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Community-acquired viral respiratory tract infections
(RTI) in lung transplant recipients may have a high rate
of progression to pneumonia and can be a trigger for
immunologically mediated detrimental effects on lung
function. A cohort of 100 patients was enrolled from
2001 to 2003 in which 50 patients had clinically diag-
nosed viral RTI and 50 were asymptomatic. All patients
had nasopharyngeal and throat swabs taken for res-
piratory virus antigen detection, culture and RT-PCR.
All patients had pulmonary function tests at regular
intervals for 12 months. Rates of rejection, decline in
forced expiratory volume (L) in 1 s (FEV-1) and bacte-
rial and fungal superinfection were compared at the
3-month primary endpoint. In the 50 patients with RTI,
a microbial etiology was identified in 33 of 50 (66%)
and included rhinovirus (9), coronavirus (8), RSV (6),
influenza A (5), parainfluenza (4) and human metap-
neumovirus (1). During the 3-month primary endpoint,
8 of 50 (16%) RTI patients had acute rejection versus 0
of 50 non-RTI patients (p = 0.006). The number of pa-
tients experiencing a 20% or more decline in FEV-1 by
3 months was 9 of 50 (18%) RTI versus 0 of 50 non-RTI
(0%) (p = 0.003). In six of these nine patients, the de-
cline in FEV-1 was sustained over a 1-year period con-
sistent with bronchiolitis obliterans syndrome (BOS).
Community-acquired respiratory viruses may be asso-
ciated with the development of acute rejection and
BOS.
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Introduction

Community-acquired viral respiratory tract infections (RTI)
are common causes of acute respiratory illness in the gen-
eral community and have been increasingly recognized as
common pathogens after solid organ transplantation (1–3).
In this patient population, infection with these pathogens
can occasionally result in severe pulmonary disease with
significant morbidity and mortality. The most common
community respiratory viruses include influenza A and B,
parainfluenza serotypes 1, 2 and 3, respiratory syncytial
virus (RSV), adenovirus, rhinoviruses and coronaviruses
and the recently described human metapneumovirus (4,5).
While lung transplantation has emerged as an effective life-
saving treatment option for a number of diseases resulting
in end-stage lung disease, these patients are at particu-
lar risk for viral RTIs due to a number of factors. These
include potent immunosuppression regimens, decreased
cough reflex due to denervation of the transplanted lung,
abnormal lymphatic drainage, impaired mucociliary clear-
ance and direct exposure of the allograft to the environ-
ment (6,7). It has been suggested that lung transplant re-
cipients infected with community-acquired viral RTIs have
a high rate of progression to severe viral pneumonitis (8).

In addition to direct sequelae, accumulating data, primarily
from retrospective studies, suggest that these viruses can
have serious indirect effects. Specifically, they may trig-
ger immunologically mediated lung injury resulting in the
development of acute and chronic rejection (3,9). Chronic
rejection occurs in up to 80% of patients 5–10 years after
lung transplantation and is the major factor limiting long-
term success of this intervention (6). Chronic rejection is
defined as obliterative bronchiolitis (OB) by histopathology
or can be diagnosed clinically based on sustained declines
in lung function (bronchiolitis obliterans syndrome (BOS))
(10). The proposed mechanisms of such injury likely relate
to the upregulation of inflammatory cytokine production ini-
tiated by viral replication or a direct cytopathic effect on the
respiratory epithelium (9).

There are limited prospectively acquired data on the clinical
impact of community-acquired viral RTIs in lung transplant
recipients. To analyze this, we performed a prospective
cohort study of community-acquired respiratory viral infec-
tions in this patient population.
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Methods

