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The current COVID-19 pandemic is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Many countries have reported the experience of at least two contagion waves, describing associated mortality rates and population behavior. The analysis of the effect of this pandemic in different localities can provide valuable information on the key factors to consider in the face of future massive infectious diseases. This work describes the first retrospective and comparative study about behavior during the first and second waves of the COVID-19 pandemic in Chile from a primary Healthcare Center. From 19,313 real-time quantitative PCR (RT-qPCR) tests assessed, the selected 1,694 positive diagnostics showed a decrease in mortality rate in the second wave (0.6%) compared with the first (4.6%). In addition, we observed that infections in the second wave were mainly in young patients with reduced comorbidities. The population with a complete vaccination schedule shows a decrease in the duration of symptoms related to the disease, and patients with more comorbidities tend to develop severe illness. This report provides evidence to partially understand the behavior and critical factors in the severity of the COVID-19 pandemic in the population of Santiago of Chile.
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INTRODUCTION

The COVID-19 pandemic collapsed the global public health systems at the beginning (1–3), due to the lack of information about it, both in its behavior and treatment. To date, most countries have experienced several waves of infections since the beginning of 2020 in Wuhan, China (4). The empirical data collected to date show differences in viral infection behavior between the periods in the population diagnosed with COVID-19, in age range, symptoms, and disease severity, in different countries and locations (5, 6). For example, patients in the second wave were younger, and the length of hospitalization and the case fatality rate were lower than those in the first wave in Spain, with differences in risk factors for mortality, such as comorbidities (7). On the other hand, Seong et al. (8) reported a higher case fatality rate in the third wave compared with the second (0.91 vs. 1.96%) in South Korea (8). While in Thailand, the infections and spread were enormously increased in the third wave, with significant differences between age ranges (5), possibly due to the lack of public and social health policies. In addition, the vaccination plan has decreased the rate of deaths and infections in different waves of infections (9). However, despite these data being handy for understanding the behavior of this and other possible massive infections in different countries and geographic regions, there is no report on the behavior of the SARS-CoV-2 virus in the first wave of contagion in Santiago of Chile. In this study, we analyzed the population's behavior from Centro de Salud Familiar San José de Chuchunco, a primary healthcare center in the Metropolitan region. We compared in SARS-CoV-2 positive-diagnosed patients the age, symptomatology duration, and severity between the first and second waves of SARS-CoV-2 infection and evaluated the effects of vaccination on the course of the second wave. Our analysis indicates that the first wave of infections occurred in the older population with a 4.5% mortality rate with a series of related comorbidities. This mortality rate decreased to 0.6% in the second wave, which is related to a younger population with fewer comorbidities and the beginning of mass vaccination of older patients. These results shed light and suggest the behavior of the COVID-19 disease at the beginning of the pandemic in Chile, one of the 15 best countries to live in times of pandemic according to The Covid Resilience Ranking (10).



MATERIALS AND METHODS


Data From San José de Chuchunco Family Healthcare Center (Santiago of Chile)

We used the database of San José de Chuchunco, a primary healthcare attention center in the Metropolitan region of Santiago, Chile, to conduct a retrospective study for the first and second waves of infection of SARS-CoV-2 in a population of Chile between March 2020 and June 2021. A total of 19,313 real-time quantitative PCR (RT-qPCR) tests were performed, with 12.7% overall positivity (2,470). The first wave corresponds to the date between March and July 2020 (1,721 tests and 742 positives), the inter-wave between August 2020 and January 2021 (10,445 tests and 564 positives), and the second wave from February to June 2021 (7,147 tests and 1,164 positives). The beginning and end of the waves of infection are related to the sustained and significant increase and decrease in infections at the national level. The periods of the first and second waves of our study coincide with those officially reported for the country by the Ministry of Health of the Government of Chile (11). We obtained access to 1,694 exams used for this study. The analysis includes the first wave (666 positives), inter-wave (323 positives), and second-wave (705 positives) analysis, related to gender, symptoms prevalence, viral load, comorbidities, and effect of mass vaccination on health personnel and older adults (≥ 60-year-old).

Based on the patient's information, we calculated the severity of the infection, which was the summary of the values recorded in symptoms, hospitalization, and intensive care unit (ICU)/intensive treatment unit (ITU). This variable moves between 0 (patient with COVID-19 symptoms) and 3 (patient in ICU/ITU). To analyze the comorbidities, we quantified the number of comorbidities of each patient; this variable moves between 0 (no-comorbidity) and 17 (all comorbidity).



