
EDITORIAL

Bronchial allergen challenge: a model for chronic allergic

asthma?

Allergen bronchial provocation tests are used extensively in

research to study the pathophysiological effect of exposure

to allergen on airways and to evaluate the effectiveness of

pharmacological agents. They represent a major under-

taking with a predictable degree of patient discomfort and

a signi®cant risk of severe bronchospasm. It is therefore

essential that the results are reproducible and comparable,

and meaningful data are obtained. A number of variables

may in¯uence the outcome of the test. The quality and dose

of allergen extract, methodology used for allergen inhala-

tion, measurement of bronchoconstriction and interpretation

of data can all in¯uence the result. It is crucial that sources

of variability are kept to a minimum and different methods

commonly used yield reproducible and comparable result.

Allergenic extracts are complicated mixtures of antigenic

components with a number of detectable antigens. Ideally,

standardized extracts should be used for allergen challenge.

The type of nebulizer used to generate aerosol determines

the particle size and hence may in¯uence the deposition at

the receptor site [1]. The type of diluent used to dilute

lyophilized allergen extract and storage conditions may

affect the allergenicity of the extract.

Protocols for the delivery of allergen extract to the

airways vary, but two methods are commonly used. In

the tidal breathing method [2], aerosol is generated con-

tinuously by a nebulizer and inhaled for a ®xed timed period

or number of breaths. Incremental concentrations of aller-

gen are delivered until a minimum predetermined drop

(usually 20%) in FEV1 is achieved. The concentration at

which this drop is attained is termed PC20 allergen. The

initial dilution could be arbitrarily chosen starting with a

very dilute solution or calculated from skin end-point

titration [3]. A disadvantage of the tidal breathing method

is that the actual dose delivered to the mouth cannot be

estimated accurately.

A dosimeter can be used in conjunction with a nebulizer.

In this method, aerosolized allergen is delivered though a

breath-actuated dosimeter, which can be set to deliver the

required dose for each number of breaths. Incremental

concentrations of allergen extract may be used as in the

tidal breathing method [4]. The dose at which a 20% drop in

FEV1 is achieved is termed PD20 allergen, and the cumula-

tive dose given during challenge can be estimated (cumu-

lative PD20 allergen). The two methods are highly

comparable [5]. Which method is used is not critical so

long as consistency is maintained to keep between-subject

and within-subject variation to a minimum. The use of a

dosimeter is preferred as the dose of allergen can be more

accurately estimated.

Airway response to an inhaled allergen is seen in only

those asthmatics with speci®c sensitization to that allergen.

Herxheimer, in 1952, formally described two distinct com-

ponents of the asthmatic response [6]. Following allergen

inhalation, bronchoconstriction occurs immediately and

gradually improves over the next 2 h, the early asthmatic

response (EAR). This is primarily due to smooth muscle

contraction and mediated by histamine, prostaglandins and

leukotrienes. In nearly 50% of subjects a second response is

seen 2±3 h after challenge and may last up to 24 h, the late

asthmatic response (LAR) [7]. Traditionally, a decrease in

FEV1 of > 15% between 2 and 12 h after challenge is

considered diagnostic of LAR.

The development of early and late asthmatic response is

primarily related to the dose of allergen delivered [8].

Another method of assessing bronchial responsiveness to

allergen is to deliver a constant dose of allergen, while

comparing the resulting bronchoconstriction as measured by

spirometry or airway resistance. This has also been shown to

be reproducible and comparable with the traditional incre-

mental methods [9,10]. This constant dose can be arbitrarily

chosen [10], calculated from non-speci®c bronchial respon-

siveness and allergen sensitivity [11], or prede®ned as a

cumulative dose of allergen (PD20) from a previous chal-

lenge. For studies requiring repeated bronchial challenges,

for example, before and after therapeutic intervention, it is

convenient to give the cumulative dose (PD20) as a bolus on

subsequent challenges and compare the airway response.

Taylor et al. in this issue of the Journal [12] compared

incremental and bolus allergen challenge and found these to

be highly correlated. The magnitude of the early and late

asthmatic response, measured as mean maximum fall in

FEV1 or change in FEV1 over time (area under the curve),

were very similar with the two methods. The results reassure

investigators of the validity of the data produced when using

these methods.

It is also important that the resulting bronchoconstriction

is measured accurately. Measurement of speci®c airway

resistance (sRaw) and determination of FEV1 are compar-

able [13]. Patient-administered peak expiratory ¯ow is able

to detect LAR but diurnal variation may interfere with

accurate assessment of the response [14]. FEV1 is a

simple and reliable parameter to measure changes in
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airway calibre. Both the mean maximum fall and area under

the curve throughout the duration of response, may be used

and give comparable results [13]. Another source of varia-

bility could be the asthma treatment being taken by the

patient. b2-agonists and cromoglycate may inhibit EAR,

whereas steroids and cromoglycate may suppress LAR and

ensuing non-speci®c bronchial hyperresponsiveness [15].