Study design and patient recruitment

This was a prospective cohort study in lung transplant recipients comparing
adverse clinical outcomes in patients with a community-acquired viral RTI
to those without. The total cohort included 100 lung transplant recipients;
this consisted of 50 patients with symptoms compatible with a community-
acquired viral RTI (RTI group) and 50 asymptomatic patients (non-RTI group).
All patients were enrolled from outpatient clinics at the Toronto General
Hospital. Patients in the RTI group were identified based on symptoms and
became eligible if the evaluating physician and the principal investigator
agreed on the clinical diagnosis of viral RTI. Symptoms for RTI generally
included but were not limited to a new onset of rhinorrhea, sore throat and
cough. Inclusion criteria for all patients (RTI and non-RTI group) included
stable clinical course and stable forced expiratory volume (L) in 1 s (FEV-1)
as measured monthly in the 3 months prior to enrolment. Patient with a
previous diagnosis of BOS were eligible but required to have a stable lung
function and be rejection-free for a minimum of 3 months prior to enrolment.
Fifty lung transplant patients with RTI were identified year round during
2001–2003. Patients with a positive CMV antigenemia or a positive sputum
culture for routine bacterial pathogens at the time of initial presentation
were excluded.

For the non-RTI group, 50 asymptomatic lung transplant patients were
identified outside of the peak respiratory virus season and were matched
for time from transplant to subjects in the RTI group. Patients were included
if they had no history of viral RTI or acute rejection in the preceding
3 months. The study was approved by the institutional research ethics
board. Informed consent was obtained from all patients.

Clinical assessments

All patients were followed for 1 year. All subjects were followed with reg-
ular pulmonary function testing at baseline, weeks 1, 2, 3, 4, 6, 8 and 12.
Although 3 months was the primary endpoint for this study, all patients
routinely had additional pulmonary function testing at 6, 9 and 12 months
post-enrolment. A chest radiograph was performed at the time of enrolment
and then when clinically indicated. All patients were followed prospectively
for the development of adverse clinical events as outlined below.

Laboratory assessment

Nasopharyngeal and oropharyngeal swabs were performed on both RTI
and non-RTI subjects. Samples were immediately tested for the presence
of adenovirus, influenza A and B, RSV and parainfluenza 1, 2 and 3 by vi-
ral culture and direct fluorescent antibody testing as previously described
(11). Samples were then frozen at –70◦C and underwent further testing in
batches.

All samples were also tested at the Centers for Disease Control, At-
lanta by a previously described RT-PCR assay panel for RSV, parain-
fluenza 1, 2 and 3, influenza A and B and human metapneumovirus
(5,12) that was recently expanded to include picornavirus (rhinovirus &
enterovirus) [(+) 5′-GGCCCCTGAATGYGGCTAA-3’, (−) 5’-GAAACAC
GGACACCCAAAGTA-3′] and adenovirus [(+)5′-CCCMTTYAACCACCACCG-
3′, (−)5′-ACATCCTTBCKGAAGTTCCA-3′]. In brief, nucleic acid was ex-
tracted from 100 lL of each specimen using the automated NucliSens�

extraction system (bioMerieux, Durham, NC). One-step amplification reac-
tions were performed on the extracted nucleic acid using the Access RT-
PCR System (Promega Corp., Madison, WI). Oligonucleotide primers were
end-labeled with fluorescein (6-FAM) and the amplified products analyzed
on an ABI Prism 310 Genetic Analyzer using GeneScan software (Applied
Biosystems, Foster City, CA). All positive specimens were confirmed by a
second RT-PCR. Amplified DNA from picornavirus positive specimens was

sequenced to distinguish rhinovirus from enterovirus. All sample extracts
were also tested by RT-PCR for the b-actin house-keeping gene to evalu-
ate the quality of the extracted RNA and monitor for the presence of PCR
inhibitors (12).

Samples that were negative for the above viruses were further tested by
an RT-PCR assay specific for human coronaviruses. In this procedure, we
used a RT-PCR assay that can detect all known human coronaviruses, as
described. The species of the coronavirus was confirmed by sequencing
the amplicon, as previously described (13).

Sputum was set up for routine bacterial and fungal cultures. All patients
also had cytomegalovirus antigenemia testing upon enrolment to exclude
the possibility of CMV as a cause of symptoms.

Outcomes

The primary endpoint was a 3-month analysis of adverse events in the
RTI group versus the non-RTI group. Adverse events included (1) clinically
treated acute rejection episodes, (2) a 20% or more decline in FEV-1 at
3 months post-enrolment and (3) bacterial or fungal superinfection.

