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Abstract 
Two	 patients	 presented	 with	 a	 history	 of	 anaphylaxis	 (one	 with	 loss	 of	
consciousness,	the	other	with	laryngeal	edema,	urticaria,	angioedema,	and	near	
syncope)	immediately	after	eating	chapuline	from	Oaxaca,	Mexico.

	 Prick	 puncture	 testing	 to	 grasshopper	 antigen	 was	 4+	 in	 both	 patients	 and	
negative	 in	 five	 non-allergic	 controls.	 Both	 patients	 gave	 a	 prior	 history	 of	
urticaria/angioedema/laryngeal	edema	following	ingestion	of	crustaceans.	In	vitro	
IgE	specific	antibodies	to	crustaceans,	dust	mites,	and	cockroach	were	positive	in	
both	patients.	Total	IgE	was	greater	than	2000	IU/mL	in	one	patient,	and	92.6	IU/
mL	in	the	other	(nl<87	IU/mL).	Tryptase	levels	in	both	patients	were	not	elevated.	
Specific	 IgE	 inhibition	 studies	 reveal	 that	 grasshopper	extract	 contains	 antigens	
capable	of	binding	to	patient's	specific	IgE	to	crustaceans,	cockroach,	and	mites,	
indicating	 the	presence	of	a	 cross	 reacting	pan-allergen	 in	grasshopper	extract.	
Immunoblot	analysis	of	the	grasshopper	extract	revealed	the	presence	of	a	30	kD	
molecular	weight	protein	 in	 grasshopper	and	 chapuline	and	a	38	kD	molecular	
weight	protein	in	shrimp,	which	bound	patient-specific	IgE	antibody.	Western	Blot	
analysis	 of	 the	 extract	 probed	 with	 anti-tropomyosin	 antibody	 revealed	 those	
antigens	to	be	tropomyosin.

Although	previous	reports	in	the	literature	of	allergic	rhinoconjunctivitis,	contact	
urticaria,	and	asthma	after	inhalation	of	grasshopper	are	well	known,	this	is	the	
first	well-documented	report	of	anaphylaxis	following	ingestion	of	grasshoppers.	
Ingestion	of	 insects	 is	 very	popular	 in	Asia,	 the	Middle	East,	 South	and	Central	
America,	and	particularly	in	Mexico	and	in	southern	California.	The	purpose	of	this	
report	is	to	alert	the	medical	community	and	the	public	to	the	fact	that	there	is	an	
increased	risk	of	allergic	reactions	to	the	ingestion	of	grasshoppers	in	patients	with	
a	prior	history	of	crustacean,	house	dust	mite,	and/or	cockroach	allergy.

Keywords:	 Grasshoppers	 freeze	 dried-Locusta migratoria;	 Cricket	 freeze	 dried-
Acheta domesticus;	Chapulines-Sphenarium mexicanum;	sIgE-ImmunoCAP	specific	
antibody;	ImmunoCAP	specific	IgE;	Fluorescent	enzyme	immunoassay

Abbreviation: GHFD:	Grasshoppers	Freeze	Dried;	CFD:	Cricket	Freeze	Dried;	FEIA:	
Fluorescent	 Enzyme	 Immunoassay;	 IgE:	 Immunoglobulin	 E;	 SDS-PAGE:	 Sodium	
Dodecyl	Sulfate-Polyacrylamine	Gel	Electrophoresis;	HDM:	House	Dust	Mite;	OAS:	
Oral	Allergy	Syndrome;	w/v:	Weight	per	Volume

Introduction
Grasshoppers	 are	 highly	 allergenic	 insects,	 which	 have	 been	
associated	 with	 allergic	 rhino-conjunctivitis,	 contact	 urticaria,	

