Immediate hypersensitivity in adults with IgG
deficiency and recurrent respiratory infections
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Background: Little is known about the prevalence of atopy in adults with vere IgG deficiency in which the IgE
recurrent respiratory infections and 1gG deficiency. values but not the prevalence of atopy
Objective and methods:To elucidate this aspect, we skin-tested 95 consecutiveare known. Indeed, in common vari-
adults with respiratory infections, subnormal levels of IgG subclasses or commomble immunodeficiency (mostly adult
variable immunodeficiency and usually poor response to vaccination. In 50 subjectsubjects), X-linked hypogammaglobu-

we also measured total IgE. linemia (children) and hyper-lgM syn-
Results: We found 67 subjects with 1gG subclass deficiency, 21 subjects withdrome (children), all characterized by
mild (partial) and 5 with usual common variable immunodeficiency, and 2 subjectdow 1gG, total IgE is markedly re-
with functional IgG deficiency. Atopy was encountered in 42/95 subjects, 33/44duced?425 Would a low IgE and its
(75%) with asthma, 7/19 (38%) with isolated rhinosinusitis, 1/27 (4%) with chronic expected corollary, a reduced preva-
obstructive lung disease, and 1/5 (20%) with both the latter disease and asthmgnce of atopy, also be present in 1gG
respectively. Atopy was preferentially clustered in subjects with astttna (05) subclass deficiency?
who were less than 40 years of age € .05) and nonsmoking. Atopy was not The prevalence of atopy in IgG sub-
affected by the type of IgG deficiency, unless it was usual common variablegass deficiency cannot be surmised
immunodeficiency, in which case the skin tests tended to be negative (4/5). Totalom the prevalence of atopy in other
IgE was within normal range but less elevated than usually seen in asthma Q§;onchial diseases associated with re-
chronic obstructive lung disease. Total IgE was independent of the type of ng)eated respiratory infections. In bron-
def!ciency, except for usual common variable immunodeficiency in which it re- -hiectasis or cystic fibrosis, serum IgG
mained<10 IU/mL. . . - or 1gG subclasses may be elevated
Conclusions: In adults with symptomatic 19G deficiency, the prevalence of i ar than reduceld=2° Similar to
immediate hypersensitivity and its modulation by age and smoking are similar to th hronic bronchitid in these diseases
referred, non-lgG deficient population; however, total IgE may be lower in theserum concentration of antibodie,s
former than in the latter. In common variable immunodeficiency, consistent with theagainst the pathogenic flora of the
literature data, both the prevalence of atopy and serum total IgE are decreased.
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INTRODUCTION
Immunoglobulin G deficiency is
emerging as a relatively frequent ab-
normality in adults with recurrent re-
spiratory infections. Many of these pa-
tients seem to suffer from rhinitis and
asthma but the participation of atopy in
this immunodeficiency is not clear.
Limiting our considerations to
adults, several lines of evidence sug-
gest that the subnormal levels of IgG
subclasses associated with recurrent
respiratory infection$;* including
IgG3 and 1gG4£1% are clinically rele-
vant: 1gG response to vaccination is
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impaired? intravenous IgG may have a
beneficial effect!!-4 the serum levels
of other immunoglobulins, Ig®
IgA,¢ or IgM>%” may be subnormal;
the relatives of patients may also be
deficient in 1gG subclass&sS and
lymphocytic interstitial pneumonitis or
bronchiolitis  obliterans obstructive
pneumonia, occasionally associated
with common variable immunodefi-
ciency, may also be encounteréd.

In IgG subclass deficiency, asthma
and chronic rhinosinusitis seem to be
relatively frequent:6810-12  Unlike
IgAt-2% or IgM?222 deficiency, atopy
was found to be less common in IgG
subclass deficiency of both chil-
drert®4and adult&than in the general
asthmatic population. The level of IgE
in this immunodeficiency has not been
reported. The opposite is true for se-

bronchi and the response to bacterial
antigens is not low but generally
high.22:30

