Serum immunoglobulins

. Abnormalities associated with chronic urticaria in children

Rebecca H. Buckley, M.D., and Susan C. Dees, M.D., Durham, N. C.

Serum levels of immunoglobuling G, 4, and M were determined in 16 children with
chronic urticaria. The outstanding clinical feature of the group was recurrent upper
respiratory infection. In 9 cases immunoglobulin levels were below the normal range
for age for this laboratory. Four examples of multiple immunoglobulin deficiency
and § examples of single immunoglobulin deficiency were noted, including a complete
IgAd deficiency. A statistical comparison of the entire wrticaria group date with data
from normal subjects revealed significantly (p — < 0.01) lower mean levels of I1gG,
IgAd, and IgM im the wrticaria group. We found cvidence supporting functional im-
munologic impairment in the form of (a) low isoagglutinins in 4 patients and (b)
fatlure to give delayed hypersensitivity reactions in £ of 10 children tested. Abnor-
mally low immunoglobulin levels were found in 6 immediate family members (rep-
resenting 4 of 10 families studied), and there were frequent positive family histories
of allergy, repeated infection, and collagen disecase. These findings suggest that
abnormal immunologic fumction with resultant repeated bacterial infection may be
causally related to the development of wrticaria in certain individuals, and that
chronic urticaria may be the presenting cdlinical manifestation of an immunologic-
deficiency state.

Ithough chronic urticaria is seen most commonly in women in the third
and fourth decades of life,*-* its occurrence in childhood is not rare.* The etiology
of the condition can seldom be definitely determined in either age group. Numer-
ous reviews bear this out,”? even though a variety of causes for urticaria are
listed in the literature (including psychogenic and physical causes, food, drug,
and inhalant allergens, and infectious agents).® Chronic urticaria has also been
described in association with collagen diseases, such as systemic lupus erythe-

matosis and dermatomyositis, and with Hodgkin’s disease and other malignan-
cies.®
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In our laboratory during the course of a study of immunoglobulin levels
in various types of illnesses, we observed that several children with chronie
urticaria had abnormally low levels of one or more of the immunoglobulins
G, A, and M. This was in contrast to children with other allergic problems,
whose levels did not differ significantly from those found in a group of 201
normal individuals (ranging in age from infancy to adulthood).® Over the
past 2 years we have performed serum immunoglobulin analyses on 16 children
with whom chroniec urticaria or angioneurotic edema was the major, if not the
sole, clinical problem. This report presents the results of these studies, together
with data from selected tests of immunologic function and pertinent clinical fea-
tures found in these children.

MATERIALS AND METHODS
Patients

The children whose findings are the subject of this report are among pa-
tients seen in the Allergy Division of the Department of Pediatrics at the Duke
University Medieal Center during the years 1965 and 1966. They were brought
to our attention because they presented with or were being followed for recurrent
urticaria or angioedema as their predominant or sole clinical problem. The
group was comprised of 16 Caucasian children, 9 girls and 7 boys. Ages of
the patients ranged from 1 to 17 years, but the majority were from 10 to 14
years of age. The duration of their hives (not necessarily present at all times,
but recurring intermittently for varying lengths of time) was from 6 months
to 7 years. Two of the children had recurrent angioedema without significant
urtiearia.

Skin tests

Immediate skin tests were performed by standard seratch and intradermal
techniques. Delayed hypersensitivity was assayed by intradermal skin tests with
0.1 ml. of each of the following nine antigens: mumps (Eli Lilly & Co., 1:1),
Candida albicans (1:2,000), Trichophyton (Hollister-Stier Laboratories, 1:
1,000), P.P.D. (Parke, Davis & Co., 0.002 mg, per milliliter), blastomyecin (1:
2,000), eocecidioidin (1:2,000), histoplasmin (1:2,000), and BAC respiratory and
BAC monilia (Hoffman Laboratories, 1:10). The Candida, blastomyein, ecoe-
cidioidin, and histoplasmin antigens were heat-killed suspensions prepared in the
Duke Myecology Laboratory. Reactions were recorded at 48 and 72 hours and
those that gave reactions of ervthema and induration 5 mm. or greater were con-
sidered positive (5 to 9 mm., 1*; 10 to 14 mm., 2*; 15 to 19 mm., 3*; and 20 mm.
or greater, 4%).

