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Abstract

Background—A retrospective review of pediatric lung transplant recipients at 14 centers in North
America and Europe was conducted to characterize the epidemiology and risk factors for
cytomegalovirus (CMV) and to explore the impact of preventative antiviral therapy.

Methods—Data were recorded for one year post-transplant. Associations between CMV and
continuous and categorical risk factors were assessed using Wilcoxon rank-sum and Chi-square tests,
respectively. Associations between time to CMV and risk factors or survival were assessed by
multivariable Cox proportional hazards models.

Results—Within 12 months posttransplant, 172 of 577 subjects (29.8%) developed 218 CMV
episodes (90 asymptomatic infection, 25 syndrome, 103 disease). Forty-one subjects developed more
than one episode of CMV. Donor or recipient CMV seropositivity was associated with increased risk
of CMV episodes. Except for decreased prophylaxis in CMV D-/R- subjects, duration of prophylaxis
did not vary by D/R serostatus. For CMV D+ subjects, not being on prophylaxis at the time of CMV
episode increased the risk of CMV (D+/R+ HR 3.5: 95% CI 1.4, 8.4; D+/R- 1.9: 1.02, 3.7). CMV
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was associated with increased mortality within the first posttransplant year among those with donor
or recipient CMV seropositivity (HR 2.0: 95% CI 1.1, 3.6; p=0.024).

Conclusions—CMYV remains a serious complication after pediatric lung transplant, and the impact
of prophylaxis is complex.
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Introduction

Cytomegalovirus (CMV) after adult lung transplantation is associated with increased morbidity
and mortality (1-4), although the the introduction of preventative antiviral medication regimens
has significantly improved the natural history of CMV infection and disease after lung
transplant (3,5-9). In pediatrics patients, CMV has been associated with decreased survival
(10,11) in single center studies; however, the scope and risk factors for CMV infection and
disease as well as the impact of antiviral regimens has not been explored in a large cohort of
pediatric lung transplant recipients.

This retrospective cohort of pediatric lung transplant recipients represents the cumulative
experience with CMV at 14 pediatric lung transplant centers in North America and Europe to
test the hypothesis that longer duration of prophylaxis is associated with decreased incidence
of CMV episodes in pediatric lung transplant recipients.

Materials and Methods

Members of the International Pediatric Lung Transplant Collaborative (IPTLC) were invited
to participate in this multi-center retrospective cohort study. Fourteen centers contributed data.
Prior to study participation, each center obtained approval from its respective Institutional
Review Board or Ethics Committee.

The principal investigator performed a comprehensive chart review on each patient who
underwent primary lung transplant at a participating pediatric transplant center between
January 1988 and the time of data collection (August 2004-January 2007). Subjects were
excluded if survival was less than two weeks. The medical chart review included all clinic
records, discharge summaries, visit notes, correspondence, biopsy reports, microbiology and
virology results, pulmonary function measurements, and diagnostic imaging up to one year
post-transplant or until death or retransplantation if either event occurred before one year post-
transplant. Information gathered included demographic data, induction and initial
immunosuppressive regimens, prophylaxis regimens, acute rejection episodes, bronchiolitis
obliterans/bronchiolitis obliterans syndrome, viral and fungal infections and if applicable, date
and cause of death. Patient identifiers were removed from the data at the time of medical chart
review.

Therapy Regimen

Pretransplant evaluation of patients was performed according to the standard protocol of each
participating institution. Use of induction immunosuppressive therapy varied over the study
period and across participating centers, ranging from no induction therapy to receipt of
lympholytic agents or IL-2 receptor antagonists. After transplantation, most patients received
triple-drug immunosuppression with a calcineurin inhibitor (CNI), prednisone, and either
azathioprine or mycophenolate mofetil. Immunosuppressive therapy was gradually reduced as
time from transplant increased if no evidence of significant acute or chronic graft rejection was
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detected on radiographs, transbronchial biopsies, and lung function testing. Target CNI trough
serum concentrations varied by center and were not recorded for this study. In addition,
prophylaxis for cytomegalovirus and routine transbronchial biopsies to assess for rejection
were not standardized across centers and changed over time within centers. At a minimum,
surveillance bronchoalveolar lavages with biopsies were performed during the first
posttransplant year.

