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Recurrence of Wheezing Episodes in

Children with Respiratory Syncytial

Virus and Non-Respiratory Syncytial
Virus Bronchiolitis

Respiratuvar Sinsityal Viriis ve
Respiratuvar Sinsityal Viriis Dig1 Viral
Bronsiyolitli Cocuklarda Tekrarlayan

Hisilt1 Ataklari

ABSTRACT Objective: It has been shown that many children who experience respiratory syn-
cytial virus (RSV) infection in infancy develop recurrent wheezing episodes and asthma later. Vi-
ral role in pathogenesis of asthma is still a debate. We aimed to investigate the recurrence of
wheezing episodes, atopy and serum cytokine levels in children encountered with RSV infecti-
on. Additionally, we aimed to compare these parameters in children with non-RSV bronchioli-
tis. Material and Methods: The study was conducted between January 2006 and November 2008
in Dokuz Eylul University hospital. Seventy children aged between 0-36 months who were di-
agnosed with acute bronchiolitis for the first time were recruited for the study. Nasopharynge-
al lavage fluid was analyzed with polymerase chain reaction (PCR) for RSV antigen in all
patients. Serum immunoglobulin E, total eosinophil count, interleukin (IL)-4, IL-13 and y-inter-
feron (IFN-y) levels were obtained at the last examination of the patients after a follow up peri-
od of 1-3 years. Results: Recurrence of a wheezing episode was observed in 35% and 53.3% of
the patients in RSV group and non-RSV group, respectively (p= 0.064). Mean serum IFN-y and
IL-4 levels were detected to be significantly higher in non-RSV group. No significant relation was
detected between recurrence of wheezing episodes and total eosinophil count, serum IgE, IL-4,
IL-13, and IFN-y levels. Conclusion: No difference could be detected between RSV and non-
RSV bronchiolitis regarding subsequent wheezing episodes. Although serum IL-4 and IFN-y le-
vels were higher in non-RSV bronchiolitis group, no significant correlation was observed
between these parameters and recurrence of wheezing episodes.

Key Words: Asthma; bronchiolitis

OZET Amag: Siit cocuklugu doneminde respiratuvar sinsityal virus (RSV) infeksiyonu geciren
¢ocuklarin daha sonra higilt1 ataklar1 ve astim gegirdikleri gosterilmistir. Astimin patogenezinde
viriislerin rolii halen tartismalidir. RSV infeksiyonu ile karsilasan ¢ocuklarda higilt1 ataklarinin
tekrarlamasini, atopi ve serum sitokin diizeylerini arastirmay1 ,ayrica bu parametreleri RSV-dig1
bronsioliti olan ¢ocuklarin sonuglari ile karsilagtirmay: amagladik. Gereg ve Yontemler: Calisma
Ocak 2006 ile Kasim 2008 arasinda Dokuz Eyliil Universitesi Hastanesinde gerceklestirildi. Tlk
kez akut bronsiolit tanis1 koyulan 0-36 ay yas araliginda 70 ¢ocuk ¢alismaya alindi. Tim
hastalarda nazofarenjiyal lavaj sivis1 RSV antijeni bakimindan polimeraz zincir reaksiyonu (PCR)
ile incelendi. Bir ila {i¢ yillik takip siiresinden sonra hastalarin son muayenelerinde serum
immunoglobulin E, total eozinofil saysi, interlokin (IL)-4, IL-13 ve interferon-y (IFN-y) diizey-
lerine bakildi. Bulgular: RSV grubunda ve RSV-dis1 grupta higilt1 atag: tekrari sirasiyla hasta-
larin %35’inde ve %53.3’iinde gozlendi (p= 0.064). Ortalama serum IFN-y ve IL-4 diizeyleri
RSV-dis1 grupta belirgin olarak yiiksek bulundu. Hisilt1 ataklarinin tekrar ile total eozinofil
sayis1, serum IgE, IL-4, IL-13 ve IFN-y diizeyleri arasinda 6nemli bir iligki saptanmadi. Sonug:
RSV ve RSV-dis1 bronsiolit arasinda miiteakip higilt1 ataklar: bakimindan fark saptanamadi. RSV-
dis1 bronsiolit grubunda serum IL-4 ve IFN-y diizeyleri daha yiiksek olmakla birlikte bu para-
metrelerle higilt1 ataklarinin tekrari arasinda énemli bir korelasyon gozlenmedi.

