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Background & objectives: The COVID-19 pandemic has caused significant global morbidity and 
mortality. As the vaccination was rolled out with prioritization on healthcare workers (HCWs), it was 
desirable to generate evidence on effectiveness of vaccine in prevailing real-life situation for policy 
planning. The objective of the study was to evaluate the safety, effectiveness and immunogenicity of 
COVID-19 vaccination among HCWs in a tertiary care hospital.
Methods: This prospective observational study was undertaken on the safety, immunogenicity and 
effectiveness of the ChAdOx1 nCoV- 19 coronavirus vaccine (Recombinant) during the national vaccine 
roll out in January-March 2021, in a tertiary care hospital, New Delhi, India.
Results: The vaccine was found to be safe, with local pain, fever and headache as the most common adverse 
events of milder nature which generally lasted for two days. The adverse events following vaccination were 
lower in the second dose as compared to the first dose. The vaccine was immunogenic, with seropositivity, 
which was 51 per cent before vaccination, increasing to 77 per cent after single dose and 98 per cent after 
two doses. Subgroup analysis indicated that those with the past history of COVID-19 attained seropositivity 
of 98 per cent even with single dose. The incidence of reverse transcription (RT)-PCR positive COVID-19 
was significantly lower among vaccinated (11.7%) as compared to unvaccinated (22.2%). Seven cases 
of moderate COVID-19 needing hospitalization were seen in the unvaccinated and only one such in the 
vaccinated group. The difference was significant between the fully vaccinated (10.8%) and the partially 
vaccinated (12.7%). The hazard of COVID-19 infection was higher among male, age >50 yr and 
clinical role in the hospital. After adjustment for these factors, the hazard of COVID-19 infection among 
unvaccinated was 2.09 as compared to fully vaccinated. Vaccine effectiveness was 52.2 per cent in HCWs.
Interpretation & conclusions: ChAdOx1 nCoV-19 coronavirus vaccine (Recombinant) was safe, 
immunogenic as well as showed effectiveness against the COVID-19 disease (CTRI/2021/01/030582).
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In order to mitigate the menace of COVID-19 
pandemic, vaccination was considered as one of the 

major public health initiatives worldwide. In India from 
January 16, 2021, two vaccines (ChAdOx1 nCoV-19 
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& BBV152) were approved for emergency use, 
prioritizing healthcare workers (HCWs) for vaccination. 
It  was  important  to  evaluate  the  effectiveness  of 
the vaccine under the prevailing real-life situation. 
This study was undertaken to present evidence on 
the  safety,  immunogenicity  and  effectiveness  of  the 
ChAdOx1 nCoV-19 coronavirus vaccine (recombinant 
covishield) in HCWs in a teriary care hospital in north 
India. The findings on the immunogenicity and safety 
after the first dose of vaccination have been published 
as preprint1. Here we present the comprehensive 
analysis  on  safety,  effectiveness  and  immunogenicity 
after the completion of two doses of vaccination. The 
comparison on the outcomes after two doses of vaccine 
vis a vis one dose of vaccine has also been highlighted. 

Material & Methods

The study design was prospective, observational 
study. The study covered three aspects, namely safety, 
immunogenicity  and  effectiveness  of  vaccination  in 
different groups. The  study has  two groups, first  one 
was whole HCWs and second a subsample in which 
blood samples and information on adverse events were 
collected. For the second group, immediately after the 
announcement of vaccination roll-out and before the 
start of vaccination, blood samples were collected from 
each of the enrolled participant to be used to evaluate 
the outcomes after vaccinations. Thereafter, the 
participants were followed up after each vaccination. 
The final second group included participants who gave 
blood samples at all the three time points (n=976). The 
information on adverse events after each vaccination 
was recorded in a predesigned daily diary. Effectiveness 
evaluation group covered all HCWs in the hospital 
(n=6550) along with their information on RT-PCR 
confirmed  COVID-19  infection,  disaggregating 
according to those who received both the doses of 
vaccine, only single dose and those who did not take 
any vaccine. Those who were currently infected with 
COVID-19, were not considered eligible for the study. 
In addition, those who had previously participated 
in COVID-19 prophylactics or drug trials and those 
not eligible for vaccination due to allergies or other 
reasons, were excluded. Written informed consent was 
taken from each eligible HCW for participation in the 
study. The study was approved by the Institutional 
Ethics Committee. For each participant, baseline 
information was collected on demographic particulars 
(age and gender), role in the hospital (clinical and non-
clinical), nature of exposure (low and high risk) and 
past history of COVID-19 disease, etc. Unique study 

