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Background: India witnessed three COVID-19 pandemic waves, each with various degrees of severity and clinical signs. The coronavirus strain and immunization status have a significant impact on the severity of COVID-19 infections. The current study intends to evaluate and compare the symptoms, severity, and breakthrough infections in vaccinated and unvaccinated individuals over the three waves of the pandemic.Methods: This was a retrospective survey study. A Google based questionnaire was used to collect data on demographics, severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection status, re-infections, associated symptoms, severity, and vaccination status over three waves, post-COVID-19 sequelae, and willingness to receive a COVID-19 booster dose in the Indian population. The replies of 3,404 Indian participants were analysed using STATA 11.Results: Each wave showed a decrease in the number of symptomatic COVID-19 infections. However, fever and loss of smell/taste were identified as the most common symptoms in each wave. Clinical symptoms such as fever, weariness, and shortness of breath were shown to be considerably higher in vaccinated than unvaccinated individuals. The number of SARS-CoV-2 breakthrough infections increased between the second and third waves. Approximately 36.5% of people with protracted COVID-19 had previously received immunization after recovering from a natural COVID-19 illness. Overall, 34.8% of individuals were hesitant to take the COVID-19 booster dose.Conclusion: Increased symptoms in vaccinated individuals during the second wave, emphasizing the potential role of antibody-dependent augmentation. A considerable fraction (36.5%) of those with protracted COVID-19 infections had previously received vaccination after contracting the virus naturally. The fact that vaccine received after COVID-19 infection has been shown to be a risk factor for long-term COVID-19 emphasizes the need for vigilance in this specific subgroup.Keywords: breakthrough infections, COVID-19, infection severity, vaccination, COVID-19 symptoms
INTRODUCTION
The emergence of a global pandemic caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), resulted in an unprecedented shift in human health, not only in terms of immediate disease but also prolonged symptoms in terms of long COVID-19 (Sharma et al., 2020). Additionally, in post-COVID-19 era, it continued to impact mental health, healthcare systems, economy, education, vaccine distribution and hesitancy, and social activities across the globe, indicating the essence of coordinated efforts from governments, businesses, communities, and individuals to build a resilient, equitable, and sustainable future (El-Shabasy et al., 2022). In India, the Wave-I began in March 2020 followed by the commencement of the Wave-II in mid-March 2021, attributed to the predominance of the delta variant, and the Wave-III at the beginning of mid-December 2021 with the preponderance of the omicron variant (Kapoor and Panda, 2022; Samarasekera, 2021; Kumar et al., 2022).
Furthermore, among the isolated seven different coronaviruses, SARS-CoV-2, SARS, and MERS caused severe respiratory syndromes, while other coronaviruses such as OC43, NL63, HKU1, and 229E were responsible for mild symptoms (Zhu et al., 2020; Zhang and Holmes, 2020). A total of five variants of concern (VOCs) of SARS-CoV-2 were reported during COVID-19, including Alpha, Beta, Gamma, Delta, and Omicron, along with different sub-lineages. Among the five VOCs, the Delta variant was reported as the most virulent and later it was replaced by the Omicron variant (B.1.1.529), which was reported to have 5-times more infectivity than the Delta variant (Cross, 2021). Omicron variant was classified into continuously evolving and emerging five lineages based on mutations in its genome: BA.1, BA.2, BA.3, BA.4, and BA.5 (Mohapatra et al., 2022; Zhou et al., 2023). Thus, three waves witnessed the preponderance of a single strain with many sub-strains, leading to an initial difference in symptoms and severity due to the infectivity bias of the strain, coupled with human diversity and natural immunity gained due to previous exposure. Recently, the World health organization (WHO) assigned two lineages (BA.2.86 and JN.1) of Omicron as variants of interest (VOI). The earliest sample for lineage BA.2.86 was documented from Israel and Denmark in July 2023 and was designated as VOI by WHO in November 2023. Likewise, the earliest sample documentation for lineage JN.1 was reported in August 2023 from Luxembourg, and WHO assigned it as VOI in February 2024 (World Health Organisation, 2023).
