to activate mediators of allograft rejection 

and allograft injury, which is supported by studies suggesting PIV can be associated with 

acute and chronic rejection.91,97 For instance, overall adverse outcomes (decline in FEV1 or 

acute rejection) occurred in 26% of patients with PIV.90 The median time interval for 

allograft injury was 6 months.91 Although clinical data suggest a possible role for PIV in the 

development of allograft dysfunction and bronchiolitis obliterans syndrome (BOS), further 

studies are required.22,91,98,99 Notably, there are also reports of allograft rejection and injury 

associated with PIV infection in renal and liver transplant patients.100,101

Diagnosis

Nasopharyngeal aspirate and BAL samples can be sent for viral culture and DFA testing. 

NAT for detection of respiratory viruses is increasingly used to detect PIV and offers 

increased sensitivity for detection of PIV-3, with positive PCR demonstrated in DFA-

negative subjects.102

Prevention and Treatment

Effective infection control procedures, including isolation of at-risk patients in the out- and 

in-patient clinical setting, should be enforced.84 Studies have identified close-contact 

transmission and surface contamination to be at least as important as droplet spread or direct 

hand contact in PIV transmission, and infectious virus has been demonstrated for up to 10 

hours on skin and cloth.103,104

Presently there are no drugs licensed by the U.S. Food and Drug Administration for the 

treatment of PIV infection in children or adults. In the absence of robust clinical efficacy 

data from large randomized, controlled studies and with no licensed treatment available, 

some institutions offer ribavirin on the basis of evidence of in vitro and in vivo activity 

against parainfluenza viruses in case reports and small series.80,81,105 Sialic acid analogues, 

such as zanamivir, a 4-guanidino-Neu5Ac2en, designed to interfere with the binding of the 

viral hemagglutinin (HA) neuraminidase (NA) to host sialic acid residues (originally 

designed to inhibit influenza infections), are partially active inhibiting PIV3 in vitro106 but 

as of yet there is no evidence of in vivo activity. Similar drugs/compounds that block the 
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hemagglutinin and neuraminidase (HA and NA) of PIV, such as BCX 2798 and BCX 2855, 

show promise, although human clinical trials are needed.107,108

INFLUENZA

Epidemiology and Transmission

Influenza is a common cause of respiratory infection in both immunocompetent and 

immunocompromised hosts, including SOT recipients. Although the majority of influenza 

infections are mild, worldwide, influenza remains a leading cause of death from infection 

due to seasonal epidemics and sporadic pandemics. The emergence and spread of zoonotic 

influenza strains, including avian and novel swine viruses, and globalization of the economy 

have placed the world’s human populations at constant risk for an influenza pandemic.

Seasonal influenza infections occur during winter months, although cases during the 2009 

H1N1 pandemic occurred year-round. An estimated 4 to 5% of the general population is 

infected annually, although the actual incidence is difficult to determine because many mild 

cases go undetected. A similar incidence of influenza infection has been reported among 

transplant recipients, despite their immunocompromised state. Most reports in the literature 

are retrospective case series, and therefore, the frequency of influenza infections among 

transplant recipients is likely underestimated, whereas the severity of infection may be 

overrepresented due to many milder cases going unreported. They can occur at any time 

posttransplantation. The incidence is highest for recipients of HSCT and LTRs. Among 

HSCT recipients, reports from both the United States and Europe have generally described 

low rates of influenza infections,11,109–111 with allogeneic SCT recipients at higher risk of 

contracting influenza and other RVIs.11,109 A large analysis of HSCT recipients documented 

incidence of 1.3% during the first 120 days alone after transplantation.111 Not surprisingly, 

in this study, transplantation during influenza season was a significant risk factor for the 

development of influenza infection. Patients on higher doses of corticosteroids (i.e., ≥1 

mg/kg) and allogeneic transplant recipients have longer duration of viral shedding, raising 

the risk of transmission.111

Among SOT recipients, the incidence of influenza infection is highest in lung transplant 

recipients.112,113 A study analyzing cases of influenza infections in all adult SOT recipients 

at the University of Pittsburgh revealed 30 cases over a 10-year period, with 19 cases 

occurring among 454 LTRs, resulting in an incidence of 41.8 cases/1000 person years.114 In 

this study, five cases were reported among 1728 liver transplant recipients and six among 

1387 renal transplant recipients, underscoring the relatively low incidence of influenza 

infections. Reports of frequency of influenza infections among SOT recipients from other 

centers have ranged from 0 to 13%, with most reports describing incidences between 2 and 

4%.19,22,23,98,113,115–119 Limited studies of the 2009 H1N1 pandemic influenza have 

reported incidence rates of 3 to 5% among LTRs.120,121 However, although the overall 

incidence of influenza infection is low, influenza viruses still remain a common cause of 

RVI among transplant recipients.11,33 Furthermore, the rates of complications are higher 

among transplant recipients than the general population (see later discussion).
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Transmission of influenza occurs by infectious droplets that are spread directly by sneezing 

and coughing, or indirectly via fomites. Nosocomial transmission has been frequently 

reported, particularly on transplant units, highlighting the importance of infection control 

practices when caring for immunocompromised patients.122–124 Isolation precautions for 

droplets should be observed, with airborne precautions in cases of suspected pandemic 

strains. Transmission of influenza through transplantation of infected allografts has been 

reported, but such cases appear to be rare and mainly occur with lung transplantation.125,126 

