
Letters to the Editor
Human bocavirus 1 may suppress rhinovirus-
associated immune response in wheezing
children

To the Editor:
Rhinovirus (RV) and human bocavirus 1 (HBoV1) are common

causes of respiratory tract infections in early childhood.1While RV
is an RNA virus and causes recurrent infections with new strains,
HBoV1 is a DNA virus that may cause prolonged shedding and is
mostly found simultaneously with other respiratory viruses.1 Both
viruses are associated with early wheezing: RV has been detected
in approximately 20% to 40% of the cases, acute HBoV1 infection
has been serodiagnosed in 19% of the cases, and RV-HBoV1 coin-
fection has been detected in 6% of the cases.1 Unlike RV wheeze,2

HBoV1 wheeze has not been linked with an increased risk of
asthma in early childhood. The asthma and atopy in children are
closely interrelated with increased TH2-type cells, and decreased
type I/II/III interferon (IFN) responses and susceptibility to RV in-
fections.3 Less is known about HBoV1, but HBoV1 bronchiolitis
has been associated with balanced TH1/TH2-type response in naso-
pharyngeal mucosa.4 Whether these cytokine responses reflect the
immunity of the host or the species of the virus is unclear. Interest-
ingly, cloned HBoV1 has inhibited Sendai virus–induced IFN pro-
duction in vitro, suggesting that itmay also affect the host responses
against other viruses in vivo.5 However, in vivo data of virus inter-
ference by respiratory virus in humans are lacking.

The objective of this study was to compare the systemic TH1-
type, TH2-type, IL-10, and proinflammatory cytokine profiles in
young children with sole RV- or sole HBoV1-associated
wheezing. Moreover, we wanted to investigate whether codetec-
tion of RVand HBoV1 would be associated with a different cyto-
kine response than would detection of either virus alone.

This study is a substudy of the larger Vinku study including
children hospitalized for acute wheezing in the Department of
Pediatrics, Turku University Hospital, Turku, Finland, during the
period from September 2000 through May 2002. (For study flow
chart, see Fig E1 in this article’s Online Repository at www.
jacionline.org.)2,6 The present study included all 3- to 35-month-
old children of the cohort who had their first or second wheezy
episode and had sole RV (n5 18), sole HBoV1 (n5 13), or com-
bined RV-HBoV1 infection without evidence of other viruses (n5
17). The study protocol was approved by the Ethics Committee of
the Turku University Hospital, and informed consent was obtained
from the guardian before commencing the study.

At hospital admission, 16 respiratory viruses were tested. Virus
culture was done for adenovirus, enteroviruses, RV, influenza
A and B viruses, human metapneumovirus, parainfluenza virus
types 1 to 3, and respiratory syncytial virus. Viral antigens were
detected for adenovirus, influenza A and B viruses, and respira-
tory syncytial virus. Levels of specific IgG antibodies were
measured from paired serum samples for adenovirus, enterovi-
ruses, influenza A and B viruses, and parainfluenza virus 1 to 4.
PCR was used for the detection of adenovirus, coronaviruses
(229E, OC43, NL63, and HKU1), enteroviruses, HBoV1, RV
(including RV-C species), influenza A and B viruses, metapneu-
movirus, respiratory syncytial virus, and parainfluenza virus 1 to
4. All acute HBoV1 infections were serologically confirmed.6

Serum taken at study entry was analyzed for the following
256
cytokines by using the Human Cytokine LINCO plex Kit (Milli-
pore Corporation, Billerica, Mass; sensitivities for each cytokine
are shown in Table E1 in this article’s Online Repository at www.
jacionline.org): GM-CSF, IFN-g, IL-1b, IL-2, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-10, IL-12 (p70), IL-13, and TNF-a.7 Children
were followed up for 7 years, and the time to recurrent wheezing
was assessed as previously defined.2

The normality of data distribution was tested by using the
Kolmogorov-Smirnov test. Because of the skewness of the data,
cytokine levels were log10 transformed. For other statistics, t test,
Mann-Whitney U test, x2 test, 1-way ANOVA, Kruskal-Wallis
test, Log-rank test, and Cox proportional hazard ratio test were
used when appropriate (PASW 18.0 software; SPSS, Inc, Chi-
cago, Ill).

