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Summary

Background A recent investigation has suggested that citrus red mite (Panonychus citri,

CRM) is a common sensitizing allergen among children living around citrus farms.

Objective A cross-sectional survey was performed to evaluate the bronchial responsive-

ness to methacholine in CRM-sensitive children without asthmatic symptoms.

Subjects and methods A total of 375 children living around citrus farms were enrolled in

this study. There were 201 boys and 174 girls with a mean age of 12.5 (range 7±16) years.

Each subject was evaluated by a questionnaire, a skin prick test with 13 common inhalant

allergens including CRM, and a methacholine bronchial provocation test (MBPT).

Results Positive rate of MBPT (PC20-methacholine < 25 mg/mL) was higher in atopic

rhinitic and atopic control children than in nonatopic rhinitic and nonatopic control subjects

(41.3% and 33.3% vs 17.2% and 15.4%, respectively, both P< 0.05). Slope of dose±

response curve (DRS, %/mg/mL) was higher in atopic rhinitic children than in nonatopic

rhinitic, atopic control and nonatopic control subjects (14.3 6 0.87 vs 9.4 6 0.72, 10.0 6 1.37

and 9.2 6 1.51, P < 0.05, respectively). Both the positive rate of MBPT and the DRS were

increased in children with positive skin response to CRM than in those without sensitization

(48.2% vs 22.9%, P� 0.0001; 15.6 6 1.26 vs 10.2 6 0.65, P� 0.0001).

Conclusion Bronchial responsiveness is increased in citrus red mite-sensitive children

even if they have no asthmatic symptoms.
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Introduction

Bronchial hyperresponsiveness (BHR) to pharmacological

agonists such as methacholine or histamine is a character-

istic feature of subjects with asthma [1,2]. Those with

allergic rhinitis but no history of asthma, however, often

show heightened bronchial responsiveness [3±5]. A variety

of studies in both children and adults have demonstrated that

bronchial hyperresponsiveness precedes and predicts the

development of asthma [6,7].

House dust mites are known as a major cause of respira-

tory allergy in subtropical areas including Korea [8]. A

recent survey revealed that phytophagous mites, particularly

citrus red mite (Panonychus citri, CRM) was the most

important allergen in citrus-cultivating farmers with

asthma and/or allergic rhinitis, and that the latent period

of CRM-induced asthma was longer than 10 years [9,10].

CRM was also a very common sensitizing allergen in

children living around citrus farms, but the prevalence of
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asthma was not different between the children with sensi-

tization to CRM and those without it [11].

The aim of this study was to determine bronchial respon-

siveness in relation to allergic rhinitis and atopic status, and

to evaluate bronchial responsiveness in CRM-sensitive

nonasthmatic children.

Subjects and methods

Subjects

A total of 375 children with a mean age of 12.5 (range 7±16)

years, who had been living around citrus farms, were

enrolled in this study; there were 174 girls and 201 boys.

According to rhinitic symptoms and atopic status, they

consisted of 121 atopic rhinitic subjects with a mean

age of 12.7 6 0.20 years, 157 nonatopic rhinitic subjects

with a mean age of 12.8 6 0.19 years, 45 atopic controls

with a mean age of 11.8 6 0.36 years, and 52 nonatopic

controls with a mean age of 11.9 6 0.33 years. Each subject

responded to a questionnaire, and underwent a skin prick

test to 13 inhalant allergens including CRM, and a metha-

choline bronchial provocation test (MBPT). The parents

gave written informed consent for the study, and the

children agreed to participate with parental consent. The

study protocol was approved by the Ethics Committee of

Seoul National University Hospital.

Methods

A questionnaire developed by International Study of Asthma

and Allergy in Children (ISAAC) [12] was translated into

Korean, and included demographic data and medical history

such as asthmatic and nasal symptoms. Asthmatic symptoms

included wheezing during the last 12 months, and nasal

symptoms included sneezing or nasal obstruction during the

last 12 months. If subjects had experienced recurrent sneez-

ing or nasal obstruction without respiratory tract infections

during the last 12 months on the questionnaire, chronic

rhinitis was considered to be positive in this respect. If a

subject had ever experienced wheezing on the question-

naire, the subject was excluded from this study.

