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Summary

The classification of asthma to identify forms which have different contributing causes is
useful for all cases in which the disease requires regular treatment, but it is essential for the
management of severe asthma. Many forms of the disease can occur, and complex mixtures are
not uncommon; here we artificially separated the cases into four groups: i) inhalant allergys, ii)
fungal sensitization with or without colonization (including ABPA); iii) severe sinusitis with or
without aspirin-exacerbated respiratory disease (AERD), and iv) non-inflammatory cases,
including those associated with severe obesity and vocal cord dysfunction (VCD). The reason for
focusing on these groups is because they illustrate how much the specific management depends
upon correct classification. Inhalant allergy can present as chronically severe asthma. However,
severe attacks of asthma requiring hospital admission can occur in cases which are generally
only mild or moderate. The best recognized and probably the most common cause of these acute
episodes is acute infection with a rhinovirus. Recent evidence suggests that high titer IgE,
particularly to dust mite, correlates to exacerbations of asthma related to rhinovirus infection.
While it is well recognized that the fungus Aspergillus can colonize the lungs and cause severe
disease, it is less well recognized that those cases may not have full criteria for diagnosis of
ABPA or may involve other fungi. Identifying fungal cases is important, because treatment with
imidazole antifungals can provide significant benefit. Taken together, specific treatment using
allergen avoidance, immunotherapy, anti-IgE, or antifungal treatment is an important part of the
successful management of severe asthma, and each of these requires correctly identifying

specific sensitization.
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Introduction

The public definition of “allergy” includes the implication that affected individuals are in
some sense aware that they are allergic to something. However, for many or most of the
allergens that are relevant to asthma, this relationship is not obvious. Thus, many patients with
asthma are not aware that they are allergic to dust mites, cockroaches, or fungi, and certainly not
aware of the role that these allergens play in their disease. When mite fecal particles were
identified as the form in which mite allergens are inhaled, it was suggested that inhaling a few
(~100) such particles per day was “the ideal way to increase both inflammation in the lungs and
chronic bronchial hyperreactivity (BHR) without the patient being aware of the relationship” [1-
3]. It was this and Roger Altounyan’s evidence about seasonal increases in BHR related to pollen
exposure which led to the studies where mite-allergic patients who required repeated steroid
bursts were admitted to a mite-free hospital unit to follow changes in BHR over months [4, 5]. A
similar “experiment” was going on in Davos where mite-allergic children from the Netherlands
spent a year in a mite-free sanatorium [6]. The results established that BHR is a reversible
phenomenon and strongly supported the view that inhaling mite allergens can be a significant

cause of BHR and can contribute to severe asthma [2, 5, 6].

The definition of severe asthma is not straightforward. According to EPR3, severe asthma
is defined in adults and children as asthma symptoms “throughout the day,” night-time
awakenings 7 nights per week, the use of SABA several times per day, “extreme” limitation of
daily activities, requiring oral corticosteroids >2x/ year, and spirometry with FEV1<60% (7).
The Severe Asthma Research Program’s definition includes much less severe disease based on
major criteria, the use of high dose inhaled corticosteroids and/or daily oral corticosteroids, and

seven minor criteria (2 or more) including treatment with a daily oral controller medication,
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short-acting bronchodilator use, FEV1 < 80% predicted at baseline, one emergency department
visit, three oral corticosteroid bursts, history of worsening symptoms with a reduction in
corticosteroid dose, and history of intubation [7]. Clearly, it is difficult to define the population
of patients who have “severe asthma,” and further, these definitions focus mainly on symptoms.
More relevant here, none attempt to define causality of severe asthma.

As we have discussed, the severity of asthma can be defined in many different ways, but
in most models the classification is at least in part influenced by the response to treatment. Thus,
a patient who has normal lung function and minimum symptoms while taking high dose inhaled
steroids plus a long-acting $2-agonist (LABA) may or may not be regarded as severe [7-9].
There are also important differences between the patterns of severe disease in children and
adults. In children (age 3-18), chronically severe disease is rare, but many children with
moderate or even mild asthma can have severe episodes triggered by rhinovirus (RV) infections
[10-13]. Up to age 13, conditions such as vocal cord dysfunction (VCD) or allergic
bronchopulmonary aspergillosis (ABPA) are so rare that they are often ignored; however, they
need to be considered in teenagers. In addition, there is a wide range of causes of severity, some
of which include a role for allergens while others do not (Table 1) [14-16]. The important feature
here is that the different causes have major implications for treatment. Thus, allergen avoidance
or immunotherapy has only been shown to be relevant in patients who are sensitized to inhaled
allergens [17]. Equally, the use of antifungal agents is generally only considered for patients who

are colonized with fungi [18-20].

