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HYPOTHESIS

Aspirin-induced asthma as a viral disease

A. SZCZEKLIK

Summary
A hypothesis is presented which states that aspirin-induced asthma results from
chronic viral infection. This type of asthma has. indeed, a highly characteristic clinical
course, reminiscent of viral upper respiratory tract infection. It is suggested that, in
response to a virus, a long time after the initial exposure, specific cytotoxic
lymphocytes are produced. Their activity is suppressed by prostaglandin Ej (PGE^)
produced by pulmonary alveolar macrophages. Anti-cyclo-oxygenase analgesics block
PGE2 production, and allow cytotoxic lymphocytes to attack and kill their target cells.
i.e. the virus-affected cells ofthe respiratory tract. During this reaction, toxic oxygen
intermediates, lysosomal enzymes and mediators are released, which precipitate
attacks of asthma. These acute attacks can be prevented by avoidance of all drugs with
anti-cyclo-oxygenasc activity, however, asthma continues to run a protracted course
because of chronic viral infection.

Introduction
In some patients with asthma, aspirin precipitates asthmatic attacks. This is a distinct
clinical syndrome, affecting about 10% of adult asthmatics [1-3]. Allergic mechanisms
for aspirin-induced attacks, based on specific antigen antibody reactions, have been
excluded by extensive immunological studies [4,5]. Furthermore, in aspirin-sensitive
patients, asthmatic attacks may be precipitated by several other analgesics with
different chemical structures, making immunological crossreactivity most unlikely [6].
In recent years, the concept [7] of aspirin-precipitated asthmatic attacks linked to
inhibition of clyco-oxygenase in the respiratory tract of sensitive patients, has gained
wide and firm support.

Inhibition of pulmonary cyclo-oxygenase could have several metabolic conse-
quences. The one most often quoted is the shunting of arachidonic acid from cyclo-
oxygenase to the 5-lipoxygenase pathway, leading to overproduction of bronchocon-
strictor leukotrienes. Such an explanation, which still remains to be proved, does not
answer several basic questions, such as: why should the inhibition of cyclo-oxygenase
precipitate attacks only in some, but not in all asthmatics; why should such a reaction
occur in subjects who had excellent tolerance to aspirin in the past; and why does this
type of asthma, once it develops, run a protracted course despite the avoidance of
aspirin and cross-reactive drugs? [6,8]. The hypothesis here presented offers an answer
to these questions.
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The hypothesis
I propose that aspirin-induced asthma develops as the result of a chronic, viral
infection. Part ofthe immunotogical response to the infection, expressed by specific
cytotoxic lymphocytes, remains under inhibitory control of PGE2. Removal of PGE:
by anti-cyclo-oxygenase analgesics turns off this control mechanism, and allows
cytotoxic reactions to proceed. Cytotoxic lymphocytes attack and destroy virus-
affected cells of the respiratory tract. Active oxygen species, toxic metabolites and
mediators released in the course of these reactions, precipitate attacks of asthma.

While these attacks can be prevented by avoidance of the analgesics with anti-
cyclo-oxygenase activity, the basic course of the disease can be altered only by
eradication of chronic viral infection.

Viruses as cause of the asthma
Respiratory viruses are probably the most common cause of symptomatic human
infections [9]. In normal subjects an upper respiratory tract infection may cause a
transient increase in bronchial reactivity [10], and administration of live attenuated
influenza virus induces bronchial hyperresponsiveness only in subjects who develop a
rise in antibody titre [I I]. Empey .'̂  a/. [10] suggested that viral infection damages the
respiratory epithelium, thereby exposing airway irritant receptors that would later be
activated by various stimulants and irritants. Inflammatory reaction might be initiated
in this way. Release of inflammatory mediators from mast cells, eosinophils and
neutrophils, as well as damage to epithelium, might expose C-fibre afferent nerve
endings, which, via axon reflexes [12], promote secretion of neuropeptides, known to
cause bronchoconstriction and an inflammatory reaction. Thus, viral infection can
produce disease long after the initial exposure [13].

