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Abstract

Introduction. It is unknown whether late adolescents represent a particular risk group for the development
of red meat hypersensitivity (RMH) and alpha-gal syndrome (AGS). This age group's physiological changes

and eating habits could play a determining role. This study aimed to estimate the self-reported prevalence

of RMH and probable AGS among late adolescents.

Methods. A cross-sectional study analyzed a sample of 1992 Mexican adolescents between 15 and 18 years
of age. The data were obtained with a previously validated questionnaire that asked about the clinical
manifestations related to red meat intake. Confidence intervals at 95% (95% CI) were estimated for
proportions.

Results. In total, there were 19 adolescents with RMH, a prevalence of 1.0% (95% CI: 0.6-1.5%). The main red
meats related to symptoms were pork (89.5%), beef (21.1%), lamb (10.5%), and mutton (5.1%). The most
frequent manifestations of RMH were gastrointestinal (73.7%), respiratory (63.2%), and cutaneous (63.2%).
Once the symptoms were grouped, there were two cases of urticaria (2/19, 10.5%) and six cases with
probable anaphylaxis (6/19, 31.6%). Finally, three adolescents were considered probable cases of AGS, which
represents a prevalence of 0.15% (95% CI: 0.1-0.4%).

Conclusion. Although the prevalence of RMH in late adolescents is low, early detection is justified because
approximately one-third present with severe symptoms.

Categories: Epidemiology/Public Health, Pediatrics, Allergy/Immunology
Keywords: adolescence, prevalence, alpha-gal syndrome, alpha-gal allergy, red meat allergy

Introduction

International organizations recommend implementing sustainable, healthy diets with the aim of promoting
people's well-being. These diets include the consumption of cereals, nuts, fruits, vegetables, poultry, fish,
and small portions of red meat [1]. Traditionally, the Mexican diet is composed of foods that belong to the
following groups: grains, tubers, legumes, and vegetables. Specifically, the diet includes foods such as corn,
beans, chili, pumpkin, tomato, and onion, and less frequently, it includes products derived from corn, fruits,
beverages, fish and shellfish, meats, sweets, and sweeteners, as well as herbs and condiments [2]. In the
meat production industry, dominated by China and the United States, Mexico is positioned as the sixth most
important country worldwide; on the other hand, when evaluating the per capita consumption of meat, the
list is headed by the United States, followed by Argentina, Brazil, and the European Union; in this sense,
Mexico is positioned in fifth place [3]. However, in Mexico, adolescents prefer to consume foods that are not
recommended for daily consumption, such as sweetened drinks, sweets, and desserts, as well as sweetened
cereals; in smaller quantities, they consume recommended foods such as unprocessed meats, dairy products,
and nuts [4].

The prevalence of hypersensitivity to foods is clearly influenced by their availability as well as by the eating
habits and cultural context of each population; thus, in Canada, the prevalence among children is 2.5%,
while in the United States, this figure rises to 3.4%; among the main foods responsible for producing
symptoms are peanuts, shellfish, eggs, or milk [5,6]. In various European countries, the prevalence ranges
from 1.9% to 5.6%; in those same countries, milk, celery, and apples are the foods responsible for the
discomfort [7]. On the other hand, in China, up to 6.2% of children have symptoms after consuming food,
mainly shrimp, mango, and mollusks [8]. Notably, in previous studies, red meat was not listed among the
leading causes of food allergies in children. Red meat is considered to be derived from sheep, cattle, and
pigs, which is a source of essential nutrients [9], and its high consumption has been pointed out as a risk
factor for chronic degenerative diseases such as cancer [10]. However, little has been analyzed about the role
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of its consumption in the production of allergies. In this regard, there is a picture of a food allergy derived
from the consumption of red meat that has been called alpha-gal syndrome (AGS). Its name derives from the
galactose-alpha-1,3-galactose molecule inoculated by the bite of a certain type of tick; therefore, in this
event, the subject can develop potentially serious allergic reactions after eating red meat [11]. AGS has been
widely described in the United States, Australia, Europe, and Japan [12], but little is known about its
prevalence in Latin America. Food allergies used to be considered a problem that mainly affected children in
their first years of life. However, currently, an increase in the prevalence of food allergies among
adolescents and adults has been observed. Physiological changes and eating habits in late adolescents could
play a determining role in developing red meat hypersensitivity (RMH) and AGS. The prevalence of this
group is unknown. Thus, the main objective of this study was to estimate the prevalence of RMH and to
explore the existence of probable cases of AGS in a sample of late adolescents.

