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            Abstract

            
               
Background: To curb SARS-CoV-2, various vaccines received Emergency Authorization Use by copious agencies. These vaccines are administered
                  to health-care workers, front-line workers, elderly individuals and many others. Health care workers were the first to be
                  administered with vaccines, thus, evaluating the antibody response helps to portray a picture of the burden of SARS-CoV-2
                  infection amid Health Care Workers. 
               

               Materials and Methods: The present study aimed to investigate the production of total antibodies against SARS-CoV-2 before and after vaccination
                  (2 doses) among Health Care Workers along with associated factors. The present study was conducted on 60 healthcare workers
                  as cases who got vaccinated for COVID-19. The semi-quantitative detection of anti-SARS-CoV-2 IgG Ab in the samples was detected
                  using Erba Lisa COVID-19 total antibody indirect ELISA kit using standard protocol as described by the manufacturer. 
               

               Results: In the present study, co-morbidities such as hypertension was presented in only 8 (12.3%) individuals, diabetes in 4 (6.1%)
                  and Coronary Artery Disease in 1 (1.5%). After first dose of administration, 86.67% HCWs were found seropositive for the anti-SARS-CoV-2
                  Ab while 13.33% were seronegative, however, after second dose 100% seroprevalence was observed amid HCWs. The statistical
                  analysis depicted a significant difference (p<0.0001) in antibody titres among individuals before and after vaccination. The
                  mean of total antibody levels detected at zero week was (4.1), 4th week, (39.09), 8th week (79.39) and 12th week (105). 
               

               Conclusion: The present study provides important information on the detectable levels of antibodies induced by COVISHIELD against the
                  SARS-CoV-2 which was independent of gender and age.
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               Introduction

            Severe acute respiratory syndrome corona-virus 2 (SARS-CoV-2), the causative agent of COVID-19, has led to a global pandemic,
               affecting 290 million people and 5.4 million deaths till 7th January 2022. To contain this brunt, various novel vaccines received an Emergency Use Authorization (EUA) by the U.S.A Food
               Drug Administration (FDA), European Medicine Agency (EMA), U.K. Medicines and Healthcare Products Regulatory Agency (MHRA)
               and Indian Central Drugs Standard Control Organization (CDSCO) as well as Drugs Controller General of India (DCGI).1 About 910 million people are administered with vaccine doses. These vaccines are administered to health-care workers, front-line
               workers, elderly individuals including those with comorbidities. Since health care workers are at the front line of the ongoing
               pandemic, they were the first to receive the vaccines, thus, evaluating the antibody response aids to render a snapshot of
               the burden of SARS-CoV-2 infection amid HCWs.2 Various studies on immune response for SARS-CoV-2 showed that antibodies were present 7-14 days after the onset of symptoms.3, 4, 5 These antibodies were found to decline with the passage of time but remain detectable for several months following infection.6, 7 It was observed that SARS-CoV-2 antibodies have neutralizing capacity in-vitro and shield against reinfection in study models.8 Till today, early data has been published on immunogenicity and safety of the vaccine, however, associated factors such as
               duration of immune response and rate of antibody production is yet to uncover.9, 10 Therefore, the present study aimed to investigate the production of total antibodies against SARS-CoV-2 before and after
               vaccination (2 doses) among HCWs along with associated factors such as co-morbidities and adverse reaction after vaccination.
               
            

         

         
               Materials and Methods

            The present study was conducted on 60 healthcare workers (34 males and 26 females within the age group of 22-64 years) as
               cases who got vaccinated for COVID-19 vaccine at Government Medical College and Hospital, Amritsar. Before commencement of
               the study, ethical permission and approval was obtained from the Ethics Commission at Viral Research and Diagnostic Laboratory
               (VRDL), Government Medical College (GMC), Amritsar, India. Individuals vaccinated with COVID-19 vaccine were enrolled as cases
               while individuals with previous SARS-CoV-2 history and/or were symptomatic at the time of sample collection were excluded.
               About 5ml of blood sample was withdrawn to detect COVID-19 specific IgG Ab base line titre. The first blood samples were taken
               at day 0 before vaccination followed by 4th week, 8th week, 12th week, 24th week post vaccination. The semi-quantitative detection of anti-SARS-CoV-2 IgG Ab in the samples was detected using ErbaLisa
               COVID-19 IgG indirect ELISA kit using standard protocol as described by manufacture. Antibody titre was evaluated on the basis
               of cut off values following comparison between negative control and sample. The sample was evaluated negative if its value
               was similar to the negative control whereas if the value obtained was at-least 2 times higher than cut off value of negative
               control it was considered as positive. 
            

         

         
               Results

            The present study was conducted on 60 health care workers vaccinated for COVID-19 at Government Medical College, Amritsar.
               Co-morbidities such as hypertension was presented in only 8 (12.3%) individuals, diabetes in 4 (6.1%) and coronary artery
               disease in 1 (1.5%). After vaccination, 56% of individuals experienced weakness, 79% had fever while malaise, joint pains
               and body aches were reported in 33.33%, 3.33% and 16.67% subjects, respectively.
            

