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INTRODUCTION 

As the Coronavirus Disease 2019 (COVID-19) continues 

to dominate the world into 2021, healthcare infrastructures 

are overwhelmed worldwide.1 World’s largest democracy, 

ie. India has been hit by a massive second wave of COVID-

19 cases and is experiencing a major healthcare burden. As 

India continues to combat the second wave, the medical 

supplies, medications, hospital beds, ventilators, and 

Intensive Care Units (ICU) are being exhausted at a very 

rapid rate which puts India on the brink of a humanitarian 

catastrophe.2 In late 2019, Wuhan, Hubei, China reported 

an outbreak of a pneumonia-like illness, COVID-19, 

caused by the Ribonucleic acid (RNA) virus Severe Acute 

Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), a 

beta coronavirus with a nearly 30 kb positive-sense, single-

strand RNA genome that encodes 29 proteins.3 The first 

case of COVID-19 was reported on January 30, 2020 in 

India.3 In the early pandemic, it was the elderly, those with 

comorbidities (including hypertension, diabetes, asthma 

and chronic lung disorders), and the immunocompromised 

individuals who were more susceptible to the adverse 

effects of COVID-19 infection. However, it is known that 

the demographics of the most affected populations may 

change due to the mutations/adaptations in the viral genes 

that cause new variants of the original strain of SARS-

CoV-2 to emerge, perhaps resulting in the new lineages of 

the virus. It was noted that the SARS-CoV-2 strain in India 
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has acquired new mutations at the rate of ~2 changes per 

month.3 On the other hand, nations around the globe are on 

a mission to vaccinate their population; however, the rising 

cases of variants have stirred up questions about the 

effectiveness of the current vaccines against the new 

variants.3 While some scientists remain confident that it 

will be effective, studies are underway to determine the 

effectiveness of vaccines against new strains.3,4 Amidst the 

raging pandemic, India has reported a record-breaking one 

day high of the COVID-19 positive cases for multiple days 

in April 2021 which has put the nation's healthcare system 

in disarray and the population is left searching for 

appropriate care. There are multiple factors responsible for 

the sudden upsurge in the cases. An unexpected rise in 

reported COVID-19 cases in December 2020 was 

attributed to the emergence of the new SARS-CoV-2 

variants 501Y.V1 (B.1.1.7) in the United Kingdom (UK) 

and 501Y.V2 (B.1.351) in South Africa.5 It is deduced that 

the variants may show high transmissibility and may 

develop multiple new escape variants in future and lead to 

severe epidemic rebound.4,5 This is quite evident in India 

as the “double mutant” variant is being considered as one 

of the factors contributing to their massive second wave.6 

Based on this, it can be debated that the emergence of the 

new variants might’ve been the culprit for India’s 

devastating second wave alongside other factors.3  

SARS-COV-2 AND VARIANTS 

The novel coronavirus SARS-CoV-2, belongs to the group 

of enveloped viruses having the largest genome with a 

positive-sense single-stranded RNA. The genetic makeup 

of SARS-CoV-2 consists of 13-15 ORFs (open reading 

frames). The first ORF (ORF1a/b) translates two 

polyproteins, pp1a and pp1ab which encodes 16 non-

structural proteins including replicase and protease. The 

remaining ORFs encode the four structural proteins which 

include spike (S), envelope (E), membrane (M) and 

nucleocapsid proteins (N). The main mechanism of viral 

entry into the host cell genome is through the S1 subunit of 

the spike protein binding to the host cell ACE-2 

(Angiotensin Convertase Enzyme-2) receptor through its 

receptor-binding domain (RBD), which is followed by S2 

subunit binding to the host cell membrane. Following this, 

all the other structural and non-structural proteins help in 

viral replication, transcription, assembly and packaging. 

