I0DIDE HYPERSENSITIVITY IN THE ETIOLOGY OF
PERIARTERITIS NODOSA
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INTRODUCTION

N 1866 Kussmaul and Maier' first described the pathologic lesions of peri-

arteritis nodosa, but the clinical recognition of the disease did not material-
ize until after the turn of the century. Gruber,® in 1925, was the first to
suggest that hypersensitivity reactions to foreign substances might play an
etiological role in this disease. The occurrence of periarteritis in patients
given foreign sera® % '® 22 and the demonstration of similar lesions developing
in animals as a result of a hypersensitive immune response to foreign sera®**
support this coneept. A similar vasculitis has been ascribed to hypersensitivity
reactions from simple chemical substances,®'% =% including iodides.” Table
T lists these compounds.

Serious reactions have resulted from the administration of iodine, iodides,
and iodine-containing compounds.?® 3*-?¢  These are listed in Table II. The
clinical picture of some of the severe reactions was consistent with an under-
lying vasculitis, but description of pathologic material was lacking or was

TaBLE 1. PossiBLE Et101.061¢AL AGENTS IN CASES OF PERIARTERITIS NObosA

. Serums3, 4, 13, 22

. Sulfonamidesd, 6-12, 21
Penieillin2s-28
Todidess, 14
Arsenicals19

. Mercury?zs

. Aspirinz4

8. Dilantin29. 30

9. Phenylbutazonest

10. D.D.T.32

11. Thiourea, thiouracil, propylthiouraeilis-1s
12, Phenobarbitalé

‘l@ylr‘*?@[@)—‘

inadequate for substantiation,” 40+, 4, 65 70, 76 Ty patients with thyrotoxico-
sis developed periarteritis nodosa during combined thiourea and iodide treat-
ment. In both patients, the periarteritis was asceribed to thiourea hypersensi-
tivity, but a hypersensitive response to iodides cannot be excluded.™ " In
only two instances has iodide hypersensitivity been clearly implicated in the
etiology of periarteritis nodosa.? 12
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TaABLE II. SENSITIVITY REACTIONS TO TODIDESZ20, 33-70

. Asthma

Angioneurotic edema, urticaria
Pulmonary edema

Peripheral edema

. Transitory pulmonary infiltrations
Thrombopenic and nonthrombopenic purpura
Fever

. Eosinophilia

. Arthritis

. Hematuria

11. Albuminuria

2. Loecalized necrotizing vascular lesions
. Various cutancous lesions

. Lymphadenopathy

—
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The following cases are reported, as they may represent two further
instances in which periarteritis nodosa developed as a result of iodide hyper-
sensitivity.

