Exercise-induced anaphylaxis: a distinct form
of physical allergy
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Seven individuals with exercise-induced anaphylaxis under natural circumstances, characterized
by the appearance of pruritic cutaneous erythema and urticaria and associated vascular collapse
and/or upper respiratory tract symptoms and signs of angioedema, were subjected to a
controlled period of exercise in a laboratory. Experimental challenge consisted of running in an
occlusive suit on a treadmill of moving grade with maintenance or acceleration of speed for 5 to
17 min. Cutaneous pruritus and erythema without urticaria developed in four of the subjects and
progressed to angioedema in two of them; the other three subjects were unaffected. Repeat
challenge of three of the abnormal responders elicited a clinical response similar to that of the
previous exercise challenge. In those subjects with a clinical response to exercise challenge,
mean change from baseline levels of histamine to peak levels was 7.0 % 3.0 ng/ml

(mean = SEM), whereas in the group without clinical symptoms the mean change from baseline
was an increase of 0.6 = 1.6 ng/ml (mean = SEM). The abnormal elevations in serum
histamine during the seven exercise-induced symptomatic episodes returned to normal in about
20 min while clinical signs were also subsiding. There were no changes in pulmonary function.
Exercise-induced anaphylaxis is clinically separable from cholinergic urticaria and represents a

distinct form of physical allergy. (J ALLERGY CLIN IMMUNOL 71:311, 1983.)

Exercise-induced anaphylaxis is characterized by
the sensation of cutaneous warmth and pruritus and
the development of cutaneous erythema and urticaria
with the common association of vascular collapse and
upper respiratory tract obstructive symptoms.' About
one half of those patients susceptible to these episodes
have personal atopy, and a family history occurs in
two thirds.? The conventional 10 to 15 mm diameter
of the wheal, the failure of the episodes to develop
with an increase in core body temperature from a
fever or warm bath, and the prominence of vascular
collapse in two thirds of the patients' rule against a
diagnosis of classic cholinergic urticaria. In classic
spontaneous cholinergic urticaria evoked by conven-
tional exercise there is a sensation of generalized
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warmth and pruritus, with the appearance of punctate
wheals® * and, rarely, pulmonary manifestations of
wheezing or shortness of breath.> Experimentally in-
duced attacks by exercise in a plastic occlusive suit
elicited the same punctate urticaria but with the uni-
form development of pulmonary symptoms in seven
consecutive patients with cholinergic urticaria, along
with documented alterations in pulmonary function
and elevations in serum histamine concentrations.® To
distinguish further exercise-induced anaphylaxis from
other physical allergies developing during exercise? 78
and from exercise-induced asthma,? '® seven patients
with exercise-induced anaphylactic collapse! were
subjected to exercise challenge in a plastic occlusive
suit, and their clinical manifestations, pulmonary
function, and serum histamine levels were assessed.

MATERIALS AND METHODS
Patient population

Seven individuals (Table I}, two men and five women,
ranging in age from 18 to 44 yr (mean 30 yr), experienced
exercise-related episodes of pruritus and urticaria with pro-
gression to collapse if the exercise was continued in the pres-
ence of the initial symptoms. One of the group experienced
cutaneous angioedema and hoarseness indicative of upper
respiratory tract angioedema. The attacks occurred in a va-
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Abbreviations used

SGaw:  Specific airway conductance
FEV,: Forced expiratory volume in | second
MMF:. Maximum midexpiratory flow

riety of exercise-related settings, including running, playing
paddle tennis, fast walking after a meal, and performing
sitting-up exercises. Two subjects had allergic rhinitis and
three had family histories of allergic rhinitis; three had no
personal or family histories of atopy. Physical examination
and laboratory assessments, during an asymptomatic state,
of hematocrit, white blood count with differential analysis,
erythrocyte sedimentation rate, and serum calcium, phos-
phorus, urea nitrogen, glucose, uric acid, total protein, al-
bumin, bilirubin, alkaline phosphatase, lactic dehydroge-
nase, glutamic oxalacetic transaminase, and creatinine
phosphokinase were normal for each patient. Immuno-
chemical determinations of serum Clq and C4,'" hemolytic
assay of whole complement,'? and measurements of 1gG,
IgM, IgA, and IgD!? were normal. IgE levels (Phadebas IgE
PRIST Kit, Pharmacia Diagnostics, Piscataway. N. J.) were
elevated in two patients.