Skin prick tests were performed with a panel of 11 inhalant

allergens (Allergopharma Co., Germany), Japanese cedar

pollen and CRM. None of the subjects had received anti-

histamines orally for 3 days preceding the study. The

commercially available panel included Dermatophagoides

pteronyssinus, D. farinae, cat fur, molds (Alternaria spp.

and Aspergillus spp.), pollens (tree pollen mixture 1 & 2,

grass pollen mixture, mugwort, and ragweed), and cockroach.

A positive control of histamine (1 mg/mL, Allergopharma

Co., Germany) along with a negative control of diluent

(Allergopharma Co., Germany) was included in all tests.

CRM and Japanese cedar pollen extracts were prepared as

previously described [9]. Brie¯y, CRM and Japanese cedar

pollen were mixed with modi®ed Coca's solution in 1 : 20

w/v ratio. After incubation at room temperature for 24 h, it

was centrifuged at 3000 g for 30 min. The supernatant was

dialysed in phosphate-buffered saline at 4 8C for 48 h, and

passed through a 0.45-mm pore for sterilization and then

lyophilized. Same amount of glycerin was added with ®nal

concentration of 1 : 40 w/v, and it was used for skin tests.

Fifteen minutes after a prick, mean diameter of a weal

formed by the allergen was compared with that formed by

histamine. If the former was the same or larger than the latter

(A/H ratio $ 1.0), the reaction was deemed to be positive.

Atopy was de®ned as positive skin response to one or more

allergens. If subjects with chronic rhinitis had atopy, atopic

rhinitis was considered to be positive in this respect.

Forced expiratory volume in 1 second (FEV1) was mea-

sured with a portable spirometer (Micro Spirometer, Micro

Medical, Rochester, Kent, UK), and the largest value of

triplicate FEV1 was adopted. MBPT was carried out using

the modi®ed method described by Chai et al. [13]. Concen-

trations of 1.25, 2.5, 6.25, 12.5, and 25 mg/mL of metha-

choline were prepared by dilution with buffered saline. A

Rosenthal-French dosimeter (Laboratory for Applied Immu-

nology, Baltimore, MD, USA) was used to deliver the

aerosol generated by a DeVilbiss 646 nebulizer. Subjects

inhaled ®ve inspiratory capacity breaths of increasing con-

centrations of methacholine until FEV1 fell by more than

20% of its baseline value or the highest concentration was

reached. The largest value of triplicate FEV1 at 90 or 180 s

after each inhalation was adopted for analysis. If the con-

centration of methacholine which caused a 20% fall in FEV1

(PC20-Methacholine) was less than 25 mg/mL, a subject was

considered to be positive in MBPT [14]. The slope of the

dose±response curve (DRS), de®ned as the percentage

fall in FEV1 at the last dose divided by the log of the

last concentration of methacholine (mg/mL), was calculated

for a continuous index of bronchial responsiveness to

methacholine [15].

Statistical analysis

Results were expressed as mean 6 standard error unless

otherwise indicated. The chi-square tests, analysis of var-

iance (ANOVA) with Student's t-tests, and regression analysis

were applied to evaluate the statistical signi®cance. A

P-value of 0.05 or less was regarded as signi®cant.

Results

Skin response and bronchial responsiveness in the study

subjects

Figure 1 shows skin responses to 13 inhalant allergens in the

atopic rhinitic and atopic control subjects. D. pteronyssinus
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was the most common sensitizing allergen among atopic

rhinitic and atopic control subjects (76.9% and 66.7%), and

followed by D. farinae (61.2% and 53.3%), CRM (36.4%

and 26.7%), Japanese cedar pollen (31.4%, and 20%) and

cockroach (29.8%, and 60%).

Table 1 shows positive rate of MBPT in the study sub-

jects. In a cut-off point of PC20-methacholine < 25 mg/mL,

the positive rate of MBPT was higher in atopic rhinitic and

atopic control children than in nonatopic rhinitic and non-

atopic control subjects (41.3% and 33.3% vs 17.2% and

15.4%, respectively, both P< 0.05). Figure 2 shows DRS

(%/mg/mL) of MBPT in the study subjects. Value of DRS

was higher in atopic rhinitic children than in nonatopic

rhinitic, atopic control and nonatopic control subjects

(14.3 6 0.87 vs 9.4 6 0.72, 10.0 6 1.37 and 9.2 6 1.51,

P < 0.05, respectively).

