The relationships among shrimp-specific IgG
subclass antibodies and immediate adverse
reactions to shrimp challenge
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High levels of shrimp-specific IgE, in association with a positive prick test, are not always
predictive of a positive, immediate response to double-blind, placebo-controlled, food challenge
(DBPCFC) with shrimp. The observation that shrimp-sensitive individuals in general have
increased levels of circulating shrimp-specific IgG is of interest because

antigen/ allergen-specific IgG subclasses have been associated with adverse reactions to foods.
Therefore, this current study measured shrimp-specific 1gG subclass and IgE antibodies in 31
individuals with histories of immediate, adverse reactions to shrimp immediately before
DBPCFC and 20 shrimp-tolerant subjects. Individuals with a history of shrimp sensitivity had
significantly raised shrimp-specific IgG2 and IgG4 compared to shrimp-tolerant individuals.
Challenge-positive subjects were distinguished from subjects with negative or equivocal
responses by an increased IgG2 (p = 0.00]1). Specific IgG4 was not raised (p = 0.065). These
studies indicate that some shrimp-specific IgG subclass levels are increased in shrimp-sensitive
subjects. However, none of the subclass responses were significantly predictive of a positive
response to DBPCFC and therefore were not diagnostic of shrimp intolerance. (J ALLERGY CLIN

IMMUNOL 1990,;86:387-92.)

Earlier studies have demonstrated that IgE-
mediated mechanisms are important in shrimp hyper-
sensitivity.! > High circulating levels of shrimp-
specific IgE (RAST), in association with a positive
prick skin test, were 87% predictive of a positive,
immediate response to a DBPCFC with shrimp.?> How-
ever, this study population also included subjects with
negative RASTs/positive DBPCECs, or subjects with
high RASTs/negative DBPCFCs.* Thus, it is sug-
gested that even in subjects with immediate reactions,
IgE may not be the sole, pathogenic mechanism of
food hypersensitivity.

Food-specific I1gG, in particular IgG4, has been sug-
gested as a mediator of food hypersensitivity,* al-
though its role is by no means clear.’ Recently, ele-
vated levels of IgG4 have been associated with milk
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hypersensitivity in a proportion of milk-sensitive
adults.® OQur previous studies have demonstrated that
individuals with a history of shrimp sensitivity have
higher serum levels of shrimp-specific IgG and IgA
than shrimp-tolerant control subjects.” In addition,
subjects with positive responses to DBPCFC had in-
creased shrimp-specific IgG compared to nonrespond-
ers.” To delineate further the role of IgG in shrimp
allergy, the relationship of shrimp-specific antibodies
of the IgG subclass to shrimp allergy and DBPCFC
responses were determined.

MATERIAL AND METHODS
Study subjects

The study population was composed of 31 individuals
with a history of immediate, adverse reactions after shrimp
ingestion who had undergone DBPCFC with shrimp. The
median age was 36 years (range, 20 to 49 years); 12 were
male and 19 subjects were female. Seventy-one percent
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TABLE I. The proportion of study subjects with an IgG subclass ELISA more than background

Shrimp-tolerant

Atopic status

Shrimp-sensitive

Challenge results

Subclass Nonatopic Atopic Negative Pruritus Positive
IgG1 6/10 7/10 6/9 11/12 9/10
1gG2 8/10 10/10 9/9 12/12 10/10
1gG3 10/10 6/10 5/9 8/12 9/10
IgG4 10/10 10/10 9/9 12/12 10/10

(22/31) were atopic defined by two or more positive skin
tests to inhaled allergens and a personal history of respiratory
allergy. The control group consisted of 10 atopic and 10
nonatopic, shrimp-tolerant individuals. The median age was
31 years (range, 21 to 60 years); nine were male and 11
subjects were female. Informed consent was obtained from
all study participants before skin testing and donation of a
blood sample. In the case of shrimp-sensitive subjects, blood
samples were drawn before the DBPCFC.

