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Genome Sequencing Reveals a Mixed Picture of SARS-CoV-2 Variant of Concern Circulation in Eastern Uttar Pradesh, India
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Uttar Pradesh is the densely populated state of India and is the sixth highest COVID-19 affected state with 22,904 deaths recorded on November 12, 2021. Whole-genome sequencing (WGS) is being used as a potential approach to investigate genomic evolution of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus. In this study, a total of 87 SARS-CoV-2 genomes−49 genomes from the first wave (March 2020 to February 2021) and 38 genomes from the second wave (March 2021 to July 2021) from Eastern Uttar Pradesh (E-UP) were sequenced and analyzed to understand its evolutionary pattern and variants against publicaly available sequences. The complete genome analysis of SARS-CoV-2 during the first wave in E-UP largely reported transmission of G, GR, and GH clades with specific mutations. In contrast, variants of concerns (VOCs) such as Delta (71.0%) followed by Delta AY.1 (21.05%) and Kappa (7.9%) lineages belong to G clade with prominent signature amino acids were introduced in the second wave. Signature substitution at positions S:L452R, S:P681R, and S:D614G were commonly detected in the Delta, Delta AY.1, and Kappa variants whereas S:T19R and S:T478K were confined to Delta and Delta AY.1 variants only. Vaccine breakthrough infections showed unique mutational changes at position S:D574Y in the case of the Delta variant, whereas position S:T95 was conserved among Kappa variants compared to the Wuhan isolate. During the transition from the first to second waves, a shift in the predominant clade from GH to G clade was observed. The identified spike protein mutations in the SARS-CoV-2 genome could be used as the potential target for vaccine and drug development to combat the effects of the COVID-19 disease.
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INTRODUCTION

The newly identified severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), discovered in Wuhan in December 2019 received global attention due to its extensive and rapid transmission and infectivity (1). The virus spread over 200 countries within 5 months through international travels and its airborne transmission via respiratory droplets and contact routes. The first case of COVID-19 in India was reported from Kerala state on January 30, 2020 (2). As on November 12, 2021, over 34 million SARS-CoV-2 cases with 4.6 lakh deaths were reported in India (3).

During the second wave of SARS-CoV-2, the emergence of the highly infectious and/or virulent SARS-COV-2 variant of concern (VOC) has triggered intensive genomic surveillance. According to the global initiative on sharing all influenza data (GISAID) nomenclature system, the SARS-CoV-2 variants were distributed into currently eight major clades including from early split L (belongs to the Wuhan reference strain) and S, to the further evolution of L into V and G, and later of G into GH, GR, and GV, and more recently GR into GRY (4). Recent studies demonstrated the identification of key spike mutations, insertions/deletions in the SARS-CoV-2 genome via genome sequencing (5). Hence, the whole genome sequence (WGS) analysis has become an important tool for understanding the evolution of COVID-19 lineages and emphasizing the discovery of potent gene-mediated pathways associated with the onset of the disease in humans (6). Based on 346 WGS analysis of SARS-CoV-2, Alteri et al. reported the existence of seven viral lineages causing local transmission, and among them at least two were originated in Italy (7). An evolutionary study revealed a co-expansion tendency of the COVID-19 among neighboring countries of the US with multiple sources and transmission routes for SARS-CoV-2 (8). In January 2021, WHO included B.1.617.2 (Delta variant) as a VOC with spike double mutation E484Q and L452R have led to the second wave in India. Subsequently, in April 2021, Delta has been further substituted to Delta variants such as AY.1, AY.2, and AY.3 contains an additional spike protein substitution K417N.