Anahtar Kelimeler: Astim; bronsiyolit
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cute bronchiolitis (AB) is the most com-
Amon lower respiratory tract infection seen

among infants and is caused by inflamma-
tion of small airways. Bronchiolitis manifests in a
typical seasonal pattern with peaks during winter
and fall. It is one of the principal causes of hospital
admissions in infants under the age of 1 year.! Acu-
te bronchiolitis is mainly caused by viruses, and
respiratory syncytial virus (RSV) accounts for 50-
90% of the cases.”* Other viruses such as rhinovi-
ruses, enteroviruses, human metapneumovirus and
human bocavirus are also found in infants with this
condition.>”

It has been shown that many children who
experience RSV infection in infancy develop sub-
sequent wheezing episodes later and the risk for
asthma is increased in those infants.®'> Wheezing
usually re-occurs after acute bronchiolitis in 50%
of the cases. Increased frequency of wheezing epi-
sodes and asthma among the children with bron-
chiolitis history could not be explained with only
atopy and family history. It is still unknown
whether bronchiolitis triggers the immune res-
ponse to involve an asthmatic process later or
whether RSV infection induces the asthmatic sus-
ceptibility of the infants which was presented be-
fore.! Mast cells, activated eosinophils and
activated T-helper lymphocytes (Th) are increased
in the airways of asthmatic individuals. T-helper
lymphocytes which produce proinflammatory cy-
tokines [Interleukin (IL)-4, IL-5, IL-13] and che-
mokines are involved in this inflammatory
process.! Respiratory syncytial virus infection trig-
gers a complex immune response. It is postulated
that the balance between Th1 and Th2 is directed
towards Th2, and with the aid of cytokines invol-
ving in asthma pathogenesis, allergic inflammati-
on begins after RSV infection.!*

The aims of this study are (i) to detect the re-
lationship between recurrence of wheezing episo-
des in children encountered with RSV infection
and atopy as well as serum cytokine levels, (ii) to
compare these children with those did not enco-
unter RSV bronchiolitis, (iii) and to discuss the ro-
le of cytokines in the etiopathogenesis of recurrent
wheezing.
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I MATERIAL AND METHODS

This study was conducted between January 2006 and
November 2008 in the Department of Pediatrics,
Medical Faculty, Dokuz Eylul University. The study
was approved by the ethics committee of the hospi-
tal. The parents of all infants were asked to partici-
pate in the study and gave their informed consent.

Children aged between 0-36 months who we-
re diagnosed with bronchiolitis for the first time
according to the history obtained from parents we-
re recruited for the study. Following evaluation in
the Department of Pediatric Pulmonology and Al-
lergy, Department of Pediatric Emergency Medi-
cine or pediatric inpatient unit, nasopharyngeal
lavage fluids were analyzed with reverse transcrip-
tase-polymerase chain reaction (RT-PCR) for RSV
antigen in all patients. Nasopharyngeal aspirates
were collected with a disposable catheter which
was inserted in the nostril to the depth of 5-7 cm
and drawn back after a gentle suction with an in-
jector. The specimens were transported to the lab-
oratory at room temperature. RSV was detected by
using an RT-PCR. The patients were evaluated bi-
annually by the same physician. The patients with
a history of prematurity and an acute bronchiolitis
episode before and patients with chronic diseases
(chronmic lung disease, asthma, cystic fibrosis, con-
genital heart defects) were excluded.

Patients were followed for 1-3 years. Data
regarding gender, gestational age, birth weight, ex-
posure to cigarette smoke, duration of breastfee-
ding, maternal education level, mean monthly
family income, number of family members, proper-
ties of the house dwelled in and the presence of a
feathery pet and toy at home were noted. Family
history for asthma, allergic rhinitis and atopy, age
at the time of bronchiolitis were also recorded at
the first evaluation. Frequency of wheezing episo-
des was recorded during the follow-up period fol-
lowing acute bronchiolitis.