A 3-month primary endpoint was chosen because it was hypothesized
that adverse clinical events occurring soon after viral infection (i.e. within
3 months) were more likely to be associated with that infection. Also, in the
non-RTI group it is likely that over a longer follow-up time, many patients
may have developed viral infection as well, thereby potentially confounding
the results. The following definitions were used to assess the outcomes:

1 Acute rejection. Acute rejection was diagnosed on the basis of a trans-
bronchial biopsy that demonstrated characteristic perivascular lympho-
cytic infiltrates using criteria defined by the International Society for
Heart and Lung Transplantation (ISHLT) (14). Patients with acute rejec-
tion were included in the analysis if their biopsy showed Grade 2 or
higher rejection. In patients in whom a biopsy could not be performed,
a clinical diagnosis of rejection was permitted (i.e. a deterioration in
lung function with no other identifiable etiology that responded to a
high-dose corticosteroid therapy).

2 FEV-1 decline > 20%. An FEV-1 decline of >20% at 3 months was
chosen as being significant in determining chronic allograft dysfunc-
tion. An irreversible decline of 20% from post-transplant maximum
has been used for the definition of BOS and has been considered sig-
nificant (10). Patients with a decline of FEV-1 of 20% by 3 months
post-enrolment were evaluated out to 1 year to see if they met the
clinical definition of BOS or the histopathologic definition of OB.
A clinical diagnosis for BOS was made using the ISHLT algorithm based
on FEV-1 values. In this algorithm, BOS is defined as a sustained reduc-
tion in FEV-1 to ≤80% of maximum baseline value in the absence of
another etiology. BOS can be further staged with stages 1–3 indicating
a progressively worsening condition, with 66 to 80%, 51 to 65% and
≤50% of maximum baseline values, respectively (10). The diagnosis
of OB was made on pathological grounds by the presence of fibrous
scarring in the walls of the small conducting airways, with partial or
complete obliteration of the lumen (10).

3 Bacterial or fungal superinfection. A bacterial or fungal superinfection
was diagnosed when a bronchoalveolar lavage (BAL) culture demon-
strated a bacterial or fungal pathogen and a new infiltrate developed
on chest radiograph within the follow-up period.

Statistical methods

All patients completed the 3-month follow-up and were included in the
analysis. For the primary analysis of adverse events, outcomes were com-
pared between the RTI and non-RTI groups using a v 2 or Fisher’s Exact
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test. Continuous variables such as the change in FEV-1 were compared by
a two-tailed t-test for normally distributed data or by the Mann-Whitney U
test for nonnormally distributed data. All statistical analysis was done using
SPSS version 13.0 (SPSS, Inc., Chicago, IL).

Results

Patients

One hundred lung transplant recipients were recruited
(50 RTI and 50 non-RTI) into the study over a period of
2 years. Baseline characteristics of the patients are shown
in Table 1. In keeping with the inclusion criteria, all pa-
tients were clinically stable and had a stable FEV-1 in the 3
months prior to enrolment in the study. Age at enrolment,
gender, time since transplant, underlying disease and im-
munosuppression were comparable in the two groups (Ta-
ble 1). CMV infection in the 6 months prior to enrolment
was documented in 2 of 50 (4%) patients in each group (all
patients had asymptomatic viremia only). Previous biopsy-
proven acute rejection requiring treatment in the 6 months
prior to enrolment had occurred in two patients in the RTI
group and one patient in the non-RTI group. The majority
of patients were BOS-free at enrolment in the study: in the
RTI group, six patients (12%) had stable BOS prior to enrol-
ment versus five patients (10%) in the non-RTI group (p =
NS). No patient in the non-RTI group developed symptoms
of a respiratory virus infection during the 3-month follow-

Table 1: Baseline characteristics of study subjects in the respira-
tory tract infection group (RTI group) and the non-RTI group

Non-RTI
Characteristic RTI patients patients

Mean age ± S.D (years) 45.5 ± 14.5 48.8 ± 14.9
Gender (male/female) 25/25 28/22
Bilateral lung transplant 43 (86.0%) 46 (92.0%)
Underlying disease