In India, UP is the most populous state (Census 2011, India) which shares an international transboundary with Nepal. The inter-state migration of the labor/student population around the year is very high due to the lack of industries/educational hubs. The first case of COVID-19 infection in Basti [a district in Eastern Uttar Pradesh (E-UP)] acted as a superspreader event of transmission in the region (9). Eastern Uttar Pradesh experienced a steep rise in COVID-19 cases during the first and second lockdown due to the reverse migration of workers from various states of the country. India has experienced a deadly second wave during the COVID-19 pandemic in 2021 along with many post-vaccination breakthrough infections due to new variants (10). During the second wave of COVID-19, the upsurge of the cases occurred after the Holi festival and travel activities from metro cities from March to April 2021 and deadly variants emerged in the E-UP from various parts of the country (11).

Various studies on the genetic epidemiology of SARS-CoV-2 from India have been carried out (5, 12–14); still, there is a scarcity of genomic data for SARS-CoV-2 from E-UP. The present study was conducted to carry out the molecular surveillance of the SARS-CoV-2 strains, explore clinical association and disease outcomes in the first and second waves of SARS-CoV-2 in E-UP. This will be the first comprehensive study sharing the genetic information of SARS-CoV-2, their distinct lineage/clade cluster, and contribution to the epidemic from this region of Uttar Pradesh, India.



MATERIALS AND METHODS


Sample Acquisition

ICMR-Regional Medical Research Center Gorakhpur (RMRCGKP) is a major testing center for SARS-CoV-2 samples from Gorakhpur and its surrounding districts of the E-UP region of India. During the period of the first wave (March 2020 to February 2021), nasopharyngeal/oropharyngeal (NPS/OPS) (n = 339,997) swabs were collected by Integrated Disease Surveillance Project (IDSP) team from districts including Siddharth Nagar, Azamgarh, Basti, Maharajganj, and Deoria, while during the second wave (March 2021 to July 2021) samples (n = 360,772) were received for routine COVID-19 diagnosis from Maharajganj and Kushinagar districts through IDSP and a tertiary care medical facility (AIIMS, Gorakhpur) at RMRCGKP. During the period of March 18, 2020 and July 31, 2021, a total of 14,509 samples were tested positive by real-time PCR (RT-PCR). Out of 14,509 samples that gave a positive PCR test, 147 were available for sequencing. The primary inclusion criteria for participants during the study period was SARS-CoV-2 positive samples that exhibited a cycle threshold (Ct) <30 in RT-PCR diagnosis. Hence, a total of 147 positive samples fulfilling the above criteria were randomly selected from April 2, 2020 to July 31, 2021 and subsequently packed in triple layer packing on dry ice according to International Air Transport Association (IATA) protocol and transported to ICMR-NIV, Pune for whole-genome sequencing (WGS). Of these, 87 samples passed quality control and were analyzed further in this study. Samples that had a Ct ≥ 30 and genome recovery of <97% were excluded from the study.



Demographic Data Extraction and Vaccination Status

The demographic details, clinical history, and associated co-morbidities were extracted in Microsoft Excel from the ICMR COVID-19 data portal (cvstatus.icmr.gov.in). The details regarding vaccination and mortality status were captured by telephonic interview after obtaining verbal informed consent. According to Indian government policy, vaccination was prioritized for all health care workers (HCWs) or citizens more than 45 years of age who can use two doses of BBV152 or ChAdOx1 vaccine at a minimum interval of 4 weeks since January 2021. So that a registration record was obtained regarding first and second doses of vaccination from SARS-CoV-2 positive cases of the second wave. COVID-19 breakthrough infection is defined as the detection of any COVID-19 infection occurring ≥14 days after receiving all recommended doses of either of the vaccines.



Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics for Windows, version 20 (IBM Corp., Armonk, NY). Age was expressed using median (interquartile range) and differences of age across two waves were analyzed using Mann-Whitney U-test. All categorical variables including variants were expressed as the frequency with percentage and the differences across two waves were analyzed using either Pearson's Chi-square test or Fischer exact test as applicable. P-value < 0.05 was considered to be statistically significant. The case distribution map was generated by using Epi Info 7.2 software program (CDC, Atlanta, GA).