Guidelines from transplantation societies issued during the 2009 pandemic recommended 

that lungs should not be recovered for transplantation from donors with any influenza 

infection, and that small intestine should additionally not be recovered from donors with 

H1N1 pandemic influenza. Other organs can be considered for transplantation treatment 

with appropriate antiviral therapy.127,128 Direct transmission of influenza through renal and 

other solid organs has not been directly demonstrated, although renal allografts from acutely 

infected donors have been associated with delayed graft function.126 In addition, 

transmission of influenza can occur if the virus is present in the stem cell products, as has 

been reported during the 2009 H1N1 pandemic.129

Pathogenesis

Influenza is a segmented, single-stranded, negative-sense RNA viruses. Influenza viruses are 

classified as type A, B, or C, with influenza A and B viruses being the major cause of human 

disease. Influenza A strains are further subtyped by their surface proteins, hemagglutinin 

(HA) and neuraminidase (NA), which are antigens that are sensed by the host immune 

system but also rapidly acquire mutations, enabling the virus to evade detection by prior 

humoral (i.e., antibody-mediated) immunity. Because of this antigenic drift, constant 

surveillance of circulating influenza strains is necessary to make appropriate alterations in 

vaccine composition on an annual basis. Pandemics arise when one of its seven genomic 

RNA segments reassorts with segment(s) from other influenza strains (eg, swine, avian, or 

human), resulting in antigenic shift. The 2009 H1N1 novel swine flu strain was thought to 

have arisen from reassortment event(s) between swine and triple-reassortant influenza 

strains.130–132

The portal of entry is the nose. Most cases of influenza infection are limited to the upper 

respiratory tract. Influenza viruses directly infect respiratory epithelial cells, causing 

localized injury and cell death. The antiviral immune response results in recruitment of 

cytotoxic CD8 + T lymphocytes and induction of proinflammatory cytokines such as TNF-a, 

IL-12, type I interferons (IFN-α and IFN-β), and IFN-γ. Occasionally, particularly in 

immunocompromised hosts, the infection spreads to the lower respiratory tract. An excess 

inflammatory response in the lung leads to lung injury, as has been described in cases of 

seasonal, pandemic, and avian influenza infections. Paradoxically, aspects of antiviral 

immunity appear to enhance the development of bacterial superinfections, resulting in 

secondary bacterial pneumonia, another serious complication of influenza and other viral 

infections.133,134

A significant number of lower respiratory tract influenza infections precipitate rejection of 

transplant allografts, including lung, kidney, and liver.114,135–138 Both acute rejection, as 
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well as long-term rejection (i.e., BOS) has frequently been observed. The mechanisms by 

which this occurs are not entirely clear and are an area of intense investigation.

Clinical Presentation and Complications

Similar to immunocompetent hosts, most transplant recipients with influenza have mild, 

self-limited infections of the upper respiratory tract, although complications are 

common.136,137,139 In retrospective studies of HSCT recipients, 80 to 90% of patients with 

influenza present with URI and 10 to 20% with lower respiratory tract 

manifestations.11,110,111,139 Of the patients presenting with URI, 14% progressed to 

pneumonia within 14 days of onset. Lymphopenia was significantly associated with LRTI, 

although interestingly, steroid use appeared to be protective. The development of pneumonia 

was associated with increased 30-day mortality (28%).111 Patients invariably have cough 

and rhinorrhea; fever may or may not be present due to immunosuppressed state or 

medications.11,110,111,139 Prolonged shedding of virus remains an issue, particularly among 

patients with lymphopenia.111,139

In solid organ recipients, influenza infections present most frequently with respiratory 

symptoms, including rhinitis, shortness of breath, and cough.112 Malaise and myalgia/

arthralgias are also common complaints.114 Unlike the pediatric transplant population, 

where virtually all patients present with fever,138,140 adult transplant recipients variably 

present with fever (50 to 80%).113,114 However, the presence of fever in a transplant patient 

with suspected RVI strongly predicts influenza infection,113 although bacterial coinfection 

may be difficult to rule out.

Pediatric, lung, and HSC transplant recipients are at particular risk for complications of 

influenza infections. In the pediatric transplant population, a series of parainfluenza and 

influenza infections at the Children’s Hospital of Pittsburgh reported that three out of 13 

patients with influenza died from extensive lung injury; all were within 4 months of 

transplant (two liver, one heart transplant recipient),140 In another series of 12 pediatric SOT 

recipients with confirmed influenza B infections, five presented with LRTI, two with acute 

respiratory distress syndrome requiring mechanical ventilation, and five with evidence of 

neurological involvement, including one who died of cerebral herniation.138

In adults, a retrospective, single-center study in Switzerland of hospitalized patients during a 