In India, individuals infected during the Wave-II had more prevalent clinical characteristics such as higher in older age groups, more ICU admissions, oxygen and ventilator requirements, and organ failure associated with increased mortality in comparison to Wave-I (Kapoor and Panda, 2022). In contrast, Wave-III showed less frequent patterns of illness and improved hospital outcomes, with a significantly lower rate of patient death (Kumar et al., 2022). The breakthrough COVID-19 infections, the infections occurring after the primary series of COVID-19 vaccination, were found to vary across different waves. Studies reported breakthrough SARS-CoV-2 infections, either with symptoms or without symptoms (Accorsi et al., 2022; Arora et al., 2022). However, there is a paucity of data on the comparative analysis of symptoms, severity, and breakthrough infections following either Covaxin or Covishield vaccination across the waves of COVID-19 in India. Further, the prevalence of asymptomatic or symptomatic COVID-19 infection depends on the individual’s immunity, COVID-19 strain, and the vaccination status of the infected individuals. However, according to the Centers for Disease Control and Prevention (CDC), the symptoms caused by the Omicron variant are like those of other variants (CDC, 2022). Remarkably, individuals who recovered from COVID-19 showed a significant functional impact of extended COVID-19 (Ziauddeen et al., 2022). Since the root causes of the prolonged COVID-19 symptoms were unknown, it was early to diagnose them as post-COVID-19 sickness (Perego et al., 2020).
The COVID-19 vaccination drive in India began from January 16, 2021, with two vaccines: Covishield (AZD-1222) manufactured by Serum Institute of India under license from Astra Zeneca, and Covaxin (BBV152), manufactured by Bharat Biotech, India, in association with the Indian Council of Medical Research (ICMR) (Ramasamy et al., 2021; Ella et al., 2021). Unexpectedly, the two doses of the COVID-19 vaccine could not provide sufficient prolonged immunity; therefore, many countries, including India, initiated the COVID-19 booster dose vaccination program initially for vulnerable people before being available for everyone.
In the present study, we investigated the clinical characteristics such as symptoms, severity, and breakthrough infections following either Covaxin or Covishield vaccination during three pandemic waves in India. The study also focused on the symptoms and characteristics of individuals experiencing post-COVID-19 sequelae. A further aim of this study was to shed light on the attitude and reasons of the individuals who were reluctant to use a booster dose of COVID-19. We believe that this study may be helpful for a better management of future outbreaks of COVID-19 or other similar infections.
MATERIALS AND METHODS
We conducted a pre-validated questionnaire-based survey study between March to June 2022. The survey included questions about the demographic status of patients infected with SARS-CoV-2, associated symptoms, and severity over three pandemic waves- Wave-I (March 2020 to December 2020), Wave-II (January 2021 to November 2021: predominance of delta variant) and Wave-III (after 01 December 2021: predominance of omicron variant), post-COVID-19 sequelae, vaccination status, re-infections, comorbidities, and willingness to take a COVID-19 booster dose.
Based on the questions relevant to symptoms, subjects were classified as asymptomatic and symptomatic. The symptomatic subjects were further classified on the basis of symptoms provided by them. The infection cases were classified as mild (with symptoms such as headache, body ache, loss of smell and taste, and myalgia, etc.); moderate (infection cases with fever as one of the symptoms along with other mild symptoms); and severe (which required oxygen support or hospitalization). The survey was conducted via two different means, viz. an online Google form and an offline survey conducted with the assistance of skilled healthcare professionals. The snowball sampling method was used to collect the responses. The data collected was a mixture of COVID-19-infected and non-infected populations. The detailed procedure for collecting offline forms has also been described earlier in Arora et al. (2022). The inclusion criteria comprise the subjects who are resident of India and above the age of 18 years. The subjects were also asked to give their consent before participating in the survey. The exclusion criteria involve the subjects who are non residents of India, below the age of 18 years and have taken vaccines other than Covaxin and Covishield. Also, the subjects who have not given the complete information were excluded from the present study.
For all the statistical analyses, the chi-square test, Fisher’s exact test, and Bonferroni correction were used for pairwise comparisons across the three waves (threshold of significant difference was 0.0167) and corresponding 98.33% confidence intervals were used. All data analyses were performed by implementing STATA 11 software and a P-value less than 0.05 was considered statistically significant for any difference.