Provocative challenge protocol

Briefly, challenges were completed within a single 8-hour
testing period. The first phase was double-blind and placebo-
controlled with either shrimp extract or placebo (PBS) ad-
ministered at hourly intervals. The shrimp extract or saline
was masked in 200 ml of vanilla ice cream containing 40
ml of Syrpalta (Emerson Laboratories, Texarkana, Texas)
grape flavoring. The dosages of shrimp administered in this
challenge were 1, 4, and 16 shrimp equivalents. If challenge
was negative, it was followed by a second phase (an open
food challenge) with 16 medium-sized boiled shrimp (ap-
proximately 64 gm of shrimp). Subjects were divided into
three groups on the basis of their responses: (1) positive
responders who exhibited reproducible, objective symptoms
after shrimp challenge, (2) subjects who reported oropha-
ryngeal pruritus as their only symptom after challenge with
shrimp, and (3) subjects who did not respond to challenge.’

Shrimp-allergen extract preparation

A water-soluble extract of white shrimp (penaeus seti-
fecus) was prepared as previously described.® Briefly,
shrimp were boiled in deionized water for 15 minutes with-
out spices. Shrimp meat was removed from the shell, de-
gutted, and ground in 0.1 mol/L of PBS, pH 7.2, with a
Waring blender Waring Products, New Hartford, Conn.).
The slurry was stirred overnight at 4° C and centrifuged
(27,500 g). The supernatant was concentrated on an Amicon
YMS5 (Amicon Corp., Danvers, Mass.) (molecular weight
cutoff 5000) and centrifuged at 105,000 g. The final su-
pernatant was dialyzed against PBS. The extract was ali-
quoted and stored at —20° C until use.

ELISA

ELISAs were carried out at room temperature with
shrimp extract, mAb mouse antihuman IgGl and IgG2

(Calbiochem-Behring, La Jolla, Calif.), mAb mouse anti-
human IgG3 and IgG4 (ICN Immunobiologicals, Lisle, 111.),
and peroxidase-conjugated goat antimouse 1gG (Tago, Inc.,
Burlingame, Calif.). All buffers and indicator systems used
were ELISAmate kits (Kirkegaard & Perry Laboratories,
Md.). Immulon I (Dynatech Laboratories, Alexandria, Va.)
ELISA plates were coated with 10 pg per well of shrimp
extract in PBS. After blocking with 1% bovine serum al-
bumin in PBS (diluent-blocker), 100 ul of duplicate serum
samples (diluted 1:10 in diluent blocker) was added. After
incubating for 1 hour, the ELISA plates were washed (0.02%
Tween 20 in PBS), reacted for 1 hour with diluted mAb,
and again washed. Peroxidase-conjugated goat antimouse
IgG (Tago, Inc.) (100 wl; 1:3000 dilution) was added for
1 hour before final washing. The amount of residual, at-
tached enzyme was visualized with 0.1% hydrogen peroxide
per 0.3 gm/L of 2,2'-azinobis (3-ethylbenzthiazoline sul-
fonic acid) as substrate. Color development was stopped
after 20 minutes by addition of 100 pl of 1% sodium dodecyl
sulfate, and the OD was determined at 405 nm.

Before use, mAbs were titrated against a serum pool from
five shrimp-sensitive, DBPCFC-positive, study subjects to
determine the appropriate dilution. The clones used were
anti-IgG1 (HP6001 diluted 1:500), anti-IgG2 (HP6002 di-
luted 1:500), anti-IgG3 (SJ33 diluted 1:1000), and anti-
IgG4 (SK44 diluted 1:2000).

Each study subject’s serum sample was diluted 1:10 and
assayed in duplicate in the ELISAs. Thus, for each serum
sample, a mean OD was determined. To control for inter-
plate variability, the assays were standardized as follows:
serial dilutions (from undiluted to 1:256 {0.0039]) of the
serum pool were run on each plate. From these results could
be generated a “standard curve” of pooled serum dilution
against OD. With this standard curve, an equivalent serum
dilution was determined from the mean OD of each study
subject’s diluted serum sample. If a serum sample elicited
a reading similar to background, it was reported as equiv-
alent to the first of the serum pool serial dilutions that elicited
no shrimp-specific activity in the ELISA. The range of back-
ground reactivity was the 99% confidence interval of the
OD determined on wells containing only diluent-buffer.