The clinical course of aspirin-induced asthma is reminiscent of viral infection. In
the majority of patients the first symptoms appear during the third or fourth decade of
life. The disease invariably starts suddenly with symptoms of malaise, nasal discharge,
nasal obstruction and sneezing. Cough and expectoration without pneumonia are
commonly associated. All these symptoms resolve within a week or two, except for the
rhinitis, which is characterized by intermittent, profuse watery rhinorrhea resistant to
treatment. Nasal congestion develops and physical examination often reveals nasal
polyps. Rhinitis persists, and several months or years later bronchial asthma and
intolerance to aspirin develop. The asthma runs a chronic course. It fits into the
category of'intrinsic' or 'infectious" asthma because of a lack of atopic background.
usually negative skin tests to common airborne allergens, normal serum IgE levels and
frequent chnical exacerbations suggestive of recurrent infection [3]. This onset and
course ofthe disease is so characteristic that a typical case has been constructed [1] and
confirmed by many clinicians [2-5].

Inhibition of cyclo-oxygenase triggers asthmatic attacks
Evidence supporting the hypothesis [7] that in sensitive patients, precipitation of
asthmatic attacks by certain analgesics results from inhibition of cyclo-oxygenase,
leading to an imbalance of prostanoids in the respiratory tract, can be summarized
[1 —3]. (i) Analgesics with anti-cyclo-oxygenase activity invariably precipitate broncho-
constriction in aspirin-sensitive asthmatic patients; (ii) analgesics not affecting cyclo-
oxygenase are devoid of bronchospastic properties in these patients (inhibitors of
thromboxane A: synthetase, deprived of anti-cyclo-oxygenase activity, are also very
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well tolerated by the same patients [15]); (iii) there is a positive correlation between the
potency of analgesics in inhibiting cyclo-oxygenase in vitro and their potency in
inducing asthmatic attacks in the sensitive patients; (iv) the cycio-oxygenase in nasal
polyps of aspirin-sensitive patients has an increased susceptibility to the inhibitory
action of aspirin [ 16], while PGE2 formation by the nasal polyps from aspirin-sensitive
patients is within the control range [16.17]; (v) in vitro, cyclo-oxygenase inhibitors
activate platelets to release toxic mediators in aspirin-sensitive asthmatics, but not in
atopic asthmatics of healthy subjects [18]. Thus, the inhibition of eyclo-oxygenase by
aspirin-like drugs appears to set ofi'a chain of reactions leading to asthmatic attacks in
aspirin-intolerant patients. What follows at the biochemical level remains largely
unknown.

I do not favour the widely held concept that aspirin-like drugs, by blocking the
cyclo-oxygenase pathway, divert arachidonic acid metabolism towards leukotrienes C4
and D4, which are potent bronchoconstrictors and mucous secretagogues. This
concept lacks experimental evidence [19] and is hard to accept in view of the likely
compartmentalization of arachidonic acid in the lung [20]. Our negative results with a
specific leukotriene inhibitor also argue against the simple shift in arachidonic acid
metabolism towards leukotrienes [21]. Here we suggest a different explanation based
on PGE2-mediated control of defence mechanisms.

Cytotoxic response to virus infection
The immune system is equipped with two types of cytolytic lymphocytes [22-24]. The
cytotoxic T lymphocytes (CTL), upon priming with antigen, lyse antigen-bearing cells,
such as virally infected cells. Natural killer (NK) cells lyse certain tumours or virally
infected cells without prior sensitization to any antigen. Natural killer cells are distinct
from CTLs in that their lytic ability is not immunologically specific and is also not
major histoeompatibility complex (MHC) restricted. These are functional categories
of cell-mediated cytotoxicity, and more than one type may be manifested by a
particular cell [22]. Thus, some MHC-restricted CTLs may express NK activity [25].
Conversely, the viral specific cytotoxic effects may be mediated by more than one
subset of lymphocytes [26].