RESULTS
This Data from 3,404 participants was included, as shown in the flow chart consisting of the exclusion of missing data and the data fulfilling the inclusion criteria as depicted in Figure 1. Among the 1,297 participants, 2.4% (n = 31) developed COVID-19 twice either during Wave-I and later during Wave-II, or Wave-I and later during Wave-III, or Wave-II and later during Wave-III, as summarized in Supplementary Table S1. Furthermore, out of 1,297, 1,266 participants were divided based on the timeline of their infection into three waves as follows: Wave-I, 364 (28.75%); Wave-II, 663 (52.37%); and Wave-III, 239 (18.88%).
[image: Figure 1]FIGURE 1 | Flow Chart of the number of participants included in the study.
Demographic profile of participants
The participants in the study had a higher representation of respondents aged 18–40 years (73%), followed by those aged 41–60 years (21.9%), and the remaining 5.1% belonged to the age group 60 years and above (Supplementary Table S1). However, the genders were almost equally distributed among the participants. Most of the participants were from urban areas (69.4%), followed by suburban and rural areas (30.6%). About 33.5% of the participants were homemakers or retired people, followed by academicians (26.5%), workers (18.9%), frontline workers (8.9%), people working for corporate sectors (8.1%), and people working for government sectors (3.9%).
Among the total participants, 39.2% were affected by COVID-19, out of which the majority had experienced COVID-19 during the Wave-II (49.7%), as summarized in Supplementary Table S1. Among the COVID-19 affected participants, 86.3% experienced symptomatic infection during Wave-I, followed by Wave-II and Wave-III. A total of 71% of participants had received COVID-19 vaccine, with Covishield received by 80.9% and Covaxin by 19.1%. However, only 1.5% had received a COVID-19 booster dose.
Clinical characteristics of COVID-19 affected participants
The individuals who belonged to rural and sub-urban areas were infected highest (16.3%, 22.6%) during Wave-III as compared to Wave-II and Wave-I (Table 1). Notably, there was a higher percentage of COVID-19 individuals who belonged to urban areas during Wave-I and Wave-II (82.1% and 82.9%, respectively) in comparison to Wave-III (61.1%). On comparison of comorbidities across the waves, the percentage of participants who had common comorbidities such as diabetes, obesity, lung diseases, hypertension, and thyroid were higher during Wave-I (Table 1). We observed a significant difference in the proportion of symptomatic infection between Wave-I and Wave-III, and between Wave-II and Wave-III. Therefore, we further investigated the distribution of various symptoms. Fever was the most prevalent symptom during all three waves; moreover, the percentage of fever, shortness of breath, and headache was highest in Wave-I as compared to Wave-II and Wave-III. The proportion of symptoms such as abdominal pain, cold/running nose, and fatigue were highest in Wave-I as compared to Wave-II. In addition, the proportion of chest pain, headache, persistent cough, and loss of smell/taste symptoms was significantly reduced in Wave-III than in Wave-I or Wave-II. Shivering was found to be more prevalent in Wave-III than in Wave-I or Wave-II (Table 1). The difference across three waves for the symptoms such as skipped meals, diarrhoea, hoarse voice, anxiety, and nausea was found to be negligible. Since there were wide differences among the varied symptoms of COVID-19 during the three waves, we further explored the symptomatic and asymptomatic infections across the waves.
TABLE 1 | Clinical Characteristics of COVID-19 affected participants of the three waves.
[image: Table 1]Proportion of symptomatic and asymptomatic SARS-CoV-2 infection
Of the 1,266 individuals with COVID-19, the proportion of asymptomatic infection increased, and the proportion of symptomatic infection declined from the Wave-I to the Wave-III, as depicted in Figure 2A. Since the asymptomatic infection were observed to be increased, approximately two-fold in the Wave-III (33.9%; 81/239), we assessed the vaccination status in individuals with asymptomatic (n = 238) and symptomatic infections (n = 1,028). A total of 30.7% of participants with asymptomatic infections had received 1st dose and 69.3% were unvaccinated. Likewise, 27.1% of participants with symptomatic infections had received 1st dose and 72.9% were unvaccinated (P > 0.05).