A blood sample was obtained at the last fol-
low-up visit of each patient. Total eosinophil co-
unt, serum immunoglobulin E (IgE), IL-4, IL-13,
and interferon-y (IFN-y) levels were studied. In-
terleukin-4, IL-13 and IFN-y levels were analyzed

Turkiye Klinikleri ] Med Sci 2011;31(6)



Pediatric Allergic Diseases

Karaman et al

by enzyme-linked immunosorbent assay (ELISA)
technique using commercial kits (Bioo Scientific,
Austin, TX, USA). The lower detection limits for
these assays were: 4 pg/mL for IL-4, 30 pg/mL for
IL-13 and 10 pg/ mL for IFN-y.

Skin prick tests (SPT) were performed follo-
wing the recommendations by the European Aca-
demy of Allergy and Clinical Immunology in each
patient in order to evaluate atopy."”” A commercial
extract (Allergopharma, Germany) was used with
the skin prick/puncture method. A standard panel
of respiratory allergens consisting of mites, grass
mix, mold mix, cat and dog dander, cockroach and
certain food allergens (cow’s milk, egg white, co-
coa, banana and tuna fish) were included in skin
prick test. The SPT was considered positive when
the mean diameter of the wheal was at least 3 mm
when read after 15 minutes.

STATISTICAL ANALYSIS

Data were analyzed with SPSS for Windows, ver-
sion 15.0. Descriptive statistics were used to de-
monstrate demographic characteristics. Differences
in clinical characteristics between patients with
RSV and non-RSV bronchiolitis were analyzed
using Chi-square test for categorical variables and
Mann Whitney-U test for numerical variables.

Kruskal Wallis test was used for comparison of the
groups with recurrent wheezing episodes. A p va-
lue of <0.05 was accepted as statistically signifi-
cant.

I RESULTS

Of the 212 patients who met the inclusion criteria,
70 patients (40 children in RSV group and 30 in
non-RSV group) accepted to participate in the
study. Forty-one (58.6%) of these children were
boys. There was not a statistical difference between
the RSV and non-RSV group by means of gender
and other demographic characteristics except birth
weights and admission age (Table 1). The mean age
of the children at admission was 6.46 + 6.78 months
(range: 1-33 months) in the RSV group while it was
9.53 + 7.55 months (range: 1-30 months) in the non-
RSV group. The mean admission age of the RSV
group was smaller than the non-RSV group (p=
0.031). Other demographic characteristics of study
group can be seen in Table 1.

The follow-up period was 18.97 + 7.95 months
(range: 12-42) for the whole study group. RSV gro-
up was followed up for a mean period of 19.7 + 8.91
months (range: 12-42 months) while non-RSV gro-
up was followed up for a mean period of 18 + 6.47
months (range: 12-33 months). In RSV group, 26

TABLE 1: Demographic characteristics of the study group.
RSV group Non-RSV group p

Age at admission {month) mean = SD 6.46+6.78 9.53 +7.55 0.031
Sexn (%)
Female 17 (42.5) 12 (40) 1
Male 23 (57.5) 18 (60)
Way of delivery n (%)
Vaginal delivery 11 (27.5) 12 (40) 0.311
Cs 29 (72.5) 18 (60)
Birth weight (g) mean + SD 3366 + 531.28 3075.73 £ 512.96 0.015
Prenatal exposure to cigarette smoke n (%)
Yes 9(22.5) 7{(23.3) 1
No 31(77.5) 23 (76.7)
Family history of atopy n (%)
Yes 27 (67.5) 21 (70) 1
No 13 (32.5) 9 (30)
Breastfeeding period {month) mean + SD 11.02 £ 5.59 13.£7.38 0.22
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children (65%) were followed up for one year (12-
23 months) while 12 (30%) were followed up for
two years (24-35 months) and 2 (5%) were follo-
wed up for three years (36 months and further). In
non-RSV group, 24 children (80%) were followed
up for one year while six (20%) were followed up
for two years.

Serum IL-13 level was not different in non-
RSV and RSV groups (p= 0.565) (Table 2). The se-
rum IL-4 level was higher in non-RSV group
compared to RSV group (p= 0.002). The IFN-y le-
vel was also significantly higher in non-RSV group
compared to RSV group (p= 0.003) (Table 2). Se-
rum IgE level and total eosinophil count did not
differ between the groups (p= 0.39, p= 0.121, res-
pectively) (Table 2). Skin prick test positivity was
similar in two groups, one patient in each group
was sensitized to grass mix. Symptoms of allergic
rhinitis were noted in one of these patients in the
RSV group.