CASE REPORTS

CAsE 1.—The patient, R. R. (MGH #787816), was a 60-year-old woman. In August of
1932, when the patient was 40 years of age, asthma first appeared; it cleared in October,
Asthma hag recurred each year from early August to October. Symptoms usunally responded
promptly to conservative therapy which, on at least two occasions, included potassium iodide.
in August, 1952, she was referred to the Massachusetts General Hospital because her asthma
did not respond to the usual medications. On admission, she had severe asthma. Blood
pressure was 162/92; pulse, 100; and the heart was enlarged 1 em. beyond the midelavicular
line in the fifth left intercostal space. White blood count was 10,000 per cubic millimeter,
with 1 per cent eosinophils. A roentgenogram of the chest showed slight cardiac enlargement
and pulmonary emphysema. Epinephrine, aminophylline, and sedatives relieved her com-
pletely in two days. She was discharged on potassium iodide, ephedrine, aminophylline, and
intramuseular penicillin for five days. Ten days later, nausea followed the ingestion of
potassium iodide. In spite of this, she continued taking 10 drops three times a day. Within
three days, she developed abdominal bloating, a constricting sensation in the lower anterior
chest, dyspnea on exertionm, and ankle edema. Re-examination in the outpatient department
demonstrated bilateral pleural effusions and cardiae enlargement due to a pericardial effusion.
Signs and symptoms continued in spite of digitalis and Mercuhydrin, She was readmitted,
therefore, on Oct. 3, 1952. Blood pressure was 170/100; temperature, 101 to 104° F.; pulse,
100. TIn addition, a large liver and a pulsus paradoxus of 15 mm. Hg was noted. Her white
blood count was 9,000, with 29 per cent cosinophils. Eleetrocardiographic changes were late
inversion of the T waves in Leads I, 11, aVy, V,;, notched P waves, and an upright T wave
in aVy. On October 8, an objective arthritis developed in the right hand and wrist, and four
days later a generalized petechial rash appeared. Platelet count was normal. On October 16,
a pericardial tap was performed because of signs of increasing cardiac tamponade; 400 c.c. of
serosanguineous fluid was removed, the sediment of which contained 40 per cent eosinophils. A
musele biopsy performed on October 18 showed a perivascular inflammatory reaction in one
area and monocytic and eosinophilic infiltration in several other areas. The pathologist
interpreted these findings as being consistent with periarteritis nodosa. These lesions are
illustrated in Figs. 1 and 2. An eight-day course of intravemous ACTH, 25 mg. a day,
resnlted in a marked increase in appetite and a feeling of well-being; disappearance of eosino-
philia, petechial rash, fever, and arthritis; and decrease in edema and heart size. Improve-
ment persisted for two weeks after cessation of ACTH. Fever recurred, as well as a slight
eosinophilia (6 to 10 per cent). In addition, a right radial nerve neuritis and left-gided
Tacksonian seizures appeared. Dilantin and cortisone (300 mg. daily) therapy was started
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Fig. 1.—Patient R. R. An inflammatory infiltrate in gkeletal muscle composed of mono-

cytes, lymphocytes, and eosinophils. (Magnification, X200; rveduced %.)

Fig. 2.—Patient R. R. A small blood vessel, in skeletal muscle, surrounded by lympho-
cytes and plasma cells. (Magnification, X400:; reduced 4.)

Fig. 4.—Patient N. D. A marked inflammatory reaction around and in the walls of a
small arteriole in the mesentery of the colon. (Magnification, X200; reduced %.)

Fig. b.—Patient N. D. A glomerulus, showing partial destruction of BBowman's capsule,
proliferation of glomerular tufts, and thrombosis of some of the capillaries. (Magnification,
X200; reduced 3.)
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at onee. Within three days, signs and symptoms disappeared, but were followed by the
development of a left hemiparesis, which gradually improved. Dilantin and cortisone were
continued for three months. For the next two years, the patient was carefully followed
and she has been well except for asthma during the months of August through October. A
repeat musele biopsy on Jan, 28, 1954, revealed no diagnostiec abnormality.

Although the first muscie biopsy was not completely diagnostic of periarteritis, it
was consistent with this diagnosis and similar to lesions ascribed to this disease. 77,73
The diagnosis was established on the basis of these findings and the clinical course.

CasE 2.—The patient was N. D. (MGH #816443), a 37-year-old woman, who first noted
asthma in May, 1953, when she was 36 years of age. Recurrent attacks persisted for the
next month, and became progressively more scvere, in spite of therapy. She came to the
Massachusetts General Hospital on July 1, 1953, with intractable asthma. Treatment with
sedatives, epinephrine, and aminophylline failed, and on the third hospital day an eleven-day
course of cortisone was started. She obtained complete relief. Laboratory studies, including
a roentgenogram of the chest, were normal. She remained well except for rare, mild, easily
controiled attacks of asthma until June, 1954, when increasingly severe and persistent asthma

Fig. 3.—A photograph of the hands of patient N. D. On the dorsum of the left band
was a purpuric eruption which had an erythematous base and superimposed hemorrhagic
vesicles. The last two fingers of the right hand could not be completely extended as a result
of a radial nerve palsy.