            In this study, after first dose of administration, 86.67% HCWs were found seropositive for the anti-SARS-CoV-2 Abs while 13.33%
               were seronegative, however, after second dose, 100% seroprevalence was observed amid HCWs (Table  1). The statistical analysis depicted a significant difference (p<0.0001) in antibody titres among individuals before vaccination
               and after vaccination. The mean of total antibody levels at zero week (4.1), 4th week, (39.09), 8th week (79.39) and 12th
               week (105). Overall, no statistically significant difference was observed between antibody response, gender and age (Figure  1, Figure  2).
            

            
                  
                  Table 1

                  Total antibody index among health care workers before and after vaccination
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Sr.No.
                              
                           

                           
                        
                        	
                              
                           
                            Age

                           
                        
                        	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            Day Zero

                           
                        
                        	
                              
                           
                            Day 28

                           
                        
                        	
                              
                           
                            Day 56

                           
                        
                        	
                              
                           
                            Day 84

                           
                        
                     

                     
                           	
                              
                           
                            V1

                           
                        
                        	
                              
                           
                            37

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            1.3 ± 0.02

                           
                        
                        	
                              
                           
                            70.28 ± 0.02

                           
                        
                        	
                              
                           
                            80.3 ± 0.04

                           
                        
                        	
                              
                           
                            99.2 ± 0.03

                           
                        
                     

                     
                           	
                              
                           
                            v2

                           
                        
                        	
                              
                           
                            44

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            2.3 ± 0.01

                           
                        
                        	
                              
                           
                            12.6 ± 0.03

                           
                        
                        	
                              
                           
                            84.7 ± 0.05

                           
                        
                        	
                              
                           
                            120.84 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v3

                           
                        
                        	
                              
                           
                            47

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            3.2 ± 0.01

                           
                        
                        	
                              
                           
                            30.74 ± 0.01

                           
                        
                        	
                              
                           
                            101.6 ± 0.08

                           
                        
                        	
                              
                           
                            109.5 ± 0.02

                           
                        
                     

                     
                           	
                              
                           
                            v4

                           
                        
                        	
                              
                           
                            48

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            0.6 ± 0.01

                           
                        
                        	
                              
                           
                            40.2 ± 0.07

                           
                        
                        	
                              
                           
                            85.6 ± 0.04

                           
                        
                        	
                              
                           
                            116.79 ± 0.05

                           
                        
                     

                     
                           	
                              
                           
                            v5

                           
                        
                        	
                              
                           
                            60

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            1.3 ± 0.03

                           
                        
                        	
                              
                           
                            80 ± 0.05

                           
                        
                        	
                              
                           
                            100.1 ± 0.08

                           
                        
                        	
                              
                           
                            121.61 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v6

                           
                        
                        	
                              
                           
                            52

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            3.5 ± 0.03

                           
                        
                        	
                              
                           
                            30.24 ± 0.08

                           
                        
                        	
                              
                           
                            84.4 ± 0.04

                           
                        
                        	
                              
                           
                            102.8 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v7

                           
                        
                        	
                              
                           
                            53

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            6.7 ± 0.02

                           
                        
                        	
                              
                           
                            45.78 ± 0.03

                           
                        
                        	
                              
                           
                            85.6 ± 0.01

                           
                        
                        	
                              
                           
                            100.9 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v8

                           
                        
                        	
                              
                           
                            63

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            2.1 ± 0.02

                           
                        
                        	
                              
                           
                            44.08 ± 0.01

                           
                        
                        	
                              
                           
                            83.1 ± 0.04

                           
                        
                        	
                              
                           
                            110.52 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v9

                           
                        
                        	
                              
                           
                            26

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            5.2 ± 0.01

                           
                        
                        	
                              
                           
                            24.67 ± 0.05

                           
                        
                        	
                              
                           
                            80 ± 0.03

                           
                        
                        	
                              
                           
                            108 ± 0.08

                           
                        
                     

                     
                           	
                              
                           
                            v10

                           
                        
                        	
                              
                           
                            64

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            0 ± 0.00

                           
                        
                        	
                              
                           
                            3.39 ± 0.02

                           
                        
                        	
                              
                           
                            82.5 ± 0.02

                           
                        
                        	
                              
                           
                            45.6 ± 0.05

                           
                        
                     

                     
                           	
                              
                           
                            v11

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            3.4 ± 0.02

                           
                        
                        	
                              
                           
                            41.91 ± 0.04

                           
                        
                        	
                              
                           
                            90.3 ± 0.04

                           
                        
                        	
                              
                           
                            100.1 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v12

                           
                        
                        	
                              
                           
                            58

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            7.2 ± 0.01

                           
                        
                        	
                              
                           
                            55.62 ± 0.06

                           
                        
                        	
                              
                           
                            85.6 ± 0.02

                           
                        
                        	
                              
                           
                            125.7 ± 0.02

                           
                        
                     

                     
                           	
                              
                           
                            v13

                           
                        
                        	
                              
