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Objective: We analyzed the serum levels of leukotrienes (LTs) to obtain further insight into the pathogenesis of respiratory

syncytial virus (RSV) infection in infants.

Methods: The subjects were 22 infants with RSV infection. The serum LT and immunoglobulin E (IgE) levels were meas-

ured at admission and at the end of the hospital stay. We investigated the correlations of the serum LT levels with the serum

IgE levels and the long-term (3-6 years) prognosis of the infants.

Results: The mean serum LT level was significantly higher at the end of the hospital stay than at admission, particularly in

the high-IgE group. The mean serum LT level at the end of the hospital stay was also significantly higher in the poor-

prognosis group as compared to that in the good-prognosis group.

Conclusion: In infants with RSV infection, the serum LT levels were significantly elevated, particularly in the high-IgE

group and the poor-prognosis group, suggesting a pathogenetic role of LTs of lower respiratory tract inflammation caused by

RSV infection.

Keywords: respiratory syncytial virus (RSV), leukotrienes (LT), immunoglobulin E (IgE), long-term prognosis, lower respi-

ratory tract infection

Introduction

Respiratory syncytial virus (RSV) is an RNA virus that

belongs to the Pneumoviridae family of viruses. More

than 50% of infants under one year of age suffer from

RSV infection, and most infants have experienced RSV

infection by the age of two years. About 30% of infants

with RSV infection develop lower airway inflammation,

including bronchiolitis and pneumonia, and a proportion

of these infants goes on to develop severe infection ne-

cessitating hospitalization. However, at present, treat-

ment of RSV infection still remains only symptomatic. It

has been reported that children who suffer from RSV in-

fection are at a higher risk of developing bronchial

asthma and airway hyperresponsiveness later in life.
１

Leukotrienes (LTs) are synthesized in the cells from

arachidonic acid by arachidonate lipoxygenase. Among

the LTs, LTC4, LTD4 and LTE4 are called cysteinyl leu-
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kotrienes (CysLTs), which cause strong contraction of

the airway smooth muscle, vascular hyperpermeability,

and enhanced airway mucus secretion. Respiratory tract

infections, such as RSV and parainfluenza virus infec-

tions, are known to be associated with increased upper

airway secretions and/or elevated sputum levels of LTs.
２，３

Recently, it has been suggested that LT receptor an-

tagonists (LTRAs) may be effective for improving the

long-term prognosis in patients with RSV infection, by

preventing the development of bronchial asthma and air-

way hyperresponsiveness.
４

However, few studies have

been conducted to investigate the serum levels of CysLTs

(hereinafter simply LTs) in patients with lower respira-

tory tract infection caused by RSV.

The purpose of this study was to investigate the kinet-

ics of the serum LT levels and their associations with the

serum immunoglobulin E (IgE) levels and the prognosis

as for the risk of development of bronchial asthma/air-

way hyperresponsiveness in later life in children with

RSV infection.

Materials and Methods

The subjects of this study were 22 children, consisting of

15 male and 7 female children, who were between 2 and

23 months old (median age, 7.5 months). They were di-

agnosed as having RSV lower respiratory tract infection

and hospitalized between November 2007 and September

2010 at the Department of Pediatrics, Tokyo Women’s

Medical University Medical Center East. The diagnosis

was based on the presence of lower respiratory tract

symptoms, including cough and wheezing, and a positive

result of the nasal swab test for RSV antigen. Children

were excluded from this study if they a) were born after

less than 37 weeks of gestation, b) suffered from any

chronic respiratory or chronic cardiac disease, c) were al-

ready diagnosed as having bronchial asthma, d) had re-

ceived systemic steroid treatment within two weeks prior

to the start of the study, e ) had received oral LTRA

agents prior to hospitalization, or f) needed mechanical

ventilation.

