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TRANSPLANTATION INFECTION
ssessment of Adenovirus Infection in Adult Lung Transplant
ecipients Using Molecular Surveillance

tul Humar, MD,a Karen Doucette, MD,b Deepali Kumar, MD,a Xiao-Li Pang, PhD,b Dale Lien, MD,b

athy Jackson, RN,b and Jutta Preiksaitis, MDb

ackground: Little is known about adenovirus infections in adult lung transplant recipients. Because the virus can
establish latency, re-activation may be relatively common after transplantation.

ethods: We assessed adenovirus infection in 80 adult lung transplant recipients. Adenovirus polymerase
chain reaction (real-time PCR assay; limit of detection �25 copies/ml plasma) was done on plasma
samples collected at regular intervals until 1 year post-transplant.

esults: Adenovirus DNA was detected in 18 of 80 patients (22.5%) and in 19 of 595 (3.4%) plasma samples
up to 12 months post-transplant. Median time to detection of viremia was 134 days post-transplant
(range 1 to 370 days). Median viral load was 180 copies/ml plasma (range 50 to 360 copies/ml).
Symptoms were evaluated at the time of adenovirus detection: 14 of 18 (78%) patients were
asymptomatic; 4 of 18 (22%) patients had otherwise unexplained febrile/flu-like illness that resolved
spontaneously. Adenovirus was not found to be a trigger for acute rejection. No detrimental effect
on pulmonary function was seen immediately after adenovirus infection.

onclusions: Adenovirus viremia is common in adult lung transplant recipients. In contrast to findings on
adenoviral pneumonitis in lung transplant recipients, isolated episodes of low-level viremia are
self-limited and do not trigger acute rejection or a decline in pulmonary function. J Heart Lung
Transplant 2006;25:1441–6. Copyright © 2006 by the International Society for Heart and Lung

Transplantation.
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denoviruses are double-stranded DNA viruses. Over 50
erotypes are known to cause human infections, includ-
ng respiratory syndromes, gastrointestinal disease and
ebrile syndromes in immunocompetent hosts.1,2 After
nfection, lifelong immunity appears to be serotype-
pecific and therefore infections with other serotypes
ay occur. In addition, the virus can establish latency in

umerous tissues, including tonsils, adenoids, intestine
nd urinary tract.2 Therefore, transplant patients may
e at risk of adenovirus infection either from new
cquisition or from re-activation of latent virus.
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In transplant patients, the spectrum of clinical sequelae
ue adenovirus infections seems to be broad, and may also
iffer in pediatric and adult populations.3–5 In children,
cquisition of new viruses may be more common,
hereas in adults re-activation of endogenous latent virus
ay be more likely to occur. Severe life-threatening dis-

eminated disease is well described in both adult and
ediatric hematopoietic stem cell recipients and solid-
rgan recipients.5– 8 Overall, lung transplant recipients
ith adenovirus infection appear to be at high risk for

evere necrotizing pneumonitis, resulting in significant
raft dysfunction and associated with high mortality.9,10

nfection of the allograft by adenovirus has also been
ssociated with acute and chronic rejection and graft
ysfunction in studies of lung and heart transplant recip-

ents.11,12 However, recent data have suggested that ade-
ovirus re-activation and viremia may be relatively com-
on in transplant recipients and, in most cases, may not

e associated with adverse clinical sequelae, especially if
here is no evidence of allograft infection.13 We undertook
he present study to assess the incidence, timing and
linical sequelae of adenovirus viremia in lung transplant
ecipients.

ETHODS
atients

atients in this study were enrolled as part of a clinical

rial comparing valganciclovir prophylaxis with ganci-
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lovir (intravenous and oral) as cytomegalovirus (CMV)
rophylaxis in D�/R� and R� lung transplant recipi-
nts. The design of the previous study with regard to
nclusion and exclusion criteria has been described in
etail elsewhere.14 Patients were enrolled at two Cana-
ian transplant centers and were transplanted between
999 and 2002. The institutional review board at each
enter approved the study and informed consent was
btained from the patients. The original study evaluated
MV prophylaxis and, as part of this study, patients had

eceived oral ganciclovir, intravenous ganciclovir or
ral valganciclovir up to 3 months post-transplant.