5-year period reported 33 cases of RVI, all of which occurred in immunocompromised 

individuals, with the largest group being LTRs (32%), followed by BMT recipients 

(15%).124 Thirty-nine percent of the cases of RVI were influenza. Crude mortality rate 

among the entire cohort was 24% at 30 days, with 50% of fatal cases having influenza as the 

pathogen. A high percentage of HSCT recipients hospitalized with influenza infection 

develop pneumonia (30 to 75%), with reported mortality rates ranging from 13 to 

43%.111,122,141 Up to half of HSCT patients with influenza-associated pneumonia have 

evidence of concomitant bacterial or fungal infections.33 Details about the complication rate 

in HSCT recipients following infection by 2009 H1N1 pandemic influenza are just now 

starting to emerge, with some reports describing relatively similar rates of lower respiratory 

tract involvement as seasonal flu142–144 and others reporting markedly higher mortality rates 

and severity of illness.121,145
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Complications from influenza infection in SOT recipients include LRTI or lung injury, acute 

and chronic rejection of the allograft, and coinfection with other pathogens.114 Among 

hospitalized SOT recipients with confirmed influenza infection, 47% developed LRTI and 

17% developed bacterial pneumonia. Fifty to 60% of patients who underwent biopsy of the 

transplanted organ at the time of their illness demonstrated acute allograft 

rejection,112,114,119 suggesting that influenza infection may precipitate acute cellular 

rejection, similar to other respiratory viruses. During the 2009 H1N1 pandemic, 23% of 

SOT patients (mainly renal) developed pneumonia, with 14% requiring intensive care. 

Overall mortality was 5%.146

Although most transplant patients survive influenza infections, many develop long-term 

complications. The most significant complication in LTRs is chronic rejection or BOS. 

LTRs with influenza can experience significant decrease in FEV1, which persists for up to 6 

to 12 months after the illness.147 Lower respiratory tract involvement increases risk of 

BOS.118 Influenza infection can precipitate BOS in lung transplant recipients who 

previously had no evidence of chronic rejection. Such cases have occurred shortly after the 

acute infection, with persistent decline in pulmonary function and/ or late acute allograft 

rejection.148,149

Diagnosis

Multiple microbiological techniques150 should be employed in the diagnosis of influenza 

viruses, particularly among patients with complicated infection. Virus culture, rapid antigen 

testing, and NAT (eg, PCR) are the tests of choice. If possible, nasopharyngeal swabs or 

washing should be sent for rapid antigen testing because this will yield the fastest results, 

although it is less sensitive. Hence, a negative antigen test does not reliably rule out 

influenza infection. Both viral culture and NAT tests are high sensitivity and can be sent on 

upper respiratory samples, but if there is lower respiratory involvement, BAL should be 

considered.151 In immunocompromised patients, PCR and other NAT tests are becoming the 

tests of choice for RVI given their high sensitivity.85,152 In addition, nucleic acid–based 

testing can determine subtype of influenza for epidemiological purposes. However, a caveat 

with NAT is that often multiple types of respiratory viruses are detected and may be positive 

in asymptomatic individuals, making it difficult to determine which virus is the true 

pathogen.

Prevention and Treatment

The influenza vaccine (trivalent inactivated subunit vaccine) is recommended for all 

transplant recipients, transplant candidates, their household contacts, and health care 

workers in contact with immunocompromised patients.153,154 However, both humoral and 

cellular immune responses to candidate antigens responses are attenuated in transplant 

recipients compared with normal controls.155,156 Because periods of augmented 

immunosuppression (such as with induction agents or cytolytic therapy) may decrease 

immunogenicity of vaccines, the timing of vaccination should be adjusted accordingly.61 In 

HSCT recipients, vaccine responses are absent before 6 months posttransplant, and it is 

recommended to wait until 6 months to administer the vaccine.154 Similarly, in SOT 

recipients, vaccine can be administered any time after 3 to 6 months posttransplant. There 
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are no data to support acute or chronic rejection as a consequence of vaccination in this 

population. The live attenuated intranasal preparation is not recommended for the 

immunocompromised population.

Available antiviral agents for the treatment of influenza fall into two classes, M2 inhibitors 

(amantidine and rimantidine) and neuraminidase inhibitors (oseltamivir and Zanamivir). 

Because of the emergence of resistance to M2-inhibitors, amantidine and rimantidine are not 

recommended for the treatment of influenza A or 2009 H1N1 viral infections.157 Hence, 

oral oseltamivir or inhaled zanamivir is the treatment of choice for influenza infections. 

Both agents have been shown in uncontrolled studies to be well tolerated and may prevent 

progressive disease in immunocompromised hosts.111,158,159 Controlled studies in transplant 

patients are lacking, and the optimal duration is not known at present. However, since 

transplant recipients often have prolonged duration of viral shedding, consideration should 

be given to extending duration of treatment to 10 to 14 days or until evidence of viral 

shedding ceases based upon weekly PCR testing.26,160

ADENOVIRUS

Epidemiology and Transmission

In the normal host, AdV infections are most frequently associated with self-limited URI 

(pharyngitis, coryza, etc.), gastrointestinal illness, or conjunctival disease.161 Adenoviruses 

have a worldwide distribution and have no significant seasonal variation.161 Severe and 

disseminated AdV infections, although rare in the immunocompetent host,162,163 can occur 

in immunocompromised patients.164–175 Augmented immunosuppression, including 

exposure to cytolytic therapies, is considered to be a risk factor for more severe disease in 

patients who experience AdV infection.161

AdV infections are typically caused by exposure to infected respiratory secretions through 

person-to-person contact.176,177 Transmission occurs via inhalation of aerosolized droplets, 

direct conjunctival inoculation, fecal–oral spread, or exposure to infected tissue or 

blood.177–179 The incubation period ranges from 2 to 14 days.177 Donor organ–associated 

transmission of AdV has been described.180 AdV may also establish latency in lymphoid or 

other tissues, and reactivation can occur after initiation of immune suppression.181–183