Shrimp-specific IgE determination

Shrimp-specific IgE levels were determined on duplicate
serum samples by RAST as previously described.® Briefly,
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FIG. 1. Shrimp-specific IgG subclass levels grouped by clinical history of shrimp sensitivity and
response to DBPCFC. A, IgG1 reactivity. B, |gG2 reactivity. C, IgG3 reactivity. D, IgG4 reactivity.
Study subjects with a high shrimp-specific IgE response but negative response to challenge (m);
study subjects with a positive response to challenge but no significant shrimp-specific serum

IgE (q).

100 pl of serum was added to tubes containing either
shrimp-extract—coupled or human serum albumin—coupled
disks, incubated overnight at room temperature on a rota-
tor, and washed three times with 2.5 ml of physiologic sa-
line to remove unreacted serum. One hundred microliters
of ®l-labeled anti-IgE (Kallestad Laboratories, Inc., Aus-
tin, Texas), containing approximately 25,000 cpm, was
added, the incubation and washing steps were repeated, and
the disks were counted on a gamma counter. Results are
expressed as mean percent label bound where mean percent
label bound is

Mean cpm shrimp disks
Total cpm'*I-labelled anti-IgE

100

RASTs were considered negative when they were
=2.51%. This was previously determined to be the upper
limit of the 99% confidence interval of the percent label
bound of 13 atopic individuals nonsensitive to crustacea.®

Statistical analyses

The equivalent serum dilutions were compared among
the study groups by the Kruskal-Wallis one-way nonpara-

metric analysis of variance (Statistix, NH Analytical Sys-
tems, St. Paul, Minn.). The ratios of shrimp-specific IgG
subclass reactivities to the IgE RAST reactivity were ana-
lyzed among shrimp-sensitive study groups in a similar man-
ner. The shrimp-specific subclass reactivities were corre-
lated with IgE RAST levels with log-transformed data, and
the significance of these correlations was determined by
linear regression analysis. In all analyses, an alpha level of
=0.05 was considered significant.

RESULTS
Prevalence and type of IgG
subclass antibodies

With a pool of serum from study subjects with a
history of shrimp sensitivity, it was possible to detect
shrimp-specific antibodies in all four IgG subclasses.
However, the sensitivity of the assays differed for each
subclass. A 1:20 dilution was the greatest titer to yield
an OD reading above background for IgG1, whereas
the serum dilution was 1:64 for IgG2, IgG3, and
IgG4. The proportions of individuals in each clinical
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FIG. 2. Shrimp-specific IgE levels grouped by clinical his-
tory of shrimp sensitivity and response to DBPCFC. Study
subjects with a high shrimp-specific IgE response but neg-
ative response to challenge (m); study subjects with a pos-
itive response to challenge but no significant shrimp-
specific serum IgE (0).

category with ELISA reactivity more than background
are presented in Table I. Most of both shrimp-sensitive
and shrimp-tolerant individuals had OD readings
above background for IgG1 to IgG2, and IgG3. All
study subjects had measurable shrimp-specific IgG4.

Levels of shrimp-specific IgG antibodies

The atopic and nonatopic control populations had
similar reactivities in all subclasses. Therefore, the
results were expressed as a single control group for
the statistical analyses.

As illustrated in Fig. 1, A to D, there was a trend
toward increased shrimp-specific reactivity in the 31
individuals with a history of shrimp sensitivity in
IgGl, 1gG2, and IgG4, compared to 20 control sub-
jects. The differences were significant for both IgG2
and IgG4 subclasses (p = 0.0001 and 0.0065, re-
spectively).

The shrimp-sensitive group was analyzed with re-
gard to shrimp-challenge outcome. Those subjects
with a positive DBPCFC demonstrated a significant
elevation (p = 0.0026) in shrimp-specific IgG2 reac-
tivity, compared both to individuals with negative re-
sponses and individuals with pruritus as their only
symptom. There was no significant difference among
the IgG4 levels (p = 0.065).