Materials And Methods

Design

This research corresponds to a secondary analysis, with a cross-sectional design, of the survey applied by
Bedolla-Barajas to a representative sample of Mexican adolescents, from 15 to 18 years old, residents of
Guadalajara, Mexico.

Sampling

The study population was divided into strata so that the prevalences were not influenced by any
sociodemographic characteristic (possible confounding factor). The sampling applied from April to June
2016 was probabilistic, stratified, and clustered. The initial sampling frame consisted of high schools. For
this study, Guadalajara was operationally divided into seven strata, from which at least one school was
randomly selected (a cluster) from each. Within each selected school, a random sample was again used,
considering school grades as new strata. Using proportional allocation, the final sample size of selected
adolescents was n=1992. A more detailed description of this sampling can be found in the previously
published works mentioned above [13,14].

Instrument

A structured questionnaire previously validated in Mexico was applied, which included the adolescent's age,
sex, personal history of atopic and non-atopic diseases, and family history of allergic diseases. In the
validation process, an agreement of 0.77 was obtained, according to the Kappa index, and a Cronbach's alpha
of 0.86 [15]. The prevalence of asthma, allergic rhinitis, atopic dermatitis, and food allergies derived from
this survey was previously published [13,14].

Definitions

The following operational definitions were adapted for this study: In principle, food hypersensitivity was
determined by the question: Do you suffer from allergic reactions after eating food or drinking beverages?
[15]. If they answered affirmatively, they were asked whether or not the symptoms were associated with
eating red meat. RMH was defined as a condition encompassing all cases in which individuals report
discomfort after eating red meat, regardless of their medical history or the presence of confirmatory tests
[16]. Oral allergy syndrome refers to the presence of oral symptoms, such as itching or swelling in the mouth
or throat, after consuming red meat specifically. Probable anaphylaxis was considered when the affected
organs and the symptoms were characteristic of allergic reactions and affected two or more organs [17].
Finally, a probable AGS was determined when the symptoms of urticaria or anaphylaxis manifested 2 hours
or more after eating some type of red meat.

Statistical analysis

The prevalence of RMH and probable AGS was obtained by dividing the number of adolescents with
symptoms after eating red meat (according to the aforementioned definitions) by the total number of
participants. Additionally, 95% Wilson confidence intervals (score) were estimated for proportions. In the
comparison of qualitative variables, the chi-square test or Fisher's exact test was used as necessary.
Statistical significance was set at a p<0.05. SPSS Statistics version 20.0 (IBM Corp. Released 2011. IBM SPSS
Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.) was used to perform the statistical analyses.

Ethics

This research complied with the ethical principles established in the Helsinki Declaration proposed by the
World Medical Assembly for medical research in human beings and was approved by the Ethics and Research
Committee of Nuevo Hospital Civil de Guadalajara “Dr. Juan I. Menchaca” (approval number: CEI-00066).
Before carrying out the surveys, the teachers at the participating schools were presented with the objective
of the study, and their collaboration was requested to survey the students. Once their approval was obtained,
the students were provided with detailed information about the research, and if they agreed, they gave their
verbal consent to be included in the study.
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Results

This study included 1,056 women (53%), and 936 men (47%). A total of 19 adolescents with RMH were
identified, with a prevalence of 1.0% (95% CI: 0.6-1.5%). It was observed that atopic comorbidity (asthma,
allergic rhinitis, or atopic dermatitis) was significantly more frequent in adolescents with RMH compared to
those who did not report complaints after consumption of red meat (p<0.05). On the other hand, the
frequency of family history of asthma or allergic rhinitis was higher in the group with RMH (p<0.05) (Table

1.