The RBD of the spike protein is the most variable part of 

the virus which is concluded from the difference in the 

MSA (Multiple Sequence Alignment) profiles of the other 

CoVs. Mutation in the spike protein leads to 

conformational changes which can result in altered 

antigenicity.7 

Some variants circulating in India are - B.1.1.7 or 

20I/501Y.V1 which was detected in the United Kingdom 

in October 2020 which has been partially correlated with 

N501Y mutation in Receptor Binding Domain (RBD) of 

Spike protein; B.1.351 detected in the South African 

population, which could infect more younger people and 

had three primary mutations in the RBD of Spike protein, 

namely, N501Y, K417N and E484K; P.1 detected in 

January 2021 in the Brazilian population had three 

mutations of concern in Spike RBD, namely, N501Y, 

K417T and E484K.8,9 All these variants which have been 

named as Variants of Concern (VoC) have been found in 

India.10 According to the database of the Indian SARS-

CoV-2 Genomics Consortium (INSACOG) on 5th May 

2021; among the 3900 samples collected across India and 

detected with having a variant; a total of 1922, 127 and 1 

sample (or samples) have been found with B.1.1.7, B.1.351 

and P.1 variants respectively. Although the lineage B1.1.7 

has now reached community level transmission in India, 

INSACOG states that it has been relatively declining in 

proportion across the country in the last 1½ months.10  

However, a new B.1.617 lineage, first identified in India 

on 12th March 2021 and recognized as Variant of Interest 

(VoI), has been found in a total of 1850 samples in the 

INSACOG database.10 A phylogenetic analysis done 

during the sudden upsurge of the disease in Maharashtra 

since January 2021 found that there was a distinct newly 

identified lineage B.1.617 with some common mutations - 

G142D, L452R, E484Q, D614G, P681R in the spike 

protein and the RBD. Structural analysis showed that these 

mutations result in increased binding to the ACE-2 

receptor and rate of S1-S2 cleavage, therefore, implying 

increased transmissibility.11 It is the combination of these 

mutations, and not the mutations itself that is unique in the 

B.1.617 lineage.10  

Since we have noted the mutations associated with the 

B.1.617 lineage, let us further discuss each mutation in this 

lineage and how they increase infectivity of the virus. 

Korber et al and Volz et al implied that the D614G 

mutation in the Wuhan reference strain is found to be 

associated with higher viral load, increased infectivity and 

younger age group even though it does not affect the 

severity of the disease which was measured using 

hospitalization outcome.12,13 Furthermore, structural 

analysis shows that this mutation alters the receptor 

binding in a way that it increases ACE binding and 

fusion.14 It also creates an additional serine protease 

(elastase) cleavage site near the S1-S2 spike junction that 

may enhance virus membrane fusion by several times and 

might have a competitive advantage at the furin binding 

domain which was probably responsible for the upsurge.15 

In a California based study, it was concluded that L452R 

mutation in the spike protein promotes structural changes 

in the region that promotes the interaction between RBD 

and the receptor thus increasing infectivity which was 

implied by prior studies as well.16 Other studies by Jangra 

et al and Tortorici et al showed that mutations at the E484 

(E484K/Q) affect binding of the serum neutralizing 

antibodies to the recombinant virus which results in higher 

infectivity.17,18 Kumar et al observed that E484Q mutation 

results in increase in intra-chain interaction in the spike 

protein which can affect the interaction of human 

antibodies with the spike protein leading to higher 

infectivity rate.19  
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According to data from GISAID (Global Initiative for 

Sharing Avian Influenza Data), the Indian variant is 60% 

more transmissible than the UK variant and 2.6% more 

transmissible than the original strain.20 From the total 

samples collected and sequenced over past weeks, 59% 

(1239 of 2121 samples) attributed to B.1.617 lineage.21  

VACCINES FOR COVID-19 

The antiviral vaccines fall into various categories like the 

Live attenuated, virus-like particle (VLP), viral vectors, 

protein-based, DNA-based, and mRNA-based vaccines. 

