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Background. Respiratory virus infection (RVI) in pediatric solid organ transplant (SOT) recipients poses a significant risk; 
however, the epidemiology and effects of an RVI after pediatric SOT in the era of current molecular diagnostic assays are unclear.

Methods. A retrospective observational cohort of pediatric SOT recipients (January 2010 to June 2013) was assembled from 9 
US pediatric transplant centers. Charts were reviewed for RVI events associated with hospitalization within 1 year after the transplant. 
An RVI diagnosis required respiratory symptoms and detection of a virus (ie, human rhinovirus/enterovirus, human metapneumo-
virus, influenza virus, parainfluenza virus, coronavirus, and/or respiratory syncytial virus). The incidence of RVI was calculated, and 
the association of baseline SOT factors with subsequent pulmonary complications and death was assessed.

Results. Of 1096 pediatric SOT recipients (448 liver, 289 kidney, 251 heart, 66 lung, 42 intestine/multivisceral), 159 (14.5%) 
developed RVI associated with hospitalization within 12 months after their transplant. RVI occurred at the highest rates in intestine/
abdominal multivisceral (38%), thoracic (heart/lung) (18.6%), and liver (15.6%) transplant recipients and a lower rate in kidney 
(5.5%) transplant recipients. RVI was associated with younger median age at transplant (1.72 vs 7.89 years; P < .001) and among liver 
or kidney transplant recipients with the receipt of a deceased-donor graft compared to a living donor (P = .01). The all-cause and 
attributable case-fatality rates within 3 months of RVI onset were 4% and 0%, respectively. Multivariable logistic regression models 
revealed that age was independently associated with increased risk for a pulmonary complication (odds ratio, 1.24 [95% confidence 
interval, 1.02–1.51]) and that receipt of an intestine/multivisceral transplant was associated with increased risk of all-cause death 
(odds ratio, 24.54 [95% confidence interval, 1.69–327.96]).

Conclusions. In this study, hospital-associated RVI was common in the first year after pediatric SOT and associated with 
younger age at transplant. All-cause death after RVI was rare, and no definitive attributable death occurred.
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Respiratory virus infection (RVI) is a leading cause for hospital-
ization in children [1] and results in significant morbidity and 
death among immunocompromised children, including those 
who have undergone a solid organ transplant (SOT) [2–4]. 
However, much of the literature regarding RVI after pediatric 
SOT has been limited to single-center reports that focused 
on 1 viral pathogen or combined SOT recipients with other 

immunocompromised hosts [5–9]. Even data on high-risk pe-
diatric lung transplant patients have been limited to those from 
a single multicenter study that reported the epidemiology of 
RVI in this population, which was performed in the period be-
fore robust molecular diagnostics [10].

The lack of contemporary data specific to RVI in pediatric 
SOT recipients is an important knowledge gap, especially in this 
era of molecular diagnostics. A  more comprehensive under-
standing of the frequency and outcomes of RVI in this patient 
population, particularly within the first year after SOT, when 
immunosuppression is the highest, should help guide future 
investigations of RVI management and identify needs for novel 
prevention and treatment strategies.

A large multicenter retrospective cohort of pediatric SOT 
recipients was assembled to determine the incidence of RVI 
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hospitalization in the first year after the transplant and to iden-
tify factors associated with poor outcomes in these patients 
after RVI.

METHODS

Study Design and Cohort

The study cohort comprised children ≤18 years old who under-
went a kidney, liver, heart, lung, heart–lung, or intestine/mul-
tivisceral (ie, intestine along with other abdominal organs 
including the liver and/or pancreas) transplant between January 
1, 2010, and June 30, 2013, at 1 of 9 US pediatric academic insti-
tutions. Each SOT recipient was followed from the day of trans-
plant until 365 days after transplant, death, or loss to follow-up 
(whichever occurred first).

