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Introduction: Understanding how Mexicans behave during the pandemic could present a complete picture of the phenomenon in our country and provide better management of it.

Objective: This study aimed to analyze the Mexican population's behavior and preventive measures.

Methods: This was a cross-sectional study in which a total of 4,004 participants from the general population responded to the survey.

Results: Almost 99% of the participants mentioned knowing the symptoms of COVID-19. Although 77.5% of participants considered that they followed proper social distancing measures, 60% of them mentioned that they knew at least six individuals who did not follow social distancing measures. Furthermore, 96.2% of participants reported using preventive measures at least 50% of the time. Only 51.3% used a certified mask.

Conclusion: The COVID-19 pandemic outcomes in Mexico are the result of multiple negative factors, such as high rates of comorbidities, high number of people living together at home, many people breaking social isolation, and most of the population using non-certified preventive measures that may not be effective enough.
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Introduction

Atypical pneumonia cases of unknown origin were reported in Asia at the end of 2019. A new coronavirus was identified as the etiologic agent (1). The WHO reported a new viral pneumonia caused by SARS-CoV-2 in December 2019. The virus wreaked havoc first in Asia, then spread to the rest of the world, hitting Latin America in late February 2020, and is now spreading to over 42 million rural indigenous people (2).

Studying the behavior of the Mexican population during previous pandemics (Influenza A H1N1 pandemic), the Mexican government carried out preventive measures on time such as closing schools, mandating the use of face masks, and encouraging the general population to avoid social contact (3). Mexico was reported as one of the countries with the highest compliance with preventive measures; nearly 70% of participants used face masks as a preventive measure in addition to adopting social distancing behavior (4).

This time, however, the Mexican government's epidemiological strategies were inconsistent and ineffective. The first COVID-19-infected patient in Mexico was announced in February 2020 (5). In March, the Mexican Secretariat of Health predicted 2,50,656 COVID-19 cases, which is roughly 0.19% of Mexico's total population of 130.8 million. The Mexican government's official website reported 23,58,167 cases by March 2021 (6). Despite the WHO's recommendations (7), the president repeatedly invited its population to break social isolation (8). Furthermore, due to the high prevalence of comorbidities and deficiencies in public healthcare systems, Mexicans, like most Latinos, are particularly vulnerable to rapid virus spread. Furthermore, Mexico reported the highest fatality rate in Latin America at 8.5%, followed by Peru at 3.5% (9).

This study aimed to identify the risk factors favoring the COVID-19 contagion by studying the Mexican population's quarantine behavior and preventive measures. As a secondary aim, we sought to identify areas that needed reinforcement to develop strategies for a successful plan for upcoming pandemics.



Methods


Study design

This was a cross-sectional survey study where we inquired about the general Mexican population's behavior during the quarantine, such as using preventive measures (face masks, alcohol-based hand sanitizers, and face shields).



Study sample

A total of 4,029 participants were surveyed, but only 4,004 were included in this study. The study population was selected for the convenience of using digital media. We used a Snowball recruiting method, where the general population was asked to share the survey with their friends and family. The inclusion criteria were Mexican citizens or residents of Mexico and >15 years of age. The exclusion criteria were < 15 years of age, those with incomplete surveys, tourists currently staying in the country, or Mexican but residing in another country.



Sample size

According to Zazueta et al. (10), during the COVID-19 pandemic, face mask usage was reported to be up to 89%. According to Bults et al. (4), the face mask usage during the H1N1 pandemic was of 71%. The sample size was calculated using the Kelsey formula: [image: image] obtaining a sample size of 124 minimum participants.