Risk factors in relation to bronchial responsiveness in

nonasthmatic children

Table 2 shows bronchial responsiveness according to sex,

chronic rhinitis, atopic rhinitis, and skin responses to

common sensitizing allergens. There was no signi®cant

difference in positive bronchial response to methacholine

and in DRS between boys and girls, and between children

with positive and negative nasal symptoms. The positive rate

to MBPT was higher in atopic children than in nonatopic ones

(39.2% vs 16.7%, P < 0.05). The DRS (%/mg/mL) was also

higher in atopic ones than in nonatopic ones (13.2 6 0.75 vs

9.3 6 0.65, P < 0.05). According to skin response to CRM,

the positive rate of MBPT was higher in children sensitized

to CRM than in those without sensitization (48.2% vs

22.9%, P� 0.0001). This trend was similar for the DRS

(15.6 6 1.26 vs 10.2 6 0.53, P� 0.0001).

Skin indices, de®ned as ratio of mean weal formed

by allergen divided by histamine, to D. pteronyssinus, D.

farinae, Japanese cedar pollen and CRM were positively

associated with the DRS (r� 0.19, P� 0.0002; r� 0.24,

P� 0.0001; r� 0.19, P� 0.0003; r� 0.21, P� 0.0001).

However, there was no signi®cant association between the

skin index to cockroach and the DRS (r� 0.08, P > 0.05).

Among the children with sensitization to D. pteronyssinus

and D. farinae, the DRS (%/mg/mL) was higher in children

with chronic rhinitis than in those without it (15.2 6 1.01 vs

8.7 6 1.56, P < 0.01; 16.7 6 1.21 vs 11.8 6 2.22, P< 0.05,

respectively). As for CRM-sensitive children, however, this

difference was less marked (12.8 6 1.02 vs 10.7 6 2.33,

P > 0.05).

Discussion

The results of this study demonstrated that among children

without asthmatic symptoms, the positive rate of metha-

choline bronchial provocation test (MBPT) and the slope of

the dose±response curve (DRS) were higher in children
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Fig. 1. Positive skin responses to common sensitizing allergens

in atopic rhinitic and control subjects. DP: Dermatophagoides

pteronyssinus; DF: Dermatophagoides farinae; J cedar: Japanese

cedar pollen; CRM: citrus red mite; Ragw: ragweed pollen; Mugw:

mugwort pollen.

Table 1. Positive rate of methacholine bronchial provocation test

in the study subjects

AR NAR AC NAC

Number 121 157 45 52

Positive rate 50 (41.3) 20 (17.2) 15 (33.3) 8 (15.4)

AR: atopic rhinitic subjects; NAR: nonatopic rhinitic subjects; AC:

atopic controls; NC: nonatopic controls. *P < 0.05 compared to

that of NAR, AC and NC. PC20-methacholine < 25 mg/mL, number

(%).

Fig. 2. Slope of dose±response curve in the study subjects. AR:

atopic rhinitic subjects; NAR: nonatopic rhinitic subjects; AC:

atopic controls; NC: nonatopic controls. Data were expressed as

mean 6 SEM *P< 0.05 compared to that of NAR, AC and NC.



with positive skin response to citrus red mite (CRM) than in

those without it.

A decrease of FEV1 greater than 20% is generally accepted

as a discriminating end point to separate the normal and

hyperresponsive groups. Other methods of expressing the

response to bronchial challenge include the DRS [15], and

the bronchial responsiveness index (BRindex), de®ned as

the log of the slope of the percentage decline from baseline

FEV1 after the last dose per unit dose of methacholine [16].

These latter two methods may be more useful in epidemio-

logical studies because a value that related well to symptom

history can be calculated for the entire sample, even if the

subject does not experience a 20% drop in FEV1. In this

study, the DRS as well as the positive rate of MBPT were

used to evaluate the bronchial responsiveness.