identifiers  assigned  to  each  participants  facilitated 
linking of participants background information with 
immunogenicity data and adverse events information. 
Quality assurance (QA) was undertaken by QA 
coordinator.

Immunogenicity: Blood samples (3 ml) from HCWs 
enrolled in the study were collected in Serum 
Separated Tube (SST, Yellow Top Vacutainer, BD Pvt. 
Limited, India) aseptically by venepuncture at three 
time points, i.e., baseline (day 0, day of vaccination), 
day 14±2 after administration of dose 1 and day 28±7 
after dose 2 of the vaccine. The time gap between the 
two doses was 28 days. The SARS-CoV-2 S1/S2 IgG 
antibody concentrations (AU/ml) were measured in the 
samples by the fully automated LIAISON® SARS-
CoV-2 S1/S2 analyzer (Dia Sorin S.p.A, USA). The kit 
was Conformitè Europëenne Mark (CE Mark) which 
was equivalent to Bureau of Indian Standard (BIS) 
certification  in  India.  The  LIAISON  assay  detects 
specific  IgG  antibodies  specific  to  S1  and  S2  spike 
proteins of SARS-CoV-2 in human serum samples. 

Safety: The collection of information on adverse 
events was for seven days after each vaccination, in a 
structured diary for passive self-reporting of local and 
systemic solicited adverse events with their severity. 
The  specific adverse events  considered as  local were 
pain at injection site, pruritus associated with injection, 
erythema, swelling induration, tenderness soreness 
and warmth, and those under systemic as acute allergic 
reaction, fatigue, fever, generalized pain, headache, 
joint pain, muscle pain/myalgia, nausea, rash and 
vomiting. 

Effectiveness: For effectiveness among all HCWs those 
who  developed  COVID-19  infection  were  identified 
through electronic hospital information system alert. 
This was done separately for those who received both 
the vaccines, only single dose and not vaccinated at all. 

Statistical analysis:  The  participants  were  classified 
according to demographic characteristics, role in 
hospital, nature of exposure, and past history of 
COVID-19 disease.   The data on immunogenicity were 
analyzed in terms of seropositivity rate at different time 
points, calculated by using the cut-off of IgG levels of 
15.0 AU/ml or more2. The results on seropositivity 
rate are presented in terms of absolute number and 
percentage along with 95 per cent confidence interval 
(CI). The disaggregated results on these are presented 
according to background characteristics. Cochran’s 
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Q test with McNemar as a post hoc test was applied 
for testing the change in seropositivity over three time 
points.  For  testing  the  difference  in  seropositivity 
rate between groups, a two sample Z test was used. 
The immunogenicity was also analyzed in terms of 
mean±SD of IgG titre levels. 

The data on adverse events were analyzed in terms 
of day of onset and severity. This was done separately 
for each adverse events as well as any of the local 
and systemic adverse events or both. The results are 
presented in terms of absolute numbers and percentage. 
McNemar-Bowker test was used to test the difference 
in paired proportion of adverse events after dose one 
and two. This was done separately for local or systemic 
adverse events. 