Exercise challenge

The protocol for exercise challenge in the Puimonary
Physiology Laboratory of the Brigham and Women's Hospi-
tal was approved by the Human Subjects Committee, and
each subject gave informed consent before entering the
study and again before each exercise challenge.

Exercise challenge consisted of having the subject, non-
fasting, run on the treadmill while wearing a plastic occlu-
sive suit to reduce elimination of body heat.® Initial running
was at 5 mph with no grade, and the grade was increased to
a 10 degree maximum with maintenance or acceleration of
speed if possible. Duration of exercise ranged from 5 to 17
min and was interrupted when the subjects experienced
fatigue.

Lung volumes and airway resistance were measured in a
constant-volume, variable-pressure plethysmograph serially
connected to an analogue recorder and a minicomputer.'*~!6
Airway resistance was expressed as a conductance-volume
ratio termed SGaw.'” Five measurements of each variable
were obtained at each time point and the mean was com-
puted; the coefficients of variation were 5% or less.
Spirometric measurements were performed in triplicate with
a waterless spirometer. FEV, and MMF were computed by
standard techniques. Pulmonary mechanics were measured
before exercise and 5 to 10 min after its cessation. The
paired t test was used to analyze alterations from baseline
values; mean differences between previously studied control
subjects® and patients were analyzed with the unpaired
t test.

Venous blood specimens were obtained at three intervals
before exercise challenge, at interruption of exercise, and at
subsequent intervals up to 20 min. Serum was aliquoted and
stored at —70° C. Serum histamine levels were measured by
a radioenzyme assay.'® ' The relationship between the
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serum histamine levels and clinical status of the patients was
analyzed with the Mann-Whitney U test.?”

RESULTS

Exercise challenge in an occlusive suit in a labora-
tory setting failed to elicit symptoms and signs as
marked as those experienced by the patienis while
exercising naturally. Abnormal responses to exercise
appeared in only four of the seven subjects and were
characterized by cutaneous pruritus and erythema
without urticaria (Table II). Angioedema developed
in four instances in two subjects, and on one occa-
sion, symptoms of upper respiratory obstruction with
coughing required epinephrine administration for re-
lief. On rechallenge, this person developed u severe
headache in addition to the aforementioned symptoms
in milder form. No subject collapsed and btood pres-
sure did not fall in any of the subjects. Wheezing was
not auscultated at anytime. The pruritic sensation and
erythema generally resolved within 30 min after the
cessation of exercise.

There were no significant changes in puimonary
function in any subject as measured 5 to !0 min
after cessation of exercise and at a time when other
abnormal responses were manifest. Mean FEV,
levels decreased 1.6% (from 3.68 = 0.24 to 3.62 =
0.22 L, mean + 1 SEM) and MMF rose 2.6% (from
3.80 = 0.32 to 3.90 = 0.36 L/sec). SGaw did not
change (baseline = 0.20 + 0.01 L/sec/cm H,O/L;
response = 0.20 = 0.02 L/sec/cm H,O/L), and re-
sidual volume increased an average of 0.22 L (from
1.50 + 0.11 to 1.72 £ 0.12 L). These values were
not significantly different from the subjects’ prechal-
lenge values, and the pattern observed did not differ
from that reported in a group of eight control subjects
who exercised in a similar fashion.®

An exercise-related elevation in serum histamine,
as compared with prechallenge individual values, ap-
peared in five patients, of whom four experienced
abnormal clinical responses (Fig. 1). In two of three
subjects failing to experience a clinical episode, the
histamine levels remained less than 1.0 ng/mi and did
not change from prechallenge levels. The histamine
levels at the height of the attack are shown in Table II.
In those subjects with a clinical response to exercise
challenge, the changes from baseline in histamine
rose to mean peak levels of 7.0 = 3.0 ng/m! (mean =+
SEM), whereas in the group without clinical symp-
toms the mean increase was 0.6 = 1.6 ng/ml
(mean + SEM). This difference between the respon-
ders and nonresponders was statistically significant at
the 0.05 level (U = 1, n, = 3, n, = 4). Rechallenge
by exercise after a 10 min rest in one subject and after
1 and 7 week intervals in two elicited a positive re-
sponse that was similar to the initial experimentally
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FIG. 1. Time-dependent serum histamine levels after experimental exercise challenge by running
in a plastic occlusive suit, in seven patients with exercise-induced anaphylaxis by history. Left,
Values for four patients experiencing clinical symptoms and signs. Right, Values for three pa-
tients failing to experience clinical manifestations.

