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Introduction: The first COVID-19 wave in Ecuador started in March 2020 and extended until November. Several types of drugs have been proposed as a potential treatment during this period, and some affected people have self-medicated.
Method: A retrospective study was conducted with 10,175 individuals who underwent RT-PCR tests for SARS-CoV-2 from July to November 2020. We compared the number of positive and negative cases in Ecuador with symptoms and drug consumption. The Chi-square test of independence compared clinical and demographic data and PCR test results. Odds ratios analyzed drug consumption dynamics.
Results: Of 10,175 cases, 570 were positive for COVID-19, while 9,605 were negative. In positive cases, there was no association between the RT-PCR result and sex, age, or comorbidities. When considering demographic data, Cotopaxi and Napo had the highest rates of positive cases (25.7% and 18.8%, respectively). Manabí, Santa Elena, and Guayas regions had fewer than 10% positive cases. The Drug consumption dynamic analysis showed that negative COVID-19 cases presented higher drug consumption than positive cases. In both groups, the most consumed medication was acetaminophen. Acetaminophen and Antihistamines had higher odds of consumption in positive PCR cases than in negative. Symptoms like fever and cough were more related to positive RT-PCR results.
Conclusion: The first COVID-19 wave in Ecuador has affected the provinces differently. At a national level, the consumption of drugs has been highly associated with self-medication.
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INTRODUCTION
The widely used practice of self-medication (SM) has both advantages to patients and the healthcare system (Hughes et al., 2001), yet unmonitored and ill-informed may pose a significant risk to one’s health. With the advance of COVID-19 worldwide, the interest and practice in SM increased in the general population among healthcare workers (Molento, 2020; Onchonga et al., 2020; Orellana Manzano et al., 2021). A recent review of evidence from eight countries on the practice of SM for the prevention and treatment of COVID-19 showed a prevalence ranging from 4% to 88.3% in the general population and, among healthcare workers, 33.9%–51.3% (Quincho-Lopez et al., 2021). However, the prevalence of SM and drug consumption practices for COVID-19 remains to be discovered in many countries, including Ecuador.
The observed increased trend in the practice of SM may be associated with the healthcare infrastructure, which was severely affected by insufficient supplies, personnel, and equipment during the COVID-19 response (Onchonga et al., 2020). Many people avoided seeking medical assistance because of how overwhelmed the health centres wereand their concerns about getting sick (Bennadi, 2013). As a result, SM practices were widely used as a prevention method and to alleviate any symptoms or discomfort. The most common reasons for self-medicating during the pandemic included treatment of fever, emergency illness, distance from a healthcare facility, fear of stigmatization, affordability of medicines, and the belief that medical attention was unnecessary (Hughes et al., 2001; Quincho-Lopez et al., 2021).
Since COVID-19 was declared a pandemic, various organizations have collaborated to search for treatments for SARS-CoV-2 infection (Agencia Nacional de Regulación, 2020). The World Health Organization (World Health Organization, 2020) trials showed sporadic remdesivir, hydroxychloroquine, lopinavir, and interferon success (Dyer, 2020). Although the scientific information available was clear about the inefficiency of such treatments for COVID-19, many health professionals and patients have continued to use these drugs to treat and prevent COVID-19, increasing the risks and complications of potential drug abuse (Torijano Casalengua et al., 2021).
Among the most widely used drugs worldwide for COVID-19 are analgesics, anti-inflammatories, antiretrovirals, antibiotics, and ivermectin (Quispe-Cañari et al., 2021). In Ecuador, indigenous communities from the Amazon region have used acetaminophen and ibuprofen for symptom relief. They prefer natural plant-based medicine despite insufficient evidence that medicinal plants are effective against COVID-19 (Montaño, 2020).
This study aimed to determine the prevalence of COVID-19 infection and self-reported drug consumption practices during the first SARS-CoV-2 wave in Ecuador.
METHODS
This study was conducted during the first wave of SARS-CoV-2 in Ecuador, from July to November 2020. The study has been approved by the “Comité Nacional Expedito para Investigación sobre COVID-19” under protocol No. 024-2020. All participants signed informed consent before the interview and the PCR test for COVID-19.
Study design