If the analysis was made according to the ye-
ars of follow-up, serum IL-4 and IFN-y levels we-
re higher in non-RSV group compared to RSV
group in the subsets that were followed up for one
year (p=0.04 and p= 0.02, respectively). Serum IL-
4 level was also significantly higher in non-RSV
group compared to RSV group in the subsets that
were followed up for two years (p= 0.04). Serum
IL-13 level, serum IgE level and total eosinophil co-

unt were not different in RSV and non-RSV group
subsets followed up for one and two years. No com-
parison could be made in the groups of children
followed up for three years because insufficient
number of patients.

Allergic rhinitis, eczema and recurrence of
wheezing episodes were noted for each patient. No
patient was diagnosed with eczema. Of the patients
in RSV group, 65% did not develop any further
wheezing. However, 30% had wheezing episodes
fewer than three and 5% developed three or more
wheezing episodes. Of the patients in non-RSV
group, 46.7% did not develop further wheezing.
On the other hand, 30% had wheezing episodes fe-
wer than three and 23.3% developed three or mo-
re wheezing episodes. No difference was noted
between the groups for recurrence of wheezing
episodes (p=0.064) (Table 3).

No significant relation was noted between
birth weight, way of delivery, age at admission,
maternal education level, exposure to prenatal or
postnatal cigarette smoke, duration of breastfee-
ding, mean monthly family income, properties of
the house dwelled in, number of family members
and recurrence of wheezing episodes (p> 0.05). Re-
currence of wheezing episodes was also found out
to be unrelated to total eosinophil count, serum IL-
13, serum IL-4, IFN-y or serum IgE levels (p> 0.05).
In addition, no relation was found between skin

TABLE 2: Laboratory findings of the study group.

RSV group Mean + SD
IL-13 {pg/mL) 22.61 £34.17
IL-4 (pg/mL) 20.43 + 45.57
IFN-gama {pg/mL) 90.12+82.3
IgE (IU/mL) 98.8 +207.59

Total eosinophil count (/mm?) 21322 £192.19

Non-RSV group Mean + SD p
63.68 + 267.82 0.565
40.77 +50.37 0.002
162.57 + 98.0 0.003
267.62 + 1006.29 0.39
240.40 + 137.40 0.121

TABLE 3: Recurrence of wheezing episodes in RSV positive and non-RSV group.

RSV group n (%)
No recurrence 26 (65)
Recurrence of wheezing episode < 3 12 (30)
Recurrence of wheezing episode > 3 2{5)
Total 40 (100)

Non-RSV group n (%) p
14 (46.7)
9(30)
7(23.3)
30 (100) 0.064
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test positivity and recurrence of wheezing episodes
(p>0.05).

I DISCUSSION

Lower respiratory infections in infancy are thought
to be related to recurrent wheezing and asthma
thereafter. There are a number of epidemiological
studies regarding the role of respiratory viruses and
especially RSV in recurrent wheezing.#1%1 In one
of the studies investigating the role of RSV in the
development of asthma, 12 studies were reviewed
and increased risk of asthma and recurrent whee-
zing after RSV infection was found in the first 36
months, but the relation showed a tendency to de-
crease with age.'”® Henderson et al.” similarly fo-
und a relation between RSV bronchiolitis before 12
months of age and later asthma, but no relation
with atopy. Respiratory syncytial virus bronchioli-
tis is thought to be characterized by an excess of
type 2 cytokines.'* However, whether RSV bronc-
hiolitis causes asthma by deviating subsequent im-
mune responses towards a type 2 cytokines or
whether asthma and bronchiolitis simply have sa-
me risk factors, with bronchiolitis being the first
presenting illness in a child already at risk of deve-
loping asthma as a result of impaired type 1 immu-
nity is a matter of debate.

