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Abstract

Background: The surge of COVID-19 has weighed heavily on health-care systems and hospitals.
Health-care workers are at high risk of exposure both in the community and workplace when
providing care to patients. Quantitative assays to detect antibodies against SARS COV-2 help to
determine individual antibody titer and in longitudinal monitoring of antibody response. The present
study was undertaken as there is not much data available regarding the presence of SARS COV-2
antibodies among health care workers in Kerala. The objective was to estimate the IgG antibody
response and to find out the associated factors in vaccinated health-care workers.

Methods: A cross-sectional study was conducted among 187 vaccinated health- care workers. The
blood sample was collected from health care workers and quantitative determination of humoral
antibodies (Including IgG) was done by Chemiluminescence immunoassay. The antibody response
was correlated with various factors. Analysis was done using the software IBM SPSS Version 25.

Results: The seroconversion rate following the Covishield vaccine was found to be 99.47% with
mean, median, and standard deviation of antibody titer being 1291.0, 311.40 and 1792.500,
respectively. Statistical significance in antibody titer was observed among different categories of
health care workers and in those with previous COVID-19 infection. Higher titer was noted within 3
months of vaccination and thereafter waning of titer was seen which was also statistically significant.

Conclusion: No correlation was observed with age, gender, co-morbidities, area of work and Body
Mass Index (BMI). Vaccination plays a major role in containing the infection. The immune response
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among vaccinated health-care workers was satisfactory.

Introduction

COVID-19 cases associated with the SARSCoV-2 virus were first
reported from Wuhan, Hubei province in China, in December 2019.
COVID-19 was declared as a global pandemic on March 11, 2020.
Globally, as of 23rd May 2022, 525,467,084 confirmed cases of
COVID-19 have been reported to World health organization including
6,285,171 deaths (1). Health- care workers are at higher risk of
developing COVID-19 infection as they are front-line workers during
pandemics. Vaccination seems to be the only effective means of
curtailing the infection. A variety of COVID-19 vaccines were
developed within a year, after the successful completion of phase 3
trials, which enabled them to be used in mass vaccination campaigns
worldwide. As soon as phase 3 trials were completed, several types of
COVID-19 vaccines were developed and deployed in numerous
countries around the world for use in mass immunization campaigns (2).
Kerala was the first state in India to be infected with COVID-19, and
Thrissur district confirmed the first case of Coronavirus on 30th January
2020 (3). Our institute managed this case successfully by taking all the
precautions. After receiving Emergency Use Approval (EUA),
vaccination in India began on January 16, 2021 (4). Likewise, our
tertiary care center conducted the vaccination program for health-care
workers with a two-dose regimen of the ChAdOx1 nCoV19 coronavirus
vaccine (Covishield), given intramuscularly at four to six weeks
interval. The Covishield vaccine (ChAdOx1-nCOV or AZD1222,
obtained from Oxford University and AstraZeneca, developed by Serum
Institute of India in Pune) is a chimpanzee adenovirus-vectored vaccine
with the SARS-CoV-2 spike antigen encoded in genetically modified
human embryonic kidney cells (HEK-293) manufactured at Serum
Institute of India in Pune.4 With two vaccination doses, the spike protein

induced very high antibody titer, especially in people with prior SARS-
COV2 infection (5).

Despite advances in the field, there is still lack of information
regarding how much and how long these novel vaccines can elicit a
response, both on the humoral and cellular levels (4). So far, little is
known about the presence of SARS COV-2 antibodies of health care
workers in Kerala. The Chemiluminescence immunoassay was found to
be superior to ELISA in detecting antibodies by Lin et al (6). Hence the
present study was undertaken to estimate the antibody titer among
vaccinated health care workers by Chemiluminescence immunoassay.
The effect of various factors (Age, gender, comorbidities, body mass
index, area of work and history of prior COVID infection) on antibody
response was also evaluated.