TABLE 1. Clinical features of exercise-induced anaphylaxis

Atopy
Subject Age Age at Clinical Type of IgE
No. (yr} Sex onset (yr) manifestations exercise Personal Family (IU/ml)
1 33 M 23 Pruritus, urticaria, Running Allergic rhinitis None 2200
collapse
2 42 F 31 Pruritus, urticaria, Paddle tennis  Allergic rhinitis  Allergic rhinitis 225
collapse
3 18 F 16 Pruritus, urticaria, Running None Hymenoptera 225
collapse anaphylaxis
4 23 M 22 Pruritus, urticaria, Running None Allergic rhinitis 90
collapse, choking,
angioedema
5 28 F 25 Pruritus, urticaria, Running None None 20
collapse, choking
6 44 F 27 Pruritus, urticaria, Fast walk after None Allergic rhinitis 350
collapse meal
7 24 F 20 Pruritus, urticaria Sitting-up None None 45
exercises

induced attacks in terms of distribution of symptoms
and signs and relative elevation in serum histamine
over baseline levels (Fig. 2). The abnormal elevations
in serum histamine subsided within 20 min after ces-
sation of exercise, whereas the clinical signs lasted
somewhat longer.

DISCUSSION

Exercise-induced anaphylaxis was originally postu-
lated to be a form of physical allergy distinct from
cholinergic urticaria.! Although the reaction began
with the sensation of cutaneous warmth and pruritus

and with the development of cutaneous erythema and
urticaria, it was the dramatic occurrence of collapse in
12 and upper respiratory distress in 10 of the original
16 patients that prompted the designation exercise-
induced anaphylaxis. When one of the original series
(subject 2) and six additional patients were challenged
by exercise in an occlusive suit, only four developed
clinical manifestations, which in all but one case were
mild (Table II) compared with the severity of the
natural attacks (Table I). The elevations in serum his-
tamine that accompanied the experimentally induced
clinical attacks in the four reactive patients are consis-
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FIG. 2. Serum histamine levels in three patients with exercise-induced anaphylaxis who re-
sponded to the initial experimental challenge and were challenged again on the same day () or
after an interval of 1 (o) and 7 (a) wk.
TABLE II. Experimental exercise challenge of patients with exercise-induced anaphyiaxis
Maximum exercise challenge Peak histamine
concentration (ng/mi) Duration of
Subject Duration Grade Speed symptoms
No. {min) {deg) (mph) Challenge-induced symptoms Baseline Exercise {min)
| 16 7 7 Pruritus, flushing, erythema 1.1 54 b
2 17 5 5 None 0.1 1.0
3 15 5 5 Flushing, erythema 8.2 225 20
10* 5 5 Blotching, erythema, vertigo 2.0 323 20
4 10 10 5 Pruritus, diaphoresis, choking 2.3 10.0 20
indicative of angioedema,
coughing (epinephrine re-
quired)
6 10 5 Headache, pruritus, diaphore- 8.8 16.2 30
sis, coughing
5 6 S 4 Flushing, erythema, pruritus, 0.8 2.1 LA
periorbital edema
13% 5 4.5 Mild periorbital edema 0.4 18 i
6 10 0 3 None 24 0.6
5¢ 5-7 A None 1.8 0.4
7 5 5 5 None 0.9 3.5

*After a 10 min rest.

tRepeat challenge 7 wk later.
$Repeat challenge 1 wk later.
§Repeat challenge 20 wk later.

tent with a physical allergy, as observed in previous
studies for experimentally induced attacks of cholin-

ergic urticaria® ® and cold urticaria/angioedema.® 2! challenges of three patients who failed to

When three of the reactive patients were subjected to

repeat challenge in the laboratory setting, the clinical only one (Fig. 1).

manifestations (Table II) and the associated elevations

in serum histamine (Fig. 2) were similar to those ob-
served on the first occasion. In contrast, during four

experience

symptoms, the serum histamine level increased in

The exercise-related systemic reactions with cuta-
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TABLE Illl. Classification of exercise-induced physical allergy

Bronchospasm
Precipitating Associated Elevated serum
Type event Urticaria: morphology collapse Clinical Functional histamine
Cholinergic Heat, stress, Punctate (2-5 mm) — + + +
exercise
Variant Exercise Punctate + - - +
Anaphylactic Exercise Conventional (10-15 mm) + - - +

- = absent; + = present.