irologic Monitoring

ll patients in both groups had plasma samples saved
or further testing at regular intervals until 1-year post-
ransplant. Initially, this was done usually every 2 weeks
nd then at monthly intervals. All plasma samples
nderwent adenovirus testing using a quantitative real-
ime polymerase chain reaction (PCR) assay (see later)
nd CMV viral load testing by quantitative PCR (Roche
obas Amplicor Assay, Roche Diagnostic Systems,
ranchburg, NJ). The results of viral load testing (both
denovirus and CMV) were not available to the treating
hysician. No pre-transplant samples were available for
esting as part of this study. In the first year, protocol
ronchoscopies were performed at only one of the two
articipating centers. These took place at Weeks 2 and
post-transplant and then at Months 3, 6, 9 and 12

ost-transplant. Routine microbiologic testing was per-
ormed as well as a transbronchial biopsy to assess for
ejection.

denovirus PCR Methods

wo sets of primers and probes were designed from the
ighly conserved hexon gene of adenovirus Type 2 and
using PRIMEREXPRESS software (ABI) designed for the

etection of all serotypes.15 DNA was extracted from
00 �l of plasma using a Qiagen DNA mini-kit according
o the manufacturer’s protocol (Qiagen) and eluted
rom the column with 50 �l of elution buffer. To
uantify adenovirus in plasma, an external standard
urve was established with a 10-fold series of dilution
rom one copy to 1.0E�06 copies using a 375-bp DNA
ragment produced from Type 2 adenovirus. Real-time
aqMan PCR was conducted in a closed-tube sequence
etection system (Model 7000, ABI-Prism, Applied Bio-
ystems).

Briefly, the PCR was performed in a 25-�l volume
ontaining 12.5 �l of Universal DNA Master Mix (Ap-
lied Biosystems), 10 �l DNA, 400 nmol/liter each
rimer and 200 nmol/liter of each probe. After initial

ncubation at 50°C for 2 minutes to activate Uracil-N-
lycosylase and then at 95°C for 10 minutes for dena-

uring, PCR amplification was performed with two-step i
hermal cycles of 94°C for 20 seconds and 60°C for 1
inute by 45 cycles after re-heating at 95°C for 5
inutes. Amplification data were collected and ana-

yzed by computer (Sequence Detection System, ver-
ion 1.0, Applied Biosystems). The dynamic range of
etection of the PCR was 25 to 2.5E�07 copies/ml
lasma in normal healthy controls. Adenovirus DNA is
ot detectable from plasma samples when using this
ssay.

linical Definitions

n patients with detectable adenovirus viremia by PCR,
linical disease was attributed to adenovirus if detect-
ble viremia was accompanied by compatible symp-
oms (including febrile illnesses, respiratory, gastroin-
estinal disease or evidence of infection of the allograft)
n the absence of another defined etiology. In addition,
ll complications and microbiologic data during the first
ear post-transplant were assessed to determine
hether adenovirus infection was diagnosed clinically
utside the study evaluation. Acute rejection (Grade
2) was diagnosed on the basis of a transbronchial

iopsy that demonstrated characteristic perivascular
ymphocytic infiltrates using criteria defined by the
nternational Society for Heart and Lung Transplanta-
ion (ISHLT).16

In patients in whom a biopsy could not be per-
ormed, a clinical diagnosis of rejection was permitted
i.e., a deterioration in lung function with no other
dentifiable etiology that responded to high-dose corti-
osteroid therapy). Effects on pulmonary function in
atients with adenovirus infection were determined
ased on measurement of forced expiratory volume in
second (FEV1). An FEV1 decline of �15% within 3
onths of adenovirus infection was considered poten-

ially significant and occurring within a time period in
hich virally triggered declines in graft function may be
laying a role. CMV disease was defined according to
tandard criteria.17

Informed consent was obtained from all patients for
articipation in the study. All clinical research was
onducted according to institutional guidelines for hu-
an experimentation.

ESULTS
atients

total of 80 lung transplant recipients were analyzed (63
ouble-lung and 17 single-lung transplant recipients) (Ta-
le 1). A total of 595 plasma samples were tested (mean
umber of samples per patient � 7.4, range 4 to 12). Mean
ge was 49.6 years (range 19 to 68), which included 27
omen and 53 men. Pre-transplant underlying lung dis-

ase included cystic fibrosis (n � 18), emphysema/
hronic obstructive pulmonary disease (COPD; n � 28),

diopathic pulmonary fibrosis (n � 21), �1-anti-trypsin
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eficiency (n � 5) or “other” (n � 8). Maintenance
mmunosuppression was cyclosporine/prednisone/aza-
hioprine (n � 43), cyclosporine/prednisone/mycophe-
olate (n � 29) or other (n � 8). A total of 23 of 80
28.8%) patients received induction anti-lymphocyte glob-
lin. CMV prophylaxis consisted of intravenous ganciclo-
ir for 2 weeks (all patients), followed by 12 weeks of oral
anciclovir (n � 30), intravenous ganciclovir (n � 10) or
ral valganciclovir (n � 40).