[image: Figure 2]FIGURE 2 | (A) Distribution of symptomatic, asymptomatic and vaccination status of asymptomatic participants among three waves. (B) A depiction of percentage breakthrough infection and clinical symptoms among participants during three waves.
Further, we investigated the rate of asymptomatic infections among the individuals who had a prior history of COVID-19 (n = 18). As the highest asymptomatic infections were experienced by COVID-19-infected individuals during Wave-III, we further bifurcated the information from these participants (Supplementary Table S2). Around 72.2% (n = 13; 13/18) individuals were found to be fully vaccinated with the COVID-19 vaccine at the time of Wave-III infection, while 27.8% (n = 5; 5/18) were unvaccinated. Among vaccinated individuals, 30.8% (n = 4; 4/13) had experienced asymptomatic infection during Wave-III and had a history of prior COVID-19 during Wave-I (n = 2) or Wave-II (n = 2 out of a total of 11 infected individuals during Wave-II). However, among unvaccinated individuals, 100% (n = 5; 5/5) had experienced symptomatic COVID-19 infections. Of note, those individuals who had a prior history of infections (n = 18), had experienced symptomatic COVID-19 infection and were unvaccinated (94.4%; 17/18) during their previous COVID-19 infection (Supplementary Table S2).
Clinical spectrum and severity of among symptomatic vaccinated and unvaccinated individuals
The characteristics and clinical spectrum of participants who had a symptomatic COVID-19 infection were divided based on their vaccination status as summarized in Table 2. Among the participants who had symptomatic COVID-19 infection, 27.1% (279/1,028) were vaccinated and 72.9% (749/1,028) were unvaccinated. Overall, among the participants with the symptomatic COVID-19 infection, the proportion of unvaccinated young age group participants was observed to be significantly higher than the other age groups (Table 2). On comparison of clinical symptoms among vaccinated and unvaccinated participants, fever, fatigue, shortness of breath, persistent cough, hoarse voice, and shivering were found to be significantly higher among the vaccinated participants. However, the difference between the other symptoms such as loss of smell/taste, headache, body ache, cold/running nose, chest pain, anxiety, and diarrhoea among vaccinated and unvaccinated participants was found to be negligible.
TABLE 2 | Characteristics, clinical spectrum and severity of symptomatic COVID-19 infections among vaccinated and unvaccinated individuals.
[image: Table 2]We further divided the characteristics and clinical spectrum of participants who had symptomatic COVID-19 infection based on their vaccination status during Wave-II (Table 3) and Wave-III (Table 4). The proportion of symptoms such as fever, fatigue, and shortness of breath was found to be significantly higher among the participants who had symptomatic infection during Wave-II (83.9%; 556/663) and had taken at least one dose of COVID-19 vaccine (Table 3). Among the participants (66.1%; 158/239) who had symptomatic infection during Wave-III, we did not find any difference between the characteristics and clinical symptoms of vaccinated and unvaccinated participants (Table 4).
TABLE 3 | Vaccination status and clinical spectrum of COVID-19 among symptomatic individuals during Wave-II (N = 556; 83.9%).
[image: Table 3]TABLE 4 | Vaccination status and clinical spectrum of COVID-19 among symptomatic individuals during Wave-III (N = 158; 66.1%).
[image: Table 4]Breakthrough infections across different waves
Out of 1297 SARS-CoV-2 infected individuals, 28% (364/1,297) contracted SARS-CoV-2 post-vaccination, where breakthrough infections relative to the total number of Covishield and Covaxin recipients were 16.33% (318/1947) and 9.97% (46/461), respectively (Covishield-vaccinated, n = 318 and Covaxin-vaccinated, n = 46). The post-vaccination infection rate was found to have increased from the Wave-II to Wave-III among the participants who had received the Covishield vaccine (Figure 2B).