reappeared. She returned to the hospital on July 4, 1954. On entry, she had scvere asthma
which responded promptly to epinephrine and aminophylline, but one week later she returned
because of anmother attack which also responded rapidly. Routine laboratory studies and a
cliest Toentgenogram were normal. Potassium iodide, 10 drops three times daily, was in-
stituted on July 16, 1954. Within twenty-four hours, recarrent giant urticaria appeared
and was followed by the appearance, during the next two weeks, of fever, malaise, arthritis,
and muscle pains. All previous therapy was stopped on July 30 and she was given a two-
week course of cortisone in decreasing daily doses after an initial dose of 300 mg. Two
weeks later, while still taking 50 mg. of cortisone a day, these symptoms returned. In
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addition, during the next two weeks she developed, in succession, nausea, hloody diarrheu,
purpura, eonjunctivitis, musele pains, stabbing pains in the forearm, and weakness progressing
to partial paralysis of the hands.

When readmitted on Aug. 30, 1954, it was determined that on two previous oecasions
(June, 1953, and June, 1954) she had developed periorbital edema, joint pains, and fever
after the ingestion of an ‘“asthma pill” found to be enteric-coated potassium iodide.

Two years prior to this admission, she had undergone a hysterectomy. Review of the
pathologic material revealed no vascular disease.

The important physical findings were temperature 100.4° F.; pulse, 110; blood pressure,
108/70; petechiae on the conjunctival and buceal mucosae; moist rales at the right lung
hase; right upper quadrant tenderness; a bilateral radial nerve neuritis, including motor and
sensory loss; an absent right ankle jerk; ankle edema; and a generalized dermatitis, maximal
on the distal extremities, counsisting of urticaria, petechiae, ecchymoses, and vesicles, A
photograph of the skin lesions is shown in Fig. 3.

Laboratory studies revealed hemoglobin, 11.3 Gm. per cent; white blood count, 14,000
per cubic millimeter, with 14 per cent eosinophils; minimal microscopie hematuria; a positive
stool gnaiac; a normal platelet count; and an abnormal serum electrophoretic pattern, with
low albumin and high gamma globulin. Sigmoidoscopy revealed extensive submucosal
nonulcerating purpura. FElectrocardiogram was abnormal, with S-T segment depression
and low T waves in Leads II, ITT, aVy, and V. A roentgenogram of the chest showed a
localized infiltration in the right lower lobe. TUsing the technique of Prausnitz and
Kiistner, the patient’s sera were tested with Benadryl, aspirin, and potassium iodide. One-
tenth cubie centimeter of the patient’s serum was injeeted intracutaneously and the sites
were challenged twenty-four hours later. Benadryl gave a positive control, so the results
were of no value. Aspirin gave a questionable reaction in one of two subjects. A 1:20
dilution of potassium iodide, applied as a scratch test, gave an immediate type reaction
(flare and wheal within twenty minutes) in both recipients. Precipitating antibodies were
not demonstrated in the patient’s serum, using as antigen either potassium iodide or serum
from a patient ingesting this compound,

Initially, the patient seemed to improve on 6.5 Gm. of aspirin a day, but by the sixth
hospital day the hemoglobin had fallen to 8.5 Gm. per cent, and eosinophilia had risen
to 54 per cent. She was transfused with two units of whole blood, and promptly developed
pulmonary edema, At the same time, thymol iodide was applied inadvertently to a small
decubitus uleer. In spite of all measures (ineluding gitalin, compound F, and positive-
pressure oxvgen), pulmonary edema continued, she bhecame hypotensive, and developed
azotemia, increasing cardiac enlargement, and progressive widespread electrocardiographic
changes consistent with severe myoecardial ischemia and infarction. She died on the
eleventh hospital day.