The incidence of COVID-19 for fully, partially 
and unvaccinated HCWs was calculated separately. A 
two sample Z-test was used for  testing of differences 
in incidence rates between the two groups. Based 
on the estimated incidence rate, the risk ratio was 
computed for fully vaccinated group in comparison to 
unvaccinated  group.  It  was  observed  that  the  profile 
of HCWs by gender, age and role in the hospital was 
different in fully vaccinated and unvaccinated groups, 
which required adjustment for computation of RR. 
In view of this, hazard rate was calculated using 
Cox-proportional hazard model after adjusting for 
age, gender and role in the hospital. The effectiveness 
was calculated as compliment of hazard/risk ratio3. 
Kaplan-Meier  test  was  used  to  depict  the  difference 
in the incidence of COVID-19 infection over time for 
fully, partially and unvaccinated groups. The duration 
of follow up for all the three groups was from February 
16 to May 31, 2021. IBM SPSS Statistics Software 
for Windows, Version 24.0. (IBM Corp. Armonk, NY, 
USA) was used for the analysis. 

Results

Immunogenicity: The information on IgG titres was 
available for 976 participants who received both the 
vaccines and gave blood sample at the three time points. 
This sample was adequate for disaggregated analysis 
according to gender, age, role in hospital, nature of 
exposure and past history of COVID-19. Seropositivity 
rate was 51 per cent at baseline, 77 per cent after 
first dose and 98 per cent after both the doses. Those 
with a past history of COVID-19 attained 98 per cent 
seropositivity rate with one dose of vaccination as 
compared to others getting the same level after two 
doses (Table I). Cochran’s Q with McNemar as a 

post  hoc  test  revealed  significant  improvements  in 
seropositivity with vaccinations across all categories. 
The mean IgG titre for COVID-19 infected and 
COVID-19 protected (IgG level ≥15 AU/ml) revealed 
the same trend. The distribution of IgG levels among 
participants which was left skewed before vaccination 
completely shifted to a right skewed after the second 
dose. To be specific it was L shaped before vaccination, 
changed to U shaped after first dose and J shape after 
two vaccination (Fig. 1).

Safety: The information on adverse event was analyzed 
for the same 976 participants as in immunogenicity. 
The results are presented on reporting of at least 
one (any) of the local or systemic or any of the two 
categories of adverse events. The proportion of 
HCWs  reporting  any  adverse  event  after  first  dose 
of vaccination was 59.8 per cent for local events, 
58.4 per cent for systemic events and either of these 
were 69.7 per cent. The corresponding figures after the 
second dose were 14.2 per cent for local events, 11.6 
per cent for systemic events and either of these as 17.7 
per cent. There was a sharp decline in adverse events 
after  the  second  dose  as  compared  to  the  first  dose. 
About 90 per cent of adverse events were reported 
on the first day after the vaccination. After testing the 
difference in proportion of adverse event after the first 
and  the  second  dose  at  different  time  points was  the 
results indicated significant reduction in adverse events 
after  the  second dose  in  comparison  to  the first  dose 
over time (Table II). In the present study, the adverse 
events were reported less by individuals of older age 
>50  (59.4%)  yr  as  compared  to  ≤50  yr  (70.8%),  the 
difference  being more  than  10  percentage  points. As 
to the individual adverse events, after the first dose of 
vaccination, pain at injection site was reported highest 
by 55.9 per cent followed by fever by 39.8 per cent, 
headache by 36.8 per cent and muscle pain/myalgia 
by 32.1 per cent. After the second dose of vaccination, 
only pain at injection site was reported by a significant 
proportion (12.8%) and other symptoms were reported 
by less than five per cent. As to the severity of symptoms 
after the first dose of vaccination, for pain at injection 
site, it was reported as mild (37.1%), moderate (14.5%) 
and severe (4.3%). For the same, after the second dose, 
the severity reduced to mild (9.9%), moderate (2.3%) 
and  severe  (0.4%).  For  fever  after  the  first  dose,  the 
severity was mild (9.6%) moderate (10.8%) and severe 
(6%), the corresponding figures after the second dose 
being mild (4.2%), moderate (0.5%) and severe (0.0%) 
(Table III). 
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Effectiveness: Overall, COVID-19 infection among 
HCWs occurred in 300 of the 2766 fully vaccinated, 
269 of the 2111 partially vaccinated and 371 of the 
1673 unvaccinated during the follow up period of 
three and half months. The long rank test (121.1, df=2) 
indicated significant difference in cumulative probability 
of COVID-19 infections among these three groups 
(P=0.001). Cumulative COVID-19 incidence over time 