and	 bronchial	 asthma	 after	 inhalation,	 contact,	 or	 high-level	
exposure	 in	 laboratory	 workers,	 hobbyists,	 from	 natural	
exposure,	or	from	ingestion	[1].	Although	allergy	from	inhalation	
of	 grasshoppers	 is	 limited,	 the	 ingestion	 of	 grasshoppers	 is	
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extremely	common.	Eighty	percent	of	the	countries	in	the	world	
ingest	 over	 1700	different	 insects,	 of	which	 the	most	 common	
are	grasshoppers	and	cricket	[2].	In	Mexico,	grasshoppers	called	
chapulines	 from	Oaxaca	 have	 been	 eaten	 since	 pre-Columbian	
times	 and	 today	 are	 served	 in	 restaurants	 and	 open	 markets	
throughout	 the	 country.	 Chapulines,	 plural	 for	 Chapuline,	 are	
grasshoppers	of	the	genus	Sphenarium mexicanum.	The	term	is	
specific	to	Mexico	and	derives	from	the	Nahuatl	word	'chapulin'3.	
Southern	California	 is	 known	as	 the	 chapuline	 capital	 of	North	
America	 [3]	 with	 numerous	 restaurants	 serving	 the	 insects	 in	
various	forms.	Despite	this	combination	of	high	allergenicity	and	
widespread	 ingestion	of	grasshopper,	a	 search	of	 the	 literature	
revealed	 no	 previous	 well-documented	 reports	 of	 anaphylaxis	
caused	by	the	ingestion	of	grasshopper.

	Within	 the	 last	 year,	 two	 patients	 presented	 to	 our	 southern	
California	 allergy	 clinic	 with	 a	 recent	 history	 of	 anaphylactic	
reactions	 after	 the	 consumption	 of	 chapulines,	 despite	 no	
previous	 occupational	 or	 natural	 exposure	 to	 chapulines	 and	
no	 history	 of	 having	 ever	 eaten	 chapulines	 before.	 This	 report	
consists	of	our	findings	on	these	two	patients	and	the	nature	of	
these	allergen(s)	involved.

Materials and Methods
Preparation of extract
Freeze-dried	 commercial	 grasshoppers	 (Locusta migratoria)	
and	 freeze-dried	 commercial	 cricket	 (Acheta domesticus)	 were	
purchased	 from	 Fluker's	 Lab;	 Port	 Allen,	 Louisiana.	 Freshly	
prepared	Chapulines	 (Sphenarium mexicanum)	were	purchased	
from	 the	 restaurant	 in	 which	 Patient	 #2	 ate.	 All	 insects	 were	
ground	with	mortar	and	pestle	to	a	fine	consistency.	Then	1:10	
w/v	 saline	 for	 in	 vitro	 testing	 and	 1:10	 w/v	 50%	 glycerinated	
saline	 solutions	 for	 skin	 testing	were	 prepared.	 Solutions	were	
stored	 immediately	 at	 4°C	 and	 periodically	 shaken	 over	 24	
hours.	Solutions	were	centrifuged	at	3400	rpm	for	40	min.	The	
supernatants	 were	 removed	 and	 immediately	 passed	 through	
sterile	0.22	microns	syringe	filters	(SimSIL,	Inc.,	Irvine,	California),	
and	the	filtered	supernatant	injected	into	sterile	10	mL	vials	and	
stored	at	4°C.

Skin testing
Skin	testing	was	carried	out	after	obtaining	informed	consent	from	
both	patients	and	five	nonallergic	controls.	Antigens	of	grasshopper,	
chapulines,	and	cricket	in	50%	glycerine	were	prepared	as	previously	
described.	 Other	 allergens	 were	 purchased	 from	 Hollister-Stier	
Laboratories	 (Spokane,	 Washington).	 Histamine	 dihydrochloride	
10	 mg/mL	 Hollister-Stier	 Laboratories	 (Spokane,	 Washington),	
glycerinated	 saline	 50%	 w/v,	 sterile	 saline	 was	 purchased	 from	
Stallergenes	(Lenoir,	North	Carolina),	ALK-Abello	were	purchased.	The	
prick	puncture	technique	consisted	of	placing	droplets	of	antigens	
on	 the	 skin	 and	 pricking	 through	 the	 drops	with	 a	 stainless-steel	
lancet	 (Hollister-Stier	 Laboratories,	 Spokane,	 WA).	 The	 results	
were	 interpreted	at	20	min	and	at	24	hours.	The	wheal	and	flare	
reactions,	if	present,	were	outlined	with	a	pen,	and	paper	tape	was	
placed	over	the	reaction	site.	The	paper	tape	was	then	transferred	
to	 a	white	 sheet	 of	 paper	 for	measurement.	 The	 reactions	were	
measured	in	length	and	width	and	the	average	taken	as	the	result.

ImmunoCAP specific IgE (sIge) inhibition by 
grasshopper extract
2.5	mL	of	serum	from	both	patients	was	incubated	for	24	hours	at	
4°C	with	A.)	No	additives.	B.)	200	µL	of	buffered	saline.	C.)	200	µL	
of	grasshopper	freeze-dried	1:10	w/v	in	buffered	saline.	The	sera	
were	then	analyzed	for	sIgE	to	cockroach,	crab,	shrimp,	lobster,	
clam,	D. pteronyssinus,	D. farinae,	cat,	dog,	corn,	and	avocado.