RMH

Yes No

N=19 N=1973
Variable n % n % p-value
Sex female 14 73.7 1,042 52.8 0.070
Atopic comorbidity
Asthma 7 36.8 245 12.4 0.001
Allergic rhinitis 7 36.8 173 8.8 <0.0001
Atopic dermatitis 4 211 99 5.0 0.002
Family history of atopic diseases
Asthma 10 52.6 442 22.4 0.002
Allergic rhinitis 5 26.3 207 10.5 0.044
Atopic dermatitis 1 53 100 5.1 0.999
Current tobacco consumption 0 0 204 10.3 0.139

TABLE 1: Population characteristics

Comparison of proportions using the chi-square test or Fisher's exact test when necessary

RMH: red meat hypersensitivity

The main red meats related to symptoms were pork (89.5%), beef (21.1%), lamb (10.5%), and mutton (5.1%).
The most frequent symptoms of RMH were gastrointestinal (73.7%), followed by respiratory (63.2%) and
cutaneous (63.2%).

Among the intestinal complaints, abdominal pain and heartburn stood out, while among the respiratory
complaints were respiratory distress and sneezing, followed by nasal congestion. Regarding skin complaints,
reddish skin and itching on the face were the most frequent symptoms (Table 2).
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RMH

Yes No

N=19 N=1973
Symptoms n % n % p-value
Gastrointestinal symptoms
Abdominal pain 7 36.8 38 1.9 <0.0001
Heartburn 7 36.8 34 1.7 <0.0001
Itchy lips 4 211 55 2.8 0.002
Lip swelling 4 211 47 24 0.001
Vomiting 4 211 31 1.6 <0.0001
Bloating 3 15.8 24 1.2 0.002
Flatulence 2 10.5 24 1.2 0.024
Diarrhea 1 5.3 35 1.8 0.294
Respiratory symptoms
Shortness of breath 9 47.4 42 21 <0.0001
Sneezing 8 421 42 21 <0.0001
Nasal congestion 6 31.6 33 1.7 <0.0001
Rhinorrhea 5 26.3 32 1.6 <0.0001
Cough 5 26.3 31 1.6 <0.0001
Throat tightness 4 21.1 60 3.0 0.003
Wheezing 2 10.5 18 0.9 0.015
Cutaneous symptoms
Reddish skin 10 52.6 61 3.1 <0.0001
Itchy face 7 36.8 30 15 <0.0001
Hives 5 26.3 39 2.0 <0.0001
Body itching 3 15.8 41 21 0.008

TABLE 2: Clinical manifestations after consumption of red meat

Comparison of proportions using the chi-square test or Fisher's exact test when necessary

RMH: red meat hypersensitivity

After grouping the symptoms, it was observed that one adolescent presented with oral allergy syndrome
(1/19, 5.3%), while urticaria occurred in two cases (2/19, 10.5%) and six cases of probable anaphylaxis (6/19,
31.6%). In the remaining cases, the symptoms were more of a non-specific nature. Of the total cases with
RMH, three cases were compatible with AGS, which represents an overall prevalence of 0.15% (95% CI: 0.1-
0.4%); two of them were men and one woman; in all three cases, the consumption of pork was responsible.
Two of them manifested urticaria, and one more was a probable anaphylactic reaction (Table 3).
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Case Sex Comorbidity Pollen allergy Symptom onset time* Type of red meat Symptoms
Asthma AR AD Pork Beef Lamb Mutton OAS Urticaria Probable anaphylaxis

1 F - - - - <120 + + - - - - -
2 M - - - - >120 + - - - - + -
3 F - + - - <120 + - + + - - -
4 F - + - - <120 + - - - - - -
5 F - - - - >120 - + - - - - -
6 B - - + - <120 + - - - - - -
7 M - - - - >120 + - - - - + -
8 B + - - - <120 + - - - - - +
9 F - - + - <120 - + - - - - -
10 F + + + + >120 + o o o o o +
11 F - + - + <120 + - - - + - -
12 F + + - + <120 + - - - - - +
13 M + - - + <120 + - - - - - +
14 M- = |= | <120 + = = = = = =
15 F + - -+ >120 + - - - - - -
16 M + = + o+ <120 + + - - - - -
17 F o+ + -+ <120 + - - - - - +
18 F s - -+ <120 + = s s s s s
19 F - + - + <120 + - + - - - +