RNA Extraction and Next Generation Sequencing

Viral nucleic acid was extracted from 200 μl of NPS/OPS using the MagMAX™ Viral pathogen nucleic acid extraction kit as per the manufacturer's instructions (Thermo Fisher Scientific, USA). Library preparation was done using the extracted quantified RNA using TruSeq Stranded mRNA Library Prep Kit. The detailed steps during the library preparation and sample loading are described elsewhere (15, 16). The generated sequence reads were analyzed and mapped using the reference-based assembly method on the CLC Genomics Workbench version 20 (CLC, Qiagen) and used to call mutations in the SARS-CoV-2 genomes. The reference genome, SARS-CoV-2 Wuhan-HU-1 (Accession No.: NC_045512.2) retrieved from the GISAID database (17) was used for mapping.



Phylogenetic Analysis

Evolutionary analysis was performed with the sequences obtained from this study along with the reference sequences from Uttar Pradesh retrieved from the GISAID database. There were 86 sequences used to generate cladogram with a genome recovery of more than 98.5%. The sequences were aligned using the CLC Genomics Workbench and manually checked for correctness. The nucleotide variations and amino acid substitutions were annotated. A maximum likelihood phylogenetic tree was built using the best substitution model with 1,000 bootstrap replication to assess the statistical robustness using MEGA7 (18).




RESULTS


Clinico-Demographic Analysis

A total of 700,769 respiratory samples NPS/OPS were tested at ICMR-RMRC, Gorakhpur from March 18, 2020 to July 31, 2021 by SARS-CoV-2 real-time PCR. Among these, a total of 14,509 samples tested positive for SARS-CoV-2. During the period of the first wave (March 2020 to February 2021) of the pandemic, we observed an upsurge of cases in May followed by August, while in the second wave (March 2021 to July 2021) peak cases were witnessed alone in April (Figure 1 and Supplementary Table 1). Furthermore, in the first wave due to lack of a testing facility at adjoining districts of Gorakhpur, we received samples from seven different districts. Whereas, during the second wave after the establishment of testing centers at different district medical care facilities, the samples were limited to two districts only (Maharajganj and Kushinagar) and AIIMS Gorakhpur. The inclusion criteria of the study fulfilling in 147 patients having comparative clinical and demographic details are outlined in Table 1.
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FIGURE 1. Trend of COVID-19 sample positivity at ICMR-RMRC, Gorakhpur from April-2020 to July 2021.



Table 1. Demographic characteristics, clinical outcomes, and VOCs in the first and second waves.
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The clinico-demographic features of the 147 samples subjected to WGS have been reflected in two groups as the first wave (n = 109) and the second wave (n = 38) in Table 1. Of the 109 individuals in the first wave, the median age of the individuals in the study was 30 years (IQR 22–45) and males predominated (83; 76.1%). Of the 68 (62.3%) symptomatic individuals, the most common symptoms reported were cough (60/68; 88.2%), fever (56/68; 82.35%), and headache (25/68; 36.76%) followed by shortness of breath (6/68; 8.8%), sore throat (6/68; 8.8%), loss of taste (3/68; 4.4%), and diarrhea (1/68; 1.47%). At least one of the co-morbid conditions was noted in 13 (11.9%) individuals, among whom diabetes mellitus (10/13; 76.9%) was most commonly reported followed by hypertension (5/13, 38.46%) and chronic lymphocytic leukemia (1/13, 7.6%). Of the 109 individuals, only one succumbed to death having associated leukemia. Vaccination details were available for 49 individuals used for WGS, all were unvaccinated.