AdV has increasingly been recognized as a pathogen in patients following HSCT. The 

highest risk period for AdV infection is within the first 100 days after transplant.184 Among 

HSCT recipients, children have a higher incidence of AdV infection (23 to 26%) than adults 

(9%).185 Additional risk factors among HSCT recipients include allogeneic HSCT,184,186 

HLA (human leukocyte antigen) mismatch,184,187 severe T cell depletion,184,188 and 

GVHD.177,186,188–193

Among SOT recipients, risk factors for AdV infections include pediatric recipients,184,194 

receipt of antilymphocyte antibodies,184 and AdV serological mismatch (donor-positive/

recipient-negative).184 In a prospective surveillance study of SOT recipients, AdV viremia 

was detected in 7.2% of patients during the first posttransplant year, including 8.3% of liver 

recipients (10/121), 6.5% of kidney recipients, and 6.7% of heart recipients.195 The majority 
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(58%) of these patients had no symptoms, and all patients recovered spontaneously. In 

contrast, other retrospective studies reported serious infections and poor outcomes in SOT 

recipients. In a review of 484 pediatric liver transplant recipients, 49 (10%) developed AdV 

infections and nine deaths were attributed to AdV disease.194 In another review of 191 adult 

liver transplant recipients, 11 (5.8%) were diagnosed with AdV infection, and there were 

two AdV-related deaths.196 In pediatric heart transplant recipients, the presence of AdV 

DNA in cardiac biopsies was associated with poor graft survival.197 AdV has also been 

associated with hemorrhagic cystitis and graft dysfunction in adult renal transplant 

recipients.198,199

In a molecular surveillance study of LTRs using PCR, 22.5% (18/80) of patients developed 

AdV viremia in the first year posttransplant, but most (78%) were asymptomatic.200 All 

recovered spontaneously, and there was no association with subsequent allograft rejection or 

dysfunction noted. Severe adenoviral infections after lung transplantation are less common 

but have been associated with graft dysfunction and fatal disease. In a review of 383 LTRs, 

four (1.3%) were diagnosed with AdV infections, including 3/40 (8%) pediatric recipients 

and 1/ 268 (0.4%) adult recipients. All four developed severe necrotizing pneumonia and all 

died within 45 days of transplant.117 In another study of 19 pediatric LTRs, AdV infections 

were diagnosed in eight, resulting in two early deaths, as well as late graft loss and 

obliterative bronchiolitis (OB).201 A case of fatal AdV pneumonia in an adult LTR 4 years 

after transplant was described.202

Pathogenesis

Fifty-three serotypes and seven species (A through G) of AdV are recognized.203–205 

However, only one third of serotypes are associated with human disease.176,203,206–210 

Globally, serotypes 1 through 4, 7, and 21 are most commonly associated with human 

disease.176,207–210 Different serotypes display different tissue trophisms and correlate with 

clinical manifestations of infection (discussed in Adenovirus article in this 

issue).176,177,203,205

Ineffective cellular immunity is a risk factor for AdV infection, and T cell-mediated 

immunity is important for recovery.184 Increases in lymphocyte counts or CD4 counts were 

associated with clearance of AdV infection211,212 and improved survival.212,213

The humoral response also plays an important role in controlling AdV infection. Serotype-

specific neutralizing antibodies correlate with clearance of AdV.184,212 Patients whose 

viremia cleared exhibited an increased humoral response, with eight- to 16-fold increase in 

serotype-specific antibodies.212

Clinical Presentation and Complications

Clinical manifestations in immunocompromised patients include pneumonia, hepatitis, 

hemorrhagic cystitis, colitis, pancreatitis, meningoencephalitis, and disseminated disease, 

depending on the underlying disease, affected organ system, patient age, and virus 

serotype.184 Among SOT recipients, the transplanted organ is the most common site of 

disease.184 The spectrum of AdV-associated syndromes is broad in part due to the various 
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serotypes (discussed elsewhere in this issue). In immunocompromised patients, AdV 

infections tend to be more prolonged, more severe, and sometimes fatal.

Diagnosis

Multiple approaches are available to diagnose AdV infection. Conventional viral culture is 

the most sensitive and specific method and usually yields a characteristic cytopathic effect in 

2 to 7 days, but occasionally may take up to 21 days for some serotypes.177 Shell vial 

culture techniques have improved the speed of diagnosis compared with conventional 

culture.214 Viral antigen assays can provide the most rapid diagnosis, but the sensitivity of 

these tests is limited.215 PCR techniques for AdV in plasma, urine, and other infected fluids 

or tissues are highly sensitive.177,216,217 Among transplant recipients, PCR assays from 

blood and stool samples may be an effective way to screen asymptomatic patients and 

facilitate early “preemptive” therapy.176,190,195,218 However, the role of routine surveillance 

is controversial.177 Further, PCR quantification of viral load has been used to monitor 

response to therapy.216,219

AdV can also cause characteristic intranuclear inclusions that can be seen on biopsy.177 

Occasionally AdV inclusions may be confused with CMV inclusions, but AdV-specific 

immunohistochemical stains are available.220

Prevention and Treatment

Currently, there is no clinically available AdV vaccine. Given the potential for nosocomial 

spread, infection control measures are critical in transplant clinics and inpatient units. 