There is another way in which treatment is relevant to the evaluation of severity. If a
widely used treatment, such as high dose inhaled steroids with or without LABA is most

effective in the treatment of cases with inflammation caused by inhaled allergens, then these
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cases will become less common or rare among patients in a tertiary care asthma clinic. In
general, we regard eosinophils and eosinophil products such as ECP or expired nitric oxide
(eNO) as evidence of a role for a Th2 response to foreign antigens. Expired nitric oxide is well
known to correspond with eosinophilia, and this eosinophilia most often means that there is also
an IgE antibody response [21, 22]. However, it is always possible that eosinophilia, particularly
that associated with sinusitis, is related to a Th2 response without or with minimal IgE
production. Some recent reports have suggested that the bronchi of severe asthmatics have a
neutrophil-rich exudate [23]. However, Taylor and his colleagues in New Zealand provided
strong evidence that the presence of neutrophils in induced sputum is primarily an effect of
inhaled steroids [21]. Although those patients predominantly had moderate rather than severe
asthma, the principle, i.e. that inhaled steroids can increase the number of neutrophils in the
lungs, is relevant to severe asthma. Oral steroids can rapidly reverse an eosinophil response in
the peripheral blood and increase neutrophils. In this article, we will consider 1) the role of
inhaled allergens in severity, ii) the role of colonizing fungi, ii1) the relevance of sinus disease,
and finally, iv) a group of predominantly non-allergic conditions of the upper airway including

the vocal cords.

Inhaled allergens, wheezing, and severity

What is natural exposure?

Following the initial evidence about the effects of seasonal exposure on BHR, Hargreave
and his colleagues in Hamilton demonstrated that allergen provocation could produce an increase
in BHR lasting for several days or weeks [24, 25]. Those experiments provided further evidence

that allergen exposure could cause inflammation of the lungs and increase BHR. On the other
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hand, provocation using 10°® droplets of approximately 2 micron diameter that have an allergen
concentration of 2-20 pg/ml is not a model of natural exposure. Our estimates of exposure to
mite feces or pollen grains suggest that approximately 100 particles enter the lungs per day and
that these particles are 20 microns in diameter and have a concentration of allergen close to 1
mg/ml [2, 26]. Thus, daily natural exposure is nearly a million-fold fewer particles than a 5
minute bronchial provocation, but each particle contains about 100,000 times more allergen!
Despite many attempts, it has proven very difficult to make an exposure chamber where large
particles are airborne as a realistic model of natural exposure. It is often argued that entry of
particles into “the lungs” is primarily related to particles <5 microns in diameter. This might be
taken to suggest that cat dander and the spores of Penicillium or Aspergillus would be more
effective at causing asthma; however, there is in fact no cut-off of size for entering the bronchi
(up to the size of a peanut) and only a modest decrease in the percentage of particles that enter
the lungs [27, 28]. Further, Penicillium spores are only 2 microns in diameter. Thus, they have
1/1000™ of the volume of a 20 micron sphere. Taking values from the task force on lung
dynamics [28], we calculate that you would have to inhale at least 100 small fungal spores to get

the same quantity of allergen into the lungs as a pollen grain or a mite fecal particle.
The mouse model

Though most would argue that the mouse model of asthma in no way provides an
adequate representation of severe asthma, this model has come to dominate publications about
the mechanism by which allergens contribute to asthma [29, 30]. The protocol involves first
sensitizing the mouse and then introducing a foreign protein (usually ovalbumin) into the lungs.
Because of the physiology of the mouse lungs and the truly enormous relative quantities of

foreign antigen used to challenge the mice, the model cannot provide any information about the
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factors that contribute to severity of asthma. In particular, it is not possible to compare the
twitching of the mouse lungs during methacholine challenge with chronic BHR in humans that
takes months to reverse [5, 6]. Challenge of a mouse with 100 pl of 1% ovalbumin represents
about 100 pg or at least five years of natural exposure to mite allergen for a human. Although the
mouse model allows remarkably elegant dissection of the immunological events occurring in the
mouse lungs, it is unwise to relate these findings to human disease except in the most general

way.