Posttransplant cytomegalovirus infection definitions are adapted from the definitions proposed
by American Society of Transplantation Infectious Disease Working Group on Infectious
Diseases Monitoring and Ljungman et al(12) (13).

CMV infection—Presence of active replicating virus as determined by the standards at each
institution by one of the following: conventional viral culture, shell vial viral culture, pp65
antigenemia testing or CMV polymerase chain reaction in whole blood or peripheral blood
mononuclear cells.

Asymptomatic CMV infection—Detection of CMV by above methods without associated
symptoms or signs of illness. Subjects with CMV infections without clinical documentation
near the time of testing were characterized as asymptomatic for this analysis.

CMV syndrome—Constellation of symptoms consisting of fever, fatigue, thrombocytopenia
and/or leukopenia in association with proof of CMV infection and without alternate
explanations.

Proven CMV invasive disease—Histologic proof of CMV inclusions in biopsy tissue from
lung, liver, or other body site with associated clinical signs and symptoms (For example,
dyspnea, tachypnea, hypoxemia and radiographic infiltrates with the finding of CMV in biopsy
would be proof of CMV pneumonia; diarrhea, blood in stool and or abdominal pain in
association with ulceration with CMV inclusions on histology of Gl biopsy would be definitive
proof of CMV gastroenteritis).

Probable CMV disease—Clinically compatible symptoms, evidence of CMV infection
without concurrent infections or rejection but without definitive histopathology on biopsy.

Possible CMV Disease—Clinically compatible symptoms, evidence of CMV infection but
also with concurrent infection or rejection.

Other posttransplant outcomes

Posttransplant outcomes were based on definitions proposed by working groups from the
International Society for Heart and Lung Transplantation (ISHLT) (14-16).

Acute rejection (AR)—Diagnosis and grading was performed at each individual center
without review by a central pathology core using a defined classification scheme for pulmonary
allograft rejection (15,16). In addition, clinical suspicion of acute rejection that resulted in
enhanced immunosuppression without histopathological evidence was noted.

Bronchiolitis Obliterans (BO) and Bronchiolitis Obliterans Syndrome (BOS)—

Diagnosis and grading of BO used histologic identification (16). Diagnosis of BOS (BOS 1
and greater) was based upon current standards from the ISHLT (14,17).
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Proven and probable pulmonary fungal infections (PFI) were defined as previously reported
in the literature (18).

Statistical analysis

Results

Data were entered into an ORACLE database, analyses were conducted using SAS version 9.1
(SAS Institute, Cary, NC), and graphics were produced using R version 2.0.1 software (The R
Foundation for Statistical Computing, Vienna, Austria). Associations between CMV and
continuous and categorical risk factors were assessed using Wilcoxon rank-sum tests and Chi-
square and Fisher's exact tests, respectively. Associations between CMV and survival time,
and between time to CMV and risk factors were assessed by univariable and multivariable Cox
proportional hazards models, censored at death, re-transplant, or one year post-transplant. Left-
truncated Cox-proportional hazards models were used to consider risk factors for deaths
occurring after 30 days. For each proportional hazards model, the proportional hazards
assumption was assessed by entering risk-factor-by-time interactions into the model; this
assumption was also assessed graphically using log-log-survival plots. Events that occurred
during post-transplant follow-up, such as CMV infection, PFI, and rejection were modeled as
time-dependent covariates. The functional form for age and era of transplant was chosen by
modeling the quintiles of these variables as categorical variables and assessing the resulting
parameter estimates. Multivariable models were chosen by performing backwards selection,
with a significance criterion of 0.05, on initial models containing all risk factors while forcing
the risk factor of interest into the model. Interactions suggested by the data or by clinical
importance were included in the model selection process. All tests were two-tailed and
performed at a significance level of 0.05.

