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ABSTRACT:  Occupational asthma is characterized by variable airflow obstruction
occurring in the workplace.  The presence of airways inflammation and hyperreac-
tivity provides further evidence for the disease.  Since its pathogenic mechanism(s)
are unknown, animal models have been developed to investigate the various disease
processes, as well as to enable study of environmental and genetic factors which
may contribute to disease development.

Numerous parameters can be measured in animal systems, including specific and
total immunoglobulin E (IgE),  pulmonary eosinophilia,  diaphragm contractions
and airflow muscle hypertrophy.  It is recognized that no single factor is sufficient
to lead to a conclusion of occupational asthma, but rather that a selected combination
of parameters is most fitting.  Animal species selected for study have included: mice,
rats, guinea-pigs, rabbits, sheep, horses and nonhuman primates.  A guinea-pig
system has been utilized for more than 90 yrs and has contributed to the basic
understanding of physiological and immunological processes involved in allergic
respiratory sensitization.  The benefits as well as the disadvantages to be derived
from each of the animal systems have been enumerated in this review.

Certain caveats must be recognized in using animal systems.  Attention must
always be given to identifying differences which exist between animal and human
systems, including morphological, physiological and immunological factors.  The
extent of bronchus-associated lymphoid tissue (BALT) differs greatly among animal
species and probably plays a major role in development of allergic responsiveness
in animals.  In using animal systems, it must be appreciated that animals are only
surrogates.  Results from such studies must be compared with information obtained
from clinical evaluation in order to avoid faulty extrapolations.  Prudent employ-
ment of animal models is expected to advance the recognition, treatment and
prevention of occupationally-based asthma.
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Asthma is a chronic disease characterized by acute
exacerbations of coughing, dyspnoea, wheezing and chest
tightness.  Patients usually have reduced forced expiratory
volume in one second (FEV1) as well as reduced airflow.
Other features characteristic of asthma but not unique to
the disease are airway inflammation and bronchial hyper-
responsiveness.  Evidence of reversible airways obstruc-
tion confirms the diagnosis.  Occupational asthma is
diagnosed by first establishing the diagnosis of asthma,
and then establishing that the asthma is due to occupational
exposure.

Heightened airways responsiveness to a wide variety
of pharmacological and physical agents is characteristic
of asthma.  The degree of airway responsiveness usually
correlates with the severity of the disease [1].  Because
of this association, measurement of airway responsive-
ness should be given extra attention in development of
animal models for the chronic disease, asthma.

The pathogenic mechanisms of occupational asthma
remain unclear, as does the role of environmental and
genetic factors in the disease process. Based on the
relationship between airway hyperreactivity and serum

immunoglobulin E (IgE) [2, 3], it has been suggested
that all asthma has an atopic component, where atopy is
defined as the presence of elevated IgE. Where atopy is
defined by skin tests, two-thirds of patients with asthma
are atopic [4].

Asthma appears to be under the influence of both gene-
tic and environmental factors.  A plan depicting the
possible role of these factors is presented in figure 1 [5].
Familial studies have provided evidence for a genetic
component in development of allergy.  Inheritance of
atopy appears to be dominant and associated with a speci-
fic gene on the short arm of chromosome 11 [6].  Linkage
is expressed predominantly through the mother; genes
derived from the father appear not to be expressed.

Environmental exposure to the offending allergen is
necessary for the expression of genes to the allergen.
Importantly, the level of allergen exposure governs the
expression of the gene(s) [5].

Sensitization appears to be favoured when allergen is
presented in the presence of irritants, such as pollutants,
or with upper respiratory viral infections [7].  The mec-
hanism of this environmentally contributed adjuvant
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activity is unclear, but has been hypothesized to occur
through inflammation and enhanced penetration of allergen
through mucosal barriers [7].

Characteristics of occupational asthma

Although occupational asthma is currently the most
prevalent occupational lung disease [8], its pathogenesis
remains unclear.  To develop animal models with which
to gain increased understanding of the disease process,
it is essential to start with a clear definition of the disease
and its clinical manifestations.  Occupational asthma is
frequently defined as variable airflow obstruction caused
by a specific agent in the workplace [8].  The definition
has been modified by some to require a latent period
between onset of workplace exposure to the substance
and occurrence of the disease.  Furthermore, the exis-
tence of bronchial hyperresponsiveness or eosinophilia
has been added to the definition to distinguish it from
other conditions, such as byssinosis, where there is only
reversible airflow obstruction.

A listing of clinical findings in occupational asthma is
given in table 1.  Severity of asthma is based on the
frequency and intensity of symptoms. The mildest grade
is characterized by acute attacks upon allergen exposure,
and with symptoms reversed by β-adrenergic agonists
[9].  Lung function is normal between acute attacks.
More severe grades of asthma are characterized by: a
sustained increase in airway resistance (the late-phase
response); impaired basal lung function; and heightened
airways responsiveness to nonspecific irritants (hyperreac-
tivity).  Cellular inflammation is common and comprised
of increased numbers of mast cells and eosinophils in
the bronchial mucosa [10].  The inflammation is believed
to contribute both to the late-phase response and to the
heightened airway reactivity.

Regarding the mechanisms underlying occupational
asthma, convincing evidence has been presented for humo-
ral immunological aetiology of the early-onset response.
This response is believed to result from mediators released

by activated granulated cells, such as mast cells [5].  The
rapid response is reversed by β2-agonists, and probably
results from contraction of airway smooth muscle, which
has receptors for the released mediators.  The cross-
linking of mast cell-bound IgE is followed by release of
tumour necrosis factor-α (TNF-α) and interleukin-4 (IL-
4).  This suggests involvement of T-cells in an early
stage of response.

The association of atopy and IgE with most cases of
childhood and young adult asthma is accepted. On the
other hand, the lack of association of either atopy or IgE
with occupational asthma to low molecular weight (LMW)
allergens suggests consideration be given to differences
in basic mechanisms of occupational asthma to high
versus low molecular weight agents.

The late-phase response is characterized by inflamma-
tion.  When associated with occupational asthma, the
inflammation consists of infiltration of airway walls with
eosinophils, neutrophils, plasma cells and lymphocytes
[10].  The airways appear free of fibrosis.  Histological
evaluation provides evidence of a subacute process rather
than of a chronic disease.  Small biopsy specimens from
patients with allergic asthma have indicated mast cells
and eosinophils as the predominant cell types.  Mast cells
are increased in the bronchial epithelium, and there is
evidence of mast cell degranulation.  Eosinophils are
thought to be the major leucocyte effector cell and appear
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Table 1.  –  Clinical findings in occupational asthma

Coughing, wheezing, dyspnoea
Chest tightness
Airflow disturbance occurring either immediately following, or
hours after, exposure to allergen
Impaired basal lung function (in severe cases)
Bronchial hyperreactivity to pharmacological agents
Eosinophilic airway inflammation
Increased mast cells in the bronchial mucosa
Activated T-cells in the bronchial mucosa
Elevation of serum IgE, both antigen-specific and total

IgE: immunoglobulin E.