The mean age of the whole cohort was 1.6 years with slight
male predominance (69%). Sensitization was detected in 35% of
the patients (allergen-specific IgE > 0.35 kU/L for common
allergens, Phadiatop Combi; Phadia, Uppsala, Sweden), 67% of
the children had their first wheezy episode, and parental asthma
was reported in 17% of the children. Long-term controller
medication for recurrent wheezing was initiated for 61% of the
children during the follow-up, all within the first 2 years. Patient
characteristics did not differ between the virus groups (see Table
E2 in this article’s Online Repository at www.jacionline.org).

Wheezing children with RV had higher proinflammatory
(IL-1b, IL-7, and IL-8), TH 1-type (IL-2), and TH 2-type (IL-4
and IL-13) responses than did thosewith HBoV1 (Fig 1). Interest-
ingly, no differences in the cytokine levels were found between
the HBoV1 and RV-HBoV1 coinfection groups, and the cytokine
responses seen in the RV group were generally lower in the RV-
HBoV1 group (Fig 1). While IFN-g or IL-10 levels did not differ
between the study groups, the IL-4/IFN-g ratio was higher (me-
dian [interquartile range], RV 4.8 [1.7-16.0]; RV-HBoV1 1.4
[0.1-4.2]; HBoV1 0.2 [0.1-0.4]; overall P 5 .001) and the
IL-10/IL-12 ratio was lower (RV 4.1 [2.3-6.4]; RV-HBoV1 17.3
[7.1-29.0]; HBoV1 30.5 [6.5-52.7], respectively; P 5 .007) in
the RV group than in the HBoV1 or RV-HBoV1 groups. Other-
wise, no differences in cytokine responses were detectable be-
tween the virus groups.

Sensitized children had lower IL-10 and IFN-g levels and a
lower IL-10/IL-12 ratio but a higher IL-4/IFN-g ratio than did
nonsensitized children (P < .05 for both; see Table E3 in this ar-
ticle’s Online Repository at www.jacionline.org). On repeating
virus group comparisons without sensitized children, all signifi-
cant differences persisted except for IL-10/IL-12 and IL-4/IFN-
g ratios (data not shown). Wheezing children with RV had a trend
to develop recurrent wheezing more often and sooner than did
those with RV-HBoV1 or HBoV infection (P 5 .10, Fig 2; see
also Table E2).

Our study shows 2 important findings. First, unlike RV, HBoV1
is not associated with systemic proinflammatory or TH 2-type
cytokine responses during acute wheezing. Interestingly, coinfec-
tion with RV and HBoV1 resulted in a modified, non–TH 2-type
cytokine response. This finding together with previous in vitro
data5 suggests that HBoV1 may interfere with RV-induced im-
mune responses. The immunological responses were accompa-
nied by the clinical finding that children with HBoV1 or
combined RV-HBoV1 wheeze tended to develop recurrent
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FIG 1. Cytokine responses in wheezing associated with RV, HBoV1, and combined RV-HBoV1 in young

children. The data are expressed as median (interquartile range) and analyzed by 1-way ANOVA and Tukey

post hoc comparison. *P < .05 vs the RV group.

FIG 2. Incidence of recurrent wheezing in young children with RV (n 5 16), HBoV1 (n 5 11) and combined

RV-HBoV1 (n 5 11)-associated wheezing. The data are expressed as percentage of children with recurrent

wheezing after the study entry. Data were analyzed by using the Log-rank test. Overall comparison, P5 .10;

RV vs RV-HBoV1, P 5 .07; RV vs HBoV1, P 5 .11.
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wheezing later and less often than did those with RV wheeze.
Because the severity of RV infections is known to be related to
atopic status,8 understanding the mechanism of HBoV1 infection
may open new targets to tackle RV-associated undesired events
such as recurrent wheeze and asthma development.2,9

Second, sensitized children had higher IL-4/IFN-g and lower
IL-10/IL-12 ratios in consistence with atopic inflammation.
These changes were similar to those reported in RV infection,3
although we were not able to show a significant link between
RV and atopy. These findings fit in a hypothesis that early
TH2-skewed inflammation exists in RV wheeze before sensitiza-
tion can be detected.2 Altogether, our findings suggest that
immunological responses in acute wheezing are dependent on
both host (atopy-related inflammation) and virus-specific factors
and that virus-virus interaction may be of significance in modu-
lating these responses.