is shown in Fig. 2. The incidence of COVID-19 was 
estimated as 11.7 per cent among fully vaccinated, 12.7 per 
cent among partially vaccinated and 22.2 per cent among 
unvaccinated HCWs. The incidence of COVID-19 was 
significantly less among vaccinated (11.7%) as compared 
to not vaccinated (22.2%) (P=0.001). The difference was 
also significant between the fully vaccinated (10.8%) and 
partially vaccinated (12.7%) (P=0.040). As  the  profile 

Table I. COVID-19 seropositivity rate (IgG ≥15.0 AU/ml) before vaccination and after the first and second dose of vaccination among 
healthcare workers by baseline characteristics
Characteristics n=976 COVID-19 seropositivity 

(IgG≥15.0 AU/ml), per cent (95% CI)
Cochran’s 

Q
P

Before first dose of 
vaccination (baseline)

After first dose 
of vaccination

After second dose 
of vaccination

Gender
Male 721 50.3 (46.6-54.1) 78.2 (75-81.2) 98.6 (97.5-99.3) 518.737 <0.001
Female 255 53.3 (47-59.6) 75.3 (69.5-80.5) 97.6 (94.9-99.1) 168.018 <0.001
P 0.412 0.336 0.296
Age (yr)
≤50 880 51.5 (48.1-54.8) 78.8 (75.9-81.4) 98.6 (97.6-99.3) 621.599 <0.001
>50 96 47.9 (37.6-58.4) 65.6 (55.2-75) 95.8 (89.7-98.8) 67.625 <0.001
P 0.508 0.003 0.040
Role in the hospital
Clinical HCW 236 44.1 (37.6-50.6) 73.3 (67.2-78.8) 98.3 (95.7-99.5) 189.431 <0.001
Non-clinical HCW 740 53.4 (49.7-57) 78.8 (75.6-81.7) 98.4 (97.2-99.2) 496.315 <0.001
P 0.013 0.079 0.938
Nature of exposure
Low risk exposure 793 50.8 (47.3-54.3) 78.1 (75-80.9) 98.1 (96.9-98.9) 557.906 <0.001
High risk exposure 183 52.5 (44.9-59.9) 74.9 (67.9-81) 99.5 (97-99.9) 129.093 <0.001
P 0.689 0.351 0.196
Past history of COVID-19 disease
No 838 45.3 (41.9-48.8) 74 (70.9-76.9) 98.1 (96.9-98.9) 655.732 <0.001
Yes 138 86.2 (79.3-91.5) 98.6 (94.8-99.8) 100 (97.4-100) 34.421 <0.001
P <0.001 <0.001 0.102
Severity of COVID-19 (n=138)
Mild 128 85.9 (78.7-91.4) 98.4 (94.5-99.8) 100 (97.2-100) 32.444 <0.001
Moderate/severe 10 90.0 (55.5-99.7) 100 (59-100) 100 (59-100) 2.000 0.368
P 0.720 0.690 1.000
Past history of COVID-19 disease 
(time since onset)# n=138 (months)
<3 54 88.9 (77.4-95.8) 96.3 (87.2-99.5) 100 (93.4-100) 9.333 <0.001
>3 84 84.5 (75-91.5) 100 (95.7-100) 100 (95.7-100) 26.000 <0.001
P 0.468 0.076 1.000
High risk exposure: Doctors, nurses and ground duty assistance providing care to a COVID-19 patients in the hospital and lab worker 
handling specimens; Low risk exposure: Others, #Duration is time in months between date of enrolment in the study and date of past 
COVID-19 infection. HCW, healthcare worker; CI, confidence interval
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doses. Singh et al4 reported seropositivity of 98.1 per 
cent in their serological evaluation after two doses of 
ChAdOx1 nCoV in HCWs. Bradley et al5 reported 
that  ‘‘the  response  to  the first dose of SARS-CoV-2 
vaccine among previously infected individuals could 
help guide the allocation of the limited supply of 
mRNA-based vaccines”. Ibarrondo et al6 reported that 
“in persons with prior COVID-19 one dose boosted 
levels to the high end of severe natural infection 
even in those who never had robust responses from 
infections increasing no further after the second 
dose”.