Immunoblotting technique
The	 detailed	 method	 for	 immunoblotting	 has	 been	 described	
earlier	 [4]	 Briefly,	 the	 various	 extracts	 prepared	 (chapuline,	
grasshopper,	cockroach,	and	cricket),	along	with	purified	natural	
shrimp	tropomyosin	 (Indoor	Biotechnologies,	 Inc.)	were	run	on	
4-20%	 pre-cast	 sodium	 dodecyl	 sulfate-polyacrylamide	 (SDS-
PAGE)	 gels	 (Mini-ProteanR	 TGXTM	 and	 pre-cast	 gels,	 Bio-Rad)	
in	reducing	conditions.	Then	the	separated	extract	polypeptides	
were	 transferred	 to	a	PVDF	membrane	 (Bio-Rad).	 The	Western	
Breeze	 Chromogenic	Western	 Blot	 Immunization	 Detection	 Kit	
(Invitrogen/Life	 Technologies)	 was	 used	 for	 blocking,	 antibody	
dilution	and	detection	steps.	Patient's	serum	was	diluted	1:2	 in	
the	antibody	dilution	solution	provided	by	the	kit	(Hammarsten	
casein	 solution	 in	 buffered	 saline	 containing	 detergent).	
Monoclonal	 anti-human	 IgE	 alkaline	 phosphatase	 produced	 in	
mouse	(Sigma-Aldrich)	was	used	as	a	secondary	antibody	with	a	
1:1000	dilution.	The	blots	were	developed	using	a	ready-to-use	
BCIP/NBT	substrate	solution	for	alkaline	phosphatase	(Invitrogen/
Life	Technologies)	at	room	temperature	for	20-30	min.

Western blotting technique
For	 the	 Western	 blot,	 several	 dilutions	 of	 the	 prepared	
grasshopper	 extract	 (3-30	 µg)	 and	 the	 purified	 shrimp	
tropomyosin	 (200	 Ng-200	 µg)	 (Indoor	 Biotechnologies,	 Inc.)	
were	run	on	a	4-20%	pre-cast	gel	as	described	above.	The	blot	
was	exposed	to	1:1000	dilution	of	the	anti-tropomyosin	mouse	
monoclonal	antibody	(Indoor	Biotechnologies,	Inc.)	for	1	hour	at	
room	 temperature.	 A	 ready-to-use	 solution	 (10	mL)	 of	 alkaline	
phosphatase	 conjugated	 affinity	 purified	 anti-mouse	 antibody	
developed	 in	 goat	 (Invitrogen/Life	Technologies)	was	used	as	a	
secondary	antibody.	A	ready-to-use	BCIP/NBP	substrate	solution	
for	alkaline	phosphatase	(Invitrogen/Life	Technologies)	was	used	
for	developing	the	blot	as	described	above.

Case Reports
Patient	#1	-	S.V.	 is	a	43-year-old	male	with	active	allergic	rhino-
conjunctivitis	and	moderately	severe	persistent	bronchial	asthma.	
On	 two	occasions,	 in	2006	and	2011,	S.V.	experienced	urticaria	
and	 angioedema	 of	 the	 lips	 and	 tongue	 after	 eating	 soft	 shell	
crab.	 In	2013,	he	ate	 roasted	cricket	and	experienced	urticaria,	
angioedema,	and	laryngeal	edema.	In	December	2014	in	Mexico	
City,	he	ate	two	servings	of	Chapulines	served	over	a	corn	tortilla	
with	guacamole	and	took	a	picture	of	the	meal.	Within	10	min,	he	
experienced	itching	and	swelling	of	the	lips	and	the	tongue,	itchy	
skin	 followed	 by	 hives,	 chest	 tightness,	 and	 light	 headedness.	
Over	the	next	15	min	after	leaving	the	restaurant,	according	to	his	
10-year-old	son	who	was	with	him,	the	patient	lost	consciousness	
three	 separate	 times,	 about	 1	 minute	 each	 time.	 The	 patient	
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has	no	recall	of	these	events.	After	the	third	episode,	he	stood	
up,	developed	abdominal	pain,	had	a	sudden	urge	to	defecate,	
and	had	watery	diarrhea.	Following	 this,	 the	patient	was	 taken	
to	a	facility	where	he	was	treated	by	a	physician	with	Benadryl	
(possibly	cortisol)	and	fluids	and	recovered	with	disappearance	
of	the	urticaria	and	angioedema	over	the	next	24-36	hours.	There	
were	no	delayed	reactions.