Notably, hand washing may not reliably remove AdV from contaminated fingers.221 

Outbreaks have been controlled by cohorting patients; using gloves, gowns, and goggles; 

and excluding symptomatic staff from the unit.222

With regard to treatment of established AdV infection, prospective trials are lacking, and no 

antiviral drug has been approved to treat AdV.184 Ganciclovir, ribavirin, and vidarabine 

each have limited in vitro activity against AdV.223–225 Case reports and small series have 

reported successful outcomes with each treatment, but it is impossible to determine whether 

these patients would have recovered without therapy.226

Cidofovir (CDV), a cytosine nucleotide analogue that inhibits DNA polymerase, has the 

greatest in vitro activity against AdV223,227,228 and is the preferred therapeutic agent.177 

CDV is available only intravenously,177 but based upon its pharmacokinetic properties it can 

be dosed once weekly. The most common dosing regimen is 5 mg/kg weekly,184,218 but 

other dosing regimens have been reported, including 1 mg/kg thrice weekly in children.229 

The duration of therapy depends upon clinical response. In the largest published series, 

20/29 (69%) HSCT patients treated with CDV cleared their AdV infection.230 In multiple 

other smaller series of AdV infected HSCT recipients with variable presentations, most 

improve with CDV treatment.187,231,232

Although CDV is generally well tolerated,190,218 the potential for nephrotoxicity, especially 

when used in combination with other nephrotoxic drugs, can be problematic.177,184 
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Hydration and probenacid may minimize nephrotoxicity,177,190,233,234 but careful 

monitoring of renal function is critical.

Because T cell immunity plays a critical role in controlling AdV infection,184 the level of 

immunosuppression should be reduced when feasible.89,190,220 However, there is also some 

evidence for the use of immunotherapy in immunosuppressed patients, primarily HSCT 

recipients. Small series of adoptive transfer of virus-specific lymphocytes in pediatric HSCT 

recipients reported positive outcomes.235,236 Pooled IVIg has been commonly used as 

adjunctive therapy to CDV and other antiviral medications, but data are insufficient to assess 

efficacy.191

Importantly, not all patients with AdV infections or viremia require treatment.177,209 Most 

patients are asymptomatic at the time of viremia, and spontaneous resolution is 

common.195,209 We reserve treatment for symptomatic patients or those with dissemination. 

“Preemptive” therapy may have a role in viremic but asymptomatic organ transplant 

recipients at high risk for dissemination. Prospective, randomized trials are needed to 

elucidate indications for therapy in both symptomatic and asymptomatic patients with AdV 

infections.

HUMAN METAPNEUMOVIRUS

Epidemiology and Transmission

Human metapneumovirus (HMpV) is a paramyxovirus most closely related to RSV that is 

nearly universally encountered by 5 to 10 years of age.237 It is second only to RSV as a 

cause of bronchiolitis in children and as an etiology of LRTI in hospitalized children.238 

HMpV circulates year-round, but in temperate climates it is found more often in late winter 

and spring.239 The virus was first described in 2001 by van den Hoogen et al in respiratory 

samples of children presenting with a clinical syndrome compatible with RSV.237

HMpV can cause severe disease in both normal and immunocompromised populations. In a 

survey of 30 infants intubated with RSV bronchiolitis who underwent BAL, 70% were 

coinfected with HMpV as detected by PCR. Importantly, of the infants with no underlying 

risk factor for severe RSV disease, 90% were coinfected with HMpV, suggesting that 

HMpV can cause or coprecipitate severe disease in a nonimmunocompromised 

population.240 In patients hospitalized for HSCT or hematologic cancer, 3.2% of the patients 

were positive for HMpV (4.5% of children) and 55% of the patients had evidence of 

infiltrates on chest radiographs.241 In a 3-year retrospective study of 249 samples from 163 

patients with HSCT, 11 had HMpV by PCR, three (27%) of whom had radiographic 

evidence of pneumonia and HMpV on BAL. One patient died from sepsis but was 

coinfected with influenza B.239 Of 89 LTRs who had URI or LRTI symptoms, 31% had 

virus detected by PCR, of which 31% (19) were HMpV, which was a much higher 

percentage of HMpV than other studies.60 No patient required intubation, but 63% of the 

patients with HMpV required hospitalization for acute allograft dysfunction. A survey of 

outpatient LTRs found that 51% of 388 patients had symptoms of either URI or LRTI, and 

3.6% of BAL and nasopharyngeal swabs were positive for a respiratory virus by PCR. 