Survey instrument

The survey instrument comprised a questionnaire that included demographic data, such as sex, age, school education level, and occupation. The survey also included questions about illnesses; consumption of substances such as alcohol, tobacco, coffee, and drugs; housing conditions; daily coexistence with people; use of preventive measures against COVID-19; confidence in the Mexican health sector; and general knowledge of the disease. The survey was completed anonymously and voluntarily using Google Forms. The survey included demographical variables such as sex, age, educational level, occupation, residency state, comorbidities, number of comorbidities, substance use, and the number of substance types used. The Knowledge of COVID-19 section included the question: “Do you stay informed about the pandemic in your country and state?”. The Daily coexistence with people section included the questions: “How many people live in your household?” and “How often do they find themselves in need to break social isolation and leave home?”. The Breaking social isolation included the questions “Do you consider that you are following the proper rules for social distancing?”, “How many people in your closest circle do you consider not to be following adequate social distancing measures and behaving irresponsibly?”, and “Based on your daily activities, what is the risk that you think you have of contracting COVID-19?”. The Personal preventive measures against COVID-19 included the questions “How often do you use preventive measures against COVID-19?” (face masks, eyewear, and alcohol-based sanitizer) and “Do you use certified preventive measures?” (certified or not certified). The COVID-19 screening section included the questions “Have you undergone COVID-19 testing?” and “Do you know anybody who has presented symptoms of or has been diagnosed?”. The Mexican health-care system section: included the question “Do you believe that the private and public hospitals in Mexico are prepared to face the pandemic crisis?”. The survey can be found in Additional file 1.



Data analysis

The data were analyzed using IBM SPSS Statistics (version 23.0 for Windows). Proportions, means, and standard deviations were included for the descriptive analyses. The inferential analysis of categorical variables was performed using the chi-square test, Fisher's exact probability test, or variance analysis as appropriate. The student's t-test was used to analyze continuous variables. A probability level of p < 0.05 was considered significant.




Results

A total of 4,029 participants responded to the survey. Twenty-five surveys were excluded from the study due to being incomplete, leading to 4,004 participants: 2,669 female (66.7%) and 1,335 male (33.3%) participants. The mean participant age was 30.01 ± 13.72 years. The participants were divided into two levels of education groups: an elementary education group (EEG), which included 987 participants (24.6%) with primary and high school level education, and a higher education group (HEG), which included 3,017 participants (75.3%) with college and university level education. The complete demographic characteristics of the participants are presented in Table 1.


TABLE 1 Participant demographic characteristics.

[image: Table 1]


Knowledge of COVID-19

For the question “Do you stay informed about the pandemic in your country and state?” only 2,392 participants (59.7%) answered “yes,” with a significant difference between the number of such respondents in the EEG and HEG (p < 0.001) [510 participants (51.6%) and 1,882 participants (62.3%), respectively]. A total of 3,954 participants (almost 99%) mentioned knowing the symptoms of COVID-19, and almost 90% of the participants mentioned knowing where they could go in case of having current symptoms of COVID-19.



Daily co-existence with people

In response to the question “How many people live in your household?”, 2,728 participants (68.1%) mentioned 3–5 co-habitants and nearly 3,091 participants (77.1%) lived with >3 co-habitants. The tendency to live with a greater number of people (>3 co-habitants) was more noticeable in the EEG than in the HEG [828 participants (83.8%) vs. 2,263 participants (75%), respectively]. Moreover, a similar trend was observed for “>6 co-habitants” [124 participants (12.5%) in the EEG vs. 239 participants (7.9%) in the HEG]. When asked “How often do they find themselves in need to break social isolation and leave home?”, we divided the sample into two groups: 3,502 participants (87.4%) stated that at least one household member must break the isolation per week [2,774 participants (69.3%) with “1–2 co-habitants” and 728 participants (18.18%) with “3–5 co-habitants”]. The frequency of the need to break social isolation by at least one household member was not significantly higher in either EEG or HEG [530 participants (53.6%) vs. 1,644 participants (54.4%), respectively (p = 0.345)].



Breaking social isolation

For the question “Do you consider that you are following the proper rules for social distancing?”, ~3,106 participants (77.57%) answered “yes,” with a slight difference between the number of participants who believed that they were not maintaining an adequate social distance in the EEG and HEG [273 participants (27.6%) and 625 participants (20.7%), respectively]. This difference was statistically different (p < 0.001). Regarding social distancing, 2,174 participants (54.2%) mentioned that they broke social isolation at least once per week in the last month, 1,306 participants (32.6%) stated that they went outside at least once in the last month, and only 524 participants (13.1%) did not go outside at all. Regarding how people who could not stay at home adapted their lives to follow social distancing measures as much as possible, 1,678 participants (41.9%) stated, “I go to work but remain outside home as less as possible” and 1,600 participants (39.9%) stated, “I leave home exclusively for essential activities.” The remaining participants stated, “I have decreased my activities involving exposure to a large number of people, but I keep going outside.”