In our study, 69.7 per cent of HCWs reported at 
least one adverse events after first dose of vaccination. 
This finding was similar to that reported by Jayadevan 
and Shenoy7. Kaur et al8 reported that “around one half 
of the vaccine recipients developed adverse events at 
any time post vaccination. The adverse events were 

Table II. Adverse events (any local, systemic or both) on the day of onset after vaccination (n=976)
Days of onset Any local solicited adverse 

events
Any systemic solicited adverse 

events
Any local/systemic solicited 

adverse events
After first 

dose, n (%)
After second 
dose, n (%)

After first 
dose, n (%)

After second 
dose, n (%)

After first 
dose, n (%)

After second 
dose, n (%)

1 521 (53.4) 129 (13.2) 514 (52.7) 94 (9.6) 629 (64.4) 156 (16)
2 58 (5.9) 8 (0.8) 49 (5) 14 (1.4) 46 (4.7) 12 (1.2)
3 2 (0.2) 0 3 (0.3) 1 (0.1) 2 (0.2) 1 (0.1)
4 1 (0.1) 1 (0.1) 1 (0.1) 2 (0.2) 1 (0.1) 3 (0.3)
5 0 0 0 1 (0.1) 0 0
6 0 0 0 1 (0.1) 0 1 (0.1)
7 2 (0.2) 1 (0.1) 3 (0.3) 0 2 (0.2) 0
Any of the seven days 584 (59.8) 139 (14.2) 570 (58.4) 113 (11.6) 680 (69.7) 173 (17.7)
McNemar-Bowker Test 403.4 411.6 466.6
P <0.001 <0.001 <0.001

of HCWs among fully, partially and unvaccinated was 
different, cox-proportional hazard model was applied to 
calculate the hazard rate for COVID-19 infection among 
unvaccinated versus fully vaccinated after adjusting for 
covariates. The model indicated that the hazard was 
higher among males (HR=1.42, 95% CI: 1.20-1.68, 
P<0.0001), age >50 yr (HR=1.52, 95% CI: 1.07-2.15, 
P=0.019), and clinical role in the hospital (HR=1.42, 
95% CI: 1.20-1.68, P<0.001). After adjustment for 
age, gender, and role in hospital, hazard of COVID-19 
infection was more than two times among unvaccinated 
as compared to fully vaccinated. This indicated hazard/
risk ratio as 0.478. Thus, the effectiveness of vaccine was 
52.2 per cent (Table IV).

Discussion

The vaccine appeared immunogenic, with 
seropositivity increasing to 98 per cent after two 
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dose of vaccination (n=976). 

CA B



 KATARIA et al: SAFETY & EFFECTIVENESS OF COVID-19 VACCINE IN HCWs 523

reported more by those in the age group ≤50 yr (70.8%) 
as compared to those in the age group >50 (59.4%). 
Further, adverse events were seen more among those 
with past history of COVID-19 (76.8%) as compared 
to those with no past history (68.5%)”. This findings 

was similar to that of Ramasamy et al9 who noted that 
“ChAdOx1 nCoV-19 appears to be better tolerated 
in older adults than in younger adults”. Kaur et al8 

reported that ‘individually fever, injection site pain 
and headache were commonly observed any adverse 
event following immunization’. As to the severity 
of  symptoms  after  the  first  dose  of  vaccination, 
these were reported mainly mild and moderate, the 
severe were only in about four per cent. Kaur et al8 

also reported that majority of events were mild to 
moderate in severity. The vaccine was observed to 
be providing protection at the level of 52.2 per cent. 
Voysey et al10 after analyzing data from four trials 
(Brazil, and South Africa and the UK) reported that 
‘in participants who received two standard doses, 
vaccine efficacy was 62.1 per cent’.

