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Abstract

Purpose of review This paper aimed to summarize and review the known data on anaphy-
laxis and hypersensitivity reactions to vitamins.

Recent Findings Vitamins A, C, D, and E seem to be extremely safe compounds, with few or
no related case of anaphylaxis to them. Vitamin B1 is considered the most allergenic
vitamin. Immediate reactions are unusual, but urticaria and anaphylaxis to thiamine
intravenous administration have been described. Vitamin B12 hypersensitivity is also
infrequent. Reactions occur mostly in patients receiving long-term supplementation.
Desensitization is mandatory for patients with hypersensitivity that have clinical indica-
tion for therapy with this vitamin. Vitamin K1 injection can induce adverse reactions that
resemble hypersensitivity or anaphylaxis and may include immunologic or non-
immunologic mediated mechanisms. These reactions are not well understood and can
arise because of the vitamin K1 itself and/or because of the vehicle associated to it.
Summary Anaphylatic reactions to vitamins are uncommon. When they occur, a complete
investigation is recommended to avoid mislabeling of patients as allergic. However, skin
and provocation test protocols vary and should be standardized, as well as those for
desensitization.


http://crossmark.crossref.org/dialog/?doi=10.1007/s40521-020-00246-y&domain=pdf

Vitamin-Induced Anaphylaxis Ensina et al. 85

Introduction

Vitamins are organic compounds that play a crucial role
in the organism performing a wide range of functions.
They are needed in small quantities, and a healthy diet
remains the best way to get them since our bodies
cannot produce enough amounts of vitamins and min-
erals [1]. Currently, there are 13 recognized vitamins:
vitamins A to E, including a range of B vitamins, and
vitamin K. They are classified by their biological and
chemical activities, being divided into 2 groups: water-
soluble (B vitamins and vitamin C) and fat-soluble (A,
D, E, K) [1].

Vitamin A

Fat-soluble vitamins can be stored in the liver or fatty
tissues until required, which means that they generally
do not need to be ingested as frequently. Water-soluble
vitamins, on the other hand, are not stored in the body.
As such, they must be a regular part of the diet to avoid
deficiency [1].

Most patients do not seek medical advice before
taking vitamins or supplements. This reckless behavior
can lead to several health problems, such as hypervita-
minosis, adverse drug reactions, and hypersensitivity
reactions.

Vitamin B

Vitamin A comprehends the family of retinoids that is available as preformed
vitamin A (retinol, retinaldehyde, and retinoic acid) or as provitamin A (carot-
enoids). It cannot be synthesized by the human body and must be obtained
from the diet, can be found in eggs, fish oils, liver, dairy products, yellow and
orange fruits, and dark green leafy vegetables [1]. Until the present day, only one
case of vitamin A-induced anaphylactic shock has been found in older Russian
literature [2]. The significance of vitamin A in food allergy prevalence is only
provided through a hypothesis that has implicated vitamin A sufficiency in the
development of immune tolerance [3].

B-complex vitamins are water-soluble vitamins that must be regularly supplied
in the diet, except for vitamin B12 (cobalamin). They serve as coenzymes in
many reactions and are essential for a healthy metabolism. Their deficiency is
associated with a variety of symptoms and diseases (e.g., beriberi and pellagra)
that occur more frequently in some risk groups (e.g., poor diet, elderly, pregnant
women, vegetarians, alcoholism, renal or intestinal diseases) [1]. Patients with
B-complex vitamin deficiency must be treated with supplemental therapy, and
hypersensitivity reactions may occur.

Vitamin B1 (thiamine) is considered the most allergenic vitamin. Immediate
(type I) reactions are uncommon, but there are some reports of urticaria and
anaphylaxis related to intravenous administration and occupational asthma
due to the use of thiamine in an industrial setting [4, 5]. Distinctive investiga-
tional approaches have been performed, including specific IgE measurement
(ELISA), basophil activation tests, and skin tests. Although not standardized,
positive prick and intradermal tests were reported using different concentrations
of the vitamin (1 to 100 mg/mL for prick and 0.5 to 1 mg/mL for intradermal)
[4, 6-8]. Oral thiamine can be a safe alternative for patients that reacted to the
intramuscular preparation [9]. A few cases of delayed reactions to thiamine
described as contact dermatitis or systemic contact dermatitis have also been
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published. A positive patch test to thiamine hydrochloride 10% in aqua was
described as well as a positive oral challenge with the vitamin, triggering
systemic contact dermatitis [10-12].

