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Abstract

Background The COVID-19 pandemic has become one of the most devastating worldwide crises. The pandemic has
heavily affected the most vulnerable groups, including Indigenous communities. Our study aimed to evaluate the atti-
tudes and behaviors relating to care and prevention of COVID-19 in a predominantly Indigenous university population
in Mexico.

Methods A cross-sectional descriptive study was conducted in early February 2022 focused on university students in a
predominantly Indigenous community in central Mexico. The survey addressed prevention, vaccination, anthropometric
data, and food intake.

Results We obtained a high response rate of 71.6%, with 981 students (41.2%) identifying as belonging to an Indigenous
group. In the sample, 3.1% (95% Cl 2.07, 4.33) of the Indigenous group reported COVID-19 deaths among family members
older than 18 years; this rate was 3% (95% Cl 2.17, 4.03) in the non-Indigenous group. Whereas most of the students
[98% (95% Cl 97.62, 98.72)] reported having received COVID-19 vaccines, 36.6% (95% Cl 33.57, 39.70) and 39.9% (95%
Cl (37.32, 42.52) of the Indigenous and non-Indigenous respondents, respectively, reported that their parents were fully
vaccinated against COVID-19. Finally, we found important differences in weight and Body Mass Index (BMI) between
pre-pandemic baseline and two years after confinement in the general population as well as between Indigenous and
non-Indigenous: general BMl increased from 22.9 +£4.1 kg/m? to 23.6 4.1 kg/m? (Wilcoxon test; P <0.001). The BMI for
the Indigenous went up from 22.4+3.8 kg/m2 t023.1+3.8 kg/m2 (Wilcoxon test; P <0.001), and BMI for non-Indigenous
rose from 23.2 +4.2 kg/m? to 24.0 4.2 kg/m? (Wilcoxon test; P <0.001).

Conclusion Our study highlights significant vaccination disparities between our university population and their par-
ents, although no substantial differences regarding attitudes and prevention of COVID-19 between the Indigenous and
non-Indigenous populations were found. Findings suggest that efforts to expand prevention to students’ families and
surrounding communities could lead to significant public health gains and should be further investigated. Furthermore,
the university setting may improve access to prevention tools against COVID-19.
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Abbreviations
COVID-19 Coronavirus disease
SARS-CoV-2  Severe Acute Respiratory Syndrome Coronavirus 2

BMI Body Mass Index

INALI Instituto Nacional de Lenguas Indigenas

INEGI Instituto Nacional de Estadisticas y Geografia

CbC Centers for Disease Control and Prevention

WHO World Health Organization

ENSANUT Encuesta Nacional de Salud y Nutricién

ILO International Labor Organization

PAHO Pan American Health Organization

ECLAC Economic Commission for Latin America and the Caribbean
H1N1 Swine Flu

1 Introduction

The COVID-19 pandemic can be traced back to late 2019 in Wuhan, China and has had significant repercussions on vulner-
able groups, especially the elderly, persons with chronic diseases, and minority groups, including Indigenous populations
[1-4]. Indeed, the vulnerability of groups or populations to events that could modify their welfare conditions and their
capacity to respond to adversity is considered a “risk for human health”[3]. These groups face challenges usually related
to a lack of federal or state support, limited access to health services, inadequate public service management, and lack of
access to the Internet [5, 6]. There is a need to understand better how humanitarian crises such as pandemics affect their
welfare over time to better allocate limited resources and guide the implementation of effective public health measures.

The global Indigenous population comprises more than 476 million individuals in 90 countries and represents 6.2%
of the world’s population [7]. Indigenous groups in Mexico frequently face discrimination because of their ethnicity and
the language they speak compared with their counterparts [8]. These groups often live in poverty and lack access to
high-quality food and health services. The above is especially important because research has indicated that the COVID-
19 pandemic affected eating habits and caused hunger in more than 14 million persons globally [9]. The low intake of
vitamins and minerals may have increased their risk of severe disease from COVID-19 [10] since an appropriate level of
food intake is essential for preventing SARS-CoV-2 infection [10, 11].

In Mexico, about 7.4 million people speak an Indigenous language (6.1% of the total population in the country).
According to Mexico’s INALI (Instituto Nacional de Lenguas Indigenas), there are 11 Indio-American linguistic families,
68 linguistic groups, and 364 linguistic variants in Mexico [12]. Nahuatl is one of the most frequently spoken linguistic
variants, covering 21.5% of the center, northeast, and west of Mexico; Maya, Mixteca, and Tzeltal cover 10.8%, 6.7%, and
6.4% of southern Mexico, and Zapotec covers 6.2% of the south-central region [13].

A significant fraction of Mexico’s Indigenous population lives in the central region. According to the INEGI (Instituto
Nacional de Estadisticas y Geografia), about 3.6 million live in the state of Hidalgo (12.3% of the total state population in
2020) [14-17]. Over half of the population speaks an Indigenous language in Huejutla, Hidalgo, where our study setting
is located [18]. Hence, this is a significant geographic area in Mexico to investigate how the COVID-19 pandemic has
affected the lives of Indigenous groups [19].