Cystic fibrosis 13 (26%) 12 (24%)
Emphysema/COPD 14 (28%) 11 (22%)
Pulmonary fibrosis 10 (20%) 12 (24%)
Other 13 (26%) 15 (30%)

Mean time post-transplant ± 2.7 ± 2.8 3.0 ± 3.2
S.D (years)

Comorbidity
Diabetes 13 (26.0%) 11 (22.0%)
Renal dysfunction 2 (4.0%) 2 (4.0%)

Immunosuppression
Prednisone 50 (100%) 50 (100%)
Calcineurin-inhibitor 50 (100%) 50 (100%)
Azathioprine or mycophenolate 49 (98%) 48 (96%)
mofetil

Prior cytomegalovirus infection 4 (8%) 4(8%)
(6 months)

Treatment for acute rejection 2 (4%) 1 (2%)
(prior 6 months)

Baseline FEV-1 (L/s) 2.37 ± 0.99 2.60 ± 0.91
Bronchiolitis obliterans syndrome 6 (12%) 5 (10%)

prior to enrolment
∗p = nonsignificant for all comparisons.

up period. Mean time from transplant was 2.7 ± 2.8 years
in the RTI group. Of these, 16 of 50 (32%) were within
the first year post-transplant. In the RTI group, 35 patients
were on cyclosporin and 15 patients on tacrolimus. In the
non-RTI group, 42 patients were on cyclosporin and 8 on
tacrolimus (p = 0.15). Calcineurin inhibitor levels at the time
of enrolment were similar in the RTI and non-RTI groups
(for cyclosporin mean trough level 191.2 ± 61.9 l/L vs.
168.8 ± 65.8 l/L, respectively; p = NS).

Etiology and symptoms

Subjects with RTI were enrolled a mean of 5.14 ± 3.50
days after the onset of symptoms. Mean number of symp-
toms per patient was 3.92 ± 1.19 as is outlined in Figure 1.
Coryza, cough and sore throat were the most common pre-
senting symptoms (90%, 78% and 74%, respectively). A
microbial etiology was identified in 33 of 50 (66%) of RTI
subjects and included rhinovirus (n = 9), coronavirus (n = 8;
five with HCoV-OC43, two with HCoV-229E and one with
HCoV-NL63), RSV (n = 6), influenza A (n = 5), parainfluenza
3 (n = 4) and human metapneumovirus (n = 1) (Table 2). All
patients initially presented with upper RTI symptoms. The
rate of progression to lower tract infection (viral pneumo-
nia) was in 4 of 50 (8%) patients: two with influenza A and
two with parainfluenza. All patients with influenza A were
treated with oseltamivir and all patients with lower tract in-
fection had a reduction in immunosuppression (reduction
in prednisone in two patients and a reduction in azathio-
prine dose in two patients). Upper respiratory infections
with the exception of influenza A were not treated with an-
tivirals or a reduction in immunosuppression. HCoV-NL63
is a recently discovered coronavirus; for this patient sam-
ple, the sequence of the amplicon, between the primers,
was identical to the reported sequence of HCoV-NL63 (15).

Acute rejection

In the 3-month primary follow-up period, clinically treated
acute rejection occurred in 8 of 50 (16%) RTI patients ver-
sus 0 of 50 (0%) non-RTI patients; p = 0.006 (Table 2).
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Figure 1: Symptoms of patients with respiratory tract infec-

tion (RTI) at the time of enrolment.
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Table 2: Outcomes of study subjects. The primary endpoint anal-
ysis is at 3-month post-enrolment. FEV-1 decline is compared to
baseline FEV-1 prior to enrolment

Non-RTI
RTI patients patients

Characteristic (n = 50) (n = 50) p-Value

Viral etiology 33 (66%) 4 (8%) <0.001
Rhinovirus 9 4
RSV 6
Parainfluenza 4
Influenza A 5
Metapneumovirus 1
Coronavirus∗ 8
Influenza B 0
Adenovirus 0
Enterovirus 0

Acute rejection 8 (16%) 0 0.006
FEV-1 decline (>20%) 9 (18%) 0 0.003
Percent change in FEV-1 (mean −4.6% +1.1% 0.03

change at 3 months ± SD)
Bacterial or fungal superinfection 3 (6%) 1(2%) NS
CMV reactivation 3 (6%) 3 (6%) NS
∗Only specimens negative for other viruses were tested for
coronaviruses.