Tests for circulating antibodies

Isoagglutinin titers were determined by tube dilution. Schick tests (Eli
Lilly & Co.) were performed according to standard teehnigue. Antibodies to
diphtheria and tetanus toxoids were measured by a modifieation of Boyden’s
tanned cell hemagglutination procedure.’® Human type O, Rh positive erythro-
cytes were washed three times in phosphate-buffered saline, pH 7.2 (PBS),
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then resuspended in PBS to give a 2.5 per eent suspension. Equal volumes
of 2.5 per cent red blood cells and 1:20,000 tannic acid in PBS were incubated
for 10 minutes at 37° C. The cells were then washed three times in PBS (1,000
r.p.m. for 5 minutes) and resuspended in PBS to give a 1.25 per cent suspen-
sion. Concentrated diphtheria toxoid* (1,600 flocculation units per milliliter,
lot NZ157P) or tetanus toxoid* (220 flocculation units per milliliter, lot
LP224) were diluted 1:10 in PBS, mixed with an equal volume of tanned
red blood cells (1.25 per cent suspension), and incubated 15 minutes at 37°
C. The cells were then washed twice in 1:100 normal rabbit serum (NRS) in
PBS and finally resuspended in 1:100 NRS to give a 1.25 per cent suspension.
Aliquots of 0.05 ml. were added to 0.05 ml. aliquots of dilutions of patients’
sera in 1:100 NRS. The tests were read after overnight incubation at 4°
C.

Immunoglobulin and B,C determinations

Immunoglobulins G, A, and M were quantitatively measured by a modifica-
tion of Mancini’s single radial diffusion method,* with specific antisera and
primary reference standards prepared in our laboratory. Normal values for
serum immunoglobulins G, A, and M in 201 normal individuals ranging in age
from infancy to adulthood have also been determined for our laboratory. De-
tails of the modification and reproducibility of the method, preparation of
reagents, and statistical analysis of the normal values obtained are presented
in another report.? Levels of serum B,C were determined on commercial antibody-
agar plates.t

RESULTS
Clinical findings

The outstanding historical feature of the group was recurrent upper respira-
tory infection, reported by all but 1 patient. Nine of the 16 children had under-
gone tonsillectomy and adenoidectomy for this problem. Table T lists the various
foci of infeetion and organisms isolated from the nasopharynx during examina-
tion of these children in our elinie. The most frequent type of infection was
pharyngitis, found in 10 children, followed by sinusitis in 8 and otitis in
6. Sinusitis was documented by x-ray in 7. Coagulase-positive Staphylococcus
was isolated from 10 individuals, beta hemolytic Streptococcus from 8, Pneumo-
coceus from 4, Candida albicans from 4, and Mycoplasma from 3. Staphylococei
and streptococel were frequently isolated on more than one occasion from the
same individual, and ASO titers were elevated in 2 additional children from
whom we were not able to eulture streptococci. Remission of hives was frequently
noted following antibiotic therapy of these children. Parasitic infestation was
proved in 4 members of the group. Personal history was positive for other
allergies in only 8 of the 16 children.

*Supplied by the Division of Biologic Laboratories, Massachusetts Department of Public
Health, Boston, Mass.

tImmunoplates, Hyland Laboratories, Los Angeles, Calif.
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Table . Evidence of tnfection in 16 patients with chronic wriicaria

Number of
patients
History of recurrent infection 15
Foci of infection
Throat 10
Sinus 8
Ears 6
Nasopharyngeal cultures
Staphylococcus aureus 10
B H. Streptococeuns 8
Pneumococcus 4
C. albicans 4
Mycoplasma pn. 3
Table Il. Skin test reactions tn patients with chronic urticaria
Reactions
Delayed
3 or more All sites
Antigens Immediate* sites positive | 1 site positive negative
Pollen, foods, or inhalants 5/15t N.O.} N.O.} N.O.%
Bacterial, viral, or fungal 10/10% 4/10+ 2/10t 4/104

agents

*The reactions were 2 to 4+ positive.
tNumber of subjects giving stated reaction out of number tested.
$N.O. = not observed.

