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1  | INTRODUC TION

Respiratory viruses are common pediatric pathogens, and pediatric 
allogeneic HCT recipients are at risk for severe viral RTI.1 Therefore, 
pre‐HCT testing for respiratory viruses, regardless of symptomatol‐
ogy, is commonly performed prior to HCT conditioning. Increased 
utilization of molecular diagnostics, particularly multiplex PCR, has 

led to the rapid, sensitive detection of respiratory viruses, including 
RVs.

Rhinoviruses are a leading cause of RTI in the pediatric population 
as well as in patients undergoing HCT.2,3 The use of multiplex PCR, over 
traditional viral culture, and the identification of RV‐C, the newest RV 
type, have led to frequent detection in ARI‐related hospitalizations.4 
Detection can occur in both asymptomatic and symptomatic children,4 
and both viral load and RV type may influence disease severity.5,6 RV 
LRTI can be severe in HCT recipients.7 Although management recom‐
mendations exist for HCT patients infected with viruses with a high 
likelihood of complications (eg influenza and respiratory syncytial 
virus), management recommendations for HCT patients with RV RTI 
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Abstract
Rhinoviruses are commonly detected in symptomatic and asymptomatic children 
prior to HCT. Unlike pre‐HCT detection of other respiratory viruses, it is not known 
whether RV detection, with or without clinical symptoms, is associated with worse 
outcomes in children post‐HCT. In a retrospective study of children undergoing al‐
logeneic HCT from January 2009 to February 2015, 91 children underwent alloge‐
neic HCT, and 62 children had RPP testing within 30 days pre‐HCT. Fifty‐six (90%) 
children had either no pathogen (n = 34, 55%) or single RV detection (n = 22, 35%), 
which was the most common pathogen identified. Compared with virus negative 
children, children with pre‐HCT RV detection were not more likely to require venti‐
lated support and did not have longer length of stay, higher mortality, or less days 
alive and out of the hospital within the first 100 days post‐HCT. In a secondary analy‐
sis of all 56 patients with RPP testing and no pathogen or RV alone detected, the 
seven children with LRTI had less days alive and out of the hospital within the first 
100 days post‐HCT compared with the 49 children who were either asymptomatic or 
had URTI (10 vs 60 days, P = 0.002). In a bootstrapped regression model, presence of 
LRTI, not RV detection, was significantly associated with decreased days alive and 
out of the hospital within the first 100 days post‐HCT. Thus, pre‐HCT detection of 
RV, without associated LRTI, does not always warrant HCT delay.
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are lacking, despite the frequency of RV detection.8 Existing data, pre‐
dominantly based on adult studies, are conflicting as to whether RV de‐
tection in the pre‐HCT period results in worse outcomes.3,9 Pathogen 
detection often leads to HCT delay due to risk of URTI progressing to 
LRTI, respiratory failure, and death.10,11 The optimal length of HCT 
delay is unknown, and continued detection of RV by PCR may repre‐
sent prolonged viral shedding.13 Thus, pre‐HCT RV detection may lead 
to unnecessary delay of HCT, which can result in worse outcomes or 
oncologic relapse.

A RPP, a multiplex PCR assay, became available at Children’s 
Mercy Kansas City in December 2008, and the test was offered as 
part of the pre‐HCT evaluation. We aim to determine the prevalence 
of RV identified pre‐allogeneic HCT in children and compare out‐
comes of children with RV detection to children without viral de‐
tection and determine the association of clinical symptoms, or lack 
thereof, with patient outcomes.

2  | PATIENTS AND METHODS

2.1 | Patient population

We conducted a retrospective study of subjects undergoing alloge‐
neic HCT from January 1, 2009 to February 15, 2015 at Children’s 
Mercy Kansas City who had RPP testing within 30 days prior to HCT.