Various vaccines are under development across the globe 

that amount to close to 300 vaccine projects.22 Some of 

them currently in use are Pfizer-BioNTech, Moderna, 

Oxford-Astrazeneca, Janssen, Covaxin and Sputnik V.23 

As of now, 8 Covid-19 vaccines are under trial in India of 

which, 3 are approved by the Drugs Controller General of 

India (DCGI) for emergency use; which are Covaxin, 

Covishield and Sputnik V.24 The Oxford–AstraZeneca 

vaccine is a viral vector vaccine which contains 

chimpanzee adenovirus as a vector which is genetically 

engineered so that it cannot grow in humans and made in 

India under trade name of ‘Covishield’ by Serum Institute 

of India which was studied in the 4 RCTs conducted by 

Knoll et al.24-26 In these RCTs, the investigators pooled 

results from the UK, Brazil and South Africa for the 

ChAdOx1 nCoV-19 (AZD1222) Oxford–AstraZeneca 

vaccine in adults aged 18 years and older in December 

2020, found out that Vaccine efficacy after more than 14 

days from the 2nd dose was 70·4% in 5807 participants in 

the ChAdOx1 nCoV-19 group versus 101 [1·7%] of 5829 

participants in the control group).26 In another trial 

conducted in the United States, Peru and Chile, no 

participant who had been vaccinated had to be admitted for 

serious COVID-19 related complications.27 

Inactivated whole-virion SARS-CoV-2 vaccine BBV152 

(COVAXIN) developed by Bharat Biotech, India, uses a 

complete infective SARS-CoV-2 viral particle made of 

RNA surrounded by a protein shell, modified to not 

replicate.21 An article by Thiagarajan et al, stated 81% 

vaccine efficacy post the second dose of vaccine. These 

interim results of phase III trials included 25,800 

participants.9 

Last but not least, the latest approved COVID-19 vaccine 

in India is ‘Sputnik V’ developed by Gamaleya Research 

Institute Epidemiology and Microbiology, Health Ministry 

of the Russian Federation.28 It is a non-replicating 

adenovirus (rAd26-S + rAd5-S) type vaccine. Sputnik V is 

made of 2 components which makes up the first and second 

doses of the vaccine regime. One component is with the 

recombinant adenovirus vector based on the human 

adenovirus type 26 and another with the adenovirus vector 

based on the human adenovirus type 5, both containing the 

SARS-CoV-2 S protein gene. Sputnik V had successfully 

cleared preclinical trials on various animals and it had also 

cleared Phase 1 and 2 clinical trials for its safety and 

efficacy in humans.28 The vaccine has completed its phase 

3 trials with 19866 participants in India and has shown 

strong antibody and cellular immune response. There were 

no serious adverse effects associated with vaccination.29  

NEUTRALIZING ABILITY OF THE AVAILABLE 

VACCINES 

As discussed earlier in the article, many vaccines have 

been developed and approved for use against SARS-CoV-

2. At the same time, virus has undergone rapid mutations. 

Few studies have been done to know whether the existing 

vaccines are effective against existing and the newly 

mutated viruses. 

It is of utmost importance to understand the neutralizing 

ability of vaccines against the B.1.617 variant which is 

considered to be responsible for sudden upsurge in the 

cases in India. Yadav et al collected neutralizing-antibody 

(NAb) titres against B.1.167.1 and prototype B.1 variant 

from sera of COVID-19 naive subjects and COVID-19 

recovered subjects; both groups had received two doses of 

Covishield. The study showed that COVID-19 recovered 

subjects had higher NAb titres as compared to COVID-19 

naive subjects. And there was a significant difference in 

NAb titres of B.1 and B.1.167.1. The researchers also 

concluded that Covishield induced NAb titres were likely 

to limit severity and mortality of disease in vaccinated 

individuals.30 In one other study, the researchers collected 

sera samples from individuals infected from B.1.351, 

B.1.1.7, B.1.1.28.2 and B1 variants and from recipients of 

BBV152 (Covaxin). They used the sera to perform plaque 

reduction neutralization test (PRNT50) against the B.1.617 

variant. The researchers compared the results and 

demonstrated that neutralizing capacity against the variant 

is similar from sera of vaccinated individuals and that from 

recovered cases.31 Edara et al demonstrated neutralizing 

antibody response to the B.1.617.1 variant in serum from 

infected and vaccinated (with mRNA Vaccines) 

individuals. The results showed that the new variant was 

6.8-fold less susceptible to neutralization by sera from 

infected and vaccinated individuals. Despite this, sera from 

all the vaccinated individuals and sera from majority 

convalescent individuals, was able to neutralize the 

variant. The researchers concluded that individuals 

vaccinated with mRNA vaccines are likely to retain 

protection against B.1617.32 However, the study is limited 

with a small sample size.  

Singh et al quantitatively assessed the antibody titre in sera 

of healthcare workers at four time points between 21 days 

or more, after the first dose to 6 months after the second 

dose. The study was done as a part of Pan India, Cross-

sectional, Coronavirus Vaccine-induced Antibody Titre 

(COVAT) study. The study showed that both the vaccines 

available in India i.e Covishield (ChAdOx1-nCoV) and 

Covaxin (BBV-152), elicited an immune response and the 

seropositivity rates were significantly higher with 

covishield after first dose.33  
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Madhi et al conducted a randomized control trial to study 

the efficacy of ChAdOx nCoV-19 (Covishield/ AZD1222) 

vaccine against the B.1.351 variant which was first 

identified in South Africa. The neutralization assays post 

vaccination showed greater resistance to the B.1.351 

variant in serum samples obtained from vaccine recipients 

as compared to placebo recipients and concluded that the 

two dose regimen of ChAdOx1 nCoV-19 was not 

protective against mild to moderate COVID-19 due to the 

new variant.34,35 

Emary et al reported an analysis of the efficacy of 

Covishield against the B.1.17 variant which was the 

dominant cause of COVID-19 in the United Kingdom. The 

study revealed that the vaccine was efficacious against the 

B.1.1.7 variant of SARS-CoV-2.36 

Khoury et al made a predictive model showing 

neutralization and efficacy against viral variants. They 

analyzed the relationship between in vitro neutralization 

levels and observed protection from SARS-CoV-2 

infection using data from seven current vaccines and from 

convalescent cohorts. They used neutralization titers 

available from seven published vaccine studies and 

normalized the titers using similar assay in all studies. On 

comparing the normalized neutralization levels against 

corresponding protective efficacy from seven phase 3 

clinical trials. The analysis suggested that the mean in vitro 

neutralization level of a vaccine measured early after 

vaccination was predictive of the subsequent protective 

efficacy measured in phase 3 trials, and estimated that the 

50% neutralization level for SARS-CoV-2 was 

approximately 20% of the mean convalescent titer.37 

 BURDEN OVER EXISTING HEALTH CARE 

SYSTEM 

As evident from history, a pandemic can overwhelm the 

healthcare system of a country, especially in a developing 

country like India.38 The COVID-19 pandemic has put an 

immense burden over the health care system globally. 