Relationships between chronic inhalant exposure and a) general severity and b) acute episodes

induced by rhinovirus

Simple examples of prolonged elevated allergen exposure include mite or mold-allergic
patients living in a damp house or basement apartment, cat-allergic patients who move into an
apartment that has high levels of allergen because the previous owner kept cats, and grass pollen-
allergic subjects who keep their windows open to create a breeze. Interestingly, public
knowledge about dust mites has altered houses so as to reduce conditions for mite growth. Thus,
it is common knowledge that polished floors and regular hot washing of bedding is useful to
reduce mite exposure. Some estimates of data from the Netherlands suggest that mite allergen
levels in houses are almost ten-fold lower than they were when assays first became available
(Fritz Spieksma and Rob Aalberse, personal communications). It is important to identify acute
exacerbations of asthma that are caused by increased exposure because it is important to ensure
that these patients receive adequate education about methods of controlling or avoiding

exposure.
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Among children being admitted to the hospital for acute exacerbations, a large proportion
(i.e., >85%) are allergic, but only a minority (perhaps 10%) have had chronically severe disease
[31]. Thus, there is a major question about what causes the acute exacerbations. Transient
increases in exposure are not a convincing explanation of most attacks. By contrast, there is
extensive evidence that rhinoviruses can trigger or cause an acute attack of asthma [10-13]. The
important thing here is that almost all the evidence about the effects of rhinovirus relates to
allergic patients. This evidence comes both from studies on exacerbations of asthma and
challenge studies [32-35]. Using both culture and PCR techniques to study patients presenting to
the hospital, it has consistently been shown that the combination of rhinovirus infection and
allergy is associated with the risk of asthma [10-13]. Furthermore, in a recent study of children in
Costa Rica, we found that the combination of high titer IgE antibodies to dust mite and positive
PCR for rhinovirus had the highest risk for asthma (odds ratio of 30, p<0.001) [36]. In that study,
having a positive PCR for rhinovirus was only significantly associated with acute asthma among

children who were allergic to dust mite allergens.

Challenge studies also show that the impact of rhinovirus on the lungs is restricted to
allergic individuals. Several groups have reported that challenge of non-allergic individuals does
not produce a response in the lungs [37, 38]. Busse and his colleagues in Madison showed that
rhinovirus challenge of individuals with allergic rhinitis increased the inflammatory response of
the lungs to subsequent segmental exposure to relevant allergen [32, 39]. In studies on patients
with mild asthma, the results have shown a response of the lungs in one-third to a half of the
cases. In our study with Rhinovirus 16, there was a striking difference between the response of
subjects with a total IgE >300 IU/ml and those with lower total IgE [35]. However, the group

with higher IgE also had elevated exhaled nitric oxide (eNO), elevated eosinophil counts, and
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elevated nasal eosinophil cationic protein (ECP). Thus, at present it is not clear whether it is IgE
per se or the inflammation that results from allergen exposure of an allergic subject that creates

the risk of a reaction in the lungs to rhinovirus.

Further information has come from controlled trials using omalizumab (anti-IgE) to treat
severe or moderately severe asthma [40, 41]. In those studies, the treatment decreases free IgE as
well as IgE on basophils and mast cells and eosinophilic inflammation [42, 43]. Indeed, the
controlled trial of omalizumab used to treat inner city children had a striking effect in controlling
the increase in acute episodes of asthma that occurred in May and September [40, 41]. Those
months coincide with the seasons for which allergen exposure is highest which in combination
with RV exposure is thought to be the leading cause of exacerbations. At present, the results
from the inner city asthma trial do not answer whether the effect of treatment with anti-IgE is to
decrease IgE on basophils and mast cells or to decrease “inflammation” associated with allergy
and RV. As mentioned above, during experimental RV challenge, patients with higher IgE levels
(>300) have significant changes in bronchial hyperreactivity as judged by methacholine testing
and increased symptom severity. It seems likely that controlled trials of anti-IgE treatment prior

to RV challenge will be needed to understand the interaction between allergy and RV.