2.2 | Specimens and virologic testing

Mid‐turbinate or nasal aspirate specimens were obtained at the discre‐
tion of the HCT physician, for either diagnostic evaluation in sympto‐
matic patients or for pre‐HCT surveillance in asymptomatic patients, 
and	tested	for	clinical	purposes.	Specimens	obtained	from	January	1,	
2009 to August 19, 2012, were tested via Luminex xTAG Respiratory 
Viral Panel (Austin, TX), which includes targets for respiratory syncytial 
virus, influenza A, influenza B, parainfluenza 1, 2, and 3, human metap‐
neumovirus,	adenovirus,	and	rhinovirus/enterovirus.	Subsequent	spec‐
imens	were	tested	via	BioFire	Respiratory	Panel	(Salt	Lake	City,	Utah),	
which includes results for the above viruses in addition to coronavirus 
HKU1, NL63, 229E, and OC43, parainfluenza virus 4, Bordetella pertus-
sis, Chlamydia pneumoniae, and Mycoplasma pneumoniae. Viral culture 
was also offered by the laboratory during this time; however, these 
specimens were excluded from the study due to poor sensitivity for 
rhinovirus. Pre‐HCT, repeat testing prior to HCT was obtained at the 
discretion of the treating physician to determine whether viral detec‐
tion was ongoing. Post‐HCT, repeat testing was obtained at the discre‐
tion of the treating physician due to the presence of clinical symptoms. 
No formal policy, other than hospital‐wide isolation precautions, exists 
regarding the management of patients with a positive test result.

2.3 | Clinical data

Demographics, clinical symptoms, virologic testing, laboratory val‐
ues, imaging, and outcomes were manually abstracted from the 

electronic medical record and entered into a REDCap database.14 
Subjects	were	defined	as	asymptomatic	 (ie,	no	provider	documen‐
tation of signs or symptoms of respiratory illness in the history or 
physical examination) or symptomatic (ie, provider documentation 
of historical symptoms or physical examination signs consistent 
with	respiratory	illness).	Symptomatic	subjects	included	those	with	
URTI (ie, provider documentation or parental report of respiratory 
symptoms with no or negative pulmonary imaging, including chest 
radiograph or chest computed tomography) or LRTI (ie, provider 
documentation or parental report of respiratory symptoms with ab‐
normal pulmonary imaging). All patients had a scheduled HCT date 
at the time the specimen was obtained, and HCT delay was deter‐
mined by whether this date was changed and whether this was due 
to specimen results.

2.4 | Outcomes

Outcome measures included need for ventilatory support (high flow 
oxygen [>5 L/min], continuous positive airway pressure, bilevel posi‐
tive airway pressure, or intubation and mechanical ventilation) and 
length of stay during the initial hospitalization. Outcomes within 
the first 100 days post‐HCT included: number of days alive and out 
of the hospital, readmission, acute GVHD, relapse, and mortality. 
Presence of post‐HCT infections, including non‐respiratory viral re‐
activation (ie, cytomegalovirus, Epstein‐Barr virus, adenovirus, and 
human herpes virus 6) was assessed.

2.5 | Statistical analysis

Categorical variables were described by number and percentage and 
analyzed by χ2 or Fisher’s exact test where appropriate. Continuous 
variables were reported with median and IQR and analyzed by 
Mann‐Whitney U test. A P‐value <0.05 was considered significant. 
Multivariable linear regression was used to determine the adjusted 
relationship between days alive and out of the hospital with LRTI 
and	 RPP	 result	 (ie	 virus	 negative	 vs	 RV‐positive).	 Standard	 errors	
and associated percentile‐based confidence intervals were calcu‐
lated	using	bootstrapped	estimations	(5000	replications).	Statistics	
were	performed	in	SPSS	(version	23;	IBM	Corp,	Armonk,	NY)	and	R	
(version 3.3.2). Children’s Mercy Kansas City’s Institutional Review 
Board approved this study.

