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Thirty-three individuals with a history of immediate hypersensitivity reactions after shrimp 
mgestion and 29 nonshrimp-sensitive control subjects wem evaluated for evidence of 
crustacea-spectjic immunity by skin prick test titration end point, RAST, and ELISA, with 
extracts of shrimp, crab, cray$sh, a& lobster. Ir&uiduals were categorized as either atopic or 
nonatopic on the basis of history and skin test reactivity to common inhalant allergens. Most 
(28133) shrimp-sensitive subjects had positive skin prick tes?s to shrimp extract, whereas skin 
tests were negative in 27129 control subjects. Eighty-one percent of atopic and 4I% of 
nonatopic shrimp-sensitive subjects had elevated shrimp-RAST ratios. The UAST ratios of atop2 
individuals were significantly higher than ratios of nonatopic individuals, and there was a 
significant correlation between shrim@AST ratios and historical clinical symptom scores. RAST 
determinations of all control subjects were negative. Shrimp-sensitive subjects also had 
significantly elevated serum levels of shrimp-spec$c IgG and IgA as compared to control 
individuats. Both IgG and IgA shrimp-specific reactivity demonstrated a sign$cant positive 
correlation with shrimp-RAST ratios. These studies indicate thut IgE-mdiated, type I mechanisms, 
detected by positive shrimp skin tests and RASTs, appear to be operative in crustacea-sensitive 
individuals, particularly those with concurrent respiratory allergy. Although the role of 
shrimp-specijic IgG and IgA antibodies in the immunopathogenesis of crustacea atlergy remains 
unclear, such antibodies appear to represent increased immunologic recognition of shrimp 
allergenslantigens in shrimp-sensitive subjects. (J ALLERGY CLIN IMWJNOL 1987:80:716-22 .) 
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I 1 
Abbreviations used 
OD: clptical density 

PBS: Pboq%te-tiff& gilline 
BSA: Bovine swum albumin 

I 1 

Allergic reaction after the ingestion of fuo+l is a 
commonly invoked clinicaf $i@s. Since EW&QRS 
to foods may result in a variety of sy ,tk 
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TABLE I. Symptoms associated with shrimp 
ingestion in shrimp-sensitive subjects 

Atopic Nonatopic Total 

n 16 n 17 n 33 
Symptom (W (%I (%I 

Urticarialangioedema 14 (88) 14 (83) 28 (85) 
Gastrointestinal 7 (44) 6 (35) 13 (40) 
Pulmonary 5 (31) 4 (24) 9 (27) 
Systemic anaphylaxis 7 (44 0 (0) 7 (21) 
Generalized pruritus 0 (0) 2 (12) 2 (6) 
Other symptoms 1 (6) 1 (6) 2 (6) 

actual mechanism is sometimes obscure. Although 
most confusion can be resolved by clearly delineat- 
ing the characteristics of an allergic or hypersensitiv- 
ity reaction,’ there have been relatively few well- 
designed studies in this regard. Most substantiated 
food hypersensitivity reactions appear to be IgE- 
mediated.*” Although immunologic mechanisms other 
than IgE have been suggested,6-9 their role in food 
hypersensitivity reactions often remains unclear. 

Shrimp 
f p.<O.O06 

Crab 
p<0.007 

Crawfish Lobster 
p<0.008 tp<o.o3 

t otopic as compared to non atopic individwls 

Studies of reactions to a particular food may provide 
a useful approach to the investigation of food allergy.3 
Although seafood is a commonly reported cause of 
food hypersensitivity,” it is rarely used as a model 
for elucidating immunopathogenic mechanisms of 
such reactions. Since crustacea are readily identified 
constituents of the diet, and in our geographic area a 
common dietary component, studies of reactions to 
crustacea may provide a unique opportunity to inves- 
tigate immunologic ,correlates of clinical food reactiv- 
ity. We have previously reported the use of crustacean 
extracts to identify cru$acea-sensitive individuals.” 
We present in this article a more comprehensive in- 
vestigation of immunologic reactivity to shrimp al- 
lergens (antigens) in a large group of subjects with a 
history of immediate sensitivity to shrimp. 

FIG. 1. RAST reactivity of shrimp-sensitive subjects to 
crustacea extracts. The p value indicates level of signifi- 
cance of the difference between atopic and nonatopic in- 
dividuals for each extract. 

and 17 subjects (four male and 13 female) were nonatopic 
by the criteria described above. 

