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Abstract: Monosodium glutamate (MSG), a salt form of a non-essential amino acid, is widely used as a food additive, particularly in 
Asian cuisines, due to its unique flavor-enhancing qualities. Type I allergic reactions to MSG have not previously been reported. Our 
patient, a 21-year-old woman, was 14 years old when she first noticed swelling of her tongue (but no oral itching, diarrhea, or 
abdominal pain) after eating various snack foods. Current skin prick testing elicited a weak positive reaction to MSG. We then 
performed an oral challenge test during which our patient ingested potato snacks. Subsequent histology showed telangiectasia of the 
buccal mucosa, interstitial edema in the subepithelial submucosa, and mast cell infiltration. Oral mucosal challenge tests using sodium 
glutamate confirmed oral swelling in this patient. This report is the first to confirm a case of type 1 allergy to MSG by combining 
pathology findings with the results of challenge testing. 
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Introduction
Monosodium glutamate (MSG), a salt form of a non-essential amino acid, is widely used as a food additive, particularly 
in Asian cuisines, due to its unique flavor-enhancing qualities. First reported in 1968 as Chinese restaurant syndrome,1 

some people have described symptoms including a burning sensation at the back of the neck and on the forearms and 
chest; headache; chest pain; numbness at the back of the neck and radiating to the arms and back; nausea; and 
palpitations after consuming MSG. Using results from an evaluation conducted by the American Federation of 
Experimental Biology Societies, the United States Food and Drug Administration reaffirmed the safety of MSG as 
a food additive in 1995.2

MSG is intentionally added to foods as a flavoring agent. One of its components, glutamic acid is found naturally in 
almost all foods, including vegetables, meat, fish, and breast milk. In general, protein-rich foods such as breast milk and 
meat contain large amounts of protein-bound glutamate, whereas vegetables (particularly peas, tomatoes, and potatoes), 
fruits, and mushrooms contain high concentrations of free glutamate. In addition, glutamate is particularly abundant in 
some cheeses, including parmesan.2

The symptoms complex due to MSG consumption is considered to begin within one hour of ingestion of more than 3 
g of MSG as an oral bolus. Typically, a dose of MSG of 2.5 g or less causes no symptoms in nonallergic people; larger 
doses can cause a burning sensation, facial pressure, headache, and drowsiness, but these symptoms usually dissipate 
within 4 h.3 However, the information was not communicated accurately overseas, where the use of MSG remained 
restricted. Descriptions of MSG-induced asthma, urticaria, angioedema, and rhinitis have prompted suggestions that 
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MSG causes an allergic reaction in patients presenting with these conditions. However, none of the reports of MSG- 
induced asthma have proven reproducible, and MSG-induced asthma was not replicated in a double-blind placebo- 
controlled study.4 Our current report is the first to confirm a case of type 1 allergy to MSG by combining pathology 
findings with the results of challenge testing.

Case
The 21-year-old woman whose case we present was diagnosed with allergic rhinoconjunctivitis when she was 17. 
Beginning when she was 14 years old, she noticed that her tongue swelled after eating various snack foods but had no 
oral itching, diarrhea, or abdominal pain. The frequency of swelling of the tongue increased once she turned 20. Swelling 
of the tongue did not occur after eating either homemade meals without additives, items from conveyor-belt sushi 
restaurants, or at any of the meals in restaurants during a trip to Europe. In contrast, her tongue swelled after she ate at 
a chain family restaurant and after having fast-food hamburgers, French fries, potato snacks, parmesan cheese, and 
consommé-flavored (but not light-salt) potato chips. In addition, she did not develop any adverse symptoms after 
ingesting potatoes prepared otherwise than mentioned or after eating any type of fruit.