HMpV represented 18% (6) of the positive samples.23 Garbino et al noted that 4% of lung 
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transplant BAL samples positive for respiratory virus had HMpV.242 In a 2-year survey of 

60 LTRs, Weinberg found 112 episodes of respiratory infection, and 51 of these episodes 

had at least one respiratory virus detected by PCR. Seven (6%) had HMpV, of which four 

(3%) were sole pathogens. HMpV infections requiring hospitalization occurred at rates 

similar to PIV and RSV, but clinically diagnosed acute rejection (i.e., no biopsy), was more 

often seen in RSV than HMpV.119 Not all studies have found HMpV to cause severe 

disease. Moreover, detection of viral nucleic acid alone does not signify disease, a situation 

that is more likely the case in “surveillance” bronchoscopies after lung transplantation. As 

an example, of 93 LTRs undergoing 582 BALs (72% for surveillance) the 13% of BAL that 

were positive for any respiratory virus were three times as likely to come from 

asymptomatic versus symptomatic patients. All four HMpV cases were from asymptomatic 

hosts.90

Clinical Presentation and Complications

The presentation of HMpV is generally that of a URI, yet fever, cough, dyspnea, pneumonia, 

and wheezing have been reported frequently243,244 and are more common in 

immunocompromised individuals.243,245 Wheezing may be less frequent in patients with 

HMpV as compared with patients who have RSV.60 In a 6-year study to identify HMpV 

symptoms in adult HSCT patients, 769 respiratory samples were examined for HMpV 

infection by PCR. Only 2.5% (19) were positive, and three of those were coinfected with 

another virus. Seventy-two percent of the patients had URI only, whereas the remainder had 

evidence of pneumonia, none of whom died.246 In at least one instance HMpV has been 

detected in lung tissue by in situ hybridization from an open lung biopsy.243 An unusual 

presentation of URI and meningoencephalitis, similar to Nipah virus, another 

paramyxovirus, in a 14-month-old boy was associated with HMpV in lung and brain tissue 

by PCR, but not by histopathology.247 Given that HMpV can be a severe illness, particularly 

in the immunocompromised, is it possible to predict who will develop severe disease? Using 

samples from an HSCT population, Campbell found seven patients with HMpV by PCR. 

Although quantitative viral load was not associated with the need for mechanical ventilation 

or death, detection of viral nucleic acid (not specifically HMpV) in the serum was 

significantly associated with death.248

Diagnosis

As with most viruses, comparison of the diagnostic sensitivity of culture, 

immunofluorescence, and PCR demonstrates PCR to be the most sensitive.245 A study of 

HSCT patients included HMpV in such a comparison and not unexpectedly found that PCR 

was twice as sensitive as culture and four times more sensitive than immunofluorescence. 

However, detection by PCR alone was associated with lower viral load and fewer 

respiratory symptoms.85 Serological determination of exposure is also possible.249

Treatment

Ribavirin has been used for treatment in at least one published study,60 and both ribavirin 

and IVIg appear to have near equal efficacy against HMpV in vitro.250,251 Reduction of 

steroid doses may also be of a more general benefit in at least reducing the chance of 

infection with respiratory viruses.245
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CORONA VIRUS

Epidemiology and Transmission

The human coronavirus (HCoV) is associated with URI as one of the “common cold” 

viruses and may also cause bronchiolitis and croup in children.252 It is an RNA virus of the 

Coronaviridae family.252 There are presently four genotypes of non-SARS HCoV identified: 

OC43,253 229E,254 HKU1,255 and NL63.256,257 All four genotypes have been found in 

upper and lower respiratory tracts of immunocompromised patients. In temperate zones the 

virus may have a predilection for winter transmission, but there is little evidence for 

seasonal transmission of HCoV.252,258 In a prospective evaluation of adults hospitalized for 

an acute respiratory illness, 540 BAL from 279 patients were assessed for HCoV.259 They 

found 29 BAL with HCoV (28 from SOT recipients and 14 from patients with hematologic 

cancer), of which OC43 was the most prevalent (12), then 229E (7), NL63 (6), and finally 

HKU1 (4). In 522 BAL from 299 patients respiratory virus nucleic acid was found in 17.4%, 

of which 32% was HCoV.242 A survey of respiratory virus infections in adult LTRs found 

that HCoV accounted for 15% of the viruses detected in either BAL or nasopharyngeal 

swab,23 whereas in 82 HSCT patients, four of 85 BAL samples (5%) were found to have 

HCoV.248

Clinical Presentation and Complications

There are limited data regarding the clinical presentation of the virus in 

immunocompromised hosts, outside of URI. In one study of LTRs, 73% of the HCoV from 

BAL were from asymptomatic patients, but 72% of the bronchoscopies were for 

surveillance.90 Milano performed a year-long survey of weekly respiratory symptoms and 

viral detection by PCR in respiratory samples for the first 100 days after HSCT.258 By day 

100 the cumulative incidence of HCoV was 11%, and 40% of these patients were 

asymptomatic at the time the virus was identified. None of the 13 patients with HCoV and 

URI symptoms developed LRTI in the first 100 days. Three of 22 persons with HCoV shed 

viral nucleic acid for at least 3 months. Isolation of HCoV was not statistically associated 

with any symptoms by regression analysis. There are two case reports of severe disease, the 

first being of an HCoV LRTI shortly after treatment for a solid tumor.260 The second is of 

an immunocompromised adult after HSCT who developed an URI with HCoV NL63 and 

who ultimately died of progressive respiratory failure without identification of other 

pathogens.261

Diagnosis

Diagnosis of HCoV is made by PCR, and HCoV is now included in multiplex PCR assays 

for a multitude of respiratory viruses.