Of the 38 individuals in the second wave, the median age was 41 years (IQR 30–55.75). Most of them were males (25; 65.8%) and symptomatic (30; 78.9%). Among the symptomatic individuals, the most common symptoms were fever (29/30; 96.6%), cough (25/30; 83.3%), loss of smell (11/30; 36.6%), shortness of breath (7/30; 23.3%), sore throat (4/30; 13.3%), headache (2/30; 6.6%), and diarrhea (1/30; 3.3%). Co-morbid conditions were noted in 10 (26.3%) individuals, of whom diabetes mellitus (7/10; 70%) was the most followed by hypertension (4/10, 40%). Twenty-four of them were unvaccinated. Two individuals succumbed to death and both were unvaccinated. A total of 14 individuals were vaccinated, among whom COVISHIELD (ChAdOx1) and COVAXIN (BBV152) were received in 11 and 3 individuals, respectively. Among these five tested positive with a median time between the day of testing positive and at least first dose is 41 days (IQR 29–70). Of these five individuals, only two had received a second dose; the median time between the receipt of the second dose and testing positive was 61.5 days. A statistically significant (p-value < 0.005) difference in age group affected and association of co-morbid condition was noted in first and second waves.



Whole-Genome Sequence Analysis

Of the 147 cases subjected to complete genome sequencing, 97–100% coverage was obtained for 87 cases. Of these 87 samples, 49 were from the first wave while the rest of the 38 sequences obtained were from the samples recovered during the second wave. The observed average (Ct) value for these cases was 22.4.

In the first wave the majority of the cases showed similarity with SARS-CoV-2 GR clade (40.8%), followed by unclassified clade O (24.4%). The other samples comprised 22.4% of GH, 10.2% of G, and the least samples showed similarity with the S clade (2.04%). Whereas, during the second wave only G clade (100%) was found, no other clade was detected. Further, according to the pangolin lineage the samples from the second wave of the pandemic, all VOCs responsible for case fatalities were detected with a majority of Delta variant (B.1.617.2) (71.1%), followed by the Delta plus (AY.1) in 21.1%, and the Kappa variant (B.1.617.1) in 7.9%. The distribution of the cases and lineages/variants in the first wave (n = 49) and in the second wave (n = 38) from eight districts of E-UP is provided in Figure 2.


[image: Figure 2]
FIGURE 2. Geographic distribution of COVID-19 patients from which SARS-CoV-2 genomes were sequenced and breakdown of sequenced cases according to the pangolin lineages across Eastern Uttar Pradesh. (A) Sequencing and diversity of SARS-CoV-2 sequences obtained in the first wave and (B) sequencing and diversity of SARS-CoV-2 sequences obtained in the second wave in Eastern Uttar Pradesh. The y-axis of bars is given in the Supplementary Figures 1A,B.


A total of 87 SARS-CoV-2 genome sequences were retrieved with a genome coverage of more than 98.5%. The details of the percent genome coverage, total reads, and relevant reads are given in Supplementary Table 2. The pangolin lineage of the above sequences was also obtained using the web version of PANGOLIN software (https://Pangolin.cog-uk.io/). The Pangolin lineages for each sequence are given in Supplementary Table 2. Genome analysis of the retrieved 87 SARS-CoV-2 genomic sequences demonstrated 135 amino acid (aa) variation across the genome when compared to a reference. A list of aa substitutions observed in the spike protein is mentioned in Table 2. Earlier GISAID described variations that were observed during the first wave. It is noteworthy that substitution D614G in spike (S) protein was found in all G and its variant clade GH and GR, while Q57H substitution located in ORF3a protein was only found in 15 cases distributed among GH (n = 9), GR (n = 5), and O (n = 1) clade from the first wave (Supplementary Table 3).