The aim of this report was to eval-
uate the prevalence of atopy in adults
with recurrent respiratory infections
and common variable immunodefi-
ciency or IgG subclass deficiency. For
the practicing allergist, pulmonologist,
or primary care physician, this study
could indicate whether the work up for
IgG deficiency in atopy or for atopy in
IgG deficiency is likely to be produc-
tive. For immunologists, this report
may show whether there is a link be-
tween IgG and IgE in IgG subclass
deficiency. In the 2-signal concept of
IgE regulation, either signal modulates
not only the switch to IgE but also to
IgG isotypes? For example, in
X-linked hyper-IgM, the defective ex-
pression in CD40 ligand leads to an
impairment in the switch to 1gG, IgE,
and IgA.
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MATERIAL

Ninety-five consecutive adults with re-
current respiratory infections and IgG
deficiency, were skin tested with a
standard battery of allergens. The skin
testing was part of the routine allergy
evaluation of patients with chronic re-
spiratory diseases who have acute ex-
acerbations that may recognize an
atopic determinism. Ninety-five out of
320 subjects with recurrent respiratory
infections had immunoglobulin defi-
ciency (30%). Seventy-five subjects
were seen in our separate practices and
20 in the Sacramento Allergy Clinic of
Martinez Veterans Administration
Medical Center (1983-1987). As men-
tioned before, recurrent respiratory in-
fections were defined as at least 5
“chest colds,” lasting each time 2
weeks or more in the past 2 years
and/or two episodes of pneumonia en-
countered in healthy blood donots.
We applied current, usual criteria for
the diagnosis of pneumonia, bronchial
asthma, acute bronchitis, chronic ob-
structive pulmonary disease (COPD),
or chronic sinusitis®3° To avoid frag-
mentation of a relatively small sample,
only the subjects smoking at least 20
cigarettes per day for 20 or more years
were considered smokers.

METHODS
All subjects were skin tested with Hol-
lister-Stier/Miles allergens. The aller-
gens used were those prepared from
regional trees, grasses and weeds pol-
len, animal hair, house dust mite, and
MMP molds (after Morrow, Meyer
and Prince who devised the method).
According to the history, additional al-
lergens were applied in some subjects.
The prick puncture method was used in
all subjects. If the history was sugges-
tive of sensitization to an allergen to
which the prick test was negative, in-
tradermal testing was also performed.
Immunoglobulin G subclass deter-
minations were carried out on a com-
mercial basis. For veterans, we used
the Peter Brent Brigham Immunology
laboratory (1983 to 1987; method: ra-
dial immmunodiffusion). For non-veter-
ans, between 1987 to 1994, we used

two laboratories: Associated Regional
University Laboratory (Salt Lake City,
UT), the method being radial immuno-
diffusion as performed with the “Bind-
ing Site” kit; and, Specialty Laborato-
ries (Santa Monica, CA), where an
immunoradiometric method was ap-
plied. For comparison purposes, in 15
non-veterans, duplicate measurements
were carried out in the same serum
sample at the two laboratories men-
tioned above. Total IgG, IgM, and IgA
were measured with a nephelometric
method and total IgE with a non-com-
petitive radioimmunoassay (Pharma-
cia). The immunoglobulin classes were
measured either at Martinez VA Medical
Center, if the subjects were veterans, or
Physicians Clinical Laboratory in Sacra-
mento if they were non-veterans.
Values less than 76 mg% for IgA,
40 mg% for IgM, 650 mg% for total
19G, 422 mg% for 1IgG1, 117 mg% for
19G2, 41 mg% for IgG3, and 11 mg%
for 1gG4 were considered subnormal.
These levels are below the 95% confi-
dence limits reported by Silverman et
al® for total IgG, IgA and IgM,
Schur#® for 19G4, and Oxeliu®¥ for
the remaining IgG subclasses. Similar
to IgA and IgM deficiency, in which a
cut-off value of the corresponding im-
munoglobulin discriminates between a
partial and complete form of deficien-
cy”!® we used an IgG level of 450
mg% to separate a partial or mild form
and a complete or severe form of com-
mon variable immunodeficiend&f.For
IgE levels, we chose the geometric
mean of normal values (32 | U/mL)
+1 SD or 80 IU as the value offering
the best combination of sensitivity and
specificity for separating asthmatic
from normal subjects of all adult age
groups* For IgE levels in smokers, we
selected the study princeps of Gerrard
et al*?in which the geometric mean of
IgE in age-matched smokers and non-
smokers was 40 and 70 IU/mL, respec-
tively. The latter value is very close to
the value mentioned above for the sep-
aration of asthmatics from normdfs.
The veterans were vaccinated with
tetanus toxoid anéH. influenzag(both
from Lederle, Wayne, NY). The spe-
cific 1gG antibodies were measured