Twenty-nine healthy adult volunteers with no history of 
reactions to crustacea served as control subjects. These non- 
sensitive individuals to shrimp were either Medical Center 
personnel or volunteers referred to the Clinical Immunology 
Section for evaluation of rhinitis or asthma. The median age 
of this control group was 34 years with a range of 21 to 61 
years. Thirteen subjects (seven male and six female) were 
atopic, and 16 subjects (six male and 10 female) were non- 
atopic. 

MATERIAL AND METHODS 
Study subjects 

All individuals participating in this study were admin- 
istered a questionnaire regarding personal and family al- 
lergic history, as well as reactions to crustacea. For the 
purposes of this study, subjects with two or more positive 
skin tests to a panel of 10 common inhalant allergens” and 
a personal or family (first degree relatives) history of allergy 
were designated as atopic. 

In order to evaluate the intensity of allergic reactions to 
shrimp, specific symptoms reported to occur after its inges- 
tion were given a weighted score (based on increasing clin- 
ical severity) as follows: urticaria, 1; angioedema, 2; gas- 
trointestinal symptoms (nausea and vomiting to diarrhea), 
3; pulmonary (shortness of breath or wheezing), 4; and 
generalized systemic anaphylaxis, 5; no score was given for 
symptoms other than symptoms listed. The cumulative total 
was designated as the clinical symptom score. 

Crustacea allergens and skin testing 
Thirty-three adults with a clinical history suggestive of Water-soluble extracts of shrimp, crab, crayfish, and 

immediate hypersensitivity reactions after the ingestion of lobster were prepared as previously described”; concentra- 
shrimp were enrolled. The median age of these shrimp- tions of 1 p.g/ml to 10 mg/ml in 50% glycerol were used 
sensitive individuals was 3.5 years with a range of 22 to 58 to determine the prick skin test end point. The positive 
years. Sixteen subjects (six male and 10 female) were atopic, titration end point was the lowest allergen concentration 
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TABLE II. Incidence of positive skin test to crustacea extracts* 

Cfustacea-senaitive control r~ects 

Atopic Nonatopic Atopic Non&topic 
Extract n 18 1%) n 17 (%) Total (%I n 13 (%) n 18 (96) Total (%1 

Shrimp 15 (94) 13 (76) 85 2 (15) 0 (0) 7; 

Crab 13 (81) 11 (65) 73 2 (15) 0 (0) ! c 

Crayfish 13 (81) 10 (59) 70 I (7.5) 0 (0) 38 
Lobster 15 (94) 12 (71) 82 2 (15) 0 (0) 75 

._--_-. - 

*Immediate wheat and flare 2.i 10 mg/ml of cmstacea extract 

TABLE III. Shrimp skin test and RAST reactivity in all study subjects 

Shrimp-sendtive Nonsenscthre 

Atopic 
?z7?r 

A-c 
n 16 (96) n13PiU ?cg 

ST + MAST + 13 (81) 7 (41) 0 0 
ST+/RAST-- 2 (13) 6 (35) 2 (15) 0 
ST - IRAST + 0 0 0 0 
ST - IRAST - I* (6) 4 (24) 11W) 16 (100) 

ST+ = immediate wheal and flare at 10 mg/ml of shrimp extract; RAST+ = RAST rano > 3.0 with shrimp extract. 
*Delayed ST+ at 6 hours. 

producing an immediate reaction with a mean wheal di- 
ameter of 3 mm greater than that of the control reaction 
(PBS in 50% glycerol). 

Total serum IgE levels were determined in duplicate with 
the commercially avaiiabie PRIST kit (Phannacia Diagnos- 
tics, Piscataway, N. J.). Briefly, 100 ~1 of serum was added 
to anti-IgE-coupled disks and incubated at room tempera- 
ture. After washing, each disk was incubated overnight with 
100 p.1 of ‘“I-lab&d anti-IgE at room tempemture. The 
excess-labeled antibcxly was removed by waslzing, and the 
quantity of “Y a&@&d to each disk was counted. IgE serum 
concentrations were determined from the standard curve and 
expressed in kilo units per liter. 

Rid&T 
RAST ratios were determined on sera samples as pre- 

viously repo&ed.” Briefly, crustacea allergens or human 
serum albumin control was conjugated to CNBr-activated 
disks. All sera were tested in duplicate, and results were 
expressed as a ratio of mean counts per minute for crustacea 
disks divided by mean couuts per minute for human serum 
albumin control disks. In this study a ratio of >3 was con- 
sidered positive. 