Vitamin B12 (cyanocobalamin and hydroxocobalamin) hypersensitivity is
infrequent. Reactions occur more frequently in patients receiving long-term
supplementation but can also present immediately after administration of a
sensitizing dose [13, 14]. Symptoms can be triggered by both cyanocobalamin
and hydroxocobalamin and vary from mild (itching and urticaria) to severe
(anaphylactic shock), with a possible IgE mechanism involved. However, pa-
tients with hypersensitivity to cyanocobalamin may tolerate hydroxocobalamin
and vice versa [13, 15, 16]. Delayed-type reactions have not been reported. The
diagnostic workup starts with skin tests, followed by the drug provocation test
when the skin tests are negative (Table 1). Allergic reactions to benzyl alcohol
(preservative) must be considered [15, 17¢]. Desensitization is mandatory for
patients with vitamin B12 hypersensitivity that have a clinical indication for
therapy with this vitamin [17]. A few protocols for cyanocobalamin have been
reported, most of them using schemes ranging from 5 days to 7 weeks until the
therapeutic dose is achieved [18-20]. Alves-Correia et al. reported a modified 9-
step subcutaneous dose protocol that allows the patient to take the cumulative
dose of 1010 mcg in 2.5 h [17]. Previously positive skin tests were reported to
turn into negative after desensitization [17, 18].

No hypersensitivity reactions to the other B-complex vitamins (riboflavin,
niacin, pantothenic acid, biotin and folate) are reported in the current literature.

Vitamin C (Ascorbic Acid)
-]

Vitamin C is an essential micronutrient with many functions in the human
body. It has a significant antioxidant effect and works as a cofactor for gene
regulatory enzymes. Vitamin C assists with various cellular functions of the
innate and adaptive immune system. It supports epithelial barrier function
against pathogens and promotes antioxidant activity on the skin, therefore
protecting against environmental oxidative stress and contributing to the im-
mune defense. Vitamin C also accumulates in neutrophils, enhancing chemo-
taxis, phagocytosis, and generation of reactive oxygen species and promoting
microbial killing [21]. The role of vitamin C in lymphocytes is less clear, but it
has been shown that ascorbic acid is required for the early development of T

Table 1. Diagnostic workup proposal for vitamin B12 immediate hypersensitivity

Prick test
Intradermal test
Drug provocation test

Cyanocobalamin Hydroxocobalamin
1 mg/mL 0,01 mg/mL
1:100— 1:10 0,01 mg/mL

1:100 (0,1 mL) SC

1:10 (0,1 mL) SC

1:1 (0,1 mL) SC

1:1 (0,1 mL) IM

(15 min interval between doses)
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Vitamin D

cells in vitro and can enhance differentiation and proliferation of both B and T
cells [22].

Humans are unable to synthesize ascorbic acid and must rely on dietary
sources for vitamin C. A wide variety of foods, such as oranges, lemons,
broccoli, tomatoes, and potatoes, are high in ascorbic acid. Many prepared
foods are already fortified with synthetic vitamin C [23].

Vitamin C can be absorbed in the stomach and along the entire small
intestine. Patients with a chronic gastrointestinal disease such as Crohn's
disease might have diminished absorption of vitamin C and might need oral
supplementation [23]. Likewise, patients with chronic kidney disease that
undergo maintenance hemodialysis are advised to get vitamin C supplemen-
tation with ascorbic acid daily to replace the losses of this vitamin during
dialysis [24].

The available literature about hypersensitivity reactions to vitamin C sup-
plementation is scarce. So far, ascorbic acid seems to be an extremely safe
compound. Until present, there have been reports on two potential cases of
anaphylaxis to ascorbic acid, both in the older literature. One of them describes
anaphylaxis to a mixture of ascorbic acid and vitamin B rather than ascorbic
acid alone, so it is uncertain which one was the actual culprit agent [25, 26].