Viral Load

To estimate quantitatively the viral load from patient samples, we constructed a standard curve of RT-qPCR by making serial 1/10 dilutions using the positive control TaqMan 2019-nCoV Control Kit v1 (104 copies/μl) (Thermo Fisher Scientific, Cat. No. A47533). By plotting the log10 copy number vs. Cq, the following equation of the line was obtained (y = −3.07 × X + 40.2). The Cq obtained from sample data in RT-qPCR was replaced in X.



Data Representation and Statistical Analysis

Our analysis focused on the difference between the pandemic stage and post-pandemic stage in terms of record distribution. The dichotomic variables (gender, presence/absence of symptoms, death, or survival) were analyzed using chi-square and contingency tables, evaluating the homogeneity of these associations. Between March 2020 and June 2021, the continuous distribution of the variables and the number of symptoms per patient in each period were analyzed using one-way ANOVA. Then, we analyzed the weight of each factor in the determination of the fourth response variable: (a) vaccination (vaccinated vs. unvaccinated), (b) symptoms duration, (c) viral load, (d) severity of the illness, and (e) mortality. These analyses were performed using analysis of covariance (ANCOVA), where the age of the patients was used as a covariable, and the rest of the variables (pandemic stage, gender, presence/absence of symptoms, and vaccination) were factors. A p-value of < 0.05 was considered statistically significant. GraphPad Prism 8 statistical software was used to analyze and plot the data obtained.



Ethics Statement

The data included in this study were authorized by the Ethical Committee of the University of Santiago of Chile (No. 226/2021) and the Scientific Ethical Committee of the Central Metropolitan Health Service, Ministry of Health, Government of Chile (No. 370/2021), and following the Chilean law in force.




RESULTS

The study included 1,694 positive patients; 666 corresponding to the first wave, 323 for inter-waves, and 705 in the second wave. The behavior of the first and second waves are shown in Figure 1. The black circles correspond to the positive cases, and the open circles to the total RT-qPCR performed on each day. The first wave of infections is shown for dates between March 2020 and July 2020, and the second wave is between February 2021 and June 2021. From the 1,694 diagnostics analyzed, 791 were men and 903 were women. The proportion of male and female patients differs from the expected proportion of 50% (X2 = 7.4; p < 0.05), implying that women make up a more significant proportion than men in the patient population in each wave. This difference remains unchanged in the three stages of the pandemic studied (Table 1; X2 = 2.1; p > 0.05). The mean age of patients changed depending on the pandemic stage; in the first wave, the mean age was 47.5 ± 17 years, between waves, it was 44.9 ± 17 years, and in the second wave it was 42.7 ± 16 years (Table 1), indicating a shift of the infected patients toward the younger population. In addition, we saw a change in the asymptomatic patients, 8% during the first wave, 9.3% between waves, and 5.2% in the second wave, with a greater number of symptomatic patients for the second wave of infections (Table 1). Moreover, the patient from the first wave presenting symptoms of longer duration (first wave = 17.5 ± 13 days; inter-wave = 11.6 ± 12 days; second wave = 11.5 ± 7 days) (Table 1, F = 74.2; p < 0.05). In the first wave, the main symptoms were cough (16%), headache (14%), myalgia (15%), and fever (10%). While in the second wave, an increase in respiratory distress (13%), gastrointestinal disease (14%), anosmia (13%), and headache (19%) were observed, with symptoms, such as asthenia and myalgia decreasing (Table 2). In addition, we observe that the number of symptoms per patient increases in the inter- and second wave compared with the first wave of infections (Figure 2).
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FIGURE 1. Confirmed patients in the Chuchunco primary health center during the first and second waves of infections in Santiago de Chile. The analyses include 1,694 patients distributed between the first wave (March to July 2020), inter wave (August 2020 to January 2021), and second wave (January to June 2021). The analyses include 666, 323, and 705 confirmed positive cases, respectively. Black circles correspond to positive cases, and open circles correspond to total tests carried out in the health center.



Table 1. Clinical and epidemiological characteristics of patients with COVID-19 infection from Chuchunco health center.
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Table 2. Prevalence of symptomatology by patients in the three periods analyzed.
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FIGURE 2. The number of symptoms per patient in the first, inter, and second waves. The graph corresponds to the number of symptoms per patient from the 1,694 positive tests per analyzed period. *p < 0.05. Each period is shown with the mean value.


