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ABSTRACT: The coronavirus disease 2019 (COVID19) has generated widespread healthcare concerns and has overburdened
healthcare institutions. As the number of COVID19 patients recovers, so does the frequency of reports of COVID19-like symptoms
following discharge. A telephone survey with standardized questions was undertaken in which participants were asked if they had
had any of 25 possible sequelae after being diagnosed with COVID19 and treated with a Chlorine Dioxide Solution (CDS). One
hundred sixty-one people completed the survey. We discovered that rising age is a risk factor (OR = 1.035, p = 0.028, 95% Cl =
1.004-1.069), and the odds of having any symptoms in moderate patients is 0.077 compared to mild patients (P = 0.003). It was
predicted that 64.6 percent of patients treated with CDS for SARS-CoV-2 infection experienced an average of 3.41 long-term
effects. There were no variations in the number of sequelae reported by sex, age, COVID19 severity, or therapy method. The five
most prevalent manifestations of the 25 distinct long-term symptoms observed in this study were fatigue, hair loss, dyspnea,
concentration problem, and sleep difficulties. In addition, individuals treated with multiple drugs (COVID19 conventional
treatment plus a CDS) had 2.7 fewer cases of sequelae, and patients treated exclusively with CDS had 6.14 fewer incidences of
long-term effects. People who get a CDS are 19% less likely to experience long-term health effects than patients who receive
standard COVID19 therapy. According to the findings of this study, patients who receive a CDS have a reduced probability of
developing sequelae. Furthermore, the incidence of long-term effects is lower in individuals treated exclusively with a CDS. The
recent findings involving Chlorine Dioxide support the development of clinical studies to evaluate its efficacy in preventing the
development of COVID19 long-term effects.
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I. INTRODUCTION

The coronavirus disease 2019 (COVID19) pandemic is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and has led to health care problems around the world and overloaded health facilities (Al-Jahdhami, Al-Naamani, and Al-Mawali
2021; Yu et al. 2020). As the number of COVID19 patients recovers, people are being discharged from the hospital without a
thorough assessment of recovery and the need for rehabilitation, so understanding the chronic healthcare challenges they may
encounter is critical (Mandal et al. 2021). COVID19 is recognized as a multi-organ disease with many symptoms, mainly fever,
cough, shortness of breath, and fatigue (Barman et al. 2020; da Rosa Mesquita et al. 2021). Although there is no clear and precise
definition of chronic COVID19, it has been defined as the persistence or appearance of symptoms similar to COVID19 at least three
weeks after remission of symptoms (Datta, Talwar, and Lee 2020; Greenhalgh et al. 2020). According to a recent study, while the
symptom burden in patients recovering from a COVID19 hospitalization decreased with early follow-up, patients reported chronic
dyspnea, cough, and fatigue after discharge (Mandal et al. 2021). These cases of acute COVID19 long-term sequelae are
comparable to documented post-acute viral symptoms in survivors of previous virulent coronavirus outbreaks (Moldofsky and
Patcai 2011). Here, we investigate the long-term symptoms of COVID19 in patients treated with an aqueous solution of chlorine
dioxide in this study.

Il. METHODS

Subjects of study

A database of patients with COVID19 treated with a Chlorine Dioxide solution (CDS) was reviewed, and 200 people were chosen
randomly to participate in this study. Age, gender, comorbidities, number of days of symptoms, the severity of COVID19 (mild,
moderate and severe), and the type of treatment: 1) Multidrug: patients consuming drugs usually used for treating COVID19
(Azytromicine, Dexamethasone, Ivermectin, and hydroxychloroquine) plus a CDS, and 2) Exclusively CDS: Patients treated only
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with a CDS; was obtained from the clinical record of each patient. All the persons included in this study were discharged at least
three months before the survey.

A telephone survey was conducted with standardized questions with dichotomous answers (yes/no) in which patients were asked
if they had presented any of 25 different sequelae after having COVID19 and being treated with CDS. We deliberately kept the
questionnaire short due to anticipated time pressures from the respondent. The questions were read to the respondents, and the
interviewer wrote their answers verbatim. The survey was conducted by trained personnel from March 15, 2021, to April 19, 2021.
All patients included in this study provided verbal consent to allow the collected data for research purposes. All the data were
translated into English before analysis, and all authors had full access to it.