Demographics

Data from 577 primary lung or heart-lung transplant recipients were collected at 14 pediatric
lung transplant centers in the United States, Canada, Austria, Germany and the United
Kingdom. The majority were female (57.2%) and Caucasian (89.7%). Subjects were a median
of 12.7 years at transplant (range 17 days to 20.9 years). The underlying etiology for
transplantation was cystic fibrosis (53.1%), pulmonary hypertension secondary to congenital
heart disease (14.2%), idiopathic pulmonary hypertension (8.9%), bronchiolitis obliterans
(4.0%), infantile interstitial lung disease (3%) and pulmonary alveolar proteinosis (2.8%).
Bilateral deceased donor (69.4%) and heart-lung transplantation (23.4%) were performed more
than living donor transplantation (4.7%) or single lung transplant (2.4%). CMV serostatus was
reported on 555 (96%) of subjects with a significant number of D+/R- (30.3%) and D-/R-
(38%). Commaon outcomes within the first year after pediatric lung transplant included death
or retransplantation (n=123, 21%), BOS (n=82, 14.2%), PTLD (n=44, 7.6%), fungal infection
(n=97, 16.8%) and an episode of acute rejection grade A2 or higher (n=255, 43%). One-year
survival was 79.7% (n=460).

Epidemiology

CMV occurred commonly within the first year after pediatric lung transplantation with 172
subjects (29.8%) recording 218 episodes. Asymptomatic CMV infection occurred in 83
subjects, the mean and median time to first infection was 116 and 83 days respectively. Time
to first episode of CMV syndrome (n=24) and CMV disease (n=95) occurred at a median of
99 days (mean 113 days) and 86 days (mean 106 days), Figure 1A. CMV disease included
pneumonitis (n=90), small bowel or gastric disease (n=3) and retinitis (n=2). CMV disease was
categorized as proven (63.7%), probable (17.7%) and possible (18.6%). Forty-one subjects
developed more than one episode of CMV, with progression from CMV infection (22% of
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infected subjects) or CMV syndrome (29% of syndromic subjects) to disease being the most
common sequences (Figure 1B).

CMV Diagnosis

The methods used to diagnose CMV were varied and often included more than one technique.
Asymptomatic CMV was diagnosed by increased CMV titer (7), antigenemia (16), viral culture
(44), or PCR testing (22). Diagnosis of CMV syndrome occurred by antigenemia (3), viral
culture (10), and PCR (13). Disease was found on histopathology of lung tissue (64),
antigenemia (5), viral culture (57), or PCR (3).

Risks for CMV episodes

Prophylaxis

Demographic and immunosuppressive regimens were evaluated for association with the
development of CMV infection and CMV syndrome/disease (Table 1). Univariable risks for
CMV infection included CMV donor or recipient seropositivity (HR 5.7 95% CI 2.4-13.8 for
D-/R+; 7.6, 3.5-16.6 for D+/R-; and 12.8, 5.9-27.9 for D+/R+), receipt of induction therapy
(1.6, 1.0-2.5) and initial therapy with cyclosporine (2.0, 1.1-3.5). CMV donor or recipient
seropositivity was associated with CMV syndrome/disease (HR 4.2 95% CI 1.7-10.4 for D-/
R+; 11.5, 5.5-24.1 for D+/R-; and 9.0, 4.1-19.6 for D+/R+). Because there were only minor
differences, the episodes of CMV infection and syndrome/disease were pooled to evaluate for
risk of any CMV episode. Living donor transplant, older age at transplant, and multiple
episodes of A2 rejection prior to CMV were risks for an episode of CMV in univariable analyses
in addition to CMV serostatus (Table 2). Era of transplantation, gender, ethnicity, cystic
fibrosis, and prior fungal or viral infections were not associated with subsequent CMV
episodes.

Due to the risk imposed by CMV serostatus in the univariable analysis, further evaluation
separated CMV D-/R- subjects from those with any CMV seropositivity. In addition, the
combined outcome of any CMV episode was employed as sample sizes limited modeling when
CMV infection and disease were considered indepently. For D-/R-subjects, time-dependent
multivariable models revealed CMV episodes were only associated with the receipt of
induction therapy (HR 5.2; 95% CI 1.5, 18.8). For those subjects with either donor or recipient
CMV seropositivity, donor CMV seropositivity regardless of recipient status (HR 2.1; 95% CI
1.3, 3.5 for D+/R+, HR 1.9; 95% CI 1.2, 3.0 for D+/R-), receipt of a living donor organ (2.5;
1.4, 4.3), transplant in the earliest transplant era in this study (2.3; 1.5, 3.8) and A2 rejection
prior to CMV episode (1.4; 1.00, 1.9) were associated with the development of a CMV episode
(Table 3).

