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Urinary leukotriene E4 in children with wheezing
associated respiratory illness from influenza infection
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Background: Influenza virus can cause bronchiolitis and recurrent wheezing in young children. Although
the pathophysiology is unclear, leukotriene is thought to play an important role.
Objectives: We conducted a prospective case-control study to measure urinary leukotriene E4 (uLTE4) levels
in children with wheezing associated respiratory illness (WARI) from influenza infection, compared to children
without respiratory tract infection and to identify the association between clinical features and uLTE4 levels in
influenza-infected children.
Methods: Nasopharygeal secretions from patients less than 6-years-old hospitalized due to WARI were tested
for influenza virus by RT-PCR. The uLTE4 levels were measured in the patients with influenza infection and
compared with normal controls. The correlation between clinical features and uLTE4 levels was also studied.
Results: The study included 10 patients with influenza infection (median age 23.5 months) and 10 children as
control group (median age 23 months). The uLTE4 levels were not significantly different between influenza and
control group; 191.63 ng/mM creatinine (IQR 162.57-244.25) vs. 132.32 ng/mM creatinine (IQR 93.79-215.65),
respectively (p = 0.096). There was no significant correlation between uLTE4 levels and clinical features
including pulmonary index, eosinophil count, and length of hospital stay.
Conclusion: The uLTE4 level does not increase in pediatric patients with wheezing associated influenza
infection and does not correlate with clinical features during infection. Although there is a trend towards
increased uLTE4 in influenza patients and a correlation to the pulmonary index, the small sample size may have
altered the significance of these results.
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Influenza virus is a common cause of respiratory
tract infection among children with pneumonia,
bronchiolitis and may cause recurrent wheezing
[1-6]. Many studies have tried to discover the
pathophysiology and mechanisms that cause lower
airway obstruction in children with influenza virus
infection. Some of these have detected many cytokines
during the infection, including leukotrienes [7-12],
which play an important role in children with wheezing
associated respiratory illness (WARI) from
respiratory syncytial virus (RSV) infection. However,
previous studies have been in animals [7, 8], in vitro

tests [9, 10] or in adults [11, 12]. This study tries to
learn whether leukotriene plays an important role in
children with WARI from influenza infection.

Materials and methods
A prospective case-control study in children

admitted to King Chulalongkorn Memorial Hospital
with lower respiratory tract infection was conducted
between February 2006 and January 2007. All children
were less than six years of age and presented
with lower airway obstruction during admission.
Patients who had previously been diagnosed as having
asthma or reactive airway diseases, who had taken
antileukotrienes within one week of admission,
or patients with nephrologic/urologic diseases,
were excluded. All eligible patients underwent
nasopharyngeal aspiration in the first two days of
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admission. The secretions were then tested for
influenza A and influenza B virus by reverse
transcriptase polymerase chain reaction, tested
for respiratory syncytial virus (RSV), and
metapneumovirus by polymerase chain reaction.
Patients with a positive test for influenza virus (A or
B), negative test for RSV, and metapneumovirus were
enrolled.

Within the first two days of admission, urine was
collected from each eligible patient and stored at-80°C.
Only the urine from influenza patients was tested for
leukotirene E4 (LTE4) level by enzyme-linked
immunosorbent assay (ELISA) with a commercial kit
(ACETM LTE4 ELISA kit; Cayman Chemicals, Ann
Arbor, Michigan, USA) and for creatinine level, then
the uLTE4 levels were determined as nanograms of
uLTE4 per millimole of creatinine (ng/mM.Cr).

Data collected during admission, including age,
sex, body weight, birth weight, gestational age at birth,
breastfeeding period, physician-diagnosed cow’s milk
protein allergy, allergic rhinitis, atopic dermatitis, family
history of atopic diseases, passive smoking, furred pet,
severity of lower airway obstruction assessed by
pulmonary index (Table 1), length of hospital stay,
and eosinophil count.