Similarly, there are few case reports in the literature regarding contact
dermatitis caused by ascorbic acid and its derivatives. Belhadjali et al. have
reported allergic contact dermatitis caused by ascorbic acid in a cosmetic
antiaging cream. This patient had a 3-month history of eczema with edematous
erythematous lesions on the eyelids that spread to the rest of the face and neck.
A patch test with the cosmetic cream was positive, and a subsequent patch test
with the ingredients of this cream showed positivity only to ascorbic acid.
Afterward, oral provocation tests were performed with ascorbic acid with neg-
ative results [27]. Likewise, three previens cases of allergic contact dermatitis
caused by 3-o-ethyl-L-ascorbic acid, an ascorbic acid derivative contained in
antiaging cosmetics, have been described [28-30].

No anaphylaxis cases related to vitamin D have been described so far. However,
there have been studies around the world describing a possible asseeiation-of
the role of vitamin D in anaphylaxis, allergies, and asthma [31-33].

Studies in South Korea and Chile found a higher incidence of food-induced
anaphylaxis in populations with lower vitamin D levels [3, 31]. A study found
that food-induced anaphylaxis was more common in children born during the
fall and winter. The authors suggest that vitamin D levels and UVB light
exposure could explain these seasonal differences [3]. Indirect evidence suggests
that variation in food allergy prevalence might be subject to ambient ultraviolet
radiation exposure and, therefore, with to vitamin D levels [34]. Most studies
point to a causal relationship between low vitamin D levels and the develop-
ment of asthma and allergies, but the results are still inconclusive [35].

Current evidence suggests that vitamin D plays a role in the development
and maintenance of lung structure and function [36-38]. This association with
immune and airway function provides the basis for the hypothesis that vitamin
D may have direct links with asthma and allergic diseases [39, 40].
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Vitamin E

Vitamin K

The number of cosmetics and skincare products containing vitamin E has
increased over the last few years. A critical analysis of the literature shows that
most hypersensitivity reactions to tocopherol are local contact dermatitis reac-
tions [26, 41]. No anaphylaxis cases to tocopherol have been described so far.
However, there have been studies theorizing that vitamin E supplementation
might influence the risk of asthma and decrease allergic lung inflammation,
though with a poor level of evidence [42, 43].

Vitamin K (VK) is a fat-soluble vitamin present in plants as phylloquinone
(VK1), also known as phytonadione or phytomenadione and produced by
bacteria as menaquinones (VK2) [44, 45e]. It acts as a cofactor in the synthesis
of coagulation factors II, VII, IX, and X and proteins C and S [45]. VK1 can be
used in the treatment of anticoagulant-induced prothrombin deficiency, pro-
thrombin deficiency secondary to drug therapy, or diseases causing limited
absorption or synthesis of VK. VK1 can also be used as a prophylaxis or
treatment of hemorrhagic diseases of the newborn [46].

No toxic manifestations of vitamin K have been reported so far, even when
large amounts are ingested over extended periods [46]. However, VK1 injection
- one of the most important preparations of VK - can induce adverse reactions,
sometimes severe. Reports of adverse reactions to VK1 began to appear soon
after its introduction. Although these reactions are not very common, with an
estimated incidence of 3 per 10,000 doses, those occurring with intravenous
route administration have been associated with death in as much as 18% of the
reactions [47, 48]. The symptoms reported in adverse reactions to VK1 include
facial flushing, feeling of weakness, abdominal and low back pain, nausea,
vomiting, dyspnea, and chest pain. In severe reactions, these symptoms are
followed within minutes by cyanosis, loss of consciousness, hypotension, and
potentially cardiopulmonary arrest and death [49, 50].

It is worth mentioning that due to its poor water solubility, injectable VK1
requires formulation with an emulsifying agent such as polyoxyethylated fatty
acid derivatives, polysorbate-80, or mixed micelles (MM) to keep it in solu-
tion [44].