Treatment

There is no specific treatment.
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RHINOVIRUS

Epidemiology and Transmission

Human rhinovirus (HRV) is a picornavirus and is the most prevalent common cold virus 

with a peak incidence in the early fall.262 There are three recognized genotypes, A, B, and 

C, which circulate year round.258,263 This virus is ubiquitous, and it is estimated that each 

year every adult has one HRV infection.262 One study found that of 346 adults with cold 

symptoms 82% had picornavirus infections.262 HRV is generally the most commonly 

isolated respiratory virus in HSCT and LTRs.23,152,242,245,264 For example, of 299 patients 

who underwent a combined 522 BAL, 17% had respiratory viral nucleic acid detected by 

PCR, with 23% of these being HRV, the most prevalent of all viruses tested for.242 

Furthermore, a multicenter study of respiratory viruses in pediatric LTRs found that 22% of 

infections were due to HRV.263

Clinical Presentation and Complications

The clinical presentation of HRV is generally that of a URI; coryza and cough. In most 

studies HRV is not associated with severe disease, though reports of severe and even fatal 

disease possibly attributable to HRV exist.265,266 Indeed, adult LTRs with HRV detected on 

BAL were more likely to be asymptomatic than symptomatic (37 vs 9).90 Liu found 14 of 28 

respiratory viruses in pediatric LTRs were HRV, and there were no associated deaths or 

subsequent BOS occurrences.267 In a pediatric bone marrow unit 82% of the 11 patients 

with HRV detected by nasopharyngeal aspirate were either asymptomatic or with coryza 

without LRTI, and all survived.268 No association of HRV with LRTI was found in a study 

of 159 BAL from 88 immunocompromised patients, including LTRs.269 However, the 

degree of immunosuppression influences the likelihood of developing LRTI. A retrospective 

cohort study evaluated the effect of RVI, including HRV, on patients undergoing 

nonmyeloablative versus myeloablative chemotherapy versus auto-HSCT patients. The 

incidence of any RVI was statistically less in the auto-HSCT, but LRTI was less common in 

nonmyeloablative versus the other two more immunocompromised groups.51 Looking only 

at enterovirus and HRV in patients with hematologic malignancies, 15 HRV were found by 

PCR, and four of the 15 had signs of LRTI. Two of these patients developed LRTI 

subsequent to URI. However, one-half of the HRV LRTI cases were associated with 

coinfection by organisms known to cause LRTI. There were no deaths associated with 

HRV.270 Another study in HSCT patients in the first 100 days post-HSCT found HRV in 

22% of patients. In 87% of HRV-positive patients coryza and cough was present, with three 

patients progressing to LRTI.258 Prolonged shedding of HRV in immunocompromised 

patients does occur. In the aforementioned study of HSCT patients the median shedding 

time of HRV was 3 weeks, whereas over 10% shed for more than 3 months.258 In a small 

study of adult LTRs, three of 11 cases had prolonged shedding of HRV, one for more than 

18 months.271

Given that this most common of respiratory viruses can progress to LRTI in the most 

vulnerable patients, can severe disease be predicted by the viral load of HRV? Gerna et al 

looked at immunocompromised children (HSCT recipients) and adults (LTRs), and normal 

children and adults and found that immunocompromised adults tended to have lower PCR 
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counts and be asymptomatic, whereas immunologically normal children had higher viral 

loads associated with more severe disease.272 Overall, viral loads >10 (5) were associated 

with LRTI. The indirect effects of this most common of respiratory pathogens on acute and 

chronic rejection have been assessed by Costa et al,273 who found no effect in 18 LTRs. 

Although not specifically HRV, at least one report does suggest an association of RVI with 

subsequent acute and chronic rejection.147

Diagnosis

Detection of viral nucleic acid by PCR is the most sensitive method,85 but culture and DFA 

are also possible, albeit with lower sensitivity.

Treatment

There is presently no licensed specific treatment, but IVIg has been used in severe cases 

along with reduction of steroid immunosuppression. Pleconaril has an efficacy of 70% for 

treatment of HRV and was submitted for FDA consideration in 2001 but rejected secondary 

to safety concerns; it is presently not licensed in the United States.274 In prelicensing trials 

pleconaril reduced the duration of symptoms by an average of 1 day, and coryza was 

significantly improved compared with placebo by the second day.274

BOCAVIRUS

Epidemiology and Transmission

This newly described parvovirus, human bocavirus (HBoV), was discovered by Allander et 

al in 2005 using universal viral PCR primers on respiratory samples from which no other 

pathogens had been identified.275 At the time of discovery, the authors performed a small 

epidemiological study and found that 17 children admitted to the hospital with URI and 

wheezing had HBoV detected by PCR in upper respiratory samples. Of these 17 children, 14 

had no other viral pathogens identified on the same respiratory samples, but a broad PCR 

based approach to identifying coinfections was not undertaken.275 The incidence of HBoV 

varies but is ~4.5% in children with URI.276 Like other parvoviruses of humans and 

animals, the virus is found in respiratory secretions and is likely transmitted via respiratory 

droplets.277 However, dissemination of HBoV has been described in the plasma and stool, 

thus passage via other bodily fluids cannot yet be excluded.276,278,279 There does not appear 

to be a strong seasonality with HBoV, and it can be found year around.276,280

The majority of studies have used detection of HBoV by PCR in the nasopharynx of 

children, with few sampling the “lower respiratory tract” by BAL and even fewer assessing 

carriage in transplant patients. Garbino et al did assess 522 BAL samples from 299 patients 

for respiratory viruses by PCR.242 HBoV was the least frequently detected virus at a 

frequency of 3%. Another study of 341 BAL samples over a year and a half found negligible 

differences in HBoV detection rates between SOT, HSCT, and nontransplant patients. All 

samples with HBoV did have clinical symptoms of LRTI, yet all but one HBoV sample had 

another significant respiratory pathogen at the time of clinical presentation.269 In an 