There were widespread changes at postmortem examination. The dermatitis was
as previously described. The heart weighed 325 grams. Nearly the entire left ventricle,
the septum, and the inferior portion of the right ventricle were infarcted. There was an
overlying fibrinous pericarditis. The coronary vessels were soft and uninvolved with
atherosclerosis. A pericardial effusion of 125 c.c. and bilateral pleural effusions, 400 ec.c.
each, were present. The lower lobe of each lung contained a hemorrhagic consolidation.
The upper lobes were markedly edematous, Multiple small cerebral infarcts were seen in
the area of distribution of the right posterior cerebral artery. There was a widespread
hemorrhagic ulcerating process involving the mucosa of the colon, terminal ileum, and
gall bladder.

The microscopic findings were striking, There was extensive neecrosis of the walls
of the heart, with areas of inflammatory infiltrate composed of neutrophils, lymphoeytes,
plasma cells, and eosinophils, the latter predominating. The inflammatory reaction was
seen in the myocardium, endocardium, and epicardium. Mural thrombi We;'e present over
the endocardial surface of the left ventricle. There were several areas of focal necrosis
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Fig. 6—Patient N. D. A typical lesion in a coronary arteriole, showing fibrinoid necrosis
of the vessel wall and perivascular inflammation. (Magnification, X200; reduced %.)

Fig, 7.—Patient N. D. A section of myocardium containing multinucleated giant cells
on the right and an area of fibrinoid necrosis with surrounding inflammatory cells on the left.
(This {esl}'on had many of the characteristics of an Aschoff body.) (Magnification, X200;
reduced 14.)
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with surrounding inflammatory reaction and multinueleated giant cells in the myocardiun.
These resembled Aschoff’s nodules. Widespread involvement of the small arterioles (250
u or less) was present in the pancreas, heart, peripheral nerves, colon, skeletal musecle,
gall bladder, kidneys, and stomach, and less so in the lungs. The lesions were of several
types:
1. Occlusion of arterioles with fibrin thrombi of various ages.
2. Focal collections of inflammatory cells perivaseularly without inflamma-
tion of the vessel wall. (These collections of cells were of two types—in certain
areas they were predominantly lymphocytes, while in others they were neutro-
phils, plasma cells, and eosinophils.)
3. Fibrinoid necrosis of vessel walls with perivascular inflammation, and
destruetive inflammation of all three layers of the vessel wall.
Similar lesions were seen in a few venules. The bone marrow showed eosinophilic
hyperplasia and was otherwise normal. Both kidneys contained focal granulomatous
lesions composed of monocytes, plasma cells, neutrophils, lymphocytes, and eosinophils.
Focal necrosis and fibrin thrombi in capillaries with proliferation of endothelial cells
were seen in some glomeruli. The lungs contained edema and a hemorrhagic organizing
pneumonia, in which there were areas of necrosis and eosinophilic infiltration. Photo-
micrographs of some of these lesions are shown in Figs. 4, 5, 6, and 7.

DISCUSSION

The serum sickness type of hypersensitivity can be induced by the in-
jection of foreign sera.® 2> 2% 3% A gimilar state can oeccur following the use
of some simple chemical substances. Pathologically, damage to small blood
vessels has been described. This ranges from reversible, visually undetectable
changes resulting in local edema formation to irreversible, necrotizing vasecu-
litis with resultant organ dysfunction 2% 3338 77

The occurrence of periarteritis nodosa in some patients is thought to
represent sueh a severe, irreversible vasculitis.® 951 The exact pathogenesis
of this vasculitis remains undetermined. A elinical and pathologic differentia-
tion of these cases of so-called hypersensitivity angiitis from other cases of
periarteritis nodosa has been proposed,” %2 but not generally accepted.®-*?
The present eases may represent instances of a vaseculitis of this type.