                           
                            48

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            1.3 ± 0.02

                           
                        
                        	
                              
                           
                            50.32 ± 0.08

                           
                        
                        	
                              
                           
                            90.4 ± 0.06

                           
                        
                        	
                              
                           
                            124.8 ± 0.01

                           
                        
                     

                     
                           	
                              
                           
                            v16

                           
                        
                        	
                              
                           
                            47

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            5 ± 0.02

                           
                        
                        	
                              
                           
                            30.16 ± 0.05

                           
                        
                        	
                              
                           
                            54.1 ± 0.02

                           
                        
                        	
                              
                           
                            89.6 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v17

                           
                        
                        	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            7 ± 0.03

                           
                        
                        	
                              
                           
                            40.84 ± 0.03

                           
                        
                        	
                              
                           
                            88.1 ± 0.01

                           
                        
                        	
                              
                           
                            102.2 ± 0.03

                           
                        
                     

                     
                           	
                              
                           
                            v18

                           
                        
                        	
                              
                           
                            57

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            4.5 ± 0.02

                           
                        
                        	
                              
                           
                            54.61 ± 0.06

                           
                        
                        	
                              
                           
                            83.1 ± 0.02

                           
                        
                        	
                              
                           
                            94.4 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v19

                           
                        
                        	
                              
                           
                            63

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            6 ± 0.05

                           
                        
                        	
                              
                           
                            38.8 ± 0.02

                           
                        
                        	
                              
                           
                            90.5 ± 0.09

                           
                        
                        	
                              
                           
                            138.8 ± 0.03

                           
                        
                     

                     
                           	
                              
                           
                            v20

                           
                        
                        	
                              
                           
                            28

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            2.4 ± 0.02

                           
                        
                        	
                              
                           
                            48.13 ± 0.01

                           
                        
                        	
                              
                           
                            87.2 ± 0.04

                           
                        
                        	
                              
                           
                            113.8 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v21

                           
                        
                        	
                              
                           
                            52

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            5.2 ± 0.01

                           
                        
                        	
                              
                           
                            28.02 ± 0.01

                           
                        
                        	
                              
                           
                            62.2 ± 0.07

                           
                        
                        	
                              
                           
                            83 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v22

                           
                        
                        	
                              
                           
                            32

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            6.2 ± 0.01

                           
                        
                        	
                              
                           
                            43.94 ± 0.07

                           
                        
                        	
                              
                           
                            63.1 ± 0.03

                           
                        
                        	
                              
                           
                            99.6 ± 0.02

                           
                        
                     

                     
                           	
                              
                           
                            v23

                           
                        
                        	
                              
                           
                            35

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            5.7 ± 0.02

                           
                        
                        	
                              
                           
                            36.14 ± 0.09

                           
                        
                        	
                              
                           
                            79.7 ± 0.09

                           
                        
                        	
                              
                           
                            102.7 ± 0.05

                           
                        
                     

                     
                           	
                              
                           
                            v24

                           
                        
                        	
                              
                           
                            36

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            1.4 ± 0.03

                           
                        
                        	
                              
                           
                            9.74 ± 0.03

                           
                        
                        	
                              
                           
                            30.6 ± 0.02

                           
                        
                        	
                              
                           
                            80.9 ± 0.03

                           
                        
                     

                     
                           	
                              
                           
                            v25

                           
                        
                        	
                              
                           
                            34

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            4.2 ± 0.02

                           
                        
                        	
                              
                           
                            60.56 ± 0.04

                           
                        
                        	
                              
                           
                            88.8 ± 0.03

                           
                        
                        	
                              
                           
                            107.2 ± 0.06

                           
                        
                     

                     
                           	
                              
                           
                            v26

                           
                        
                        	
                              
                           
                            45

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            4.2 ± 0.02

                           
                        
                        	
                              
                           
                            4.73 ± 0.01

                           
                        
                        	
                              
                           
                            82.8 ± 0.02

                           
                        
                        	
                              
                           
                            96.5 ± 0.07

                           
                        
                     

                     
                           	
                              
                           
                            v27

                           
                        
                        	
                              
                           
                            26

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            6.4 ± 0.01

                           
                        
                        	
                              
                           
                            41.28 ± 0.04

                           
                        
                        	
                              
                           
                            80.3 ± 0.01

                           
                        
                        	
                              
                           
                            137.08 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v29

                           
                        
                        	
                              
                           
                            25

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            2.4 ± 0.02

                           
                        
                        	
                              
                           
                            57.45 ± 0.05

                           
                        
                        	
                              
                           
                            84.1 ± 0.04

                           
                        
                        	
                              
                           
                            104.3 ± 0.03

                           
                        
                     

                     
                           	
                              
                           
                            v30

                           
                        
                        	
                              
                           
                            23

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            5.4 ± 0.06

                           
                        
                        	
                              
                           
                            29.7 ± 0.07

                           
                        
                        	
                              
                           
                            40.11 ± 0.01

                           
                        
                        	
                              
                           
                            102.3 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v31

                           
                        