After probing their behavior regarding social distancing, we asked the participants, “How many people in your closest circle do you consider not to be following adequate social distancing measures and behaving irresponsibly?”. All participants stated that they knew someone who was not following social distancing measures imposed by the government. A total of 2,257 participants (nearly 60%) stated that they knew >6 individuals who were not following social distancing measures. Only 172 participants (4.3%) stated that they had not interacted with people other than their co-habitants. Moreover, 3,831 participants (95.6%) mentioned interacting with >1 person who was not their co-habitant. Notably, 37% of participants interacted with >6 individuals and 20% interacted with >11 individuals.

After asking the participants about their degrees of social distancing and exposure, we asked them, “Based on your daily activities, what is the risk that you think you have of contracting COVID-19?” for which 2,690 participants (67.1%) answered “low-to-medium risk” and only 1,312 participants (32.7%) thought that they had a “high risk” of COVID-19 infection.

We also asked them why they could not adequately maintain social distancing measures and why they believed that the Mexican population could not maintain social distancing measures. These findings are presented in Table 2.


TABLE 2 Reasons why our sample broke social isolation rules.

[image: Table 2]



Personal preventive measures against COVID-19

We asked the participants how often they used preventive measures against COVID-19.

To our surprise, 3,852 participants (~96.20%) used preventive measures at least 50% of the time and 2,813 participants (almost 70.25%) stated that they used them all the time.

Approximately 70% of participants answered that more than half of the people they see on the street use preventive measures against COVID-19, and this included 1,087 participants who stated that < 25% of the people on the street use preventive measures.

We also asked them the reasons why they did not use preventive measures against COVID-19 all the time and their opinion on why they believed that Mexicans were not using preventive measures all the time. These findings are shown in Table 3. Table 4 presents the type of preventive measures against COVID-19 used by the study participants.


TABLE 3 Reasons why our sample did or did not use preventive measures against coronavirus.

[image: Table 3]


TABLE 4 Preventive measures usage against COVID-19 by educational level.

[image: Table 4]



COVID-19 screening test

Considering the Mexican population's exposure to COVID-19, it is essential to know how many participants in this study had been tested for COVID-19 to determine if they were following a good preventive healthcare program. A total of 3,502 participants (~87.46%) had never undergone COVID-19 testing, and of the remaining 502 participants (12.53%), 389 had a negative test result and only 133 had a positive test result. When we asked the participants, “Do you know anybody who has presented symptoms of or has been diagnosed with COVID-19?”, 2,880 participants (71.92%) reported knowing at least one person who had been diagnosed with COVID-19.



The Mexican healthcare system

We asked the participants if they believed that hospitals in Mexico were prepared to face the pandemic crisis, pointing out the differences between the public and private healthcare systems. A total of 2,501 (62.46%) and 2,676 participants (66.83%) believed that public and private hospitals were prepared for the pandemic, respectively. By level of education, 1,919 participants (63.60%) from the HEG and 582 participants (58.9%) from the EEG responded that they believed that the public healthcare system was prepared for the pandemic (p < 0.01).

Furthermore, 2,043 participants (67.71%) of the HEG and 633 participants (64.13%) of the EEG responded that they believed that private hospitals were prepared for the pandemic (p < 0.05).

Then, we asked the participants about the factors they thought influenced the Mexican healthcare system's inability to be prepared for a pandemic. The participants could select more than one answer for this question. The most selected answer (65.58% of participants) was “The facilities and equipment required to deal with the pandemic situation are not available” followed by “The health-care personnel do not have enough supplies” (59.94% of participants) and “There are not enough health-care personnel to serve the entire population” (43.32% of participants). Only 5.49% of participants thought that the doctors and healthcare personnel were not sufficiently prepared to face the pandemic.




Discussion


The general state of Mexico and its population

When attempting to comprehend the spread of COVID-19 in Mexico, we must consider the baseline characteristics of our population. Approximately 12.5% of the country's population, or ~15.4 million people, were aged 60 or older, and at least 69.4% had some form of disability or comorbidity, according to demographic studies (11). By August 2020, of the almost 57,000 registered deaths due to COVID-19 in Mexico, 58% of cases were adults aged >60 years (12). In China, the overall case fatality rate reported as of February 2020 was 8% among patients aged 70–79 years and 14.8% among those aged >80 years (13). Therefore, older adults are advised to remain at home and maintain social isolation to prevent COVID-19 infection. In our study, 729 participants (~18.2%) were in this susceptible age group.