Patient	 #2	 -	 G.S.L.	 is	 a	 50-year-old	 female	 with	 active	 allergic	
rhino-conjunctivitis,	bronchial	asthma,	intermittent	urticaria,	and	
moderately	severe	atopic	dermatitis.	The	patient	had	experienced	
three	separate	episodes	of	urticaria,	angioedema,	and	laryngeal	
edema	 after	 eating	 various	 crustaceans.	 In	 May	 2016	 at	 a	
restaurant	 in	 Orange	 County,	 California,	 she	 ate	 a	 serving	 of	
approximately	140	Chapulines	cooked	on	a	comal	with	lime,	salt,	
and	garlic.	The	patient	had	the	immediate	onset	of	itching	of	the	
mouth	and	throat,	swelling	of	the	face,	lips	and	periocular	tissue,	
generalized	itching,	throat	swelling,	difficulty	swallowing,	difficult	
speaking,	light	headedness,	and	near	syncope.	She	was	taken	to	
Urgent	Care	and	was	treated	with	fluids,	Benadryl,	and	cortisol	
and	 improved	over	 the	next	3-4	hours	and	had	no	 subsequent	
delayed	reaction.	

Results
These	severe	anaphylactic	reactions	after	ingestion	of	chapulines	
in	 patients	who	 had	 never	 eaten	 or	 even	 had	 been	 previously	
exposed	 to	grasshopper	but	who	had	a	history	of	 anaphylactic	
reactions	to	crustaceans	raised	several	questions.	

• Were	chapulines	the	cause	of	the	reaction?	

• Did	 the	patients	have	 IgE	antibody	against	grasshoppers	
and	chapulines?	

• If	 so,	 how	 did	 the	 patients	 become	 sensitized	 without	
prior	exposure?	

• Was	 a	 cross	 reacting	 antigen	 or	 pan-allergen	 present	 in	
grasshoppers,	chapulines,	HDM,	and	crustaceans?	

• If	so,	what	was	the	pan-allergen?	

Skin testing
Extracts	 of	 grasshopper	 (Locusta migratoria)	 1:10	 w/v,	 and	
chapuline	(Sphenarium mexicanum)	1:10	w/v	in	50%	glycerinated	
saline	were	prepared	(see	Methods	section)	and	skin	tested.	Skin	
testing	 was	 then	 carried	 out	 after	 informed	 written	 consent.	
Both	 patients	 and	 five	 control	 nonallergic	 patients	 were	 skin	
tested	by	the	prick	puncture	method	(see	Methods	section).	All	
patients	and	controls	had	positive	histamine	and	negative	saline	
and	glycerine	controls	(Table 1).	Both	patients	had	4+	reactions	
to	 grasshopper	 FD	 and	 chapuline	 extract,	 and	 lesser	 but	 still	
positive	reactions	to	cricket.	All	five	control	patients	showed	no	
reaction	to	grasshopper,	chapuline,	cricket,	or	clams.	Additional	
skin	testing	of	both	patients	showed	4+	reactions	to	cockroach,	
Dermatophagoides pteronyssinus, Dermatophagoides farinae,	
crab,	shrimp,	lobster,	cat,	and	dog.	There	were	negative	skin	test	
reactions	to	avocado	and	corn.

ImmunoCAP sIgE inhibition
sIgE	 and	 total	 IgE	 were	 measured	 in	 both	 patients	 (Table 2). 

Patient	 S.V.	 had	 a	 total	 IgE	 of	 96.2	 IU/mL,	 and	 patient	 G.S.L.	
had	 greater	 than	 2000	 IU/mL	 (normal	 0.0-87	 IU/mL).	 Both	
patients	 demonstrated	 sIgE	 to	 cockroach,	 crab,	 and	 shrimp	
(Table 2 Column A).	 Patient	 S.V.	 had	 low	 level	 specific	 IgE	 to	
D.	 pteronyssinus	 (0.46	 kU/liter),	 but	 not	 to D.	 farinae	 (<0.35	
kU/L).	Patient	G.S.L.	had	>100	kU/L	 for	both	mites.	Patient	S.V.	
was	negative	to	lobster	(<0.35	kU/L)	whereas	patient	G.S.L.	was	
positive	(2.69	kU/L).	Both	patients	were	positive	to	cat	and	dog	
but	negative	to	avocado	and	corn	(Column A, Table 2).	To	answer	
the	question	as	to	whether	grasshopper	contains	a	cross-reacting	
antigen	that	has	homologues	in	crustacean,	HDM,	and	cockroach,	
inhibition	assay	was	carried	out	 (Table 2, Columns B and C for 
both patients).