by enzyme-linked immunoassay in Dr
D Heiner's research laboratory at Har-
bor-UCLA Medical Centef® One
group of non-veterans was immu-
nized with tetanus toxoid (Lederle) and
multivalent pneumococcal vaccine
(Merck). Another group received con-
jugated tetanus and diphtheria toxoid
(Pasteur Merieux Connaught), Pro-
hibit, anH. influenzae conjugate with
diphtheria toxoid (Pasteur Merieux
Connaught) and multivalent pneumo-
coccus vaccine (Merck). For the latter
vaccine, we measured the IgG anti-
body response against antigens 3, 7F,
9N, and 14. In all nonveterans, the
specific IgG antibodies were measured
by an enzyme-linked immunoassay at
Speciality Laboratories (Santa Monica,
CA). Failure to increase the specific
antibody level by more than twice the
basal level was considered insufficient,
signalling functional IgG deficiency
(6; review in 43). A basal preimmuni-
zation level of pneumococcal antibody
against type 3, 7F, 9N, or 14 less than
200 ng N/ml% or less than 150 ng
N/mL for anti-H. influenzae antibody
was felt to be unprotectiv¥. In the
absence of vaccination records, it was
impossible to determine the signifi-
cance of non-protective anti-tetanus
and anti-diphtheria antibodies mea-
sured before vaccination.

No test was performed in our pa-
tients without a direct clinical need, no
research on atopy was intended at the
time of clinical evaluation and the
data on consecutive patients was an-
alyzed retrospectively. Thus, no con-
sent form was used or could have
been used.

Statistical Analysis

The results obtained in different
groups of subjects were compared by
Student’st test for paired or unpaired
observations and chi square test with
Yates correction. The results of 1gG
subclass determinations performed in
the same serum sample with two meth-
ods were analyzed by calculating the
corresponding regression equations
(Y = a + bx) and the statistical sig-
nificance of the slope (b).
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RESULTS

As shown in Table 1, 21 subjects had
partial common variable immunodefi-
ciency, 5 had usual (complete) com-
mon variable immunodeficiency, 67
had 1gG subclass deficiency, and 2 had
normal immunoglobulin levels but
functional deficiency demonstrated
with pneumococcal vaccine. The range
of abnormal values was 110 to 400
mg%, 50 to 98 mg%, 3 to 40 mg%, and
0 to 10 mg% for IgG1, 1gG2, 1gG3,
and 1gG4, respectively.

The duplicate measurements of 1gG
subclasses performed with two differ-
ent methods in 15 subjects at Special-
ity Laboratories and Associated Re-
gional University Physicians (Salt
Lake City, UT) were closely corre-
lated. TheP value of the slope for all

pleted the vaccination protocol had
either an impaired response to vacci-
nation or a non-protective level against
S. pneumoniaeNo subject had non-
protective antibody levels against.
influenzae.The response to vaccina-
tion bore no relationship to a quantita-
tive deficiency in a particular IgG iso-
type (preliminary report in 45).

Figures 1 and 2 indicate that out of
95 subjects, 44 had asthma (46%); 19
subjects had rhinosinusitis without
asthma (20%); and 32 subjects had
chronic obstructive lung disease, 5
with (6%) and 27 without asthma
(28%). The subjects with chronic ob-
structive lung disease, with or without
asthma had also rhinosinusitis but it
was primarily acute. Except for usual
common variable immunodeficiency,

subclasses was less than .0001. These which was not associated with isolated

measurements, part of a quality control
program of Physicians Clinical Labo-
ratory, were entirely supported by this
laboratory.

Seventy-five out of 95 subjects com-
pleted the vaccination protocol. Fifty-
nine subjects (78%) had functional IgG
deficiency, that is a poor response to
vaccination mediated through isotypes
IgG1 (25 subjects), IgG2 (50 subjects),
or both (19 of the above). A low, non-
protective level of one out of the 4
anti-pneumococcal antibodies tested
was found in 45 subjects before vacci-
nation. Eight of these subjects had
nonprotective levels against three
pneumococcal antigens. With two ex-
ceptions, all 75 subjects who com-

rhinosinusitis, all forms of 1gG sub-

class deficiency and the two types of
functional 1gG deficiency were repre-
sented in the clinical entities men-
tioned above.