Another factor that makes the Mexican population highly vulnerable to COVID-19 infection is the high incidence of chronic diseases and metabolic disorders. This is represented in our study, as 1,803 participants (43%) had at least one comorbidity. The available data associate baseline comorbidities with a severe course of COVID-19 (14) and interrupting anti-hypertensive treatment can precipitate cardiovascular decompensation (15). It has been studied that the SARS-CoV-2 virus uses angiotensin-converting enzyme 2 (ACE2) receptors on the lungs to cause infection, directly infecting other cells by regulating blood pressure. As hypertension patients may exhibit alterations in the structure or expression of ACE2 receptors, this could facilitate a more severe infection (16). In another Mexican study, of ~3,73,963 adults with COVID-19, 16.1% had diabetes, the predicted probability of hospitalization was 38.4% for patients with diabetes only and 42.9% for those with diabetes and one or more comorbidities (17). The comorbidities that most increased the risk of intensive care unit stay and intubation were diabetes, immunosuppression, and obesity (18).

Regarding the prevalence of obesity and overweight, a high prevalence is observed for the population aged 12–19 years (17%) and >20 years (42%) in the northern region of Mexico (19). In this study, 1,272 participants (31.7%) had a diagnosis of obesity. A previous study showed that obesity is a risk factor for hospitalization, admission to the intensive care unit, and the development of severe consequences that lead to death in cases of COVID-19 (20). A French study showed that severely obese patients (body mass index >35) require invasive mechanical ventilation more frequently than lean patients, regardless of age, sex, diabetes, and high blood pressure (21). Considering the Mexican population's health condition, it is easy to understand why the COVID-19 fatality rate reached such high levels and why the prevention policies were directed toward isolating the population at risk, representing a large percentage of the Mexican population.

Nevertheless, probably the most critical factors to influence the COVID-19 pandemic's development in Mexico are the status of the healthcare system and government strategies. Accordingly, a study published in December 2020 strongly criticized Mexico's position on the pandemic. It stated that Mexico's vast inequality, underfunded healthcare system, sizeable informal economy, and multigenerational housing made it particularly vulnerable to the spread of the virus. However, a lack of strategy, combined with the president's mixed messages, has exacerbated the situation in a poorly equipped country to handle a pandemic (22). Regarding this lack of a sound healthcare system, we asked the participants about their confidence in the Mexican healthcare system; almost 40% of the participants disapproved of the system. This finding indicated that almost half of our study participants considered the Mexican healthcare system as inferior and believed that a lack of support to the institutions to enable doctors, who were already overwhelmed in every way, to perform their work was a problem. Moreover, because of these issues, it was reported that Mexico was the number one country in the mortality of health personnel related to COVID-19 (23, 24). The issues discussed in this section collectively represent the general conditions that have led to high COVID-19 infection and death rates in Mexico.



The attitude of the Mexican population toward the pandemic and their preventive measures

Undoubtedly, the factors that maintain the virus spreading in developing countries are overpopulation, overcrowding, and insufficient health services. In our study, over 75% of the participants lived with >3 co-habitants, of which at least 87.4% had one household member who frequently broke social isolation. Even when the participants were constantly exposed to not quarantined people, almost three out of four stated that they were maintaining adequate social distancing measures. However, almost 60% of participants stated that they knew at least six individuals who were not following proper quarantine measures. Regarding the effectiveness of being quarantined, a study conducted in China concluded that latent individuals' contact rate is between 6 and 18 persons, representing the possible impact of isolation and quarantine measures on the disease infection rate. These findings suggest that interventions, such as isolation and quarantine, can effectively reduce the peak number of COVID-19 infection cases and delay infection cases' peak time by reducing the contact rate (25). Another study showed that the infection's epidemic trend mainly depends on quarantine and suspected cases (26). Worldwide, it appeared easier to stay in social isolation during the early stage of COVID-19 spread.

As the year 2020 progressed, however, maintaining strict isolation and avoiding large gatherings and events became more difficult, and people were less inclined to adhere to social distancing measures. People no longer desired to comply with government directives to maintain social distance due to the negative effects of social distancing as a result of lifestyle changes brought about by the quarantine, such as decreased physical activity and unhealthy eating habits (27). Our study participants could not perform strict social distancing measures, presented in Table 2, and include the need to keep their jobs, maintain their daily routine, and help family members.