Skin testing

The results of immediate and delayed skin tests are presented in Table II.
All but 1 of the children were tested for immediate hypersensitivity with a
large number of pollen, food, and inhalant antigens, and only 5 gave 2 to 4*
reactions. Conversely, when a panel of bacterial, viral, and fungal antigens was
tested in 10 of the 16 children, it was noted that all 10 (including 7 who
failed to give significant immediate reactions to the other types of antigens)
gave large immediate reactions to one or more of these agents. Four of these
last 10 children failed, however, to give delayed reactions to any of these agents
(which included such antigens as mumps, Trichophyton, and Candida), even
in the presence of positive histories of infections with the organisms from
which the antigens were derived.

Circulating antibodies

Tsoagglutining were determined in each patient in the group and were
found to be low!? (1:8 to 1:16) in 4, 2 of whom had multiple immunoglobulin
deficiencies and 2 of whom had a single immunoglobulin deficiency. Isoagglu-
tinin titers were 1:8 in both parents of a child whose immunoglobulin abnor-
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malities involved two fractions. The Schick test was positive in only 1 of 10
children tested, and diphtheria and tetanus tanned ecell titers all rose above
10,000 following booster injeetions given 10 patients in the group (includ-
ing the 1 with a positive Sehick test). Normal titers for tetanus and diph-
theria agglutinins are reported to range from 10,000 to 40,000 following stimu-
lation.™

Serum immunoglobulins and B,C

Serum immunoglobulin values on the 16 children are compared graphically
in Fig. 1 with the geometric means and bounds for normal children of appropri-
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Fig. 1

Immunoglobulin levels in 16 children with chronic urticaria compared with the geometric
means (open circles) and bounds (closed circles) for a group of 201 normal individuals
ranging from infancy to adulthood. The normal bounds represent the antilogs of the mean
log * twice the pooled standard deviations of the mean logs. Where values from more than
one individual are plotted at the same age, the same symbol is used for all three of a given
individual’s immunoglobulin values.
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ate age tested in our laboratory. The normal bounds represent the antilogs of
the mean logarithms + two pooled standard deviations of the mean logs. Al-
though multiple samples were obtained from most of the 16 individuals in
the present study over the 2 year period, values remained fairly constant
when adjusted for age; henee, the data here represent values from only one
analysis per patient. It can be seen that 6 values for IgG in the urticaria
group fall below the normal bounds for age and that only 2 lie above the mean.
Similarly, 5 values for IgA fall below the normal bounds, and only 3 lie above
the mean. Two values for IgM fall below the normal range, but 6 lie above
the mean. The data were also statistically compared to the normal data as
follows. Since we had found a significant influence of race upon levels of IgG at
several ages in our analysis of the normal data,® we compared the Ig(t levels
from the present group (entirely Caueasian) with IgG levels from only the
white normal subjects. As no effect for race was found in levels of TgA and
IgM,? the levels of these immunoglobulins were compared with the normal data
obtained from both Negro and Caucasian subjects. Adult levels for IgG are
achieved by age six, for IgA by age seven, and for IgM by age one, as shown
by our statistical analysis of the normal subject data which has been deseribed
previously.® Immunoglobulin levels in the children from the present study
were compared with levels in the normal subject group, by the Student’s t test,
but omitting children under age six (2 patients) when comparing IgG levels,
and under age seven (3 patients) for the IgA comparisons. The results of
these comparisons showed highly significant differences (p < 0.005) for IgG
and IgA values and (p < 0.01) for IgM values. Levels of B,C in the 16
patients were moderately elevated (mean, 186 mg. per 100 ml., as compared
to a normal mean of 145 mg. per 100 ml.).