Outcome

The primary outcome was the presence of an RVI associated 
with hospitalization within 365 days after the SOT. The defi-
nition of an RVI included the following criteria: (1) a positive 
result for a respiratory viral pathogen from a nasopharyngeal 
swab or aspirate, nasal wash specimen, sputum, tracheal aspi-
rate, or deep bronchial wash or bronchoalveolar lavage speci-
men and (2) documentation of clinical signs of a respiratory 
illness, including cough, rhinorrhea, and/or increased work 
of breathing within 72 hours of the positive respiratory virus 
test. The RVI was detected either during hospitalization or 
prompted admission because of the symptoms after the posi-
tive testing result.

The following respiratory pathogens were considered: rhi-
novirus/enterovirus, human metapneumovirus (hMPV), influ-
enza, parainfluenza virus (PIV), respiratory syncytial virus 
(RSV), and coronavirus. Diagnostic tests for rhinovirus, hMPV, 
influenza, PIV, and RSV were available at each center during 
the study period. Testing for coronavirus was available at only 
3 of the participating centers [11]. Each pathogen was recorded 
if more than 1 virus was detected for a given RVI episode. In 
the case of a recurrent RVI event with the same virus, only the 
first episode was documented, unless the subsequent episode 
occurred ≥30 days after the first event and if there was at least 1 
negative intercurrent test result. The number of days after trans-
plant for RVI onset was assigned on the basis of the day that the 
sample that resulted in a positive respiratory virus test result 
was collected.

Patients with a documented RVI were followed for 3 months 
from the onset of infection to assess subsequent respiratory 
support, pulmonary complications, and death. Any death that 
occurred within 3 months of RVI onset was evaluated further 
for attribution. Attribution (cause of death likely, possibly, or 
not likely attributable to RVI) was assigned after a central review 
by 3 independent investigators of a deidentified summary of the 
circumstances surrounding each patient’s death.

Data Collection

After institutional review board approval at each study site, inves-
tigators and trained research assistants retrospectively abstracted 
a priori–identified data elements, including demographic and 
pretransplant, transplant, and peri-RVI variables, directly into a 
central REDCap electronic database hosted at Duke University.

Statistical Analysis

The primary aim of this study was to determine the incidence 
of RVI from any pathogen (rhinovirus, hMPV, influenza, PIV, 
RSV, or coronavirus) associated with a hospitalization within 
the first year after a transplant. Univariate logistic regression 
analyses were performed to assess the association of various 
baseline host characteristics and risk factors at the time of trans-
plant with subsequent development of an RVI.

The secondary aims of this study were to determine all-cause 
and attributable 3-month case-fatality rates after RVI onset and 
to identify factors associated with pulmonary complications or 
death in the 3 months after RVI. Case-fatality rates were calcu-
lated as the proportion of patients with an RVI who died within 
3 months of RVI onset. Multivariate logistic regression models 
were constructed using the outcomes of pulmonary complica-
tions and death in the 3-month post–RVI-onset period. These 
models were limited by few pulmonary complications and 
death events; however, the following factors were hypothesized 
a priori to be potentially associated with these outcomes: age, 
need for respiratory support at baseline, and history of chronic 
lung disease. Each of these variables was assessed in a univar-
iate logistic regression analysis and then included in multi-
variate logistic regression models. Statistical calculations were 
performed using Stata 13.0 (Stata Corp., College Station, Texas).

RESULTS

Cohort Demographics

Retrospective identification of SOT recipients from the 9 par-
ticipating centers resulted in a final cohort of 1096 subjects. The 
median patient age was 6.13 years (interquartile range [IQR], 1.43–
13.7 years). A majority of the patients were male (610 [56%]), white 
(759 [69%]), and a first-time transplant recipient (1026 [94%]) and 
had received a deceased-donor graft (905 [83%]) (Table 1). Organs 
transplanted included liver (41%), kidney (26%), heart (23%), lung 
(6%), and intestine/abdominal multivisceral (4%).