Fig. 1.  –  Plan depicting potential influence of genetic and environmental factors on development of asthma.  From [5], with permission.
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degranulated in electron micrographs [11].  The infla-
mmatory response is believed to develop as a result of
eosinophil-derived protein, together with reactive oxy-
gen radicals, damaging the bronchial tissue.

T-cells appear to have a major role in the inflammation.
Many of the elements of the late-phase response, including
the eosinophilia, mast cell activation and IgE production
appear to be regulated by T-lymphocytes.  Atopic asthmatics
have been found to possess activated T-cells in their
airways [12].  T-cells in bronchoalveolar lavage (BAL)
fluid have increased expression of surface CD25 (IL-2R)
and human leucocyte antigen (HLA)-DR.  In addition,
they express messenger ribonucleic acid (mRNA) for
cytokines known to play a part in recruitment and activa-
tion of mast cells and eosinophils (i.e. IL-3, IL-4, IL-5
and granulocyte/macrophage colony-stimulating factor
(GM-CSF)).  They probably regulate inflammation thro-
ugh their production of cytokines, including IL-4 and IL-5.

Additional evidence of T-cell regulation of the infla-
mmatory response has been obtained from animal studies.
Antigen-induced eosinophil recruitment into the tissue
of sensitized mice was shown to be mediated by CD4+
T-cells and IL-5 [13].  Administration of interferon-γ
(IFN-γ) prevented the antigen-induced infiltration of
eosinophils into the lung of sensitized mice and decreased
the antigen-induced CD4+ T-cell infiltration into the
trachea.  These results suggest a role for IFN-γ in modulation
of the late-phase response, and specifically in reduction
of eosinophilic inflammation.

Mast cells are also believed to have a central role in
the inflammatory process.  Mediators released from this
cell type can cause bronchial smooth muscle contraction,
and induce migration of neutrophils and eosinophils to
the site of degranulation.

Rationale for development of animal models

Animal models are typically developed for either re-
search and/or testing purposes.  They are necessary to
permit prediction of the sensitization capability of new
chemicals before the latter reach large scale production.
For occupational asthma, animal models are particularly
needed because of our current incomplete understanding
of the mechanisms of chemical sensitization.

Animal models have been able to reproduce both the
acute airway spastic response associated with occupational
asthma, as well as the late-onset inflammatory reactions.
Many have also demonstrated hyperreactive airways (table
2).  Animal models can be particularly effective in eluci-
dating factors associated with development of airway
sensitivity and expression of responses.  Animal experi-
mentation has enabled identification of the importance
of antigen dose (or extent of antigen exposure) to the
processes of sensitization and elicitation of responses [14,
15].

Animal models are ideally suited to investigation of
the role of environmental factors and of genetic predispos-
ition in development of asthma.  Genetic transmission
has been suggested for allergen skin test reactivity, levels
of total serum IgE, pulmonary function measurements
and asthma [16].

Parameters which define occupational asthma

In developing an animal model, it is essential to establish
a set of criteria by which the validity of the animal model
can be judged.  The clinical findings which have been
associated with occupational asthma are listed in table
1.  Various combinations of these symptoms might be
expected in individual cases, with variation dependent
upon factors, such as the nature of the actual allergen,
the occupational setting, the length of exposure, etc.

Animal models of occupational asthma could be expected
to simulate some of these clinical observations.  For
example, airflow disturbance, impaired lung function,
airway hyperreactivity, bronchial eosinophilia, and other
physiological and pathological features could be deter-
mined in animal species.  However, some of the more
subjective findings could not be simulated, such as chest
tightness, dyspnoea, and perhaps cough.

Parameters appropriate for the study of occupational
asthma in animal species are suggested in table 2.  Whilst
it is apparent that numerous factors could be measured
in animals, it is also clear that in isolation, none of the
items would be sufficient to reach the conclusion of occu-
pational asthma.  Rather, a selected combination of factors
would appear to be more appropriate.  Furthermore, selec-
tion of the particular combination of parameters should
be based on the purpose of the investigation.  For example,
if the objective were to determine the involvement of
particular cytokines in the late-phase response, appro-
priate parameters to establish in the model would probably
include: pulmonary eosinophilia, airway hyperresponsive-
ness, altered airflow, etc. IgE level, cyanosis, and
spasmogen release would not be helpful.  Thought must
be directed toward selection of the appropriate animal
species and the parameters to be assessed.

Caveats in use of animal models

With all the benefits to be derived from the development
and use of animal models for study of occupational
asthma, there exist caveats. Attention must always be

ANIMAL MODELS OF OCCUPATIONAL ASTHMA 557

Table 2.  –  Parameters appropriate for study of asthma
in animal models

Airway hyperresponsiveness
Elevated IgE, or other anaphylactic antibody class
Pulmonary eosinophilia
Mast cell, and/or eosinophil derived products in the bronchial
mucosa or bronchoalveolar lavage
Diaphragmatic contractions
Cyanosis
Lung resistance
Microvascular leakage of protein
Fever
Elevated ratio of interleukin-4: interferon-γ
Increased airway resistance
Decreased dynamic compliance
Abnormal airflow
Airway mucus
Airway smooth muscle hypertrophy

IgE: immunoglobulin E.



given to identifying differences between animal and
human systems.  Anatomical, physiological and biochemical
differences exist between all species.  Characteristics,
such as airway morphometry, breathing patterns, innervation
of respiratory tract tissue, and circulation to the lung, are
critical to sensitization and to asthma.  These factors,
along with immunological components, must be considered
in evaluation of an animal model.

Bronchus-associated lymphoid tissue (BALT). The
occurrence and function of BALT differs among animal
species.  Indeed, BALT may not be present in all species
[17].  BALT is organized lymphoid tissue, covered by a
flattened lymphoepithelium, located within the bron-
chial submucosa.  It is morphologically similar to gut-
associated lymphoid tissue (GALT).  BALT contains no
goblet cells and is heavily infiltrated.

Humans, nonhuman primates and dogs have little BALT
[18].  When described in humans, the tissues which had
been examined were diseased, for example neoplastic
lung, or inflammatory disease [18].  In humans, it has
been described as "diffuse collections of subepithelial
lymphoid tissue in the bronchi, with limited amounts in
the small bronchi and bronchioles" [18].

Differences have been identified in the response of
BALT from various species to lung immunization [18].
The relative presence or absence of BALT may influence
antigen handling and processing.  BALT represents a
major factor to consider in selection of a particular animal
model for elucidating factors related to asthma.

