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SUMMARY

Acetaldehyde, the first product in the metabolism of ethanol, is
known to condense with plasma proteins, forming stable ad-
ducts. We have previously shown that these adducts can be
recognized as foreign by the immune system. In the present
study the existence of type I hypersensitivity-mediating antibod-
ies against these adducts was investigated in humans and in
animals. Immunization of mice with acetaldehyde-protein con-
densates, followed by adoptive transfer of splenocytes, led to
the production of IgE anti-acetaldehyde adducts. A monoclonal
IgE antibody was obtained by the hybridization technique. This
antibody recognized acetaldehyde adducts, independently of the
carrier protein used, indicating that the acetaldehyde moiety
behaves as a hapten. The affinity of the antibody for the acetal-

dehyde adduct of polylysine was 7 orders of magnitude higher
than that for polylysine. Passive immunization by intradermal or
intravenous administration of this monoclonal antibody to rats
rendered the animals hypersensitive to acetaldehyde-protein
conjugates, as shown by marked anaphylaxis. A study was
conducted to determine the existence of naturally occurring
hypersensitivity reactions to alcohol in >1 000 non-Oriental mdi-
viduals. A prevalence of severe hypersensitivity reactions of
0.46% was found. The reactions were severe enough to deter
these individuals from consuming all types of alcoholic bever-
ages. Individuals presenting such reactions had significantly el-
evated levels of circulating anti-acetaldehyde-protein lgE anti-
bodies.

Acetaldehyde, the first product in the metabolism of ethanol,

has been shown to form adducts with a number of proteins,

including albumin (1), hemoglobin (2), tubulin (3, 4), and

various other proteins (5, 6). Acute and chronic administration

of alcohol to rats results in the formation of acetaldehyde

adducts with hepatic proteins (7-9), and reports also indicate

the existence of acetaldehyde adducts in plasma (10, 11) and
red cells of both alcoholics (1 1) and healthy volunteers given

ethanol acutely (12).
Studies from our laboratory (13), and from other groups (14-

18), have shown that the molecular structures formed upon the

acetaldehyde-protein condensation are recognized as foreign by

the immune system. Immunization of animals with acetalde-

hyde-protein adducts leads to the formation of polyclonal an-

tibodies that recognize acetaldehyde-containing epitopes (13-

18). It has also been shown that animals fed alcohol chronically

also develop circulating antibodies against acetaldehyde ad-

ducts (13, 19). Humans naturally exhibit basal antibody titers

against acetaldehyde adducts (18, 20), likely due to the varying

amounts of alcohol consumed during the life of an individual.

Some alcoholics present significantly higher levels of anti-

acetaldehyde adduct antibodies (18, 20), which have been pro-
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posed to play a role in the perpetuation of alcoholic-induced

liver injury (20). Studies have also shown the existence in

alcoholics of antibodies that specifically react with hepatocytes
of alcohol-pretreated animals (21, 22).

Because different immunoglobulin classes can mediate the

immune response to a common epitope, the possibility exists

that allergy-mediating antibodies, such as anti-acetaldehyde

adduct IgE, might be formed in some individuals. IgEs are

known to bind to receptors on mast cells and basophils and,

upon antigen recognition, stimulate the release of histamine

and other mediators responsible for a number of allergic!

anaphylactic reactions (23). These types ofreactions are known

to occur for drugs that form metabolite-protein adducts, such

as halothane and penicillin (24). For the latter, drug hypersen-

sitivity reactions have been reported to occur in 1.8% of the
population (25).

The existence of allergic and general hypersensitivity reac-

tions to ethanol has been implied in a number of case reports

describing such reactions (26-29). However, the prevalence of

such reactions and the possible mechanisms have not been

established. The objective of this study was to determine

whether polyclonal and monoclonal IgE anti-acetaldehyde ad-

ducts could be induced in animals by immunization and

whether transfer of such antibodies could result in anaphylactic

reactions against acetaldehyde adducts in the recipients. In

addition, we have estimated the prevalence of hypersensitivity
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reactions to alcohol in the human population, and we have

demonstrated the existence of the IgE anti-acetaldehyde ad-

ducts in such individuals.

Materials and Methods

Animal studies. Female C57BL/6J x BALB/c mice were immu-

nized with acetaldehyde-keyhole limpet hemocyanin conjugate reduced

with sodium cyanoborohydride, prepared as described previously (13).