                        	
                              
                           
                            24

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            7.1 ± 0.05

                           
                        
                        	
                              
                           
                            40.61 ± 0.07

                           
                        
                        	
                              
                           
                            89.4 ± 0.08

                           
                        
                        	
                              
                           
                            99.4 ± 0.05

                           
                        
                     

                     
                           	
                              
                           
                            v32

                           
                        
                        	
                              
                           
                            22

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            4.2 ± 0.03

                           
                        
                        	
                              
                           
                            49.85 ± 0.03

                           
                        
                        	
                              
                           
                            81.5 ± 0.03

                           
                        
                        	
                              
                           
                            103.3 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v33

                           
                        
                        	
                              
                           
                            34

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            6.4 ± 0.02

                           
                        
                        	
                              
                           
                            37.36 ± 0.06

                           
                        
                        	
                              
                           
                            87.2 ± 0.07

                           
                        
                        	
                              
                           
                            112 ± 0.07

                           
                        
                     

                     
                           	
                              
                           
                            v34

                           
                        
                        	
                              
                           
                            31

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            7.1 ± 0.01

                           
                        
                        	
                              
                           
                            16.61 ± 0.04

                           
                        
                        	
                              
                           
                            70 ± 0.06

                           
                        
                        	
                              
                           
                            105.7 ± 0.06

                           
                        
                     

                     
                           	
                              
                           
                            v35

                           
                        
                        	
                              
                           
                            31

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            3.4 ± 0.02

                           
                        
                        	
                              
                           
                            14.82 ± 0.05

                           
                        
                        	
                              
                           
                            62.5 ± 0.05

                           
                        
                        	
                              
                           
                            91.2 ± 0.03

                           
                        
                     

                     
                           	
                              
                           
                            v36

                           
                        
                        	
                              
                           
                            55

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            1.4 ± 0.02

                           
                        
                        	
                              
                           
                            66.2 ± 0.03

                           
                        
                        	
                              
                           
                            91.9 ± 0.05

                           
                        
                        	
                              
                           
                            109.1 ± 0.06

                           
                        
                     

                     
                           	
                              
                           
                            v37

                           
                        
                        	
                              
                           
                            62

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            5.2 ± 0.05

                           
                        
                        	
                              
                           
                            21.1 ± 0.01

                           
                        
                        	
                              
                           
                            82.8 ± 0.03

                           
                        
                        	
                              
                           
                            107.6 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v38

                           
                        
                        	
                              
                           
                            29

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            6.8 ± 0.01

                           
                        
                        	
                              
                           
                            40.37 ± 0.02

                           
                        
                        	
                              
                           
                            78.4 ± 0.09

                           
                        
                        	
                              
                           
                            115.23 ± 0.12

                           
                        
                     

                     
                           	
                              
                           
                            v40

                           
                        
                        	
                              
                           
                            32

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            1.9 ± 0.06

                           
                        
                        	
                              
                           
                            68.09 ± 0.07

                           
                        
                        	
                              
                           
                            89.4 ± 0.01

                           
                        
                        	
                              
                           
                            102.5 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v42

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            2.1 ± 0.02

                           
                        
                        	
                              
                           
                            7.19 ± 0.03

                           
                        
                        	
                              
                           
                            78.8 ± 0.04

                           
                        
                        	
                              
                           
                            45.4 ± 0.02

                           
                        
                     

                     
                           	
                              
                           
                            v43

                           
                        
                        	
                              
                           
                            45

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            4.5 ± 0.03

                           
                        
                        	
                              
                           
                            63.36 ± 0.06

                           
                        
                        	
                              
                           
                            82.2 ± 0.03

                           
                        
                        	
                              
                           
                            105 ± 0.03

                           
                        
                     

                     
                           	
                              
                           
                            v44

                           
                        
                        	
                              
                           
                            50

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            4.6 ± 0.03

                           
                        
                        	
                              
                           
                            72.3 ± 0.06

                           
                        
                        	
                              
                           
                            98.4 ± 0.06

                           
                        
                        	
                              
                           
                            126.52 ± 0.15

                           
                        
                     

                     
                           	
                              
                           
                            v45

                           
                        
                        	
                              
                           
                            48

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            6.4 ± 0.08

                           
                        
                        	
                              
                           
                            43.42 ± 0.03

                           
                        
                        	
                              
                           
                            83.4 ± 0.01

                           
                        
                        	
                              
                           
                            113.1 ± 0.12

                           
                        
                     

                     
                           	
                              
                           
                            v46

                           
                        
                        	
                              
                           
                            53

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            3.7 ± 0.01

                           
                        
                        	
                              
                           
                            61 ± 0.06

                           
                        
                        	
                              
                           
                            79.4 ± 0.05

                           
                        
                        	
                              
                           
                            111.8 ± 0.08

                           
                        
                     

                     
                           	
                              
                           
                            v48

                           
                        
                        	
                              
                           
                            47

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            1.7 ± 0.02

                           
                        
                        	
                              
                           
                            73.22 ± 0.02

                           
                        