Absolute values for the immunoglobulins G, A, and M in the 16 patients

Table 1l. Serum immunoglobulin levels in 16 Caucasian children with chronic
wrticarie

Age IgG IgAd IgM
Patient (years) Sex (mg./100 ml.) | (mg./100 ml.) | (mg./100 ml.)

1 1 F 290* 14* 35
2 5 ¥ 650 133 33

3 6 M 1,080 175 26
4 7 ¥ 560* 38% 37
5 10 F 3556% 45% 34
6 10 M 720 181 95
7 11 M 550* 70* 45
8 11 F 940 209 34
Y 11 ¥ 860 333 70
10 12 M 960 0* 54

1 12 M 550 149 24*
12 13 F 570% 187 70
13 14 M 540* 103 77
14 14 M 655 111 39
15 16 F 950 337 95
16 17 F 675 238 85

*Values below normal range for age for this laboratory.
g g
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are presented in Table 11I. Four of the children (Patients 1, 4, 5, and 7) had
levels of two immunoglobulins which were helow the normal range for age for
this laboratory, and 5 (Patients 3, 10, 11, 12, and 13) had levels of one im-
munoglobulin below the normal range. Five others (Patients 2, 6, 8, 14, and 16)
had concentrations of one or more immunogiobuling which were in the lower
range of normal (Fig. 1). Only 2 patients (Patients 9 and 15) had levels of
all three immunoglobulins which were close to or above the normal geometric
means.

Patients 1, 4, 5, and 7 had low levels of immunoglobulins (i and A. Isoag-
glutinins were low in Patients 1 and 5 and delayed skin tests were all negative
in Patients 4 and 5. Patient 7 had a positive Schick test and also had negative
reactions to all delayed antigens tested (including mumps and Candida, in
spite of having had severe thrush in the neonatal period and mumps during
later childhood). Low values for only IgG were found in Patients 12 and 13.
Patient 12 was the fourth child in the group failing to respond to any of the
delayed hypersensitivity sereening antigens. A complete IgA deficiency was
found in Patient 10. He had a history of recurrent tonsillitis and sinusitis
and had had hives longer than any other member of the group. He responded
with immediate reactions to six of the nine bacterial, viral, and fungal antigens

Table IV. Immunoglobulin levels and disease history of 27 immediate family
members of 10 urticaria patients

Patient | Immunoglobulin findings N Clinical symptoms
1  No abnormalities in parents Mother: rheumatic heart disease
2 Mean IgG level in parents is Mother: recurrent urticaria
725 mg./100 ml.*
3 No abnormalities Negative for allergy or repeated
infection
5  Father and sister have low IgM Sister: recurrent otitis media and
Mean IgG level in parents and sibs is sinusitis

763 mg./100 ml.*
Isoagglutinins 1:8 in both parents

-1

Mean IgG level in parents is 597 Father: rheumatoid arthritis
mg./100 ml*
Elevated IgM in father

8  IgG level low in mother Brother: recurrent otitis media
Father and brother are normal

10 Mean IgG level in parents and sister is Mother: allergic rhinitis,
763 mg./100 ml.* Father: sinusitis,
Sister: allergic to penicillin

1 Brother and sister have low IgM Father, brother, and sister: recurrent
sinusitis. Allergic rhinitis and asthma
in several members

12 No abnormalities in father and brother Negative for allergy or repeated infection

13 No abnormalities in parents Negative for allergy or repeated infection

*Normal geometric mean and range for IgG (adult Caucasian) of this laboratory: 982
(600 to 1,606).



Volume 40 Serum immunoglobulins 301
Number 5

in the delayed hypersensitivity sereening panel and with delayed reactions to
three of the nine agents. Low levels of IgM were detected in Patients 3 and
11, and isoagglutinins were also found to be low in these children. In the 2
patients who had levels of all three immunoglobuling which were close to or
above the normal range, there were fairly clear histories of drug-induced
(Patient 9) and temperature change-induced (Patient 15) hives. Patient 15
was the only member of the group who had a negative history for recurrent
infection.