Two micrograms of the conjugate in 4 mg of aluminum hydroxide gel

were administered intraperitoneally, in a volume of 0.5 ml of saline

(30). Seven days after the first injection, a second injection of acetal-

dehyde-keyhole limpet hemocyanine, as described above, was admin-

istered. At day 8, mice were subjected to 250-R whole-body X-irradia-

tion (31). On day 15, spleen cells ofanimals were adoptively transferred

into naive C57BL/65 x BALB/c female mice that had been irradiated

at 700 R. Another booster injection was given 30-60 mm after cell

transfer (30). Blood was collected 14-21 days after the adoptive trans-

fer, and titers were determined by the passive cutaneous anaphylaxis

method (32). Essentially, for this procedure 0.1 ml of mouse serum, at

different dilutions, was injected intradermally into male Sprague Daw-

ley rats (400-500 g) anesthetized with pentobarbital. Forty-eight hours

after the passive immunization, 1 mg of protein-acetaldehyde adduct

in 1 ml of saline containing 0.5% Evans Blue was administered intra-

venously. Extravasation of Evans Blue that follows local vasodilation

resulting from mast cell degranulation yields a blue spot in the skin.

The relative intensity of mast cell degranulation was measured by
determining the area of the spot 1 hr after the injection of the acetal-

dehyde-protein adduct, or the respective control protein.

Monoclonal antibodies from animals showing high passive cutaneous

anaphylaxis titers (dilution greater than 1/1000) were obtained by

generating hybridomas utilising immune spleen cells from these ani-

mals and NS-1 myeloma cells as the fusion partner (33). Clones were
screened by the ELISA method (33), with goat anti-mouse IgE/Fc

(Immunovision Laboratories, Springdale, AR) as a secondary antibody.

The latter was subsequently recognized by a mouse anti-goat IgG

(H+L) conjugated to horseradish peroxidase (Jackson Immuno-Re-

search Labs, West Grove PA). Color was developed with ortho-pheny-
lenediamine (Zymed Labs, San Francisco, CA). Positive clones reacting
strongly with human plasma protein-acetaldehyde adducts, but not
with control plasma proteins, were further tested in vivo by the passive
cutaneous anaphylaxis reaction, as described above. One stable IgE-

producing clone (2-1-3) was allowed to grow in the intraperitoneal
cavity of BALB/c x C57BL/6J mice that had been pretreated with
Pristane (30). The ascitic fluid was subsequently collected and used for

the passive systemic anaphylaxis studies. Ascites fluid (0.1-0.5 ml) was
administered intravenously to male Sprague Dawley rats (240-260 g).

The same amount of ascites from an IgE-generating clone of non-anti-
acetaldehyde adduct specificity (clone 1-4-2) was used as control.

Forty-eight hours after antibody administration, two cannulae were
implanted under ether anesthesia, one in the femoral artery for blood
pressure measurements and one into the jugular vein for the adminis-
tration of proteins and drugs. The cannulae were then exteriorized and
blood pressure measurements were performed by means of a Narco-
physiological pressure transducer (Narco Houston, TX), in the nona-

nesthetized state.

In experiments designed to address the nature of the groups reacting
with monoclonal antibody 2-1-3, poly-L-lysine (Mr 102,000-109,000;

Sigma Chemical Co., St. Louis, MO) and human serum albumin were

dialyzed at a concentration of 1.8 mg/ml for 24 hr at 22� in separate

flasks containing either 1 liter of 10 mM acetaldehyde + 10 mM sodium

cyanoborohydride or 10 mM sodium cyanoborohydride (control). After
that time the dialysis bags were removed and were exhaustively dialyzed

against phosphate-buffered saline. The resulting adducts and their

respective controls were adsorbed On ELISA plates at a concentration

of :� �sg/ml. After blocking, the plates were incubated for 2 hr with

different concentrations of monoclonal antibody 2-1-3 (ascites), and
the assay was continued to the peroxidase step, using 3,3’,5,5’ -tetra-

methylbenzidine (Kirkegaard and Perry, Gaithersberg, MD) as perox-
idase substrate.