High versus low molecular weight allergens.  Numerous
animal models of pulmonary hypersensitivity have been
developed and recently evaluated [19].  Considerable
differences exist among models in the following aspects:
the animal species utilized; the route of antigen admini-
stration; protocol for both induction and elicitation of
responses; type of response measured; and criteria for
conclusion of "significant" reactions.

It should be emphasized that most models of asthma,
and specifically occupational asthma, were developed
using high molecular weight (HMW) allergens, notably
proteins, and particularly ovalbumin.  Few attempts have
been made to adapt these models to low molecular weight
(LMW) allergens.  A notable exception is the guinea-
pig model of toluene diisocyanate (TDI) asthma [20].

Animal models

Many species have been utilized in the development
of animal models of asthma, including mice, rats, guinea-
pigs, hamsters, dogs, sheep, horses and monkeys.  Each
possess certain advantages and disadvantages as a model
of asthma.

Murine models

A murine model for asthma presents numerous advan-
tages when compared with use of other animal species.
A comparison of species' characteristics is given in table

3.  Adult mice weigh approximately 20–25 g.  Being
small, they are easy to handle and relatively inexpensive.
IgE is the major anaphylactic antibody in the mouse,
making this species appropriate for investigation of the
role of humoral immune factors in development of as-
thma.  A mouse model offers the opportunity to explore
mechanisms of allergic reactions because of the exis-
tence of numerous immunological reagents specific for
murine cytokines, growth factors and cell surface receptors.
The many inbred murine strains permit purification and
transfer of materials from sensitized to naive animals for
assessment of functional ability of specific factors and
cells.  For these reasons, it is expected that major advan-
ces in the molecular biology of sensitization will probably
arise from murine studies.  On the other hand, because
of considerable physiological dissimilarities with pri-
mates, the ability to extrapolate the murine findings to
humans will be difficult.

There are disadvantages to selection of a murine system
for study of asthma.  Foremost, is the recognition that
the vasculature, rather than the lung, is the primary target
of anaphylactic response.  This disadvantage of the mouse,
together with its poorly developed airway musculature,
suggests that developing a physiological model of pulmon-
ary responsiveness would be inappropriate in the mouse.

Murine models have provided fundamental information
regarding certain features of asthma.  Identification of
particular lymphocyte subpopulations associated with
asthma has been obtained using mice.  Lymphocytes in
the bronchoalveolar lavage of mice were investigated
using flow cytometry [21].  T-helper (Th) cells predominated
both over T-suppressor cells and B-cells.  However, the
increase noted was not proportional to the changes in the
lung function of animals.

Involvement of T-lymphocytes in airway hyperreactivity
was concluded from studies in mice.  Trachea isolated
from antigen-challenged athymic mice did not demon-
strate increased response to carbachol compared with
those from nonsensitized mice [22].  However, trans-
fusion of naive mice with lymphoid cells from immunized
donors restored the in vitro airway hyperreactivity.  In
vivo airway hyperreactivity following transfer of spleen
and lymph node cells from immunized donor mice was
also shown.

A murine model of airway hypersensitivity has been
described [23], in which measurement of IgE is used as
the determinant factor.  The model is based on the premise
that all chemical allergens have the ability to cause dermal
sensitization, but only a subset of these chemicals has
the ability to additionally cause airway hypersensitivity.
The model assesses the potential to cause airway hyper-
sensitivity by noting which T-helper cell subset is stimu-
lated following exposure to the test allergen.  In BALB/c
mice, IL-4 exerts a dominant influence on the early,
antigen-stimulated response of CD4+ T-cells [24].  The
result of antigen-stimulated differentiation of Th populations
to Th2 rather than Th1 cells is the production of high
levels of IgE.

The hypothesis underlying use of this methodology is
that respiratory allergy is an immediate type response,
whereas contact hypersensitivity is a delayed type response
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[25].  Justification for this conclusion is based on the re-
cognition that IgE antibodies have been identified to all
respiratory allergens, although they may have been detected
in only a minor fraction of symptomatic individuals.

The model involves topical application of a range of
concentrations of test chemicals to BALB/e mice.  Draining
lymph nodes are subsequently isolated and evaluated for

activation (proliferative response).  Serum is collected
for antibody and immunoglobulin analyses.  It is recog-
nized that, in this model, both respiratory and dermal
sensitizers produce IgG responses.  However, the two
classes of allergens are said to be distinguished due to
the higher production of total IgE by respiratory, as
compared with dermal sensitizers.
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Table 3.  –  Advantages and disadvantages of various animal models of asthma

Advantages Disadvantages

Mouse
Small, inexpensive animal Vasculature is anaphylactic target
Numerous inbred strains Poorly developed airway smooth muscle
Availability of species-specific reagents Responds poorly to histamine
IgE is major class of anaphylactic antibody
Demonstrates AHR to carbachol

Rat
Small, inexpensive animal Injection of antigen required for sensitization
IgE is major class of anaphylactic antibody Adjuvants (alum, Bordetella pertussis) required for sensitization
Demonstrates EAR and LAR
Demonstrates AHR lasting for days Responds poorly to histamine
Responds to methacholine Tracheal smooth muscle responds poorly to peptide-leukotrienes
Responds to cromolyn

Guinea-pig
Small, docile animal Few inbred strains exist
Relatively inexpensive Few species-specific reagents
Sensitization possible via inhalation rout IgG1 is the major class of anaphylactic antibody
Lung is major shock organ Not sensitive to cromolyn
Airways respond to histamine
Demonstrates EAR and LAR
Neutrophil influx to lung following LAR
Eosinophilic inflammation during LAR
AHR following airway hypersensitivity response
Tracheal smooth muscle responds to histamine

Rabbit
Lung is anaphylactic target organ Neonatal immunization required for LAR
IgE is major class of anaphylactic antibody
Demonstrates EAR, LAR

Dog
IgE is major class of anaphylactic antibody Individual variability in responsiveness to A. suum
Natively sensitized to Ascaris LAR not demonstrated
Demonstrates AHR

Basenji greyhound dog
Persistent AHR AHR not associated with clinical disease
Very responsive to methacholine

Pony
Native sensitization to "barn" environment Large animal, costly
Develops AHR (only during clinical disease)
Recurrent exacerbations of clinical disease

Sheep
Natively sensitive to A. suum Large animal, costly
Demonstrates EAR and LAR
Demonstrates AHR to carbachol

Nonhuman primate
Consistent response to antigen Costly species
Natively sensitized (A. suum)
Allergic responsiveness persists for years
IgE is major class of anaphylactic antibody

AHR: airway hyperresponsiveness; EAR: early airway response; LAR: late airway response; IgE: immunoglobulin E.



Use of the BALB/c strain is required in this model.
Apparently, BALB/c mice differ from most other inbred
mouse strains in the relative amounts of the two cytokines,
IL-4 and interferon-γ, produced upon antigen exposure.
The same stimulus applied to a C3H/HeN strain results
in a predominant Th1 response, with heightened release
of interferon-γ rather than of IL-4.  The response to the
same chemical in the C3H mouse would be a delayed
hypersensitivity type response, whereas in the BALB/c
strain, the result would be a strong humoral response.
This model provides an example of the differences in imm-
une function which may exist among strains of a species.