RVI Events

One hundred and fifty-nine (14.5%) SOT recipients had 181 RVI 
events associated with hospitalization within the first year after 
their transplant, and 190 respiratory viruses were detected. RVI 
occurred at the highest rates after an intestine/abdominal multiv-
isceral (38%) transplant, followed by heart (18.3%), lung (16.7%), 
liver (15.6%), and kidney (5.5%) transplant. The earliest RVI event 
occurred at a median of 99 days after transplant (IQR, 19–236 days), 
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with minimal variability in timing across viruses (Table 2). Of the 
181 RVI events in the cohort, rhinovirus occurred most frequently 
(82 events [45%]), followed by RSV (40 [22%]), PIV (29 [16%]), 
hMPV (20 [11%]), and influenza (19 [10%]). Coinfection with 2 
viruses occurred in 9 RVI events, including 5 cases of rhinovirus 
with either hMPV [3] or PIV [2] and 4 cases of RSV with hMPV, 
influenza, PIV, or rhinovirus. Infection with hMPV, influenza, and 

RSV occurred primarily during autumn and winter, whereas PIV 
and rhinovirus occurred throughout the calendar year (Table  3 
and Figure 1). PIV3 (n = 18) predominated, occurring throughout 
the year, whereas PIV1 (n = 5) and PIV2 (n = 6) clustered in the 
fall and winter months, respectively. Clinical signs most frequently 
associated with respiratory virus detection included fever within 
48 hours (54%) and lower respiratory tract disease at onset (35%). 

Table 1. Participating Centers, Number of SOT Recipients per Center, and Virus Diagnostics Available at Each Center

Hospital No. of Patients Viruses Tested by PCRa Location and Type of Testing

Children’s Hospital of Philadelphia 141 hMPV, influenza, PIV, RSV, rhinovirus In-house PCR assay

Children’s Hospital of Pittsburgh 193 hMPV, influenza, PIV, RSV, rhinovirus In-house PCR assay

Cincinnati Children’s Medical Center 165 hMPV, influenza, PIV, RSV, rhinovirus In-house PCR assay

Duke Children’s Hospitalb 87 hMPV, influenza, PIV, RSV In-house PCR assay

Montefiore Children’s Hospital 24 hMPV, influenza, PIV, RSV, rhinovirus In-house PCR assay

Seattle Children’s Hospital 165 hMPV, influenza, PIV, RSV, rhinovirus, coronavirus In-house PCR assay at University of Washington (2010–2011); added 
FilmArray in 2012

Texas Children’s Hospital 256 hMPV, influenza, PIV, RSV, rhinovirus, coronavirus Combination of in-house PCR and commercial laboratory multiplex 
PCR assay

Monroe Carell Jr. Children’s Hospital 
at Vanderbilt

65 hMPV, influenza, PIV, RSV, rhinovirus, coronavirus In-house PCR assay

Abbreviations: hMPV, human metapneumovirus; PCR, polymerase chain reaction; PIV, parainfluenza virus; RSV, respiratory syncytial virus; SOT, solid organ transplant.
aIncludes viruses for which sites had PCR diagnostic testing available for clinical use during the entire study period.
bDuke Children’s Hospital performed rhinovirus culture but not PCR testing during the study period.

Table 2. Baseline Factors for the Entire Cohort and for Patients With and Those Without an RVI

Characteristic Total Cohort (N = 1096) Patients With at Least 1 RVI or Influenza (n = 159) Patients Without an RVI or Influenza (n = 937) P

Age (median [IQR]) (years) 6.13 (1.43–13.7) 1.72 (0.73–4.46) 7.89 (1.68–14.09) <.001c

Sex, female (n [%]) 486 (44) 72 (45) 414 (44)

Race (n [%]) .11

 White 759 (69) 101 (64) 658 (70)

 Black 175 (16) 23 (14) 152 (16)

 Asian 32 (3) 9 (6) 23 (2)

 Native American 11 (1) 4 (2) 7 (1)

 Other/unknown 119 (11) 22 (14) 97 (11)

Transplant type (n [%])

 Heart 251 (23) 46 (29) 205 (22)

 Lung 66 (6) 11 (7) 55 (6)

 Liver 448 (41) 70 (44) 378 (40)

 Kidney 289 (26) 16 (10) 273 (29)

 Intestine 20 (2) 6 (4) 14 (2)

 Multiviscerala 22 (2) 10 (6) 12 (1)

Donor source (n [%])b .015c

 Living 191 (26) 13 (15) 178 (27)