Immunoglobulin levels and disease history in family members

Of the entire group of 16 families, there was a positive history of allergy
in 12, reeurrent infection in 6, collagen disease in 2, and malignancy in 2.
Serum samples were obtained from 27 members of the immediate families of
10 of the children. Table IV lists the instances where abnormalities were detected,
as well as the family history of allergic disease, collagen disease, or recurrent
infection in these 10 families. Abnormally low values for one or more immuno-
globulins were found in 6 relatives, representing 4 of the 10 families. Mean
IgG levels were low (or in the low normal range) in 4 of the families.

DISCUSSION

The observations described in this group of children with chronie urticaria
strongly suggest that the presence of recurrent bacterial infeetion is in some
way related to their clinical manifestation of urticaria. The presence of immuno-
globulin abnormalities in these same children further suggests that an under-
lying immunological deficiency may be responsible for their undue susecepti-
bility to infeetion. The incidence of associated recurrent bacterial infeetion
seen in this group of children certainly appears to be more frequent than the
literature indicates.™*

We can only speculate about the actual mechanism by which infections
could trigger the urticarial reactions. The presence of immediate hypersen-
sitivity to a number of baeterial, viral, and fungal antigens, associated with
a low incidence of positive immediate reactions to other types of antigens
among the group, strongly implicates bacterial allergy as an etiologic factor.
Also, a number of these children reportedly improved after bacterial vaceine
therapy was begun, and eradieating hacteria by antibiotic therapy frequently
caused remission of the urticaria.

As noted elsewhere, assessment of normality of immunoglobulin levels in
children is dependent upon having appropriate age-related normal values for
comparison.® The highly significant differences between the immunoglobulin
levels in the urticaria patients and the normal group indicate that these chil-
dren are different from the normal children with respeet to this parameter of
their immunity. The significanee of this finding in regard to functional aspects
of immunity is not vet known. However, the finding of low isoagglutining in
4 members of the group and a lack of delayed hypersensitivity response in 4
of 10 subjects evaluated for this mechanism are in support of the existence of
funetional immunologie deficiency among these children.
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In view of the fact that in adults chronie urticaria is seen most commonly
in women near menopause,'- it is interesting to note that most of the children
in this study were at or near puberty. The role of endocrinological factors
in the pathogenesis of urticaria has long been questioned.' ¢

The coexistence of immediate hypersensitivity reactions and immunologic
abnormality is not unprecedented. Allergic phenomena have been deseribed
in association with aequired and congenital hypogammaglobulinemia,'*** the
Wiskott-Aldrich syndrome,>® and more recently in a young child with thymic
alymphoplasia, lymphoma, and agammaglobulinemia.?” In the last case, there
was a history of urticaria and angioedema in the mother and in 2 other rela-
tives, and an over-all high incidence of allergic disease in the family. Immuno-
globulin abnormalities and a high incidence of allergy, repeated infection, and
collagen disease, as found in members of the immediate families of the patients
in the present report, have also been tound in families of patients with acquired
hypogammaglobulinemia.?*-** Chronic urticaria has occasionally been described
in collagen disease.® Such associations suggest a complex interrelationship
between these diseases and immunologic abnormality. Our studies indicate that
chronic urticaria may be a presenting manifestation of immunologie deficiency
and that there may be a hereditary predisposition to this deficieney in some
cases.

Children with chronic urticaria who have a history of recurrent baecterial
infection should be carefully evaluated for an underlying immunologic altera-
tion. Likewise, a thorough search should be conducted for a hidden focus of
infection, and adequate and appropriate antibiotic therapy given. Arbitrary
use of gamma globulin injections should be avoided since a number of thesc
children may be capable of making antibodies to gamma globulin.?® Rather,
it is recommended that these individuals be tested to determine the level of
impairment of immunologic funection before a decision is made to treat them
with passive immunotherapy.
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