TABLE 3: Clinical characteristics of adolescents with RMH

F: female, M: male, AR: allergic rhinitis, AD: atopic dermatitis, OAS: oral allergy syndrome, RMH: red meat hypersensitivity

*Time in minutes

Discussion
Prevalences of RMH and AGS

In our study, we observed that the prevalence of RMH among late Mexican adolescents is 1.0%. We also
observed that it was pork meat that was mainly associated with clinical symptoms (89.5%), from which
intestinal (73.7%) and respiratory (63.2%) complaints stood out. To the best of our knowledge, it is relevant
to highlight that this is one of the first population-based studies in Latin America that describes at least
three possible cases of AGS in the group of adolescents with RMH (0.15%).

In this study, it was observed that a minority of the late adolescents analyzed experienced some type of
discomfort after having consumed red meat (1%). Among them, nine cases were identified with symptoms
compatible with a probable allergic reaction to red meat (oral allergy syndrome, urticaria, and anaphylaxis),
which represents a prevalence of 0.45% (95% CI: 0.22-0.87%).

In Asia, various studies in children and adults have shown that the frequency of RMH is low, similar to what
we observed in our study. For example, in China, two previous studies showed that the frequency of beef
allergy among schoolchildren was 0.3% to 0.5% [8,18], while allergy to mutton was 0.4% [8]. In other
countries in the same region, similar findings have been observed. In Hong Kong, data from more than 7,000
children and adolescents was analyzed to determine the prevalence of food hypersensitivity, which was
found to be 4.8%. Red meats accounted for only 15 cases, resulting in an overall frequency of 0.2% [19]. The
prevalence of RMH in nearly 24,000 children attending daycare centers in Japan was 0.2% [20]. Finally, in
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Korea, the prevalence of RMH in adolescents aged 12 to 13 years was as follows: pork 0.1% and beef 0.07%.
Among the 15-16-year-old group, it was 0.17% for pork and 0.04% for beef [21]. On the other hand, through
the Canadian Primary Care Sentinel Surveillance Network, data corresponding to 288,490 children in Canada
were analyzed, and it was observed that the prevalence of food allergies reported by physicians was 2.5%;
however, red meat was not identified as a major cause of symptoms in children in this study. In the
Europrevall study, which analyzed the frequency of food sensitization among children between seven and 10
years of age from seven cities in Europe, no evidence of allergy to red meat was found [7], as was a study
carried out in Canada [5] and another in the United States [6]. In our country, a study was carried out with a
selected sample of the pediatric population who attended consultations with allergists. In this study, 127
cases of allergy associated with the intake of red meat were identified among a total of 1971 patients, a
prevalence of allergy to red meat of 6.4% [22]. The late introduction of cattle, sheep, goats, pigs, and seafood
as food sources in our country is a significant factor that must be considered when interpreting our results.
It seems that this event is acting as a predisposing factor for the high frequency of adverse reactions
associated with the consumption of red meat compared to other countries. In summary, our results, in
conjunction with those previously shown, highlight that red meat allergy varies geographically and highlight
the importance of further research to better understand this occurrence.