TABLE I. Features of the subjects

Mild-to-moderate

asthma (N 5 22)

Severe refractory

asthma (N 5 35)

Age (y) 12 (9-14) 13 (10-17)

Male 12 (55) 23 (66)

Nonwhite 15 (68) 33 (94)*

Asthma duration (y) 10 (4-12) 11 (9-15)�
BMI percentile

<85th 8 (36) 15 (43)

85th-95th 7 (32) 9 (26)

>95th 7 (32) 11 (31)

Atopic history

Allergic rhinitis 20 (91) 35 (100)

Atopic dermatitis 11 (50) 21 (60)

Asthma medical history

Emergency room visit

(previous year)

6 (27) 26 (74)�

Hospitalization (previous year) 3 (14) 12 (34)

Intubation (ever) 5 (23) 21 (60)�
Self-reported asthma symptoms

at least weekly

7 (32) 32 (91)�

Asthma Control Questionnaire score 0.29 (0.04-0.64) 1.29 (0.86-2.54)�
Asthma Quality of Life

Questionnaire score

6.02 (5.69-6.45) 5.06 (4.00-6.00)�

Serum IgE (kU/L) 78 (9-136) 193 (78-335)*

Exhaled nitric oxide (ppb) 24 (9-64) 31 (21-58)

Blood eosinophils (%) 3.8 (2.6-6.1) 5.2 (3.5-8.2)

Baseline spirometry

FVC (% predicted) 112 (105-119) 100 (92-116)*

FEV1 (% predicted) 106 (91-108) 91 (78-100)�
FEV1/FVC 0.83 (0.77-0.84) 0.74 (0.70-0.82)*

FEF25-75 (% predicted) 86 (77-95) 66 (53-77)*

FEV1 bronchodilator

reversibility (%)

9 (5-12) 15 (8-25)*

Data represent the median (IQR) or the frequency (%).

BMI, Body mass index; FVC, forced vital capacity; IQR, interquartile range.

*P < .05 versus nonsevere asthma.

�P < .01 versus nonsevere asthma.

J ALLERGY CLIN IMMUNOL

JANUARY 2014

258 LETTERS TO THE EDITOR
Heikki Lukkarinen, MDa

Maria S€oderlund-Venermo, PhDb

Tytti Vuorinen, MDc

Tobias Allander, MDd

Klaus Hedman, MDb,e

Olli Simell, MDa

Olli Ruuskanen, MDa

Tuomas Jartti, MDa

From athe Department of Pediatrics, Turku University Hospital, Turku, Finland; bthe

Department of Virology, Haartman Institute, University of Helsinki, Helsinki,

Finland; cthe Department of Virology, University of Turku, Turku, Finland; dthe

Department of Clinical Microbiology, Karolinska University Hospital, Stockholm,

Sweden; and ethe Department of Virology and Immunology, Helsinki University Cen-

tral Hospital Laboratory Division, Helsinki, Finland. E-mail: hepelu@utu.fi.

This study was supported by the European Commission’s Seventh Framework program

(grant no. 260895 [PreDicta] to H.L., T.V., and T.J.); Academy of Finland, Helsinki

(grant no. 1257964 to K.H. and grant numbers 114034 and 132595 to T.J.); the

Finnish Medical Foundation (to T.J.); the Sigrid Juselius Foundation, Helsinki (to

M.S.-V., K.H., and T.J.); the Foundation for Pediatric Research, Helsinki (to T.J.);

the TYKS Foundation, Turku (to H.L.); research funds from specified government

transfers, Turku (grant no. 13032 to T.J. and grant no. 13933 to H.L.); the Allergy

Research Foundation, Helsinki (to T.J. and H.L.); and the Helsinki University

Research Fund (to M.S.-V.), all in Finland.

Disclosure of potential conflict of interest: The authors declare that they have no relevant

conflicts of interest.

REFERENCES

1. Jartti T, Hedman K, Jartti L, Ruuskanen O, Allander T, Soderlund-Venermo M.

Human bocavirus—the first 5 years. Rev Med Virol 2012;22:46-64.

2. Lukkarinen M, Lukkarinen H, Lehtinen P, Vuorinen T, Ruuskanen O, Jartti T. Pred-

nisolone reduces recurrent wheezing after first rhinovirus wheeze: a 7-year follow-

up. Pediatr Allergy Immunol 2013;24:237-43.