The relevance of fungal allergens to severe asthma

There is a striking discrepancy between the willingness of physicians to prescribe broad-
spectrum antibiotics and the general reluctance of physicians treating asthma to consider
systemic antifungal treatment. Given that patients with severe asthma, especially in conjunction
with sinusitis, are treated routinely with both steroids and antibiotics, it should be no surprise that

these patients are prone to excessive growth of yeast species both in the mouth and in the lungs.
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There are three distinct forms of “exposure” to fungal allergens which have been associated with

severe asthma (Table 1):

1) Fungal colonization of the lungs, most often with Aspergillus and in conjunction with

immediate hypersensitivity to the relevant fungus.

ii) Inhalation of fungal allergens on spores or hyphae acting in the same way as other

inhaled allergens.

i) Fungal infection outside the respiratory tract again associated with immediate

hypersensitivity and most often dermatophyte infection of the skin or nails.

The evidence for these different forms of asthma comes either from association studies or from

controlled trials of treatment.

Allergic bronchopulmonary aspergillosis (ABPA) and allergic bronchopulmonary mycosis

(ABPM)

The classical form of ABPA is well recognized and has clear criteria for diagnosis, which
include: increased severity of asthma, transient infiltrates in the lungs, sputum production,
elevated total IgE (>400 IU/ml), immediate hypersensitivity to Aspergillus, and eosinophilia
(>500 AEC) [14, 44]. These criteria generally do not include demonstration by culture of the
fungus in the lungs; however, many physicians would prefer to establish the presence of the
fungus in the lungs, using bronchoscopy if necessary, and also to establish the in vitro sensitivity
of the fungus to antifungal drugs. A major feature of the first controlled trial of itraconazole for
ABPA was that those patients whose cultured Aspergillus was shown to be sensitive to this drug
in vitro responded better to treatment [18]. In practice, a major clue about Aspergillus often

comes from the color of the sputum; thus, red, brown, orange, amber, or grey sputum should

© 2012 Blackwell Publishing Ltd



always be considered as a reason for evaluating possible fungal colonization of the lungs. In

addition, the sputum is often described as sticky or tenacious.

Fungi of the Aspergillus genus are not susceptible to griseofulvin, nystatin, or
fluconazole; thus, systemic oral treatment was not available before the introduction of
itraconazole. This antifungal has now been used in two major controlled trials of treatment in
severe asthma. The first, by Stevens and his colleagues in the United States, focused specifically
on ABPA with strict criteria for enrollment [18]. The second, from the UK, used itraconazole to
treat subjects with severe asthma and fungal sensitivity without focusing on evidence that the
fungus was growing in the lungs [19]. Both trials reported successful outcomes, providing strong
evidence that fungi growing on the patient can be an important contributing cause of severe
asthma. We are well aware that the mechanism of imidazole (e.g., fluconazole, itraconazole)
action may be related to the anti-inflammatory nature of these medications [45, 46]. It is also
important to recognize the side effects of these medications including liver enzyme
derangements and adrenal suppression [47, 48]. In practice, there are two other drugs that can be
used to treat Aspergillus (or other fungi) in the lungs. These are oral voriconazole and inhaled
nebulized amphotericin B [49-51]. Oral voriconazole may be more effective than itraconazole in
some patients because of wide specificity, but also because it is absorbed better. Nebulized
amphotericin B has been used on an occasional basis for many years, particularly to treat
Aspergillus in the lungs of patients with cystic fibrosis [50, 51]. It has also been used
successfully in adult patients with asthma and COPD who get fungus in their lungs (Table 2).
Although nebulized amphotericin B is irritating to the lungs and should be initiated with care, it
is a very effective antifungal and does not give rise to the renal and bone marrow problems that