Guinea-pig models

The guinea-pig has been used as an animal model of
pulmonary hypersensitivity for more than 90 yrs [26].
As indicated in table 3, it has demonstrated both early-
and late-phase airway constrictive responses, hyperreac-
tivity towards cholinergic agonists, and production of
hypersensitivity antibodies, including IgG1 and IgE [15].
Moreover, through passive transfer of purified immuno-
globulins, the guinea-pig has established the role of
hypersensitivity antibody in initiation of early-onset
hypersensitivity, reactions and eosinophilic airway infla-
mmation [27].  An evaluation was made [28] of the
appropriateness of guinea-pig models of sensitization for
quantitative prediction of hazard to man and, therefore,
of risk assessment.

The benefits and disadvantages of the use of a guinea-
pig model are listed in table 3.  The major benefit is the

lung as the target organ of a hypersensitivity response.
Further, both immediate- and late-onset pulmonary res-
ponses have been readily produced in this species, thus
allowing mechanistic investigation of each reaction, as
well as of the relationship between the two responses.
The occurrence of pulmonary inflammation consistent
with asthma, and composed of both eosinophilic and
neutrophilic monocytes, following a hypersensitivity
response, allows investigation of the role of inflamma-
tion in various physiological responses including airway
hyperreactivity.  Guinea-pigs are small, docile animals
and relatively inexpensive.

There are considerable disadvantages to the use of the
guinea-pig as an animal model.  The sparsity of inbred
strains (Strains #2 and #13 are available) prevents mean-
ingful investigation of the genetic influence on suscep-
tibility to sensitization and development of asthma.  In
addition, few species-specific reagents exist, making it
difficult to identify and isolate particular cell types, such
as lymphocyte subsets.  Another major disadvantage of
the guinea-pig is the predominance of IgG1 rather than
IgE, as the major class of anaphylactic antibody.  This
presents difficulty in studies of mechanisms of humoral
responses to allergens.

A guinea-pig model has been developed for assessment
of allergenicity of occupational agents [15, 19, 29–31],
and has received rigorous review [32].  The model assesses
a chemical's ability to cause airway hypersensitivity via
a "relevant" route of exposure.  A diagram of the model
is shown in figure 2.  The model utilizes inhalation as the
route of exposure to the allergen, for both the sensitization
and the elicitation phases of the response.  Pulmonary
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Fig. 2.  –  Schematic diagram of the system used for sensitization, provocation challenge, and monitoring responses of a guinea-pig to an airborne
allergen.  From [33], with permission.  PTFE: polytetrafluoroethylene.
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function is measured using plethysmography.  The latter
procedure avoids the need for both anaesthesia and physical
restraint of animals.  It allows observation of the breath-
ing pattern of animals, which is used to detect airway
constriction, the major parameter employed to indicate
sensitization.  A further benefit from use of whole body
plethysmography is the ability to monitor breathing patterns
continuously over a period of 24 h.  Because airflow
obstruction in patients may occur hours after cessation
of exposure, the continuous monitoring of breathing
pattern is an essential feature of the guinea-pig model to
identify late-onset responses [34].  This feature has been
consistently detected in populations of sensitized guinea-
pigs [35].

For HMW protein allergens, the sensitization protocol
involves inhalation of aerosols of the protein for 10 min
a day on each of five consecutive days. Since the objective
of the studies has usually been assessment of the aller-
genic potential of the protein, neither adjuvants nor
parenteral administration of the material is used.  These
procedures are unnecessary in guinea-pigs and may
influence the nature and severity of the resulting response.

Assessment of hypersensitivity is made three weeks
following the initial day of exposure.  Animals are again
placed in the 2 l whole body plethysmographs and re-
exposed to the protein aerosol.  During the challenge
exposure and for 20 h thereafter, the breathing pattern
of the animal is recorded.  The occurrence of early- and
late-phase reactions is detected by changes in breathing
frequency and evidence of airway constriction.  An
example of the early-onset reaction is displayed in figure
3 [36].  In this example, the frequency of respiration is
seen to increase within 1.5 min of exposure of the sensitized
animal to ovalbumin.  Shortly thereafter, the frequency
decreases and airflow obstruction can be detected.  The
latter is indicated by the pattern (fig. 3) of a prolonged
exhalation phase of the breath.

The severe early-onset bronchoconstrictive responses
of guinea-pigs provide both advantages and disadvan-
tages to the guinea-pig model.  The advantage is the
existence of a sensitive end-point for assessment of aller-
genic potency of agents, and for testing of efficacy of
anti-spasmatic drugs.  The disadvantage is the frequent
lethality of the airway constrictive reactions.  To avoid
the latter, and allow detection of possible late-phase
reactions, two procedures have been employed. Firstly,

antihistamine drugs, such as mepyramine have been ad-
ministered to animals approximately 30 min prior to the
inhalation challenge with antigen [35].  This procedure
lessened the airway constrictive response and did not
appear to affect the increase in breathing frequency.  A
second method was developed [31], which utilized a
"stepped dose" provocation challenge.  Animals were
exposed to gradually increasing concentrations of antigen
for set periods of time, until reactions were observed.
The method was very effective in eliciting reactions and
preventing severe airway constrictive responses.  It had
the additional advantage that pharmacological interven-
tion was not necessary to prevent lethality.

Demonstration of late-phase reactions gains importance
in an animal model of asthma, since it bears clinical
relationship to asthma.  However, it is frequently difficult
to identify late-phase reactions because of their character-
istic gradual onset and recovery.  In models of asthma
associated with low molecular weight chemicals, detection
of these responses is particularly important since this is
the most prevalent type of response to LMW chemicals
[6].  The guinea-pig model depicted in figure 2 has been
able to demonstrate late-onset reactions.  An example of
such is provided in figure 4.  The upper pattern represents
the breathing frequency of a sensitized guinea-pig prior
to, and for 17.5 h following, inhalation provocation
challenge with ovalbumin.  The animal is seen to have
an early-phase reaction, which occurred during the period
of challenge.  The respiratory rate increased from a pre-
challenge baseline of 75 breaths·min-1 (bpm) to a maximum
of 185 bpm (a 146% increase).  A late-phase reaction is
also apparent, with onset at approximately 6 h and
continuing for approximately 1.5 h.  The temporal nature
of this dual reaction is similar to that noted clinically.