We performed a skin prick test and measured antigen-specific serum immunoglobulin E (IgE) levels. Total IgE 
(IU/mL) and antigen-specific IgE (IU/mL) in serum were measured by using enzyme-linked immunosorbent assay 
(ELISA) according to the nephelometry method (BN II, Dade Behring Inc, Deerfield, IL).5 Our patient’s total serum 
IgE level was 36.0 IU/mL (normal, ≤173 IU/mL), with antigen-specific serum IgE levels of 0.15 IU/mL each for 
house dust and Japanese cedar pollen (positive reaction defined as specific IgE > 0.35 IU/mL) but undetectable for 
wheat, potato, and pollens other than cedar. We then measured wheals and flares at 15 min after skin pricking with 
these antigens;6 we defined a positive allergen reaction as eliciting a mean wheal diameter ≥3 mm larger than that 
produced by the negative control (saline)7,8 or at least 50% larger than that due to the positive control (histamine).9 

We obtained sodium glutamate as MSG (Ajinomoto, Ajinomoto Co., Inc, Tokyo, Japan). Our patient had a positive 
reaction to 100 mg/mL of MSG (wheal size, 4×4 mm; saline, 0×0 mm; histamine, 6×5 mm) but negative reactions 
to 10 mg and 1 mg/mL of MSG, potato, wheat, gluten, and omega-5-gliadin. We confirmed the lack of nonspecific 
reaction (0 × 0 mm) to 100 mg/mL of MSG on the skin of six people without MSG sensitivity.

After obtaining written informed consent from our patient, we then performed an oral challenge test during which 
she ingested potato snacks that contained MSG. In the oral challenge test, this patient continued to consume snack 
foods until oral symptoms appeared. After ingesting 4 sticks (1.5 g each), she experienced only a tingling tongue; after 
23 sticks (ie, about 20 min after starting to eat), she had a sore throat, painful tongue, itchy palate, and buccal mucosal 
swelling and bleeding. Because of severe pain, she could not ingest any more than 31 sticks; at this point (ie, about 30 
min after she began eating), we obtained a biopsy of the buccal mucosa. Routine histology showed telangiectasia of the 
buccal mucosa (Figure 1a) and interstitial edema in the subepithelial submucosa (Figure 1b). In addition, c-kit 
immunohistochemistry revealed mast cell infiltration (Figure 1c). Given these findings, we diagnosed a type 
I allergic reaction in our patient and confirmed that her oral bleeding was from biting her tongue, which became 
edematous due to her allergic reaction.

To further characterize our patient’s food allergy, we performed oral mucosal challenge tests using common 
components of snack foods, specifically powdered fats and oils, salt containing umami seasoning, and a commercial 
product that is 97.5% sodium glutamate (Ajinomoto), with saline as a control. We performed a single-blind oral mucosal 
challenge test using saline and confirmed a negative reaction. Powdered fats and oils did not elicit any adverse responses, 
but both the umami-seasoned salt and commercial 100 mg/mL MSG product caused pain in the oral cavity, swelling of 
the tongue, and facial erythema (flushing), with the MSG product causing stronger reactions. We used the dose of 
100 mg/mL MSG because it yielded a reaction in the skin-prick test, whereas 10 and 1 mg/mL did not. We therefore 
further characterized our patient’s food allergy as a type 1 allergic reaction to MSG.

Many foods contain MSG, and it is difficult to avoid consuming it when eating out. Our patient learned to be careful 
not to bite her tongue when she experiences oral discomfort during meals. Since her diagnosis of MSG allergy, our 
patient has not had any more episodes of oral bleeding, and her quality of life has improved.
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Discussion
First categorized by Gell and Coombs, hypersensitivity reactions are now classified according to nine types: antibody- 
mediated (types I–III), cell-mediated (IVa–c), tissue-driven mechanisms (V, VI), and direct response to chemicals (VII).10 