Regarding its pathogenesis, reactions to VK1 resemble hypersensitivity or
anaphylaxis and may include immunologic (allergic) and non-immunologic
(non- allergic) mediated mechanisms. In general, an anaphylactic reaction due
to immunologic mechanisms occurs only in previously exposed and sensitized
patients. On the other hand, a non-immunologic anaphylactic reaction (ana-
phylactoid reaction) can occur following a single, first-time exposure, in non-
sensitized patients. Unfortunately, however, concerning VK1, the reactions are
not well understood or characterized and can occur because of vitamin K1 itself
and/or because of the vehicle (emulsifying agent) [45, 48-50]. In this sense,
growing evidence has suggested that Tween-80, used to solubilize vitamin K1,
can induce anaphylactoid reactions [49, 50]. Likewise, polyoxyethylated castor
oil (PEO-CO), also known as cremophor - a polyoxyethylated fatty acid
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derivative commonly used as a vehicle - has been associated with anaphylac-
toid reactions after intravenous administration of VK1 containing PEO-CO as
solubilizer [47].

The recommended dose and route of administration depends on the clinical
indication. Reactions can still happen despite precautions to minimize them,
such as the use of adequate dilution, appropriate dosing, and a slow adminis-
tration. Indeed, there are reports of reactions occurring at doses ranging from
0.5 to 100 mg (only in 3 patients the reaction occurred at doses above those
recommended, > 10 mg). Most of the patients experienced a reaction with
intravenous administration, although intramuscular and subcutaneous routes
were also reported in the literature [44].

Fiore et al. analyzed all unpublished reports obtained using the Spontane-
ous Reporting System Adverse Reaction database of the United States Food and
Drug Administration (FDA) between August 1968 and September 1997. All
adverse drug reactions to vitamin K were categorized by route of administration,
dose, and standard adverse reaction code. The review uncovered a total of 23
cases (3 fatal) of anaphylactic reactions from intravenous vitamin K. The
database contained a total of 2236 adverse drug reactions reported in 1019
patients receiving vitamin K by all routes of administration. Of the 192 patients
with reactions reported for intravenous VK1, 132 patients (69%) had an ana-
phylactic reaction, with 24 fatalities (18%) attributed to the vitamin K reaction.
There were 21 reactions and 4 fatalities reported with vitamin K doses lower
than 5 mg. For the 217 patients with reactions reported due to vitamin K via a
non-intravenous route of administration, 38 patients had anaphylaxis (18%),
with 1 fatality (3%) attributed to the drug [47].

Pereira and Williams compared adverse events associated with a conven-
tional VK1 preparation (solubilized in PEO-CO: Konakion) with a mixed
micellar MM formulation (Konakion MM). According to the surveillance,
during the period 1974 to July 1995, an estimated 635 million adults and
728 million children were prescribed with one of the two drugs. Of the 404
adverse events in 286 subjects reported, 387 (96%) and 17 (4%) were associ-
ated with Konakion and Konakion MM, respectively. Thirteen of the 17 adverse
events (76%) reported for Konakion MM were minor injection site reactions.
Overall, 120 of the adverse events were severe, of which 117 (98%) were
associated with Konakion. Eighty-five probable anaphylactic reactions (six were
fatal) were reported for conventional Konakion, compared with one non-fatal
anaphylaxis reaction for Konakion MM [48].

To determine the safety and efficacy of intravenously administered VK1
in patients on routine oral warfarin anticoagulation, Shields et al. con-
ducted a retrospective cohort study that included adult inpatients who
received intravenous VK1 before a diagnostic or surgical procedure. The
primary outcome measures included adverse reactions to intravenously
VK1. Two (1.9%) of the 105 patients studied had suspected adverse drug
reaction to intravenous VK1 characterized by dyspnea and chest tightness
during infusion of an initial 0.5 mg dose, both resolving 15 min after
stopping the infusion [51].

Riegert-Johnson and Volcheck looking for an estimated incidence of ana-
phylaxis to intravenous Vitamin K1 performed a retrospective analysis of ana-
phylaxis after intravenous Vitamin K1 at a large academic center. To be includ-
ed, patients had to meet the criteria for anaphylaxis. Over the 58 months of the
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study, a total of 6572 doses of intravenous VK1 were administered to 2938
patients. Two cases of anaphylaxis were identified [52].

Conclusions

Allergy to vitamins, while rare, has been reported in the literature, particularly to
vitamin K and B12. Even though the incidence is slight, any suspected case
should be properly investigated. Desensitization is an option for patients with
vitamin hypersensitivity that need oral or intravenous supplementation and
have no other therapeutic option.
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