                        	
                              
                           
                            81.6 ± 0.07

                           
                        
                        	
                              
                           
                            118.31 ± 0.10

                           
                        
                     

                     
                           	
                              
                           
                            v49

                           
                        
                        	
                              
                           
                            48

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            8.9 ± 0.02

                           
                        
                        	
                              
                           
                            43.5 ± 0.05

                           
                        
                        	
                              
                           
                            90.6 ± 0.04

                           
                        
                        	
                              
                           
                            106.6 ± 0.05

                           
                        
                     

                     
                           	
                              
                           
                            v50

                           
                        
                        	
                              
                           
                            35

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            2.4 ± 0.01

                           
                        
                        	
                              
                           
                            56.68 ± 0.01

                           
                        
                        	
                              
                           
                            82.5 ± 0.01

                           
                        
                        	
                              
                           
                            99.52 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v51

                           
                        
                        	
                              
                           
                            34

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            8.3 ± 0.01

                           
                        
                        	
                              
                           
                            71.43 ± 0.03

                           
                        
                        	
                              
                           
                            79.7 ± 0.02

                           
                        
                        	
                              
                           
                            89.3 ± 0.08

                           
                        
                     

                     
                           	
                              
                           
                            v52

                           
                        
                        	
                              
                           
                            43

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            2.8 ± 0.02

                           
                        
                        	
                              
                           
                            17.27 ± 0.04

                           
                        
                        	
                              
                           
                            83.7 ± 0.05

                           
                        
                        	
                              
                           
                            100.7 ± 0.08

                           
                        
                     

                     
                           	
                              
                           
                            v53

                           
                        
                        	
                              
                           
                            24

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            4.2 ± 0.01

                           
                        
                        	
                              
                           
                            41.37 ± 0.01

                           
                        
                        	
                              
                           
                            78.52 ± 0.04

                           
                        
                        	
                              
                           
                            98.52 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v54

                           
                        
                        	
                              
                           
                            34

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            2.4 ± 0.02

                           
                        
                        	
                              
                           
                            6.94 ± 0.04

                           
                        
                        	
                              
                           
                            66.9 ± 0.06

                           
                        
                        	
                              
                           
                            96.9 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v55

                           
                        
                        	
                              
                           
                            45

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            1.8 ± 0.02

                           
                        
                        	
                              
                           
                            37.52 ± 0.03

                           
                        
                        	
                              
                           
                            82.8 ± 0.02

                           
                        
                        	
                              
                           
                            116.63 ± 0.12

                           
                        
                     

                     
                           	
                              
                           
                            v56

                           
                        
                        	
                              
                           
                            33

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            4.8 ± 0.02

                           
                        
                        	
                              
                           
                            32.89 ± 0.01

                           
                        
                        	
                              
                           
                            80.52 ± 0.04

                           
                        
                        	
                              
                           
                            107.7 ± 0.03

                           
                        
                     

                     
                           	
                              
                           
                            v57

                           
                        
                        	
                              
                           
                            48

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            7.2 ± 0.01

                           
                        
                        	
                              
                           
                            9.72 ± 0.02

                           
                        
                        	
                              
                           
                            58.5 ± 0.02

                           
                        
                        	
                              
                           
                            102.1 ± 0.07

                           
                        
                     

                     
                           	
                              
                           
                            v58

                           
                        
                        	
                              
                           
                            23

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            4.2 ± 0.02

                           
                        
                        	
                              
                           
                            31.36 ± 0.03

                           
                        
                        	
                              
                           
                            60.3 ± 0.03

                           
                        
                        	
                              
                           
                            96.4 ± 0.10

                           
                        
                     

                     
                           	
                              
                           
                            v59

                           
                        
                        	
                              
                           
                            26

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            6.2 ± 0.03

                           
                        
                        	
                              
                           
                            42.45 ± 0.04

                           
                        
                        	
                              
                           
                            88.1 ± 0.08

                           
                        
                        	
                              
                           
                            132.74 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v60

                           
                        
                        	
                              
                           
                            36

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            7.3 ± 0.04

                           
                        
                        	
                              
                           
                            41.74 ± 0.04

                           
                        
                        	
                              
                           
                            77.8 ± 0.02

                           
                        
                        	
                              
                           
                            104.9 ± 0.04

                           
                        
                     

                     
                           	
                              
                           
                            v61

                           
                        
                        	
                              
                           
                            25

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            3.8 ± 0.02

                           
                        
                        	
                              
                           
                            57.87 ± 0.03

                           
                        
                        	
                              
                           
                            82.8 ± 0.03

                           
                        
                        	
                              
                           
                            100.6 ± 0.02

                           
                        
                     

                     
                           	
                              
                           
                            v62

                           
                        
                        	
                              
                           
                            27

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            4.9 ± 0.01

                           
                        
                        	
                              
                           
                            5.52 ± 0.01

                           
                        
                        	
                              
                           
                            58.6 ± 0.08

                           
                        
                        	
                              
                           
                            98.7 ± 0.02

                           
                        
                     