Table 2. Residue substitution in spike protein among various lineages of SARS-CoV-2 virus.
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Comparison of Key Residues in SARS-CoV-2 Variants

Overall variations at 21 aa positions were found at receptor binding domain (RBD) of the spike protein throughout the first and second wave cases. Signature substitutions at positions L452R and P681R were commonly detected in the Delta, Delta AY.1, and Kappa variant whereas T19R, T478K, and D614G were confined to Delta and Delta AY.1 variant only. Further, an exceptional mutation was present at A222V among Delta, and K417N among Delta AY.1 variants. In the second wave of 38 cases, aa variation at T95I was detected in 71.4% cases (Delta = 12, Delta AY.1 = 6, and Kappa = 2). However, the Kappa variants demonstrated signature substitution at E154K and E484Q. The uncommon aa change D574Y was uniquely detected in two variants including GR clade (MCL-20-H-405) and Delta variant (MCL-21-6602). Additionally, in the spike region of Delta AY.1 variant unique substitution at W258L was detected in 37.5% cases (n=3/8). We also identified 8 substitution mutants in the SARS-CoV-2, K417N, G446V, L452R, S477N, T478K, E484Q, F490S, and A522V in the RNA binding domain (RBD) of S1 subunit of Spike protein. Two mutations in Spike (K417N and W258L) were exclusively present in the Delta Plus variant. Interestingly, all three Kappa variants had two unique mutations (T1567I and M5753I) in ORF1ab protein. Further, the impact of variation in the spike protein among SARS-CoV-2 variants we compared the sequence conservation among Delta, Delta AY.1, Kappa, and other lineages obtained in this study. Tryptophan was the most common residue (W258, 87/90) in Delta and Kappa variant (Figure 3).


[image: Figure 3]
FIGURE 3. A sequence logo representation of the SARS-CoV-2 spike protein in which letter height reflects the likelihood of finding a particular residue in that position. Residues are colored according to hydrophobicity (green-hydrophobic, blue-hydrophilic).




Phylogenetic Analysis

The evolutionary analysis revealed the circulation of GR, O, GH, G, and S clade during the first wave of the pandemic whereas only G clade variants were detected as the predominant strain during the second wave of infection. Among the studied cases, one sequence (MCL-20-H-2637) demonstrated genetic relatedness to the Wuhan isolate. The Pangolin lineage B.1.617.1 (Kappa) from this study showed the closest match with the sequence retrieved from Maharashtra (India_MH_EPI_ISL_2036291). The Pangolin lineage B.1.617.2 (Delta) and AY.1 (Delta plus) were detected for the first time from the E-UP region (Figure 4).


[image: Figure 4]
FIGURE 4. Maximum likelihood tree of the SARS-CoV-2 sequences. A maximum likelihood tree was built for the sequences retrieved in our study along with other GISAID sequences from Uttar Pradesh, India using the best substitution model. A bootstrap replication of 1,000 cycles was performed to assess the statistical robustness. SARS-CoV-2 sequences retrieved in the study are marked in bold black color. The nodes and branches are marked in different colors.




Impact of Vaccination on SARS-CoV-2 Infections

In the second wave of 38 cases, five patients (three from Maharajganj, one from Kushinagar, and one from Gorakhpur) were identified as breakthrough infections. The clinical samples for the analysis were collected between April–May, 2021. Out of these five patients, three acquired COVID-19 infection after taking the first dose of the vaccine, while two were infected after receiving both doses of the vaccine. A total of three patients had received ChAdOx1 vaccine and two had received BBV152 vaccine.

Clinical data were analyzed for five breakthrough cases. The median age (and the IQR) of patients in the study was 50 (30–63), with the breakthrough cases after one dose were 50 (45–56) and after two doses were 46.5 (30 and 63) (Supplementary Table 2). A total of 3 (60%) of the breakthrough cases were males. Delta plus [AY.1] (n = 3) was the major SARS-CoV-2 lineage observed in the individuals who received only the first dose of the vaccine. Notably, of the two breakthrough infection cases, the first was due to the Delta (B.1.617.2) and the second breakthrough infection was due to the Kappa (B.1.617.1) variant. Both the variants belong to clade G. Mutation analysis revealed that the samples from the case of Delta variant breakthrough infection contained 20 non-synonymous mutations and the case of the Kappa variant contained 13 non-synonymous substitutions (Figure 5). A total of seven shared mutations were found between Delta and Kappa breakthrough infection cases. Interestingly, an exceptional aa change was detected at position D574Y in two cases, one from GR clade and one from Delta variant with breakthrough infection, whereas another breakthrough infection from the Kappa variant conserved the aa change at position 95 (T) as in the Wuhan isolate.