Rhinovirus-induced wheezing was also de-
monstrated as an important risk factor for the de-
velopment of asthma and the risk shows a
tendency to persist with increasing age.”** In a
prospective study on children from birth to 6 ye-
ars of age, Lemanske et al.” concluded that the oc-
currence of rhinovirus-associated wheezing
during infancy was the most significant risk fac-
tor for asthma and preschool childhood wheezing.
In studies comparing the role of bronchiolitis ca-
used by RSV and viruses other than RSV in recur-
rent wheezing episodes, it is shown that infections
other than RSV confer a substantially greater risk
of recurrent wheezing compared to RSV infecti-
ons.?*® In our study, no statistical difference could
be detected between RSV and non-RSV bronchi-
olitis regarding recurrence of wheezing episodes.
The viral etiology of non- RSV illness was not de-
monstrated in our study but it is likely that most

Turkiye Klinikleri ] Med Sci 2011;31(6)

of them were caused by rhinoviruses or enterovi-
ruses. Although statistical difference was not
shown in our study, it is noted that recurrence of
wheezing episodes were observed in 53.3% of the
non-RSV group while it was noted in 35% of the
RSV positive group. We think that the number of
our study group, major limitation of our study,
might have caused this conclusion.

Interleukin-13 dependent mechanisms are
shown to be related with airway eosinophilia and
enhanced airway hyperresponsiveness during re-
infection in a mouse model of neonatal RSV infec-
tion.”® In several studies, it was shown that IL-4,
IL-13 and IFN-y levels increased after RSV infecti-
on.””? However no relation was shown between
IL-4, IFN-y levels and recurrent wheezing episo-
des.® In our study, IL-13 levels were not different
in RSV positive and negative cases but IL-4 and
IFN-y levels were significantly higher in the non-
RSV group. Serum IL-4 levels were higher in both
subsets of the non-RSV group followed up for one
and two years. however this difference did not pre-
dict any parameter in the follow up. In our previ-
ous study, we investigated the relationship
between serum IL-4, IL-13, IFN-y levels and recur-
rence of wheezing episodes in infants with acute
bronchiolitis, and found out a positive correlation
between serum IL-13 levels and the number of
wheezing episodes.?! We could not study the viral
etiology in that study but we supposed that RSV
had been the causative agent in the majority of ca-
ses. In the study of Castro et al.** 206 infants were
followed up after a severe RSV infection, and IL-2,
IL-4, IL-13 and IFN- y were studied immediately
after the infection, at the age of 2, 4 and 6. The au-
thors found that IL-13 expression was lower in the
group of infants who developed asthma later and
denied the role of Th2 type immune response in
development of asthma after RSV infection. In cur-
rent study, we evaluated the relationship between
IL-13, IL-4, IFN-y and recurrence of wheezing epi-
sodes, but no significant relation was established.
Our results might have been different if we could
compare the basal levels at the admission of the pa-
tient with the levels at the last follow-up visit. Un-
fortunately we could only study the levels at the
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last follow-up visit. No relation was noted betwe-
en RSV infection and atopy and skin test positivity,
similar to previous studies.®

In our study, we investigated the relation be-
tween the demographic features and recurrence
of wheezing episodes. However, no relation was
observed between gender, gestational age, birth
weight, exposure to cigarette smoke, duration of
breastfeeding, maternal education level, family
income, number of family members, properties of
the house dwelled in, presence of a feathery pet
at home, family history of asthma, allergic rhini-
tis and atopy, age at the time of bronchiolitis and
recurrence of wheezing episodes. The limitations
of our study might be an explanation for these
conclusions. First of all, two-thirds of the patients
fulfilling diagnostic criteria could not participate
in the study. Secondly, the follow-up period of
one year in some children may be regarded as

short and the follow-up periods are not the same.
This difference between the follow-up periods
may limit the present results. Thirdly, we could
not determine the viral etiology of bronchiolitis
in non-RSV group because rhinoviruses and other
respiratory viruses were not routinely studied in
our hospital during the study period. Unfortuna-
tely, we do not have frozen samples for further re-
search. On the other hand, our patient population
consisted of patients with varying severity. As a
consequence, we think that this issue prevented
the study from bias of severe cases who were at
the risk of recurrent wheezing episodes.

In conclusion, our results show that both RSV
and non RSV bronchiolitis have a similar potenti-
al roles for recurrence of wheezing episodes. How-
ever, further larger studies are needed to determine
the viral role in the pathogenesis of wheezing re-
currence and asthma.