Methods

The study was conducted between November 2021 and January 2022 at
Government Medical College, Thrissur after obtaining consent from
The Institutional Ethics Committee (Reference no. IEC/GMC
TSR/176/2021). It was a Cross-sectional study and the study population
comprised of the health-care workers in the hospital. All categories of
staff who were vaccinated with two doses of ChAdOx1 nCoV19
coronavirus vaccine (Covishield) from January 2021 to October 2021
with or without SARS-CoV-2 infection were included in the study and
those who were not willing to participate in the study and persons with
contraindications for venipuncture were excluded.

Sample size

The sample size was calculated as per the study conducted in Gujarat by
Awadhesh Kumar Singh*, using the formula where the Median [IQR]
antispike antibody titer was 127.0 with a IQR of [80.5-268.5].
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Approximate Standard deviation was calculated from the IQR as
SD=IQR/1.35.Thus the SD was taken as 139.25 with a d of 20 and alpha
error of 5% and the minimum sample size was found to be 187.
[Z1-x/20)?
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Methodology
List of health care workers were obtained from the Superintendent and
the Principal. From the list, health care workers were selected randomly
by using a random number generator. Those who were willing to
participate were explained about the study purpose and informed
consent was taken before the study. The subjects were provided with a
proforma to obtain clinical and demographic information, details of
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Table 2. Antibody titer of study population

Antibody titer (U/ml) N=187
0-100 40 (21.4 %)
101-500 74 (39.6%)
501-1000 15 (8 %)
> 1000 58 (31%)

Table 3. Baseline subject characteristics

COVID-19 testing and vaccination. Variables Frequency (n=187) | Percentage (%)
The study subjects were directed to the blood collection room and Age
3ml venous blood was drawn from each health-care worker in a sterile
plain vacutainer under strict aseptic precautions. Serum was separated 18-44 85 455
and stored at -20 °C until analysis. Quantitative determination of 45-59 95 50.8
antibody was done by chemiluminescence immunoassay as per the > 60 7 37
manufacturer’s instructions, in a National Accreditation Board for
Testing and Calibration Laboratories (NABL) accredited lab. Mean + SD 44.32+9.62
The Elecsys Anti-SARS- CoV-2 assay was performed on Cobas e Gender
411, e 601 and e 602 analyzers (Roche Diagnostics, Mannheim, Male 63 337
Germany) for the in vitro quantitative determination of antibodies
(Including IgG). The test principle was double antigen sandwich assay Female 124 66.3
which used a recombinant protein representing the Receptor Binding BMI
Domain of the S antigen. In brief, the sample was incubated with the -
biotinylated recombinant antigen and the recombinant antigen labelled Under weight 4 21
with ruthenium. This formed a sandwich complex. In the next step, Normal 45 24.1
streptavidin coated microparticles were added and the complex became Over weight 46 24.6
bound to solid phase. The reaction mixture was aspirated into the Obese 0 492
measuring cell where the microparticles were magnetically captured .
onto the surface of an electrode. Application of a voltage to the electrode Mean + SD 2525+3.51
induced chemiluminescent emission which was measured by a Comorbidities
hotomultiplier. Results were determined by a calibration curve and the o
Enalyte conlzzentration of each sample was e)zlpressed in U/ml. Measuring Any comorbidities 67 358
range spanned from 0.40-250 U/ml. Values greater than or equal to 0.8 No comorbidities 120 64.2
U/ml were considered positive and less than 0.8U/ml were considered Profession
negative. The sensitivity and specificity of the kit are 98.8% and 99.9 %
respectively as per the manufacturer. Doctors 101 540
Numerical variables were expressed as mean and standard Nurses 26 13.9
deviation. Categorical variables were expressed as frequency and Nursing assistant 27
percentage. The log transformed Antibody titer data were presented as X
geometric mean with 95% confidence level. Unpaired t test was utilized Pharmacists 4 21
to assess two groups and ANOVA test was used to compare the Grade 2 10 5.3
differences among more than two group’s data on Antibody titer. The Academic office 7 3.7
data was entered into Microsoft excel and analysed by using statistical Ambul i 5 27
software IBM SPSS Version 25. The p-value < 0.05 was considered as mbulance drivers i
statistically significant. Security officers 3 1.6
Results Technicians 23 12.3
The study enrolled 187 health care workers who met the eligibility Junior lab assistants & 1.6
criteria. The data of 187 participants who received two doses of History of COVID-19
Covishield vaccine were included in the final statistical analysis. Of the Yes 40 214
187 participants, 186 (99.47%) showed detectable Anti-SARS-CoV-2 No 147 786
antibody levels against the RBD protein. Values greater than or equal to .
0.8 U/ml were considered positive and less than 0.8U/ml were Gap between vaccination and estimation of antibody titer
considered negative. Lowest antibody titer was found to be 0.6U/ml and 1 Month 3 16
highest antibody titer was 5521U/ml. Table 1 shows mean, median and
standard deviation of the total antibody level. 2 Months 4 21
Table 1. Range of the total antibody level 3 Months 6 32
. . . . Standard > Months 2 Il
Amlbody N [ Minimum | Maximum | Mean | Median deviation 6 Months 4 21
titer-U/ML
187 0.6 5521 1291.01| 311.40 | 1792.500 7 Months 9 4.8
Antibody titer of the health-care workers were as follows (Table 2). 8 Months 81 433
58 out of 187 study subjects (31%) had Anti-SARS-CoV-2 antibody 9 Months 78 417
levels >1000U/ml and 40 (21.4%) had <100 U/ml.
The baseline characteristics analyzed included age, gender, co- Area of work
morbidities, area of work and BMI. Different categories of health-care Covid area 103 55.1
workers were included in this study. Other parameters included were Non covid area 4 449