In Mexico, Indigenous groups self-recognize based on their own culture, traditions, and history; cultural diversity
is expressed through language, speech, physical characteristics, religion, and the location of their territories [20, 21].
Mexico’s constitution states that an individual’s awareness of their Indigenous identity must be a fundamental criterion
for identifying Indigenous populations [22]. This consideration gives these communities the sovereign right and power
to decide who belongs to them without external interference [23].

While emerging data indicates that Indigenous groups have experienced some of the highest COVID-19 mortality rates
relative to the general population [4, 24], information relating to the health, nutrition, prevention attitudes, and other
consequences of COVID-19 on these groups is lacking. For instance, life expectancy for Native Americans and Alaska
Natives fell by 6.5 years from 2020 to 2022, while the general US population life expectancy fell by three years [25]. This
underscores the need to collect additional data to understand how the COVID-19 crisis affected vulnerable groups. To
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start filling these gaps, we conducted the first cross-sectional descriptive study using data from a web-based survey to
obtain information in a predominantly Indigenous community in Huejutla Hidalgo, México. Our primary goal was to
identify insights relevant to Indigenous populations. Our study investigated issues related to the impact of COVID-19,
including vaccination coverage, prevention measures, and food intake.

2 Methods
2.1 Survey design

We conducted a web-based survey among college students at the Universidad Tecnoldgica de la Huasteca Hidalguense
in a predominantly Indigenous community in Huejutla, Hidalgo, Mexico. The survey comprised 52 questions and was
deployed using the Google Forms platform. The survey was adapted from the work of Diaz and colleagues (Additional
files 1, 2) [26]. Questions included closed-choice Likert-scale items, multiple-choice and multiple-select questions, and
some open-ended questions on various topics, including prevention, vaccination, anthropometric data (weight, height),
and food intake. Of note, the weight before the pandemic lockdown (pre-pandemic weight) and the weight two years
after the pandemic lockdown (post-pandemic weight) and height measures were directly provided by the participants
at their discretion.

2.2 Statistical analysis

We analyzed the combinations of answers in multi-select questions using geometric coding and hierarchical cluster
analysis [27], described by simple descriptive results. Most participants provided weight and height measures (93%;
2215/2382). A total of 981 participants (41.2%) were Indigenous (i.e., spoke an Indigenous dialect or considered them-
selves to belong to an Indigenous group), whereas 1,401 (58.8%) were non-Indigenous.

We used the Wilcoxon test to compare sample characteristics within Indigenous and Non-Indigenous groups and the
Mann-Whitney U Test to compare samples between Indigenous and Non-Indigenous groups. We used SPSS program
version 25 for all analyses.

2.3 Target population and data collection procedure

Once Universidad Tecnolégica de la Huasteca Hidalguense authorities approved the study survey, the academic coordi-
nator of the university emailed the invitation to participate in the survey to 3007 adult students enrolled in January-May
2022.The survey was administered using Google Forms. The survey was open from January 31 to February 25, 2022.
During this period, the academic coordinator of the University sent weekly reminders encouraging the students to
participate in the survey voluntarily.

2.4 The sample

We obtained a high response rate of 71.6% (n=2382), with 981 students (41.2%) identifying as belonging to an Indig-
enous group. Our analyses mainly focus on differences based on Indigenous status. In our study, an individual belongs to
an Indigenous group if he/she belongs to an autochthonous population by self-identification OR speaks an Indigenous
language [21, 28].

2.5 Ethics statement

Our study followed ethical standards, institutional regulations, national laws, and the Helsinki Declaration. This study
was based on data with no personal identifiers. Informed consent was obtained from all subjects. The respondent’s
anonymity and confidentiality were ensured. The submission of a completed survey was considered consent to partici-
pate in the study. This study was approved by the Institutional Review Committee of the Universidad Tecnoldgica de la
Huasteca Hidalguense.
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Table 1 Distribution of

Dialects
dialects spoken by individuals
in our sample Dialect % (N=2379) n
Nahuatl 27.8 663
Huasteco 0.3
Otomi 0.2
Otros (Tenek, Zapoteco) 0.1
Table 2 Ave!'age weight General
and BMI during the pre-and
post-pandemic periods inour  Variable Before (pre) After (post)
sample
Weight (n=2215) 61.7+13.7 kg 63.7+14.0 kg®
BMI (n=2215) 22.9+4.1 kg/m? 23.6+4.1 kg/m?

3Statistically significant (P<0.001)

3 Results and discussion
3.1 General characteristics

Our sample of college students included more males [55.5% (95% Cl 53.5,57.6)] than females [44.5% (95% Cl 42.5,46.5)]
(binomial exact test with the expected proportion of 0.5; P<0.001) and is representative of the student population in
the same institution (54.1% males, 45.9% females). By comparison, according to the population pyramid from Mexico’s
INEGI, in 2020, 48.8% of the country were males, and 51.2% were females [14].