EUSA 
Serum levels of shrimpspecific IgG, IgA, and IgM were 

quantified with a previuusly published ELISA method” 

modified to detect antishrimp reactivity. Briefiy, wells of 
flexible micr&er plates were coated with shrimp extract 
(100 kg10.2 ml) by overnight incubation at 4” C. Plates 
were washed five &ES with 0.15 mol/L of PBS, pH 7.4, 
containing 0.5% BSA (PBS-B!%). Sera were &Wed 1: 10 
in PBS-BSA, and 100 ~1 was added to duplicate wells. The 
plates were incubated 1 hour at 37°C and again were washed 
five times. Column-purified peroxidase-Iabt$ed goat a&i- 
sefum specific for hyman IgG, IgA, or IgM (C&ppell Lab- 
oratories of Cooper Diagnostics, Inc., Wesr Chester, Pa) 
was added as developiig antibody. After r-ion with the 
peroxidase substrate (ABTS, B3xthger--MWim, Gan- 
bit, West Germany), the intensity of the reaction was de- 
termined by measuring the CJD at 405 MX on an ELI&A 
reader (BioTek instrulmwts, Inc., Burlington, Vt.). Results 
were recorded as A OD where A OD = OD experi@n- 
tal - OD diluent. Assays were standardized by in&ding 
a serum with known reactivity on each plate; the A W of 
this test serum varied <IO% among assays. 

c subjects were compared with the 
Mann-Whitney U nonperametriE test (for the in%muW@ob- 
ulin, RAST, skin test titru&l, a&&d symptom SEofe W&es) 
and Fisher’s exact test (for prevaienees of skin test satei- 

tivity). Shrimp-specific IgG, IgA, and IgM values were 
compared with Student’s t test. Spearman’s con&tion co- 
efficient was used in testing for a c association 
between continuous vwiables (e.g., &mun&&&n &ter- 
txlixk8riQns and RAST v8lLIes).” 
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RESULTS 
Clinical evaluation of study subjects 

The prevalence of symptoms associated with shrimp 
ingestion are summarized in Table I. Sixteen (48%) 
of 33 crustacea-sensitive individuals and 13 (45%) of 
29 control subjects were atopic. Both atopic and non- 
atopic, shrimp-sensitive individuals reported a spec- 
trum of immediate (within 1 to 2 hours after ingestion) 
symptoms consistent with type I reactivity. The most 
common symptom (85%) was urticaria and/or angio- 
edema. Gastrointestinal symptoms reported by 40% 
of the subjects included nausea, emesis, and diarrhea; 
pulmonary manifestations in 27% of subjects included 
chest tightness, shortness of breath, and frank asthma. 
Additionally, two nonatopic individuals reported gen- 
eralized pruritus as their only symptom after shrimp 
ingestion. Only atopic subjects reported symptoms of 
systemic anaphylaxis that resulted in a trend toward 
a higher mean clinical symptom score in atopic sub- 
jects of 7.1 compared to 4.5 in the nonatopic indi- 
viduals. 

Skin test reactivity 

Skin test reactivity to the battery of crustacea ex- 
tracts are presented in Table II. Eighty-five percent of 
individuals reporting reactions to shrimp had positive 
skin tests to shrimp with titration end point concen- 
trations ranging from 1 pg to 10 mg/ml. The one 
atopic individual with a negative immediate skin test 
to shrimp had a delayed positive reaction 6 hours later. 
Most individuals with a positive skin test to shrimp 
also had positive skin tests to other crustacea extracts. 
All atopic and most (82%) nonatopic sensitive subjects 
demonstrated a positive prick test to at least one of 
the crustacea extracts. Additionally, the incidence of 
positive skin tests to crayfish and lobster were sig- 
nificantly higher in atopic as compared to nonatopic 
subjects (p < 0.01). 

No differences in skin test titration end points to 
each extract were detected between the atopic and 
nonatopic sensitive subjects. No correlation between 
the shrimp titration end point and clinical symptom 
score was noted. However, the titration end points to 
shrimp, crab, crayfish, and lobster correlated signif- 
icantly (p < 0.006). 