0 15 30 45 60 75 90
0

20

40

60

80

100

Time (days)

Fr
ee

 f
ro

m
 r

ej
ec

tio
n

 (
%

)

Figure 2: Kaplan-Meier curve for development of acute rejec-

tion in the 3 months following enrolment. Solid line is non-RTI
group and dotted line is RTI group. p = 0.006 by log-rank statistic.

All of the rejection episodes were accompanied by a drop
and in FEV-1 and all patients were treated with a high-dose
methylprednisolone bolus therapy. Of the eight patients
with acute rejection, four were biopsy-proven (all Grade 2
rejection), and four were diagnosed on clinical grounds be-
cause either biopsy could not be safely performed due to
poor lung function (three patients) or the sample was insuf-
ficient to interpret (one patient). The rate of biopsy-proven
rejection was also significantly greater in the RTI group (p =
0.041). The mean time from the onset of RTI to the devel-
opment of acute rejection was 44 days (range: 7–84 days)
(Figure 2). A specific viral etiology was identified in seven
of the eight patients with subsequent acute rejection and
included rhinovirus (n = 4), coronavirus OC43 (n = 1), RSV
(n = 1) and influenza A virus (n = 1).

Lung function

The number of patients experiencing a 20% or more de-
cline in FEV-1 by 3 months was 9 of 50 (18%) RTI patients
versus 0 of 50 (0%) non-RTI patients; p = 0.003. Of the
nine patients, four were positive for a respiratory virus (rhi-
novirus (1), coronavirus (2) and influenza A (1)). Only one of
these patients had a pre-enrolment diagnosis of BOS while
the remaining eight patients had been BOS-free prior to en-
rolment. In six of these nine patients (67%), the decline in
FEV-1 was sustained (>20%) over a 1-year period consis-
tent with BOS. Biopsy and/or autopsy material from five
of these six patients confirmed the diagnosis of OB. By
1 year of follow-up, two patients had died due to progres-
sive BOS. While 3 of 9 patients had some improvement
of lung function at 1 year, they remained at 5%, 15% and
5% below their baseline FEV-1, respectively. RTI patients
within the first year post-transplant had outcomes simi-
lar to those beyond the first year post-transplant (data not
shown).

Other adverse events

Other adverse clinical events were uncommon. Invasive
fungal pulmonary infection during the 3-month primary
follow-up period occurred in one patient in each group
(one RTI patient with blastomycosis, and one non-RTI pa-
tient with aspergillosis). Bacterial superinfection (pneumo-
nia) occurred in two patients in the RTI group and none in
the non-RTI group (one patient with Haemophilus influen-
zae pneumonia following influenza and one patient with
Pseudomonas aeruginosa pneumonia following rhinovirus
infection).

Discussion

We have prospectively assessed the clinical impact of
community-acquired respiratory virus infections in lung
transplant recipients. These infections had both direct and
indirect effects on graft function and our data suggest that
viral infections can be a trigger for acute rejection and ul-
timately for chronic allograft dysfunction. Although all pa-
tients recovered from their primary infection, RTI patients
had significantly higher incidence of acute rejection in the
following 3 months compared to non-RTI patients. In ad-
dition, 18% of patients (9 of 50) had a 20% or more drop
in FEV-1 by 3-month post-infection, with many of these
subsequently having pathologically proven OB.