This study had certain limitations. The data 
on antibody levels could not be collected for 
unvaccinated HCWs and for those who completed 
only single vaccination at comparable time points 
with those who received both the vaccination. Such 
data would have given important insights on change 

Table III. Incidence and severity of adverse events after the first and second dose of vaccination (n=976)
Adverse events After first dose of vaccination After second dose of vaccination

Incidence 
n (%)

Severity Incidence 
n (%)

Severity
Mild 
n (%)

Moderate 
n (%)

Severe 
n (%)

Mild 
n (%)

Moderate 
n (%)

Severe 
n (%)

Local adverse events
Pain at injection site 546 (55.9) 362 (37.1) 142 (14.5) 42 (4.3) 125 (12.8) 97 (9.9) 22 (2.3) 4 (0.4)
Tenderness soreness 206 (21.1) 88 (9) 46 (4.7) 14 (1.4) 36 (3.7) 27 (2.8) 3 (0.3) 3 (0.3)
Swelling induration 99 (10.1) 47 (4.8) 22 (2.3) 4 (0.4) 16 (1.6) 14 (1.4) 2 (0.2) 0
Redness erythema 65 (6.7) 29 (3) 14 (1.4) 2 (0.2) 13 (1.3) 8 (0.8) 2 (0.2) 0
Pruritus associated with injection 35 (3.6) 14 (1.4) 3 (0.3) 1 (0.1) 3 (0.3) 0 0 0
Systemic adverse events
Fever 388 (39.8) 94 (9.6) 106 (10.8) 59 (6) 47 (4.8) 41 (4.2) 5 (0.5) 0
Headache 359 (36.8) 90 (9.2) 97 (9.9) 49 (5) 50 (5.1) 33 (3.4) 10 (1) 5 (0.5)
Muscle pain/myalgia 313 (32.1) 78 (8) 98 (10) 45 (4.6) 48 (4.9) 39 (4) 7 (0.7) 2 (0.2)
Fatigue 280 (28.7) 80 (8.2) 71 (7.3) 41 (4.2) 39 (4) 31 (3.2) 7 (0.7) 1 (0.1)
Joint pain 213 (21.8) 54 (5.5) 57 (5.8) 24 (2.5) 23 (2.4) 16 (1.6) 6 (0.6) 1 (0.1)
Nausea 128 (13.1) 46 (4.7) 23 (2.4) 16 (1.6) 14 (1.4) 12 (1.2) 1 (0.1) 0
Warmth 125 (12.8) 87 (8.9) 27 (2.8) 11 (1.1) 19 (1.9) 14 (1.4) 4 (0.4) 1 (0.1)
Generalized pain 116 (11.9) 42 (4.3) 32 (3.3) 14 (1.4) 19 (1.9) 12 (1.2) 4 (0.4) 0
Vomiting 66 (6.8) 17 (1.7) 11 (1.1) 13 (1.3) 5 (0.5) 4 (0.4) 0 0
Acute allergic reaction 20 (2) 1 (0.1) 11 (1.1) 2 (0.2) 2 (0.2) 2 (0.2) 0 0
Rash 14 (1.4) 6 (0.6) 3 (0.3) 2 (0.2) 2 (0.2) 1 (0.1) 1 (0.1) 0
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Fig. 2. Kaplan-Meier curve - Cumulative probability of COVID-19 
infection.
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in  antibody  levels  with  different  vaccination  status 
over time.

The ChAdOx1 nCoV-19 vaccine (Recombinant) 
appeared to be safe, immunogenic and showed 
effectiveness against COVID-19 disease.
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