Shrimp-specific IgE reactivity

Of the 31 individuals with a history of shrimp sen-
sitivity, 18 had positive RAST values (=2.51%),
whereas 13 individuals were negative (Fig. 2). Two
individuals in the challenge-positive group had neg-
ative RASTs, whereas two individuals with negative
challenges had elevated RASTs (21% and 23% bind-
ing). These four individuals have been designated
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(“paradoxical”) responders. All shrimp-tolerant, con-
trol subjects had negative RASTs.

Relationships among shrimp-specific IgE
reactivity, shrimp-specific IgG subclass
reactivity, and DBPCFC response

The shrimp-specific IgE levels of the shrimp-
sensitive individuals correlated with levels of the IgG4
subclass. There were also positive relationships
among all subclasses, except between IgG2 and IgG3
(Table II). The positive-challenge group demonstrated
a trend toward decreased ratios of IgG1, IgG3, and
IgG4 to IgE, whereas IgG2/IgE exhibited a trend
toward increasing ratios (Table III). However, there
were no significant differences among the three chal-
lenge outcomes for any of the ratios.

The four individuals with “paradoxical” challenge
responses were evaluated separately. For those two
subjects with low shrimp-specific IgE and positive
challenges, the IgG subclass per IgE ratio was higher
than the rest of their challenge group. This finding
appears to be a reflection of the specific IgE level.
The converse was true of the two negative responders
with elevated RASTs. They had extremely low ratios
compared to their group. The two challenge-negative
individuals had the lowest shrimp-specific 1gG4
levels. Furthermore, the individual with a RAST of
33% and pruritus as his only symptom had the lowest
IgG4 value in his challenge group. One RAST-
negative/challenge-positive subject had extremely
high IgG2 rectivity.

DISCUSSION

Our previous studies have demonstrated that
shrimp-sensitive individuals have heightened antibody
responses to shrimp allergens/antigens." ’ These ob-
servations have been extended by demonstrating in-
creased shrimp-specific 1gG reactivity in the IgG2 sub-
class and (to a lesser extent) in IgG4 subclass in
shrimp-sensitive subjects. Furthermore, our results
demonstrated that the DBPCFC positive subset of
shrimp-sensitive individuals have significantly ele-
vated levels of shrimp-specific IgG2 compared to
shrimp-sensitive individuals with negative or equiv-
ocal (pruritus) responses to DBPCFC. When the
shrimp-specific 1gG and IgE reactivities were corre-
lated, there was a significant relationship between the
shrimp-specific IgE and 1gG4 levels, regardless of
challenge outcome.

The contribution of IgG4 to the normal immune
response to food antigens, as well as its role in food
hypersensitivity, has been of interest for some time.
It has been proposed that elevated specific IgG4 re-
flects prolonged exposure to antigen occurring at the
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TABLE Il Linear regression analyses among the shrimp-specific IgG subclass and IgE reactivities

carried out on log-transformed data*

IgE 1gG1 lgG2 IgG3
IgE
1gGl1 0.059
IgG2 0.079 0.001
1gG3 0.578 0.001 0.114
IeG4 0.001 0.001 0.001 0.001

*Each data point is the p value for the regression line.

TABLE lll. The ratio of the IgG subclasses to IgE of the three food-sensitive study groups classified

by response to food challenge

Challenge results

Negative Pruritus Positive

1gGl/IgE 0.0386* 0.0279 0.0167
+0.0086 +0.0081 +0.0081
(0.0026)F (0.0452)
(0.0031) (0.0795)

IgG2/IgE 0.0133 0.0117 0.0562
+0.0043 +0.0053 +0.0494
(0.0013) (0.5000)
(0.0004) (0.0360)

IgG3/1gE 0.0083 0.0106 0.0060
+0.0035 +0.0042 +0.0030
(0.0003) (0.0293)
(0.0004) (0.0103)

IgG4/1gE 0.0111 0.0078 0.0058
+0.0029 +0.0024 +0.0018
(0.0005) (0.0171)
(0.0004) (0.0104)

* Values are the means and standard error of the mean.