3  | RESULTS

3.1 | Demographics and baseline HCT data

From January 1, 2009 to February 15, 2015, 91 children under‐
went allogeneic HCT. Twenty‐nine children were excluded, includ‐
ing 19 children with a viral culture only, seven children without 
any viral testing, and three children with RPP testing performed 
>30 days pre‐HCT. Thus, 62 children were eligible for inclusion 
in the study. Of the final cohort, 34 (55%) children had no virus 
detected. The remaining 28 (45%) children had at least one virus 
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detected. RV was the sole pathogen in 22 (35%) children, ac‐
counting for 79% of all virus positive specimens. The remaining 
virus positive specimens included coronavirus (1), influenza (1), 

parainfluenza virus (1), respiratory syncytial virus (1), and two RV 
co‐infections (one each with adenovirus and parainfluenza virus). 
Only patients with sole RV detection and virus negative specimens 
(n = 56) were included in the analysis since the aim was to evalu‐
ate outcomes of children with RV. RV‐positive and virus negative 
children were not significantly different in terms of age, gender, or 
insurance status, but RV‐positive children were significantly less 
likely to be white (Table 1). The majority of children with an immu‐
nodeficiency had RV detection, but the difference in underlying 
disease was not significant overall. Other HCT‐related variables, 
specimen type, and testing platform were not different between 
the	groups.	Specimens	were	obtained	a	median	of	22.0	days	(virus	
negative) and 19.5 days (RV‐positive) prior to HCT. Antimicrobial 
and GVHD prophylactic regimens were not significantly different 
between the two groups and were not altered based on detection 
of RV.

3.2 | Clinical symptoms and imaging

Of the 56 specimens included in the final analysis, 41 (73%) speci‐
mens were obtained from asymptomatic children (Table 2). The ma‐
jority of both virus negative (n = 28, 82.4%) and RV‐positive (n = 13, 
59.1%) patients were asymptomatic. Of the 15 symptomatic pa‐
tients, 12 (80.0%) had pulmonary imaging, which was used for dif‐
ferentiation between upper and LRTI. One (3%) virus negative and 
seven (32%) RV‐positive patients had URTI, and five (15%) virus 
negative and two (9%) RV‐positive patients had LRTI. No significant 
difference in type of symptoms was noted between virus negative 
and RV‐positive patients (Figure 1A).

3.3 | Outcomes of RV positive patients compared 
with virus negative patients

Only one patient, a child with RV LRTI, underwent HCT delay, for 
7 days. The virus negative and RV‐positive groups had similar rates 
of ventilated support and length of stay during the initial hospitaliza‐
tion. Within the first 100 days post‐HCT, no difference was noted in 
days alive and out of the hospital, readmission rates, GVHD, relapse 
rates, or mortality (Table 3). Two RV‐positive patients died within 
the first 100 days post‐HCT. Both had negative repeat viral testing 
pre‐HCT, and neither death was attributable to RV. Infection rates 
of other pathogens were not significantly different between the 
groups.

TA B L E  1   Baseline data of children with negative or single RV 
positive detection pre‐HCT

Virus negative 
N = 34

RV positive 
N = 22 P value

Age, y, median 
(IQR)

7.8 (4.0‐13.9) 7.3 (3.0‐10.6) 0.37

Gender, male 18 (52.9%) 17 (77.3%) 0.09

Race, white 28 (82.4%) 10 (45.5%) 0.004

Insurance, public 16 (47.1%) 12 (54.5%) 0.79

Reason for HCT 0.45

Oncologic 26 (76.5%) 15 (68.2%)

Hematologic 4 (11.8%) 1 (4.5%)

Immune 
deficiency

3 (8.8%) 5 (22.7%)

Metabolic 1 (2.9%) 1 (4.5%)

Cell source 0.54

Bone marrow 11 (32.4%) 8 (36.4%)

Peripheral 
blood

11 (32.4%) 4 (18.2%)