Children visiting the well-baby clinic of King
Chulalongkorn Memorial Hospital during the study
period were selected as control group. Eligible children
had to be age and sex-matched to each influenza
patients, with no underlying respiratory or nephrologic/
urologic diseases and were not to have received
antileukotriene within 25 days before the sampling
date. The urine was collected, stored, and tested in
the same way as in the influenza group.

Data analysis
Continuous data are presented as median and

analyzed with Mann-Whitney U test. Non-continuous
data presented as percentage and analyzed with X 2

test. The data were collected and analyzed using SPSS
version 13, p value <0.05 considered significant.

Results
During the study period, nasopharyngeal secretions

for influenza RT-PCR were collected from 142 eligible
patients, ten were positive for influenza A virus. No
influenza B virus was detected, and the ten cases with
positive influenza A result were recruited into the study
group.

Patient characteristics
The patient characteristics of the influenza

and control groups are presented in Table 2. Age,
male:female ratio, birth weight, duration of
breastfeeding between the two groups was
comparable. The atopic history (cow’s milk protein
allergy, atopic dermatitis, family history of atopy) and
the environment data (passive smoking, furred pets)
were not significantly different between the two
groups. The male:female ratio was 4:1 in both groups
and the ratio of passive smoking was approximately
30 to 40%.

Clinical features at presentation: influenza group
The average pulmonary index at presentation was

6.5 (interquartile range 4.5 to 10.0; the maximum score
is 15, representing the highest severity). The length of
hospital stay ranged from 4 to 13 days, with a median
of 6 days. None had respiratory failure. The eosinophil
count ranged from 0 to 141 cell/cu.mm. Three of the
ten patients had an eosinophil count of 0. The median
eosinophil count was 23 cell/cu.mm, which is
considered normal.

Effect of wheezing associated respiratory illness
from influenza infection on uLTE4

The median uLTE4 level in the influenza group
was higher than in the control group but without
significant difference (191.63 vs. 132.32 ng/mM.Cr
respectively; p = 0.096) as shown in Figure 1.

Table 1. Pulmonary index [13]

Parameters / Scores 0 1 2 3

Respiratory rate <30 31-45 46-60 >60
Oxygen saturation (%) 99-100 96-98 93-95 <93
Inspiration:expiration 2:1 1:1 1:2 1:3
Accessory muscle use None Mild Moderate Severe
Wheezing None End expiration Entire expiration Inspiration and expiration

or minimal air entry
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uLTE4 level and correlation with clinical features
The pulmonary index at presentation correlated

positively with the uLTE4 level but without statistical
significance, p = 0.063 (Table 4 and Figure 2).

The eosinophil count and length of hospital
stay did not correlate with uLTE4 as can be seen in
Table 4.

Table 2. Baseline characteristics of influenza group and control group

Baseline characteristics Influenza group (n=10) Control group (n=10) p value

Age (months) 23.5 23.0 0.820
(IQR) (13.3-37.8) (12.0-45.5)  
Sex (M/F) 8/2 8/2 1.000
Birth weight (grams) 3,020 3,200 0.177
(IQR) (2,885-3,425) (3,000-3,962)  
Duration of breastfeeding  (months) 2.5 4.0 0.118
(IQR) (0.0-3.8) (2.0-7.5)  
Cow’s milk protein allergy (%) 20 0 0.136 
Atopic dermatitis (%) 10 0 0.305 
Family history of atopy (%) 20 20 1.000
Passive smoking (%) 40 30 0.639 
Furred pet (%) 10 40 0.121 

Table 3. Clinical characteristics at presentation: influenza group

Clinical characteristics Median (IQR)

Pulmonary index at presentation 6.5 (4.5-10.0)
Eosinophil count (cell/cu.mm.) 23.0 (0.0-62.5)
Length of hospital stay (days) 6.0 (4.8-7.0)

Figure 1. uLTE4 level between influenza and control group
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Discussion
There have been several studies describing the

relationship between respiratory tract infection from
influenza virus and the level of leukotrienes. However,
they have been done in animals [7, 8], in vitro [9, 10],
in adults with experimental infection [11] or in
asthmatic adults [12]. This is a study of children with
wheezing associated respiratory illness from naturally-
infected influenza virus. The study showed that
influenza virus infection could cause lower airway
obstruction. Previous studies showed that 25 to 38%
of children with influenza virus infection had wheezing
[4, 5].