gap between vaccination and estimation of antibody titer as well as
history of previous COVID-19 infection (Table 3).
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Out of 187 participants, 180 (96.25%) were aged < 60 years and 7
(3.75%) were of age > 60 years. 63 of them were males (33.7%) and 124
were females (66.3%). 67 (35.8%) health care workers had one or more
comorbidities. Comorbidities assessed were diabetes, hypertension,
thyroid disease, hypercholesterolemia, and ischemic heart disease. BMI
categorization was done based on Asian Pacific classification. Among
the study subjects, 101 were doctors by profession and 86 health care
workers belonged to other categories.

The association between various factors and antibody titer was
assessed (Table 4).

No significant correlation of antibody response was observed with
age, gender, comorbidities, area of work (Whether worked in COVID
ICUs and wards) and BMI (p-value>0.05).

The antibody response was found to be statistically significant
among healthcare workers in various categories (p-value <0.001).

Antibody titer level was high within 3 months of vaccination and
waning of titer was noticed as months passed by. This was also found to
be significant. (p-value<0.001)

Those who had been previously infected with SARS-CoV-2
produced significantly higher antibody titer than those who were never
infected. (p-value<0.001).

Table 4. Association between clinicodemographic characteristics and antibody

titer
Antibody titer geometric mean
(95% CI), in AU/ml
Variables N 95% CI for Geo. | P-Value
Geometric mean
mean
Lower | Upper
Age
18-44 85 514.89 359.01 738.43
45-59 94 328.99 23550 | 467.62 0.216
>60 7 430.23 98.47 | 1879.83
Sex
Male 63 387.07 24484 | 611.93
Female 123 418.06 316.65 | 561.47 074
BMI
Normal/Underweight | 49 584.89 374.93 912.41
Over weight 46 349.89 217.04 | 564.06 0.221
Obese 91 366.15 253.67 | 528.50
Comorbidities
Yes 67 359.98 273.01 | 48191 0,158
No 119 508.31 32385 | 797.84
Professions
Doctors 101 256.71 182.66 | 360.76
Nurses 25 454.73 240.52 | 859.73 | <0.001
Others 60 861.10 605.45 | 1224.70
Gap between vaccination and estimation of antibody titer
1 - 3 Months 13 1661.25 729.15 | 3784.89
4 - 7 Months 15 1091.86 55239 | 2158.17 | <0.001
8 - 9 Months 158 332.59 256.50 | 431.26
History of covid positive
Yes 40 2601.45 1841.11| 3675.78
No 146 245.95 195.11 | 31227 <0001
Area of work
Covid area 83 42247 281.98 | 632.96
Non covid area 103 399.53 296.39 538.56 0822

arenilaccess 12

Discussion

In the current cross-sectional study conducted among 187 health-care
workers, who were administered two doses of Covishield vaccine,
99-47% developed Anti-SARS-CoV-2 antibodies including IgG against
RBD protein. The seroconversion rates of most of the studies were
greater than 95%. Hoque et al reported 100% of antispike protein IgG
antibody (7). Seropositivity rate obtained in a study done by Singh et al
was 98.1 % (4). Another study revealed 96.6% antibody response in
their participants (8). Lower seropositivity (69.9%, 69.67%) was
observed in the studies conducted by Mahadevaiah et al,
Njarekkattuvalappil et al respectively (9,10).