Trained healthcare professionals interviewed participants to obtain general information based on demographic and clinical data before the COVID-19 RT-PCR test. The interview was divided into five sections: 1. Demographic data, including age, sex, address, city, and the province where they lived during the first wave, 2. COVID-19 symptoms and dates when symptoms first began, 3. History of prior COVID-19 positive test results and whether they consulted medical attention, 4. Clinical and past medical history, 5. Drug consumption for COVID-19 symptoms during the 14 days before the RT-PCR test (Figure 1).
[image: Figure 1]FIGURE 1 | Graphic workflow summarizing different phases of the study.
The Biomedical Research Laboratory provided assistance during the COVID-19 pandemic by conducting PCR analysis of nasopharyngeal swabs for SARS-CoV-2. As a result, samples from patients across Ecuador were received. Those who provided informed consent to participate in subsequent studies and completed the relevant surveys were included in the study. A total of 10,175 individuals were included in this study. The cases were collected from different provinces of the Ecuadorian territory according to the samples arriving at the laboratory for biomedical sciences at ESPOL University. There were five main provinces from where the samples were obtained: Guayas, Manabí, Napo, Santa Elena, and Cotopaxi.
Pharmacological aspects
Participants were asked about the consumption of drugs by a trained interviewer supervised by a health professional, Drugs were classified into main pharmacological groups: corticosteroids; antihistamines; mucolytics; multivitamins (including Vit C and Vit B; NSAIDs; acetaminophen). Other treatments recorded were chloride Dioxide and vaporisation. COVID-19-related symptoms drugs that were recorded were ivermectin, lopinavir or ritonavir, azithromycin, chloroquine, and hydroxychloroquine.
PCR testing
Nasopharyngeal swab samples were collected and transported to the Laboratory for Biomedical Sciences at ESPOL University in Guayaquil according to the standard operational guidelines for response to coronavirus (COVID-19) of the Ministry of Public Health from Ecuador (MSP, 2020).
The nucleic acid extraction from samples magnetic-bead technology was used and RT-qPCR diagnostics were performed using the enzyme TaqPath™ 1-Step Multiplex Master Mix (No ROX) (ThermoFisher) and QuantStrudio 1 real-time PCR thermocycler.
Specific primers and probes targeting highly conserved genes such as N and ORF1b_Nsp14 were utilized for diagnosing the SARS-CoV-2 virus (Supplementary Table S1) (Centers for Disease Control and Prevention, 2020; Chu et al., 2020). In addition, reagents and sequences recommended by the Centers for Disease Control and Prevention (CDC) during the COVID-19 pandemic, as outlined in the document titled “CDC 2019-Novel Coronavirus (2019-nCoV) Real-Time RT-PCR Diagnostic Panel” published in March 2020, were employed for this study (Centers for Disease Control and Prevention, 2020).
For the RT-qPCR reaction, 5 μL of RNA served as the template in a final volume of 15 μL. The reaction followed the following program: reverse transcriptase (RT) was performed at 50°C for 20 min, followed by polymerase activation at 95°C for 2 min, and then subjected to 45 cycles at 95°C for 15 s and 60°C for 30 s.
The diagnostic test implemented in the laboratory involved real-time RT-PCR to qualitatively detect the nucleic acid of the SARS-CoV-2 virus from nasopharyngeal swabs. Quality controls comprised synthetic RNAs as positive controls and nuclease-free water as negative control. These controls underwent analysis in the same process as the patient samples. Additionally, the RnaseP gene was utilized as an internal positive control to monitor the extraction and RT-qPCR procedures.
A clinical sample was classified as positive for SARS-CoV-2 if the Ct value of both viral genes was ≤35. A negative result was assigned when the clinical sample showed no RNA amplification, and all controls exhibited the expected performance. In cases where only one of the two viral targets exhibited amplification or Ct values were ≥35.5, the results were deemed inconclusive, and testing was repeated. This included repeating nucleic acid extraction and performing repeated real-time RT-PCR. The effectiveness of the implemented real-time RT-PCR testing of the samples was compared with the nucleic acid from clinical respiratory samples obtained from a hospital centre. These samples had been previously analyzed using the commercial diagnostic kit TaqPath™ COVID-19 CE-IVD. Of 57 clinical respiratory samples that tested positive with the TaqPath™ COVID-19 CE-IVD kit, 56 were confirmed by the laboratory’s diagnostic panel, resulting in a positive agreement rate of approximately 98%.
Statistical analysis