 Deceased 546 (74) 73 (85) 473 (73)

Influenza vaccination .73

 Yes 571 (52) 10 (53) 561 (52)

 No 389 (36) 8 (42) 381 (35)

 Unknown 136 (12) 1 (5) 135 (13)

First transplant .20

 Yes 1026 (94) 145 (91) 881 (94)

 No 70 (6) 14 (9) 56 (6)

Abbreviations: RVI, respiratory virus infection; IQR, interquartile range.
aIncludes 2 heart–lung, 5 liver–intestines, and 15 liver and other organ transplants.
bLimited to liver and kidney transplants only.
cSignificant result.
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Fever was most common with influenza (79%) and least common 
with hMPV, PIV, and RSV (43%–45%). During the first RVI event 
for the 159 patients with at least 1 RVI, only 9% of the patients 
were neutropenic (absolute neutrophil count, <500 cells/mL) and 
22% were severely lymphopenic (absolute lymphocyte count, 
<200 cells/mL) in the week before onset. However, absolute lym-
phocyte counts before RVI onset were not available for 28% of the 

patients. Underlying chronic lung disease, the need for respiratory 
support including oxygen, noninvasive or mechanical ventilation, 
and admission in an intensive care unit before RVI diagnosis were 
all relatively common (20%, 25%, and 28%, respectively).

An antiviral agent directed at the identified pathogen was 
prescribed in 21 cases (14 influenza, 6 RSV, 1 rhinovirus). 
Specifically, 3 patients with RSV received ribavirin alone, 

Table 3. Clinical Characteristics at Time of RVI Onset for SOT Recipients

Characteristic

Patient With RVI

All Patients, First Event 
(N = 159) hMPV (n = 20) Influenza (n = 19) PIV (n = 29) RSV (n = 40) Rhinovirusc (n = 82)

Clinical parameters

 Age at transplant (median [IQR]) (years) 1.72 (0.72–4.46) 0.96 0.70–4.69) 2.41 (0.78–5.46) 2.46 (0.97–3.97) 1.41 (0.78–3.10) 1.62 (0.73–3.59)

 Days from SOT to RVI onset (median 
[IQR])

99 (19–236) 163.5 (64–298.5) 195 (33–317) 93 (30–131) 109 (17.5–289.5) 100.5 (14–219)

 Lower respiratory tract involved at onset 
(n [%])

  Yes 56 (35) 10 (50) 2 (11) 11 (41) 17 (43) 27 (33)

  No 103 (65) 10 (50) 17 (89) 17 (59) 23 (57) 55 (67)

 Fever within 48 hours of RVI onset (n [%])

  Yes 86 (54) 9 (45) 15 (79) 13 (45) 17 (43) 48 (59)

  No 73 (46) 11 (55) 4 (21) 16 (55) 23 (57) 34 (41)

 Chronic lung disease (n [%])

  Yes 31 (20) 4 (20) 4 (21) 3 (10) 6 (15) 19 (23)

  No 128 (80) 16 (80) 15 (79) 26 (90) 34 (85) 63 (77)

 Respiratory support (n [%])a,b

  Yes 39 (25) 3 (15) 3 (16) 4 (14) 13 (33) 25 (30)

  No 120 (75) 17 (85) 16 (84) 25 (86) 27 (67) 57 (70)

 ICU admission (n [%])b

  Yes 45 (28) 4 (20) 2 (11) 7 (24) 11 (28) 27 (33)

  No 114 (72) 16 (80) 17 (89) 22 (76) 29 (72) 55 (67)

 Renal support (n [%])b

  Yes 3 (2) 0 (0) 1 (5) 0 (0) 0 (0) 2 (2)

  No 156 (98) 20 (100) 18 (95) 29 (100) 40 (100) 80 (98)

Pharmacologic exposures before RVI (n [%])

 Steroid exposureb

  Yes 99 (62) 12 (60) 10 (47) 17 (59) 26 (65) 55 (67)

  No 60 (38) 8 (40) 9 (53) 12 (41) 14 (35) 27 (33)