I REFERENCES
Wats DM, Goodman D. Wheezing, bronchioli- 8.  Wennergren G, Kristjansson S. Relationship IgE, markers of allergy-a review. Virus Genes
tis and bronchitis. In: Behrman RE, Kliegman between respiratory syncytial virus bronchioli- 2006;33(2):235-52.
RM, Jenson HB, eds. Nelson Textbook of Pe- tis and future obstructive airway diseases. Eur 4 5. Position paper: Allergen standardization and
ggggcs. 113;29;1 Philadelphia: WB Saunders; Respir J 2001;18(6):1044-58. skin tests. European Academy of Allergology
PSS 9. Schwarze J, Hamelmann E, Bradley KL, and Clinical Immunology. Allergy 1993;48(14
Yanney M, Vyas H. The treatment of bronchi- Takeda K, Gelfand EW. Respiratory syncytial Suppl):48-82.
olitis. Arch Dis Child 2008;93(9):793-8. virus infection results in airway hyperrespon- 46 kel MM. Klerk NH. Kebadze T. Vohma V.
Peebles RS Jr. Viral infections, atopy and siveness and enhanced airway sensitization Holt PG, Johnston SL, et al. Early-life respira-
asthma: is there a casual relationship? J Al- to allergen. J Clin Invest 1997;100(1):226-33. tory viral infections, atopic sensitization, and
lergy Clin Immunol 2004;113(1 Suppl):S15-  10. Openshaw PJM, Dean GS, Culley FJ. Links risk of subsequent development of persistent
8. between respiratory syncytial virus bronchioli- asthma. J Allergy Clin Immunol 2007;119(5):
Ogra PL. Respiratory syncytial virus: the tis and childhood asthma: clinical and re- 1105-10.
virus, the disease and the immune response. search approaches. Pediatr Infect Dis J 47 - Henderson J, Hillard TN, Sherriff A, Stalker
Pediatr ReSpiI’ Rev 2004,5(Suppl A)S1 19- 2003;22(2 SUPP')S58'65 D, Al Shammari N, Thomas HM. Hospita“za.
26. 11. Martinez FD. Respiratory syncytial virus bron- tion for RSV bronchiolitis before 12 months of
Jartti T, Lehtinen P, Vuorinen T, Osterback R, chiolitis and the pathogenesis of childhood age and subsequent asthma, atopy and
van den Hoogen B, Osterhaus AD, et al. Res- asthma. Pediatr Infect Dis J 2003;22(2 wheeze: a longitudinal birth cohort. Pediatr Al-
piratory picornaviruses and respiratory syncy- Suppl):S76-82. lergy Immunol 2005;16(5):386-92.
tial virus as causative agents of acute  1» Kneyber MCJ, Steyerberg EW, de Groot R,  18. Pérez-Yarza EG, Moreno A, Lazaro P, Mejias
e)I(plrator.y whetl-)zmg in children. Emerg Infect Moll HA. Long-term effects of respiratory syn- A, Ramilo O. The association between respi-
Dis 2004;10(6):1095-101. cytial virus (RSV) bronchiolitis in infants and ratory syncytial virus infection and the devel-
Miller EK, Lu X, Erdman DD, Poehling KA, young children: a quantitative review. Acta opment of childhood asthma: a systematic
Zhu'Y, Griffin MR, et al. New vaccine surveil- Paediatr 2000;89(6):654-60. review of the literature. Pediatr Infect Dis J
la?cet_netwgrk. Rh|n0V|Lansso?Jlaltefci htos[?h 13. Uyan AP. [The relation of asthma and respi- 2007;26(8):733-9.
2%5;‘;‘;’;%)‘”#;‘;@ chiidren. J fniect Lis ratory syncytial virus]. Turkiye Kiinikleri J Pe- 19, Bosis S, Esposito S, Niesters HG, Zuccotti
’ R . diatr Sci 2009;5(3):41-4. GV, Marseglia G, Lanari M, et al. Role of res-
Allander T, Jartti T, Gupta S, Niesters HG, ., o o0y Respiratory syncytial virus (RSV) piratory pathogens in infants hospitalized for

Lehtinen P, Osterback R, et al. Human bo-
cavirus and acute wheezing in children. Clin
Infect Dis 2007;44(7):904-10.

1512

evades the human adaptive immune system
by skewing the Th1/Th2 cytokine balance to-
ward increased levels of Th2 cytokines and

a first episode of wheezing and their impact of
recurrences. Clin Microbiol Infect 2008;
14(7):677-84.