Cord 12 (35.3%) 10 (45.5%)

Degree of match 0.28

Match related 7 (17.6%) 6 (27.3%)

Mismatch 
related

3 (8.8%) 0 (0.0%)

Unrelated 25 (73.5%) 16 (72.7%)

Non‐myeloabla‐
tive conditioning

12 (35.3%) 4 (18.2%) 0.17

CMV status, 
recipient 
positive

14 (41.2%) 12 (54.5%) 0.33

Specimen	type,	
nasal aspirate

27 (79.4%) 14 (63.6%) 0.19

Test type, BioFire 16 (47.1%) 11 (50.0%) 0.83

Absolute 
lymphocyte 
count (×103μL), 
median (IQR)

1.0 (0.7‐1.9) 1.1 (0.4‐2.2) 0.80

Days between 
specimen and 
transplant, 
median (IQR)

22.0 (16.0‐24.0) 19.5 (14.8‐23) 0.93

GVHD 
prophylaxis

0.48

None 2 (5.9%) 0 (0.0%)

Tacrolimus and 
methotrexate

15 (44.1%) 8 (36.4%)

Tacrolimus and 
mycopheno‐
late

(29.4%) 10 (45.5%)

Other 7 (20.6%) 4 (18.2%)

TA B L E  2   Clinical symptoms data of children with negative or 
single RV positive detection pre‐HCT

Virus negative 
N = 34

RV positive 
N = 22 P value

Symptoms 0.01

Asymptomatic 28 (82.4%) 13 (59.1%)

URTI only 1 (2.9%) 7 (31.8%)

LRTI 5 (14.7%) 2 (9.1%)
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F I G U R E  1   A, Comparison of symptoms by viral test result. B, Days alive and out of the hospital within the first 100 days post‐HCT by 
presence of LRTI and viral detection
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(B) Days Alive and Out within the 1st 100 Days by Presence of LRTI and Viral Detection

Asterisks indicate statistical outliers

Virus negative 
N = 34

RV positive 
N = 22 P value

Post‐HCT infection

Non‐respiratory viral 
reactivation

25 (73.5%) 18 (81.8%) 0.47

Bacterial infection 22 (64.7%) 12 (54.5%) 0.45

Fungal infection 4 (11.8%) 1 (4.5%) 0.64

Ventilated support 8 (23.5%) 7 (31.8%) 0.49

Length of stay, days, median 
(IQR)

30.0 (24.0‐43.0) 32.0 (25.0‐50.0) 0.52

Days alive and out of the 
hospital, median (IQR)

57.0 (29‐71) 59.5 (32.5‐71.0) 0.87

Readmission 20.0 (58.8%) 8 (36.4%) 0.10

Acute GVHD 9 (26.5%) 6 (27.3%) 0.95

Relapse 2 (5.9%) 1 (4.5%) 1.00

Mortality 4 (11.8) 2 (9.1) 1.00

TA B L E  3   Outcomes at 100 days of 
children with negative or single RV 
positive detection pre‐HCT
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3.4 | Outcomes of patients by clinical 
symptomatology

Overall, the 15 symptomatic children had less days alive and out 
of the hospital compared with the 41 asymptomatic children (33.0 
vs 63.0 days, P = 0.01) without significant differences in other out‐
comes. However, the symptomatic RV‐positive and symptomatic 
virus negative patients were not significantly different in terms of 
need for ventilation, readmission, presence of GVHD, or mortal‐
ity	at	100	days	post‐HCT.	Symptomatic	RV‐positive	children	had	a	
median length of stay of 50.0 days (IQR 28.0‐67.5), which was not 
significantly different than virus negative patients (27.5 days [IQR 
19.8‐62.5]), P	=	0.39.	Similarly,	no	significant	difference	in	days	alive	
and out of the hospital was noted between RV‐positive (34.0 [IQR 
31.0‐65.5] days) and virus negative (13.0 [IQR 9.8‐51.5] days) symp‐
tomatic patients, P = 0.22. Asymptomatic RV‐positive and asympto‐
matic virus negative children also did not have different outcomes 
(Table 4).