 ≥2 antirejection medicationsb

  Yes 56 (35) 11 (55) 10 (47) 19 (34) 25 (62) 52 (63)

  No 103 (65) 9 (45) 9 (53) 10 (66) 15 (38) 30 (37)

 IVIg in 30 days before RVI onset

  Yes 21 (13) 3 (15) 1 (5) 3 (10) 4 (10) 12 (15)

  No 138 (87) 17 (85) 18 (95) 26 (90) 36 (90) 70 (85)

Laboratory parameters (n [%])

 Neutropenia (ANC < 500 cells/mL)b

  Yes 14 (9) 2 (10) 1 (5) 0 (0) 0 (0) 12 (15)

  No 145 (91) 18 (90) 18 (95) 29 (100) 40 (100) 70 (85)

 Lymphopenia (ALC < 200 cells/mL)b

  Yes 34 (22) 5 (25) 4 (21) 7 (24) 8 (20) 16 (20)

  No 80 (50) 8 (40) 11 (58) 14 (48) 17 (43) 44 (54)

  Not available 45 (28) 7 (35) 4 (21) 8 (28) 15 (37) 22 (27)

Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil count; hMPV, human metapneumovirus; ICU, intensive care unit; IQR, interquartile range; IVIg, intravenous immunoglobulin; PIV, parainfluenza virus; RSV, 
respiratory syncytial virus; RVI, respiratory virus infection; SOT, solid organ transplant.
aWithin 7 days before RVI onset.
bIncludes at least 1 of the following: oxygen supplementation, bilevel positive airway pressure/continuous positive airway pressure, mechanical ventilation, and/or high-frequency oscillator ventilation/extracorporeal membrane 
oxygenation.
cRhinovirus was detected by PCR at all sites except for Duke, where cultures were performed.
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whereas another 3 received palivizumab alone. The patient with 
rhinovirus received both intravenous immunoglobulin G and 
ribavirin. Intravenous immunoglobulin G was administered to 
22 patients within 2 weeks of RVI onset (4 had hMPV, 2 influ-
enza, 3 PIV, 5 RSV, and 12 rhinovirus).

Patients who had been diagnosed with at least 1 RVI were sig-
nificantly younger than patients without an RVI (median 1.72 years; 
IQR, 0.73–4.46 vs 7.89 years, IQR 1.68–14.09; P < .001). Recipients 
of a liver or kidney from a deceased donor were significantly more 
likely to have an RVI than were recipients of a liver or kidney from a 
living donor (13.4% vs 6.8%, respectively; P < .015). Diagnosis of an 
RVI was otherwise not associated with sex, race, or organ-transplant 
type. Influenza vaccination rates were also similar between patients 
with and those without influenza (53% vs 52%, respectively).

Pulmonary Complication and Case-Fatality Rates

Subsequent to a first RVI event in 159 subjects, 9 (5.7%) patients 
experienced a pulmonary complication (ie, tracheostomy, sub-
acute pulmonary sequelae, chronic pulmonary sequelae, bron-
chiolitis obliterans, or other pulmonary complication). Seven 

patients died within 3  months of RVI onset (all-cause case 
fatality rate, 4.4%) (Table  4). Of these 7 deaths, 1 was likely 
attributed to an RSV event and 1 was possibly attributed to a 
PIV event. It was notable that of the 10 intestinal transplant 
recipients who developed an RVI, 4 (40%) died, and 1 of these 
deaths was possibly related to the RVI.

No deaths occurred after RVI onset in isolated liver or 
kidney recipients, and only 1 liver recipient developed a pulmo-
nary complication (pulmonary hemorrhage) within 3 months 
of RVI onset. Therefore, multivariate logistic regression models 
used to assess factors associated with pulmonary complications 
or death within 3 months after RVI excluded liver and kidney 
recipients (Table  5). Within this subset of 73 SOT recipients 
with a first RVI, an onset of RVI within 60 days of the trans-
plant (odds ratio [OR], 6.29 [95% confidence interval (CI), 
1.17–33.81]) and respiratory support at baseline (OR, 9.19 [95% 
CI, 1.68–50.14]) were associated with an increased risk for pul-
monary complication within 3  months in univariate analysis; 
neither of them remained associated with pulmonary compli-
cation in the multivariate model (Table 6). Only receipt of an 

Figure 1. RVI pathogens according to month.