Since asthma may be a manifestation of periarteritis nodosa,” ®¢ it is
possible that both patients had periarteritis prior to iodide therapy, the asthma
being an initial symptom of the disease. In each patient, however, the course
of the disease altered dramatically shortly after the institution of iodides. In
neither patient was asthma present during the course of the vaseulitis, sug-
gesting that the asthma and the vaseculitis resulted from hypersensitivity
reactions to different agents. The presence of asthma in the first patient, at
a time when all signs of the vasculitis had disappeared, is consistent with the
preceding interpretation, as is the clinical course. In the second patient, the
past history of iodide sensitivity, the presence of skin-sensitizing antibodies
to iodide, and the seasonal nature of the asthma support the theory of separate
etiologies. A recrudescence of the vasculitis ocenrred in each after the cessa-
tion of a short course of steroid therapy, even though no jodides had been
administered in the meantime. This is compatible with iodide hypersensitivity
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being an etiological factor, since patients ingesting potassium iodide have
elevated, nonthyroxine, blood, protein-bound iodine, which may remain three
to four weeks after cessation of iodide administration.s” 8

Accepting iodide hypersensitivity as an etiological factor, it is reason-
able to think that periarteritis may develop in other patients with bronechial
asthma as a result of therapy with iodides or possibly other agents and,
further, that the etiological agent may be overlooked if asthma is aceepted
as a symptom of the vasculitis. This is of some practical importance, as
recognition and elimination of the sensitizing agent are therapeutically desir-
able. Todides are used extensively in asthma therapy; yet the oceurrence of
vasculitis following their use is rare. This would indicate that either (1) such
an occurrence is truly a rare phenomenon; (2) it oceurs more frequently than
suspected, but goes unrecognized; or (3) the severe, clinically serious form is
rare, but less severe manifestations occur frequently and go unnoticed. The
recognition of such early signs of sensitivity in the second patient might have
been lifesaving. Abandonment of iodide therapy cannot be recommended on
the basis of this evidence, but withdrawal of such treatment in patients
developing any minor manifestations of sensitivity is elearly indicated.

It vasculitis of this nature can develop from iodide hypersensitivity, the
mechanism of its production is of interest. Administration of simple chemical
compounds can result in the development of hypersensitivity reactions.®® Basie-
ally, the sequence of this development is thought to be: (1) the union of
agent with plasma protein, forming an antigen; (2) stimulation of specific
antibody production by this antigen; (3) union of antigen with antibody, re-
sulting in vascular damage.®®

All substances, including iodides, proposed as etiological agents in cases
of periarteritis (Table I) have been shown to form a complex with plasma
proteins, when such studies have been carried out.”® There has been intensive
study of iodoproteins, ineluding their immunologie properties. It is important,
in discussing these, to distinguish iodine (I°) from iodide (I°), since their
interactions with proteins differ. These are illustrated in Fig. 8 and are dis-
cussed. Todide is the reduced form of iodine. Exeept in the thyroid gland,
this substance exists in vivo in the reduced state (I°), regardless of the route
of administration,®-*® with the onc exception that subcutaneously administered
jodine may exist, as such, for some time.” These facts have an important bear-
ing on the interpretation of the results of the immunologic studies and their
relation to human iodide sensitivity.

Most of the immunologie studies have employed, as antigens, protein
treated in vitro with iodine (I°) solutions. Under these conditions, the com-
bination of iodine (I°) with protein involves either substitution on the phenolie
group of tyrosine, or on the imidazole group of histidine, or addition on the
thio-ether linkage of methionine.?® Todination may cause the disappearance of
the (OH) group of diiodotyrosine®” The only one of these reactions which
seems to have an important bearing on the problem of altered antigenicity is
the substitution of iodine on tyrosine. Proteins iodinated in this way alter



402 THE JOURNAL OF ALLERGY

their serologie specificity to a greater or lesser degree, depending on the per-
centage of iodine added.™ #2511 With ‘‘complete’’ substitution of the tyro-
sine groups, hearly complete loss of the original specificity occurs and a com-
mon specificity with other iodinated proteins appears.”® From the nature of
the changes in the protein molecule, iodide inhibition of the antigen-antibody
reactions of these iodoproteins would not be expected. The precipitation of
antibodies from the sera of rabbits sensitized by iodoproteins can be blocked
by diiodotyrosine but not by potassium iodide.”” Similarly, anaphylaxis in
sensitized guinea pigs can be blocked by diiodotyrosine but not by potassium
iodide. "