We compared the breakthrough cases vaccine-wise and investigated other parameters (Supplementary Table S3). The Covishield-vaccinated participants showed the highest breakthrough infections during the Wave-III in comparison to Covaxin-vaccinated participants, although the incidence of comorbidities was low among Covishield-vaccinated participants (Supplementary Table S3). We did not observe any other difference among the other parameters based on vaccine type.
Characterizing post-COVID-19 sequelae
We also investigated the post-COVID-19 sequelae among the participants who were infected with COVID-19. A total of 463 individuals responded to the question if they experienced long COVID-19 symptoms. Around 192 participants responded “Yes” and reported the post-COVID-19 sequelae experienced by them. We investigated the vaccination status among the participants who experienced post-COVID-19 sequelae. Among the participants who experienced post-COVID-19 sequelae 96.9% (186/192) were vaccinated and 3.1% (6/192) were unvaccinated (Supplementary Table S4). The frequency of post-COVID-19 sequelae was found to be the highest during the Wave-III, where most participants got COVID-19 infections after vaccination (Figure 3A). The frequency of Covishield-vaccinated participants experienced the highest post-COVID-19 sequelae in comparison to Covaxin vaccinated during the second and third waves (Figure 3B). However, a non-significant difference in the post-COVID-19 sequelae was observed in terms of the total number of Covishield and Covaxin recipients with rates of 7.96% (155/1947) and 6.72% (31/461), respectively. The most prevalent symptom was fatigue, followed by loss of taste/smell, extreme hair fall, and joint pain/chest pain. However, symptoms like menstrual irregularities and brain fog were less frequent and can be only attributed to participants who were Covishield vaccinated (Figure 3C).
[image: Figure 3]FIGURE 3 | (A) Distribution of post-COVID-19 sequelae across three waves. (B) Vaccine-wise distribution of post-COVID-19 sequelae among three waves. (C) Vaccine-wise distribution of the clinical spectrum of post-COVID-19 sequelae post-vaccination. (D) Barriers to accept the COVID-19 booster dose.
The highest proportion (66%) of individuals experiencing post-COVID-19 sequelae belonged to the age group 18–40 years (Supplementary Table S4) A total of 59.4% of females reported post-COVID-19 sequelae in comparison to 40.6% of males. Most individuals who developed post-COVID-19 complications were infected either during the Wave-II or Wave-III (Supplementary Table S4). Notably, we also investigated the impact of vaccination on long COVID-19 sequelae, particularly among those who had infection before vaccination. Among the participants developing long COVID-19 after the Wave-I (16%) and Wave-II (20%) reported receiving vaccination after recovery from COVID-19 (Supplementary Table S4). A high proportion (73%) of the participants with post-COVID-19 sequelae had co-morbidities (Supplementary Table S4).
Willingness to take COVID-19 booster dose
As we observed a shift in the frequency of COVID-19 symptoms among vaccinated individuals, we further investigated about the willingness of the individuals to receive a COVID-19 booster dose. A total of 1,181 individuals responded to the question, if they were willing to take the COVID-19 booster dose. Out of 1,181, 411 (34.8%) responded “No” and 770 (65.2%) responded “Yes,” resulting in 38% COVID-19 booster dose hesitancy. A high proportion (55.1%) of females and young age group participants (83.2%) were observed to be more hesitant than males (44.9%) and older age group participants.
As shown in Figure 3D, the most common reason cited for COVID-19 booster dose hesitancy among participants was the belief of sufficiency of initial 2 doses (56.3%). The concern in distant second place was the lack of faith in the effectiveness of the COVID-19 booster dose (19.2%).