                     
                           	
                              
                           
                            v63

                           
                        
                        	
                              
                           
                            33

                           
                        
                        	
                              
                           
                            female

                           
                        
                        	
                              
                           
                            6.2 ± 0.02

                           
                        
                        	
                              
                           
                            52.17 ± 0.04

                           
                        
                        	
                              
                           
                            82.8 ± 0.04

                           
                        
                        	
                              
                           
                            121.74 ± 0.05

                           
                        
                     

                     
                           	
                              
                           
                            v64

                           
                        
                        	
                              
                           
                            35

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            7.3 ± 0.04

                           
                        
                        	
                              
                           
                            11.99 ± 0.02

                           
                        
                        	
                              
                           
                            70.6 ± 0.09

                           
                        
                        	
                              
                           
                            103.5 ± 0.08

                           
                        
                     

                     
                           	
                              
                           
                            v65

                           
                        
                        	
                              
                           
                            25

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            0.2 ± 0.01

                           
                        
                        	
                              
                           
                            9 ± 0.01

                           
                        
                        	
                              
                           
                            75 ± 0.04

                           
                        
                        	
                              
                           
                            115.25 ± 0.09

                           
                        
                     

                     
                           	
                              
                           
                            v66

                           
                        
                        	
                              
                           
                            27

                           
                        
                        	
                              
                           
                            male

                           
                        
                        	
                              
                           
                            3.4 ± 0.02

                           
                        
                        	
                              
                           
                            46.69 ± 0.03

                           
                        
                        	
                              
                           
                            78.1 ± 0.02

                           
                        
                        	
                              
                           
                            111.8 ± 0.10

                           
                        
                     

                  
               

            

            n-66; Day Zero:- Total Ab Index before Vaccination (p Value-); Day 28:- Total Ab index after 1st Dose 1st sampling (p Value-); Day 56:- Total Ab index after 2nd dose 1st sampling (p Value-); Day 84:- Total Ab index after 2nd Dose 2nd sampling (p-value < 0.05)
            

            
                  
                  Figure 1

                  Mean rise of total antibody levels in an individual with the duration of vaccination
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                  Figure 2

                  Age wise distribution of healthcare workers involved in the study
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               Discussion

            Vaccination plays a dynamic role in reducing the COVID-19 pandemic. The key question that needs to be addressed here is that
               how much protection does vaccines provide in controlling the infection by producing more antibodies. ChAdOx1 nCoV -19 (AZD1222)
               vaccine has been found to induce Anti-spike antibody, antibody-dependent monocyte/neutrophil phagocytosis, and cellular responses.11 
            

            In this study, total antibody levels were measured by ELISA for comparing the results before and after vaccination among healthcare
               workers. Significantly higher levels of antibodies were observed after first and second dose of vaccination as compared to
               prior vaccination among all healthcare workers (p<0.0001). A study conducted on 515 individuals who were administered both
               the doses of vaccination showed that 95.0% were observed to be seropositive for the anti-SARS-CoV-2 antibodies. 12 A comparative study on HCW and non-HCW demonstrated no significant difference in seroprevalence among health care workers.13 Zhang et al., 202114 observed higher Ab measurements in subjects who had SARS-CoV-2 infection followed by 2 doses of vaccination as compared to
               individuals who got vaccinated without prior infection. A cohort study on 2607 subjects also observed significantly higher
               antibody levels (p<0.001) after vaccination. 15 A meta-analysis of 49 studie showed overall seroprevalence of 8.7% among HCWs. 16 A previous study performed at Oxford University Hospital reported that seroprevalence of SARS-CoV-2 antibodies after first
               dose in participants was 94% within 15-21 days and 97% in 22-28 days.17 
            

            Our findings suggest that there is no correlation between Ab response, gender and age. A study by Uysal et al., 2021. 18 and Singh et al., 2021 12 showed similar findings indicating no relationship between age and antibody levels. However, Kataria et al., 2021 13 found that age had significant impact on Ab responses which was less in individuals with age >60 years (30.6%) as compared
               to age ≤ 60 years (46.4%). Study by Salvong et al., 2021 19 showed that age and gender were independent predictors of antibody levels. Few other studies have reported gender differences
               in response to COVID-19 vaccinations. 20, 21, 22, 23 These differences in correlation among Ab response, gender and age can be attributed to variation in population demographics
               in different regions or countries depicting weaker or strong immune responses in individuals of different age groups. 
            

            In our study, only 12.3% individuals had hypertension, 6.1% had diabetes and 1.5% suffered from CAD, however, none of these
               co-morbidities had any impact on Ab titre. Singh et al., 2021, demonstrated that people with type 2 diabetes showed less seropositivity
               rate in comparison to those without T2D (p<0.001) after completion of both doses. Post vaccination effects were seen in many
               cases and the most common being weakness followed by fever, malaise, joint pains and body aches in the present study. Other
               studies indicated mild to moderate side effects post vaccination. 12 Local and systemic adverse reactions, including injection site pain, chills, muscle ache, and headache, have also been reported
               by Folegetti et al., 2020.24 According to Sasso et al., 2021,15 1184 out of 2607 subjects displayed one or more adverse reactions after vaccination which includes muscular pain and systemic
               effects. Jeong et al., 2021 25 observed that adverse reactions were significantly associated with positivity rate and these variables may be used as parameters
               to estimate the formation of anti-SARS-CoV-2 antibodies.
            