Two of the 29 control subjects had positive skin 
tests to shrimp at concentrations of 1.0 and 10 
mg/ml, respectively. One of these individuals reacted 
to all crustacea allergens, and the other individual 
reacted to shrimp and crab. A third individual had a 
positive response to lobster. All positive skin tests to 
crustacea extracts occurred in atopic control indi- 
viduals . 
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FIG. 2. A, IgG. B, IgA. Relative reactivity of serum shrimp- 
specific antibodies determined by ELISA. Sensitive sub- 
jects were subjects with a history of immediate adverse 
reaction to shrimp ingestion, whereas nonsensitive sub- 
jects had no reactions to shrimp or other crustacea. The 
p value indicates level of significance of the difference 
between sensitive and nonsensitive individuals. 

Total and specific IgE determination 

As expected, the serum IgE levels of atopic sen- 
sitive subjects (mean = 420 kU/L) were significantly 
higher (p < 0.001) than that of nonatopic sensitive 
individuals (mean = 147 kU/L). Although IgE level 
did not correlate with the clinical symptom score, a 
significant correlation was noted between serum IgE 
levels and RAST ratios for all crustacea extracts 
(p < 0.001 for each). 

The RAST reactivity of shrimp-sensitive subjects 
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to crustacea extracts is illustrated in Fig. 1. Elevated 
shrimp RASTs (ratios 23) were detected in 60% of 
sensitive subjects but in none of the 29 control sub- 
jects. Significantly, more atopic subjects had elevated 
RAST ratios than nonatopic subjects (p < 0.02), and 
shrimp-RAST ratios of all shrimp-sensitive subjects 
correlated with clinical symptom score (p < 0.012). 
Furthermore, the RAST ratios of the atopic group were 
significantly higher than the ratios of the nonatopic 
group (p < 0.03). Although the shrimp RAST ratio 
did not significantly correlate with shrimp skin test 
titration end points, the RAST values to shrimp. crab, 
crayfish, and lobster correlated significantly with each 
other (p < O.OOl), as previously noted with skin test 
titration end points. 

Table III presents the incidence of positive shrimp 
skin test and RAST ratios in all study subjects. Eighty- 
one percent of atopic sensitive subjects had both pos- 
itive skin tests and RAST, whereas only 41% of non- 
atopic sensitive subjects had similar reactivity. Con- 
versely, 24% of nonatopic sensitive subjects were both 
skin test and RAST negative as compared to only 6% 
of the atopic group. Although there was no statistical 
relationship between atopic status and positive skin 
tests, there was clearly a significant relationship be- 
tween history of shrimp hypersensitivity reaction and 
positive shrimp skin prick test. 

Shrimp-specific IgG, @A, and l@W 

Serum levels of IgG and IgA measured by ELISA 
are illustrated in Fig. 2, A and B). The crustacea- 
sensitive individuals had significantly elevated 
shrimp-specific IgG (p < 0.001) and IgA (p < 0.01) 
as compared to control subjects. There were no dif- 
ferences in levels of shrimp IgG or IgA between the 
atopic and nonatopic crustacea-sensitive individuals. 
The shrimp-specific IgM in sensitive subjects was not 
different from control values (data not presented). 
Both shrimp-specific IgG and IgA reactivity correlated 
significantly with shrimp RAST ratios (p < 0.01 and 
0.04, respectively), but not with clinical symptom 
scores or shrimp prick skin test titration end points. 

DiSCUSSIGN 

This study extends our earlier observations describ- 
ing immunologic reactivity of shrimp-sensitive indi- 
viduals to crustacea. In this current study, as in the 
previous study, all our sensitive study subjects re- 
ported symptoms consistent with immediate, type I 
hypersensitivity reactions. When symptoms were an- 
alyzed with respect to atopy, generally, no significant 
differences were noted except that only atopic subjects 
reported anaphylaxis and that only nonatopic individ- 

uals reported generalized pruritus as their only shnmp- 
induced symptom. These results suggest our .itopc 

subjects with shrimp-specific IgE-mediated dice;ik? 
are at greater risk for shrimp-induced systcmii anil- 
phylactic reactions similar to that reported tar other 
allergic reactions. ” 

Prick skin test reactions to shrimp were pos~t!ve 111 
85% of the population reporting shrimp sensttivity as 
compared to only 7 ..5% of the control population. The 
prevalence of skin test reactivity was greater in atopic 
sensitive individuals as compared to nonatopic sen- 
sitive subjects (94% versus 76%). These results In- 

dicate that the prick skin test correlates well with 
history of shrimp sensitivity and that a higher prev- 
alence of positive reactions occurs in atopic subjects 
as compared to nonatopic subjects. Similar results 
were observed with the other crustacea extracts. Fur- 
thermore, no subjects had elevated RAST ratios when 
skin tests were negative to shrimp extract. 