Although an association between respiratory viruses and
BOS has always been suspected, the literature is limited
to retrospective data. Such data, by nature, tend to re-
sult in case ascertainment bias and thus include more se-
vere cases of viral RTIs, specifically those associated with
pneumonia. For example, Khalifah et al. retrospectively re-
viewed 259 lung transplant recipients and found 21 res-
piratory viral infections (16). These 21 patients were at
increased risk for BOS and death. The majority of these
patients (11 of 21) had lower tract respiratory infections.
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Similarly, 10 episodes of viral RTIs were found in a review
of 122 lung transplant recipients (17). Four of these pa-
tients developed OB and two died of lower tract infection.
Similar data from other groups have also suggested a high
rate of severe lower tract infection, a detrimental effect on
lung function and a triggering of BOS (18–21). Since viral
infections were detected in the clinical setting, extensive
microbiological investigation, including the use of RT-PCR
to detect viruses such as coronaviruses, rhinoviruses and
metapneumovirus were not routinely used in the majority
of previous studies.

Several other unique observations were made in this study.
The true rate of progression in lung transplant recipients
from upper RTI to lower RTI is not known although it is
generally presumed to be high. However, in our prospec-
tive study, relatively few (8%) RTI subjects progressed to
lower RTI. The rate of progression to lower tract infection
may be higher with specific viruses as shown in a previ-
ous study where viral pneumonia was present in 25.6% of
patients with influenza and parainfluenza respiratory infec-
tions (3). The 4 of 50 patients who progressed to lower tract
infection in our study also had either influenza or parain-
fluenza infection.

We sought to carefully define the etiology of viral RTI
patients in this study using multiple testing methods
including RT-PCR against a broad array of viruses. In
addition to the commonly recognized pathogens in lung
transplant patients, such as influenza, RSV and parain-
fluenza, we found a number of infections due to rhinovirus,
coronavirus (other than SARS) and one infection due to
metapneumovirus. None of these viruses has been well
described in the lung transplant literature, although they
are well-recognized causes of community-acquired RTIs in
immunocompetent persons. Recently, severe lower tract
infections with rhinovirus, non-SARS coronavirus and
metapneumovirus have been suggested in studies evalu-
ating immunocompromised patients (including lung trans-
plant recipients) with the use of RT-PCR on BAL samples
that had been obtained during acute respiratory events
(5,19). In our study, rhinoviruses and coronaviruses to-
gether accounted for 52% of microbiologically confirmed
viral infections, but all of these infections were relatively
mild and self-limited. In a subset of patients, however, they
were associated with serious indirect sequelae. For ex-
ample, in the eight patients with rejection, four had prior
rhinovirus infection and one had prior coronavirus infec-
tion (one had prior influenza and one had prior RSV). One
noteworthy observation in this study is that one patient
was infected with the recently described human coron-
avirus NL63 (15,22). To our knowledge, this is the first pub-
lished report of HCoV-NL63 infection in an organ transplant
recipient.

One-third of RTI subjects had no viral etiology identified
in our study despite of compatible clinical symptoms.
These patients may have been shedding virus at con-

centrations below the level of detection of our assay(s).
Alternatively, these patients may have had atypical bac-
terial etiologies for their symptoms such as Mycoplasma
pneumoniae or Chlamydia pneumoniae or other known or
unknown viruses not included in the testing panel. The
time lag between the onset of symptoms and specimen
collection may have also reduced the yield of viruses. Inter-
estingly, four patients in the asymptomatic group without
viral RTI symptoms were also positive for rhinovirus by
RT-PCR. Although patients with a history of viral RTI in the
past 3 months were excluded from the study, this may be
a result of prolonged shedding in an immunocompromised
patient (23,24).

Our study had a number of limitations. It is possible that
BOS is linked to the severity of the initial viral RTI. We
were not able to adequately assess this for several rea-
sons: (1) the duration of shedding or peak concentration
of virus were not measured, and (2) inherent limitations in
the ability to clinically assess severity of disease (upper vs.
lower tract infection, invasive vs. simple bronchitis). Also,
undetected RTIs after enrolment may have affected the
results. Although patients were specifically asked about
symptoms of repeat episodes of viral RTI after enrolment,
subclinical RTIs may have gone undetected.