ImmunoCAP specific inhibition by grasshopper FD 
2.5	mL	 of	 serum	 from	 patients	 SV	 and	 GSL	 was	 incubated	 for	
24	 hours	 at	 4°C	with	 A)	Without	 additives	 B)	 200	 µL	 buffered	
saline	 or	 C)	 20	 mg	 of	 grasshopper	 FD	 in	 200	 µL	 of	 buffered	
saline.	The	results	 show	that	 the	200	µL	of	saline	produced	no	
inhibition	of	sIgE	binding	to	any	of	the	antigens	tested	in	either	
patient.	However,	grasshopper	(Table 2, Column C)	bound	to	and	
completely	eliminated	sIgE,	binding	to	cockroach,	crab,	shrimp,	
and	D. pteronyssinus	 in	 patient	 SV	 In	 patient	GSL,	 grasshopper	
markedly	 reduced	 binding	 to	 cockroach,	 crab,	 shrimp,	 and	
lobster.	In	patient	SV,	grasshopper	completely	eliminated	binding	
to	D. pteronyssinus,	whereas	 in	patient	GSL,	who	had	a	sIgE	 to	
D. pteronyssinus	 and	 D. farinae	 of	 >100	 KU/mL,	 no	 inhibition	
by	grasshopper	occurred.	There	was	not	non-specific	 inhibition	
of	 cat	 or	 dog	 specific	 IgE	 binding,	 showing	 that	 the	 effect	 of	
the	 grasshopper	 inhibition	 was	 specific.	 Therefore	 there	 is	 a	
cross-reacting	antigen	in	grasshopper	which	binds	to	sIgE	in	the	
patient’s	serum	specific	to	mites,	cockroach,	and	crustaceans,	but	
not	to	cat	and	dog.

Table 1 Allergy	skin	testing.

Substance Strength Case #1 SV 
w/f *

Case #1 GSL 
w/f *

Histamine 10	mg/ml 15/35 10/28
Saline 0/0 0/0

Glyserine 50%	glyserine	in	saline 0/0 0/0
Grasshopper(fD) 1:10	w/v 18/36 16/32

Chapulines 1:10	w/v 16/32 23/38
Cricket(FD) 1:10	w/v 12/38 6/20

Clam 1:10	w/v 0/0 0/0
Cockroach	mix 1:10	w/v 12/26 10/20

D. pteronyssinus 10000	au/ml	** 10/25 20/43
D. farina 10000	au/ml 3/12 22/26
Crab 1:10	w/v 10/24 9/20

Shrimp 1:10	w/v 4/28 10/15
Lobster 1:10	w/v 3/28 8/11
Cat 10000	bau/ml	*** 22/38 18/24
Dog 1:100	w/v 9/15 8/13

Avocado 1:10	w/v 0/0 0/0
corn 1:10	w/v 0/0 0/0

*	Wheel/	Flare	in	millimeter
**	Allergy	Units/Milliliter
***	Bioequivalent	Allergy	Units/Milliliter	
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To	 identify	 the	 cross-reacting	 antigen,	 we	 carried	 out	 SDS-
PAGE	 followed	 by	 immunoblotting	 of	 grasshopper,	 chapuline,	
cockroach,	HDM,	and	cricket	to	identify	and	separate	proteins	in	
the	extracts	and	to	identify	sIgE	antibodies	in	the	patient's	serum	
binding	to	those	proteins.

Figure 1 Immunoblot	 of	 grasshopper	 and	 chapuline	 extracts	
with	 patient	 serum	 under	 reducing.	 A:	 Grasshopper	
extract	 (1-2),	 Shrimp	 tropomysin	 (3),	 Negative	 control	
(4),	Molecular	weight	standard	(5).	B:	Molecular	weight	
standard	(1),	Chapuline	extract	(2-3).

Figure 2 Immunoblot	of	chapuline,	cockroach,	and	cricket	extract	
with	patient	serum	under	reducing	condition.	Chapuline	
extract	(1-2),	Molecular	weight	standard	(3),	cockroach	
extract	(4-6),	cricket	extract	(7-9).