Type I (IgE-mediated) reactions occur in patients with allergic rhinitis, conjunctivitis, asthma, atopic dermatitis, pollen- 
induced food and drug allergies and allergies to house dust mites and other animals, various foods, materials (eg, latex), 
and drugs.10 The allergen-specific IgE in type I reactions is produced by mast cells and basophils. Although our patient 
had considerable numbers of mast cells in the subepithelial submucosa, skin-prick testing elicited only a token IgE 
reaction. Because food allergies also manifest through non-IgE-dependent mechanisms,11 we consider that allergy to food 
additives may develop through a type I allergy mechanism with low IgE reactivity. In the case we present, our patient 
experienced no allergic symptoms after ingesting MSG-containing snacks before the age of 13, and she developed hay 
fever when she was 17 years old; these features suggest that her sensitization to MSG was acquired after provocation. 
This congenital sensitization likely explains her low total IgE level and modest responses to skin prick tests.

Reported allergic reactions to MSG include urticaria, angioedema, allergic rhinitis, bronchial asthma, and exercise- 
induced anaphylaxis, but these reports are associated with discrepancies in the time between MSG intake and appearance 
of the allergic reaction and a lack of reproducibility in provocation tests using a placebo.4,12 The evidence to support 
MSG as a cause of urticaria or angioedema was insufficient, because reported cases have been limited by inadequate 
blinding, small sample sizes, and the potentially confounding withdrawal of antihistamines before MSG challenges. The 
possibility that MSG may induce acute rhinitis symptoms and contribute to chronic rhinitis has been raised. Future 
studies addressing a possible relationship between the ingestion of MSG and the development of rhinitis will need to 
differentiate MSG allergic rhinitis from incidentally occurring chronic rhinitis.

In regard to diagnosing food allergy, a food provocation test under double-blind placebo-controlled conditions is 
considered the gold standard.13 We instead opted to perform a single-blind placebo-controlled challenge provocation test 
because we anticipated that our patient would experience oral swelling and severe pain after ingesting food containing 
MSG. Because we had previously confirmed that the placebo test using saline was negative, we decided that a single- 

Figure 1 Buccal mucosal pathology after challenge testing. We biopsied our patient’s buccal mucosa immediately after intraoral bleeding developed due to her ingestion of 
potato snacks. Hematoxylin and eosin staining shows telangiectasia (black arrows) (a) and edema (black arrows) (b) of the subepithelial submucosa. Immunohistochemistry 
for c-kit reveals mast cells (red arrows) (c). The images in panels (b and c) are of the same section.
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blind design was our best option in terms of patient safety during the provocation test. In addition, we quickly responded 
to and treated the severe allergic reaction that occurred during the provocation test.

The actual dose of MSG in the snack food that caused our patient’s symptoms was unknown, so she continued to eat 
the snack food during the provocation test until symptoms actually appeared. The dose of 100 mg/mL MSG used in the 
oral challenge test was determined according to the prick test threshold, but we consider that this dose exceeds that when 
MSG is used as an actual seasoning. Our patient ingested the MSG-containing food for 20 to 30 min before symptoms 
began to appear. We therefore consider it likely that the symptoms caused by a 3-g oral bolus differ from those due to 
consumption of commercially available foods.

Anaphylaxis due to poly-γ-glutamic acid reportedly develops relatively late (ie, 5 to 14 h) after the ingestion of 
fermented soybeans.14 Although natto and MSG have similar structural formulas, their sensitization pathways seem to 
differ.15 We speculate that, given the widespread use of this food additive, MSG allergy may be more prevalent than 
appreciated, with many cases unreported. In the case we report here, the skin prick test for MSG was positive, challenge 
testing led to the appearance of mast cells in our patient’s oral submucosa, and the reproducibility of her symptoms 
supported the diagnosis of a type I allergy to MSG. In addition, this report is the first to describe the use of pathology 
findings with the results of challenge testing to confirm MSG type 1 allergy.

Approval
Institutional approval of the manuscript was not required to publish the case details.

Conclusion
We here present a patient who showed oral allergy induced through the ingestion of MSG. This report is the first to 
confirm a type 1 allergy to MSG by combining pathology findings with the results of challenge testing.
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Written informed consent was obtained from this patient.
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