Human studies. Individuals selected at random from the Metro-

politan Toronto region were contacted by phone (7-9 p.m.). The
interviewer indicated his University of Toronto affiliation and ex-

plained our interest in conducting research on possible unpleasant

reactions to small amounts of alcoholic beverages. Individuals with
such symptoms were asked additional information on the reactions and

on the type of beverages involved, the amount that elicited the reac-
tions, and whether they had Oriental ancestry (and so might have

presented adverse reactions due to the lack of low-K,,, aldehyde dehy-
drogenase activity) (44). Individuals who described hypersensitivity
reactions to all alcoholic beverages and who had no Oriental ancestry

were asked about the possible family history of such reactions and were

further asked about their drinking habits and about the existence of
other types of hypersensitivity reactions, including allergies to common
allergens and prescription drugs. One thousand questionnaires were
completed in the initial phase. This sample is referred to as the “survey
group.” In a second phase 287 additional individuals were given the
same questionnaire, to determine the percentage who refused to provide
enough information to complete the questionnaire after learning about
its nature. It was assumed that these individuals did not have hyper-
sensitivity reactions to alcohol. In this group 30.3% of individuals
surveyed did not complete the questionnaire (200 questionnaires were

completed after 287 calls). Thus, to calculate the prevalence of hyper-
sensitivity reactions the initial 1000 completed questionnaires were

assumed to have been derived from 1435 individuals. Confidence inter-
vals (95% limits) were calculated for a binomial distribution.

In order to obtain actual clinical samples from individuals hypersen-
sitive to alcohol, a newspaper advertisement was placed requesting
volunteers who would present reactions of the type encountered and
would donate a blood sample. Sixty calls were received after a 1-day
advertisement in a Sunday paper. Of these, 12 Caucasians fulfilled the
criteria of hypersensitivity reactions to all types of alcoholic beverages.

This sample is referred to as the “clinical group.” Five ofthe 12 subjects
in the clinical group were virtual abstainers at the time of the study.
Controls were University personnel who were social drinkers and who
did not experience hypersensitivity reactions to alcoholic beverages.

Measurement of human IgE anti-acetaldehyde-protein adducts was
performed by a RAST method (34). Essentially, acetaldehyde-conju-

gated human plasma proteins (10 mg/ml) or control human plasma
proteins (14) were allowed to adsorb for 2 hr onto 10-mm-diameter
nitrocellulose discs (Transblot; Bio-Rad, Richmond, CA). Excess avail-
able sites were blocked with reconstituted Carnation skim milk. Human

plasma from hypersensitive and control individuals diluted in phos-
phate-buffered saline-Tween 20, was allowed to react with the discs for

2 hr at room temperature. After washing, retained IgE was determined
after an 18-hr incubation with t251-labeled anti-human 1gB (5000 cpm,
12.5 �tCi4sg; Pharmacia RAST test). To calculate the specific binding
to acetaldehyde adducts, counts retained by the discs on which control
protein was adsorbed were subtracted from the total counts of disks
containing the acetaldehyde conjugates.

Total IgE was determined with a Pharmacia (Uppsala, Sweden) IgE
radioimmunoassay kit. Determination of the IgG, 1gM, and IgA anti-

acetaldehyde antibodies was made by the ELISA method (33). Human
serum albumin- or human transferrin-acetaldehyde conjugates were
absorbed onto ELISA plates (Corning, Corning, NY), and gelatin was
used to block unbound sites. Goat anti-human IgG, 1gM, or IgA labeled
with peroxidase was added, and color was developed with 3,3’,5,5’-
tetramethylbenzidine as peroxidase substrate. Absorbance was read on
an ELISA reader at 450 nm (Titertek Multiscan; Flow Instruments,
McLean, VA).

Results

Fig. 1 shows the immunoreactivity of polyclonal sera of mice

after immunization with hemocyanin -acetaldehyde conjugate.
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Fig. 1 . Passive cutaneous anaphylaxis in rats after intravenous injection
of the acetaldehyde conjugate of human plasma protein (HPP-AcH) or
control human plasma protein (HPP-Control). Rats were injected intra-
dermally with sera of mice immunized with keyhole limpet hemocyanin-
acetaldehyde conjugates, at the dilutions indicated. Highly conjugated
human plasma protein-acetaldehyde and keyhole limpet hemocyanin-
acetaldehyde, prepared as described previously (1 3) were administered
(1 mg) 48 hr after passive immunization.

Rats injected intradermally with mouse immune sera showed

cutaneous anaphylaxis after the intravenous injection of acet-
aldehyde-conjugated human plasma proteins. No effects were
observed when control unconjugated proteins were injected.