COMBINATION OF PROTEIN WITH IODINE AND IODIDE

(IODINE) (IODIDE)
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° "
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OoH __H
Phenolic Group e N\CH
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Fig. 8—The interaction of protein with iodine (I°) and iodide (I-). Iodine combines with
tyrosine to form mono- and di-iodotyrosine, and thyroxine. Its addition to histidine takes
place in three successive steps, as illustrated. lodide is ionically bound to protein, and may
combine in other, undeflned ways.

The interaction of iodide (I) with proteins has not been thoroughly
studied. Small anions, such as chloride and thiocyanate are hound in vitro
by certain unidentified groups of human serum albumin.'®>** No data are
available for iodide, but similar binding might be expected, from theoretical
considerations, Iodide does form a complex with serum in vitro and 8 to 31
per cent of this bound iodide is protein precipitable.’”* The in vivo binding
of iodide to serum albumin does occur in patients ingesting potassium
iodide,*" %% but the nature of this binding has not been investigated. This
albumin-iodide complex is also, in part at least, protein precipitable. It is
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conceivable that the iodides have been oxidized to iodine, and the latter
substituted onto tyrosine radicals. This is not likely, however, sinee the in
vitro iodination of serum produces a calorigenic substance (tyrosine-sub-
stituted protein),’*> and the in vivo production of a similar substance might
be expected if jodide were converted to iodine. Such a substance has not heen
tound. On the basis of the available data, it is reasonable to propose that the
antigen responsible for the development of iodide sensitivity in man is a
protein-iodide complex.

The demonstration of the skin-sensitizing antibodies to iodides, in the
serum of the one patient, would be consistent with this proposal. The relation-
ship of these antibodies to the development of the vasculitis cannot be defined.
However, there is some experimental evidence equating such antibodies with
the anaphylactoid state. Guinea pigs, sensitized to simple chemical sub-
stances, produce circulating, nonprecipitable antibodies which, when appro-
priately challenged, can induce either the immediate type of skin sensitization
or passive anaphylaxis. ¢

Assuming that sensitivity to iodides can produce a spectrum of anaphylac-
toid manifestations ranging from angioedema to severe vasculitis, and that the
production of these is contigent upon a protein-iodide complex becoming anti-
genic, several problems remain unsolved. Does every person ingesting iodide
form the same protein-iodide complex? 1f so, what factors determine when
and in whom it becomes antigenic? What defines the severity and location
of the ensuing sensitivity reaction? Further fruitful study of these problems
might be undertaken using the readily available radioactive iodine I'*:.

A discussion of sensitivity to iodine eompounds would not he complete
without mention of two other aspects. Sialorrhea, bronchorrhea, tearing, and
salivary gland enlargement are described as common reactions to iodide
administration.’  From our present knowledge, it would seem that these
symptoms may represent a heightened physiologic or pharmacologic effect
of the drug, and not true sensitization. Many reactions occur with the use of
iodine containing contrast substances in radiographic procedures.”® The
iodized oil, such as that used in bronchography is probably unreactive until
swallowed and absorbed through the gastrointestinal tract or absorbed di-
rectly through the lung. In either case, the mechanism of sensitization is
probably a combination of liberated iodide with plasma protein. Organic
compounds, as used in pyelography, for example, probably become antigenic
by combining with plasma proteins directly, rather than releasing iodide,

SUMMARY

Two patients with periarteritis nodosa are described. In both, iodide
hypersensitivity was implicated as an etiological factor. Skin-sensitizing anti-
bodies to potassium jodide were found in the serum of one patient. The sig-
nificance of this finding is discussed. Possible mechanisms of iodide sensitivity
are presented.
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