India being home to 1.3 billion people has not enough 

health care infrastructure to cater to this massive 

population.39,40 India has 5 beds per 10,000 population as 

recorded in 2017 and 9 physicians per 10,000 population 

as recorded in 2019.40,41 This available resource is still 

below the recommended levels suggested by the World 

Health Organization (WHO). Meanwhile, the health 

minister has also admitted that India has entered into a state 

of community transmission.42 Currently, India is facing a 

second wave of Covid-19. 60% of India's total population 

resides in rural India.38 Also, there is a shortfall at all tiers 

of rural health care system i.e Sub-Centres, Primary Health 

Centre (PHC) and Community Health Centres (CHC), and 

the workforce availability here is below recommended 

levels suggested by the WHO.43 The rural and urban 

healthcare set up differs with regards to resources and 

patient load. Due to lack of availability of enough 

resources, medicines and health care professionals at rural 

setup, there is a ripple effect causing the patients from rural 

areas to attend tertiary health care services in urban 

areas.38,44 This further leads to overwhelming of tertiary 

care setup. In urban setup, resources such as mechanical 

ventilators are not in adequate numbers to meet the 

suddenly increased demand, and thus burden over the 

existing health care system has amplified.39 The pandemic 

has also caused health disparities, as the existing public 

health system has been allocated into COVID response to 

meet the increased burden, and thus disrupting the routine 

health services.45 India will need to address the decades of 

underinvestment in public health systems and social 

health, which may leave it struggling at this time of crisis.39 

The COVID-19 pandemic has exposed our frontliners - 

Health Care Workers (HCWs) to a unique set of stressors 

and challenges. The HCWs are facing mental health issues 

such as severe anxiety and depression, burnouts, 

harassment, resource related issues, physical and mental 

fatigue, presenteeism phenomenon, uncertainties in 

workplace and future, public stigma, discrimination and 

self stigma.46 In a global survey by Schneider et al, they 

reported that there was no difference in anxiety levels 

between countries with a high incidence rate as compared 

to countries with few COVID-19 cases.46 Adequate rest, 

mental support, family support, personal protection, 

rewards and appreciation can contribute to the well-being 

of HCWs and higher quality of patient care.47 

SOCIO-POLITICO-ENVIRONMENTAL FACTORS 

FOR UPSURGE 

Epidemiology of infectious diseases is commonly 

explained through the host, vector and environment triad. 

Multiple socio-political events started after the lifting of a 

9 month long complete/partial lockdown with eminent 

personalities declaring that the nation has won the war 

against COVID-19 which might have resulted in 

complacency in following the COVID-19 protocols. 2 

weeks before the lowest dip in recorded daily new cases, 

India began its First phase of vaccination drive on 16th 

January’21 which included Frontline workers.48 

The month of February marks the beginning of wedding 

season in India. Many weddings that occurred in 

February’21 reported some of their attendants turning 

COVID-19 positive after attending the social 

gathering.49,50 India marked the beginning of the second 

wave in mid February.51 Various political rallies for state 

assembly election, and elections in local municipality and 

nagar palika were seen in the month February and March. 

As reported by media, the rallies did not observe COVID 

Appropriate Behaviour which might have added to the 

surge.52 Kumbh Mela- a religious gathering which occurs 

once in every 12 years, observed the first Shahi Snan 

alongside the elections. The religious event mandated a 

negative RT-PCR report to participate in the event.53  
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Figure 1: Infographic showing the series of events with respect to timeline and corresponding changes in the graph 

depicting the second wave. Note that weddings are pan India and elections in many states. 
A1: 16th January'21- Beginning of First phase of vaccination drive. 1st February’21 - Lowest number of new cases since last peak in 

Sept'20. A2: 1st April’21 - Beginning of Second phase of vaccination drive. A3: 1st May'21 - Beginning of Third phase of vaccination 

drive. B1: 14th February'21 - Punjab municipal corporation elections. B2: 21st February'21 - Gujarat municipal corporation elections. 