Table 4. RVI Pathogens According to Month

Month

Patients With RVI

All Patients, First Event (N = 159) (n) hMPV (n = 20) (n) Influenza (n = 19) (n) PIV (n = 29) (n) RSV (n = 40) (n) Rhinovirus (n = 82) (n)a

January 17 3 2 2 6 5

February 21 5 7 0 6 7

March 14 4 4 1 5 5

April 16 3 5 2 3 7

May 10 1 0 3 1 8

June 16 3 0 5 1 10

July 11 0 0 3 2 6

August 6 0 0 1 0 7

September 8 0 0 3 1 5

October 11 0 1 3 1 7

November 13 1 0 2 7 9

December 16 0 0 4 7 6

Abbreviations: hMPV, human metapneumovirus; PIV, parainfluenza virus; RSV, respiratory syncytial virus; RVI, respiratory virus infection.
aRhinovirus was detected by polymerase chain reaction assay at all sites except for Duke, where cultures were performed.
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intestinal or multivisceral abdominal transplant was associ-
ated with death within 3 months of RVI onset. In addition, all 
patients who had a pulmonary complication or died after RVI 
onset were white and had received steroids in the week before 
RVI, which precluded the inclusion of these covariates in the 
regression models.

DISCUSSION

To our knowledge, this is the largest study to date of a multi-
center pediatric cohort in which hospital-associated RVI in the 
first year after SOT was evaluated. Overall, 14.5% of pediatric 
SOT recipients had at least 1 documented RVI that required 
hospitalization within 12 months of their transplant; the high-
est rate of RVI was seen in intestine/abdominal multivisceral 
transplant recipients, and the lowest rate occurred in kidney 
transplant recipients. The overall incidence was similar to the 
RVI rate (14%) reported from a previous study of a large co-
hort of pediatric lung transplant recipients [10], despite the fact 
that the earlier cohort was evaluated before the routine availa-
bility of molecular diagnostics. Rhinovirus accounted for 45% 
of the events in our cohort, which is consistent with recent 
reports of RVI etiologies in adult SOT recipients [12, 13] and is 

a substantial increase over rates from studies before the initia-
tion of molecular diagnostics.

Death after RVI was relatively uncommon in this study, 
occurring during 4% of the first RVI events, and only 2 of 
these deaths were deemed possibly or likely related to the RVI. 
Comparison of this mortality rate to those in previously pub-
lished literature suggests a decline in the mortality rate after RVI 
among SOT recipients. Data from a single-center cohort assem-
bled during the 1990s revealed a case-fatality rate of 15% to 23% 
for influenza and PIV [14]. It should be noted that follow-up 
among 83 pediatric SOT recipients with influenza during the 
2009 H1N1 pandemic who were generally treated with antivi-
ral therapy revealed no deaths [15]. The aforementioned multi-
center pediatric lung transplant cohort reported a case-fatality 
rate of 10.7% among 28 patients with an RVI [16]. However, 2 of 
the 3 deaths in the cohort of lung transplant recipients occurred 
after adenovirus infection, which was not evaluated in our study 
and might have resulted in a reduced estimate of the mortal-
ity rate, because adenovirus is associated with increased risk 
of death in some populations of pediatric transplant recipients 
[16, 17]. The decision to exclude adenovirus infection from our 
study was related to its ability to disseminate and result in sys-
temic illness, which sets it apart from a typical RVI.