In man, a cell-mediated immune system exists in the respiratory tract that is
apparently separate, although not clearly distinct from the systemic cell-mediated
immune system [27]. Bronchoalveolar lavage fluid from healthy people eontains large
granular lymphocytes (LGL). These cells have a potential to express both NK cell and
CTL activity [22,28]. Large granular lymphocytes from human lungs are inactive, or
possibly inhibited [29], but disclose their cytolytic properties upon stimulation with
interleukin-2. The cytotoxic function in eell suspension, prepared from human lung
[30] and human bronchial lavage [31], assayed as NK activity, was found to be under
the strong suppressive influence of adherent cell populations, the major component of
which were pulmonary alveolar macrophages (PAM).

PGEj as a suppressor of cytotoxic lymphocytes
Suppressor macrophages produce PGE: which inhibits cytotoxic activity of lympho-
cytes [22,29]. This inhibition can be overcome by anti-cyclo-oxygenase analgesics,
which block cyclo-oxygenase and deprive PAM or PGE? [32].

Interleukin-2 has an important role in the immune response [33]. It stimulates
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human lymphoid cells to proliferate and induces their differentiation into cytotoxic
effector eells. Thus, it promotes the growth and differentiation of both CTLs and NK
cells [24]. Interleukin-2-activated lymphocytes become partly resistant to suppression
by PGE: [22]. In vivo, aspirin augments interleukin-2 production by prevention of
macrophage PGEi synthesis [34]. Similar observations have been reported for other
cyclo-oxygenase inhibitors in vitro [35].

I suggest that in response to persistent, chronic viral infection, aspirin-sensitive
asthmatics develop virus-specific cytotoxie T lymphocytes, the activity of which is
suppressed by PGE2.11 takes considerable time before such a defensive mechanism can
be mounted. The late cellular response to virus infections, such as measles, infectious
mononucleosis and cytomegalovirus, is well documented [23]. Indeed, the specific T-
cell response to cytomegalovirus may not appear for several months [23].

Once established, the cellular defensive mechanism becomes sensitive to inhibitors
of cyclo-oxygenase. The analgesics, which block cyclo-oxygenase and suppress PGE2
production, allow cytotoxic T lymphocytes to exert their attack against the virus-
altered target cells. These could be bronchial epithelium, cells of the subepithelial
connective tissue, perhaps smooth muscle cells (Fig. 1).

Cytotoxic lymphocytes recognize the target ceils and lyse them by generating
hydroxyl radicals [36]. As a result, toxic oxygen intermediates, lysosomal enzymes and
mediators are released, which precipitate attacks ofasthma. The cytotoxic reaction can
be amplified by leukotriene B4 [37], generation of which becomes enhanced in the
absence of inhibitory action of PGE2 [19]. Furthermore, eosinophils and neutrophils,
present in the bronchial tissue of asthmatic patients [38], might add to the irritating and
toxic effects of lymphocyte cytolysis through superoxide anions generation, facilitated
greatly by the inhibition of production of PGE2 [39].

The mechanism described might become permanently implanted because of viral
shedding in previously infected subjects and subsequent endogenous antigenic
exposure of the immunologic repertoire, even in the absence of manifest clinical
disease.

Aspirin-precipitated attacks of asthma can be markedly attenuated by a 10-day
pre-treatment with glucocorticosteroids [40]. Perhaps steroids exert their protective
action through inhibition of T cell proliferation and interleukin-2 production [41]. By
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Fig. I. Aspirin turns olT the control mechanism by blocking PGE: production in pulmonary alveolar
macrophages. As a result, cytotoxic T lymphocytes attack and kill virus-infected cells ofthe respiratory tract.
IL-2:Lnterleukin 2. CTL:cytotoxic T lymphocyte. PGEĵ  = prostaglandLn E^
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doing so they would remove the effector pathway of the mechanism responsible for
idiosyncratic reaetions to aspirin from the picture.