3. Baraldo S, Contoli M, Bazzan E, Turato G, Padovani A, Marku B, et al. Deficient

antiviral immune responses in childhood: distinct roles of atopy and asthma.

J Allergy Clin Immunol 2012;130:1307-14.

4. Chung JY, Han TH, Kim JS, Kim SW, Park CG, Hwang ES. Th1 and Th2 cytokine

levels in nasopharyngeal aspirates from children with human bocavirus bronchio-

litis. J Clin Virol 2008;43:223-5.

5. Zhang Z, Zheng Z, Luo H, Meng J, Li H, Li Q, et al. Human bocavirus NP1 in-

hibits IFN-beta production by blocking association of IFN regulatory factor 3

with IFNB promoter. J Immunol 2012;189:1144-53.

6. Soderlund-Venermo M, Lahtinen A, Jartti T, Hedman L, Kemppainen K, Lehtinen

P, et al. Clinical assessment and improved diagnosis of bocavirus-induced

wheezing in children, Finland. Emerg Infect Dis 2009;15:1423-30.

7. Jartti T, Paul-Anttila M, Lehtinen P, Parikka V, Vuorinen T, Simell O, et al. Sys-

temic T-helper and T-regulatory cell type cytokine responses in rhinovirus vs. res-

piratory syncytial virus induced early wheezing: an observational study. Respir Res

2009;10:85.

8. James KM, Gebretsadik T, Escobar GJ, Wu P, Carroll KN, Li SX, et al. Risk of

childhood asthma following infant bronchiolitis during the respiratory syncytial vi-

rus season. J Allergy Clin Immunol 2013;132:227-9.

9. Guilbert TW, Singh AM, Danov Z, Evans MD, Jackson DJ, Burton R, et al.

Decreased lung function after preschool wheezing rhinovirus illnesses in children

at risk to develop asthma. J Allergy Clin Immunol 2011;128:532-8.

http://dx.doi.org/10.1016/j.jaci.2013.10.014

Children with severe asthma have unique
oxidative stress–associated metabolomic
profiles

To the Editor:
Children with severe asthma are a challenging group of

patients who are extremely difficult to treat. Although inhaled
corticosteroids (ICS) are the cornerstone of asthma treatment,
children with severe asthma have decreased responsiveness to
high-dose corticosteroid therapy1 associated with airway
inflammation and remodeling.2 Given the limited efficacy of
corticosteroids in severe asthma, our efforts have focused on the
role of oxidative stress, namely, thiol redox disturbances, in the
modulation of the disorder.3 Indeed, we have previously
demonstrated greater oxidation and decreased concentrations of
the thiols cysteine and glutathione in the airways4 and systemic
circulation5 of children with severe asthma that were further
associated with increased airway inflammation and impaired
cellular function.6

Recognizing that the treatment of severe asthma might
ultimately require novel approaches to restore corticosteroid
sensitivity,1 we performed metabolomic analyses of plasma
samples from a highly characterized sample of children with
severe asthma treated with high-dose ICS and long-acting beta
agonists and children with mild-to-moderate asthma treated
with ICS or ICS/long-acting beta agonist combination therapy.
We report that children with severe asthma are differentiated by
2 metabolic pathways associated with oxidative stress: (1) the
glycine, serine, and threonine metabolism pathway and (2) the
N-acylethanolamine and N-acyltransferase pathway. These
findings support the biological plausibility of oxidative stress as
a contributory factor to corticosteroid insensitivity in severe
asthma and potentially highlight novel therapeutic targets for
further confirmation and study.
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Hospitalized (n = 661), 
ie hospitalization for acute wheezing 

and age <16 years

Eligible (n = 320),
ie age >3 months and <16 years

Enrolled (n = 293)

Accepted for analysis (n = 48)
ie age 3-35 months; sole rhinovirus 

(n = 18), sole bocavirus 1 (n = 13) or sole 
rhinovirus+bocavirus 1 infection (n = 17)

Excluded (n = 245):
- Positive for  other virus
(n = 184)

- Noncomplete bocavirus1
diagnostics, ie NPS-
PCR, serum PCR and
serology not done (n = 42)

- Discrepant or maternal
bocavirus1 antibodies
(n = 5)