Table 5. Outcomes of RVI in SOT Recipients

Outcome

Patients With RVI

All Patients, First Event 
(n = 159) (n [%]) hMPV (n = 20) (n [%]) Influenza (n = 19) (n [%]) PIV (n = 29) (n [%]) RSV (n = 40) (n [%])

Rhinovirus (n = 82)  
(n [%])d

Need for any respiratory support within 3 mo 
of diagnosis

81 (51) 11 (55) 6 (32) 15 (52) 23 (58) 45 (55)

 Oxygen support 39 (25) 5 (25) 3 (16) 5 (17) 17 (43) 21 (26)

 BiPAP/CPAP 4 (3) 0 (0) 0 (0) 2 (7) 0 (0) 3 (4)

 Mechanical ventilation 30 (19) 5 (25) 1 (5) 5 (17) 5 (13) 17 (21)

 HFOV/ECMO 7 (4) 1 (5) 2 (10) 3 (10) 1 (3) 4 (5)

Pulmonary complications

 At least 1 complication within 3 mo of 
diagnosis

9 (6) 1 (5) 1 (5) 3 (10) 3 (7.5) 4 (5)

 Tracheostomy 3 (2) 0 (0) 1 (5) 0 (0) 1 (3) 2 (2)

 Subacute pulmonary sequelae 3 (2) 0 (0) 1 (5) 1 (3) 0 (0) 2 (2)

 Chronic pulmonary sequelae 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)

 Bronchiolitis obliterans 1 (1) 0 (0) 0 (0) 0 (0) 1 (3) 0 (0)

 Other pulmonary complications 4 (3) 1 (5) 0 (0) 2 (7) 2 (5) 1 (1)

Received antiviral therapy active against 
pathogen within 2 wk of onseta

 Yes NA NA 14 (74) 0 (0) 6 (15) 1 (1)

All-cause deathb

 Yes 7 (4) 0 (0) 0 (0) 4 (17) 2 (5) 1 (2)

Death attributed to RVI?

 Likely related 1 NA NA 0 1 0

 Possibly related 1 NA NA 1 0 0

 Not related 5 NA NA 3 1 1

Abbreviations: BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; ECMO, extracorporeal membrane oxygenation; HFOV, high-frequency oscillator ventilation; hMPV, human metapneumovirus; IVIg, 
intravenous immunoglobulin; NA, not applicable; PIV, parainfluenza virus; RSV, respiratory syncytial virus; RVI, respiratory virus infection; SOT, solid organ transplant.
aFor influenza, therapy included oseltamivir, zanamivir, peramivir, amantadine, and rimantadine; for RSV, therapy included ribavirin and palivizumab; and for parainfluenza, therapy included ribavirin and DAS-181.
bWithin 3 months of RVI onset.
cIncludes a patient with both PIV and rhinovirus and a patient with both hMPV and rhinovirus.
dRhinovirus was detected by polymerase chain reaction assay at all sites except for Duke, where cultures were performed.
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The observation that recipients of a kidney or liver trans-
plant from a living donor were at decreased risk for RVI com-
pared to those whose graft came from a deceased donor is an 
interesting phenomenon. Pediatric kidney transplants from liv-
ing donors might have been scheduled to occur in periods of 
lower risk for RVI, such as summer months, although we do not 
have data to specifically support this supposition, because insti-
tutional approval for this study required anonymized data not 
including the date of transplantation. Because RVI events in this 
cohort occurred in periods that mirrored RVI circulation in the 
community, with a decreased number of events in the summer 
months, this could decrease the risk of early RVI and hospi-
tal-associated RVI because the risk of hospitalization decreased 
with time from transplant in this population. Another possible 
hypothesis would be that differences in immunosuppression 
protocols for the recipients of living-donor grafts had an effect.

With the exception of pediatric lung transplantation, past 
literature on RVI in SOT recipients is limited mainly to sin-
gle-center reports from studies that focused on 1 pathogen and/
or organ and often included patients who did not undergo a 
transplant [5–8, 18]. Compared to previous literature that pro-
vided cases in SOT but did not acquire full denominator data 
[8], our large cohort enables calculation of RVI incidence rates, 
because all pediatric SOT recipients at the participating institu-
tions were included. However, our results must be interpreted 
in view of certain limitations. Given the retrospective nature of 
the study, no protocols for consistent evaluation for RVI were 
followed, even when patients were admitted to the hospital 