B3: March’21 - Election rallies across 4 states.  B4: 10th March'21 - Andhra Pradesh municipal corporation elections. B5: 20th 

March'21- Goa municipal council elections. B6: 27th March'21- 1st Phase of election in West Bengal and Assam. B7: 1st April’21 - 

Elections in West Bengal and Assam. B8: 6th April'21 - Elections in West Bengal, Assam, Kerala, Tamil Nadu. B9: 7th April'21 - 

Himachal Pradesh municipal corporation election. B10: 30th April'21 - Telangana municipal corporation election. C1: February’21 - 

Wedding season in India. C2: 11th March'21 - 1st Shahi Snan of Kumbh Mela. C3: 12th April'21 - 2nd Shahi Snan of Kumbh. C4: 14th 

April'21 - 3rd Shahi Snan of Kumbh. C5: 27th April'21 - 4th Shahi Snan of Kumbh.6th May’21 - Highest number of new cases recorded. 

The second phase of vaccination which included elderly 

citizens aged 45 and plus, started on 1st April, 2021 right 

after the election campaigns that occurred in 4 major states. 

Crowded vaccine centres may have also passed on the 

virus to unsuspecting recipients either during their first 

dose or second dose.54 Meanwhile, the Kumbh witnessed 

second, third and fourth Shahi Snan in the month of 

April.53 There was intense media and administrative focus 

on the Kumbh event and the surge in India coincided with 

this event. 

The third phase of vaccination which included the youth 

(age: 18-44) of India started by 1st of May, 2021 almost 

near to the recorded highest peak of daily cases that the 

country saw on 6th May, 2021.55 This phase also saw the 

shortfall of vaccines and due to the fear of the pandemic 

and with various lockdowns since the last week of April, it 

may not have contributed much to virus transmissions as 

there was fear in the air. 

The government data shows that 88% of the population 

that died due to COVID-19 disease up to December 2020 

were above the age of 45 years. People under the age of 45 

years account for 65% of the COVID cases but constituted 

only 12% of the total deaths.56 The data of population age 

group across India for second wave has not been released 

yet, but the data from Maharashtra (the most affected state 

in both the waves of pandemic) shows that the total 

percentage of children and adults (up to 50 years) infected 

was around 65%, while the percentage of senior citizens 

(above 60) testing positive was 18%, as released by the 

state health department.57 These data suggest that the 

younger population is more affected in the second wave as 

compared to the first wave. It is likely that the elderly 

population may have escaped hospitalization and severe 

disease due to vaccines, since vaccination for elderly began 

before the second wave. 

CONCLUSION  

The sudden upsurge in the cases of Covid-19 across the 

country is multifactorial and can be attributed to 

liberalisation of laws, complacency of people, vaccine 

hesitancy, unpreparedness of the healthcare system and 

lack of resources in healthcare settings. Also, the virus 

itself has undergone mutations, which has increased its 

infectivity and transmissibility. Due to the exponential 

increase in the number of cases and inadequacy of the 

healthcare infrastructure and resources, the nation has 

entered into a state of crisis. The demand and supply 

remains unbalanced. Moreover, definitive treatment of the 

disease is yet to be discovered. Only ramping up 

vaccination can prove India in its battle against COVID-

19. Vaccination-Sanitizing-Masking-Social distancing (V-

SMS) remains the gold standard in this fight, while 

vaccination being a cherry on top. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 



Barot KS et al. Int J Community Med Public Health. 2021 Aug;8(8):4089-4093 

                                International Journal of Community Medicine and Public Health | August 2021 | Vol 8 | Issue 8    Page 4091 

REFERENCES 

1. Darby AC, Hiscox JA. Covid-19: variants and 

vaccination. BMJ (Clinical research ed.). 

2021;372:771.  

2. Bhatt N. 'The horror is real': India faces oxygen crisis 

alongside world's highest COVID-19 caseload. The 

Globe and Mail. 2021. https://www.theglobe 

andmail.com/world/article-indias-covid-19-crisis-is-

like-a-mad-train/. Accessed on 10th May, 2021. 

3. Srivastava S, Banu S, Singh P, Sowpati DT, Mishra 

RK. SARS-CoV-2 genomics: An Indian perspective 

on sequencing viral variants. Journal of biosciences. 

2021;46(1):22. 

4. Mahase E. Covid-19: What new variants are 

emerging and how are they being investigated?. BMJ 

(Clinical research ed.). 2021;372:n158. 

5. Fontanet A, Autran B, Lina B, Kieny MP, Karim S, 

Sridhar D. SARS-CoV-2 variants and ending the 

COVID-19 pandemic. Lancet (London, England). 

2021;397(10278):952-4.  

6. Farrer M. Why is India seeing such a huge surge in 

Covid-19 cases? The Guardian. 2021. 

https://www.theguardian.com/world/2021/apr/21/wh

y-is-india-seeing-such-a-huge-surge-in-covid-19-

cases. Accessed on 10th May, 2021. 