denovirus Viremia

denovirus DNA was detected in 18 of 80 patients
22.5%) in the first 12 months post-transplant. Of the
otal 595 samples tested from these patients, 19 (3.4%)
ere positive. Quantitative viral load data are shown in

igure 1. The median viral load was 180 copies/ml
range 50 to 410 copies/ml). Viremia was detected on
ne occasion in 17 of the 18 patients and on two

Table 1. Demographics and Characteristics of Patients i

Characteristic

Mean age � SD (years)
Gender (male/female)
Underlying disease

Cystic fibrosis
Emphysema/COPD
Idiopathic pulmonary fibrosis
Other

Immunosuppression
Cyclosporine/prednisone/azathioprine
Cyclosporine/prednisone/mycophenolate mofetil
Other

Any anti-lymphocyte globulin
Treatment for acute rejection
CMV viremia
Symptomatic CMV disease

igure 1. Adenovirus viral loads in patients with infection (viral load in
opies per milliliter; solid line indicates viral load). Viral loads in 4
ymptomatic patients were 86, 105, 265 and 346 copies/ml,

espectively. a
ccasions in 1 patient. Timing of viremia post-transplant
s shown in Figure 2, and was relatively evenly distrib-
ted throughout the first year post-transplant. Median
ime to detection of first viremia was 134 days post-
ransplant (range 1 to 370 days). Donors were not
pecifically tested for adenovirus. Donor chart review
or the cases in which virus was detected early in the
ecipient did not reveal any clinical or radiologic evi-
ence of active infection in the donor. Symptoms were
eviewed at the time of viremia. Of the 18 patients with
iremia, 14 (78%) had no symptoms at the time of
iremia. Four of 18 patients (22%) had symptoms. All
ymptoms consisted of a febrile, flu-like illness. No
atients had clinical or radiologic evidence of pneumo-
itis at the time of viremia, and adenovirus pneumonitis
as not documented in any of the other study patients
uring the study period.
In the 4 patients with viremia and symptoms, no

ther etiology of symptoms was found (all were nega-

e Two Study Arms

o adenovirus
(n � 62)

Positive adenovirus
(n � 18) p-value

8.8 � 12.1 52.3 � 13.0 0.8
41 M/21 F 12 M/6 F 1.0

0.6
14 (22.6%) 4 (22.6%)
19 (30.6%) 9 (50.0%)
17 (27.4%) 4 (22.2%)
12 (19.4%) 1 (5.6%)

29 (46.8%) 7 (38.9%) 0.4
20 (32.3%) 8 (44.4%)
13 (21.0%) 3 (16.7%)
19 (30.6%) 8 (44.4%) 0.4
34 (54.8%) 3 (16.7%) 0.01
27 (43.5%) 8 (44.4%) 1.0
11 (17.7%) 4 (22.2%) 0.4

igure 2. Timing of first detectable viremia in 18 patients with
n th

N

4

denovirus infection.
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ive for CMV pp65 antigenemia). In all cases, symptoms
esolved spontaneously without any specific therapy
nd without any change in immunosuppression. Ade-
ovirus viral load was compared in symptomatic vs
symptomatic patients. Median viral load was 185 cop-
es/ml in patients with symptoms (range 86 to 346) vs
80 copies/ml in asymptomatic patients (range 50 to
10; p � not significant [NS]). Underlying disease in
hese 4 patients was cystic fibrosis (n � 2), idiopathic
ulmonary fibrosis (n � 1) and emphysema (n � 1).

mmunosuppression consisted of cyclosporine, pred-
isone and azathioprine in 3 of the 4 patients. The low
iral loads observed in the present study are in contrast
o the high viral loads we observed in the clinical
etting among transplant patients with documented
denoviral pneumonitis. In the previous respiratory
irus season, 2 patients (1 kidney transplant recipient
nd 1 lung transplant recipient, neither part of this
tudy) were diagnosed with adenovirus pneumonitis.
iral loads in these patients were 6.5 	 105 and 9.5 	
05 copies/ml plasma, respectively.
Risk factors for viremia were also analyzed (Table 1).
aintenance immunosuppression regimens were similar

n viremic vs non-viremic patients, with cyclosporine/
rednisone/azathioprine and cyclosporine/prednisone/
ycophenolate mofetil the most commonly used combi-