[image: Figure 5]
FIGURE 5. Representation of mutations within SARS-CoV-2 genome for the patients with the vaccine breakthrough infections. The plot displays the different locations of the mutations observed in each sample, with different colors corresponding to different genes. (A) Represents the mutations from the patient breakthrough sequence Delta variant. (B) Represents the mutations from the breakthrough sequence Kappa variant.





DISCUSSION

In India, an alert for the air-borne virus transmission was created, since the identification of the first case of SARS-CoV-2 from the Kerala state (2). Following this, the Ministry of Home Affairs (MHA) announced the country-wide lockdown (March 25, 2020 to April 14, 2020) to control and prevent the spread of viral transmission. The previous WGS analysis of SARS-CoV-2 cases introduced to India from other countries demonstrated remarkable genetic diversity (19). The rural areas of the E-UP region accommodate primarily the migratory population/laborers and frequent travel for job or education was witnessed from this region. Hence, it is likely that the virus was introduced to this region through migratory movements of the population. Our previous study demonstrated that during the first wave of the pandemic, a student migrated to Sant Kabir Nagar from Deoband and spread the infection to the familial cluster (20).

Epidemiological analysis of SARS-COV-2 clinical samples obtained during the period of the first wave determined that GH and GR clade were the prevalent strains in different Indian states (5). The predominance of the GR clade was also confirmed by the WGS analysis derived from the first wave of this study, suggesting that the circulation of this clade was mostly reported from the southern part of India. However, the unclassified cluster followed the majority of the cases after the GR clade from the E-UP region.

Like different states of India, E-UP has experienced two massive COVID-19 spikes with a significant case of fatality rates, alarming an urgent need for its effective treatment based on antiviral medicine and vaccines that reduce the mortality and morbidity rates due to COVID-19. The major affected states were Maharashtra, Kerala, Karnataka, Andhra Pradesh, Tamil Nadu, Delhi, Uttar Pradesh, and West Bengal. Despite the high caseload during the second wave, several national movements such as the election in several states, political rallies, farmer protests, and mass gatherings in religious places were going on in an uncontrolled manner that leads to the spread of COVID-19 beyond the urban center to rural regions (11). During the second wave of the pandemic, VOCs such as Delta and Delta AY.1 were introduced in the E-UP region. An upsurge of SARS-CoV-2 cases was observed at the end of March 2021 in this region. A trend toward rising cases was seen and local spread of SARS-CoV-2 in this region was observed during April 2021. Recently, a study identified 56 distinctive single nucleotide polymorphism (SNP) variations among SARS-CoV-2 in central UP that are majorly clustered into two groups which shows the deleterious effects on the genome (21).

Based on genetic similarity and full-length SARS-CoV-2 genome sequences, most cases diagnosed during the early phase of the first wave of SARS-CoV-2 infection (April to May, 2020) in the E-UP region appear to be associated with exposures or contacts of travelers visiting this region after implementation of the lockdown to curtail the SARS-CoV-2 introductions. The majority of early introductions in April and May 2020 appear to have been sourced from Southeast Asia (B.6.6), Europe (B.1), and other parts of India (B.1.210 and B.1.247) (5). Maximum genetic diversity (in terms of Pangolin lineages) among the circulating SARS-CoV-2 viruses was observed in the course of the first wave in this part of India. Several new SARS-CoV-2 variants of concern and interest (VoC/VoI), i.e., Alpha (B.1.1.7), Beta (B.1.351), and Gamma (B.1.1.28.1), had been detected from various parts of India during the first wave of COVID-19 (5, 22). However, this study demonstrates the absence of the VoC/VoI in this region during the first wave.