are such an issue with intravenous amphotericin B.
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There are two variants of fungal colonization in the lungs, which together may be as
important as the classical cases of ABPA: firstly, infection of the lungs with a fungus other than
Aspergillus (i.e., ABPM), and secondly, forme fruste ABPA or ABPM [14]. Several different
fungi have been reported to cause ABPM, including Candida species and Curvularia [52, 53].
More common are the many cases of severe asthma where fungus is present in the lungs of a
patient with severe asthma or intractable coughing, but who do not have the full features of
ABPA or ABPM (Table 2). These include cases of COPD who wheeze and cough, but are not
truly asthmatic and do not have immediate hypersensitivity to the fungus. Equally significant are
the patients who present with increased severity of asthma and increased production of yellow
mucus. These patients often report that the sputum is sticky or that it includes “worms” which
are soft casts. The most common fungus found in these cases is Candida, which can be
demonstrated by repeated culture of either the sputum or bronchoalveolar lavage (BAL) fluid. In
addition, many of these cases have immediate hypersensitivity skin tests or IgE (usually low-
titer) to C. albicans. Although there are no controlled trials of antifungal treatment in these cases,
personal and reported experience with these cases using fluconazole or itraconazole has been
successful in many instances. More research is needed to fully elucidate the role of candida in

ABPM and severe asthma.

Inhaled fungal allergens: Alternaria

Although dozens of different fungi have been associated with asthma, the primary
evidence about a relationship to severity relates to Alternaria [54-56]. The important features of
the data on this fungus are that 1) sensitivity to this fungus is associated with asthma in countries
where the spores are known to be an important part of airborne fungal spores, ii) Alternaria

sensitivity has shown up repeatedly in relation to severity, and iii) seasonal variation in severity
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has been reported [54-56]. The spores of Alternaria are large (i.e., 10 x 14 pm) and could carry
sufficient allergen to cause local foci of inflammation in the lungs. On the other hand, Alternaria
growth in the lungs has not been reported. Occasionally other inhaled fungi such as
Cladosporium or Penicillium appear to play an important role in severe asthma. Aspergillus is
always considered to act either as an inhalant or as a colonizing organism. In terms of treatment,
there are no convincing trials of avoidance of Alternaria, which is primarily an outdoor allergen
but can certainly be found indoors. Although Alternaria is often included in immunotherapy
regimes in patients with asthma in the US, there are no controlled trials to establish the efficacy

of this approach in patients with severe asthma.

Dermatophytes and asthma

In the 1930s, Sulzberger was the first to propose that immediate hypersensitivity to
dermatophytes in patients with infection of their toenails or skin could be a cause of allergic
disease [57]. He provided evidence in relation to asthma, sinusitis, rhinitis, and urticaria. In 1985,
we published a RAST assay for measuring IgE antibodies to allergens of Trichophyton species
[58]. We reported positive results in patients with severe asthma, sinusitis, urticaria, and
“idiopathic” anaphylaxis [58, 59]. When fluconazole became available, Ward et al. carried out a
controlled trial of oral fluconazole in treating steroid-dependent asthma [59]. That study
demonstrated clinical improvement, decreased steroid use, and decreased sensitivity of the lungs
to Trichophyton [59]. There have been many other reports of the association between
Trichophyton sensitivity and asthma, including a striking report from Japan, which also showed a
connection between higher titer IgE antibodies to Trichophyton and severity of asthma [20, 60,
61]. Further progress in this area would require a multicenter controlled trial of the use of

itraconazole to treat dermatophyte infection in cases of severe asthma [62].
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Sinusitis and the potential role of bacteria

Bacteria have been proposed to play a role in asthma in two ways: first, as a source of
foreign antigen in the sinuses, and second, as a colonizing organism in the lungs. The case for
bacteria as a source of foreign antigen or allergen was proposed by many allergists, in some
cases before the development of antibiotics. Oscar Swineford, Jr. argued that both pathogenic
and non-pathogenic bacteria could be a source of foreign antigens [63]. Similarly, Philip
Norman, at Johns Hopkins, published several papers on immediate hypersensitivity to bacterial
allergens [64]. The primary treatment modality proposed was bacterial immunotherapy, which
was never studied in a convincing controlled trial. With the arrival of antibiotics, most felt that
the issue had been resolved; however, bacteria growing in the sinuses are never eradicated, at
least in part because of the protective effects of biofilms [65]. Given that inflammation of the
sinuses is significantly associated with eosinophilia and that there is good evidence that
eosinophil precursors are generated within the inflamed tissues of the sinuses, it seems logical to
ask what foreign antigen is inducing the eosinophil response [66, 67]. If bacteria stimulate T
cells to produce IL-5, then it is logical to ask whether non-pathogens such as coagulase-negative
Staphylococci could be a source of the T cell antigen. In our studies, the single most common
organism cultured from surgical samples of sinuses was coagulase-negative S. aureus [67].
Clearly, it would be very interesting to understand the T cell response to Staphylococcus

antigens, including proteins as well as the toxins.
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Bacterial colonization and infection of the lungs as a cause of asthma