Our sample had an average age of 20+ 1.9 years, and the average height was 1.63 m. Table 1 summarizes the weight
and BM characteristics of the sample. According to the U.S. Centers for Disease Control and Prevention and World Health
Organization (WHO) percentile guidelines, females and males in this study are below the fifth percentile for height, with
an average height of 1.56 +0.64 and 1.69+0.69 m, respectively. On the other hand, their weight and BMI for the age
group lie between the 25th and 50th percentiles, which is standard for both genders. According to Gonzélez-Hermida
and colleagues [29], height is a good predictor of adequate health in children and young people. The most frequently
cited reason for short stature is malnutrition, a characteristic frequently found in the low socio-economic sector, includ-
ing Indigenous communities. For instance, in Mexico, among the Tarahumara ethnic communities in the Sierra Madre
Oriental, located in northern Mexico, the prevalence of short stature was estimated at 30-50% in 2021 [30]. At the national
level, 44.4% of Indigenous children have short stature versus 14.5% for non-Indigenous counterparts [31].

The distribution of the most common spoken dialects among the survey respondents is shown in Table 1. Nahuatl was
the most frequently reported dialect at 27.8%. Until 2000, the INEGI reported that 73% of the population in the Huasteca
region of Hidalgo state reported Nahuatl as their primary language [32]. In 2020, 53.79% of the Huejutla population
spoke an Indigenous language, and 10.15% spoke only an Indigenous language [18]. This substantial reduction could
due to families more frequently deciding not to pass their indigenous language on to the younger generation to avoid
social discrimination and hostility. Indeed, the Nahuatl speakers face limited access to education, modern medical care,
and other social benefits due to their Indigenous language [33].

A total of 2215 responders provided information on their weight and BMI. Results indicate a significant increase in
weight and BMI for these individuals between the pre-and post-pandemic periods (Wilcoxon test; P <0.001; Table 2). We
also found significant differences within the Indigenous group (n=910) before and after, as well as for the non-Indigenous
group (n=1305) (Wilcoxon test; P <0.001; Table 3). Finally, we found differences when comparing Indigenous and non-
Indigenous groups (Mann-Whitney U Test; P <0.001, Table 4).

The apparent increase in weight and BMI could be explained by decreased physical activity and changes in diet
due to the pandemic lockdown [34]. According to Caroppo and colleagues [35], spending more time at home results
in increased food consumption and a sedentary lifestyle due to the sudden change from face-to-face activities
to online or sedentary activities that force individuals to sit for extended periods. Remarkably, in 2020 Paciera Di
Zoppola and colleagues reported that 50.6% of the total population in a group of Indigenous people reported a
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Tab]eS Average hfeig.ht, Variable Indigenous (n=910) Non-indigenous (n=1305)

weight, and BMI within

Indigenous and non- Before (pre) After (post) Before (pre) After (post)

Indigenous groups during

pre- and post_pandemic Helght 1.62+0.8m 1.64+09m

periods Weight 59.2+12.2kg 60.9+12.6 kg? 63.4+14.4kg 65.6+14.5 kg?
BMI 22.4+3.8kg/m? 23.1+3.8 kg/m? 23.2+4.2 kg/m? 24.0+4.2 kg/m*

3Statistically significant (P<0.001)

Table 4 Comparison

; Variable Before After
of Indigenous vs. non-
Indigenous weight and Indigenous Non-Indigenous Indigenous Non-Indigenous
BMI for the pre-and post- (n=910) (n=1305) (n=910) (n=1305)
pandemic periods
Weight 59.2+12.2 kg 63.4+14.4kg* 60.9+12.6 kg 65.6+14.5 kg®
BMI 22.4+3.8 kg/m? 23.2+4.4 kg/m* 23.1+3.9 kg/m? 24.0 4.3 kg/m?

aStatistically significant (P<0.001)

lack of physical activity; 37% reported that this behavior was due to a lack of time, and 32% felt discouraged by the
COVID-19 environment [36, 37]. It is worth noting that the Mexican Government launched a major campaign to
encourage the population to stay in their homes as much as possible during the first two pandemic years to reduce
their risk of catching the disease [38].

3.2 Housing situation and employment

Individuals reported that, on average, 4.72 + 1.7 people live in their dwelling, which is slightly higher than results
reported by INEGI for the State of Hidalgo, which had an average of 3.6 people residing in a household based on the
2020 census [39]. Most of those surveyed (85.5% of Indigenous and 84.6% of non-Indigenous) also reported living
with their parents. Moreover, 6.6% and 7.5% of Indigenous and non-Indigenous, respectively, shared a household
with others (same rental house during the study period) (Fig. 1A).

In Mexico, 87% of the registered households are “family” (those in which at least one of the members is related
to the head of the household), while 28 out of every 100 family households are “extended” (formed by a nuclear
household in addition to other relatives such as uncles, cousins, brothers, etc.) [40]. In our survey 41.7% of the
students shared a home with two or more generations in the same house, and only 5.9% and 5.0% of Indigenous
and non-Indigenous live alone, which is a frequent situation for foreign students [41].