Occasionally, its characteristic gradual onset makes the
late-phase response difficult to identify.  To assist in its
recognition, assessment of additional parameters is
made.  Since late-onset reactions are believed to represent
a mild inflammatory response in the lung, the animal
model incorporates monitoring of febrile reactions.
Temperature-sensitive radio transmitters are implanted
into the peritoneal cavity of animals prior to the start of
the sensitization process.  Radio signals are detected by
receiver boards placed beneath each plethysmograph (fig.
2).  As seen in figure 4, the febrile response has been
found to accompany the late-phase reaction [35].  Its
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Fig. 3.  –  Breathing pattern of a sensitized guinea-pig an early-onset reaction to the inhaled protein allergen, ovalbumin.  Within 1.5 min
of inhalation, the respirations were faster, and more shallow.  Maximum response was noted at 3 min and consisted of deep breathing with
prolongation of the expiratory phase of the cycle.  Recovery was incomplete by 9 min (immediately post-exposure).  From [36], with permission.



occurrence can, therefore, provide confirmation of the
latter response.

Airway hyperreactivity, a cardinal feature of clinical
asthma, is also measured in the animal system (table 4).
The degree of hyperreactivity is assessed by increased
pulmonary responsiveness of animals to inhaled hista-
mine [36].

A serological response is additionally assessed in the
guinea-pig model. Blood is taken from animals prior to
sensitization, and again just prior to inhalation challenge.

The serum is evaluated for specific antibody, typically
using enzyme-linked immunosorbent assay (ELISA).  For
detection of antibody to low molecular weight (haptenic)
allergens, protein conjugates of the hapten are used in
ELISA.  These conjugates have been prepared by reaction
of the hapten with serum albumin, attempting to achieve
covalent binding of 20–30 moles hapten per mole protein.

The model has been validated in two ways.  The model
has been established in numerous laboratories and, in
each, responses of animals to a standard respiratory sen-
sitizer, TDI, have been similar.  This confirms the robust-
ness of the model. Secondly, the model has accurately
distinguished pulmonary sensitizers from nonpulmonary
sensitizers.  For example, inhalation exposure of ani-
mals to TDI and diphenylmethane diisocyanate (MDI)
resulted in pulmonary sensitization, whereas similar
exposure to formaldehyde and hydrogenated MDI, two
recognized contact sensitizers, resulted in dermal sensiti-
vity of guinea-pigs.  Validation achieved with the animal
model engenders confidence that future mechanistic stu-
dies will yield information applicable to human disease.

Several variations of the model have been described
[30, 32] in attempts to either simplify the induction process
(i.e. avoid the need to generate and monitor chemical
atmospheres) or the elicitation phase (by monitoring EAR
exclusively).  Alternatives to inhalation models are desirable
when there is difficulty generating stable atmospheres of
reactive chemical allergens.  Such is the case for certain
isocyanates, such as MDI.  Injection models have been
used in these circumstances [30, 32].  In these procedures,
primary exposure to the chemical is by injection, admini-
stered intradermally or intraperitoneally (i.p.).  Thereafter,
serological evaluation may be performed to assess ana-
phylactic antibody as a parameter of response.  Respira-
tory sensitivity, if assessed, utilizes a protein conjugate
of the reactive chemical hapten, which is administered
by intratracheal or inhalation exposure of the guinea-pig
[28].
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Fig. 4.  –  Respiratory and febrile responses of a sensitized guinea-pig
upon inhalation provocation challenge with allergen.  A dual respiratory
response was noted as seen in the upper figure.  A febrile response
occurred at 7 h and coincided with the late-phase respiratory reaction.

Table 4.  –  The guinea-pig model* of respiratory hypersensitivity

Feature Benefit

Animals are nonsedated Avoids effects of anaesthetics on breathing control and patterns
Animals are nonrestrained Allows measurement of unaltered breathing pattern for at least 24 h
Inhalation route for sensitization Utilizes natural exposure route, permits access of allergen to appropriate APC
Inhalation route for challenge Direct assessment of chemical's ability to cause response in respiratory tract
Monitor development of EAR and LAR Since mechanism of LAR unknown, allows detection of both types of

response, continuous monitoring of respiratory pattern allows recognition
of irritant effect of chemical exposure

Detects hyperreactive airways (AHR) AHR associated with LAR and is a cardinal feature of asthma
Continuous passive monitoring for mild Fever has been associated with inflammation and LAR, passive procedure

febrile reactions does not affect measurements of breathing pattern
Assessment of specific and nonspecific Determine effects of chemical exposure on the humoral immune system

antibody formation
Assessment of dermal sensitivity Determine effects on humoral and cellular elements of immune system,

compare potency of chemical toward skin vs respiratory system
Histological evaluation of pulmonary tissue Assessment of chemical damage to lungs resulting from sensitization or

challenge exposures, composition of inflammatory cells and cytokine
response essential to mechanistic interpretation of response

*: the model is described in [19, 33, 35].  AHR: airway hyperreactivity; APC: antigen-presenting cell; EAR: early-onset airway
response; LAR: late-onset airway response.



Mechanistic studies.  The mechanism underlying the late-
phase reaction has been investigated in the guinea-pig.
The ovalbumin-sensitized guinea-pig model was selected,
since it has been shown to demonstrate both early- and
late-phase asthmatic reactions, as well as airway eosino-
philia, and bronchial hyperreactivity.  Studies were
undertaken to assess factors responsible for development
of airway eosinophilia [37, 38].  Dunkin-Hartley guinea-
pigs were sensitized by i.p. injection of ovalbumin.  Three
days before commencing inhalation challenge, animals
were administered anti-IL-5 antibodies, using encapsulated
hybridoma cells, which produced rat monoclonal antibod-
ies to murine IL-5.  One week later, guinea-pigs received
a second injection of hybridoma cells.  Beginning 14
days later, they were challenged daily for 1–3 min with
OA aerosol, or until signs of respiratory distress.  Results
indicated a role for IL-5 in allergic bronchial eosino-
philia.  The BAL eosinophilia produced as a result of
the OA inhalation challenges was greatly reduced in
animals that had received the anti-IL-5 antibody.  By
contrast, the neutrophilia was not reduced.

The role of eosinophils in airway hyperreactivity was
assessed using the guinea-pig model [39].  OA-sensitized
animals developed airway hyperreactivity as a result of
daily challenge with OA aerosol on eight consecutive
days.  Airway hyperreactivity was assessed as in vitro
tracheal ring contractions.  A role for IL-5 in airway
hyperreactivity was suggested by the finding that the
anti-IL-5 antibody completely inhibited the tracheal
reactivity of the OA challenged animals [39].

Confirmatory evidence was obtained from experiments
in which animals were treated with IL-5.  Increased tra-
cheal reactivity was noted.  Hyperreactivity was apparent
prior to histological visualization of eosinophilia.  It was
concluded that IL-5 had considerable significance in the
hyperreactivity, but the role of eosinophils in the hyper-
reactivity was uncertain.  Neutrophils did not appear to
be of importance in hyperreactivity, since the neutrophil
increase was not affected by anti-IL-5 treatment.