Sera of mice immunized with control (unconjugated) keyhole

limpet hemocyanin did not present reactions against conjugated

or control human serum albumin.

Fig. 2 presents the immunoreactivity of monoclonal IgE 2-

1-3 antibody, as assessed by the ELISA method. The antibody

reacted with human, rat, and bovine serum albumin-acetalde-

hyde conjugates, prepared at 1 mM and 100 �zM acetaldehyde

(Fig. 2, A-C). Strong reactivity was also observed against

human hemoglobin (Fig. 2D) adducts at 1 mM and 100 �zM

acetaldehyde, indicating that the acetaldehyde residue in the

adducts is recognized independently of the protein carrier.

In order to determine the chemical structures recognized by

monoclonal antibtxly 2-1-3, ELISAs were carried out in which

the immunoreactivity of 2-1-3 was compared against both

polylysine conjugated with acetaldehyde and control polylysine.

The immunoreactivity was further compared against conju-

gated human serum albumin adducts prepared under the same

conditions. Data in Fig. 3 indicate that monoclonal antibody

2-1-3 had a 107-fold higher affinity for the polylysine-acetal-

dehyde conjugate than for polylysine control.

Monoclonal IgE 2-1-3 was further tested in vivo to assess

whether anaphylaxis-type reactions could be obtained against

human albumin-acetaldehyde adducts. Rats administered ac-

etaldehyde-modified human serum albumin intravenously after

the intradermal injection of monoclonal IgE 2-1-3 showed

cutaneous anaphylaxis. As shown in Fig. 4, the passive cuta-

neous anaphylaxis test detected adducts formed at acetaldehyde

concentrations as low as 20 jiM.

Fig. 5 shows the ability of monoclonal antibody 2-1-3 to

generate systemic anaphylaxis upon human serum albumin-

acetaldehyde adduct administration. Animals passively immu-

nized systemically with the monoclonal IgE showed a marked

reduction in blood pressure, of the order of 50%, after the
intravenous injection of human serum albumin-acetaldehyde
adduct (conjugated at 20 jiM acetaldehyde). Administration of

an antihistaminic drug, diphenhydramine, completely reversed

this effect. When a highly conjugated human serum albumin

was used the effect of the diphenhydramine was only partial.

No effect on blood pressure was seen after the administration

of control human serum albumin. No anaphylactic reactions

were observed when control monoclonal IgE (1-4-2) was used

(data not shown).

In order to determine the prevalence of reported hypersen-

sitivity reactions in the general population, 1000 individuals

(without Oriental ancestry) were initially contacted. Six mdi-

viduals, five females and one male, reported strong physical

reactions to all types of alcohol-containing beverages (Table

1). Five of the six subjects in the survey group reported hyper-

sensitivity to several allergens, including pollens and prescrip-

tion drugs. In the replicate-survey group two of 200 individuals
reported these severe hypersensitivity reactions. The estimated

prevalence of these hypersensitivity reactions in the population
is 0.46%. The 95% confidence interval is 0.14-0.78%.

Fig. 6 shows the titers of specific IgE against acetaldehyde-

conjugated human plasma proteins from 12 Caucasians (clinical

group) reporting hypersensitivity reactions to all types of al-

coholic beverages. Immunoreactivity against the plasma pro-

tein-acetaldehyde adducts was significantly higher (p < 0.02)

in the alcohol-hypersensitive clinical group than in controls.

There was no relationship in the hypersensitive group between

total IgE and anti-acetaldehyde adduct IgE immunoreactivity

(r = 0.103, not significant). In the hypersensitive clinical group,

five individuals reported experiencing reactions that were un-

pleasant enough to fully deter them from consuming alcoholic

beverages. In this group one 34-year-old female presented 12
times higher anti-acetaldehyde adduct IgE levels than the mean

control value. She reported cutaneous inflammation, nausea,

vomiting, and fainting after consuming minute amounts of
alcohol. One female (BJ) in this group, who did not present

elevated IgE anti-acetaldehyde adduct titers, displayed elevated

1gM and IgG titers to human serum albumin-acetaldehyde and

human transferrin-acetaldehyde conjugates (Fig. 7).