A number of other factors that have been associated
with the development of BOS in lung transplant recipients
although studies are conflicting (25). In a recent system-
atic review, acute rejection and lymphocytic bronchioli-
tis/bronchitis were identified as risk factors for BOS (25).
CMV infection may also be a risk factor (9). To attempt to
control for some of these variables, only patients who had
been clinically well, rejection free and with a stable FEV-1
in the 3 months prior to enrolment were included in the
study. The incidence of acute rejection in the 6 months
prior to enrolment was low, and comparable in both arms.
We excluded those with a positive CMV antigenemia at
the time of enrolment. In the follow-up period, three sub-
jects in each group developed a positive CMV antigenemia,
none of whom experienced an adverse clinical event or a
drop in lung function.

Since the data support an association with viral infection
and subsequent acute rejection and BOS, the next ques-
tion is whether specific intervention in these patients at
the time of infection is warranted. With the exception of in-
fluenza virus, for which neuraminidase inhibitors and other
agents are available, proven antiviral therapy for respiratory
viral infections is limited. Aerosolized ribavirin has been re-
ported as beneficial in uncontrolled studies of parainfluenza
and RSV infections (20,26). Other therapies that may be
beneficial include intravenous immunoglobulin, RSV im-
munoglobulin and palivizumab (27). Ribavirin has also been
used by some for parainfluenza virus infections although
good evidence of its efficacy is lacking (27). Pleconaril has
activity against rhinovirus infections, but remains an inves-
tigational drug, and no specific antiviral agent exists for
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coronaviruses (28). Finally, it is unknown whether treat-
ment of an acute infection with specific antiviral agents
will prevent or ameliorate the indirect sequelae of these
infections.

In summary, previously stable lung transplant recipients
with community-acquired viral RTIs have a relatively low
rate of progression to viral pneumonitis. The most com-
mon etiologic agents are rhinoviruses and coronaviruses.
Most acute infections are self-limited and resolve without
specific therapy. However, viral infections, even those that
are relatively benign, are likely a trigger for acute rejec-
tion, sustained declines in lung function and ultimately for
the development of OB and therefore have serious clinical
sequelae. Respiratory viral pathogens are ubiquitous. Since
antiviral therapy is limited, effective prevention methods
are necessary.

Acknowledgment

This research was supported by the physicians of Ontario through the P.S.I.
Foundation (grant no. 01-26).

References

1. Hodges TN, Torres FP, Marqueson J, Diercks M, Zamora MR.
Community acquired respiratory viruses in lung transplant pa-
tients: incidence and outcomes. J Heart Lung Transplant 2001;
20: 169–170.

2. Billings JL, Hertz MI, Wendt CH. Community respiratory virus
infections following lung transplantation. Transpl Infect Dis 2001;
3: 138–148.

3. Vilchez R, McCurry K, Dauber J et al. Influenza and parainfluenza
respiratory viral infection requiring admission in adult lung trans-
plant recipients. Transplantation 2002; 73: 1075–1078.

4. Monto AS. Epidemiology of viral respiratory infections. Am J Med
2002; 112: 4S–12S.

5. Mullins JA, Erdman DD, Weinberg GA et al. Human metapneu-
movirus infection among children hospitalized with acute respira-
tory illness. Emerg Infect Dis 2004; 10: 700–705.

6. Arcasoy SM, Kotloff RM. Lung transplantation. N Engl J Med
1999; 340: 1081–1091.

7. Speich R, van der Bij W. Epidemiology and management of infec-
tions after lung transplantation. Clin Infect Dis 2001; 33: S58–S65.

8. Garantziotis S, Howell DN, McAdams HP, Davis RD, Henshaw
NG, Palmer SM. Influenza pneumonia in lung transplant recipi-
ents: clinical features and association with bronchiolitis obliterans
syndrome. Chest 2001; 119: 1277–1280.

9. Husain S, Singh N. Bronchiolitis obliterans and lung transplan-
tation: evidence for an infectious etiology. Semin Respir Infect
2002; 17: 310–314.

10. Cooper JD, Billingham M, Egan T et al. A working formulation
for the standardization of nomenclature and for clinical staging
of chronic dysfunction in lung allografts. International society for
Heart and Lung Transplantation. J Heart Lung Transplant 1993;
12: 713–716.