Ahmad and colleagues [42] found that for each 5% increase in poor housing conditions (overcrowding as the
first problem), there was a 59% increase in the relative risk of COVID-19 incidence and a 63% increase in the relative
risk of COVID-19 mortality. A previous study from Mexico has shown a statistically significant positive association
between excess mortality during the COVID-19 pandemic and average household size as well as marginalization
index (p-value < 0.0001) after adjusting for other covariates [43]. In addition, in a study in the US., 95.2% of COVID-
19 deaths were related to housing quality as measured by housing age, size, and energy efficiency, since poor
housing and building quality have been associated with mold, moisture, and dust, which can trigger respiratory
conditions or make them worse [44].

Regarding employment, 22.4% of the respondents were employed at part-time jobs while studying; 10.1% of
Indigenous and 13.6% of non-Indigenous reported that in their job, they had to be in direct contact with other
people (Fig. 1-B). Personal contact at work increases the chances of contracting COVID-19. According to Lan and
colleagues [45] and Baker and colleagues [46] the workers most exposed to COVID-19 are protective services,
administrative support, drivers, and sales workers, just behind personal healthcare.
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Fig. 1 Distribution of housing A) Housing situation by group
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€nous and non-indigenous Sag i D. |live with my spouse/partner
groups. A Housing situation; 80 E Indigenous E. Ilive with my spouse/partner and children
B employment distribution B3 Non-Indigenous F. llive with my children
between the Indigenous and . 60
non-Indigenous groups; C =
mode of transportation to 40
work/school during the pan- 20
demic period
667659 50
0 n 101.0 0719 0201
T T T T T
A B C D E F
B)
Employment by group
157 13.6 A. Customer service that must have personal contact all the time
] I Indigenous B. Other work without contact with clients / patients / children and
X young people
10.1 B3 Non-Indigenous C. Office work that can be done at home
10+ D. Office work at the workplace / in an office community with others
° E. Work in an educational institution / school / kindergarten, etc. with
= 6.0 contact with children / young people
- 55 F.  Work in healthcare environments with patient contact
5_
0-
C) Transportation type by group
100
81.5
80— 739
I ndigenous
60— E=1  Non-Indigenous
2 A Public transport
404 B Walking
(&3 Car
D Bike
20+ 15 147 101
B 25p oo
0- T T - T
A B Cc D

3.3 Transportation

When we compared Indigenous and non-Indigenous groups, we found that the former used public transportation more
often (81.5% vs. 74.9%) (Fig. 1C). SARS-Cov2 is easily transmitted by close contact with others or inhaling aerosol droplets a
sick individual expels through coughing or sneezing [47, 48]. Public transport frequently involves small, unventilated, con-
fined spaces where individuals may spend long periods getting from one place to another, making it suitable for catching
COVID-19 and other respiratory pathogens [49].

Consideration of transportation during the pandemic brings to the forefront a discussion of social inequalities because
access to safe transportation is less accessible for people of Indigenous origin. In isolated areas where they often live, lack of
transportation represents critical delays in access to health care settings, typically located in more distant locations compared
to populations living in urban centers. This situation increases the probability that these groups experience poor health
outcomes because in a marginalized region such as Huejutla in the State of Hidalgo, having a car for personal transportation
is rare [50-52].
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Table 5 Changes in food Variable n=2382,% (95% Cl)

intake in the total population

and their 95% Cls Increased consumption of fruits and vegetables n=455;19.1% (17.54,20.74)
Reduced consumption of fruits and vegetables n=238;10.0% (8.22,11.27)
Increased consumption of processed foods n=337;14.1% (12.77,15.61)
Reduced consumption of processed foods n=1252; 56.8% (54.74,58.76)
Total n=2382; 100%

Fig.2 Food intake in the Food intake

Indigenous vs. non-Indig-

enous groups. The Indig- 80—

enous group reduced their Hl Indigenous

consumption of processed

foods slightly more than the 60 59.2 55 [ No indigenous

non-Indigenous group, but it

was not statistically significant
59.2% (56.08, 62.32) vs. 55.0% °
(52.38,57.66) S 40

20-{15.8
H 108 94 14.2 1|4_1|
. I I

A >Fruits and vegetables
B < Fruits and vegetables
C > Processed foods

D  <Processed foods

3.4 Food intake

Decreased consumption of processed foods was reported by 56.8% of the respondents, whereas 19.1% reported
increased consumption of fruits and vegetables during the lockdown (Table 5). When comparing the outcomes
between Indigenous and non-Indigenous groups, we found that the former reduced the consumption of processed
foods slightly more than the latter (Fig. 2).

Mexico’s National Health and Nutrition Survey 2020 (ENSANUT) found that about 42.5% of young people aged
12-19 years consume fruits. Only 32.8% consumed vegetables, but 90.7% consumed sweetened beverages and
there was a combined prevalence of 50.1% processed meats and fast-food consumption. Notably, the same survey
reported increased consumption of fruits (> 3.5%), legumes (> 12.9%), and natural water (> 6.5%) in rural locations
during the COVID-19 lockdown [53]. This result seems in agreement with our finding that the consumption of healthy
foods improved. Moreover, Enriquez-Martinez and colleagues [54] reported a similar proportion among Mexicans,
where 22.4% adopted healthier and 21.5% less healthy eating patterns. A few studies have shown that during the
pandemic, people increased their consumption of fruits and vegetables, ate more healthy foods, and decreased their
consumption of snacks [55, 56].

