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INTRODUCTION

Asymptomatic shedding of human rhinovirus (HRV; [1,2]),

and human coronavirus (hCoV; [3]) has been documented in

immune competent children and in adult hematopoietic cell trans-

plant (HCT) recipients [4]. However, asymptomatic shedding of

respiratory viruses, as detected by molecular methods, in children

undergoing HCT has not been well described.

PATIENTS AND METHODS

This was a prospective longitudinal cohort study of children up

to 18 years of age at St. Jude Children’s Research Hospital

(SJRCH), undergoing allogeneic HCT between January 2008 and

March 2011. Patients were enrolled regardless of the presence or

absence of symptoms of upper respiratory tract (URTI) or a lower

respiratory tract infection (LRTI), prior to transplant. The study was

approved by the institutional review board. Consent was obtained

from all parents/guardians, and patients 18 years of age.

A nasopharyngeal wash (NPW) was obtained in the week prior

to the stem cell infusion, and then every 2 weeks until day þ100.

Only patients with the pre-HCT sample were considered evalu-

able, and followed prospectively until day þ100. Patients were

evaluated for symptoms and signs of URTI/LRTI in the 3-week

period prior to the first wash.

Total nucleic acid was extracted from 250 ml of original sam-

ple the same day, using the Biomerieux MiniMag or EasyMag

extraction system (Durham, NC), stored at �808C, and batch

analyzed at regular intervals. Molecular testing was performed

using the MultiCode-PLx Respiratory PCR panel (EraGen Bio-

sciences, Madison, WI). Nucleic acid underwent reverse tran-

scription, PCR and capture using beads with attached probes

targeting influenza A, influenza B, parainfluenza virus 1–3, respi-

ratory syncytial virus (RSV), human adenovirus (hADV), human

metapneumovirus, enterovirus, HRV, and hCoV. The reaction

products were hybridized to a microsphere-based array, and ana-

lyzed on a bench-top flowcell, Luminex-200 (Luminex Corpora-

tion, Austin, TX). This assay has shown an analytical limit of

detection of 2.5 copies per reaction using cloned target sequences

for all assayed respiratory viruses [5], and sensitivity in clinical

samples exceeding that of conventional culture and antigen detec-

tion methods [6].

Routine detection of respiratory viruses in symptomatic

patients at SJCRH took place using a panel of individual real-

time PCR assays (‘‘clinical assays’’), targeting hADV, influenza

A, influenza B, human metapneumovirus, parainfluenza virus 1–3,

and RSV. NPW from symptomatic patients on study were tested

using both the clinical and research-based assays. Data from the

clinical assays were not included in the research study. Physicians

were blinded to data from the research study.

Infection was defined as detection of respiratory virus, associ-

ated with URTI and/or LRTI. The day of infection onset was

defined as the day when the sample was collected corresponding

to the first positive diagnostic test. Duration of viral shedding was

time in days from the collection of the first positive to the first

negative test.

Statistical Analyses

The prevalence of respiratory virus shedding on day 0, when

the first sample was collected pre-HCT, and the 95% exact
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confidence intervals based on binomial distribution were provid-

ed. Association between transplant-related variables and respira-

tory virus shedding was studied in the framework of Cox’s

proportional hazard model. Analyses were performed for a first

episode of respiratory virus shedding. Transplant-related variables

were abstracted from a prospectively collected database. SAS

version 9.2 (SAS Institute, Cary, NC) was used for statistical

analyses.

RESULTS

A total of 33 (42%) of 78 eligible asymptomatic patients who

were approached, consented for study participation. Eighty-two

samples were collected from these 33 patients. Of these patients,

14 (42%) only had the baseline sample collected pre-HCT, and

refused further samples owing to the unpleasant sensation of

saline in the nasopharynx. A median of 3 (range: 2–8) samples,

were collected on the remaining 19 patients.

The mean age was 10.9 (range: 0.9–18) years. Twenty (61%)

patients were male, whites 20 (61%) comprised the majority, and

acute leukemia 24 (73%) was the most common diagnosis. Four-

teen (43%) patients had a haplo-identical HCT, 13 (39%) patients

underwent HCT from a matched-unrelated donor. Total body

irradiation was given in 10 (47%) patients. Twelve patients

(36%) had acute graft versus host disease. None of the patients

had a history of prior respiratory illness in the 3 weeks prior to

HCT.

HRV was detected in five patients, and hADV in three patients,

in the baseline sample pre-HCT. Two additional patients shed

HRV, and one shed hCoVNL63 post-HCT (Fig. 1). On day 0,

the prevalence of any respiratory virus was 0.24 (95% exact CI

0.13–0.39), and the prevalence of HRV was 0.15 (95% exact CI

0.08–0.28). Two patients had co-infections with HRV/hADV and

hADV/RSV post-HCT. Cox-proportional hazard model showed

no relationship between transplant variables and respiratory virus

detection.

Of the 11 patients where a respiratory virus was detected,

follow up samples were obtained in eight patients for a median

of 6 (range 2–12) weeks. Three patients shed the same virus for

4 weeks or more, and three shed for 2 weeks (Fig. 1). Two

patients (five and seven) developed URTI from HRV, 14 and

34 days after onset of asymptomatic HRV shedding. Strain-typing

of HRV was not performed. URTI symptoms developed 1 week

after detection of hCoVNL63 in an asymptomatic patient (11).

URTI resolved without progression. No respiratory adverse out-

comes or nosocomial outbreaks were noted.

DISCUSSION

HRV has been described to be associated with LRTI in adult

HCT recipients [7,8]. In a prospective longitudinal surveillance

study, asymptomatic shedding of HRV was seen in 6 of 45 (13%)

adult HCT patients. HRV was detected only once in five of these

patients; in the sixth patient, viral shedding lasted for 5 weeks [4].

Asymptomatic shedding of HRV was more common in childhood

recipients of HCT in our series, and viral shedding lasted longer.

hCoV has also been noted to be associated with LRTI in adult

HCT recipients [4,9]. Asymptomatic shedding of hCoV was seen

in 9 of 22 (41%) adult HCT patients, and the median duration of

viral shedding in four patients, was 4 weeks [4].

The use of NPW has been shown to increase the sensitivity of

detection of respiratory viruses, compared to nasal swabs [10].

However, children do not accept NPW well, and this accounted

for patients who either declined to participate in the study, or

withdrew after the first sample. The small numbers of patients

further precluded correlation of URTI or duration of shedding

with transplant associated variables, and limits our ability to

draw conclusions on the implications of asymptomatic detection

of respiratory virus in the transplant setting. This underscores the

need for subsequent studies with sequential collection of samples

to determine the course of asymptomatic shedding in HCT

patients.

Our study had the advantage of being prospective and demon-

strates asymptomatic shedding of respiratory viruses using molec-

ular methods in pediatric HCT patients. Inferences on causality,

based on detection of HRV and hCoV in symptomatic HCT

patients, should be made with caution, since these viruses are

shed and detectable in asymptomatic patients. Future studies

using a quantitative detection approach with viral load cutoffs

to determine which children with asymptomatic shedding prior

to transplant are predisposed to develop symptomatic disease are

warranted. This may have implications for infection control in

pediatric HCT units.
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Fig. 1. Patients with human rhinovirus (HRV), human adenovirus

(hADV), respiratory syncytial virus (RSV), and human coronavirus

(hCoV), detected at week 0 (first nasal wash pre-transplant), and

at 2, 4, 6, 8, 10, 12, and 14 weeks after the first wash. Follow up

samples where a wash was done but no virus detected are shown as

negative (�).
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