References
1 Samlcr M, Beers RJ Jr. Inlolerance to aspirin: clinical studies and consideralion of its pathogenesis. Ann

Intern Med 1968; 6fi:975-83.
2 Stevenson DD. Diagnosis, prevention and trealmenl of adverse reactions to aspirin and nonsteroidal

anti-inflammatory drugs. J Allergy Clin Immunol 1984; 74:617 22.
3 Sczceklik A. Analgesics, allergy and asthma. Drugs 1986; 32 (suppl 4):14H 63.
4 Migueres J. Migueres M. L'asthme a Taspirine. Allergie Immunol 1986; 18:4-11.
5 Virchow Chr. Analgeiika-lntoieranz bei Aslhmatikern (Analgetika Aslhma-Syndrom). Prax Klin

Pneum 1976; 30:64: 96.
6 S?.C7ckIik A, Gryglcwski RJ, Czerniawska-Mysik G. Clinical patterns of hypersensitivity to nonsteroidal

anti-inflammatory drugs and iheir pathogenesis. J Allergy Clin Immunol 1977; 60:276 84.
7 Szczeklik A, Grygiewski RJ, Czerniawska-Mysik G. Relationship of inhibition of proslaglandin

biosynthesis by analgesics to asthma attacks in aspirin-sensitive patients. Br Med J 1975; 1:67-9.
8 Kowalski ML. Grzelewska-Rzymowska I, Szmidt M, Rozniecki J. Bronchial hyperreactivity Io

histamine in aspirin-sensitive asthmatics: relationship to aspirin threshold and efll"ect of aspirin
desensilisation. Thorax 1985; 40:598 602.

9 Anderson LJ, Patriarca PA. Hierholzer JC, Noble GR. Viral respiratory illnesses. Med Clin North Am
1983; 67:1009 23.

10 Empey DW. Laitinen LA, Jacobs L. Gold WH. Nadel JA. Mechanism of bronchial hyperreactivity in
normal and asthmatic subjects after upper respiratory traet infection. Am Rev Respir Dis 1976; 113:! 31
9.

11 Laitinen LA, Elkin RB. Empey DW, Mills J. Gold WM, Nadel JA. Changes in bronchial reactivity after
administration ofthe attenuated iniluenza virus. Am Rev Respir Dis 1976: 113:194.

12 Barnes PJ. Asthtna as an axon reflex. Lancet 1986; i:242-5.
13 Haywood AM. Patterns of persistent viral infections. N Engl J Med 1986; 315:939 48.
14 Pleskow WW. Lumry W, Simon R. Zomepirac sodium (Zomax) hypersensitivily in aspirin-sensitive

asthmatics. Am Rev Respir Dis 1984: 130:1170 3.
1? S/czekhk A, Nizankowska E.SplawinskiJ.Dworski R, Gajcwski P. Splawinska B. Effects of inhibition

of thromboxane A; synthesis in aspirin-induced asthma. J Allergy Clin Immunol 1987. in press.
16 Szczeklik A. Grygiewski RJ, Olszewski E, Dembinska-Kiec A. Czerniawska-Mysik G. Aspirin sensitive

asthma: the efll"ect of aspirin on the release of prostagiandins from nasal polyps. Pharmacol Res Commun
1977; 9:415-25.

17 Nigam S, Kunkel G, Herold D, Baumer FE, Jusuf F. Nasal polyps and their content of arachidonic acid.
N Engl Region Allergy Proc 1986; 7:109- 14.

18 Ameisen JC. Capron A. Joseph M, Tonnel AB. Platelets and aspirin-induced asthma. In: Kay AB, ed.
Asthma: Clinical Pharmacology and Therapeutic Progress. London: Blackwell Scientific Publications,
l986;226-36.

19 Kuehl FA. Dougherty HW. Ham EA. Interactions between prostaglandins and icukotrienes. Biochem
Pharmacol 1984; 33: 1 5 .

20 Grygiewski RJ, Dembinska-Kiec A. Grodzinska L, Panczenko B. Differentia! generation of substances
with prostaglandin-like and thromboxane-Iike activities by guinea-pig trachea and lung strips. In:
Bouhys E. ed. Lung Celts in Disease. Amsterdam: Elsevier, I976;289 307.

21 Nizankowska E, Sheridan AQ- Maile MH. Cross CH. Czerniawska-Mysik G. Szczeklik A. Pharmacolo-
gical attempts to modulate Icukolrienc synthesis in aspirin-induced asthma. Agents Actions 1987- 21-
203-13.