11. Mazzulli T, Peret TC, McGeer A et al. Molecular characterization
of a nosocomial outbreak of human respiratory syncytial virus on
an adult leukemia/lymphoma ward. J Infect Dis 1999; 180: 1686–
1689.

12. Erdman DD, Weinberg GA, Edwards KM et al. GeneScan reverse
transcription-PCR assay for detection of six common respiratory
viruses in young children hospitalized with acute respiratory ill-
ness. J Clin Microbiol 2003; 41: 4298–4303.

13. Adachi D, Johnson G, Draker R et al. Comprehensive detection
and identification of human coronaviruses, including the SARS-
associated coronavirus, with a single RT-PCR assay. J Virol Meth-
ods 2004; 122: 29–36.

14. Yousem SA, Berry GJ, Cagle PT et al. Revision of the 1990 working
formulation for the classification of pulmonary allograft rejection:
lung rejection study group. J Heart Lung Transplant 1996; 15: 1–
15.

15. van der Hoek L, Pyrc K, Jebbink MF et al Identification of a new
human coronavirus. Nat Med 2004; 10: 368–373.

16. Khalifah AP, Hachem RR, Chakinala MM et al. Respiratory viral
infections are a distinct risk for bronchiolitis obliterans syndrome
and death. Am J Respir Crit Care Med 2004; 170: 181–187.

17. Palmer SM Jr, Henshaw NG, Howell DN, Miller SE, Davis RD,
Tapson VF. Community respiratory viral infection in adult lung
transplant recipients. Chest 1998; 113: 944–950.

18. Vilchez RA, Dauber J, Kusne S. Infectious etiology of bronchiolitis
obliterans: the respiratory viruses connection – myth or reality?
Am J Transplant 2003; 3: 245–249.

19. Garbino J, Gerbase MW, Wunderli W et al. Respiratory viruses
and severe lower respiratory tract complications in hospitalized
patients. Chest 2004; 125: 1033–1039.

20. Wendt CH, Fox JM, Hertz MI. Paramyxovirus infection in lung
transplant recipients. J Heart Lung Transplant 1995; 14: 479–485.

21. Garbino J, Gerbase MW, Wunderli W et al. Lower respiratory viral
illnesses: improved diagnosis by molecular methods and clinical
impact. Am J Respir Crit Care Med 2004; 170: 1197–1203.

22. Fouchier RA, Hartwig NG, Bestebroer TM et al. A previously un-
described coronavirus associated with respiratory disease in hu-
mans. Proc Natl Acad Sci U S A 2004; 101: 6212–6216.

23. Fox JP, Cooney MK, Hall CE. The Seattle virus watch. V. Epidemio-
logic observations of rhinovirus infections, 1965-1969, in families
with young children. Am J Epidemiol 1975; 101: 122–143.

24. Whimbey E, Champlin RE, Couch RB et alCommunity respiratory
virus infections among hospitalized adult bone marrow transplant
recipients. Clin Infect Dis 1996; 22: 778–782.

25. Sharples LD, McNeil K, Stewart S, Wallwork J. Risk factors for
bronchiolitis obliterans: a systematic review of recent publica-
tions. J Heart Lung Transplant 2002; 21: 271–281.

26. McCurdy LH, Milstone A, Dummer S. Clinical features and out-
comes of paramyxoviral infection in lung transplant recipients
treated with ribavirin. J Heart Lung Transplant 2003; 22: 745–753.

27. American Society of Transplantation. Guidelines for the Preven-
tion and Management of Infectious Complications of Solid Or-
gan Transplantation: community-acquired respiratory viruses. Am
J Transplant 2004; 4: 105–109.

28. Hayden FG, Herrington DT, Coats TL et al. Pleconaril Respiratory
Infection Study Group. Efficacy and safety of oral pleconaril for
treatment of colds due to picornaviruses in adults: results of 2
double-blind, randomized, placebo-controlled trials. Clin Infect Dis
2003; 36: 1523–1532.

2036 American Journal of Transplantation 2005; 5: 2031–2036