It is worth noting that Universidad Tecnoldgica de la Huasteca Hidalguense's student body includes out-of-state
students who must move from their communities of origin to Huejutla to attend the university and access higher
education. When they return to their homes they are able to carry provisions and supermarket products that are only
available in the city. However, on March 16, 2020, the Chamber of Deputies of Mexico declared the suspension of
school activities at all educational levels [57]. The University returned to face-to-face classes in May 2022, two years
after the lockdown. Hence, the pandemic confinement may have influenced a reduced consumption of processed
foods in this study group [58]. Huejutla, our study setting, had been the central commercial point for farmer’s market
and industrial food activities for neighboring regions, including the State of Mexico, San Luis Potosi, Jalisco, Chiapas,
Guanajuato, and Veracruz, before the COVID-19 pandemic hit [59, 60]. During the COVID-19 lockdown, mobility
was limited, so this ritual was interrupted, and accessing these products was no longer feasible, likely explaining a
reduction in the consumption of industrialized foods [61]. In Chile, similar results were reported for an adult popu-
lation whereby a significant increase in the consumption of fruits and vegetables was reported: 37.2% consumed
what is recommended by the health system: five servings of fruits and vegetables, and the consumption of legumes
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Fig. 3 Have you experienced Have you experienced the following in connection
the foIIowing in connection with the outbreak of the coronavirus (COVID-19)?
with the outbreak of the 10+ -
coronavirus? Compared to the 8.6 = Qogﬁrd?;:nous
non-Indigenous group, lower 8 72 73
. L 6.7 L.
proportion of Indigenous 6
group had COVID-19 without . 52 53
a diagnosis confirmed by a ° 4 4.2 A Other persons (relatives) with diagnosis confirmed by a doctor
doctor B | had COVID-19 without diagnosis confirmed by a doctor
20 C | had COVID-19 diagnosis confirmed by a doctor
2+ I D | have been in isolation
0- T T
A B Cc D

Table 6 Percentage of cases, hospitalization, and deaths due to COVID-19 in the respondents and their relatives

COVID-19 case (%) COVID- 19 hospitalization (%) COVID-19
Deaths (%)

Indigenous Non-Indigenous Indigenous Non-Indigenous Indigenous Non-Indigenous

(n=981) (n=1401) (n=981) (n=1401) (n=981) (n=1401)
Parents 8.4% (82) 9.7% (136) 1.1% (11) 1.2% (17) 0.2% (2) 0.4% (6)
Partner/spouse 0.2% (2) 0.3% (4) 0(0) 0(0) 0(0) 0(0)
Person(s) under 18 years 0.8% (8) 0.6% (8) 0.2% (2) 0.3% (4) 0(0) 0.3% (4)
Persons over 18 years 6.4% (63) 6.4% (90) 2.5% (25) 3.0% (42) 3.1% (30) 3.0% (42)
Me 2.7% (26) 2.6% (36) 0.3% (3) 0.1% (2) - -
None 71.7% (703) 69.7% (977) 95.5% (937) 94.7% (1327) 96.4% (946) 96.3% (1349)

increased by 26.4% during the quarantine; however, 77.4% of the participants received an economic income (salary
during the pandemic) and were from the medium-high socio-economic level, which allows them to access different
food groups [58].

Itis well known that the health status and the role of the immune system'’s defenses against diseases depend directly
on the state of nutrition and the supply of nutrients to the body [62]. However, food insecurity in Latin America and the
Caribbean grew from 31.9% to 40.9% during the pandemic, so the population faced obstacles in obtaining food, exac-
erbating malnutrition and comorbidities [63].

The higher risk of severe disease for individuals with some malnutrition is well known [10]. Remarkably, Mexico
increased its moderate to severe food insecurity score by 3.5% during the pandemic [63, 64]. In 2021, the poverty rate for
those aged 15 years and older was 37%, exacerbating the problem of access to food and attaining good nutritional status
and, in turn, increasing complications from COVID-19 [65]. The most severe cases are the rural areas (most economically
affected) and Indigenous communities who are deprived by not having essential tools such as access to clean water for
continuous hand washing to prevent contagion. For example, according to the International Labor Organization (ILO),
more than 86% of Indigenous people are engaged in informal employment compared to non-Indigenous groups, of
whom 66% have stable employment and social protection. Lower wages contribute to poorer food intake and higher
opportunities to become malnourished [66].

According to several studies, a specific supply of nutrients can aid the immune system in activating signaling cells and
gene expression in the intestinal microbiota to define the body’s immune reactions and deal with diseases such as COVID-
19. As a result, macro and micronutrient deficiencies correlate with a predisposition to important ailments [10, 67, 68].