neous manifestations can be divided into three recog-
nizable clinical patterns (Table III), each of which is
considered to represent a distinct physical allergy be-
cause of the associated rise in serum histamine.
Classic cholinergic urticaria elicited by exercise® % 22
characteristically occurs without clinical vascular col-
lapse and/or by an elevation in core body tempera-
ture. A variant of cholinergic urticaria was recognized
in two of the 16 patients reported to have exercise-
induced anaphylaxis!; the attacks began with punctate
urticaria and progressed to collapse in subjects who
failed to develop punctate urticaria with elevations of
core body temperature.! Two patients with this vari-
ant form of exercise-induced anaphylaxis were sub-
sequently shown by others® to demonstrate a rise in
histamine during experimental exercise challenge on a
bicycle ergometric exerciser. Fourteen of the original
16 patients and each of the additional patients (Table
I) developed exercise-related pruritic urticarial lesions
of conventional size with progression to the associ-
ated manifestations of angioedema and/or vascular
collapse. Because these attacks appear with exercise
and in response to no other recognized physical stimu-
lus, this group is distinguished from patients with
classic cholinergic urticaria by the history and from
those with the variant form by the nature of the cuta-
neous lesion. It could also be argued that the patients
experiencing the punctate lesions are within the spec-
trum of exercise-induced anaphylaxis rather than rep-
resenting a variant of cholinergic urticaria.

Of the six patients reported by Lewis et al.>* as
having exercise-induced urticaria, angioedema, and
anaphylactoid episodes, three experienced punctate
urticaria, which in two were elicited in the absence of
exercise by external heat, fever, and/or emotional
distress. Of the three experiencing exercise-related
conventional urticaria, an experimental attack was
elicited by free running in two, and one of these dem-
onstrated a rise in the serum histamine level. The
occasional reports of exercise-induced asthma in as-
sociation with cutaneous lesions™ 2% 25 represent the
occurrence of bronchial asthma in patients with an
exercise-related physical allergy.

A striking feature of exercise-induced anaphylaxis

is the failure of an apparently identical exercise pro-
gram to reproducibly elicit a natural attack.! The lack
of predictability suggests an additional variable,
which need not be uniform except for the likelihood
of augmenting mast cell responsiveness to the physi-
cal event of exercise. Not only is a personal or family
history of atopy common,? 2 but three subjects have
been reported in whom the ingestion of specific foods
before exercise was defined as the additional critical
variable.?® 27 Neither exercise alone nor ingestion of
the specific food alone had an adverse effect. The
simultaneous presence of two physical allergies, such
as cold and cholinergic, has been recognized in four
patients,® 2% 2% and the presence of cold urticaria in a
patient with exercise-induced anaphylaxis has been
recognized in one instance.?* A single patient in
whom the experimentally exercise-induced attacks of
urticaria and angioedema occurred in a reliable fash-
ion exhibited an increase in both serum histamine and
lactate.?® A familial element has been noted in two
families with multiple cases of exercise-related cuta-
neous symptoms progressing to collapse in one
member of each family.29 39

REFERENCES

1. Sheffer AL, Austen KF: Exercise-induced anaphylaxis. J AL-
LERGY CLIN IMMUNOL 66:106, 1980.

2. Soter NA, Sheffer AL, McFadden ER, Austen KF: Exercise-
related physical allergy. J ALLERGY CLIN IMMUNOL 69:103,
1982. (Abst.)

3. Duke WW: Urticaria caused specifically by the action of phys-
ical agents (light, cold, heat, freezing, burns, mechanical irri-
tation and physical and mental exertion). JAMA 83:3, 1924.

4. Moore-Robinson M, Warin RP: Some clinical aspects of
cholinergic urticaria. Br J Dermatol 80:794, 1968.

5. Warin RP, Champion EH: Urticaria. Philadelphia. 1974,
W. B. Saunders, Co., p. 136.

6. Soter NA, Wasserman SI, Austen KF, McFadden ER Jr: Re-
lease of mast-cell mediators and alterations in lung function in
patients with cholinergic urticaria. New Engl J Med 302:604,
1980.

7. Mathews KD, Pan PM: Exercise histaminemia, dermato-
graphia and wheezing. Ann Intern Med 72:241, 1970.

8. Kaplan AP, Gray L, Schaff RE, Horakova Z, Beaven MA:
In vivo studies of mediator release in cold urticaria and
cholinergic urticaria. J ALLERGY CLIN IMMUNoL 55:394,
1975.



316 Sheffer et al.

9.

10.

18.

19.