Clearly, the presence of shrimp-specific IgE aould 
appear to be the pathologic mechanism m those sub- 
jects with positive prick skin tests and/or elevated 
RASTs to shrimp. Moreover. shrimp-specific serum 
IgE occurred primarily in atopic subjects. although it 
was also detected in the sera from 4 1% of nonatopic 
sensitive subjects. Previous studies of patients with 
positive food RASTs indicate that such patients. ir- 
respective of food-induced symptoms that they report. 
tend to have higher serum IgE levels than patients 
with negative food RASTs” and are more likely to be 
atopic.” Similar results were observed in our study 
in that the serum IgE levels did correlate with RAST 
ratios, and atopic individuals did have significantly 
higher IgE levels than nonatopic individuals. 

However, since a significant number of nonatopic 
subjects (24%) have neither skin test nor RAST reac- 
tivity to shrimp, what is the basis of their food sen- 
sitivity? In these RAST negative, skin test negative 
individuals, it is possible that there may be other im- 
munologic mechanisms contributing to these reac- 
tions. The role of non-IgE antibodies, such as IgG 
or IgA, in food allergy is presently not well under- 
stood.“. 17-20 It has been proposed that such antibodies 
in secretions may serve as a protective barrier by 
sequestering potential allergens, thus preventing the 
stimulation of IgE-specific responses by the process 
of immune exclusion at mucosal surfaces.” However, 
the presence of such shrimp-specific antibody in in- 
testinal secretions has not yet been investigated. 

Our studies demonstrate that shrimp-specific IgG 
and IgA are present in the sera of all subjects, but 
they are significantly higher in shrimp-sensitive in- 
dividuals. The levels of these antibodies generally cor- 
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related with IgE antibody levels (RAST ratios), but 
not necessarily with clinical history or skin test titra- 
tion end points. These findings are similar to studies 
of cow’s milk allergy in children that demonstrated 
higher levels of food antibody in the sera of sensitive 
children”, I9 and a parallel occurrence of IgE and IgG 
reactivity in most cases.22 The presence of such ele- 
vated shrimp-specific IgG and IgA probably indicates 
a generally enhanced immunologic recognition of 
crustacea allergens (antigens) in persons with shrimp 
hypersensitivity. Whether this reflects a greater innate 
immunologic ability to produce increased quantities 
of such food-specific antibodies or indicates enhanced 
exposure to allergens, possibly either through per- 
meability changes (local gut anaphylaxis) or intrinsic 
ability of low-molecular-weight allergens to penetrate 
gut mucosa in such individuals, has not been de- 
termined. 

The exact role of such non-IgE antibody in the 
immunopathogenesis of food allergy is controversial. 
Antigen-specific serum IgG has been demonstrated to 
facilitate the uptake of antigen in the gut,23. X and late 
reactions to milk have been associated with IgG reac- 
tivity (presumably IgG4 subclass).’ However, high 
ratios of IgG/IgE has been associated with good tol- 
erance.22 Further evaluation of the exact IgG subclass 
responsible for the elevated shrimp reactivity noted in 
our shrimp-positive subjects may help clarify the pro- 
posed contradictory protective and pathogenetic roles 
for IgG4 subclass in food allergy.*’ 

Based on this study, several conclusions may 
be drawn about shrimp hypersensitivity: (1) IgE- 
mediated, type I mechanisms are operative in most 
crustacea-sensitive individuals. (2) Although prick 
skin testing with shrimp extracts detects the presence 
of this hypersensitivity, shrimp RAST ratios appear 
to correlate better with the intensity of clinical symp- 
toms after shrimp ingestion. (3) Atopic individuals 
demonstrated higher RAST ratios and a more se- 
vere spectrum of clinical symptoms, including ana- 
phylaxis, than nonatopic shrimp-sensitive subjects. 
(4) Significant levels of shrimp-specific IgG and IgA 
reactivity are detected in shrimp-sensitive subjects. 

Further studies with double-blind food challenges 
are currently in progress to delineate variables of prog- 
nostic significance as well as the role of non-IgE an- 
tibodies in shrimp-sensitive reactions. Of particular 
interest will be the role of non-IgE allergen-specific 
antibodies present in gastrointestinal secretions. 

We acknowledge the excellent technical assistance of Ms. 
Felicia Bellaire and word processing ability of Ms. Denise 
Delwiche. 
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