ations (viremic patients: 7 of 18 [38.9%] and 8 of 18
44.4%] on these regimens, respectively; non-viremic pa-
ients: 29 of 62 [46.8%] and 20 of 62 [32.3%] on these
egimens, respectively; p � NS for all comparisons).
nti-lymphocyte globulin (ALG) therapy (either for induc-

ion or as treatment for acute rejection) was associated
ith a slightly higher incidence of adenovirus, although

his was not statistically significant (adenovirus patients: 8
f 18 [44.4%] had previous ALG; non-adenovirus patients:
9 of 62 [30.6%] had previous ALG; p � 0.42). No
ifference in age and gender of viremic patients was
bserved (Table 1). No specific epidemiologic links were
bserved between patients with viremia, and no evidence
f seasonality was apparent.

ndirect Effects

denovirus infection was not found to be a trigger for
cute rejection (clinically treated or biopsy proven). The
verall incidence of one or more acute rejection episodes

n patients with adenovirus viremia was 3 of 18 (16.7%) vs
4 of 62 (54.8%) in non-viremic patients (p � 0.01). In
nly 1 case did an episode of acute rejection develop
ithin the 3 months after viremia, whereas, in 2 cases, the

ejection episode occurred before viremia. In all 18 pa-
ients with viremia, pulmonary function tests (FEV1) re-
ained stable in the immediate 3 months after detec-

ion of viremia. No interaction with the development of
MV viremia or symptomatic CMV disease was ob-

erved. CMV viremia occurred in 8 of 18 (44.4%) t
atients with adenovirus vs 27 of 62 (43.5%) patients
ithout adenovirus (p � NS). Symptomatic CMV dis-

ase occurred in 4 of 18 (22.2%) patients with adeno-
irus vs 11 of 62 (17.7%) patients without adenovirus
p � NS). In patients with both adenovirus and CMV
iremia (n � 8), CMV preceded adenovirus in 5 patients
nd occurred after adenovirus in 3 patients. Mean peak
MV viral load in patients with adenovirus was 8,630
opies/ml (range undetectable to 56,000 copies/ml) vs
,645 copies/ml (range undetectable to 81,900 copies/
l) in patients without adenovirus (p � NS). CMV
rophylaxis did not influence detection of adenovirus
iremia. The number of patients who were positive
hile on anti-CMV prophylaxis was 8 of 18 (45%),

imilar to the rate of positivity after discontinuation of
rophylaxis.

ISCUSSION

e have shown that adenovirus viremia is very com-
on in lung transplant recipients, and was detected in

8 of 80 (22.5%) of the patients during the first year
ost-transplant. The majority of infections were not
ssociated with any symptoms. In 4 of 18 (22%) pa-
ients, symptoms likely attributable to adenovirus were
resent and consisted of a febrile, flu-like illness. In all
atients with symptoms, resolution occurred without
se of anti-viral therapy or reduction of immunosup-
ression. Viral loads were generally low in these pa-
ients (range 86 to 346 copies/ml), and viremia was not
ustained. However, this did represent true replicative
nfection rather than detection of latent virus, because
nly cell-free samples (i.e., plasma) were used for viral
etection. Adenovirus viremia was not associated with
ny evidence of indirect effects on graft function or
resence of acute rejection.
Our results are in contrast to previous reports of

denovirus infection in lung transplant recipients. For
xample, in a study of pediatric lung and heart–lung
ecipients, specimens (swabs, bronchoalveolar la-
age fluid) were prospectively tested for respiratory
iruses by culture, PCR and antigen detection.12 In 16
atients adenovirus was identified in the transplanted

ungs of 8 patients. Of these patients, 2 appeared to
ave donor-transmitted early fulminant adenovirus
neumonitis. Overall, adenovirus infection of the
ransplanted lung was significantly associated with
raft loss, obliterative bronchiolitis (OB) and death
ue to respiratory failure.12

In another study, biopsy and autopsy specimens were
nalyzed for adenovirus by immunohistochemistry and
n situ hybridization in 308 lung transplant recipients.9

denovirus pneumonitis was identified in 4 patients
1.3%). All cases had severe necrotizing pneumonia and
ere fatal. Three of the 4 cases were in pediatric
ransplant recipients and all cases occurred within 45
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ays of transplant, suggesting either donor transmission
r early acquisition/re-activation in the recipient.9 Late
atal adenovirus pneumonitis occurring several years
fter the lung transplant has also been described.10 The
CR assay we used had a sensitivity of 25 copies/ml.
his would be expected to be significantly more sensi-