Prophylaxis against CMV included a variety of antiviral agents. 402 of 577 subjects received
preventive antiviral therapy. An additional 12 patients received antiviral agents but had missing
prescription dates, so they are excluded from all prophylaxis analyses. Ganciclovir (GCV) was
most commonly included in a prophylaxis regimen with 372 subjects receiving GCV,
intravenously or orally. Other agents used alone or in combination with GCV included
acyclovir (52) and valganciclovir (31). The duration of prophylaxis varied considerably from
a few weeks to several months (median 50 days). Subjects that were CMV D-/R- were less
likely to have prophylaxis administered (P<0.001); prophylaxis duration was not otherwise
associated with CMV D/R status.

Impact of prophylaxis duration

The impact of duration of prophylaxis on outcome varied by CMV D/R serostatus. In time-
dependent modeling, duration of prophylaxis was not associated with a decrease in CMV
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episodes for recipients with history of pre-transplant CMV exposure (R+). However, for CMV
mismatched subjects (D+/R-) who were naive to CMV at transplant and received a CMV
seropositive organ (n=165), discontinued prophylaxis at the time of CMV episode doubled the
risk of CMV (HR 1.9, 95% CI 1.02, 3.7). In the same multivariable model, each month of
prophylaxis received was associated with a 30% increase in risk of CMV infection or disease
(HR 1.3, 95% CI 1.00-1.6). Evaluation of subjects who received prophylaxis beyond the
individual institution's standard of care for clinical reasons revealed that extending prophylaxis
was not associated with CMV episodes, Table 4. In addition, for CMV D+/R+ subjects (n=100),
discontinued prophylaxis significantly increased the risk of CMV episodes (HR 3.5; 95% ClI
1.4, 8.4).

Morbidity and mortality related to CMV

An episode of CMV was not associated with increase risk of subsequent morbidity including
early BOS, PTLD, PFI or acute rejections during the first posttransplant year in either
univariable or multivariable models. In CMV donor or recipient seropositive subjects, a single
episode of CMV was associated with death or retransplantation within the first year after
pediatric lung transplantation including subjects expiring early posttransplant (HR 2.0; 95%
Cl 1.1, 3.6; p=0.024) or using left-truncated models excluding subjects who died prior to 30
days (HR 2.0: 95% CI 1.08, 3.6; p=0.027), Table 5.

Discussion

Cytomegalovirus after pediatric lung transplantation remains a serious complication. The
incidence in this cohort is similar (30%) to that reported in previous studies (10,11). In addition,
analogous to prior reports in lung and other organ transplant recipients, CMV donor or recipient
seropositivity and prior episodes of acute rejection significantly increase the risk of CMV
(19-22). However, other factors previously associated with CMV including
immunosuppressive regimen did not increase the risk of CMV in multivariable models in
pediatric lung transplant recipients (21,23). Induction therapy increased the risk of CMV in
CMV D-/R- subjects only.

As an immunomodulatory virus, CMV has been associated with increased risk of other
complications after transplantation (1,2). However, in this evaluation from pediatric lung
transplant centers, CMV was not associated with an increased risk of posttransplant morbidity
including pulmonary fungal infections and respiratory viral infections. The broad use of CMV
prophylaxis in this population compared with these early reports of association may have had
an impact.

Similar to the prior single-center pediatric lung transplant recipient report (10), CMV is
associated with increased mortality after pediatric lung transplantation. Despite the broad use
of prophylaxis in this population, a single episode of CMV (asymptomatic infection, syndrome
or disease) increases the risk of early mortality.