Possible implications of the results

The prevalence of AGS in the open population has rarely been analyzed; this study is one of the first to
explore this possibility with a sample of late adolescents. According to the results, the prevalence was
0.15%. Most studies that have determined the prevalence of AGS have used the frequency of IgE-mediated
sensitization against alpha-gal as a starting point. According to a population-based cross-sectional study
conducted in Denmark and Spain, 5.5% and 8.1% of adults, respectively, were found to have positive serum
IgE against alpha-gal [23]. On the other hand, in populations with a higher risk of being bitten by ticks, the
frequency of allergic sensitization is higher. In Spain, it was observed that workers in the forests had a
frequency of allergic sensitization to alpha-gal of 15%, compared to the control group, which was 4% [24]. In
Germany, 35% of forest workers and hunters were sensitized to alpha-gal, compared to 15% of the control
group [25]. Additionally, in the United States, timber harvesters and forestry and wildlife professionals had a
40% frequency of allergic sensitization [26]. A recent multicenter study in children revealed that the
prevalence of serum IgE against alpha-gal was 32% in Ecuador, 54% in Kenya, and 25% in Virginia (United
States) [12]. Furthermore, AGS may be closely associated with tick bites, but there is also the possibility that
it is linked to exposure to other sources of alpha-gal, such as certain drugs or gelatin; more population-
based studies are required to determine its prevalence more precisely. Finally, it should be highlighted that
the majority of AGS cases were initially located in the United States, particularly in the southeastern region.
An increasing number of AGS cases are now being reported in different parts of the world. As we mentioned,
there could also be cases of AGS-like reactions, not necessarily AGS, among adolescents with RMH.

Notably, both in the RMH group and in the AGS group, almost a third of each of them experienced
symptoms compatible with an anaphylactic reaction. Similar findings were observed in the United States,
where 60% of 261 adult subjects with allergic sensitization to alpha-gal had anaphylaxis as a manifestation
of AGS [27]. In Europe, a study with 128 patients showed that 47% of them experienced anaphylaxis after
consuming this type of meat [28].

In addition to AGS, cat-pig syndrome is another possibility to consider among the 19 adolescents with RMH.
It was observed that five adolescents experienced discomfort two hours or more after consuming red meat,
and it was identified that three of them were probable cases of AGS; thus, it is probable that some of the 14
remaining cases could correspond to cases of cat-pig syndrome. In this syndrome, patients produce specific
IgE against cat serum albumin, which cross-reacts with porcine albumin. The syndrome is characterized by
severe and, in some cases, fatal allergic reactions; unlike AGS, the onset of symptoms is immediately after
consumption of pork and is usually accompanied by oral pruritus [29].

Limitations and strengths of the study

It is important to consider that the data were obtained through a self-reported survey, which could have
introduced an information bias based on subjectivity in the perception of the symptoms reported by
adolescents. Regarding the AGS, this study has the limitation that it only focused on adolescents who lived
within an industrialized city, which limits the generalization of the results to those who live in rural areas
where it is expected that there will be greater exposure to ticks, which could influence the prevalence of
RMH. Another limitation is related to how red meat is prepared and consumed. It's possible that the use of
seasonings or other types of additives during the meat preparation may be responsible for the symptoms
rather than the red meat itself. On the other hand, in cases with a high suspicion of AGS, the history of
having suffered tick bites was not considered because this question was not part of the original survey;
neither was there a clinical history nor a test to detect allergic sensitization to alpha-gal. Regarding the
latter, it is important to mention that contact with other secondary or tertiary sources of alpha-gal could
also have contributed to the process of allergic sensitization and the presence of symptoms associated with
the consumption of red meat [30].

In our study, three possible cases of AGS were identified among a total of 1992 adolescents, two of whom
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experienced urticaria and one presented symptoms of anaphylaxis after having consumed pork. However, it
is important to note that, due to the study design, the participants' history of tick bites was not specifically
inquired about. An additional mention should be made regarding the sample size, which was initially
calculated in a previous study by our working group, where the sample size was originally n=1981 (n=1992
subjects were finally recruited) [13], considering an estimated prevalence of food hypersensitivity of 50%, a
confidence level of 95%, and a margin of error of £2.3%. However, if we consider the prevalence of RMH
reported in this study, which was 1%, then the sample size supports a confidence level of 99.9% (an error
margin of 1%). The above increases the precision of our results.

Conclusions

We found that the consumption of red meat, especially pork, is related to various symptoms in adolescents
with RMH. Furthermore, having detected possible cases of AGS, a rare allergy that can be life-threatening
and is related to the consumption of red meat, suggests the existence of some species of ticks in our country
that could be associated with AGS. More studies are required in this regard.
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