ive than the culture or direct antibody staining meth-
ds commonly used for respiratory specimens. Also, we
ssessed blood samples as opposed to respiratory spec-
mens. Both of these factors may have partially ac-
ounted for the higher rate of infection observed
ompared with other studies.
Respiratory viral infections in adult lung transplant

ecipients have long been suspected as potential trig-
ers for allograft rejection and the development of
bliterative bronchiolitis or its clinical equivalent, bron-
hiolitis obliterans syndrome (BOS). Taking into ac-
ount the limitations of recent studies (most with small,
etrospective sample sizes), the literature supports an
ssociation between respiratory virus infection and
OS.18 For example, Khalifah et al19 retrospectively
eviewed 259 lung transplant recipients (respiratory
amples for cultures and antigen detection), and found
1 respiratory viral infections (including 2 cases of
denovirus respiratory tract infection); these patients
ere at increased risk for BOS and death.
Kumar et al20 prospectively studied 100 lung trans-

lant patients, including 50 patients with respiratory
irus infection and 50 controls. For respiratory speci-
ens, molecular detection methods (PCR) were used in

ddition to standard viral techniques. Adenovirus was
ot identified in any of the patients, but the most
ommon etiologies of viral infection were rhinovirus,
oronavirus, respiratory syncytial virus (RSV) and influ-
nza. Viral infection was associated with acute rejection
nd a significant decline in FEV1 over time, consistent
ith the development of BOS. There is evidence from
ther organ recipients that adenovirus infection of the
llograft may be associated with indirect effects.

Shirali et al11 performed viral PCR on endomyocardial
iopsies from pediatric heart transplant recipients and
ound that adenovirus was the most commonly de-
ected virus found in 24 of 149 (16.1%) patients. Viral
etection was associated with an increased risk of
oronary vasculopathy and graft loss.
Overall, the data on adenovirus infection in lung

ransplant recipients suggest that infections are severe,
specially in pediatric patients, and are associated with
ecrotizing pneumonia and result in a decline in pul-
onary function. However, our data suggest that, in

dults, infections are very common and often asymp-
omatic or associated with mild self-limited symptoms.
his discrepancy may be due to several factors. First,
e assessed viremia rather than infection within the
llograft. It may be that the two sites of infection a
ehave very differently in terms of symptomatology and
linical consequences. Second, used active molecular
urveillance techniques, which are more likely to pick
p sub-clinical cases, as compared with symptom-based
iagnostic evaluation. Third, we did not assess pediatric
atients, who may be more likely to have newly ac-
uired adenovirus in the absence of pre-existing immu-
ity. Therefore, it should be emphasized that, although
o significant clinical effects of low-level viremia were
bserved, patients with higher viral loads may well have
ore severe disease or an association with rejection.
It is possible that most cases of adenovirus we detected
ay have been due to re-activation of a previously latent

irus. However, the possibility of newly acquired adeno-
irus due to exogenous exposure cannot be excluded.
ur results are consistent with recently published molec-
lar surveillance data in other organ transplant recipi-
nts.13 In a study of 263 adult kidney (and kidney–
ancreas), liver and heart transplant recipients, who had
esting of blood samples at regular intervals, the incidence
f detectable viremia was 7.2%. In 58% of these patients
iremia was asymptomatic, whereas in the remaining
atients viremia was associated with self-limited respira-
ory or gastrointestinal symptoms. In that study, the
nvestigators did not detect an association with subse-
uent allograft rejection.13

Limitations of our study include the small sample size
nd the fixed testing intervals. For example, testing may
ot have necessarily been carried out at all time-points
t which patients may have had compatible symptoms
e.g., respiratory or gastrointestinal symptoms). It is
herefore possible that the incidence of infection may
ave been even higher. No additional cases of adenovi-
us were clinically diagnosed other than the patients
ho were positive by our surveillance; however, spe-

ific PCR testing for adenovirus was not routinely
erformed for clinical purposes during the study pe-
iod. Finally, this study was considered a sub-study, part
f a CMV prophylaxis study, and so adenovirus surveil-

ance was not the primary objective.
In conclusion, adenovirus viremia is very common in

dult lung transplant recipients. Such infections may be
ifferent from those in which the allograft is primarily

nvolved. Viremic episodes were either asymptomatic or
ssociated with only self-limited febrile syndromes despite
o change in immunosuppression or specific anti-viral
herapy. No association with acute rejection episodes or
ith a decline in lung function was observed after infec-

ion. At present, routine PCR surveillance after lung trans-
lantation would not be indicated based on the data
resented, although further studies are required.

he authors thank Jayne Fenton and Kate Toogood for
ssistance with data collection and sample preparation.
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