While the lung was previously thought to be a sterile environment, the invention of
Phylochip ® technology now allows genotyping, via 16S ribosomal structure, of a wide array of
bacteria that were previously undefined because of the inability to culture these micro-
organisms. A land mark study by Hilty, et al found increased rates of pathogenic proteobacteria
in the airways of adults with asthma or COPD and in children with asthma when compared to
controls [68]. However, that study did not associate microbial content of the lungs with asthma
severity. More recently, Huang, et al utilized similar technology to show that a higher diversity
of micro-organisms in the airway correlated with bronchial hyper-responsiveness [69]. Further
evidence of an association between severe asthma and bacterial colonization during childhood
was provided in a prospective study of a birth cohort in Copenhagen. Hypopharyngeal cultures
of Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, and
Staphylococcus aureus were obtained from neonates, and diary cards for wheeze were followed
for the first five years of life. Colonization with S. pneumoniae, M. catarrhalis, H. influenzae, or
a combination of these organisms was significantly associated with persistent wheeze, acute
severe exacerbation of wheeze, and hospitalization for wheeze suggesting causation [70]. While
these studies are important regarding the presence of these bacteria in the lungs of asthmatics, the
relevance of these bacteria and the functional role that these micro-organisms play in severe

asthma remains to be seen.

Reports that Chlamydia or Mycoplasma in the lungs could be a cause of asthma have
come from several sources [71-73]. Overall, the evidence that these organisms provide antigens
that contribute to asthma remains confusing. According to a review article by Johnston and

Martin, Chlamydia and Mycoplasma may, in fact, have some relevance in acute asthma
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exacerbations. Nine of the twelve studies included in that review supported a relationship
between infection with these organisms and asthma. The problem lies in the ability to accurately
diagnose these pathogens [74]. A major study using ten days treatment with telithromycin for
patients who had recently been treated in an emergency room showed a moderate benefit.
However, although 61% of the subjects had serologic evidence of infection with bacteria that
should be sensitive to this treatment, the response to therapy did not correlate with bacteriologic

status [72].

Vocal cord dysfunction (VCD) and other forms of upper airway dysfunction

VCD has been recognized for 20 years and is clearly an important cause of severe
symptoms that are easily confused with other forms of asthma [31, 75]. Using a traditional
definition of asthma, such as “obstruction of airflow from the lungs that is reversible both with
time and in response to treatment,” VCD is a form of asthma. On the other hand, defining asthma
as “reversible airway obstruction caused by eosinophilic inflammation of the bronchi,” VCD
must be considered a different disease. What matters here is that many cases of VCD (i.e., those
cases where changes in the upper airways alone are responsible for the symptoms) have no
evidence of inflammation and no evidence that allergens play a role [76]. In other cases of VCD,
the changes in the upper airways develop as a complication of asthma involving the lower
airways. These cases are particularly difficult to treat, because it is often unclear whether they
are breathless because of upper airway movements or because of lung inflammation. Thus,
although it is a mistake to fail to identify VCD and treat it appropriately, it is equally problematic
to assume that because the vocal cords are paradoxically closing, the bronchi are not also

inflamed. In these cases, complete absence of allergy, an eosinophil count <200, normal eNO,
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and a low score for CT scan of the sinuses (i.e., < 3) can provide strong evidence against

inflammation in the respiratory tract [67, 76].

Obesity and asthma

The diagnosis of asthma in obese individuals remains a challenge. Determining the roles
of bronchial hyperreactivity versus general decompensation in the breathless obese patient is
important. In many classification systems, continued shortness of breath either at rest or with
exercise while taking intermediate or high doses of inhaled steroids would define a patient as
having moderate to severe asthma. Accurate measurements of lung physiology, defining the role
of allergy, and attempting to ascertain markers for inflammation including exhaled nitric oxide

are paramount in the obese patient [16].