Discussion

The present studies extend the observations on the immu-

nological abnormalities associated with ethanol metabolism

(35) into the study of reaginic antibodies. Data obtained reveal

that anaphylaxis against acetaldehyde-protein adducts can be

induced in animals by passive immunization with monoclonal

antibodies of the IgE type. These antibodies recognized acet-

aldehyde adducts formed at low concentrations of acetaldehyde,

which have been reported to occur in the blood after ethanol
ingestion (36). The monoclonal antibody was also shown to
recognize polylysine-acetaldehyde conjugates, prepared under

reducing conditions, with an affinity 7 orders of magnitude

higher than that for control polylysine.
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Fig. 2. Immunoreactivity of monoclonal gE 2-1-3 against acetaldehyde-conjugated proteins, assessed by the ELISA method. HSA, human serum
albumin; RSA, rat serum albumin; BSA, bovine serum albumin; HuHb, human hemoglobin; AcH, acetaldehyde; Acetaldehyde-protein conjugates
were prepared at the concentration of acetaldehyde indicated. Absorbance was measured at 492 nm. Background values for unconjugated protein
have been subtracted.
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Fig. 4. Passive cutaneous anaphylaxis in rats after administration of
monoclonal IgE 2-1-3. Animals were injected intradermally with mono-
clonal IgE 2-1-3, at the dilutions indicated. Forty-eight hours later, the
animals were injected intravenously with 1 mg of unmodified human

serum albumin (HSA-Control) or acetaldehyde-conjugated human serum
albumin (HSA-AcH) prepared at the concentrations indicated.

reactions after ingesting minute amounts of alcohol, including

pain, itching, flushing, and nausea (40). Irradiation therapy,

which reduces IgE levels, reduces or abolishes the hypersensi-

tivity to alcohol (40).

I I
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Fig. 3. lmmunoreactivity of monoclonal gE 2-1 -3 against highly conju-
gated polylysine and human serum albumin-acetaldehyde adducts. HSA,
human serum albumin; AcH, acetaldehyde.

Anti-acetaldehyde-adduct IgE was also found in humans

presenting hypersensitivity reactions against alcohol. Although

earlier case reports have implied the existence of allergic reac-

tions to ethanol (26-29), the mechanism of the reactions has

remained obscure. Allergic reactions and specific IgE antibodies

have also been reported to occur in patients exposed to envi-

ronmental formaldehyde (37), another reactive aldehyde known

to bind to proteins. Antibodies against formaldehyde-protein

adducts have also been reported in hemodialysis patients

treated with formaldehyde-sterilized dialyzers and in nursing

personnel presenting formaldehyde-induced asthma (38).

It is of interest to note that an important proportion of
patients with Hodgkins disease, known to have marked eleva-

tions in circulating IgE (39), present severe hypersensitivity
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TABLE 1

Reported symptomatology in individuals with severe
hypersensitivity reactions to alcoholic beverages, from a random
sample of 1000 individuals

D�henh� (1 mg)

I I
20 �60

I (Vj)

I
60- Pjcohd

� H�persensitive(n�12)

. p<O.02

controls (n..12)

:-�
I I I
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No. Age Sex Symptoms Other
�

Minimum amount
of a�cott�

ye&s

1 . 37 F Skin blotching, rash,
itching of lips, ab-

dominal pain (family
history: mother)

Yes Few sips,
<1 dnnka

2. 34 M Skin blotching, watering
eyes, perspiration

Yes 1 drink

3. 45 F Generalized rash, ab-

dominal pain
Yes 1 drink

4. 50 F Generalized swelling,
disorientation, hyper-
activity (family his-
tory: father, grand-
son)

Yes 1 sip

5. 38 F Abdominal pain, head-
aches for 48 hr, dizzi-
ness

Yes <1 drink

6. 44 F Face and body heat,
shortness of breath

No <2 drinks

a 0 ne dnn k is defined as 1 glass of wine, 1 beer, or 1 st andard serving of liquor.

Sensitization to alcohol-derived haptens may also occur

through cell-mediated processes. Stotts and Ely (41) were able
to induce allergic dermatititis in response to ethanol after a 3-
week cutaneous application of ethanol. The reaction was ob-

served in six of 93 individuals, in some of whom allergic
reactivity was observed 18 months after sensitization. Acetal-

dehyde, but not acetate, could replace alcohol in eliciting the

allergic reactions. In one of the volunteers, cutaneous testing

with acetaldehyde led to accidental sensitization to both acet-

aldehyde and ethanol (41).