7.  Naqvi AAT, Fatima K, Mohammad T, Fatima U, 

Singh IK, Singh A et al. Insights into SARS-CoV-2 

genome, structure, evolution, pathogenesis and 

therapies: Structural genomics approach. Biochimica 

et Biophysica Acta (BBA) - Molecular Basis of 

Disease. 2020;1866(10):165878.  

8.  CDC. Coronavirus Disease 2019 (COVID-19). 

Centers for Disease Control and Prevention. 2020. 

https://www.cdc.gov/coronavirus/2019-ncov/scie 

nce/science-briefs/scientific-brief-emerging-

variants.html. Accessed on 10th May, 2021. 

9. Thiagaraja K. Why is India having a covid-19 surge? 

BMJ. 2021;373:n1124.  

10. Indian SARS-CoV-2 Genomic Consortia 

(INSACOG) | Department of Biotechnology. (n.d.). 

2020. http://dbtindia.gov.in/insacog. Accessed on 

10th May, 2021. 

11. Cherian S, Potdar V, Jadhav S, Yadav P, Gupta N, 

Das M et al. Convergent evolution of SARS-CoV-2 

spike mutations, L452R, E484Q and P681R, in the 

second wave of COVID-19 in Maharashtra, India. 

BioRxiv. 2021;04.22.440932.  

12. Tracking Changes in SARS-CoV-2 Spike: Evidence 

that D614G Increases Infectivity of the COVID-19 

Virus: Cell. (n.d.). 2020. https://www.cell.com 

/cell/fulltext/S0092-8674(20)30820-5?_returnUR 

L=https%3A%2F%2Flinkinghub.elsevier.com%2Fr

etrieve%2Fpii%2FS0092867420308205%3Fshowall

%3Dtrue. Accessed on 3rd May, 2021. 

13. Volz E, Hill V, McCrone JT, Price A, Jorgensen D, 

O’Toole Á et al. Evaluating the Effects of SARS-

CoV-2 Spike Mutation D614G on Transmissibility 

and Pathogenicity. Cell. 2021;184(1):64-75.e11.  

14.  Yurkovetskiy L, Wang X, Pascal KE, Tomkins-

Tinch C, Nyalile TP et al. Structural and Functional 

Analysis of the D614G SARS-CoV-2 Spike Protein 

Variant. Cell. 2020;183(3):739-51.  

15. Sarkar R, Banerjee A, Dutta S, Chawla-Sarkar M. 

Emergence of SARS-CoV-2 stains harbouring the 

signature mutations of both A2a and A3 clade. 

MedRxiv, 2021;02.04.21251117.  

16. Deng X, Garcia-Knight MA, Khalid MM, Servellita 

V, Wang C, Morris MK et al. Transmission, 

infectivity, and antibody neutralization of an 

emerging SARS-CoV-2 variant in California 

carrying a L452R spike protein mutation. MedRxiv, 

2021.03.07.21252647.  

17. Jangra S, Ye C, Rathnasinghe R, Stadlbauer D, 

Alshammary H, Amoako A et al. SARS-CoV-2 spike 

E484K mutation reduces antibody neutralisation. The 

Lancet Microbe. 2021;0(0).  

18. Tortorici MA, Beltramello M, Lempp FA, Pinto D, 

Dang HV et al. Ultrapotent human antibodies protect 

against SARS-CoV-2 challenge via multiple 

mechanisms. Science (New York, N.Y.). 

2020;370(6519):950-7. 

19. Kumar V, Singh J, Hasnain SE, Sundar D. Possible 

link between higher transmissibility of B.1.617 and 

B.1.1.7 variants of SARS-CoV-2 and increased 

structural stability of its spike protein and hACE2 

affinity. BioRxiv. 2021;04.29.441933. 

20. GISAID - India. (n.d.). https://www.gisaid.org/ 

phylodynamics/india/. Accessed on 17th May, 2021. 

21. Regeneron COVID-19 Dashboard. (n.d.). 

https://covid19dashboard.regeneron.com/?tab=Hom

e&subTab=Asia. Accessed on 17th May, 2021. 

22. Forni G, Mantovani A. COVID-19 vaccines: Where 

we stand and challenges ahead. Cell Death & 

Differentiation. 2021;28(2):626-39.  

23. COVID-19 vaccines. (n.d.).  https://www.who.int 

/emergencies/diseases/novel-coronavirus-2019/co 

vid-19-vaccines. Accessed on 14th May, 2021. 

24. Vaccine information, ICMR New delhi—COVID-19 

Vaccine. (n.d.). https://vaccine.icmr.org.in/covid-19-

vaccine. Accessed on 19th May, 2021. 

25. About the Oxford COVID-19 vaccine. (n.d.).  

https://www.research.ox.ac.uk/article/2020-07-19-

the-oxford-covid-19-vaccine. Accessed on 23rd 

May, 2021. 