The chi-square test of independence compared clinical and demographic data and PCR test results. For 2 × 2 contingency tables, Fisher’s exact test is used instead. Similarly, Fisher’s exact test compares reported symptomatology and PCR test results. For the drug consumption dynamic analysis, odds ratios of drug consumption with a positive PCR result to a negative one was calculated for each pharmacological group. Significance was set as p-value <.05. All statistical analyses were performed using statistical software (R version 4.1.1).
RESULTS
Study population and baseline characteristics
Our lab tested patients for SARS-CoV-2 during the first wave of the infection in Ecuador from July–November 2020. There were fewer positive cases tested at the laboratory during the first wave. There was a peak of positive cases in August, with 409 positive PCR (6.81% of the PCR test performed in August). We observed a decrease in positive cases in the coming months, Figure 2.
[image: Figure 2]FIGURE 2 | Distribution of the number of positive and negative cases during the first wave in Ecuador.
From all 10,175 samples, 570 were positive for SARS-CoV-2, and 9,605 were negative during the mentioned period in Ecuador, considering the provinces that sent the samples to the laboratory. This number corresponds to 5% of positive cases with no statistical association between the RT-PCR result and sex, age, or comorbidities.
Most of the samples tested were from adults between 18 and 65 years old, although significance was not observed concerning age. Comparing the differences between provinces, we observed significance (Table 1). The highest positive cases were from Cotopaxi (25.7%) and Napo (18.8%). The clinical antecedents, patients with autoimmune diseases (7.8%), cardiovascular (4.4%), and diabetes (6.3%) were more likely to be positive for SARS-CoV-2 even though there was no signficance.
TABLE 1 | Demographic data from the population included in this study, according to positive and negative results from RT-PCR: quantity and proportion (%).
[image: Table 1]From all 10,175 individuals, 36.5% reported symptoms with statistically higher symptomatic individuals among the PCR positive cases (53.2%) than the negative cases (35.5%) with a p-value <0.001. Analyzing each symptom separately, all reported symptoms but sneezing, nasal congestion, and skin rash show statistical dependency with RT-PCR results. Positive cases have reported these symptoms in a higher proportion than negative cases (Table 2). In absolute frequency, the most common symptoms within positive cases were cough (31.9%), fever (30.4%), and headache (25.8%).
TABLE 2 | Reported symptomatology according to positive and negative results from RT-PCR: quantity and proportion (%).
[image: Table 2]Prevalence of COVID-19 cases in Ecuador
The analysis of COVID-19 prevalence based on the provinces assisted in comprehending the proportion of positive cases in different areas (Figure 3). Cotopaxi and Napo had the highest rates of positive cases (25.7% and 18.8%, respectively, Table 1, Figure 3), whereas Manabí, Santa Elena, and Guayas had fewer than 10% of positive cases (7.8%, 4.1%, and 3.0%, respectively, Table 1, Figure 3).
[image: Figure 3]FIGURE 3 | The prevalence of positive cases by provinces during the first wave. The prevalence of positive cases within each province is according to the total number of tests in the same area.
Drug consumption dynamic
We compared the drug consumption dynamic, including the number of cases, drugs, and PCR results of the participants. Overall, out of all participants, 31.3% reported the consumption of at least one drug with no statistical difference between the PCR positive (32.1%) and negative (31.2%) cases (p-value: 0.676). Analyzing each treatment category, the most consumed treatment was acetaminophen (16.9%) and COVID-19-related symptoms drugs (16.2%), Figure 4A. The odds of consumption of acetaminophen and antihistamines in PCR positive group were statistically higher than the odds of consumption of those drugs in PCR negative group (95% confidence intervals for odds ratio only include values larger than 1, Figure 4B). In contrast, multivitamins had higher odds of consumption among patients with negative PCR results than positive patients. There was no difference in the odds of consumption between the two groups for Corticosteroids, Mucolytics, and NSAIDs. Additionally, 53.4% of participants survey who reported consumption of at least one drug was self-medicated. The results show that self-medication incidence does not differ between PCR-results, except for multivitamins’ which was higher on the PCR negative group (Figure 5).
[image: Figure 4]FIGURE 4 | Drug consumption dynamics of the COVID-19 PCR test. (A). Percentages out of the total cases vs. drug consumption by the PCR test results (B). Odds ratio: the odds of each drug consumption in PCR positive group versus the odds of each drug consumption in PCR negative group with 95% confidence intervals.