Nine of the 22 infants were administered LTRAs dur-

ing their hospital stay and during six months of discharge

from hospital, while the remaining 13 infants did not re-

ceive any LTRAs. To prevent the placebo effect and ob-

server bias on the results, whether or not to prescribe a

LTRA was determined randomly by a double-blind con-

trol method.

The serum levels of LTs were measured using the

CysLT EIA Kit (Cayman Chemical, USA) at admission

and at the end of the hospital stay. The peripheral blood

eosinophil counts and serum total IgE levels were also

measured at admission and at the end of the hospital stay.

The normal serum total IgE level was set as < 10 IU/mL

for infants less than 6 months of age, 10-20 IU/mL for

infants between 6 and 12 months of age, and < 50 IU/mL

for children between 12 and 24 months of age.

The respiratory rate and percutaneous oxygen satura-

tion (SpO2) in the acute phase, and the length (days) of

hospital stay were measured and recorded for each of the

subjects.

We investigated the long-term prognosis of the sub-

jects until April 2014, that is, between 3 and 6 years after

the start of the study, by a medical interview via a letter

or over the telephone, and a review of the medical re-

cords. Children who had been diagnosed/suspected as

having bronchial asthma by a pediatrician were classified

into the poor-prognosis group, and those who had not

been diagnosed/suspected as having bronchial asthma by

a pediatrician were classified into the good-prognosis

group.

The protocol of this study conformed to the ethical

guidelines of the 2008 Declaration of Helsinki and was

approved by the ethics committee of Tokyo Women’s

Medical University (Tokyo, Japan ; approval # 1084 ) .

Written informed consent was obtained from the parents

of each of the subjects.

The results are expressed as the means±SD or median

(range). The statistical significances of the results were

evaluated by Student’s t-test, with the significance level

set at p < 0.05.

Results

Serum LT levels were measured in 20 subjects at hospital

admission, and in 22 subjects at the end of the hospital

stay. Specimens were obtained on day 1 (day 1 or day 2)

and day 6 (day 4 to day 13) of the hospital stay. These

time-points corresponded to day 5 (day 3 to day 15) and

day 10 (day 7 to day 22) from disease onset. The serum
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Figure　1.　Serum LT levels at admission and at the end of the hospital stay.

Serum LT levels were measured in 20 subjects at hospital admission, and in 22 subjects at the end of 

the hospital stay. 

LT, leukotriene.

p

Figure　2.　Peripheral blood eosinophil counts at admission and at the end of the hospital stay.

Peripheral blood eosinophil counts were measured in 20 subjects at hospital admission, and in 16 sub-

jects at the end of the hospital stay. 

p

level of LT was 77.4±33.7 pg/mL at admission and

317.6±374.0 pg/mL at the end of the hospital stay; the

level was significantly higher at the end of the hospital

stay than at admission (p = 0.0034) (Figure 1). The se-

rum LT level at admission was 61.9±49.8 pg/mL in the

LTRA-treated group (n = 8) and 78.5±35.6 pg/mL in

the non-LTRA-treated group (n = 12); the difference be-

tween the two groups was not significant (p = 0.22). The

serum LT level at the end of the hospital stay was 211.3

±241.7 pg/mL in the LTRA-treated group (n = 9) and

140.9±453.6 pg/mL in the non-LTRA-treated group (n

= 13); the difference between the two groups was not sig-

nificant (p = 0.32).

The blood eosinophil count was 97.9±129.7/μL at ad-

mission and 354.8±274.1/μL at the end of the hospital

stay (Figure 2). The blood eosinophil count showed a

significant increase (p = 0.013) during the hospital stay,

similar to the serum LT levels. The blood eosinophil

count at hospital admission was 96.5±117.3/μL in the

LTRA-treated group and 5.0±135.0 / μL in the non-

LTRA-treated group ; the difference between the two

groups was not significant (p = 0.64). The blood eosino-
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Figure　3.　Comparison of the serum LT levels at admission and at the end of the hospital stay be-

tween the normal IgE group and high IgE group.