In 35 subjects with asthma, 12 sub-
jects with isolated rhinosinusitis and
all 32 subjects with chronic obstructive
lung disease, it was possible to relate
the onset of recurrent respiratory infec-
tions to the onset of the corresponding
chronic respiratory disease. In most
cases, 31/35 subjects with asthriRa<
.05), 10/12 subjects with rhinosinusitis
(P < .05) and all subjects with chronic
obstructive lung disease, the recurrent

respiratory infections developed after

the onset of these chronic diseases. In
the remaining subjects, the beginning
of these diseases coincided with (5
subjects) or followed (1 subject) the

onset of recurrent respiratory infec-

tions.

In 42 of 95 subjects (44%), hence-
forth called atopic, skin tests were pos-
itive to at least one allergen.

Table 1 indicates that atopy was not
specifically restricted to a certain 19G
deficiency. The deficient IgG1-medi-
ated and I1gG2-mediated responses
were similar in atopic (11/25 and 24/
50, respectively) and nonatopic sub-
jects (14/25 and 26/50, respectively).
In the usual form of common variable
immunodeficiency, atopy seemed to be
rare (1/5), but the small number of
subjects precluded statistical analysis.

As shown in Figure 1 for nonsmok-
ers and Figure 2 for smokers, the prev-
alence of atopy (hatched blocks) varied
with the clinical entity: 33/44 subjects
(75%) with asthma (27 nonsmokers
and 6 smokers), 7/19 (38%) with rhi-
nosinusitis (6 nonsmokers and 1 smok-
ers), 1/27 (4%) with chronic obstruc-
tive lung disease (all smokers), and 1/5
(20%) with chronic obstructive lung
disease+ asthma (all smokers) were
atopic. As a group, the subjects with
asthma were more often atopic than
nonatopic P < .05), the subjects with
chronic obstructive lung disease were
generally P < .05) nonatopic, while

Non-Smokers
Table 1. IgG Deficiency
Subjects Rhinosinusitis COPD COPD
19G + Asthma
Atopic  Nonatopic
Subnormal
IgG1 2 6
IgG2 1 4 o
19G3 19 16 o 0 0
IgG4 6 7 55 s
IgG2 + 1gG4 1 2 Nonatopic | 2 (7%) 7 (54%) 0 0
1gG2 + IgA 1 2 Atopic | 27 (93%) 6 (46%) 0 0
CVID 10 16 Age <40 yrs | 24 (83%) 5 (38%) 0 0
Normal . Figure 1. The figure shows the prevalence of atopy and its modulation by disease and age in 42
Functional 2 0 . . . e S L - ) o
L nonsmoking subjects with 1gG deficiency. The clinical entities are displayed vertically. Within each
deficiency . . . .
Total 44 51 entity, the subjects above or below age 40 are separated in two different blocks. In each block, hatched

and clear zones represent the atopic or non-atopic subjects, respectively.
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the small rhinosinusitis group showed
a borderline difference, statistically not
significant, between atopic and nona-
topic subjects® < .1). All asthmatic
subjects wheezed and felt short of
breath during respiratory infections
and also, intermittently, outside these
episodes.

The subjects were divided into two
groups according to the age at the time
of diagnosis, above and below 40 years
(Figures 1 and 2, upper and lower
blocks, respectively). The majority of
subjects with asthma (33/44) were less
than 40 years of ageP(< .05) and
atopic (28/33) rather than nonatopic
(P < .05). The rhinosinusitis group
had 6/19 subjects less than 40 years
(P < .1) who were all atopic. With few
exceptions, the smokers were above
age 40 and most non-smokers were
below this age, probably because the
definition of smoking required a habit
of at least 20 years. This habit lasted
from 40-30 years (12 subjects), 29-25
years (33 subjects), and 20—-24 years (8
subjects) in smokers and 1 to 5 years (3
subjects), 6 to 10 years (3 subjects) in
nonsmokers. The individuals with
chronic obstructive lung disease and
asthma (28/32) were generally over
age 40 P < .05) and nonatopic (30/
32) (P < .05). We also determined the
prevalence of atopy in subjects with
onset of asthma before and after age
30. This reduces the influence of
smoking while sharpening the effect of
age on the onset of the disease and
atopy. In the general population,
asthma beginning before age 30 is pre-
dominantly atopic, while asthma ap-
pearing after this age is nonatogfdn
30 subjects, asthma began before age
30, 28 being atopic and 2 non-atopic
(P < .05). After age 30, 9 were non-
atopic and 5 atopicR > .05).