During the second wave, Kappa (B.1.617), Delta (B.1.617.2), and Delta (AY.1) emerged as the major sub-lineages from India (23). In the second wave of the pandemic, the E-UP was affected with Kappa, Delta, and Delta variants. As of July 2021, a total of 959 SARS-CoV-2 genome data available from Uttar Pradesh, India at INSACOG revealed the diversification and clustering of seven pangolin lineages (http://clingen.igib.res.in/covid19genomes/). These were followed by unclassified clustered sequences which lie in B.6, B.6.1, and B.6.6 pangolin lineage. The SARS-CoV-2 sequences retrieved from migrants also fall in B.1.210, B.1.306, and B.1.36. This indicates that despite the earlier classification group of G, GR, and GH clades, these have a distinct signature as per current pangolin nomenclature. The second wave of the SARS-CoV-2 had a majority of the Delta and Delta AY.1 variants of the virus spread through local transmission. Interestingly, cases during the second wave did not have any SARS-CoV-2 variants similar to the first wave except for G clade which was accounted for 9.6%, which revealed unique patterns of transmission.

The Spike protein of coronavirus is crucial for viral entry into the host cells and pathogenesis with the most variable sequences. The receptor-binding domain (RBD) has the most genomic variation in SARS-CoV-2 spike glycoprotein (24). The residues found in RBD might be crucial for SARS-CoV-2 binding to hACE2 which provides clues for monitoring the increased infectibility of natural RBD mutations during the transmission of the virus (25). SARS-CoV-2 spike protein substitution D614G variant is suggested to confer higher viral infectivity, efficient replication, mortality rate, and immune system evasion and transmission (26–28). The breakthrough infections showed aa changes at position S:D574Y in the cases of Delta variant, whereas from Kappa variant conserved residue at position 95 (T) suggesting that these variations are unlikely to reduce the ability to protect against COVID-19 infection.

During the second wave of COVID-19, the emergence of new SARS-CoV-2 lineage B.1.617 and sublineage B.1.617.2 (Delta variant), a “variant of concern” in India, has been associated with a surge in daily infections along with some breakthrough infections (22). The Delta variants are more than twice as transmissible as the original strain of SARS-CoV-2 (29, 30) and are capable of escaping the host immune response (31), which leads to breakthrough infection. Our study also depicts the distinct wave of two massive COVID-19 spikes in the E-UP region, accompanied by a high number of positive cases in the second wave along with 2 (5.26%) cases of breakthrough infection. Older age factors delay the development of immunity may contribute to increased susceptibility to VOCs. Recently, Beta and Delta variants have been reported to partially evade immunity after recommended doses of vaccination. It is known that many anti-RBD-specific antibodies can only bind to the open spike protein. Plausibly, mutations altering the conformation of the spike glycoprotein make the RBD less susceptible to neutralizing antibodies (32–34).



CONCLUSION

In summary, two waves of the COVID-19 pandemic were documented in the E-UP. The first wave mostly included patients who had returned from interstate and the second one was local spread possibly due to mass gatherings. Dynamics of SARS-CoV-2 circulating in the E-UP region were dominated by SARS-CoV-2 variants belonging to clades GH, GR, G, S, and O from the first wave. In contrast, the cases recorded in the second wave were strongly predominated by G clade variant, Delta and its variants, and Kappa. The signature amino acid changes were identified for the pandemic deadly variants. The breakthrough infections showed unique mutational changes at position S:D574Y in cases of the Delta variant, whereas from the Kappa variant conserved aa change at position 95 (T) as in the Wuhan isolate.
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Death 1(09) 263 0.328°
Variants of concern n=49 n=38
(VOC) among
genome retrieved
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B.1.36 6(12.24) 0
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Mann-Whitney U-test.
bPearson’s Chi-square test.
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