The 13 children with RSV lower respiratory tract infection without receiving LTRA-treatment were di-

vided into two groups, namely, the normal IgE group and the high IgE group, according to the criteria 

described below. The normal serum total IgE level was set as <10 IU/mL for infants less than 6 months 

of age, 10-20 IU/mL for infants between 6 and 12 months of age, and <50 IU/mL for children between 

12 and 24 months of age. The serum LT levels increased significantly only in the high IgE group from 

admission to the end of the hospital stay (p = 0.045). 

LT, leukotriene; IgE, immunoglobulin E; RSV, respiratory syncytial virus; LTRA, LT receptor antago-

nist.

phil count at the end of the hospital stay was 252.5±
241.8/μL in the LTRA-treated group and 346±314.5/μL

in the non-LTRA-treated group; the difference between

the two groups was not significant (p = 0.25).

The relationships between changes of the serum LT

levels during the hospital stay and the serum total IgE

levels at admission were analyzed in the 13 subjects who

did not receive LTRA agents (Figure 3). The 13 subjects

were divided into two groups, namely, the normal IgE

group (n = 4) and the high IgE group (n = 9), according

to the criteria described in the Subjects and Methods. In

the normal IgE group, the serum LT level was 103.8±
32.0 pg/mL at admission and 108.0±57.1 pg/mL at the

end of the hospital stay, with no significant difference (p

= 0.452). However, in the high IgE group, the serum LT

level was 70.9±21.0 pg/mL at admission and signifi-

cantly higher, 408.2±525.6 pg/mL, at the end of the

hospital stay. Thus, the serum LT levels increased sig-

nificantly only in the high IgE group from admission to

the end of the hospital stay (p = 0.045) (Figure 3).

We also examined association between the increased

serum LT levels and the length of the hospital stay, SpO2,

and respiratory rate in the acute phase in the subjects

with RSV lower respiratory tract infection, however, no

associations were observed (data not shown).

We investigated the long-term prognosis of the sub-

jects, as for the development of bronchial asthma and air-

way hyperresponsiveness in later life, as described in the

Subjects and Methods. Among the 13 subjects who did

not receive LTRAs, 7 subjects had a good prognosis and

6 had a poor prognosis. Four of the 6 subjects in the

poor-prognosis group were diagnosed as having bron-

chial asthma, while the remaining 2 of the 6 were diag-

nosed as“suspected bronchial asthma.” The serum LT

level at the end of the hospital stay was 87.3±39.6 pg/

mL in the good-prognosis group and 582.4±577.6 pg/
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Figure　4.　Comparison of the serum LT levels measured at the end of the hospital stay between the 

good-prognosis group and the poor-prognosis group.

The 13 children with RSV lower respiratory tract infection without receiving LTRA-treatment were 

divided into two groups, namely, the good-prognosis group and the poor-prognosis group, judged until 

April 2014, that is, between 3 and 6 years after the start of the study. Six subjects who were diagnosed/

suspected as having bronchial asthma by a pediatrician were classified into the poor-prognosis group, 

and 7 subjects without bronchial asthma were classified into the good-prognosis group. 

LT, leukotriene; RSV, respiratory syncytial virus; LTRA, LT receptor antagonist.

p

mL in the poor-prognosis group, being significantly

higher in the poor prognosis group (p = 0.045) (Fig-

ure 4).

Discussion

While the immune mechanisms involved in lower respi-

ratory infection (bronchiolitis) caused by RSV are not yet

completely understood, LTs and IgE have been sug-

gested as being closely involved in the pathogenesis of

RSV infection and bronchial asthma.
５-７

LTs are known to

cause contraction of the bronchial smooth muscle, being

many times more potent than histamine or acetylcholine.