Statistical Analysis

Descriptive statistics were used to gain an overall understanding of the basic characteristics of the baseline data. Before
performing inferential analyses, normality, heteroscedasticity, and independence were examined. The variables deviated from a
normal distribution, and heteroscedasticity and independence were observed. The incidence of COVID19 long-term effects was
calculated by dividing the number of non-successful cases (people who had at least one sequel) by the total number of people
who completed the survey multiplied by 100 to estimate the percentage. The Kruskal-Wallis test was used to compare outcomes
based on disease severity (mild, moderate, and severe) and age. The Wilcoxon rank-sum test was used to compare the number of
sequels based on treatment type and gender. A linear regression model was used to investigate the relationship between sequels
and days of symptoms. The odds ratio (OR) was calculated to compare the odds of presenting sequelae, given sex, type of
treatment, age and severity of the disease. Risk Ratio (RR) was calculated to compare the sequelae-incidence of our study against
the outcomes of a long-term effect meta-analysis (Lopez-Leon et al. 2021). A p-value <0.05 was considered statistically significant.
Continuous outcomes were measured as the mean difference and 95% confidence intervals (Cl). The treating physician was not
involved in digitization or statistical analysis to reduce information bias. All analyses were conducted using Rv.3.6.1 (R Core Team,
2020).

Ethical approval

The Ethics Committee of the Centro Medico Jurica waived the need for ethical approval and the need to obtain consent for the
collection, analysis, and publication of retrospectively obtained data because this survey research is a non-experimental research
approach used to gather information about the incidence of long term effect of COVID19 in patients treated with a CDS while
maintaining patient anonymity.

Data availability
The datasets used and analyzed during the current investigation are accessible upon reasonable request from the corresponding
author.

lll. RESULTS

Atotal of 161 subjects completed the survey (response rate = 80.5%). Basic information of sex, age, severity and type of treatment
is described in Table 1. We found that sex was not associated with sequels development (OD =0.23, 95% Cl = 0.63-1.24, p = 0.09),
and increasing age is a risk factor (OR = 1.035, p = 0.028, 95% Cl = 1.004-1.069), and the odds of having any sequelae in moderate
patients is 0.077 compared to mild patients (p=0.003, 95% Cl = 0.014-0.423). Additionally, the type of treatment does not influence
the development of sequelae (OD =0.96, 95% Cl = 0.38-2.44, p = 0.941).

It was estimated that 104 (64.6%) of the patients treated with CDS against SARS-CoV-2 infection developed one or more
sequelae (on average 3.41[95% IC, 3.03 —3.79] sequels each person; Table 2). There were no differences in the number of sequelae
presented between sex (Wilcoxon rank-sum, W = 1388.5, p = 0.816), age (Kruskal.Wallis, x? = 1.607, df = 6, p = 0.950), severity
(Kruskal.Wallis, x> = 1.171, df = 2, p = 0.556), nor type of treatment (Wilcoxon rank-sum, W = 371.5, p = 0.973). Neither was
identified a correlation between the number of sequelae and the days of symptoms (p = 0.339).

Of the 25 different long-term effects analyzed in this study (Fig. 1), fatigue (29.81%), hair loss (21.74%), dyspnea (14.91),
attention disorder (13.66%) and sleep disorders (13.04%) were the five most common manifestation but had different incidence
depending on sex, age, type of treatment and the severity of COVID19 (Fig. 2). When the incidence of each sequela was compared
to a meta-analysis of long-term effects in COVID19 patients (Lopez-Leon et al. 2021), it was discovered that people treated with a
CDS against COVID19 had fewer sequelae (Kruskal.Wallis, x* = 31.862, df = 3, p <0.0001; Fig. 1). Additionally, it was found that
patients treated with multidrug plus a CDS have 2.7 fewer incidences of sequelae (Dunn, Z = 3.259, p = 0.007), and 6.14 less
incidence those who were treated only with a CDS (Dunn, Z = 5.458p <0.0001); however there was no difference in the
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presentation of sequelae between the type of treatment (Dunn, Z = 2.198, p = 0.167; Fig. 3). Patients treated with a CDS are 19%
(RR=0.81,95% Cl =0.72-0.91) less likely to have long-term health consequences than patients treated with conventional COVID19
treatment.