McNeill RS, Nairn JR, Miller JS, Ingram CG: Exercise-
induced asthma. Am J Med 35:55, 1966.

Deal EC Jr, McFadden ER Jr, Ingam RH Jr, Breslin FJ, Jaeger
JJ: Airway responsiveness to cold air and hyperpnea in normal
subjects and those with hayfever and asthma. Am Rev Respir
Dis 121:621, 1980.

. Ruddy S, Everson LK, Schur PH, Austen KF: Hemolytic assay

of the ninth complement component: elevation and depletion in
rheumatic diseases. J Exp Med 134:259s, 1971.

. Kent JF, Fife EH: Precise standardization of reagents for

complement fixation. Am J Trop Med 12:103, 1963.

. Fahey JC, McKelvey EM: Quantitative determination of serum

immunoglobulin in antibody agar plates. J Immunol 94:84,
1965.

. Dubois AB, Botelho SY, Bedell GN, Marshall R, Comroe JH

Jr: A rapid plethysmographic method for measuring thoracic
gas volume: a comparison with nitrogen washout method for
measuring functional residual capacity in normal subjects.
I Clin Invest 35:322, 1956.

. Dubois AB, Botelho SY, Comroe JH Jr: A new method for

measuring airway resistance in man using a body plethysmo-
graph: values in normal subjects and in patients with respira-
tory disease. J Clin Invest 38:327, 1956.

. Sykes TW, Haynes RL, McFadden ER Jr: On-line determina-

tions of lung volumes by plethysmography and digital com-
puter. Am Rev Respir Dis 115:581, 1977.

. Briscoe WA, Dubois AB: The relationship between airway

resistance, airway conductance and lung volume in subjects of
different age and body size. J Clin Invest 37:1279, 1958.
Beaven MA, Jacobsen S, Horakova Z: Modification of the
enzymatic isotopic assay of histamine and its application to
measurement of histamine in tissues, serum and urine. Clin
Chim Acta 37:91, 1972.

Shaff RE, Beaven MA: Increased sensitivity of the enzymatic
isotopic assay of histamine: measurement of histamine in
plasma and serum. Anal Biochem 94:425, 1979.

20.

21.

9
[l

25.

29.

30.

. Maulitz RM, Pratt DS. Schocket AlL:

J. ALLERGY CLIN. IMMINOL.
MARCH 1883

Siegel S: Nonparametric statistics for the behavioral scietices
New York, 1956, McGraw-Hill Book Co., Inc., p. 116.
Soter NA, Wasserman S, Austen KF: Cold urticaria: release
into the circulation of histamine and eosinophil chemotactic
factor of anaphylaxis (ECF-A) during cold challenge. New
Engl J Med 294:687, 1976.

. Sigler RW, Levinson Al, Evans R, Horakova Z, Kaplan AP;

Evaluation of a patient with cold and cholinergic urticaria.
J ALLercy CLin IMMuNoOL 63:35, 1979,

. Kaplan AP, Natbony SF. Tawil AP, Fruchter L., Foster M:

Exercise-induced anaphylaxis as a manifestation of cholinergic
urticaria. J ALLERGY CLIN IMMUNOL 68:319, 1981,

. Lewis J, Lieberman P, Treadwell G, Erffmeyer I Exercise-

induced urticaria, angioedema and anaphylactoid episodes.
J ALLERGY CLIN IMMUNOL 68:432, 1981,

Harries MG, Burge PS, O'Brien I, Cromwell O, Pepys I
Biood histamine levels after exercise testing. (Clin Allergy
9:437,1979.

Exercise-induced
anaphylactic reaction to shell fish. J ALLERGY CLin IMMUNGH
63:433, 1979.

. Kidd J, Cohen S, Sossman A, Fink J. Food-dependent

exercise-induced anaphylaxis. J ArLLERGY Crinv IMMunolL
69:103, 1982, (Abst)

28. Tse KS, Yeung M. Ferreira P: A study of exercise-induced

urticaria and angioedema. J ALLERGY CLIN IMMuNOL 65:227.
1980. (Abst.)

Longley A, Scornik J, Panush R, Katz P: Familial exercise-
induced anaphylaxis. J ALLERGY CLIN IMMuNoL 69:103,
1982. (Abst.)

Grant JA, Schmalstieg F, Fine DP, Lord R: Familial exercise-
induced anaphylaxis (EIA). J ArLteErGY CLN IMMUNOL
69:103, 1982. (Abst.)