Since	 HCT	 patients	 with	 LRTI	 are	 known	 to	 have	 worse	 out‐
comes, we subdivided the symptomatic group into URTI and LRTI 
and evaluated outcomes by the three classes of symptoms (no symp‐
toms, URTI, and LRTI) in both RV‐positive and virus negative patients 
(Table	4).	Since	children	with	no	symptoms	and	URTI	had	similar	days	
alive and out of the hospital, we evaluated these groups together 
with LRTI patients representing a unique group. The seven children 
with LRTI had significantly less days alive and out of the hospital 
(10.0 vs 60.0 days, P = 0.002) than the 49 children without LRTI. 
Children with LRTI had a similar number of days alive and out of the 
hospital within the first 100 days post‐HCT regardless of whether 
they were virus negative or RV‐positive (10.0 vs 15.5 days, P = 0.86). 
Similarly,	non‐LRTI	patients	had	a	similar	number	of	days	alive	and	
out of the hospital unrelated to viral status (virus negative: 58.0 vs 
RV positive: 60.5 days, P = 0.93).

RV‐positive patients with LRTI had a median length of stay of 
103.0 days compared with 32.0 days in RV‐positive patients with‐
out LRTI (P = 0.31). RV‐positive LRTI patients had significantly less 
days alive and out of the hospital (15.5 vs 60.5 days, P = 0.04) than 
RV‐positive subjects without LRTI (Figure 1B). Rates of ventilatory 
support and 100‐day mortality were not different between the two 
groups. In a bootstrapped linear regression model, the presence of 
LRTI was associated with significantly less days alive and out of the 
hospital	 within	 the	 first	 100	days	 post‐HCT	 (−35.6	days;	 95%	 CI:	
−51.9,	−13.7)	compared	to	asymptomatic	patients.	RV	detection	was	
not associated with days alive and out of the hospital (1.3 days; 95% 
CI:	−11.4,	13.2).

3.5 | Follow‐up testing in RV positive patients

Of the 22 RV‐positive patients, 7 (32%) had repeat RPP pre‐HCT, and 
3 (43%) remained RV‐positive. During the first 100 days post‐HCT, 
19 (86%) had subsequent RPP testing, and eight (42%) were RV‐posi‐
tive. In these eight patients, first RV detection post‐HCT occurred a 
median of 23.0 (IQR 13.5‐60.3) days post‐HCT. Four patients had >1 
RV positive specimens during the first 100 days post‐HCT. To evalu‐
ate potential duration of shedding, we evaluated the date of the last 
RV positive specimen. RV detection occurred a median of 48.0 (IQR 
25.3‐67.5) days post‐HCT.

4  | DISCUSSION

Respiratory viruses cause significant morbidity and mortality in 
HCT patients, and the advent of routine molecular testing has led 
to rapid, sensitive detection of respiratory viruses. Despite the 
fact that RV is one of the most common respiratory viruses, little 
data exist for the management of RV detection pre‐HCT, unlike 

TA B L E  4   Outcomes of children undergoing allogeneic HCT by clinical illness at the time of RPP test

Asymptomatic URTI LRTI

Virus negative 
N = 28

RV positive 
N = 13

Virus negativea 
N = 1

RV positive 
N = 7

Virus negative 
N = 5

RV positive 
N=2a

Ventilated support 7 (25.0%) 4 (30.8%) 0 (0.0%) 1 (14.3%) 1 (20.0%) 2 (100.0%)

Length of stay, days, 
median (IQR)

31.0 (24.3‐42.3) 29.0 (23.5‐40.0) 21.0 50.0 (25.0‐66.0) 28.0 (21.5‐72.0) 103.0b

Days alive and out of 
the hospital during 
the first 100 d, 
median (IQR)