         

         
               Conclusion

            This study renders paramount information on the detectable levels of antibodies induced by ChAdOx1 nCOV-19 against the SARS-CoV-2
               after first dose and second dose in the population of Punjab. Robust immunity induced by the above said vaccine against COVID-19
               measured by total IgG ELISA was also reported previously.24 Since the vaccines for SARS-CoV-2 have been recently developed, questions pertaining to the durability of protection over
               the period after vaccination and determination of effect of booster dose to extend the duration of immunity for COVID-19,
               are yet to be answered. Thus, it is important to understand that serological testing is important prior to vaccination to
               analyse the humoral immune response of the subject, so that the vaccination protocol could be adapted. This approach could
               accelerate vaccination regimes, facing new variants, achieving immunity quickly, stopping the spread and hindering emergence
               of new variants.
            

         

         
               Contribution

            Manuscript writing and analysis: Amandeep Kaur, Mohan Jairath, Savjot Kaur Analysis, Writing and Review: Shailpreet Kaur,
               Kanwardeep Singh 
            

         

         
               Source of Funding

            None. 

         

         
               Conflict of Interest

            None.

         

         
               Acknowledgment

            We are highly grateful to the participants for their support to conduct this study.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Chou, R, Dana, T, Buckley, DI, Selph, S, Rongwei, F & Totten, A,   (2020). Epidemiology and risk factors for coronavirus infection in health care workers: a living rapid review. Ann Intern Med, 173(2), 120–56.
                     

                  

                  
                     
                        2 
                              

                     

                     Long, QX, Liu, BZ, Deng, HJ, Gui, CW, Deng, K & Chi, CY,   (2020). Antibody responses to SARS-CoV-2 in patients with COVID-19. Nat Med, 26(6), 845–53.
                     

                  

                  
                     
                        3 
                              

                     

                     Wang, Y, Zhang, L, Sang, L, Feng, Y, Ruan, S & Zhong, B,   (2020). Kinetics of viral load and antibody response in relation to COVID-19 severity. J Clin Invest, 130(10), 5235–79.
                     

                  

                  
                     
                        4 
                              

                     

                     Ni, L, Ye, F, Cheng, ML, Feng, Y, Qian, DY & Zhoa, H,   (2020). Detection of SARS-CoV-2-specific humoral and cellular immunity in COVID-19 convalescent individuals. Immunity, 52(6), 971–8.
                     

                  

                  
                     
                        5 
                              

                     

                     Okba, N, Muller, MA, Li, W, Chunyan, W, Kessel, G & Corman, C,   (2020). Severe acute respiratory syndrome coronavirus 2-specific antibody responses in coronavirus disease patients. Emerg Infect Dis, 26(7), 1478–88.
                     

                  

                  
                     
                        6 
                              

                     

                     Ibarrondo, FJ, Fulcher, JA, Meza, DG, Elliott, J, Hofmann, C & Hausner, M,   (2020). Rapid decay of anti-SARS-CoV-2 antibodies in persons with mild COVID-19. N Engl J Med, 383(1), 1085–92.
                     

                  

                  
                     
                        7 
                              

                     

                     Gudbjartsson, DF, Norddahl, GL, Melsted, P, Gunnarsdottir, K, Holm, H & Eythorsson, E,   (2020). Humoral immune response to SARS- CoV-2 in Iceland. N Engl J Med, 383(18), 1724–58.
                     

                  

                  
                     
                        8 
                              

                     

                     Deng, W, Bao, L, Liu, J, Xiao, C, Liu, J & Xue, J,   (2020). Primary exposure to SARS-CoV-2 protects against reinfection in rhesus macaques. Science, 369(6505), 818–41.
                     

                  

                  
                     
                        9 
                              

                     

                     Teijaro, JR & Farber, DL,   (2020). COVID-19 vaccines: modes of immune activa- tion and future challenges. Nat Rev Immunol, 21, 195–7.
                     

                  

                  
                     
                        10 
                              

                     

                     Emary, KRW, Golubchik, T, Aley, PK & Ariani, CV,   (2021). Oxford COVID-19 Vaccine Trial Group, et al. 2021. 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, 397, 1351–1362.
                     

                  

                  
                     
                        11 
                              

                     

                     Barrett, JR, Rammerstorfer, SB & Dold, C,   (2020). Oxford COVID Vaccine Trial Group. Phase ½ trial of SARS-CoV-2 vaccine ChAdOx1 n CoV-19 with a booster dose induces
                        multifunctional antibody responses. Nat Med, 27, 279–88.
                     