DISCUSSION
The study performs a comprehensive comparative analysis of symptoms, severity, and breakthrough infections after vaccination with either the Covishield or Covaxin vaccines across three waves of COVID-19 in India. Our study highlights that the proportion of asymptomatic COVID-19 infection increased from the Wave-I to Wave-III (∼33%). However, the impact of vaccination and vaccine types (Covaxin and Covishield) on the prevalence of asymptomatic infections has not been studied previously. An increased proportion of asymptomatic infection was observed among the participants who were vaccinated with Covishield or Covaxin vaccine in comparison to the symptomatic infection, confirming the role of vaccination in ameliorating the severity of COVID-19 infection. Our results corroborate the previous study highlighting the fact that the performance of the COVID-19 vaccine is driven by its ability to result in asymptomatic infections or mild infections leading to optimization of reduction in hospitalization (Aguiar et al., 2022). The reason behind increased symptomatic cases over asymptomatic cases within the Wave-III could be attributed to the exclusion of self-reported asymptomatic cases who circumvented RT-PCR testing as well as uncertain cases who might be COVID-19 affected but were not sure of infection in the absence of symptoms and a confirmed test report because COVID-19 testing was not required for asymptomatic infections as per MoHFW (Ministry of Health and Family Welfare) guidelines (Revised guidelines for Home Isolation, 2022). Also, asymptomatic cases posed a higher challenge in predicting COVID-19 cases due to weaker forms of prevalent Omicron strain in comparison to other variants of concern (VOCs). This could be the reason for a lower reporting of asymptomatic cases within the Wave-III leading to a higher percentage of symptomatic cases.
Despite the Omicron variant being the most divergent and having a high transmission rate, robust binding affinity, immune escape, and antibody resistance (Saxena et al., 2022), we did not find a high incidence of COVID-19 infection during the Wave-III in comparison to the Wave-I and Wave-II, suggesting that mild or asymptomatic infection during the Wave-III may be the prevalent factor associated with under-diagnosis of COVID-19. Further, on studying the clinical characteristics of participants, we found a significantly high prevalence (∼16.3%) of COVID-19 in rural areas during the Wave-III in comparison to the two preceding waves. Also, a higher proportion of individuals in rural areas developed COVID-19 during the Wave-III, which was witnessed in clinical practice. The high diffusion of infections in rural areas may be due to the high transmission rate of the Omicron variant along with unlocking at both national and regional levels, which leads to migration and dissemination of infection from urban to rural areas (Ma et al., 2021). Notably, the frequency of occurrence of fever and persistent cough reduced significantly in the Wave-III as compared to the earlier waves. The results are consistent with the study performed on children and youth in Hong Kong, where they found a smaller number of COVID-19 patients with fever and cough who were infected during the second and third waves in comparison to the Wave-I (Chua et al., 2021). Moreover, consistent with our results, loss of smell, chest pain, and shortness of breath were known to be the rare symptoms of the Omicron variant (Iram et al., 2022). The frequency of the hoarse voice, cold/running nose, and shivering was found to be significantly increased in the Wave-III as compared to the earlier waves. These differences in the clinical symptoms of infected individuals might be due to the predominance of different variants in circulation across the three waves.
Furthermore, on investigating the characteristics and clinical spectrum of symptomatic COVID-19 infection among vaccinated and unvaccinated participants, we found an increased proportion of a few symptoms such as fever, fatigue, shortness of breath, persistent cough, hoarse voice, and shivering among vaccinated participants in comparison to unvaccinated. However, on bifurcating the data wave-wise (Wave-II and Wave-III), we found that the proportion of symptoms such as fever, fatigue, and shortness of breath was significantly higher among the vaccinated participants who contracted the disease during Wave-II but not during Wave-III implicating that COVID-19 infected participants might develop a high proportion of COVID-19 symptoms during Wave-II despite being vaccinated but this proportion of symptoms was insignificant in Wave-III, which might be due to a weaker form of the prevalent strain i.e., the Omicron variant. The reason for increased symptoms in vaccinated individuals during the Wave-II could be due to a highly infectious double mutant variant (B.1.617 lineage) that might have evaded the immune defense.