The mortality rate during the first wave was 4.5, 1.5 in the inter-wave, and 0.6% in the second wave (Table 1), decreasing significantly between the first and second wave (X2 = 24.6; p < 0.05). The lower mortality in the second wave could be associated with a lower viral load among infected patients, where in the first wave of infection it was 1.15 × 107 ± 5.37 × 107, inter-wave; 1.73 × 106 ± 7.0 × 106, and the second wave of infection it was 4.56 × 105 ± 2.64 × 105 viral copies/μl (Table 1).

On the other hand, male patients show a higher level of severity (ICU admission) than women (F = 5.2, p < 0.05). By the end of the analyzed periods, the total number of deaths was 39 patients (22 men and 17 women) (Table 3), registering no significant differences between sexes (X2 = 1.5; p < 0.05) in the periods analyzed. The prevalence of infections in women and men does not have significant differences, showing the same susceptibility to COVID-19 infection in the analyzed data (Supplementary Table S1). Based on these analyses, we determined a decrease in the age of the infected patient, a reduction in the incidence of severe illness, and less duration of the symptoms at the second wave.


Table 3. Deceased and recovered by gender, in the three periods analyzed (number).
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Comorbidities in COVID-19 Severity

From the 1,694 positive-diagnosed patients, the number of comorbidities decreased in the second wave of infections. Thus, we registered 42.8% for the first wave, while the number of comorbidities decreased to 30% for the second wave (Table 1, X2 = 136.4, p < 0.05). The most common of them were arterial hypertension (AHT) and type 2 diabetes (DM2) for the three periods. The other comorbidities were about 10% or less frequent. Patients with comorbidities registered a close association with serious illness (F = 70.4, p < 0.05), showing an average of 2.3 comorbidities in deceased patients compared with recovered patients (0.7) (F = 70.4; p < 0.05). Severity was also related to the gender of each patient, since men showed more admission to ICU/ITU (F = 5.2, p < 0.05). Furthermore, there is no relationship between the type of comorbidity and the survival rate of the patients (Table 4). Therefore, these data suggest that increasing the number of comorbidities in a patient increases the risk of generating severe COVID-19. At the same time, the data are not sufficient to relate the specific types of comorbidities to the severity of the disease.


Table 4. Main types of comorbidities and their relationship with recovery or death from COVID-19 disease (n).
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Vaccination Effect in the Second Wave

In Chile, the vaccination process began in December 2020. The patients from the second wave showed less severity, suggesting that the less severe outcome is associated with the decrease in the age of the patients but not with the vaccination, since only people older than 60 years had been vaccinated at that time. The second wave consisted of 705 patients, of whom 451 were not vaccinated, 141 received both doses (full vaccinated), and 113 had only one dose (incomplete vaccination schedule). The distribution of hospitalized patients was 12.4% for those with an incomplete vaccination schedule, 7.1% for patients with two doses, and 7.1% for unvaccinated patients, concerning the total number of patients in each group analyzed. Of the total hospitalized, 25, 17.86, and 57.14% were patients with incomplete, complete, and no vaccine schedules, respectively. However, most of the non-hospitalized patients had no vaccine schedule (64.56% of the total cases) (Table 5). These differences were not significant, indicating that more data are needed to determine the actual contribution of vaccination to hospitalization and severe COVID-19. Importantly, patients with a complete vaccination scheme (two doses) presented a reduction in the duration of symptoms compared with incompletely vaccinated (one dose) and unvaccinated (no dose) patients (Figure 3, F = 12.0, p < 0.05). Unexpectedly in the second wave, even though complete vaccination in patients showed a decrease in the severity of COVID-19, it was related to a higher viral load than patients with incomplete or no vaccination schedule (F = 6.8, p < 0.05). These results suggest that the vaccination process only reduces the duration of symptoms in infected patients. Importantly, in Chile the people 60-years older were the first group to be vaccinated with Pfizer and CoronaVacVaccine until June 2021. Thus, we hypothesize the severity of COVID-19 in the youngest population could be related to a delay in the administration of the vaccine.


Table 5. Relationship between vaccination schedule (incomplete, full, or unvaccinated) and hospitalization of patients infected with COVID-19 in the second wave.
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FIGURE 3. Effect of vaccination on the duration of COVID-19 symptoms. The period in days of duration of symptoms in patients with incomplete vaccination (one dose), complete vaccination (two doses), and without vaccination (no dose) during the second wave is shown. *p < 0.05. Analysis performed with a chi-square test.