[image: Figure 5]FIGURE 5 | Percentage of medical consultation by each drug consumption relative to the total number of PCR positive or negative individuals.
DISCUSSION
This retrospective study provides detailed information about SARS-CoV-2 and the drug consumption dynamics during the first wave of the COVID-19 pandemic in Ecuador. ESPOL reported 409 positive cases, with a prevalence of 5.7% of positive cases for SAR-CoV-2 from July to November 2020, at a national level. Our study found that Cotopaxi and Napo had 26% and 19% positive case rates, respectively, although official data indicate that these provinces only presented less than 2% of cases in Ecuador (Observatorio Social del Ecuador, 2022). Another study that referred exclusively to the Manabí province showed a prevalence of 23.7% of cases in the first wave. Similarly, we have found a prevalence of 20% of COVID-19 in this province, even though other provinces have shown a major impact (Ortiz-Prado et al., 2021). In a study conducted during the initial wave of the COVID-19 pandemic, Morales-Jadan et al. aimed to determine the infection rate of SARS-CoV-2 in rural communities belonging to four provinces in the Andean region of Ecuador. They conducted RT-qPCR testing on 1,021 individuals and obtained an overall infection rate of 26.2%, with 268 positive cases. These findings are similar to our results, which showed an overall infection rate of 22%. Morales-Jadan et al. also reported that Tungurahua province had the highest infection rate at 65.3%, followed by Chimborazo at 16.77%, the mountainous areas of Napo at 38.2%, and Bolívar at 5.1%. Notably, several communities had an infection rate of over 50% (Morales-Jadán et al., 2023). The viral load in communities such as Penipe, Pelileo, El Chaco, and Riobamba exceeded 10^8 copies/mL, representing 7.46% of the infected population. This rate is similar to our findings of a 5.7% prevalence of infection. In Esmeraldas, 1,259 individuals across the municipalities of Esmeraldas, Atacames, Muisne, Quinindé, and Río Verde were subjected to RT-qPCR and anti-SARS-CoV-2 IgG serological tests. The overall infection rate was 7.7% and 11.68% based on RT-qPCR and IgG seroprevalence, respectively. The highest infection rates by the community were in Quinindé (12.17%) based on RT-qPCR samples and Atacames with a rate of 24.47% based on IgG seroprevalence (Vallejo-Janeta et al., 2022).
Comorbidities are a well-known risk factor for second for more severe symptoms during COVID-19 (Cuschieri and Grech, 2020; Ma and Holt, 2020; Kaur et al., 2021). Our study did not determine the prevalence of diabetes or cardiovascular diseases in infected patients. Diabetes is a comorbidity that affected more than 430 million worldwide in 2019 and has been unfavourably associated with the natural history of the virus and with an overall increased risk of infection resulting from multiple disturbances of innate immunity (Cuschieri and Grech, 2020; Ma and Holt, 2020). Cardiovascular comorbidities predispose to suffer up to three times more severe forms of COVID-19 (Salazar et al., 2020; Greenberg et al., 2021). There is an increased risk of acute infarction of the myocardium, myocarditis, heart failure, shock, arrhythmias, and sudden death We estimated the relationship between them (Alyammahi et al., 2021; Greenberg et al., 2021). We showed a higher correlation between Diabetes, Cardiovascular diseases, and autoimmune diseases with positive RT-PCR results.
Additionally, we determined whether there were any risks considering the age and sex. Guan and collaborators and Voinsky and collaborators indicated a correlation between age and PCR-positivity with age over 30 years presenting a higher risk of positivity (Lai et al., 2020; Voinsky et al., 2020). There was no correlation between the age and sex between positive/relation between positive/negative PCR, different from as reported before because the significant population in our study was adults. There were not many infants, adolescents, and seniors.
Our group has previously reported that 55% of the Ecuadorian population was at a high risk of self-medication during the first wave of confinement (Orellana Manzano et al., 2021). Our results corroborate this, showing that 50% of Ecuadorians surveyed self-medicated without medical consultation. This study shows that paracetamol was the most consumed drug during the first wave. Moreover, it is the most used medication worldwide. It has been abused in advance during COVID-19 (Sestili and Fimognari, 2020; Orellana Manzano et al., 2021; Pandolfi et al., 2021; Domingo-Echaburu et al., 2022). In a study conducted in Santo Domingo, students from the Pontificia Universidad Católica del Ecuador diagnosed with COVID-19 received acetaminophen and azithromycin using acetaminophen and azithromycin medical prescription, mainly after perceiving symptoms such as loss of smell, fever, and fatigue. Considering the COVID-19-related symptoms drugs options during the first wave, such as ivermectin, lopinavir or ritonavir, azithromycin, chloroquine, and hydroxychloroquine, there were no correlations between COVID-19 diagnosis and symptoms or medical appointment, although these drugs were extensively used. This result indicates a public health concern because of the impact of this type of self-medication on health and the economy (Vargas Patiño, 2021).