We observed increased breakthrough infections during the Wave-II to Wave-III, in contrast to a previous study carried out by Arora et al. (7.91%) (Arora et al., 2022). In addition, we found a high COVID-19 infection rate post-vaccination during the Wave-III in comparison to the Wave-II, suggesting that increased breakthrough infections might be due to the Omicron variant rather than the Delta variant. Our conclusions are further supported by a recent study that explains hybrid immune damping. This study identifies considerable differential subversion of immune recognition and differential regulation through immunological imprinting as the root causes of greater breakthrough infections and frequent reinfections during the Wave-III (Reynolds et al., 2022). This could avert severe infections in the Wave-III, resulting primarily in asymptomatic infections. Similar to the previous study by Kaur et al. (2022a), we have observed a high rate of COVID-19 breakthrough infections among younger age groups. This elevated risk may be the result of altered social behavior, such as more interactions with young people who have not received vaccinations, more interactions in social settings, and more interactions at work. The most common manifestations of post-COVID-19 sequelae were observed to be systemic (fatigue and joint pain), neuropsychiatric (anxiety, brain fog, loss of smell/taste), respiratory (shortness of breath, chest pain), extreme hair loss, and menstrual irregularities. Several studies also reported post-COVID-19 symptoms such as anxiety, breathlessness, chest pain, and hair loss (Taquet et al., 2021; Huang et al., 2021). A recent study showed the persistence of post-COVID-19 symptoms is due to a delay in the resolution of the inflammatory response to COVID-19 infection (Phetsouphanh et al., 2022). Since the inflammatory response and autoimmune response to infection have been reported in severe infection (Wang et al., 2021), we further investigated the severity of participants reporting post-COVID-19 sequelae in our study. We found that 29% of participants had severe infection; however, the remaining participants had mild (43%) or moderate (28%) infection, speculating that persistent post-COVID-19 manifestations are independent of the severity of infection. Nearly 36.5% (70/192) of individuals with long COVID-19 had a history of receiving any vaccine after recovery from COVID-19. Previously, the vaccine received after recovery from COVID-19 has been shown as an independent risk factor for long COVID-19 highlighting the need to be vigilant in this subgroup (Kaur et al., 2022b). In addition, recent studies revealed that vaccination ameliorates reinfection and sequelae following reinfection (Bahadir et al., 2023; Català et al., 2024). However, further investigation is required to comprehend the mechanisms underlying COVID-19 sequelae.
In this study, a significant proportion of young and female participants were hesitant to receive the COVID-19 booster doses among a total of 34.8% of participants who were reluctant to receive a booster dose. The booster dose hesitancy (34.8%) was found significantly higher in comparison to primary vaccine hesitancy in both adults and children as shown in the previous studies (Jetly et al., 2022; Bendau et al., 2021; Bhardwaj et al., 2024; Goruntla et al., 2023). The possible causes could be the spread of erroneous information related to female infertility and COVID-19 vaccine on social media (Morris, 2021). As many participants were reluctant to take the booster dose because of safety issues, the long-term safety of COVID-19 vaccines and the effectiveness of the COVID-19 booster dose should be studied, and data provided in the public domain to help resolve the vaccine hesitancy.
CONCLUSION
The increased symptoms in vaccinated individuals during the Wave-II highlighted the probable role of antibody dependent enhancement. A significant percentage (36.5%) of individuals with long COVID-19 were found to have a history of receiving vaccine after natural COVID-19 infection. The fact that the vaccination received after COVID-19 infection has been demonstrated to be a risk factor for long COVID-19 highlights the requirement for caution in this specific subgroup. We believe that these findings will aid in the development of an effective public health strategy based on targeted interventions and resource allocation. A comprehensive risk communication can improve public knowledge and acceptance of vaccination. The study may aid in data-driven preparedness for future epidemics, resulting in better response measures. Together, these advantages lead to a healthier and more resilient society.
Limitation of the study
Around 73% of the participants in the present study belonged to the age group 18–40 years. It has been apparent that during COVID times, this age group had minimum manifestation and severity of symptoms. Also, the symptoms given in the present study are on the recall responses of individuals. Although our study clearly demonstrated the high effectiveness of two doses of vaccine against the low incidence and mild or asymptomatic type of SARS-CoV-2 infections in comparison to a single dose; however, we could not estimate the severity of SARS-CoV-2 infection among the participants who have received either a double or single dose of vaccines due to the small sample size. Similarly, we did not find any difference among the hospitalized cases across three waves due to the small sample size. Further, our analysis showed high rates of asymptomatic infection and breakthrough infections among those who had been administered Covishield in comparison to Covaxin; however, this data is constrained because around 80% of the participants in our study were administered the Covishield vaccine.
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