Duration of prophylaxis and its impact on the development of CMV remains complex. For
every month that prophylaxis is continued, the risk of CMV increases. In contrast, longer
duration of prophylaxis, although not indefinite extension, has been associated with decreased
risk of CMV. The risk for CMV was nearly the same for recipients who received 180, 270 or
365 days of prophylaxis (9). Another study in renal transplant recipients showed decreased
CMV antibody seroconversion and inhibition of antibody maturation with prophylaxis (26).
Inaddition, longer prophylaxis may be associated with decreased low-level circulation of CMV
which has been reported to stimulate CMV specific T-cell proliferation (24,25). The increased
likelihood that pediatric recipients will be CMV-naive at transplantation may increase the risk
related to prolonged prophylaxis when these two immune-response findings are considered.
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More importantly, a period of increased risk for CMV clearly exists after prophylaxis is
stopped, with the greatest risk in the first 6 weeks after prophylaxis ends in prior reports (10).
The timing of prophylaxis discontinuation after transplant prophylaxis may have less impact
than the schedule of and adherence to CMV monitoring during this high risk period. The impact
of intensive surveillance after discontinuation of CMV prophylaxis could affect the detection
of early CMV and affect progression to CMV disease during this time frame, similar to the
intent of preemptive therapy early posttransplant.

As with any retrospective study, there are limitations related to the study design, availability
of data, and selection bias. Independent protocols for immunosuppressive therapy, induction
therapy, and surveillance for rejection and infection were employed at each participating site.
The use of induction therapy and calcineurin inhibitor preference also varied within each site
over the study period. To minimize the effects of these temporal, inter-center, and intra-center
differences, the principal investigator performed data collection at all participating sites and
utilized strict adherence to specific predetermined definitions. Of note, all centers did perform
routine surveillance bronchoscopies during the first posttransplant year.

A second limitation of this study involves CMV serostatus, diagnosis and diagnostic testing.
Attribution of CMV serostatus in children can be complex, especially for those transplanted
under a year of age with passive maternal antibodies, although this subset is small. In addition,
the administration of blood products not screened for CMV, especially in the early part of this
cohort, may have resulted in an incorrect CMV serostatus categorization or exposed a
seronegative donor/recipient pair to CMV. Further, pediatric patients are at risk for disease
acquisition from external sources through common contacts including day care and home
exposures. Most participating centers did not use routine CMV surveillance systematically
during the duration of the study. In addition, testing methods varied both across and within
centers during the study period which minimally included the most recent era when molecular
diagnostics became prevalent. Either issue may have underestimated the incidence of CMV
episodes in this population. Further, a proportion of CMV episodes did not have clinical data
associated with the event in the medical record; these episodes were classified as infection
only. All episodes of CMV were considered together for evaluation of morbidity and mortality.
However, evaluation of the impact of CMV syndrome or disease without infection confirmed
a lack of association between CMV and morbidity in this population.

The limited examination of outcomes to one year after transplant also requires mention.
Although infection is the most serious complication beyond one month but less than one year
post-transplant, it remains a potentially serious complication regardless of the time since
transplant and the significance of late-onset CMV is increasingly reported (25). Limiting
analysis of outcomes to one year post-transplant may have censored the true occurrence of
CMV in the patient population. Furthermore, it is possible that the relationships reported
between CMV and negative outcomes, such as BOS and/or retransplantation, may not manifest
within the first year posttransplant limiting the ability to identify significant associations. In
this case, the hazard ratios of the univariable and multivariable Cox proportional models may
be artificially low. Future studies are planned to examine associations between CMV and post-
transplant morbidities such as acute and chronic graft rejection beyond one year posttransplant.

Conclusions

The risks for CMV disease after pediatric lung transplantation, primarily CMV donor-recipient
mismatch, mirror those reported in adult lung and other solid organ transplant recipients.
Interestingly, progression of CMV to more symptomatic disease was found in 22% of infected
individuals. CMV is a significant risk for death after 30 days in pediatric lung transplant
recipients.
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ophylaxis isa complex issue which includes a balance of immunosuppression, CMV-specific

immunity and viral suppression. The balancing point of preventative therapy in this population
remains unknown. However, increased surveillance after discontinuation of preventative
therapy is warranted given the increased risk when discontinuing prophylaxis. Extended
prophylaxis for clinical concern does not seem to decrease the risk for CMV and increases the
risk for medication related toxicity and the development of viral resistance. Future studies will
require systematic evaluation including monitoring of CMV-specific immunity to discover the
optimal duration of CMV prevention therapy after pediatric lung transplantation.
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Table 2