The strong bronchoconstrictive response noted in guinea-
pigs makes it an excellent model with which to study
the late-phase response and bronchial hyperreactivity.
The early- and late-phase reactions, together with the eo-
sinophilia (increased proportion of hypodense eosino-
phils, as in human asthmatics) and hyperreactive airways,
makes it a relevant model.

Rats

The rat represents a third small rodent species, which
has received considerable attention for use in development
of a model of asthma.  Benefits from use of a rat model
are summarized in table 3.  The production of IgE as the
major anaphylactic antibody enables studies on the site
of synthesis of allergen-specific antibody, as well as on
the role of antibody in the physiological and cytological
responses to allergen.  Both the early- and late-phase
reactions have been produced in strains of rats; however,
sensitization typically requires injection of the allergen
[40, 41], rather than its administration via the inhalation
route as is used with guinea-pigs.  In addition, allergic

sensitization requires use of adjuvants, specifically, alum
and Bordetella pertussis [40–42].  This can be a conside-
rable disadvantage in the study of allergic potencies of
chemicals, and for study of mechanisms of sensitiza-
tion. Another benefit from use of a rat model is the
ability to produce long lasting (several days) airway
hyperreactivity.  The species responds well to methacho-
line, but poorly to histamine and peptide-leukotrienes.

A model of allergic bronchoconstriction has been
described using the Donryu rat [40].  The model employs
i.p. injection with antigen (ovalbumin), together with kill-
ed B. pertussis.  Two to three weeks later, animals are
anaesthetized and challenged by injection of antigen into
the jugular vein.  Response parameters include airway
resistance and IgE titre.  Wistar, Lewis, DA, and Donryu
rats were tested.  The Donryu strain demonstrated increased
airway resistance of 70–90%, compared with 20–40%
for the other strains.  The airway resistance shown by
the Donryu strain was "biphasic", with both responses
occurring within 6 min.  The first phase began approximately
1 min following challenge, and the second 1.5–6 min
after challenge.  There was minimum recovery between
responses.

The severity of the bronchoconstriction was dependent
upon the antigen dose, and correlated with the titre of
specific IgE antibody in the serum [40].  Bronchocon-
striction was rarely provoked if the IgE titre, assessed
using passive cutaneous anaphylaxis assay, was lower
than 16.  The airway resistance response was inhibited
by aminophylline and cromolyn sodium and was thought
to be caused by serotonin release from mast cells or
basophils.

Early and late airway responses (EAR and LAR) have
also been observed in the Brown-Norway rat [41, 42].
The early response occurred within 5 min of challenge
exposure; the late-onset response between 120–600 min
after challenge.  Compared with the Donryu strain, onset
of the late response in this model more closely parallels
the human response.  In the study by EIDELMAN et al.
[42], 7 of the 10 animals which gave the early response
also had a late response.  There was no difference in the
magnitude of the EAR between the group with LAR and
the group without LAR.  The development of LAR was
not associated with changes in airway responsiveness to
methacholine (assessed one week after challenge).  In
this study, the one week delay was necessary to allow
adequate recovery from prolonged anaesthesia and intu-
bation.  However, it is recognized that the responsiveness
may have been missed because of the delay.

BELLOFIORE and MARTIN [41] succeeded in sensitizing
70% of rats as assessed by increase in pulmonary resis-
tance (RL) of 70–450% (averaging 264%).  Sensitization
did not result in increased airway responsiveness as
assessed by inhalation of doubling doses of methacholine
followed by measurement of RL.  However, after about
three antigen challenges (repeated at 5 day intervals) rats
were more responsive to methacholine, and remained so
for approximately 7 days.  Nonresponders to antigen did
not show airway hyperreactivity.  Moreover, the increa-
sed cholinergic responsiveness occurred only in animals
that developed EAR.
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A frequent occurrence in experimental models of asthma
is a tendency toward desensitization of animals with con-
tinued antigen challenge.  This has been noted in rats
and in guinea-pigs.  The mechanism of the desensitization
is unknown.  However, in guinea-pigs, there was a de-
creased ability of antigen to release histamine from lung
homogenates of animals that had undergone repeated
challenges [43].

The role of cytokines in airway inflammation and hyper-
reactivity was studied in a rat model.  Inhalation of TNF
caused neutrophilic infiltration into the BAL and hyper-
responsiveness to serotonin (5-HT) [44].

Being a small rodent, the rat offers economical advan-
tages.  In addition, the Brown-Norway rat produces high
levels of specific IgE antibody during sensitization, thus
allowing assessment of the role of IgE in sensitization,
and asthmatic processes.  If sensitization could be achieved
without adjuvants, and the physiological response to
allergen challenge could be elicited without injections
and anaesthesia, rats would provide distinct advantages
as a model appropriate for study of mechanisms of, and
genetic influence on, susceptibility to asthma.

Rabbits

The rabbit provides an animal model which resembles
humans in that the lung is the target organ for anaphylactic
response.  This species can demonstrate both early- and
late-onset reactions.  The latter's association with infla-
mmation is thought to be of greatest importance in the
development of asthma.  The rabbit is a valuable model,
since it also produces IgE as the primary anaphylactic
antibody (table 3).

In the rabbit model, neonatal rabbits, immunized within
24 h of birth with an extract of Alternaria tenius, demon-
strated IgE antibodies to the mould [45].  The animals
respond to inhalation challenge with a biphasic lung
response characterized by increased RL and decreased
dynamic compliance (Cdyn).  The early-phase changes
in RL and Cdyn usually begin within 15 min of the
challenge (5 min duration).  The second reaction typically
begins by 100 min, and persists through the 6 h monitoring
period.

In this model, both the early and late phase reactions
have been associated with IgE.  Transfer of serum contain-
ing antibody solely of the IgE class into naive animals
reproduced both responses upon aerosol challenge of
the passively sensitized animals.  Infusion of specific
IgG antibodies reduced or abrogated the response to
antigen [46].  These studies indicate the ability to produce
a late-phase response in the absence of cellular immune
components.

Dogs

The dog represents a model in which sensitization oc-
curs as a result of natural exposure.  An IgE-mediated
model of asthma has been described which results from
natural infection of dogs with Ascaris [47].  Animals

demonstrate early-phase responses and airway hyperreac-
tivity.

Another dog model involves immunization of dogs
within one month of birth with ragweed and mixed grass
pollen extracts [48].  Bimonthly injections, thereafter,
resulted in maintenance of high IgE levels.  Upon aerosol
challenge, animals reacted within 5 min and displayed
increased pulmonary resistance.  A late-phase response
was not described.  Airway hyperreactivity was increased
at 6 h and persisted for up to 4 months.  Regarding the
mechanisms of the hyperreactivity, inflammatory cells
were noted in BAL (performed at 6 h) of dogs showing
airways hyperreactivity (AHR).  In dogs which respon-
ded to antigen, but did not show AHR, no significant
changes in these cell types were noted in the BAL.  In
this model, it is concluded that airway response to anti-
gen is influenced by the amount of bronchoconstrictive
agent released, by baseline nonspecific airway respon-
siveness, and by vagal reflex mechanisms [48].