Turkiye Klinikleri ] Med Sci 2011;31(6)



Pediatric Allergic Diseases

Karaman et al

20.

21.

22.

23.

24.

Kotaniemi-Syrjanen A, Vainionpaa R, Reijo-
nen TM, Waris M, Korhonen K, Korppi M. Rhi-
novirus-induced wheezing in infancy-the first
sign of childhood asthma? J Allergy Clin Im-
munol 2003;111(1):66-71.

Lemanske RF Jr, Jackson DJ, Gangnon RE,
Evans MD, Li Z, Shult PA, et al. Rhinovirus ill-
nesses during infancy predict subsequent
childhood wheezing. J Allergy Clin Immunol
2005;116(3):571-7.

Hyvérinen MK, Kotaniemi-Syrjanen A, Reijo-
nen TM, Korhonen K, Korppi MO. Teenage
asthma after severe early childhood wheez-
ing: an 11-year prospective follow-up. Pediatr
Pulmonol 2005;40(4):316-23.

Lehtinen P, Ruohola A, Vanto T, Vuorinen T,
Ruuskanen O, Jartti T. Prednisolone reduces
recurrent wheezing after a first wheezing
episode associated with rhinovirus infection or
eczema. J Allergy Clin Immunol 2007;119(3):
570-5.

Valkonen H, Waris M, Ruohola A, Ruuskanen
0, Heikkinen T. Recurrent wheezing after res-
piratory syncytial virus or non-respiratory syn-
cytial virus bronchiolitis in infancy: a 3-year
follow-up. Allergy 2009;64(9):1359-65.

Turkiye Klinikleri ] Med Sci 2011;31(6)

26.

27.

28.

29.

. Jartti T, Paul-Anttila M, Lehtinen P, Parikka V,

Vuorinen T, Simell O, et al. Systemic T-helper
and T-regulatory cell type cytokine responses
in rhinovirus vs. respiratory syncytial virus in-
duced early wheezing: an observational study.
Respir Res 2009;10:85.

Dakhama A, Park JW, Taube C, Joetham A,
Balhorn A, Miyahara N, et al. The enhance-
ment or prevention of airway hyperrespon-
siveness during reinfection with respiratory
syncytial virus is critically dependent on the
age at first infection and IL-13 production. J
Immunol 2005;175(3):1876-83.

Pala P, Bjarnason R, Sigurbergsson F,
Metcalfe C, Sigurs N, Openshaw PJ.
Enhanced IL-4 responses in children with a
history of respiratory syncytial virus bronchi-
olitis in infancy. Eur Respir J 2002;20(2):
376-82.

You D, Becnel D, Wang K, Ripple M, Daly M,
Cormier SA. Exposure of neonates to respira-
tory syncytial virus is critical in determining
subsequent airway response in adults. Respir
Res 2006;7:107.

Pino M, Kelvin DJ, Bermejo-Martin JF, Alonso
A, Matias V, Tenorio A, et al. Nasopharyngeal

30.

31.

32.

33.

aspirate cytokine levels 1 yr after severe res-
piratory syncytial virus infection. Pediatr Al-
lergy Immunol 2009;20(8):791-5.

Bont L, Steijin M, van Aalderen WMC, Brus F,
Th Draaisma JM, Van Diemen-Steenvoorde
RA, et al. Seasonality of long term wheezing
following respiratory syncytial virus lower res-
piratory tract infection. Thorax 2004;59(6):512-
6.

Uzuner N, Gurcu O, Olmez D, Babayigit A,
Islekel H, Karaman O, et al. Relation between
serum IL-4, IL-13 and IFN-y levels and recur-
rence of wheezing epizodes in infants with
acute bronchiolitis. Pediatr Allergy Immunol
2008;19(7):648-51.

Castro M, Schweiger T, Yin-DeClue H,
Ramkumar TP, Christie C, Zheng J, et al. Cy-
tokine response after severe respiratory syn-
cytial virus bronchiolitis in early life. J Allergy
Clin Immunol 2008;122(4):726-33.

Heymann PW, Carper HT, Murphy DD, Platts-
Mills TA, Patrie J, McLaughlin AP, et al. Viral
infections in relation to age, atopy, and sea-
son of admission among children hospitalized
for wheezing. J Allergy Clin Immunol 2004;
114(2):239-47.

1513