3.5 COVID-19 diagnosis

Our survey results indicated that relatives of the non-Indigenous group had an attack rate of lab-confirmed COVID-19
that was just slightly higher (8.6%) than that of the Indigenous group (5.2%) (Fig. 3). Furthermore, in both groups, around
4.1% (Indigenous) and 4.6% (non-Indigenous) reported hospitalization with COVID-19 among themselves, and 3.3%
(Indigenous and 3.7% (non-Indigenous) reported mortality from COVID-19 complications among other individuals older
than 18 years, parents, and relatives (Table 6). It is important to note that the cost of a PCR test for COVID-19 in Mexico

@ Springer



Discover Social Science and Health (2023) 3:16 | https://doi.org/10.1007/s44155-023-00050-4 Research

was 17 to 35 times the minimum wage until 2021, at which time the average cost in Hidalgo State was 32 times the
minimum wage per month [69, 70]. Additionally, the shortage of equipment for diagnosis and the overload of patients
in rural hospitals made timely diagnosis and treatment difficult to access for minorities and Indigenous groups [71].

3.6 COVID-19 prevention and vaccination

When asked about the prevention measures followed in the work/school environment, we did not find significant differ-
ences between the two groups. Most students (22.3% of Indigenous and 20.2% of non-Indigenous) reported following
at least one of the suggested recommendations for handwashing, wearing a mask, and keeping an appropriate distance
(Fig. 4).

In May 2021, the WHO and the ILO established different policies for preventing COVID-19 in schools, businesses, and
work institutions that relied on essential personnel [72]. These recommendations were disseminated around the world
through infographics on all media platforms. In Mexico, a campaign targeting Indigenous communities was carried out
through radio. An informative guide was made that was translated into 51 versions of dialects. Suggestions of the WHO
and Pan American Health Organization (PAHO) were heeded during the first wave at the highest peak of infections [66].

More than 70% of the Indigenous and non-Indigenous groups reported receiving seasonal flu vaccines yearly (Fig. 5A).
In comparison, only 39.1% (95% Cl 36.08, 42.28) and 43.1% (95% Cl 40.50, 45, 75) of the Indigenous and non-Indigenous
respondents, respectively, reported that their parents received the flu vaccine. Interestingly, this was correlated with their
response regarding vaccination against COVID-19: 98% (95% Cl 97.62, 98.72) of both groups reported having been vac-
cinated against COVID-19 (Fig. 5B). Nevertheless, it was reported that 36.6% (95% Cl 33.57, 39.70) of their parents received
COVID-19 vaccines for the Indigenous group and 39.9% (95% Cl 37.32, 42.52) for the non-Indigenous group (Table 7).

Bazan and Akgiin [73] reported that by mid-2021 in the US, only 1% of the fully vaccinated group was from the Indig-
enous population. In comparison, 63% of the fully vaccinated group came from the white population.

A cohort from Huehutla Puebla, Mexico, a locality in that state with a high percentage of Indigenous people, found
that by the end of 2021, only 59.2% had been fully immunized. The rest of the unvaccinated population reported that
the vaccine had not arrived in the locality, did not know about vaccination, or that essential information was unavailable
in their Indigenous dialect [74].

Gonzadlez-Espinosa [75] mentions that self-description as an Indigenous person entails a discriminatory response
in health services. According to the Mexican Ministry of Health, 70% of medical care for this group occurred on an

Fig.4 Measures to avoid the Have you taken any of the following measures in
spread of COVID-19 a work context/scholar to avoid the spread of the coronavirus?
P03
20 202 [ Noindigenous
Hl Indigenous
15
1S3
10 8.7 g1
56 57 55
5 I |.| I ﬁ 40
0" T T T ITH
A B C D E

A.- Hand washing / Use disinfectant frequently / Be more careful with washing and cleaning / Protective
equipment (mask) / Keep at least one meter from others.

B.- Use of telephone calls/ videoconferences instead of physical meetings / Trip canceled or postponed /
Conferences / physical meetings canceled or postponed / Keep at least one meter away from family members

C.- Less use of public transport than usual / Having had flexible work schedules to reduce density among
employees

D.- Working from home more often than usual / Having had flexible work schedules to reduce the density
between employees
E- Nothing
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Fig.5 Vaccination against flu/
influenza and COVID-19 for
the Indigenous and non-
Indigenous groups. A Over
75% of both groups usually
get vaccinated against flu/
influenza yearly. B Over 98%
of both groups had been vac-
cinated against COVID-19in
this study
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A) Do you tend to get vaccinated against the flu/influenza?
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Have you been vaccinated against COVID-19?

98.2 98.3

Il Indigenous
E Non-Indigenous

Yes

Table 7 Vaccination against

Usually get the flu shot

Vaccinated against COVID-19

influenza/flu and COVID-
19 among relatives of Indigenous Non-Indigenous Indigenous Non-indigenous
respondents (n=981) (n=1401) (n=981) (n=1401)
Parents 384;39.1% 604; 43.1% 359; 36.6% 559; 39.9%
(36.08,42.28) (40.50,45,75) (33.57,39.70) (37.32,42.52)
Partner/spouse 5;0.5% 8;0.6% 8;0.8% 9; 0.6%
(0.17,1.19) (0.25,1.12) (0.35,1.60) (0.29,1.22)
Person(s) under 18 years 51;5.2% 49;3.5% 13;1.3% 13;0.9%
(3.89,6.78) (2.60,4.60) (0.71,2.26) (0.50,1.58)
Persons over 18 years 67;6.8% 109; 7.8% 62;6.3% 107;7.6%
(5.33,8.59) (0.06,0.09) (4.88,8.03) (6.30,9.15)
Me 204:20.8% 299;21.3% 15;1.5% 29;2.1%
(18.30,23.47) (19.22,23.58) (0.86,2.51) (1.39,2.96)