Actual BHR may be the resultant of actual, variable airway

in¯ammation on top of baseline bronchial responsiveness

[17]. A number of studies suggest that genetic factors

might control this baseline hyperresponsiveness [18,19].

However, the largest part of BHR is probably acquired and

related to airway in¯ammation [17], which is also a

common feature of allergic rhinitis [20,21]. The present

study also showed that bronchial responsiveness was

increased in children with atopic rhinitis than in nonatopic

rhinitic, atopic control and nonatopic control subjects. It is

not clear, however, whether BHR in atopic rhinitis is

caused by nasal in¯ammation resulting in postnasal drip

of in¯ammatory mediators which directly alters bronchial

smooth muscle contractility, or airway in¯ammation itself

[22].

A variety of studies in both children and adults have

demonstrated that bronchial responsiveness precedes and

predicts the development of asthma [6,7]. One of the more

interesting studies was a case-cohort study performed by
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MBPT, %* P-value DRS² P-value

Sex

Boys (n� 221) 26.5 > 0.05 11.2 6 0.74 > 0.050

Girls (n� 174) 27.8 10.9 6 0.67

Chronic rhinitis

Positive (n� 278) 27.7 > 0.05 11.5 6 0.57 > 0.05

Negative (n� 97) 23.7 9.6 6 1.02

Atopy

Positive (n� 166) 39.2 0.0001 13.2 6 0.75 0.0001

Negative (n� 209) 16.7 9.3 6 0.65

Atopic rhinitis

Positive (n� 121) 41.3 0.0001 14.4 6 0.87 0.0001

Negative (n� 254) 19.7 9.4 6 0.59

D. pteronyssinus

Positive (n� 123) 43.1 0.0001 14.0 6 0.90 0.0001

Negative (n� 252) 18.7 9.6 6 0.58

D. farinae

Positive (n� 98) 50 0.0001 15.5 6 1.08 0.0001

Negative (n� 277) 18.4 9.4 6 0.53

Cockroach

Positive (n� 63) 34.9 > 0.05 12.1 6 0.03 > 0.05

Negative (n� 312) 25 10.8 6 0.52

Japanese cedar pollen

Positive (n� 47) 57.4 0.0001 16.2 6 1.46 0.0001

Negative (n� 328) 22.3 10.3 6 0.52

Citrus red mite

Positive (n� 56) 48.2 0.0001 15.6 6 1.26 0.0001

Negative (n� 319) 22.9 10.2 6 0.53

Chronic rhinitis: subjects with recurrent sneezing or nasal obstruction without respiratory tract

infections during the last 12 months on a questionnaire; atopy: subjects with positive skin

responses (A/H ratio $ 1.0) to one or more allergens; atopic rhinitis: subjects with chronic

rhinitis and atopy. *PC20-methacholine < 25 mg/mL; ²Slope of dose±response curve, %/mg/

mL.

Table 2. Risk factors associated with

bronchial responsiveness



Zong et al. [6], in which 80 subjects with BHR but no

asthmatic symptoms were matched with 80 controls, and

followed up 2 years later with regard to their asthma risks.

Subjects with increased bronchial responsiveness had a

four- to ®vefold greater risk of developing asthma in the

follow-up interval when compared to subjects without

increased bronchial responsiveness.

In our previous study [11], CRM was a common sensitiz-

ing allergen in children living around citrus farms. How-

ever, there was no difference in the prevalence of asthma

between the children with and without sensitization to CRM,

although the prevalence was higher among the HDM-

sensitive children than among those without it. In farmers

with CRM-induced asthma, the latent period from initial

exposure to onset of asthmatic symptoms was longer than

10 years [9,10]. Our present study showed that among

children living around citrus farms, the bronchial respon-

siveness was increased in those with sensitization to CRM

than in those without sensitization, irrespective of nasal

symptoms. This ®nding suggests that asymptomatic CRM-

sensitive children may develop symptomatic asthma beyond

childhood, if they will be further exposed to CRM-derived

allergens.

In conclusion, this study shows that bronchial respon-

siveness is increased in CRM-sensitive children even if they

have no asthmatic symptoms.
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