26. Knoll MD, Wonodi C. Oxford–AstraZeneca COVID-

19 vaccine efficacy. The Lancet. 

2021;397(10269):72-4.  

27. Mallapaty S, Callaway E. What scientists do and 

don’t know about the Oxford–AstraZeneca COVID 

vaccine. Nature. 2021;592(7852):15-7.  

28. Sputnik V, Covishield, Covaxin: What we know 

about India’s Covid-19 vaccines—BBC News. (n.d.). 

https://www.bbc.com/news/world-asia-india-

55748124. Accessed on 15th May, 2021. 

29. Press Releases. (n.d.). https://www.drreddys.co 

m/media/press-releases/. Accessed on 17th May, 

2021. 

https://www.theglobe/
https://www.cell.com/
https://www.gisaid.org/
https://www.who.int/


Barot KS et al. Int J Community Med Public Health. 2021 Aug;8(8):4089-4093 

                                International Journal of Community Medicine and Public Health | August 2021 | Vol 8 | Issue 8    Page 4092 

30. Yadav P, Sapkal GN, Abraham P, Deshpande G, 

Nyayanit D, Patil DY et al. Neutralization potential 

of Covishield vaccinated individuals sera against 

B.1.617.1. BioRxiv. 2021;05.12.443645.  

31. Yadav PD, Sapkal GN, Abraham P, Ella R, 

Deshpande G, Patil DY et al. Neutralization of 

variant under investigation B.1.617 with sera of 

BBV152 vaccinees. Clinical Infectious Diseases. 

2021;ciab411.  

32. Edara VV, Lai L, Sahoo MK, Floyd K, Sibai M, Solis 

D et al. Infection and vaccine-induced neutralizing 

antibody responses to the SARS-CoV-2 B.1.617.1 

variant. BioRxiv. 2021;05.09.443299.  

33. Singh AK, Phatak SR, Singh NK, Gupta A, Sharma 

A, Bhattacharjee K et al. Antibody Response after 

First-dose of ChAdOx1-nCOV (CovishieldTM®) 

and BBV-152 (CovaxinTM®) amongst Health Care 

Workers in India: Preliminary Results of Cross-

sectional Coronavirus Vaccine-induced Antibody 

Titre (COVAT) study. MedRxiv. 

2021;04.07.21255078.  

34. Madhi SA, Baillie V, Cutland CL, Voysey M, Koen 

AL, Fairlie L et al. Efficacy of the ChAdOx1 nCoV-

19 Covid-19 Vaccine against the B.1.351 Variant. 

New England Journal of Medicine. 2021;0(0). 

35. Irfan N, Chagla Z. In South Africa, a 2-dose 

Oxford/AZ vaccine did not prevent mild to moderate 

COVID-19 (cases mainly B.1.351 variant). Annals of 

Internal Medicine. 2021.  

36. Emary K, Golubchik T, Aley PK, Ariani CV, Angus 

B, Bibi S et al. Efficacy of ChAdOx1 nCoV-19 

(AZD1222) vaccine against SARS-CoV-2 variant of 

concern 202012/01 (B.1.1.7): an exploratory analysis 

of a randomised controlled trial. Lancet (London, 

England). 2021;397(10282):1351-62. 

37. Khoury DS, Cromer D, Reynaldi A. Neutralizing 

antibody levels are highly predictive of immune 

protection from symptomatic SARS-CoV-2 

infection. Nat Med. 2021. 

38. Singh A, Deedwania P, Vinay K, Chowdhury AR, 

Khanna P. Is India's Health Care Infrastructure 

Sufficient for Handling COVID 19 Pandemic?. Int 

Arch Public Health Community Med. 2020;4:041. 

39. Golechha M. India should ramp up its emergency 

medicine and critical care infrastructure to combat 

COVID-19. Postgraduate Medical Journal. 

2021;97(1146):266.  

40. Hospital beds (per 1,000 people)—India | Data. (n.d).  

https://data.worldbank.org/indicator/SH.            

MED.BEDS.ZS?end=2018&locations=IN&start=19

60&view=chart. Accessed on 6th May, 2021. 

41. Medical doctors (per 10 000 population). (n.d.). 

https://www.who.int/data/gho/data/indicators/indicat

or-details/GHO/medical-doctors-(per-10-000-

population). Accessed on 6th May, 2021. 

42. Sharma NC. India is in throes of community 

transmission, admits Vardhan. Mint. 

https://www.livemint.com/news/india/india-is-in-

throes-of-community-transmission-admits-vardhan-

11603072987749.html. Accessed on 19th October, 

2020. 

