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Introduction

Folic acid is essential for DNA synthesis and other metabo-
lism, and is thus widely used in supplements and multivitamin
tablets and as a fortification in foods. Folic acid-induced ana-
phylaxis is a rare allergic disease that is usually provoked by
multivitamins or by supplements containing synthetic folic
acid. We describe a case with this disorder and review previ-
ously reported cases.

Patient and Methods

Case report

A 42-year-old, otherwise healthy, woman developed generalized
urticaria and dyspnea 2 h after taking a folic acid-containing
supplement. She was treated with intravenous hydrocortisone in
an emergency hospital on February 10, 2007. She was referred to
our clinic to determine the cause. Two years prior to this episode
she had taken folic acid for 2 months without any symptoms.
Laboratory tests revealed normal levels of serum immunoglobulin
E (IgE) (123 U/mL; normal, < 300 U/mL) and folic acid (7.7 ng/mL;
normal, > 3.1 ng/mL). Her liver function and blood cell counts were
normal. IgE radioallergosorbent tests showed that her serum had
no specific IgE against any pollen or food. She could safely ingest
ordinary foods that contained folic acid.

Skin tests
Skin prick tests were performed using the suspicious supplement

and its ingredients: folic acid (5 mg/mL), riboflavin, biotin, niacin,
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thiamine, pyridoxine hydrochloride, pantothenate calcium and
yeast. Skin prick tests for folic acid congeners were also
performed: methotrexate (2 mg/mL) and folinic acid

(1 mg/mL).

Histamine release test

Levels of histamine release from peripheral blood basophils were
assessed using HRT Shionogi (Shionogi Co., Ltd., Osaka, Japan),
as described previously.' Briefly, the patient’s peripheral blood was
collected and basophils were purified using antibasophil
monoclonal antibody-coated magnetic beads. The basophils were
then stimulated with folic acid or methotrexate at concentrations of
0.01 and 0.001 mg/mL, or with folinic acid at a concentration of
0.1 mg/mL. The amounts of histamine released were measured
using an enzyme-linked immunosorbent assay. Total amounts of
histamine in basophils were assessed by destruction of the cells
with digitonin, and the data are presented as the percentage of
histamine released compared with controls.

Results

Skin prick tests

Skin prick tests were positive for the suspicious supplement
and for one of its ingredients, folic acid, but not for any other
ingredients, including riboflavin, biotin, niacin, thiamine,
pyridoxine hydrochloride, pantothenate calcium or yeast. A
positive reaction to methotrexate was noted, but not to folinic
acid. Three control cases showed negative responses to all
folic acid congeners by skin prick test.
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Table 1 Histamine release test with folic
acid, methotrexate and folinic acid

Concentration

Histamine release (%)* Normal healthy control

Stimulant (mg/mL) Patient (standard deviation)
Folic acid 0.01 24.7 13.1 (0.5)

0.001 9.1 0.1 (0.2)
Methotrexate 0.01 21.8 9.1 (2.8)

0.001 9.3 0.7 (1.0)
Folinic acid 0.1 0 NDt
Anti-IgE antibody 109.3 56.6 (31.0)

*The amount of histamine released from basophils was assessed and is presented as
the percentage histamine content determined by the addition of digitonin.
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Histamine release test
Folic acid and methotrexate stimulated basophils to release a
significant amount of histamine, but folinic acid did not (Table 1).

Discussion

Ten cases with immediate-type allergy caused by folic acid
have been reported in the literature. Nine of these cases
involved anaphylaxis and only one showed chronic, intermit-
tent urticaria with angiedema, suggesting that this condition
tends to show severe symptoms (Table 2).*™* Anaphylaxis in
the nine cases was induced by vitamin tablets, including
multivitamin tablets and supplements. Folic acid-induced
anaphylaxis is thought to be an immediate-type allergy, because
IgE antibody to folic acid is detected in the patient’s serum.*
The present case showed positive skin prick tests to folic
acid and methotrexate, but not to folinic acid. The reactivities
to these two compounds were further confirmed by histamine
release activity from basophils. Folic acid-related compounds
are shown in Fig. 1. It has been shown that other patterns of
cross-reactivity amongst folate congeners may occur, e.g.
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Tetrahydrofolic acid Methyltetrahydrofolic acid

aminopterin,’ folinic acid and aminopterin,* and folinic acid,
methyltetrahydrofolic acid and tetrahydrofolic acid.* None
of these previous cases showed cross-reactivity with metho-
trexate. We report here, for the first time, that cross-reaction
between folic acid and methotrexate may occur. Methotrexate
is used not only for cancer therapy but also for immune
suppression, e.g. treatment of psoriasis and collagen diseases.
It is thus noted that a folate allergy may cause a methotrexate
allergy.

Folic acid is abundant in leafy vegetables, such as spinach,
beans, and the liver. Only one of the 1o reported cases of folic
acid allergy, including our case, developed urticaria via
dietary folic acid.’ Dietary folic acid is composed of folic acid
and five to eight glutamate residues (pteroylpolyglutamate),
and is slowly broken down into the monoglutamate form of
folic acid (pteroylmonoglutamate) in the brush border of the
small intestine, thereby being absorbed.** The absorbed
pteroylmonoglutamates are then metabolized to other
compounds, such as methyltetrahydrofolic acid or tetrahy-
dropteroylglutamate, which may have no reactivity. This
step-by-step absorption may prevent transient increases in the
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0.38 2h Urticaria, dyspnea +(5) PT HRT (+) ND

Supplements

42/female

Our case

11

ELISA, enzyme-linked immunosorbent assay; HRT, histamine release test; IC, intracutaneous test; IgE, immunoglobulin E; ND, not done; PT, prick test.
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concentration of the intact form of folic acid in the circulation.

By contrast, taking synthetic folic acid, i.e. pteroylmonogluta-

mate, could allow the intestine to easily absorb folic acid,

resulting in a rapid increase in circulating folic acid and

eliciting the development of allergic symptoms. The absorption

and metabolism of folic acid may thus be responsible for the

rare incidence of immediate allergic symptoms caused by folic

acid-containing foods in patients with folic acid allergy.
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