Whether the inflammatory milieu associated with obesity influences bronchial hyper-
reactivity (BHR) is a matter of much debate. Shore and Fredburg showed increased leptin levels
in the obese mouse lead to increased BHR [77, 78]. Alternatively, in a study of 136 asthmatic
adults performed by van Veen, et al, body mass index (BMI) was inversely related to both
sputum eosinophils and expired nitric oxide in a study [79]. Subsequent work performed by
Rastogi and colleagues suggested that obesity-associated asthma was characterized by Thl
polarization of T cells suggesting a much different phenotype than previously reported in atopic
asthmatics. In that study of 120 children, the altered Th1 environment (higher IFN-y in response
to phorbol 12-myristate 13-acetate (PMA) and tetanus toxoid) inversely correlated to lung
function. Interestingly, T cell responses observed in obese asthmatics were not different from

those seen in obese non-asthmatics [80].
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More recently, there has been data suggesting two distinct phenotypes of obese patients
with asthma, those with late and early onset asthma. The early onset asthmatics tended to have
higher IgE levels, and they were more atopic. Those patients were more likely atopic, allergic
asthmatics who just happen to be obese. The late onset overweight asthmatics were generally

non-atopic leading one to conclude that this type of asthma occurs in the setting of obesity [81].

The central problem with diagnosis of asthma in obesity remains first being sure that the
patients have lung inflammation, and second that the breathlessness is truly due to airflow
obstruction in the lung. In terms of treatment, all obese subjects need an exercise regime, and it
is important to make sure that a diagnosis of asthma, correct or not, does not interfere with

exercise.

Conclusions

Because severe adult onset or intrinsic asthma was originally defined as “non-allergic,” it
is often implied that severe asthma is less allergic than chronic asthma. However, this depends
more than anything on how the cases are defined. Allergy is a major feature of asthma presenting
to the hospital; equally, allergy is a dominant feature of exercise-induced bronchospasm (EIB),
which can be severe. However, with the wide availability and use of high dose inhaled steroids, a
large proportion of cases of allergic asthma that would otherwise be moderately severe or severe
can be controlled. This has led to a major change in the distribution of cases presenting to
specialist clinics. Our recent data argue strongly that the titer of IgE antibodies is relevant to

severe allergic asthma and, in particular, the risk of exacerbations after a rhinovirus infection.

There are several aspects of the relationship between IgE antibodies to inhalant allergens

and asthma that need clarification:
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i)

To what degree is severity, both chronic and acute, related to the titer of specific IgE

antibodies?

Does the effect of treatment with anti-IgE depend on decreasing inflammation, or is it

directly dependent upon the concentration of IgE on mast cells or basophils?

Can the effects of anti-IgE treatment be demonstrated in rhinovirus challenge studies?

Are the currently available indirect markers of inflammation in the respiratory tract

adequate?

With the availability of fluconazole and itraconazole, it has become much easier to

recommend and to investigate the use of systemic antifungal treatment. There is now good

evidence from controlled trials to support the use of this treatment in ABPA, but also in less

well-defined cases where fungal sensitization is involved [19]. Clearly, more evidence is needed

about the relevance of dermatophyte infection and about the need to treat forme fruste ABPA or

ABPM. Perhaps three questions could focus the need for further study in relation to fungal

infection:

i)

iii)

Should culture of bronchial washings for fungi be a routine part of the management of

severe asthma?

Is it necessary to obtain information about the sensitivity of fungal organisms before

starting treatment?

Are there better approaches using nebulized antifungals, particularly itraconazole or even

amphotericin B, that would make it possible to treat with fewer side effects?
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Late onset or intrinsic asthma in adults is often relatively non-allergic, as judged by skin
tests to common inhalant allergens; however, these cases are often characterized by eosinophilia
and sinusitis. The question is whether a foreign antigen is responsible for the eosinophilia. The
obvious choices for a foreign antigen (after the inhalant allergens) are fungal or bacterial
proteins. However, in many of these cases, there is little evidence for IgE responses, which raises
the old question of whether there are cases of asthma caused by a Th2 response to a foreign
antigen without IgE antibodies. That T cells are involved in asthma is clear from the extensive
experiments on T cell responses to Fel d 1 peptides [82, 83]. However, all of those studies are
done on patients with IgE antibodies to Fel d 1. There is a need to identify the specificity of T

cells producing IL-5 in patients with “non-allergic” but eosinophilic asthma.