Figure 3 Wester-blot	 of	 grasshopper	 extract	 with	 anti-
tropomyosin	 monoclonal	 antibody.	 Purified	 shrimp	
tropomysin	 (1),	 Molecular	 weight	 standard	 (2),	
grasshopper	extract	(3).

SDS PAGE-immunoblotting technique
SDS	PAGE	immunoblotting	showed	that	patients	had	specific	IgE	
to	a	30	kD	protein	in	grasshopper	extract	(Figure 1,	Experiment	
A,	Lane	1	and	2	arrows).	There	was	also	 IgE	binding	to	purified	
shrimp	 tropomyosin	 in	 Lane	 3	 at	 38	 kD	 (molecular	 weight	 of	
shrimp	tropomyosin).	There	was	no	binding	to	negative	control	
protein	 (Lane	 4).	 In	 Figure 1,	 Experiment	 B,	 IgE	 reactivity	 was	
seen	 to	a	30	kD	molecular	weight	protein	 in	chapuline	extract,	
which	was	similar	to	the	IgE	reactive	30	kD	protein	identified	in	
grasshopper	 FD.	 Other	 higher	 molecular	 weight	 proteins	 that	
bound	specifically	to	IgE	were	seen	in	grasshopper	at	60	and	90	
kD.	chapuline	extract,	(Lane	2),	showed	faint	IgE	binding	at	these	
higher	molecular	weight	levels,	but	the	majority	of	the	IgE	binding	
was	to	the	30	kD	protein.

Immunoblotting	 of	 chapuline,	 cockroach,	 and	 cricket	 extracts	
was	done (Figure 2).	The	results	of	this	experiment	showed	a	very	
clear	reaction	 in	Lanes	1	and	2	to	chapuline	extract.	 In	Column	

Table 2 ImmunoCAP	specific	IgE	and	inhibition	by	grasshopper	(FD).

Substance Range Units SV A No 
add

SV B 200 µl 
* Saline

SV C 20 mgm GH/

200 µl Saline**

GSL A

No add

GSL B * 200 µl 
Saline

GSL C  20 mgm GH/ 
200 µl Saline**

IgE 0.0-87.0	IU/ml 96.2 >2000
Cockroach <0.35	KU/L 3.64 3.64 <0.35 3.2 3.32 0.65

Crab <0.35	KU/L 0.96 0.96 <0.35 1.91 2.04 1.03
Shrimp <0.35	KU/L 0.46 0.46 <0.35 11.3 10.6 2.94
Lobster <0.35	KU/L <0.35 <0.35 <0.35 3.87 3.76 0.98
Clam <0.35	KU/L <0.35 <0.35 <0.35 <0.35 <0.35 <0.35

D. pteronyssinus <0.35	KU/L 0.46 0.47 <0.35 >100 >100 >100
D. farina <0.35	KU/L <0.35 <0.35 <0.35 >100 >100 >100

Cat <0.35	KU/L 22.9 22.9 23.9 34.9 34.1 35.2
Dog <0.35	KU/L 2.52 2.52 2.07 2.85 2.7 2.99

*200	Microliter	saline
**20	mgm	Grasshopper/200	microliter
***kilo	units/liter
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4,	 5,	 and	 6	 are	 shown	 cockroach	 extract,	 which	 shows	 a	 faint	
band	at	30	kD	but	a	very	similar	high	molecular	weight	binding	
pattern	similar	 to	that	seen	 in	grasshopper	 freeze	dried	extract	
(this	may	be	a	dimer	of	the	30	kD	protein).	There	was	no	specific	
binding	 to	 cricket	 extract.	 Since	 we	 have	 found	 the	 protein	 in	
shrimp,	grasshopper	FD,	chapuline,	and	cockroach	to	which	the	
patients	IgE	bound,	we	did	a	Western	Blot	to	see	if	that	antigen	
was	tropomyosin.

Western blot test
To	 see	 if	 the	 30	 kD	 IgE	 reactive	 protein	 in	 grasshopper	 and	
chapuline	extract	was	tropomyosin,	the	Western	Blot	was	done	
using	a	monoclonal	antibody	specific	for	tropomyosin.	The	anti-
tropomyosin	antibody	bound	 to	 the	same	30	kD	protein	 in	 the	
grasshopper	extract	that	the	patient	sera	reacted	to.	This	confirms	
that	the	30kD	protein	that	the	patients	IgE	bound	to	in	chapuline	
and	grasshopper	is	tropomyosin	(Figure 3).	