Hydroxychloroquine, ivermectin, and azithromycin as self-medication for COVID-19 remain controversial and potentially harmful, despite their known antimalarial, anti-inflammatory, anti-infectious, and immunomodulatory properties (Baracaldo-Santamaría et al., 2022). Clinical trials have shown that hydroxychloroquine provides no clinical benefit for prophylaxis in non-hospitalized and hospitalized patients with COVID-19 (Ricardo Martins-Filho et al., 2021). Safety concerns include gastrointestinal adverse reactions, cardiotoxicity, and ocular toxicity. Similarly (Baracaldo-Santamaría et al., 2022), due to limited and non-standardized studies, the efficacy and safety of ivermectin for COVID-19 treatment still need to be determined. Adverse reactions to using ivermectin include abdominal pain, diarrhea, and taste alterations (Mohan et al., 2021). Azithromycin therapy in COVID-19 treatment can also lead to adverse effects, such as gastrointestinal distress, hepatotoxicity, and hypersensitivity reactions (Oshikoya et al., 2019; Zhao et al., 2022). The main concern is the risk of QTc interval prolongation, which can lead to adverse cardiovascular effects (Ramireddy et al., 2020; Zhao et al., 2022). Therefore, these drugs should only be used under close medical supervision, and self-medication should be avoided. It is important to note that the FDA and other institutions advise against using these drugs for COVID-19 until conclusive studies support their use (FDA, 2020; BJC HealthCare, 2023).
Self-medication (SM) has become a prevalent global health trend, particularly during the COVID-19 pandemic although it can have serious implications. It may mask symptoms and delay accurate diagnosis, besides contributing to developing resistance to antibiotics, antivirals, and ivermectin, compromising the effectiveness of these treatments against their respective diseases. Other concerns of SM include are adverse reactions, drug interactions, incorrect administration and dosage, inappropriate choice of therapy, masking of severe diseases, and the risk of dependence and abuse. In Ecuador, few research groups have statistically demonstrated the increase of SM during the COVID-19 outbreak. A study conducted in Quito aimed to identify medication consumption patterns and their prevalence during the first year of confinement. A total of 401 online questionnaires were completed, with 60.9% of respondents indicating that their objective for consuming medication was to treat an infection. However, 118 individuals, representing 48.8% of the respondents, practised self-medication for either prevention or treatment. These individuals obtained information from external and non-medical sources such as the Internet (79.5%), social media (78.3%), television/radio (81.3%), and advice from family members (84.4%). The most used medications were paracetamol (87.3%), ibuprofen (47.5%), and azithromycin (91.4% as treatment and 8.6% as prevention) (Arias et al., 2022). During the initial wave of the COVID-19 pandemic, azithromycin was suggested as a treatment for patients with severe virus cases who did not exhibit bacterial superinfection. Unfortunately, this recommendation led to its intentional consumption, elevating the risk of adverse effects. Subsequently, in September 2020, the Consensus Recommendations for Ambulatory Management and Home Treatment of COVID-19 patients withdrew the recommendation due to the associated concerns (Yang et al., 2020; Ministerio de Salud Pública, 2021). These reports are like our results, in which there is a high risk of SM in patients with positive COVID-19 PCR. The motivations of these SM practices must be studied to examine the impact of SM on public health. Further research is warranted in Ecuador to determine the influence of SM on COVID-19 prevention and treatment.
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Female 299 (6.0) 4,657 (94.0) 0.074
Male 271 (5.2) 4,948 (94.8)
Age (years) ‘
Infants: 0-5 3(13.6) 19 (86.4)
Children: 5-18 28 (5.7) 465 (94.3) 0.909*
Adults: 18-65 505 (5.6) 8,556 (94.4)
Seniors >65 34(57) 565 (94.3)
Provinces ‘
Cotopaxi 44 (25.7) 127 (74.3)
Guayas 150 (3.0) 4,844 (97.0)
Manabi 214 (7.8) 2,537 (92.2)
Napo 99 (18.8) 427 (81.2) 0.000
Santa Elena 59 (4.1) 1,379 (95.9)
Other provinces 4(14) 291 (98.6)
Clinical antecedents
Diabetes or/and Cardiovascular 22 (48) 436 (95.2) 0.508
None 540 (5.7) 8,986 (94.3)
Other antecedents 8(42) 183 (95.8)