with a respiratory illness. In addition, misclassification bias was 
possible, although all charts were reviewed systematically to 
decrease this possibility. RVI events that occurred in an outpa-
tient setting and did not necessitate a hospital admission were 
not captured, and it is known that many SOT recipients receive 
outpatient care at clinics outside the transplant center. Patients 
who are doing well and further out from transplant might be 
more likely to receive care at a center farther from the transplant 
center. Thus, capture of only inpatient events might have under-
estimated the true rate of RVI in this population. Specific data 
regarding acute transplant rejection were not collected for the 
cohort, which limited our potential to evaluate the possible as-
sociation of RVI with subsequent rejection or intensified immu-
nosuppression. Last, although a large cohort was assembled and 
the evaluations of patients with a variety of transplanted organs 
were included, the number of RVI and subsequent events of 
pulmonary complications and death were still relatively small, 
which limited our ability to identify significant risk factors for a 
poor outcome in multivariate analyses.

Overall, RVI associated with hospitalization was common in 
the first year after pediatric SOT, and higher rates were asso-
ciated with younger age and intestine/abdominal multivisceral 
transplants. It is particularly interesting and in contrast to ear-
lier reports that all-cause death after RVI was rare. Although no 
deaths were definitively attributable to RVI, complications did 
occur and were most common among patients who required 
supplemental respiratory support at the time of diagnosis. 
Methods for further reducing the effects of RVI after pediatric 

Table 6. Univariate and Multivariate Logistic Regression Analysesa to Assess the Association of Baseline Factors Present at Time of First RVI Onset 
With Subsequent Need for Respiratory Support, Pulmonary Complications, or Death

Baseline Factor

Outcome Measure (OR [95% CI])c

All-Cause Deathd Pulmonary Complicatione

Univariate Model Multivariate Model Univariate Model Multivariate Model

Age 1.05 (0.91–1.22) 1.31 (0.99 to 1.73) 1.12 (0.98–1.27) 1.24 (1.02–1.51)

Age category

 <2 years Reference Reference

 2 to <5 years 2.78 (0.50–15.45) 2.79 (0.50–15.45)

 >5 years 1.00 (0.10–10.47) 2.17 (0.32–14.52)

Transplant type 

Heart/lung/heart–lung Reference Reference Reference Reference

Intestine/multiabdominal visceral 14.0 (2.38–82.40) 23.54 (1.69–327.96) 2.65 (0.56–12.64) 3.62 (0.46–28.44)

RVI onset within 60 days of SOT 2.49 (0.51–12.11) 0.93 (0.09–9.96) 6.29 (1.17–33.81) 2.49 (0.28–21.89)

Respiratory support at baselineb 3.56 (0.72–17.47) 6.71 (0.34–132.40) 9.19 (1.68–50.14) 7.99 (0.77–82.50)

Previous chronic lung disease 0.80 (0.14–4.46) 0.16 (0.01–2.63) 1.26 (0.27–5.76) 0.40 (0.05–3.42)

Received IVIg within 2 wk 6.67 (1.30–34.06) 6.01 (0.53–68.00) 2.65 (0.56–12.64) 2.22 (0.23–21.13)

Abbreviations: CI, confidence interval; IVIg, intravenous immunoglobulin; OR, odds ratio; RVI, respiratory virus infection; SOT, solid organ transplant.
aAnalysis excluded renal and liver transplant recipients because no deaths occurred within 90 days after transplant in this patient population.
bIncludes at least 1 of the following: oxygen supplementation, bilevel positive airway pressure/continuous positive airway pressure, mechanical ventilation, and/or high-frequency oscillator ventilation/extracorporeal membrane 
oxygenation. For this model only the patients not requiring respiratory support at the time of RVI onset were considered.
cEach of the outcome measures was considered within 3 months of the onset of the first RVI event and represents an OR with the 95% CI. Multivariate logistic regression models each included age and race and any variable that 
had a P value of < .10 in univariate analysis.
dWithin 3 months of RVI onset.
ePumonary complications included at least 1 of the following: tracheostomy, subacute pulmonary sequalae, chronic pulmonary sequalae, bronchiolitis obliterans, and/or other pulmonary complications.
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SOT are needed, including novel prevention and treatment 
options for the most vulnerable patients.
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