Age, gender, comorbidities, area of work, body mass index, history
of previous COVID infection, gap between vaccination and estimation
of antibody titer were assessed as variables affecting antibody response.

No significant difference in antibody titer was seen in relation to
age, gender, BMI, area of work and comorbid conditions. Singh et al
obtained similar inference with regard to age, sex, BMI, and
comorbidities (4). Balasubramanian et al couldn’t find significant
association with age, sex and BMI (11). As per Njarekkattuvalappil et al
BMI, gender and comorbidities were not found to be statistically
significant (10). In contrast to the interpretation we made, a study done
by Lustig et.al found that antibody responses were different in health
care workers of varying age, gender, and comorbid conditions (12).

There is enough evidence that older individuals have reduced
immune response (2,7,10,13,14). We were unable to ascertain this
reality. Perhaps the very small number of participants over 60 in this
cohort is the reason for this.

According to Uysal et al, the titers of anti-RBD antibodies were
lower in obese participants compared to normal-weight participants.
Excessive adiposity might have a negative impact on the immune
system. Another presumed finding is that, as the ACE2 receptor is
markedly seen in adipose tissue, obese individuals are more prone to get
infection (15).

Similar to our findings, comorbidity did not make any difference in
the SARSCoV-2 Ig G antibody level in other studies too (4,10,16). Since
the health-care workers who participated in the study were with
manageable comorbid conditions, we could not infer the association
between antibody response and comorbidities.

In our study, different categories of health-care workers showed a
significant correlation with the antibody response. The geometric mean
titer was higher for nurses and other hospital staff compared to doctors.
It could be due to the fact that a greater number of participants in these
groups probably had asymptomatic infection with SARS COV-2. No
difference in seroprevalence between various groups of health care
workers were observed in serosurveillance done by Murhekar (17). Only
limited studies are available regarding the correlation between post
vaccination SARS-CoV2 antibodies and different categories of health-
care workers.

The antibody titers of health-care workers who had previously been
infected with SARS-CoV-2 were higher than those who were never
infected; the association was found to be statistically significant. There
are also other researchers who support our findings (11,16,18). The high
antibody levels in the previously infected groups may be due to the fact
that B cells create antibodies which multiply after each exposure,
whether due to an infection or vaccination (18). Humans who have been
infected with SARS-CoV-2 tend to produce long-lived bone marrow
plasma cells, and the levels of serum anti-SARS-CoV-2 spike protein
(S) antibodies remain detectable as long as 11 months post infection
(19).

The level of antibodies in our participants decreased over time and
their antibody titers were maximum within three months of vaccination.
Waning of antibody responses to vaccines needs to be augmented by
booster doses. Some other studies also noticed a decrease in antibody
titer as time passed by (16,20,21). It is advisable that a follow-up study
be conducted to determine the optimal timing for administration of
booster dose to the previously infected group, by performing a regular
serological analysis and monitoring the decline in antibody levels over
time. The resulting data will help in developing strategies for
vaccination as well as for developing protocols to prioritize individuals
for booster shots (18).
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Regarding limitations of this study, immunity against vaccination
depends upon Neutralizing antibody titer and cell-mediated immune
response which were not assessed. Effectiveness of booster dose could
not be assessed.

Conclusion

There was a robust immune response in vaccine recipients irrespective
of their age, gender, BMI, and comorbidity status. We could assess the
antibody response after vaccination for different periods ranging from
Imonth to 9 months. SARS-CoV-2-infected healthcare workers had
higher antibody titer than those who were not infected. Future studies
are desirable to determine the protective level of antibody titer.
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