IV. DISCUSSION

As cases of SARS-CoV-2 infection increase worldwide, it is necessary to assess the long-term effects in patients who have
experienced COVID19 (Hellmuth et al. 2021). It is unknown why some people's recovery is prolonged (Greenhalgh et al. 2020).
However, it has been proposed that it may be due to reinfection (Lan et al. 2020), long or Chronic COVID19 (Nalbandian et al.
2021; Say et al. 2021; Sisé-Almirall et al. 2021), lack of antibodies that lead to persistent viremia (Dispinseri et al. 2021), and
inflammatory and other immune reactions (Tay et al. 2020). Furthermore, long-term respiratory, musculoskeletal and neurological
disorders have been reported after infection with other coronaviruses (SARS and MERS; Lam et al., 2009; Das et al., 2017; Hosseiny
et al., 2020). In this study, the incidence of long-term COVID19 was 64.60%, less than findings reported from studies in Europe
with the persistence of symptoms in 87.4% of patients recovered from COVID19 (Carfi, Bernabei, and Landi 2020) and a meta-
analysis that reported 80% of long-term effects (Lopez-Leon et al. 2021). Fatigue, hair loss, dyspnea, attention disorder and sleep
disorders were the most common manifestation reported by the patients, symptoms that had been reported in other studies
(Carfi et al. 2020; Datta et al. 2020; Lopez-Leon et al. 2021; Nalbandian et al. 2021; Say et al. 2021). Fatigue, the most common
symptom of prolonged COVID19 reported by patients, was associated with headache, joint pain, and sleep, mood and attention
disorders also reported by patients in this study. These symptoms partly resemble chronic fatigue syndrome, suggesting that
chronic COVID19 can cause an autonomic dysfunction that could lead to physical and cognitive alterations (Vink and Vink-Niese
2020; Wostyn 2021).

Although there was no difference in the number of sequelae reported by men and women, paranoia, new hypertension
and weight loss, there are sequelae that occur more in men; and hair loss, fatigue, and dizziness had a higher incidence in women
(Fig. 2A). It is known that there are genetic variants that carry a different risk in women and men; also, it has been shown that
post-acute COVID19 syndrome is more common in women (Al-Jahdhami et al. 2021) and that men have more physical-biological
sequelae, while women develop more neurological problems (Turabian, 2020). However, in this study, we find no evidence of
this. It is important to continue collecting information on the long-term effects of COVID19 in order to understand its dynamics
on men and women better. Over 40 years of age had a higher risk of developing any sequelae (incidence range 61.90% to 100%;
Table 1) compared to children and adolescents. Common persistent COVID19 symptoms in adults are respiratory sequelae (mainly
dyspnea) and persistent fatigue. In young people, joint pain and mood disorders were the main symptoms (Fig. 2B). These findings
are similar to COVID19 studies in adults, which have identified more significant multisystem complications and a greater
prevalence and severity of long-term effects in elderly persons (Greenhalgh et al. 2020; Nalbandian et al. 2021; Say et al. 2021). It
is essential to conduct more studies on the long-term effects of COVID19 in different age groups to comprehensively describe the
post COVID19 manifestations.

Regarding the severity of COVID-19, patients that presented severe COVID19 had more sequels incidence (Fig. 2C).
Fatigue, breathlessness (dyspnea), and chest pain were symptoms reported mainly in severe patients and could be due to the
pulmonary fibrosis caused by SARS-CoV-2, which increases the risk of pulmonary embolisms and affects pulmonary function (Al-
Jahdhami et al. 2021). Moreover, new hypertension and renal failure were only presented by patients (n = 2) who had presented
severe COVID19; this may be because hypovolemia and dehydration are frequent in severe COVID19 patients and are the leading
causes of acute kidney injury in hospitalized patients (Tarragén et al. 2021). An increasing number of healthy people who did not
require hospitalization continue to have symptoms months after mild and moderate cases of COVID19 (Vink and Vink-Niese 2020).
Physicians and researchers have focused on the acute phase of COVID19, but it is vital to continuously monitor patients after
discharge to detect chronic effects and establish relationships with the degree of the disease presented.