Univariable risk of CMV Infection or Disease
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Risk factor

Donor and recipient CMV status

CMV stats D-R-
CMV stats D+R+

N Hazard ratio (95% CI) P-value

555 <0.001
Reference group
11.3 (6.3, 20.2)

CMV stats D+R- 9.2(5.2,16.2)
CMYV stats D-R+ 5.1(2.6,9.9)
Transplant type 576 <0.001
Heart and lung Reference group
Single lung 2.0(0.84,4.8)
Bilateral cadaveric 1.2 (0.83,1.8)
Living Donor 3.8(2.1,6.9)
Age at transplant 575 0.027
Age quintile 1 (0.0- 5.6 yrs) Reference group
Age quintile 2 (5.6-11.6 yrs) 1.9(1.1,3.4)
Age quintile 3 (11.6-14.2 yrs) 2.0(1.2,35)
Age quintile 4 (14.2-16.9 yrs) 2.0(1.2,35)
Age quintile 5 (16.9-21 yrs) 25(1.4,4.4)
Era of transplant 577 0.85

Female gender

Cystic Fibrosis etiology

Donor CMV positive

Recipient CMV positive

Any induction treatment

Home going regimen: cyclosporine
A2 rejection prior to CMV

Second rejection prior to CMV

Second A2 rejection prior to CMV

PFI prior to CMV
RVI1 prior to CMV

2002-2005
1985-1993
1993-1997
1997-1999
1999-2002

Reference group
0.99 (0.59, 1.7)
1.2 (0.75, 1.8)
0.86 (0.51, 1.5)
1.04 (0.67, 1.6)

577 1.2 (0.85, 1.6) 0.34
576 1.3(0.95,1.7) 0.11
563 5.2 (3.6, 7.5) <0.001
567 2.1(1.6,2.8) <0.001
533 1.4 (1.01,1.9) 0.040
577 1.4 (0.95,1.9) 0.089
577 1.3(0.98, 1.8) 0.070
577 1.5 (1.08,2.0) 0.014
577 1.9(14,28) <0.001
577 1.00 (0.62, 1.6) 0.99
577 0.64 (0.31, 1.3) 0.22

CMV - cytomegalovirus, D — donor, R — recipient, PFI — pulmonary fungal infection, RVI — respiratory viral infection
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Multivariable risk for CMV

Table 3
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Donor or recipient CMV seropositive (152/344 with CMV episode)

Risk factor HR (95% CI) P-value
CMV D+/R+ 21(1.3,35) 0.003
CMV D+/R- 1.9 (1.2, 3.0) 0.010
Transplant type: Living Donor 25(1.4,43) 0.001
Years of transplant: 1985-1993 2.3(15,3.8) <0.001
A2 rejection prior to CMV 1.4 (1.00, 1.9) 0.048
Donor and recipient CMV seronegative (14/192 with CMV episode)
Risk factor HR (95% CI) P-value
Any induction therapy 5.2 (1.5,18.8) 0.011
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Risk for Death after pediatric lung transplantation in CMV D+ or R+ subjects

Table 5

Page 16

Risk of death 0-365 days (64/342 with CMV)

Risk of death 30-365 days (56/329 with CMV)

CMV (time-dependent)

PFI (time-dependent)

Early BOS (time-dependent)
Living donor transplant
Age <5 years

RVI (time-dependent)

A2 rejection (time-dependent)

Hazard ratio (95% ClI)

2.0 (L1, 3.6)
2.7 (L5, 4.9)
5.6 (2.4, 13.0)
3.8(1.7,8.2)
2.2 (1.2,4.0)
2.4(12, 4.6)
052 (0.28, 0.95)

P-value

0.024
<0.001
<0.001
<0.001

0.009

0.012

0.033

Hazard ratio (95% ClI)

2.0 (1.08, 3.6)
2.7 (1.4,5.0)
4.6 (2.0, 10.4)
3.6 (15,8.2)
2.7 (1.4,5.0)
2.5(13,5.1)

P-value
0.027
0.002

<0.001
0.003
0.002
0.009
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