43. Sunil R, Bhatt MT, Bhumika TV, Thomas N, Puranik 

A, Chaudhuri S et al. Weathering the Storm: 

Psychological Impact of COVID-19 Pandemic on 

Clinical and Nonclinical Healthcare Workers in 

India. Indian Journal of Critical Care Medicine: Peer-

Reviewed, Official Publication of Indian Society of 

Critical Care Medicine. 2021;25(1):16-20.  

44. Hamid H, Abid Z, Amir A, Rehman TU, Akram W, 

Mehboob T. Current burden on healthcare systems in 

low- and middle-income countries: 

Recommendations for emergency care of COVID-19. 

Drugs & Therapy Perspectives. 2020;1-3.  

45. Rekha M. COVID-19: Health Care System in India. 

Health Care: Current Reviews. 2020;S1:262. 

46. Schneider M, Altersberger M, Binder C, 

Hengstenberg C, Binder T. The COVID-19 burden 

for health care professionals: Results of a global 

survey. European Journal of Internal Medicine. 

2021;83:96-8.  

47. Behera D, Praveen D, Beher MR. Protecting Indian 

health workforce during the COVID-19 pandemic. 

Journal of Family Medicine and Primary Care. 

2020;9(9):4541-6.  

48. India rolls out the world’s largest COVID-19 

vaccination drive. (n.d.).  https://www.who. 

int/india/news/feature-stories/detail/india-rolls-out-

the-world-s-largest-covid-19-vaccination-drive. 

Accessed on 20th May, 2021. 

49. Risk of Covid-19 spread during ongoing wedding 

season, say experts. Hindustan Times. 

https://www.hindustantimes.com/india-news/risk-of-

covid-19-spread-during-ongoing-wedding-season-

say-experts-101613541960625.html. Accessed on 

17th February, 2021. 

50. Superspreader events like weddings behind new 

Covid surge: Govt panel. Hindustan Times. 

https://www.hindustantimes.com/india-news/ 

superspreader-events-like-weddings-behind-new-

covid-surge-govt-panel-101616177606318.html. 

Accessed on 9th May, 2021. 

51. Coronavirus in India: Latest Map and Case Count. 

(n.d.). https://www.covid19india.org. Accessed on 

20th May, 2021. 

52. India Covid crisis: Did election rallies help spread 

virus?. BBC News. https://www.bbc.com        

/news/56858980. Accessed on 29th April, 2021. 

53. Haridwar Kumbh Mela 2021: Gathering starts 

today—check dates of shahi snan, ganga snan, Covid 

19 guidelines and more. Zee Business. 

https://www.zeebiz.com/india/news-haridwar-

kumbh-mela-2021-gathering-starts-today-check-

dates-of-shahi-snan-ganga-snan-covid-19-

guidelines-and-more-154035. Accessed on 1st April, 

2021. 

54. Covid-19 vaccination drive for people above the age 

of 45 begins from today. Hindustan Times. 

https://www.hindustantimes.com/india-news/covi 

d19-vaccination-drive-for-people-above-the-age-of-

https://data.worldbank.org/indicator/
https://www.hindustantimes.com/india-news/
https://www.bbc.com/
https://www.hindustantimes.com/india-news/covi


Barot KS et al. Int J Community Med Public Health. 2021 Aug;8(8):4089-4093 

                                International Journal of Community Medicine and Public Health | August 2021 | Vol 8 | Issue 8    Page 4093 

45-begins-from-today-101617242491029.html. 

Accessed on 1st April, 2021.  

55. Vaccination of 18-44 year olds takes off in Capital. 

Hindustan Times. https://www.hindustantimes.co 

m/cities/delhi-news/vaccination-of-18-44-year-olds-

takes-off-in-capital-101620073625676.html. 

Accessed on 4th May, 2021. 

56. 88% of Covid-19 fatalities, 40% of cases in 45+ age 

group: Govt data. Hindustan Times. 

https://www.hindustantimes.com/india-news/88-of-

covid-fatalities-40-of-cases-in-45-age-group-govt-

data/story-0RvZ2kT1CXMRonZjl6pGlL.html. 

Accessed on 18th December, 2020. 

57.  Half of Covid patients in Maharashtra under-40, only 

18% elderly positive. (n.d.). The New Indian Express. 

https://www.newindianexpress.com/nation/ 

2021/apr/03/half-of-covid-patients-in-maharashtra-

under-40-only-18-elderly-positive-2285162.html. 

Accessed on 3rd May, 2021. 

 

 

 

 

 

 

 

 

Cite this article as: Barot KS, Naik SH, Patel MH, 

Mankad SP, Akash A. Patel AA, Pandya et al. 
COVID-19: sudden and dramatic upsurge in the 

number of cases in India. Int J Community Med 

Public Health 2021;8:4089-93. 

https://www.hindustantimes.co/
https://www.newindianexpress.com/nation/