During LAR, bronchoconstriction occurs as a result of

in¯ammatory cellular (eosinophils, lymphocytes, basophils

and neutrophils) in¯ux, mucosal oedema and smooth

muscle contraction. During LAR, an increase in eosinophil

number and activation is observed [16]. Once activated,

eosinophils release toxic products, including eosinophil

cationic protein (ECP), which is able to damage bronchial

structures and increase bronchial hyperresponsiveness [16±

19]. Allergen challenge also induces an increased absolute

number of IL-5-positive peripheral blood eosinophils and

lymphocytes [20]. This eosinophilic in¯ammation in

allergen-induced LAR is mediated by TH2 lymphocytes

[21]. Non-speci®c airway responsiveness, as assessed by

histamine or methacholine challenge, is increased for a

week or more in those who develop LAR [22,23]. An

increase in airway responsiveness after allergen challenge

may precede the development of LAR [24].

Bronchial challenge is highly reproducible (one doubling

dose of PD20) within the same subject [25]. However, more

than 100-fold variation in PD20 is seen between subjects. So

what determines airway response to allergen? The degree of

allergen sensitization (assessed by skin end-point titration or

level of speci®c immunoglobulin E) and non-speci®c bron-

chial hyperresponsiveness, can predict PD20 with some

degree of accuracy [11,26±28]. However, some believe

that the degree of non-speci®c bronchial hyperresponsive-

ness is the main determinant of EAR and the degree of

allergic sensitivity does not contribute to its prediction [29].

There is considerable debate as to what predicts the

development of LAR [21,30±32]. Severity of asthma,

degree of sensitivity to allergen (skin test, RAST and

PD20 allergen), intensity of EAR and degree of non-speci®c

bronchial reactivity have all been proposed. Machado and

Stalenheim suggested that the occurrence of LAR depends

on the dose of allergen administered [31]. They rechal-

lenged nine patients with an isolated immediate response on

a previous challenge with a higher dose of allergen, and

demonstrated a late reaction in all. The development of

LAR after allergen inhalation may be predicted by allergen-

speci®c responsiveness of peripheral T lymphocytes in vitro

[21].

The allergen challenge induces a state of airway hyper-

responsiveness and in¯ammation not dissimilar to an asth-

matic airway [32]. Allergen challenge, in the form of LAR,

induces reversible bronchoconstriction, airway in¯amma-

tion and bronchial hyperresponsiveness Ð three important

characteristics of asthma. However, its relevance to clinical

asthma has been questioned [33]. The doses required to

produce an early and late asthmatic response are not often

encountered in daily life. Chronic allergic asthma can

indeed be simulated to a mild but continuous form of

isolated LAR (without preceding EAR), induced by natural

exposure to low doses of allergens. Ihre et al. [34] suggested

that low dose allergen challenge tends to produce an isolated

late reaction supporting this hypothesis. Repeated exposure

to allergen during the grass pollen season induces bronchial

hyperresponsiveness and an in¯ammatory response

involving T cells, mast cells and eosinophils [35].

Low doses of house dust mite allergen, equivalent to

estimated natural exposure, inhaled in experimental condi-

tions over a period of 4 weeks, increased bronchial respon-

siveness and reduced pulmonary function in mild asthmatics

[36]. Isolated LAR and increased bronchial responsiveness

was reported after repeated exposure to low doses of

allergen over a period of 5±7 days [37]. An increase in

bronchial reactivity, in the absence of clinical symptoms or

signs of activation of in¯ammatory cells in peripheral blood,

following repeated low dose allergen exposure over a week,

was reported by Roquet et al. [38]. More research is needed

to standardize the low dose repeated allergen challenge

procedure and prove its usefulness in preference to

traditional methods.

In summary, bronchial allergen challenge is a measure of

airway responsiveness and reactivity to allergen, and in

addition, proves target organ sensitivity. The development

of early and late asthmatic responses depends on the

severity of asthma, the degree of allergen sensitization and

the dose of allergen. All methods give reliable and compar-

able data as long as standardized procedures are employed.

The use of a dosimeter is preferred as it allows accurate

estimation of the dose of allergen. The use of bolus allergen

challenge for repeated tests on the same subject seems to be

an acceptable procedure. The jury is still out as to the

usefulness of low dose repeated allergen exposure method

of bronchial provocation.
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