LTs are produced in inflammatory cells such as eosino-

phils following stimulation with IgE, cytokines, etc.
５

Kim

et al. reported elevated levels of LTs in the bronchoal-

veolar lavage fluid of children with RSV bronchiolitis.
６

Volovitz et al. investigated the levels of LTs in the naso-

pharyngeal secretions in children with RSV respiratory

tract infection,
７

and reported greater elevation of the na-

sopharyngeal fluid LT levels in children with lower res-

piratory tract infection than in those with upper respira-

tory tract infection. The LT levels remained elevated

even on the 28th day after the onset of symptoms. In our

study we did not obtain bronchoalveolar lavage fluid or

nasopharyngeal fluid specimens, because of technical

difficulties. Instead, we used serum specimens and

showed significant elevation of the serum LT levels in

the children subjects with RSV lower respiratory tract in-

fection. Since the types of specimens examined were dif-

ferent, a simple comparison of the results would not be

possible, but our study added to the results suggesting the

potential critical role played by LTs in the pathogenesis

of RSV lower respiratory tract infection.

The standard values for serum LT levels have not yet

been determined, and there are no previous reports indi-

cating differences in the standard values depending on

the age and/or sex. Although we did not compare our re-

sults with those in age-matched controls in this study, the

average±SD serum LT levels in 6 healthy adults volun-

teers measured by the same method was 58.26±32.4 pg/

mL. It means that the average+2SD was 123.06 pg/mL.

According to Endo, the average serum LT level in 1

month old babies was 32.3 pg/mL.
８

Iwasaki reported that
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the average serum LT level in children aged 4-12 years

old was 19.40 pg/mL.
９

Our results were slightly higher

than in other studies, but in any case, based on these re-

sults, we presume that the baseline serum LT level may

be 100 pg/mL or lower.

Volovitz et al. detected LTs in the nasopharyngeal se-

cretions of RSV-specific IgE-positive children with RSV

infection, and suggested that the severe bronchiolitis

caused by RSV results from IgE-mediated hypersensitiv-

ity reactions to viral antigens and the release of chemical

mediators of airway obstruction.
７

We demonstrated that

the serum LT levels at the end of the hospital stay were

significantly elevated in children with RSV infection

who had elevated serum total IgE levels at admission.

This finding may suggest the association of the serum

IgE levels with LT production in children with RSV

lower respiratory tract infection.

Sastre et al. reported a statistically significant declines

of multiple pro-inflammatory parameters and cytokines

in the nasopharyngeal aspirates in the recovery period af-

ter bronchiolitis.
１０

The LTC4 levels in the nasopharyn-

geal aspirates decreased to a less significant degree in

children who suffered from wheezing within 12 months

of a bronchiolitis episode than in those who did not suf-

fer from wheezing.
１０

These results suggest the role of ele-

vated LT and IgE levels in deteriorating the prognosis in

the poor-prognosis group of children with RSV infection.

We expected that our findings might provide further in-

sight into the pathogenesis of RSV infection.

This study had several limitations. The sample size

was relatively small and unified diagnostic criteria were

not used for the diagnosis of bronchial asthma by the at-

tending pediatrician. We measured the serum LT levels

at the end of the hospital stay, but did not follow up the

further course of changes of the serum LT levels; evalu-

ation of the course of changes of the serum LT levels

over the long term is needed to clarify the roles of LTs

and IgE in the poor-prognosis group of children with

RSV infection.

Conclusions

The serum LT levels at the end of the hospital stay were

clearly elevated in cases with elevated serum total IgE

levels at admission. The serum LT levels at the end of the

hospital stay were clearly elevated in cases with elevated

serum total IgE levels at admission. In addition, the se-

rum LT levels at the end of the hospital stay were signifi-

cantly elevated in the poor-prognosis group as compared

to the good-prognosis group, suggesting that the risk of

development of bronchial asthma after RSV infection

may be related to increase of the serum total IgE levels in

the acute phase and increase of the serum LT levels dur-

ing the remission phase. However, more studies includ-

ing a larger number of subjects and specimens and the

longer survey period are necessary to clarify the exact

mechanism(s).
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