Other	 high	 molecular	 weight	 IgE	 protein	 binding	 to	 IgE	 in	
grasshopper	 FD	 and	 cockroach	 consisted	 of	 a	 60	 kD	 protein,	
which	may	be	a	dimer	of	the	30	kD	tropomyosin.

Discussion
Numerous	reports	of	grasshopper	causing	allergic	reactions	are	
to	be	found	in	the	medical	literature	2	in	patients	in	occupational	
and	natural	settings.	Exposure	and	sensitization	by	inhalation	of	
grasshopper	 (Locusta migratoria)	 in	 research	 laboratories	 has	
resulted	 in	 allergic	 rhinoconjunctivitis,	 bronchial	 asthma,	 and	
contact	urticaria	in	26-47%	of	exposed	workers	[5-8].	Allergy	to	
grasshoppers	 in	 patients	 who	 fed	 grasshoppers	 to	 reptile	 pets	
or	 used	 grasshoppers	 as	 fishing	 bait	 have	 been	 reported	 [9]	
and	 massive	 exposure	 to	 grasshoppers	 in	 the	 field	 have	 been	
reported	to	cause	allergic	reactions	in	epidemic	proportions	[10].	
Bhattacharya	 reported	 26	 asthma	 deaths	 and	more	 than	 1600	
hospitalizations	 after	 swarms	 of	 locusts	 caused	 an	 allergic	 and	
asthma	epidemic	in	the	Sudan	in	2003	[11].

Although	occupational	or	natural	sensitization	to	the	inhalation	of	
grasshopper	is	rare,	ingestion	of	grasshopper	is	common.	Eating	
of	insects	(entomophagy),	the	majority	of	which	are	grasshoppers	
is	practiced	in	80%	of	the	countries	in	the	world	by	approximately	
2	 billion	 people	 [12,13].	 Entomophagy	 is	 widespread	 in	 Asia,	
the	 Middle	 East,	 Australia,	 southern	 and	 central	 Mexico,	 and	
southern	California	where	numerous	Mexican	restaurants	sell	the	
insects	 imported	from	Oaxaca	and	prepared	in	various	fashions	
as	 meals	 and	 snacks.	 Chapulines	 flour,	 as	 well	 as	 grasshopper	
and	 cricket	 protein	 bars	 and	 shakes,	 are	 increasingly	 sold	 on	
the	 internet	 as	 ecologically	 friendly,	 high-protein	 food	 options.	
In	 addition,	 the	World	 Health	 Organization	 has	 recommended	
increased	 insect	 consumption	as	 a	 solution	 to	world	hunger	 in	
developing	 countries	 due	 to	 its	 small	 ecological	 footprint,	 high	
protein	content,	and	relatively	low	cost	[14].	

	In	Asia,	anaphylaxis	to	ingested	grasshopper	has	been	reported.	
Piromrat	 et	 al.	 [15],	 in	 a	 retrospective	 review	 of	 records	
reported	seven	cases	of	anaphylaxis	caused	by	fried	grasshoppers	
and	 crickets	 in	 a	 two-year	 review	 of	 case	 records	 from	 an	
emergency	 room	 in	 Thailand.	 Ji	 et	 al.	 [16]	 in	 a	 retrospective	
review	 of	 hospital	 records,	 reported	 27	 cases	 of	 "anaphylactic	

shock"	caused	by	consumption	of	grasshoppers	in	China	between	
1980	and	2007.	No	species	identification	or	investigation	of	the	
nature	of	 the	antigen	was	carried	out,	nor	whether	 the	 insects	
were	 grasshoppers,	 crickets,	 or	 katydids.	 Although	 not	 stated,	
given	 the	 widespread	 practice	 of	 entomophagy	 in	 Asia,	 it	 is	
assumed,	although	 it	 cannot	be	 confirmed,	 that	 these	patients	
were	sensitized	by	previous	ingestion	of	insects.	