Finally, we would stress that any approach to managing severe asthma or to defining the
relevance of allergy depends upon careful classification of the cases. It is obvious that
exacerbation-prone patients with IgE antibody titers to dust mite, cat, or cockroach allergen of
over 17.5 IU/ml (class 4) need to be identified. Equally, the approach to treatment in cases of
ABPA or dermatophyte infection is an area that needs specialist involvement. Although VCD is
now well recognized, the formal diagnosis and the treatment of these cases is not satisfactory.
There are still cases receiving oral steroids where there is no evidence of inflammation. Clearly,
these distinctions require evaluations of lung function, monitoring for evidence of inflammation
in the respiratory tract, and, also, appropriate tests of allergy. In cases where the severity reflects
ongoing mucus production and bronchospasm within the lungs not responding to treatment
except oral steroids, the use of bronchoscopy to evaluate organisms in the lungs should also be

considered.
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Table 1. Classification of severe asthma: focusing on the relevance of specific foreign allergens

or antigens.

I. Inhalant Allergens

Perennial Indoor

Dust mite, cat, dog, cockroach

Seasonal (usually outdoor)

Pollens: grass, tree, weed
Fungal spores: Alternaria, Aspergillus, Cladosporium

Causes of increased severity

- Prolonged high exposure and high titer IgE ab
- Rhinovirus infection
- Exercise — usually too rapid onset

I1. Fungal Allergens

Growing in the lungs

ABPA: full syndrome and forme fruste#
ABPM: full syndrome (rare) and forme fruste (common)

Dermatophytes

Trichophyton asthma (usually combined with severe sinusitis)

ITI.Samter’s triad
(Aspirin-exacerbated
respiratory disease)

Extensive sinusitis (score >20) with nasal polyps

Aspirin sensitivity

Bacteria in the sinuses possibly acting as a foreign antigen
driving a T cell response without IgE ab

IV.Non-inflammatory

Upper airway dysfunction

Including VCD

May include syndromes above and below the cords
Irritant or exercise-exacerbated

Generally no evidence of inflammation or allergy

Obesityt

Reduced lung function secondary to lung physiology
Obese breathless children require careful evaluation to exclude
deconditioning

#Forme fruste includes cases without full criteria for ABPA [14]
FBreathlessness in obese teenagers may be related to deconditioning with no evidence of
inflammation, allergy, or abnormalities of lung function [15,16].
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Table 2. Six cases of severe asthma or intractable cough variant asthma involving fungal colonization and successfully treatment with

antifungals.
Patient Diagnosis Description Treatment Resolution
Age/Sex
- Sinus disease with severe asthma
- Multiple courses of steroids Complete control — no
43/F ABPM - Grew C. albicans from sinus tissue and sputum Fluconazole 100 mg daily ~ further steroids for 4
- Skin test for C. albicans ++ years
- IgE ab 2.8 IU/ml; total IgE 360 IU/ml
- Intractable coughing and wheezing
COPD colonized - Multiple hospitalizations Complete control of
68/F - *FEVI 37% predicted; DLCO 43% predicted Nebulized amphotericin B cough with no change

with Aspergillus

Skin tests negative; total IgE 28 IU/ml
BAL grew Aspergillus +

in lung function

Late-onset severe asthma; hospitalized three times

62/M Trichophyton - Extensive dermatophyte infection; Skin test for Fluconazole 100 mg daily Cured - stayed
asthma . for 3 years controlled for 6 years
Trichophyton ++
- Chronic allergic asthma, more severe over 2 years
38/F ABPM forme - Total IgE 220 IU/ml Fluconazole 100 mg every Improved (++) — no
fruste - Sputum soft casts, grew C. albicans other day further oral steroids
- Skin test positive for mite, cockroach, C. albicans
- Rapid onset of intractable coughing with tenacious
Severe cough sputum; unable to work Coush and sputum
42/F with A. fumigatus - Non-allergic; normal lung function; eosinophilic with Oral itraconazole & p
. cleared
in the lungs absolute count of 430
- BAL: Aspergillus ++ and eosinophilia
- Severe asthma; continuous wheezing and sputum
ABPA plus production despite 50 mg predmsone/dgy Itraconazole, fqllowed by Off oral steroids for 5
65/M o - BAL x 2 grew Aspergillus and Nocardia prolonged voriconazole
nocardiosis years

*Long-term smoker with recent onset
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