*For an appropriate approximation of the chi-square test, observations of infants and children were united in the same category.
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Fever
Yes 173 (304) 1,516 (158) 0.000
No 397 (69.6) 8,089 (84.2)

Cough
Yes 182 (31.9) 1832 (19.1) 0.000
No 388 (68.1) 7,773 (80.9)

Shortness of breath
Yes 52 (9.1) 417 (4.3) 0.000
No 518 (909) 9,188 (95.7)

Tiredness
Yes 58 (102) 602 (6.3) 0.001
No 512 (89.9) 9,003 (93.7)

Sneezing
Yes 45 (7.9) 690 (7.2) 0.506
No 525 (92.1) 8915 (92.8)

Nasal congestion
Yes 41 (7.2) 604 (6.3) 0.376
No 529 (928) 9,001 (93.7)

Sore throat
Yes 129 (22.6) 1,320 (137) 0,000
No 441 (77.4) 8,285 (86.3)

Headeache
Yes 147 (25.8) 1,411 (14.7) 0.000
No 423 (742) 8,194 (85.3)

Body pain
Yes 96 (168) 838 (87) 0.000
No 474 (832) 8,767 (91.3)

Diarrhea/abdominal discomfort
Yes 57 (10.0) 519 (5.4) 0.000
No 513 (90.0) 9,086 (94.6)

Loss of smell
Yes 50 (8.8) 306 (32) 0.000
No 520 (91.2) 9,299 (96.8)

Loss of taste
Yes 39 (68) 272 (28) 0.000
No 531 (932) 9333 (97.2)

Skin rash
Yes 12 (2.1) 266 (2.8) 0.427
No 558 (97.9) 9,339 (97.2)
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