In a country where general conditions make a prolonged quarantine unrealistic, the use of preventive measures against the virus becomes a mainstay to control its spread. When asked how often they used COVID-19 prevention measures, most of our study participants said frequently. However, 70% of participants said < 50% of co-habitants used such measures. Some reports on global behavior regarding the use of face masks stated that Mexico is one of the countries with the maximum use of masks (28, 29). The Mexican government confirmed this (29) and it is in agreement with our findings that ~99.5% of the studied population used face masks, however, only 50% used a certified mask and the remainder used a homemade or handmade mask that did not meet quality standards and did not confer or guarantee any protection to the user or people around. This means that only one in two Mexicans uses the WHO's primary protection tool against the coronavirus (30). The use of face masks is supported by science because coronavirus transmission is mainly through aerosol drops exhaled from infected patients, whether symptomatic or not. A study regarding face mask use concluded that it is reasonable to suggest that face masks can mitigate the current pandemic because they may reduce coronavirus particles in aerosols and respiratory droplets (31). That is why using measures that protect from aerosols and droplets is also important, such as protective glasses and other equipment. However, the low degree of acceptance of eye protection in our population was alarming. The reasons why our study population did not use the different types of preventive measures against COVID-19 are presented in Tables 3, 4, and they indicate an economic, social, and educational reality that must be fought with information and health education; otherwise, it will be impossible to stop the COVID-19 contagion.

The WHO has strongly emphasized the importance of carrying out tests to detect cases timely, predominantly asymptomatic cases, and isolate them (31). However, in developing countries such as Mexico, screening campaigns are limited, and thus it is decided to opt for different models. For example, a model designed at the University of Guadalajara, Mexico, has been used in Jalisco, Mexico, and it detects 100% of suspected cases with mild symptoms, unlike the Sentinel model proposed by the federal government, which randomly samples 1 out of 10 suspected patients and does not have a specific screening method in COVID-19 concentrated areas (32). When comparing the number of COVID-19 tests made by country among Latin American countries performed in January 2021, Mexico was ranked 7th, whereas Brazil, Peru, and Colombia were the top-ranked countries. In a world ranking evaluated in December 2020 of tests per million inhabitants, Mexico was ranked 24, in a ranking led by the United Kingdom, the United States, and Russia. A total of 3,502 participants (~87.46%) in our study had never undergone COVID-19 testing, but 2,880 participants (71.92%) reported knowing at least one person who had been diagnosed with COVID-19 (33).

The COVID-19 pandemic situation that Mexico faces is a sum of multiple negative factors enhanced by an unexpected event. Moreover, it is impossible to point out a single challenge to overcome because, even though management at different levels has left things to be desired, the general conditions of the population and the Mexican healthcare system's state could not have been repaired rapidly even with different management policies (34). It is necessary to attack the problems at their roots by starting health education campaigns for the population that will enable people to identify the risk to which they are exposed, help them decide to be part of the strategy to stop the pandemic, and achieve general habits that can help improve the incidence of chronic diseases and obesity (35, 36). It is also essential to improve the medical staff's conditions and provide a better hospital infrastructure. Mexico's leaders must reflect on their stance against the coronavirus and look for ways to increase the provision of aid exponentially. We believe that for Mexico to overcome the current pandemic situation, everyone must be involved to stop the rapid spread of the virus. Tools must be provided to people so that the preventive measures they decide to use are realistic, such as providing monetary support so that people can quarantine without the need to go out to earn their livelihood (37).

The work presented has certain limitations. Even though we compiled data from a large sample, it is possible that our findings are not representative of the entire country's population. Our study design can only generate the hypothesis that the decision of the Mexican population not to take adequate preventative measures, to break isolation, and to conduct inadequate testing could be a significant factor in the disease's spread and damage.




Conclusion

The COVID-19 pandemic outcomes in Mexico are the result of multiple negative factors, such as high rates of comorbidities, a high number of people living together at home, many people breaking social isolation, and most of the population using non-certified preventive measures, which may not have the necessary effectiveness. We also found inadequate epidemiological monitoring with evidence in the case of our study population. Taken together, this indicates a complicated COVID-19 situation for Mexico.
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