LTE4 is the final cysteinyl leukotriene in the 5-
Lipoxygenase pathway and is the most stable but least
active form of the cysteinyl leukotrienes. The
precursors of LTE4, leukotriene C4 and leukotriene
D4 are potent bronchoconstrictors. They can stimulate
mucus release into the airway and increase
microvascular permeability. Because total leukotrienes

in the lung are about 20-fold of the LTE4 level in urine,
the concentration of uLTE4 is used as an estimation
of total leukotriene production [14, 15].

In previous studies, among children with WARI
from influenza virus, the male:female ratio was around
2-3:1 [16, 17]. In this study, the ratio is 4:1. The reason
why boys are more susceptible is still unclear.

Few patients presented with severe respiratory
manifestation. The average pulmonary index score is
6.5, which correlates to the overall clinical outcome.
Only one patient was admitted for more than seven
days and no patient stayed for more than 14 days.
There was no respiratory failure or PICU admission
in any patient and this is comparable to previous studies
[5, 6, 18] where most respiratory illnesses from
influenza virus in small children were not severe or in
other words, less severe than RSV.

We found that the uLTE4 level in the influenza
group was higher (191.63 ng/nM.Cr) than the control
group (132.32 ng/mM.Cr) but without significant

Table 4. Correlations between clinical features and uLTE4 level in influenza group

Clinical features Pearson’s correlation coefficient p value

Pulmonary index at presentation 0.606 0.063
Eosinophil count -0.473 0.168
Length of hospital stay -0.055 0.880

Figure 2. Correlation between pulmonary index at presentation and uLTE4 level in the influenza group uLTE4 (ng/mM.Cr)



     613Vol. 6  No. 4

August  2012
Urinary leukotriene E4 in children

difference. However, considering the small sample
size (10 cases per group) with the p value 0.096, the
uLTE4 level may be indeed significantly higher in the
influenza-infected WARI. Oommen A et al. [16], and
Oymar K et al. [19], found an increase in uLTE4
in children with WARI, whatever the pathogen (RSV
or non-RSV). The study from Yasuda et al. [12]
showed that in adults with asthmatic attacks from viral
respiratory tract infection, of which influenza was the
largest causative agent, the uLTE4 was significantly
increased in comparison with the same asthmatic
adults without attack. However, the previous study
from Balfour-Lynn IM et al. [20], in 31 infants with
WARI failed to show an increase in uLTE4 during
the attack, compared to the recovery period.

The average eosinophil count in the influenza
group was within normal limit (median 23cell/cu.mm.)
comparable to Oh JW et al. [17] who found an average
eosinophil count 36.1 cell/cu.mm in the influenza
group. Furthermore, the uLTE4 did not correlate with
the eosinophil count, which is similar to previous studies
[19, 21, 22]. These results may imply that eosinophil
does not play an important role in lower airway
obstruction during influenza infection in children.

FEV1 is a good parameter to evaluate the severity
of lower airway obstruction. However, all of our study
patients are younger than 4-years-old and not suitable
for FEV1 evaluation. Therefore, pulmonary index was
used instead of FEV1 and it was found that the
pulmonary index had a trend to correlate with the
uLTE4 level, p value 0.063. According to previous
studies in older children that evaluated FEV1 and
uLTE4, two studies showed positive correlation [23,
24] but another did not [21]. Kott KS et al. [25] found
a positive correlation between the uLTE4 level and
length of hospital stay. However, this correlation does
not exist in our study.

Conclusion
This study shows that WARI from influenza

infection, similar to RSV, can increase uLTE4 levels.
In addition, the uLTE4 level seems to correlate with
the clinical severity of the lower airway obstruction.
Although these findings are not significant, this may
be due to sample size. A further study should be
conducted in a larger population to confirm the
hypothesis that leukotriene plays an important role in
the pathophysiology of WARI from influenza infection,
as it does in RSV. This may suggest use of
antileukotriene in this population.
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