A non-IgE-mediated form of urticaria also exists that in-
volves the liberation of histamine from basophils and mast cells

via the complement pathway, in which anaphylatoxins are

released. This pathway is mediated by antigen-antibody reac-
tions involving 1gM and some IgG subtypes (42). In our clinical

group, one individual presenting severe hypersensitivity reac-
tions to alcohol showed elevated 1gM and IgG titers against

acetaldehyde adducts.

Hypersensitivity reactions to alcohol, as reported here, would

be expected either in individuals presenting high titers of anti-

acetaldehyde adduct antibodies, including IgEs, or in individ-

Fig. 5. Systolic blood pressure after administration of acetalde-
hyde-conjugated human serum albumin. Rats were passively
immunized by intravenous administration of ascites fluid con-
taming monoclonal IgE 2-1-3 (0.2 mI/animal). Forty-eight hours
after the administration of antibody 2-1-3, animals were admin-
istered human serum albumin control (HSA-Contro!) or human
serum albumin-acetaldehyde (HSA-AcH), intraveneously.

U 1:4 1:16 1:64 1:256

Serum Dilution

Fig. 6. Anti-acetaldehyde-human serum albumin IgE immunoreactivity in
1 2 subjects presenting hypersensitivity reactions to alcohol. Values
represent IgE immunoreactivity, determined by the RAST method,
against acetaldehyde-conjugated human serum albumin (HSA-AcH) mi-

nus the immunoreactivity against control, unmodified, human serum
albumin.

uals with low or intermediate antibody titers in whom the levels

of acetaldehyde are markedly increased after alcohol consump-
tion. The latter condition (43), accompanied by the formation

of high levels of acetaldehyde-protein adducts (13), is known

to occur in Oriental individuals in whom a point mutation

renders mitochondrial acetaldehyde dehydrogenase inactive
(44). Such a mutation, existent in 40-50% of the Oriental
population, is associated with facial flushing, itching, and nau-

sea upon alcohol consumption (44). Individuals presenting such

a mutation have virtual protection against alcoholism (43, 45,
46). Similar reactions occur in individuals receiving disulfiram,

an antialcohol drug that inhibits aldehyde dehydrogenase (47).
It is of note that both the disulfiram-alcohol cutaneous reaction
and the Oriental flushing are blocked by antihistaminics (48,

49). It is not known, however, whether these effects are due to

a direct action of acetaldehyde on mast cells or whether immune
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mechanisms mediate these reactions. Our studies suggest that

anti-acetaldehyde-protein adduct antibodies might be involved

in the Oriental flushing reaction. Further study of such effects

may lead to therapeutic applications for alcohol abuse patients.

It should be noted that, in our studies, we cannot discard the

possibility of a mutation in the high-KU, cytosolic aldehyde

dehydrogenase, such as the one described by Yoshida et al. (50)

in Caucasians or other, as yet unreported, mutations. In such

a case, a reduction in acetaldehyde dehydrogenase activity

would potentiate the effect of high antiacetaldehyde antibody

levels found in these subjects.

In conclusion, we have shown that antibodies of the IgE type

can recognize acetaldehyde-protein adducts. Administration of

acetaldehyde protein adducts to animals passively immunized

with specific IgEs led to the production of anaphylactic reac-

tions. About 0.46% (0.14-0.78%; 95% confidence interval) of

the population presents severe hypersensitivity reactions
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Fig. 7. Relative anti-acetaldehyde-protein lgG, 1gM, and IgA titers in five
subjects with severe hypersensitivity to alcoholic beverages. Each value
represents the relative titer of a single hypersensitive individual, com-
pared with the mean titer for controls. A value of 1 .0 represents no
difference in titer between the hypersensitive individual and the mean for
the control group. One individual (BJ) who did not show elevated IgE
anti-acetaldehyde-protein titers showed significant elevations (>2 SD
over control) in lgG and 1gM titers. Titers represent the immunoreactivity
of the serum against the protein-acetaldehyde conjugates minus the
reactivity against the control protein. HSA, human serum albumin; AcH,
acetaldehyde.

against all types of alcoholic beverages, which deter them from

consuming alcohol. These individuals present significantly el-

evated IgE titers against acetaldehyde-protein adducts. If our

data are extrapolated, >1,000,000 individuals could present this

type of reaction in North America alone.
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