22 Roitt IM. BrostoffJ. Male D. Immunology. London: Churchill Livingstone. 1985.
23 Chapel H. Heancy M. Essentials of Clinica! Immunology. London: Blackwell Scientific Publications.

1984.

24 Damie NK. Doyle LV, Bradley EC. Interleukin 2-activated human killer cells are derived from
phenotypically heterogeneous precursors. J Immunol 1986; 137:2814 22.

25 Biron CA. Natuk RJ. Welsh RM. Generation of iarge granular T lymphocytes in tiro during viral
infection. J Immunol 1986; 136:2280 6.



20 A. Szczeklik

26 Tsutsutni H. Bernstein JM. Riepenhoff-Tally M, Cohen E. Orsini F. Ogra PL, Immune responses to
herpes simplex virus in patients with recurrent herpes labialis: I. Development of eel I-media ted cytotoxic
responses. Clin Exp Immunol 1986; 66:507 15.

27 Welliver RC. Upper respiratory inrections in asthma. J Allergy Clin Immunol I9ti3; 72:341-6.
28 Natuk RJ. Welsh RM. Accumulation and chemotaxis of natural killer/iarge granular lymphocytes at

sites ofvirus replication. J Immunol 1987; 138:877-83.
29 Herberman RB. Natural killer cells in lungs and other tissues and regulation of their activity by

suppressor cells. J Allergy Clin Immunol 1986; 78:566 70.
30 Bordignon C. Villa F. Vecchi A el at. Natural cylotoxic activity in human lungs. Clin Fxp Immuno! 1982;

47:437-42.
31 Robinson B, Pinkston P. Crystal R. Natural killer cells are present in normal human lung but are

functionally itnpolent. J Clin Invest 1984; 74:942-52.
32 Goodwin JS. Immunologic effects of nonsteroidalanti-infiammalory agents. Med Clin North Am 1985;

69:793 804.
33 Skotnicki A. Interleukin 2. Doclors" Thesis. Cracow: Copernicus Academy of Medicine. 1986.
34 Zata MM. Skotnicki A. Martyn Bailey J. Oliver JH. Goldstein AL. Mechanism of action of thymosin II.

Effects ofaspirm and thymosin on enhancemenl of II-2 production. Immunopharmacology 1985; 9:189
98.

35 Rappaport RS, Dodge GR. Prostaglandin E inhibits the production of human interteukin 2. J Exp Med
1982; 155:943-52.

36 Suthanthiran M, Solomon SD, Williams PS. Rubin AL, Novogrodsky A. Stenzel KH. Hydroxyl radical
scavengers inhibit human natural kilter cell activity. Nature 1984; 307:276-8.

37 Rola-Pleszczynski M. Chavaillaz PA. Lemaire 1. Stimulation of interleukin 2 and interferon gamma
production by leukotriene B4 in human lymphocyte culture. Prostaglandins Leukotrienes Med 1986;
24:207 10.

38 Holgate ST. Twentyman OP. RafTeriy P et al. Primary and secondary effector cells in the pathogenesis of
bronchiai asthma. Int Arch Aiiergy App! Immunol 1987; 82:498-506.

39 Gryglewski RJ. Szczeklik A. Wandzilak M. The effect of six prostaglandins, prostacyclin and iloprost on
generation of superoxide anions by iiuman polymorphonuclear leukocytes stimulated by zymosan or
formyl-methionyl-leucyl-phenylanine. Biochem Pharmacol, in press.

40 Nizankowska E, Szczeklik A. Glucocorticosteroids attenuate aspirin-precipitated adverse reactions in
aspirin-intolerant patient with asthma. Ann Allergy, in press.

41 Goodwin SJ. Atluru D, Sierakowski S. Lianos EA. Mechanism of action of glucocorticosteroids.
Inhibition of T cei! proliferation and inlerleukin 2 production by hydrocortisone is reversed by
leukotriene B4. J Clin Invest 1986; 77:1244 50.