outpatient basis leading to higher percentages of complications and deaths from COVID-19 in households not noti-
fied in the surveillance system. The above has been associated with negative experiences in the healthcare system,
leading people from these groups to generate mistrust and lack of treatment adherence [73].
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Fig.6 Belong to a risk group. Do you belong to a risk group?
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and non-Indigenous who 100- 916 906
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Lung disease 2.4% (24) 1.9% (26)
Diabetes 1.1%(11) 1.1% (16)
Heart disease 0.6% (6) 0.6% (9)
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3.7 Reasons to get vaccinated

The reasons provided by the study group for accepting vaccination (Table 8) included having a means of protection
against other comorbidities (7.5% of the Indigenous group and 6.4% non-Indigenous) since 8.4 and 9.4% respectively
belong to some risk group (lung disease, diabetes, or heart disease) (Fig. 6 and Table 9).

Clinical data have shown that suffering from chronic conditions increases the risk and death from complications
of COVID-19 [76-79].

3.8 Source of COVID-19 information

The COVID-19 pandemic has had repercussions on the world economy, the health systems of different countries,
and the way news is transmitted nowadays. This study found that the largest source of information on COVID-19
came from social networks (7.2% for Indigenous and 7.4% for non-Indigenous), followed by newspapers, radio, and
television channels (6.5% for Indigenous and 8.9% for non-Indigenous) (Fig. 7).
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Table 10 Worrying too much

) Indigenous Non-
about things? (n=981) Indigenous
(n=1401)
Not at all, a little 32.9% (323) 38.8% (543)
A little 27.1% (266) 24.1% (337)
Moderate 18.1% (178) 18.5% (259)
Moderate, Not at all 12.9% (127) 10.8% (151)
Table 1.1 Feeling's/attitudes Indigenous Non-
you might experience from (h=981) Indigenous
the pandemic (n=1401)
Nothing 34.1% (335) 36.2% (507)
Changes in sleep routine 3.5% (34) 3.4% (48)
Fear 1.0% (10) 0.9% (12)
Difficult concentrating 1.0% (10) 0.9% (13)
Anxiety 1.0% (10) 0.8% (11)
Anxiety and changes in sleep routine 1.0% (10) 0.9% (13)
Hopeless about the future 0.6% (6) 1.0% (14)

Venegas-Vera and colleagues [80] mention that the use of social networks increases in crises because of the speed
with which one can obtain updated information, so during the COVID-19 pandemic, social networks became a real-time
platform for data transmission. However, social networks were also the primary source of false information.

In Mexico, to guarantee a good communication agenda from the Government to the country on COVID-19 issues,
the President, in turn, established a morning conference that began on February 29, 2020, with face-to-face access to
journalists and the general population. The conference was also available on the Mexico President’s social networks [81].
He also started a national registration campaign to allow the population to obtain the complete vaccination schedule
through the official website of the Government of Mexico [82], but internet access continues to be a problem. According
to Economic Commission for Latin America and the Caribbean (ECLAC), until 2020, 84% of the Indigenous population in
Mexico did not have internet access [66]. Related to data from the National Survey on Availability of Information Tech-
nology in Homes, 49.6% of rural areas in Mexico do not have any connection to the Internet, 22.7% do not know how to
use it, and 50.5% do not have the economic resources to obtain a smartphone that can connect to the Internet to access
news, information, or registration [83].

Gbémez Navarro and Martinez Dominguez [84] mention that each community in Chiapas, Oaxaca, Guerrero, and Verac-
ruz (States of México with a higher percentage of Indigenous) managed to find the channels to obtain truthful informa-
tion independently of social networks. Strategies such as painting fences and handing out brochures or loudspeakers
were methods for contacting populations where electricity services are lacking and, therefore, have more limited Internet
access to platforms such as Facebook, Twitter, or YouTube.

3.9 Mental health

Few studies evaluate the impact of COVID-19 on mental health, specifically in rural communities or Indigenous inhab-
itants, and even less have focused on the Mexican population. The results presented below cannot be generalized to
these groups. However, they offer valuable information that allows for dimensioning the situation and underscores the
need to involve them in future studies.

Indigenous group responses indicated slightly higher levels of worry overall. For instance, 32.9% of Indigenous
and 38.8% of non-Indigenous groups reported: “Not at all/a little” in response to the question” Worrying too much
about things?” (Table 10). A change in sleep routine was the most significant issue reported in both groups (Table 11).
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Quarantined people are most susceptible to depressive and anxiety symptoms as well as insomnia, and social isolation
increases suicidal ideation [85].