A Basenji greyhound model of asthma presents valuable
and unusual features (table 3).  The model utilizes dogs
natively sensitive to Ascaris suum.  For pulmonary evalua-
tion, dogs are anaesthetized and supported by a sling.
Animals show increased pulmonary resistance and decrea-
sed dynamic compliance following challenge with aeroso-
lized antigen [49].  Ascaris-induced bronchoconstriction
resulted in a 9–20 fold increase in RL.

The Basenji greyhound dog has persistent marked bron-
chial hyperreactivity and,  thereby,  mimics human
asthma.  The animals are 10–30 times more sensitive to
methacholine than mongrel dogs.  A correlation was not
apparent between responsiveness to Ascaris challenge
and methacholine reactivity.  A similar lack of association
was noted in Ascaris-sensitive Rhesus monkeys.

The model has been used to probe the mechanisms
underlying airway responsiveness to antigen.  In an investi-
gation of the relationship between antigen-specific serum
IgE, blood leucocyte histamine release and pulmonary
responses to Ascaris challenge, pulmonary responses
correlated more closely with the antigen dose required
for in vitro release of histamine from leucocytes, than
with the circulating IgE titre (r=0.94 versus r=0.68) [50].
The findings imply that response to antigen challenge is
more dependent upon releasability of mediators from
pulmonary cells than upon the level of IgE.

Horses and ponies

Horses and ponies naturally develop a respiratory disor-
der characterized by acute airway obstruction followed
by periods of disease remission [51].  Clinical manifes-
tations, accompanied by changes in lung function, occur
when animals are exposed to hay or barn dust.  Clinically
affected horses are typically hyperreactive to inhaled
histamine [52].  An allergic aetiology has been assumed,
due to the presence of serum antibodies and response to
aerosol antigen provocation challenge.  Affected horses
are hypoxaemic, have reduced Cdyn and increased RL,
bronchiolitis, goblet cell metaplasia, airway smooth muscle
hypertrophy, and excess mucus and inflammatory cells
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in the airways.  Lesions in larger airways are not typical.
Tachypnoea and reduced tidal volume occur during acute
heaves.

This naturally occurring disorder resembles human
asthma in its spontaneous occurrence.  With regard to
nonspecific airway hyperreactivity, in the model, airway
hyperreactivity disappears during clinical regression.  With
occupational asthma, the concordance is not absolute
[53].

Sheep

The sheep has provided a model in which to study
both the early- and late-phase responses to allergen.  The
sheep develop a natural cutaneous and respiratory reactivity
to A. suum.  Allergic sheep can be divided into early
responders, and dual responders [54].  Dual responders
were shown to develop allergen-induced AHR to carbachol
at 24 h, whereas sheep with isolated early responses did
not [54].  AHR had returned to normal by 3 weeks.

Experimentally, sheep are unsedated and restrained in
a prone position.  Animals are intubated with an endo-
tracheal tube and aerosol delivered into the tube for
challenge.  Nonimmunological challenges of allergic
sheep with compound 48/80, a mast cell degranulator,
induced an immediate and late-phase reaction.  Such
evidence suggests involvement of mast cell mediators in
the pulmonary late-phase response.

Nonhuman primates

Possessing natural sensitivity to Ascaris antigen, the
Rhesus monkey provides a model of IgE-mediated acute
allergic airway response [55].  The animals demonstrate
both skin and respiratory reactivity to the antigen, and
develop hyperreactive airways to histamine and carbac-
holine [56].

Populations of monkeys have been identified which
are analogous to human IgE-mediated allergic populations.
These include: 1) monkeys that have persistent and
consistent IgE-mediated cutaneous and asthmatic respon-
ses to Ascaris antigen; 2) monkeys which have cutaneous
and airway reactivity to Ascaris antigen but in which the
airway reactivity subsides and disappears (analogous to
a spontaneous remission of human asthma); and 3) animals
with cutaneous reactivity but no asthma [57].  These
groupings are analogous to: normal humans; humans with
IgE antibody and no asthma; and humans with IgE-
triggered asthma.  Over a period of 24 yrs, animals were
consistent in the type of response they displayed.

In this model, antigen challenge is given by aerosol.
The protocol is to give either a maximum concentration
or increasing concentrations, each for 10 min until a
reaction is observed.  For measurement of airway res-
ponses, animals are anaesthetized and fitted with an endo-
tracheal tube.  The parameters measured include: respiratory
frequency (f), pulmonary resistance (RL), peak expiratory
flow rate (PEFR), tidal volume (VT), and dynamic
compliance (Cdyn).  Results are expressed as percentage

change from baseline, with a minimum response defined
as f +20%; RL +25%; Cdyn -20%; PEFR -25%; VT

-15%.  A minimum positive response is one in which
four of the five parameters is positive.  With this model,
it is the number of abnormal responses which is signifi-
cant, rather than the degree of response of any single
parameter.

Naturally sensitized, conscious squirrel monkeys have
demonstrated immediate and late-phase responses upon
aerosol challenge with Ascaris antigen [58].  Aerosol
challenge was given through a face mask for a 6 min
period.  RL and Cdyn were measured for each 5 min
interval prior to challenge and for 1 h following chall-
enge, and every 15 min until 11 h.  Responses involved
central and peripheral airways.  Late reactions were
defined by meeting the following three criteria: a reprodu-
cible second increase in RL and decrease in Cdyn in 3–4
consecutive experiments; partial recovery of at least 50%
from the early reaction; and late-phase changes in Cdyn
and RL having similar or greater magnitude than the
early-phase response.  Data suggested that the most
consistent indicator of the late response in the squirrel
monkeys is Cdyn.

Results of challenge with Ascaris antigen indicated
that pulmonary changes occurred in the absence of any
significant variations in f or VT [58].  Late responses
occurred in four of nine animals which demonstrated
early reactions.  The four could not be distinguished from
the other five by: baseline airways calibre, severity of
early response to antigen, or cutaneous reactivity to
Ascaris.  The time course of the early- and late-phase
responses was similar to the human dual reaction.  Increa-
sing the amount of antigen inhaled resulted in late-phase
responses following early reactions.  In no case was an
isolated late-phase reaction observed.

Some of the animals demonstrated persistent asthma.
Others demonstrated a progressive loss of airway reactivity
over a period of years.  Usually, in these animals, the
cutaneous reactivity persisted with no decrease in end-
point titres.