- Of the rest, age >35
months (n = 14)

Not eligible (n = 341)
Did not fulfill study criteria (n = 268)
- Had already participated in the study (n = 87)
- <3 months old (n = 79)
- Systemic corticosteroid within 4 weeks (n = 48)
- Ready for discharge at study entry (n = 24)
- Chronic disease (n = 17)
- ICU treatment (n = 11)
- Varicella contact if previously intact (n = 2)
Other reason (n = 73)
- Missed during study breaks (n = 55)
- Difficult communication due to language
problems (n = 12)

- Guardian not present (n = 3)
- Study physician not notified (n = 2)
- Lack of compliance (n = 1)

Refused (n = 27)

FIG E1. Study flow chart. ICU, Intensive care unit.
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TABLE E1. Sensitivities of the assay (in pg/mL) (www.millipore.

com)

Cytokine

Lowest detectable

concentration

No. of samples below

the detection limit

IL-1b 0.19 22 of 47

IL-2 0.38 8 of 48

IL-4 2.87 7 of 48

IL-5 0.12 3 of 47

IL-6 0.79 0 of 47

IL-7 0.42 4 of 48

IL-8 0.32 0 of 48

IL-10 0.41 0 of 48

IL-12 0.23 6 of 48

IL-13 4.06 12 of 48

IFN-g 0.55 6 of 48

GM-CSF 0.23 3 of 48

TNF-a 0.22 0 of 48
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TABLE E2. Patient characteristics

RV

(n 5 18)

RV-HBoV1

(n 5 17)

HBoV1

(n 5 13)

Age (y), mean 6 SD 1.4 6 0.6 1.6 6 0.9 1.6 6 0.7

Male 13 (72%) 11 (65%) 9 (64%)

Sensitized* 8 (44%) 3 (18%) 7 (54%)

Aeroallergen 5 (28%) 2 (12%) 0 (0%)

Food allergen 8 (44%) 3 (18%) 7 (54%)

Eczema 7 (39%) 5 (29%) 5 (36%)

Parental

Asthma 2 (11%) 2 (12%) 3 (21%)

Allergy 10 (56%) 10 (59%) 11 (79%)

Smoking 10 (56%) 3 (18%) 7 (50%)

First wheeze 10 (56%) 12 (71%) 10 (77%)

Recurrent wheezing� 12 of 16 (75%) 5 of 11 (46%) 5 of 11 (46%)

Values are expressed as mean 6 SD or n (%). The overall differences between virus

groups were tested by using the chi-square test: all P > .10.

*Allergen-specific IgE > 0.35 kU/L.

�After study entry, P 5 .19 for overall group comparisons.
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TABLE E3. Cytokine levels in sensitized vs nonsensitized children

Sensitized* IQR Nonsensitized IQR P value

IL-1b 0.6 0.0-1.7 0.0 0.0-0.9 .29

IL-2 1.2 0.1-9.5 1.2 0.3-7.7 .93

IL-4 111.9 9.8-211.0 22.5 3.9-107.2 .62

IL-5 4.0 1.7-13.8 5.8 2.1-15.6 .53

IL-6 24.9 9.5-53.3 18.0 10.6-32.7 .54

IL-7 10.9 6.6-20.9 10.3 6.4-16.4 .99

IL-8 12.5 8.9-19.6 10.0 8.1-15.1 .93

IL-10 28.6 21.8-46.9 69.3 29.7-108.3 .004

IL-12 2.6 0.0-11.7 3.2 0.9-7.9 .80

IL-13 38.6 9.5-92.0 8 3.0-54.8 .25

IFN-g 9.1 0.0-18.0 24.2 5.6-79.1 .02

GM-CSF 6.5 2.5-15.2 3.5 2.1-9.6 .28

TNF-a 13.4 10.6-16.6 12.1 10.2-16.3 .85

IL-4/IFN-g 3.2 0.8-12.3 0.5 0.1-3.4 .01

IL-10/IL-12 5.4 2.4-8.1 24.1 6.0-45.7 .03

All values are in pg/mL and expressed as median (interquartile range, IQR).

Significant differences are shown in italics.

*Allergen-specific IgE > 0.35 kU/L for common allergens (Phadiatop Combi; Phadia,

Uppsala, Sweden).
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