Since	our	patients	had	no	prior	exposure	to	grasshopper	through	
occupation,	 history,	 exposure	 to	 swarms,	 or	 by	 ingestion,	 their	
method	of	sensitization	is	distinct	from	these	previously	reported	
cases.	 Our	 patients	 did	 have	 a	 prior	 history	 of	 crustacean	
anaphylaxis	and	allergic	sensitization	to	HDM	and	cockroach.	We	
have	shown	in	this	report	that	the	common	IgE	reactive	antigen	
between	 the	 crustaceans,	 HDM,	 cockroach,	 grasshopper,	 and	
chapulines	 is	 tropomyosin	and	perhaps	other	higher	molecular	
weight	 proteins.	 Tropomyosin	 found	 in	 cockroach	 [17]	 or	 in	
HDM	has	a	75-80%	identity	with	the	tropomyosin	in	shrimp	[18].	
Given	the	high	degree	of	amino	acid	identity	in	the	tropomyosins	
found	 in	 shrimp,	 HDM,	 and	 cockroach,	 it	 would	 be	 predicted	
that	 patients	 who	 have	 first	 been	 sensitized	 to	 tropomyosin	
in	 shrimp,	 HDM,	 or	 cockroach	 would,	 upon	 ingesting	 a	 food	
containing	tropomyosin,	experience	an	allergic	reaction.	Indeed,	
this	has	been	reported	in	HDM	allergic	patients	who	developed	
an	oral	allergy	syndrome	(OAS)	after	the	first	-time	ingestion	of	
shrimp.	In	this	study	78%	of	the	HDM	sensitized-shrimp	reactive	
patients	 had	 specific	 IgE	 against	 tropomyosin	 (37-39	 kD)	 [19].	
Rame	[20]	found	a	high	frequency	of	allergy	to	snails	in	patients	
who	have	never	eaten	snails	but	who	had	a	high	 level	of	HDM	
allergy.	 Vuitton	 [21]	 reported	 several	 cases	 of	 systemic	 allergic	
reactions	to	the	ingestion	of	snails	which	were	eaten	for	the	first	
time	by	patients	who	had	HDM	allergy.	Fernandes	[22]	observed	
a	cross	reaction	between	HDM	and	crustaceans	in	orthodox	Jews	
who	observed	strict	kosher	dietary	rules	prohibiting	consumption	
of	shellfish	but	who	showed	sensitization	to	shrimp	due	to	a	cross	
reacting	tropomyosin	allergen	in	HDM.	

Cross-reactivity	 between	 different	 allergens	 occurs	 because	
of	 shared	 similar	 IgE	epitopes.	 The	 structure	and	 sequences	of	
Tropomyosin	are	highly	conserved,	which	explains	the	frequent	
cross-reactivity	among	distantly	related	allergen	sources.	[23]	The	
results	presented	in	this	study	suggest	cross-reactivity	between	
different	 invertebrate	species	which	would	explain	 reactivity	 to	
grasshoppers	 and	 chapulines	 in	 the	absence	of	 sensitization.	 It	
also	suggests	important	clinical	implications.

Conclusion
Our	findings	 suggest	 that	patients	who	have	HDM,	 crustacean,	
and	cockroach	allergy	are	at	risk	for	anaphylactic	reactions	from	
ingesting	chapulines	or	perhaps	even	grasshopper	products	found	
in	protein	shakes,	protein	bars,	or	other	sources	of	grasshopper	
protein	due	to	the	presence	of	a	tropomyosin	specific	IgE	antibody	
which	 cross-reacts	 with	 tropomyosin	 present	 in	 crustaceans,	
HDM,	and	cockroach.

	We	 do	 not	 know	 the	 significance	 of	 these	 findings.	 Is	 a	 prior	
history	 of	 allergy	 to	 crustaceans	 or	 mites	 or	 cockroach	 alone	
or	 in	 combination	enough	 to	produce	a	 reaction?	Our	patients	
both	 showed	 similar	 skin	 tests	 and	 sIgE	 levels	 to	 crustaceans	
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and	 cockroach,	 but	 Patient	 #2	 had	 much	 higher	 sIgE	 to	 HDM	
than	did	Patient	#1.	However,	both	patients	had	life-threatening	
anaphylaxis	 after	 eating	 chapulines.	 Therefore,	 the	 specific	
insect	may	not	be	as	 important	 as	 the	 total	 amount	of	 sIgE	 to	
tropomyosin	present.	

Are	 these	 just	 two	 isolated	 patients	 who	 presented	 to	 our	
practice,	or	is	this	part	of	a	larger	phenomenon?	The	invertebrate	
pan-allergen	tropomyosin	is	a	potent,	frequent	cause	of	allergic	
reactions.	 When	 one	 considers	 that	 over	 2	 billion	 people	 eat	
insects,	this	phenomenon	may	not	be	rare.
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