In chronic obstructive lung disease,
age (above or below 40 years), and
smoking (more or less than 20 years),
were interrelated; their separate effect
on atopy could not be assessed.

Total IgE was measured in 50/95
subjects: all 32 subjects with chronic
obstructive lung diseas¢é asthma, 18
asthmatic subjects, 6 non-atopic and
12 atopic subjects. The four types of

ml . Smokers
Nonatopic
 Atopi e
ople Asthma Rhinosinusitis COPD COPD
+ Asthma
27
15 24| 2
7
>40 yrs@ 6 5
87 4 s[5 1 s
<40 yrs FEaTE 1= K r—a 17
Nonatopic | 9 (60%) 5 (83%) 26 (96%) 4 (80%)
Atopic | 6 (40%) 1(17%) 1( 4%) 1 (20%)
Age <40 yrs |  8(53%) 1 (17%) 3 (11%) 1 (20%)

Figure 2. This figure presents the prevalence of atopy and its modulation by disease, age and smoking

in 53 smokers with IgG deficiency. For legend, see figure 1.

quantitative IgG deficiency and the
two types of their associated functional
IgG deficiency were represented in
these asthmatic or subjects with
chronic bronchitis. In asthmatic sub-
jects, the geometric meannl SD of
IgE was 22+ 7, within normal range
but below asthmatic range; only one
subject had a value above 80 IU/mL.
In chronic bronchitis, IgE was 1F 6,
again within normal range but substan-
tially below the values reported in
smokers. All 4 subjects with usual
common variable immunodeficiency
had IgE less than 10 1U/mL.

DISCUSSION

Seventy percent (67/95) of the subjects
included in this study had subnormal
values of 1gG subclasses with nor-
mal total IgG. The remaining subjects
presented with partial or complete
common variable immunodeficiency
(26/95 or 27%), or functional 1gG de-
ficiency (2/95 or 3%). This series of
adults with 19G subclass deficiency is
the largest reported in this country. If
one considers only the series with a
vaccination protocol this series of
adults with 1gG subclass deficiency is
the largest in the literature as well. It is
also larger than any Ig&-2'or IgM?2223
deficiency series. Also, the IgA defi-
ciency series did not provide data re-
garding the IgG-mediated and/or IgA-
mediated responses to vaccination.

Chronic Respiratory Diseases in IgG
Deficiency

This and a previous stuélindicate that

in symptomatic 1gG deficiency, nasal
and bronchial symptoms persist at a
variable degree between respiratory in-
fections. These chronic, intercritical
symptoms involve the same respiratory
segments affected by the acute epi-
sode8 and may recognize an allergic
component.

Neither the presence nor the pulmo-
nary physiologic impaét of these
chronic inflammatory diseases of the
airways depend on a particular 1gG
isotype or IgG-mediated pattern of re-
sponse to vaccination. Asthma seems
more prevalent in symptomatic IgG
subclass deficiency and partial com-
mon variable immunodeficiency than
in complete (25-33%29 or partial
(1599 IgA deficiency. In 1gG defi-
ciency, unlike IgA deficiency, the
more severe the deficiency, the less
prevalent is asthma. In the three large
series of common variable immunode-
ficiency of this country, asthma was
not mentioned in on¢, affected 10%
of the subjects in the secoftiwhile in
the third?® it was probably amalgam-
ated with other conditions in “chronic
lung diseases” (32% of the subjects).
In  X-linked aggamaglobulinemia,
asthma is not listed as a manifesta-
tion.”% In the present series, 3/5 sub-
jects with the usual or complete form
of common variable immunodefi-
ciency had asthma.
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Usually but not invariably, asthma,
rhinosinusitis, and chronic bronchitis
precede the onset of recurrent respira-
tory infections regardless of IgG sub-
class deficiency. This extends a previ-
ous report on 4 subjects with IgG2
deficiency®* The simple presence of
repeated respiratory infections may in-
crease the propensity to develop these
chronic diseases in the general popula-
tion. For instance, in bronchiectasis
and cystic fibrosi®¥?27525¢ asthma is
more prevalent than in the general pop-
ulation but less frequent than in 1gG
subclass deficiency. It seems that with
occasional exceptions, in 1gG subclass
deficiency associated with repeated
infections, the development of these
chronic respiratory diseases is inde-
pendent of the immunologic mecha-
nisms defining this immune deficiency
(quatitative and functional 1gG defi-
ciency) and, to some extent, their clin-
ical effect, repeated respiratory infec-
tions.