The patients of the two treatment types had a different incidence in each of the 25 different sequelae (Fig. 2D). Patients
in this study consumed CDS as a treatment for COVID19 and had a 19% lower risk of presenting one or more sequelae than
reported in a meta-analysis (Lopez-Leon et al. 2021). Considering the average incidence in the 25 sequelae, patients medicated
with multidrug plus a CDS and patients who exclusively consumed a CDS against COVID19 had 2.70 and 6.14 times less sequelae
incidence, respectively; compared to patients treated with conventional drugs against this disease (Lopez-Leon et al. 2021). The
Chlorine Dioxide aqueous solutions have been used for more than 60 years as a water purifier (Kaly-Kullai et al. 2020; Ma et al.
2017; U.S. Environmental Protection Agency 2000); and its virucidal potential against influenza virus (Ogata 2012; Ogata et al.
2016) and SARS-CoV-2 (Kaly-Kullai et al. 2020; Ogata and Miura 2021) has recently been suggested. Additionally, this compound
is safe for use in humans in adequate concentrations. (Kaly-Kullai et al. 2020; Lubbers and Bianchine 1984; Lubbers, Chauhan, and
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Bianchine 1981; Noszticzius et al. 2013). It is important to continue conducting studies on the potential effect of various
compounds to prevent or reduce the development of chronic covid19-like symptoms in patients who survive infection with SAR-
CoV-2. This study indicates that aqueous solutions of Chlorine Dioxide can reduce the long-term effects caused by COVID19.
However, it is crucial to design randomized clinical trials that allow the practical evaluation of this compound.

V. LIMITATIONS

Although the findings of this study are promising, they are not definitive because it is a single-center study with no control group,
making it difficult to discern differences in the incidence of COVID19 long-term effects in patients treated with CDS compared to
those treated with other medications (control). Furthermore, comparisons with other research should be cautioned because the
populations are not comparable, and the inclusion criteria differed.

VI. CONCLUSION

This is the first study that compares the incidence of post-COVID19 long-term effects in patients treated with conventional drugs
and patients who consumed a CDS against COVID19. We showed that patients treated for acute COVID19 exclusively with CDS
have 6.14 times less incidence of sequelae. It was shown that the elderly and those who presented severe COVID19 have a higher
risk of developing secondary symptoms in the long term. More research needs to be done to identify the exact risk factors and
mechanisms that lead to the development of prolonged COVID syndrome. Multinational and interdisciplinary studies are essential
to understand the risk factors associated with presenting chronic symptoms of COVID19.
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TABLE 1. Sequelae description by sex, age, COVID19 severity and type of treatment

n % Sequels Number of sequels
incidence (%) (95% Cl)

Sex

Female 77 | 47.83 | 64.29 2.66-3.86

Male 84 | 52.17 | 64.93 2.83-4.29
Age

0-9 5 3.28 0.00 0

10-19 5 3.28 40.00 1.53-3.47

20-29 13 | 8.20 15.38 4.05-7.95

30-39 11 | 6.56 36.36 0.56-6.44

40-49 29 | 18.03 | 90.91 2.46-5.54

50-59 55 | 34.43 | 61.90 2.03-5.97

60-69 16 | 9.84 100.00 1.34-5.66

>70 27 | 16.39 | 66.67 1.52-5.61
Severity

Mild 72 | 45.05 | 64.52 2.53-4.36

Moderate 34 | 20.88 | 36.84 1.58-4.41

Severe 55 | 34.07 | 78.05 3.23-5.21
Type of treatment

Multidrug 11 | 69.23 | 64.29 3.02-4.68

1
Exclusively CDS 50 | 30.77 | 65.08 2.73-4.71
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FIGURE 1. Incidence of the 25 different COVID19 long-term effects depending on the type of treatment. The incidence
reported in a previously conducted study (Lopez-Leon et al. 2021) is blue (Conventional).
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FIGURE 2. Incidence of the 25 different COVID19 long-term effects depending on (A) sex, (B) age, (C) COVID19 severity, and
(D) Type of treatment.
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FIGURE 3. The average incidence of COVID19 long term-effects depending on the type of treatment. Data analyzed from a
previously conducted meta-analysis (Lopez-Leon et al. 2021) is blue (Conventional).
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