1 Results of individuals with "paradoxical” challenge responses are presented in parentheses.

mucous membranes® '® and therefore represents a nor-
mal response to dietary protein. Furthermore, an an-
tibody response restricted to IgG4 subclass may
merely reflect prolonged chronic antigenic stimula-
tion." In this current study of shrimp-specific anti-
bodies, the IgG4 subclass was the only IgG subclass
in which shrimp-specific reactivity was detected in all
study subjects, including the contol subjects. This ob-
servation supports the contention that an IgG4 re-
sponse is a normal response to dietary antigens.® '°
However, the shrimp-sensitive subjects did have sig-
nificantly elevated IgG4 responses compared to con-
trol, shrimp-tolerant individuals. Many of these
shrimp-sensitive individuals claimed to have elimi-
nated shrimp from their diet, an observation that ar-
gues against repeated exposure as the source of this
reactivity. This finding is in contrast to results of egg-

allergic subjects whose elimination of egg from their
diets resulted in egg-specific IgG4 reactivity that was
not different from control subjects.’

One difficulty in evaluating food-allergic individ-
uals is that reactions after food ingestion may be in-
termittent.® Explanations for this phenomenon have
included the possibility that non-IgE components of
the immune response may modulate the occurrence
of reactions. Our study was able to evaluate the re-
lationships among shrimp-specific IgG subclasses and
an objective adverse response to DBPCFC. The role
of shrimp-specific IgG4 was of interest because of the
literature that indicates increased levels of IgG4 an-
tibody may protect against hypersensitivity reactions
to venom'" !> and, in some cases, certain aeroaller-
gens.'! % 15 Conversely, in food-allergic individuals,
food-specific 1gG4 has been associated with food in-
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tolerance.> ® Our results support this latter contention.
For example, the challenge-positive individuals dem-
onstrated a trend (p = 0.065) toward higher shrimp-
specific IgG4 levels than did the rest of the shrimp-
sensitive individuals. Furthermore, the IgG4 and IgE
levels correlated and IgE levels were elevated in most
positive responders.® Finally, subjects with high
shrimp RASTSs and a negative DBPCFC had the lowest
shrimp-specific IgG4 in the negative-challenge group.
Thus, IgG4 may have a provocative role in shrimp-
induced allergic reactions in contrast to its protective
role in venom and respiratory allergy.

One unexpected finding of the study was the mark-
edly elevated shrimp-specific IgG2 in shrimp-sensitive
subjects. To our knowledge, the combination of ele-
vated antigen/allergen-specific 1gG2, 1gG4, and IgE
in a food-sensitive population has not been previously
reported and may be peculiar to shrimp allergens. For
example, individuals with milk-specific antibodies re-
stricted to subclasses IgG2 and IgG4 had quite dif-
ferent patterns of reactivity to gliadin.'® Intriguing
aspects of the IgG2 response remain to be investi-
gated. Such investigations include the determination
of the nature of the antigén interacting with IgG2's "7
as well as any allotype restriction of response. '

This study has demonstrated that shrimp-specific
IgG subclass levels are, in general, increased in
shrimp-sensitive individuals. However, no patho-
genic mechanism was discerned for the RAST
negative/challenge—positive patients. None of the
shrimp-specific IgG subclass responses were predic-
tive of a positive response to DBPCFC and therefore
were not diagnostic of shrimp intolerance. It is worth
remembering that studies of food-specific serum im-
munoglobulins in food allergy may be limited. It is
possible that various components of the gut secretory
immune system may modulate the specific response
observed during food challenge. These putative fac-
tors remain to be elucidated but may shed additional
light on the protective and/or pathogenic mechanisms
operating in the adverse responses to foods, particu-
larly in the “paradoxical” responders.

We acknowledge the excellent technical assistance of Ms.
Connie Palmer, BS, and the help of Sarah Willard, MD.
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