Atopy

This report indicates that in symptom-
atic 1gG deficiency, acute exacerba-
tions of asthma, rhinosinusitis and
asthmat chronic obstructive lung dis-
ease may also be triggered by an envi-
ronmental allergen. It is not known
whether allergy to bacteri&>*->"or vi-
ruses§®%° plays a role in the acute, in-
fection-related manifestations of 1gG
deficiency.

The prevalence of atopy depends on
the underlying respiratory disease,
asthma> rhinosinusitis> chronic ob-
structive lung disease, and young age
(<40 and even<30 years) but not on
a particular 1gG subclass deficiency or
presence of recurrent infections. It
seems that in IgG subclass deficiency
or partial common variable immunode-
ficiency, atopy does not reflect an ab-
normality in isotype switching. Indeed,
the prevalence of atopy is comparable
across deficient IgG subclasses, re-
gardless of the distance separating
their exon from that of IgE.

In both general or referred popula-
tions, atopy is disease-dependent and
age-dependent. The high prevalence of
immediate hypersensitivity in asthma

(75%) and chronic rhinosinusitis (38%)
observed in this series is comparable
to that encountered in (presumably)
non-immunocompromiségp+556061  or
IgA-deficient®?° and IgM-deficient®
subjects referred to allergists. The prev-
alence of atopy in chronic obstructive
lung disease associated with shortness of
breath and wheezing (20%is identical

to that observed in our subjects who
have similar complaints during chest
colds® The findings regarding the
prevalence of atopy in IgG deficiency
may be explained by the fact that in
most subjects asthma, rhinosinusitis, or
chronic obstructive lung disease pre-
cede recurrent respiratory infections.
When the latter appear, the factors re-
sponsible for atopy might have already
made their mark. The recurrent respi-
ratory infections may exert a minor if
any influence on atopy, since its prev-
alence in diseases with repeated infec-
tions is inconsistent: normal, in-
creased? or decreaseef

Total IgE
The average level of IgE in chronic
obstructive lung disease or asthma as-
sociated with 1gG deficiency, 17.0 IU
and 22.0, respectively is lower than in
subjects with the same respiratory dis-
eases but without immune deficiency,
40 IU and 80.0 IU, respectivel:#?
This suggests that atopy and total IgE
are differently modulated in IgG defi-
ciency. The simple presence of recur-
rent respiratory infections does not ap-
pear to modulate serum IgE in this
immune deficiency. Indeed, total IgE
is normal in bronchiectasisor cystic
fibrosis® and increased in chronic
bronchitis??#* The differences in IgE
responses, along with the differences
in IgG levels and, as mentioned before,
specific antibacterial antibodigs3%.63
suggest that the population with recur-
rent respiratory infections and subnor-
mal values of IgG or IgG isotypes is
immunologically different from the
populations with chronic respiratory
infections or chronic bronchitis but
without such an immune abnormality.
The regulation of total IgE may be
different in different immunoglobulin
deficiencies. This immunoglobulin is

usually low in IgM deficiency. In IgA
deficiency, IgE is reported as norntal,
decreased'® increase® or variable,
depending on the presence of atépy.
In IgG deficiency, total IgE seems to
be lower in common variable immuno-
deficiency*?®(below 10 IU/mL in this
study) than in isotype deficiency. This
is reminiscent of severe combined im-
munodeficiency where IgE is in-
creased in the partial form and de-
creased in the complete form.

In conclusion, allergy work-up can
be performed in IgG subclass defi-
ciency associated with repeated infec-
tions since the defining immunologic
features and the presence of repeated
respiratory infections do not diminish
the prevalence of atopy. Total IgE is
lower in IgG deficiency than in pa-
tients with similar chronic respiratory
disease.
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