DISCUSSION

Previous retrospective studies have documented the behavior of SARS-CoV-2 infection waves in different localities, countries, and patient groups. For example, Coyer et al. (12), reported a higher infection rate in minority ethnic groups than those of Dutch origin during the second wave in Amsterdam (12). On the other hand, Vinceti et al. (13) indicated that Italian provinces with a higher incidence of infections in the first wave experienced lower incidences in the second, possibly due to the early generation of local immunity (13), which, according to a study in China, can last up to 9 months (14). In contrast, a study in India indicated a sharp increase in the spread of SARS-CoV-2 during the second wave compared with the first wave apparently due to the appearance of new and more contagious variants, thus generating a higher mortality rate, especially in older patients associated with comorbidities (15). Another study reported younger patients infected in the second wave in Reus (Spain), although with shorter hospitalizations and a lower mortality rate than in the first wave (7). In addition, a more recent study indicated that the fourth wave of infections generated by the Omicron variant was less lethal than that previously generated by the third wave associated with the Delta variant in South Africa (16). These antecedents indicate that there are different behaviors of the waves of contagion by SARS-CoV-2 in different parts of the world. In our study, we compared for the first time the behavior of patients infected with SARS CoV-2 between the first two pandemic waves in a Chilean primary health center. We found a decrease in mortality related to COVID-19 during the second wave, with an age shift toward younger patients. At the same time, COVID-19 severity was associated with a greater number of comorbidities in infected patients. Although the unvaccinated group shows the highest percentage of hospitalized and non-hospitalized patients, our data showed that vaccination was not related to avoiding serious cases of COVID-19 in the second wave. Our results are similar to those published by Minnai et al. (9), who reported a lower mortality rate after the second wave, while the younger cases were associated with a lower rate of disease severity, although this severity was increased in the masculine gender (9), as was observed in our study. In a similar way to the behavior of the first and second waves in Chile, Iftimie et al. (7) reported that the second wave was recorded in younger people, while comorbidities were a determining factor in generating a severe COVID-19 disease in Spain (7). Therefore, these antecedents suggest that the virus behaved similarly in Chile, South America, the Mediterranean area, and Western Europe. However, although Chile presented similar behavior in the first wave of the pandemic compared with other countries (such as, Spain and Italy), we observed that a lower mortality rate occurred in the first wave compared with other European countries (17, 18). This does not necessarily indicate better public policies of the authorities since factors, such as geographic location, the genotype of the patients, the capacity of the health system, and population behavior itself are also variables for controlling the disease. Certain limitations of our study are worth noting. First, our data only represents a primary health center in Santiago of Chile. However, the data shown here can give an idea of the behavior of the pandemic in a specific population. Second, in the second wave, no difference was made between types of vaccine manufacturer nor in the days elapsed since the doses were administered after infection by COVID-19. Third, although it has been reported that vaccination significantly reduces the severity of COVID-19 (19), our data did not reduce the severity of COVID-19 positive cases, according to hospitalization criteria. Finally, the relationship between comorbidities and age cannot be established since older people have a greater number of comorbidities, which, in effect, are the focus of study in a SARS-CoV-2 infection (20).

On the other hand, circulating variants of SARS-CoV-2 were not considered in this report. It is interesting to note that in the second wave period, the predominant variants in Chile were Gamma and Alpha (21), which have been related to greater viral spread (22) and they are responsible to cause second waves of infections in other countries (23). These variants have been also associated with higher mortality, longer duration of symptoms, and viral load in the second wave. Importantly, this effect was not reflected in our data.

Collectively, this is the first retrospective report on the behavior of the first and second waves of the pandemic in a population of Chile. However, it must be considered that this is reflected by data from only one public health center that has been uninterruptedly monitored during the pandemic in Santiago de Chile. This study reports valuable information on the COVID-19 behavior and the result of the strategies applied during the pandemic.



CONCLUSION

Our analyses indicate a lower rate of deaths associated with COVID-19 in the second wave than in the first wave in a public primary health center in Santiago de Chile. According to our statistics, the group of patients infected in the second wave was younger than in the first wave. This antecedent is related to a lower number of associated comorbidities, a critical factor in the risk of severe COVID-19 disease. Finally, vaccination was effective in reducing the duration of symptoms and viral load.
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