Australian study of 153 BAL samples from 120 patients, including LTRs, no HBoV DNA 

was detected in any patient.281
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Clinical Presentation and Complications

The clinical presentation of HBoV is presently not well defined but may include fever, URI, 

wheezing, LRTI, and diarrhea. An early report by Schenk et al noted disseminated HBoV 

infection in a 4-year-old child after allogeneic HSCT transplant who had developed a 

nonspecific febrile episode.279 The patient had HBoV DNA detected in the nasopharynx, 

blood, and stool on multiple occasions both pre- and postengraftment. The report merely 

highlights the fact that the virus may disseminate in immunocompromised individuals 

without a clear syndrome. Indeed, dissemination of HBoV may be more the rule than the 

exception.276 A prospective collection of 1200 nasopharyngeal and 1435 fecal samples from 

children and young adults with acute gastroenteritis and negative screening for common 

respiratory viruses detected HBoV in 7% of nasopharyngeal and 2% of fecal samples.280 

Watery diarrhea and fever were the most common symptoms in those with HBoV in the 

stool. However, 33% of nasopharyngeal and 56% of fecal samples were coinfected with 

another potential pathogen, making it difficult to ascribe the clinical findings to HBoV 

alone.280 Similarly, Vicente et al found HBoV in 9% of 527 fecal samples from children 

with acute gastroenteritis and in 8% of respiratory samples from children with symptoms of 

URI.278 As with other studies, 63% of these respiratory samples had coinfection with 

another respiratory virus, whereas in 58% of the fecal samples additional pathogens were 

identified.278 At least one study suggests a more serious clinical presentation is possible. In 

335 children over 7 years of age most children with HBoV presented with bronchiolitis or 

bronchopneumonia with about half of the cases being coinfected with another respiratory 

virus.276

Similar rates of HBoV DNA isolation between cases and controls are commonly found in 

surveillance studies,282,283 and HBoV DNA in the nasopharynx is alone not likely to be 

sufficient for diagnosis of HBoV disease. As with the related parvovirus B19, it may take 

time to figure out exactly what role HBoV has in different clinical syndromes. B19 is also 

often found in respiratory secretions, but it does not cause respiratory disease.277 

Furthermore, closely related parvoviruses of animals tend to cause nonrespiratory 

diseases.284 Thus, at this time it is difficult to speak with certainty regarding clinical 

syndromes attributable to this newly described human parvovirus.

Diagnosis

Diagnosis is based upon the presence of HBoV DNA by PCR or by rise in IgM and IgG 

antibody titers.285

Treatment

There is no specific treatment.

IMPACT OF RESPIRATORY VIRAL INFECTIONS ON CHRONIC LUNG 

ALLOGRAFT DYSFUNCTION

Respiratory viruses are increasingly being recognized as a significant risk factor for 

development of BOS.19,23,90,147 OB, the histopathological hallmark of chronic lung allograft 

rejection, is a fibroproliferative small airways disease thought to be preceded by 
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inflammation, epithelial injury, and mucosal ulcerations. Clinically, OB manifests as 

progressive airflow limitation and dysfunction of the lung allograft (BOS) leading to 

respiratory disability and ultimately death. The development of BOS is the most important 

factor limiting the long-term survival after lung transplantation with ~50% of patients 

affected within 5 years of transplantation.286 Notably, chronic pulmonary GVHD after 

HSCT may also produce progressive airflow decline, and the risk for this syndrome is also 

increased following RVI.59

In addition to epidemiological studies, preclinical models have also suggested that RVI may 

potentiate rejection. Viral infection caused rejection of skin allografts in otherwise tolerant 

hosts.287 Winter et al demonstrated that murine Sendai virus, which is closely related to 

human parainfluenza-1, augmented the airway damage in allogeneic but not syngeneic or 

nontransplanted rat lung allografts.288 Subsequent studies in a murine orthotopic tracheal 

transplant model of obliterative airways disease demonstrated increased airway fibrosis in 

allografts infected with Sendai virus.289 Further research is needed to delineate the immune 

mechanisms that contribute to postviral chronic allograft dysfunction in lung transplant 

recipients.

SUMMARY

The importance of RVI continues to gain recognition in HSCT and SOT recipients, and our 

understanding continues to evolve. Due to chronic immune suppression, these patients are 

particularly susceptible to severe disease that is uncommon in the general population. We 

now also recognize that RVI may have important indirect consequences, including 

coinfection and potentiation of lung allograft rejection. Newer molecular techniques allow 

for rapid identification and identification of a greater number of viruses. However, the 

significance of our ability to detect RVI in transplant recipients, many of whom have 

minimal or no symptoms, remains to be determined. Importantly, treatment options for most 

RVI are limited. Prevention of infection with infection control measures and immunization 

against pathogens for which vaccines are available is important.
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