Brotto and colleagues [86], reported that participants who identified as Indigenous had significantly more psychosocial
symptoms than non-Indigenous participants. These differences were not observed before the pandemic, highlighting
this impact on the population. Studies from Australia and Canada have also reported a high frequency of psychosocial
symptoms among Indigenous participants during the pandemic [87, 88].

It has been pointed out that among the barriers to seeking mental health care are beliefs that the treatment is not
effective, and access is difficult in general. There is a lack of information about treatments. Recognized barriers in the
Indigenous population group are low schooling, low family income, and the shame of accepting a mental health prob-
lem. In addition to these barriers, in rural areas in Mexico, there are no specialized institutions for the care of these health
problems, which implies that if a person needs them, the time and cost to access them increase considerably. Due to the
lack of mental health care institutions in indigenous populations has appealed more frequently to healers or untrained
professionals in this areas [89]. In addition, geographic isolation hinders the possibility of receiving adequate and timely
diagnosis and treatment [90].

3.10 Opinion about the Mexican government’s handling of the pandemic

Among the respondents, 29.7% of Indigenous and 32% of non-Indigenous respondents mentioned partially agreeing on
how the Mexican Government handled the pandemic. Only 7.4% of Indigenous and 6.8% of non-Indigenous respondents
disagreed with handling the pandemic even though Mexico experienced one of the highest death tolls in the world.
A total of 11.5% reported not taking many measures during the COVID-19 pandemic, and 12.8% and 7.7% answered,
respectively, leave it to God or fate to get sick or not (Table 12).

In a similar study carried out through an online questionnaire in 2020 by Adhena and Hiru [91], it was reported
that 56.8% of the respondents mentioned that COVID-19 could be controlled by health systems worldwide, and 55.6%
believed that their national health systems could control the pandemic. Altayb Mousa and colleagues [92] found that in
the Sudan, although the population was aware of COVID-19, 50.7% decided not to use face masks when leaving home,
and 30.1% did not use them even in crowded or unventilated areas. In Cameroon, 47% of participants preferred medi-
cal care at home and chose not to be tested. In Ethiopia, 90% of the surveyed medical community responded that they
would not accept isolation in health care facilities if they became infected with COVID-19 [93].

In 2020, there were more than 90 million Catholics and about 30 denominations based on Christianity in Mexico [94,
95], and they continued to trust their faith. Trujillo Rios [96] considers that faith in times of the COVID-19 pandemic gives
people the "security" of being heard by God and the confidence that even chaos will find a way to make sense of any mess.
Therefore, despite the scientific evidence on the decrease in contagion through prevention, 12.8% of the Indigenous
population surveyed and 7.7% of non-Indigenous people continue to leave their health in God’s hands.

Another factor that influenced the results on knowledge and attitudes toward COVID-19 is the low level of schooling
among the Indigenous population. According to ECLAC, Mexico has only 28.9% of the Indigenous population between
the ages of 20 and 29 who completed high school [97]. The latest data from the 2020 INEGI census mentioned that the
illiteracy rate is 20.9% (35.6% for women and 17.8% for men), and the average schooling of the population aged 15 or
over was 6.2 years [98].

Knowledge of the population and prevention measures against COVID-19 is the key to the control of the virus. How-
ever, there are still deficiencies in good practices, suggesting that health education intervention in the face of this pan-
demic must go beyond what was done to reach the most remote populations of the country.

4 Conclusion

There is a need to pursue research that provides distinct insights relevant to indigenous populations. To this end, we
conducted the first cross-sectional descriptive study using data from a web survey to obtain information about attitudes
and prevention on the COVID-19 pandemic in a predominantly Indigenous community in Huejutla Hidalgo, México. We
found similar results between Indigenous and non-Indigenous groups, which is likely explained by the educational level
of our population in a university setting. These results are in line with a previous study that found that university students
tended to have good knowledge about transmission, prevention, and symptomology during the 2009 A/H1N1 influenza
pandemic [99]. However, our results also suggest differences between our study sample and the broader community
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of our study setting. Specifically, our results suggest a substantially lower COVID-19 and influenza vaccination coverage
among the parents of the student participants compared to the study population.

Regarding nutritional issues, further research is needed to understand better the BMI and weight increase by evaluat-
ing additional anthropometrics measures, improving food intake, and translating our findings into actual policies that
benefit these vulnerable populations.

Some caveats in our study are worth noting. First, although we had the Indigenous student population represented
in this cohort, it is not necessarily representative of all Indigenous university students from other institutions or people
with an Indigenous background in this region of Mexico. Second, the participants provided the weight and height
measurements at their discretion. On the other hand, our study’s high response rate (71.6%) is a strength. Although the
students were asked to participate voluntarily in the survey, the high response rate was probably influenced by the weekly
reminders that the Academic Coordinator emailed to the students. In addition, studies examining the impact, attitudes,
and prevention strategies surrounding COVID-19 in Indigenous populations are scarce. Our study is especially salient in
that the percentage of students with Indigenous backgrounds is significant (41.2%). To the best of our knowledge, this is
the first study in Mexico and among a few studies globally that have examined the public health effects of the COVID-19
pandemic among Indigenous university students.
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