61.5 (48.3‐72.5) 63.0 (46.5‐73.0) 45.0 46.0 (33.0‐71.0) 10.0 (9.5‐43.5) 15.5c

Readmission 16 (57.1%) 4 (30.8%) 1 (100.0%) 4 (57.1%) 3 (60.0%) 0 (0.0%)

Acute GVHD 5 (17.9%) 4 (30.8%) 1 (100.0%) 1 (14.3%) 3 (60.0%) 1 (50.0%)

100‐d relapse 2 (7.1%) 0 (0.0%) 0 (0.0%) 1 (14.3%) 0 (0.0%) 0 (0.0%)

100‐d mortality 3 (10.7%) 1 (7.7%) 0 (0.0%) 0 (100.0%) 1 (20.0%) 1 (50.0%)

aIQR not displayed because of small sample size. 
bRange: 31.0‐175.0 days. 
cRange: 0.0‐31.0 days. 
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viruses known to have more severe outcomes. Our study high‐
lights the pre‐HCT role of clinical symptoms in outcomes of HCT 
patients.

This study provides unique insight into future studies in this 
area. Unlike previous studies, specimens were categorized by 
actual presence of symptoms rather than purpose of the speci‐
men, which may provide additional accuracy as to the association 
of pathogen detection with symptoms. We evaluated children by 
both presence of any symptom (ie asymptomatic vs symptomatic) 
and also subsequently differentiated between type of symptom (ie 
URTI or LRTI) since additional decision tools, such as imaging, may 
help determine which cases would most benefit from HCT delay. 
Our data suggest that outcomes of children with RV detected pre‐
allogeneic HCT are related to the presence of LRTI. HCT delay 
can increase the risk of oncologic relapse and/or mortality, so risks 
and benefits of HCT delay must be evaluated. This study provides 
data to suggest that for patients with RV detection without LRTI 
symptoms, clinicians can consider proceeding with HCT in certain 
circumstances.

The decision of whether and how long to delay HCT in patients 
with RV detection is complicated by prolonged viral shedding. 
Almost half of patients with RV detection pre‐HCT continued to 
have RV detection in follow‐up testing pre‐ and post‐HCT. Thus, 
HCT delay until the virus is no longer detected may not be feasible 
or warranted for patients with high‐risk underlying conditions.

Our study has limitations, including a small number of patients. 
However, no studies have focused on RV detection pre‐HCT in pe‐
diatrics, a unique population due to high rates of viral detection. 
Data were collected retrospectively, so clinical symptoms are limited 
by review of medical record documentation. Viral testing was per‐
formed at the discretion of the HCT physician. During the included 
years, practice patterns and decision making regarding interpreta‐
tion and results of viral cultures and PCR changed over the course 
of the included years with guidelines published during this period.15 
A minority of children undergoing HCT had viral cultures, and they 
were excluded due to poor sensitivity for RV. This is a single site 
study, so findings may not be generalizable to children at other hos‐
pitals with different underlying conditions and chemotherapy pro‐
tocols. Viruses were not sequenced, so subsequent detection could 
represent acquisition of a new strain rather than continued shed‐
ding. However, the high rates of RV detection in subsequent speci‐
mens highlight that waiting until RV is no longer detected may not be 
a feasible option for children who urgently need HCT. Additionally, 
RV are indistinguishable from enteroviruses on these commercial as‐
says; however, previous data suggest that >95% are RV.16

We present data related to the outcome of children with RV 
detected pre‐HCT. RV detection occurs in a significant number of 
children pre‐HCT, and the identification of RV does not empirically 
warrant HCT delay. Clinicians should consider other factors, includ‐
ing the presence of LRTI symptoms, as well as the risk of delaying 
HCT rather than making a decision based on viral detection alone. 
Further larger studies are needed to determine the optimal manage‐
ment of these patients.
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