The model has many similarities to human asthma, in
that some populations have persistent allergen-triggered
asthma, others have spontaneous subsidence of asthma
but remain skin test positive, and others have positive
skin tests with no asthma [58].  Attempts to develop a
sensitive colony by deliberate parasitic infection of pri-
mates using A. suum ova, resulted in cutaneous and
respiratory reactivity, however the latter typically lasted
for less than 1 yr.

In vitro models

In addition to models which use whole animals, in
vitro systems often provide valuable mechanistic infor-
mation.  Increased numbers of antigen (Ia)-positive
monocytes and dendritic cells were noted in the BAL
fluid from rats during a nonspecific inflammatory reaction
[59].  A study was conducted to determine whether
dendritic cells or macrophages were responsible for antigen
presentation in vivo.  Splenic macrophage were pulsed
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with antigen in vitro and, subsequently, instilled intra-
tracheally into rats.  The ability to sensitize T-cells in
the draining lymph nodes of the lung was assessed.
Alveolar macrophages (AMs) were obtained from the
bronchiolar lavage of ACI/Mal rats.  Dendritic cells (DCs)
were obtained from a cell suspension of the spleen.  Each
cell type was cultured overnight with antigen (a co-
polymer of glutamine-tyrosine, which had been shown
to be antigenic in this rat strain in an Ia-dependent
manner).  The cell populations were subsequently injected
into the hind foot pads of recipient rats and injected
intratracheally.  Four or five days later, the popliteal or
paratracheal lymph nodes, and cervical lymph nodes
(draining the upper respiratory tract) were removed and
cultured with antigen and examined for incorporation of
tritiated thymidine.  Antigen-pulsed DCs or AMs resulted
in antigen-specific responses of paratracheal lymph nodes.
Cervical lymph nodes gave no responses.  Free antigen
was ineffective.  Dose-response studies demonstrated that
dendritic cells were approximately 10 times more effec-
tive than AMs in inducing priming of lymph nodes.

Other studies have shown that AMs suppress antigen-
stimulated lymphoproliferative responses in vitro.  Deple-
tion of AMs in vivo resulted in enhanced pulmonary
immune responses [60].  Dendritic cells are present in
the lung, and increased numbers of Ia positive DCs and
monocytes occur in the BAL during an inflammatory
response [59].  Clearly, the identity of effective antigen
presenting cells following a natural exposure (inhalation)
to antigen needs further study.

Conclusions

The incidence of asthma has increased substantially in
recent years.  Cases with occupational association have
also increased.  The reason(s) for the rise are uncertain.
It is possible that the increased dependence upon man-
made chemicals, estimated to be between 1,000–2,000
new chemicals introduced into commerce each year, may
be a decisive factor.  Some of the chemicals are allergenic.
The new materials, together with new processes utili-
zed in their formation and application, may be factors
responsible for heightened incidence of occupational
asthma.

The progression from episodic occurrences of allergic
sensitization to asthma has received study, but remains
unclear.  There is an urgent need to gain increased under-
standing, on a molecular, cellular and physiological basis,
of the progression of the disease.  Information is needed,
ranging from factors contributing to the initial process
of sensitization to those important for development of
chronic disease and impairment of basal lung function.
Further research, to probe the cellular and molecular
mechanism(s) governing induction and regulation of
airway hypersensitivity, will rely on prudent use of animal
models.

There are advantages and disadvantages with use of
each of the animal models discussed in this review.  The
guinea-pig model of airway hypersensitivity has been
utilized for more than 90 yrs [26] to gain understand-

ing of the physiological and immunological processes
involved in airway hypersensitivity.  The model successfully
elucidated the relationship between the concentration of
allergen inhaled, the titre of hypersensitivity antibody
produced [15], and the occurrence of early-onset respiratory
reactions [15].

The usefulness of guinea-pigs for investigation of
molecular and cellular aspects of hypersensitivity appears
limited.  Guinea-pigs will be less effective for study of
the roles of particular cytokines in development of early-
and late-phase responses, since immunological reagents
to identify guinea-pig cytokines are unavailable.  Similarly,
identification of genes involved in regulation of the allergic
response will be difficult because of the limited number
of inbred guinea-pig strains.  On the other hand, the avail-
ability of numerous inbred strains of mice, and immuno-
logical reagents specific to murine cytokines, suggests
murine models will be favoured for the latter investiga-
tions.

Selection of the appropriate animal model for an
investigation should depend upon the objective of the
study.  Undoubtedly, in vitro methodologies will receive
greater attention in the future.  This conclusion is based
upon both the advances which have been made in cell
purification and culture techniques and the heightened
desire of researchers and government agencies to reduce
the dependence on animal use in medical research, and
especially in testing.

Epidemiological studies have provided data regarding
characteristics of populations demonstrating hypersen-
sitivity to high versus low molecular weight allergens
[61–63].  Atopy appears to contribute to increased
susceptibility to sensitization by HMW, but not LMW
allergens [8, 61–63].  Other differences have been
recognized in sensitization to these two classes of agents.
Early-onset responses are the most frequent reactions to
HMW allergens, whereas late-onset responses are more
characteristic of LMW chemical agents. Such findings
suggest the mechanism of sensitization may differ between
the two classes of allergens.  Successful mechanistic
investigations of each response will depend upon prudent
selection of animal models that consistently demonstrate
those symptoms which are characteristics of the desired
responses.

A remaining area of uncertainty in occupational asthma
is the influence of environmental factors both on develop-
ment of sensitivity, and on progression from episodic
occurrences to chronic disease.  For development of
childhood asthma, much evidence has been presented for
a role of upper respiratory tract viruses in initiation of
the disease.  Evidence also exists for contribution of air
pollutants, such as ozone, nitrogen oxides and acid aero-
sols, to pulmonary inflammation and altered response to
airborne allergens.  Judicious use of animal models,
together with appropriate in vitro systems, can advance
understanding of environmental influences on development
of occupational asthma.

Well-designed experiments utilizing animal models can
provide physiological, as well as mechanistic informa-
tion critical to gaining increased understanding of the
disease.  However, in using animal models, one must
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always keep in mind that the animal system is only a
surrogate.  Results from animal systems must be regularly
compared with those from clinical evaluations.  Investigators
must be receptive to questioning differences between the
human and the animal systems.  Examples abound in
toxicology, where adverse effects to a particular chemical
were noted in certain species, and in particular organs
of the species, but the same effect was never observed
in humans [64].  Species differences in BALT, discussed
in this review, may contribute significantly to differences
between humans and certain animal species with regard
to pulmonary responses.  Continuous validation in humans
of experimental findings is essential to avoid misinter-
pretations.

It is certain that continued advances in molecular
immunology will result in further understanding of the
aetiology of early- and late-onset respiratory hypersen-
sitivity reactions.  Development of effective in vitro
screening methodologies and preventive programmes are
envisaged.  Until then, prudent employment of animal
models will continue to guide us in recognition, treatment,
and prevention of occupationally-based asthma.
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