                  

                  
                     
                        12 
                              

                     

                     Singh, AK, Phatak, SR, Singh, R, Bhattacharjee, K, Singh, NK & Gupta, A,   (2021). Antibody response after first and second-dose of ChAdOx1-nCOV (CovishieldTM!) and BBV-152 (CovaxinTM!) among health
                        care workers in India: The final results of cross-sectional coronavirus vaccine-induced antibody titre (COVAT) study. Vaccine, 39(44), 6492–509.
                     

                  

                  
                     
                        13 
                              

                     

                     Kataria, S, Phogat, R, Sharma, P, Deswal, V, Alam, S & Singh, M,  Is Covid-19 seroprevalence different in health care workers as per their risk of exposure? A study from a tertiary care hospital
                        in National Capital Region of India. BMJ, 1–17. 10.1101/2021.02.10.21251543

                  

                  
                     
                        14 
                              

                     

                     Zhang, D, Xiao, S, Debes, AK, Egbert, ER, Caturegli, E & Colantuoni, E,   (2021). Durability of Antibody Levels After Vaccination With mRNA SARS-CoV-2 Vaccine in Individuals with or without Prior
                        Infection. JAMA, 326(24), 1–3.
                     

                  

                  
                     
                        15 
                              

                     

                     Sasso, BL, Giglio, RV, Vidali, M, Scazzone, C, Bivoan, G & Gambino, CM,   (2021). Evaluation of Anti-SARS-Cov-2 S-RBD IgG Antibodies after COVID-19 mRNA BNT162b2 Vaccine. Diagnostics, 11(7), 1135. 10.3390/diagnostics11071135

                  

                  
                     
                        16 
                              

                     

                     Galanis, P, Vraka, I, Fragkou, D, Bilali, A & Kaitelidou, D,   (2021). Seroprevalence of SARS-CoV-2 antibodies and associated factors in health care workers: a systematic review and meta-analysis.
                        J Hosp Infect, 108, 120–54.
                     

                  

                  
                     
                        17 
                              

                     

                     Eyre, DW, Lumley, SF, Wei, J, Cox, S, James, T & Justice, A,   (2021). Quantitative SARS-CoV-2 anti- spike responses to Pfizer-BioNTech and Oxford-AstraZeneca vaccines by previous infection
                        status. Clin Microbio Infect, 27(10), 1516–23.
                     

                  

                  
                     
                        18 
                              

                     

                     Uysal, EB, Gumus, S, Bektore, B, Bozkut, H & Gozalan, A,   (2021). Evaluation of antibody response after COVID-19 vaccination in health care workers. J Med Virol, 94(3), 1–7.
                     

                  

                  
                     
                        19 
                              

                     

                     Salvagno, GL, Henry, BM, Piazza, G Di, Pighi, L, Nitto, De & Bragantini, S,   (2021). Anti-SARS-CoV-2 Receptor-Binding Domain Total Antibodies Response in Seropositive and Seronegative Healthcare Workers
                        Undergoing COVID-19 mRNA BNT162b2 Vaccination. Diagnostics, 11(5), 832. 10.3390/diagnostics11050832

                  

                  
                     
                        20 
                              

                     

                     Rose, D, Suther, N & Makowski, MS,   (2021). Antibody Persistence through 6 months after the Second Dose of mRNA-1273 Vaccine for Covid-19. N Engl J Med, 384(23), 2259–61.
                     

                  

                  
                     
                        21 
                              

                     

                     Muller, L, Moskorz, Andree M & W,   (2021). Age-independent immune response to the Biontech/Pfizer BNT162b2 COVID-19 vaccination. Clin Infect Dis, 73, 2065–2072.
                     

                  

                  
                     
                        22 
                              

                     

                     Shrotri, M, Fragaszy, E & Geismar, C,   (2021). Spike-antibody responses following first and second dosed of ChAdOx1 and BNT162b2 vaccines by age, gender, and clinical
                        factors- a prospective community cohort study (Virus Watch) Lancet, 398(10298), 385–7.
                     

                  

                  
                     
                        23 
                              

                     

                     Nace, NA, Kip, KE & Palmer, O,   (2021). Antibody Responses in Elderly Residential Care Persons following COVID-19 m RNA Vaccination. J Am Med Dir Assoc, 22, 1593–8. 10.1016/j.jamda.2021.06.006

                  

                  
                     
                        24 
                              

                     

                     Folegatti, PM, Ewer, KJ, Aley, PK, Angus, B, Becker, S & Belij-Rammerstorfer, S,   (2020). Safety and immunogenicity of the ChAdOx1 nCoV-19 vaccine against SARS-CoV-2: a preliminary report of a phase ½,
                        single-blind, randomized controlled trail. Lancet, 396, 467–78.
                     

                  

                  
                     
                        25 
                              

                     

                     Jeong, S, Lee, N, Lee, SK, Cho, EJ & Hyun, J,   (2021). Comparing results of five SARS dose of ChAdOx1 nCoV-19 vaccine among health care workers. J Clin Microbiol, 59(9), 1105–26.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Immunological response in health care workers post COVID-19 vaccination


      
        		
          Content
        


      


    
  

