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Abstract : (1) Background: Healthcare workers (HCWs) are a well-known risk group for coronavirus infections
with increased working hours in a potentially infectious environment. We evaluated both IgG and Neutralizing
antibody levels, with IgG avidity index and persistence among health workers. (2) Methods: 1001 HCWs were
tested for both IgG and Neutralizing antibodies. IgG avidity testing and one-year follow-up testing were done
on selected HCWSs. (3) Results: COVID-19 IgG antibody levels were high among 299 (94.62%) HCWs with
a history of COVID-19 infection (p <0.0001) compared with 479 (69.92%) HCWs who were not infected
with COVID-19 during the first and second wave. A total of 899 (89.81%) HCWs had more than 50%
neutralizing antibodies while the remaining 102 (10.19%) HCWs had less than 50% of Neutralizing antibodies.
The avidity index was maintained at almost 40% (Gray zone). Both antibody levels were found markedly
increased after one year when compared to initial results. (4) Conclusions: Healthcare workers are at a 2.29-
fold higher risk of infection; Two folds higher IgG levels in HCWs involved in COVID-19 duty and their
persistence for a longer time than in other groups signifies IgG antibody role in the prevention of severe disease
in HCWs involved in Covid-19 patient care.

Keywords: SARS-CoV-2; health care workers; IgG antibody; neutralizing antibody; antibody
avidity

1. Introduction

The SARS-CoV-2 pandemic posed the greatest global public health challenge in a century. The
emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) brought with it the
rapid development of both molecular and serologic assays for identifying COVID-19 infections. As
the COVID-19 pandemic has unfolded, interest has grown in antibody testing as a way to measure
how far the infection has spread and to identify individuals who may be immune [1]. Healthcare
workers (HCWs) are a well-known risk group for coronavirus infections, with increased working
hours in a potentially infectious environment [2,3].

Despite more than 76 million people being infected worldwide and widespread ongoing
transmissions, re-infections with SARS-CoV-2 have been increasingly reported, occurring mostly
after mild or asymptomatic primary infection, which suggests immunity against re-infection [4]. This
suggests that SARS-CoV-2 infection provides some immunity against re-infection in most people [5-
9]. Few studies disclosed previous exposure to SARS-CoV-2 might not guarantee total immunity in
all cases [10]. In addition, small-scale reports suggest that neutralizing antibodies may be associated
with protection against infection. The neutralizing antibody is likely to be a key correlate of protection
for COVID-19 and data on kinetics of virus-neutralizing antibody responses are needed.

Patients with COVID-19 infection develop detectable SARS-CoV-2 neutralizing antibody
responses with some having detectable antibodies at the end of the 1st week of illness, and almost all
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having neutralizing antibodies after 4 weeks of illness. The majority of clinical studies and validations
of commercial tests have been performed, but only a few studies have investigated the antibody
responses in pauci-symptomatic or asymptomatic persons [12,13]. We evaluated both IgG and
Neutralizing antibodies including the avidity of IgG against SARS-CoV-2 whole cell antigen among
health workers and the persistence of these protective antibody levels after one year period.

2. Materials and Methods

This study was conducted at the state-level virus research and diagnostic laboratory, SVIMS,
Tirupati. A total of 1001 healthcare workers were included in the study from July 2021 to September
2021. 2 ml of blood was collected from each subject. Written informed consent was obtained from
each participant and the study was approved by the institutional ethics committee (IEC-1176). The
study flow chart is presented in Figure 1.

A Total of 1665 HCWs were informed about the research
work and asked for blood samples.

[
1023 HCWs are given consent to participate in this study.
2ml of bleod and detailed questionnaire data were
collected from each HCW.

Excluded 22 HCWs:

1) 16 samples lvsed.
2} 6 insufficient sample volume.

The remaining 1001 samples tested for [gG and Weutralizing antibody ELIS &
according to manufacturer instruct ons.

IgG-positive 22 subjects were 15%2(151) of HCWs were called for
selected for IgG avidity testing for retesting after 1 year for both Wab
di fiferent concentrations (PB S, 30 and IgG testing.

SM and 7M).

Total 1001 HCWs divided into groups: Low-risk group=>350% Nab + >20 IgG
levels High-risk group: Both ELISA negative or any one positive (Nab/IgG).

Data analysis: IgG antibody levels vs. Demographic, Weutralizing antibody vs.
demographic, Seropositive vs. seronegaiive within demographic, Asidity among
high-risk and low-risk group. Initial results vs_ after 1-yvear results.

Figure 1. The flow chart of the Study design.

2.1. Demographic Data Collection

A cloud-based data collection tool was developed (Appsheet online software) to collect details
for clinical and demographic data using a questionnaire. During follow-up visits, HCWs were asked
for Covid positivity and severity of disease (supplymentary Table S1)
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2.2. Serology Assay

We used a commercially available kit (COVID KAWACH IgG MICROLISA antibody ELISA kit
and COVID NEUTRALIZING ANTIBODY MICROLISA manufactured by J. Mitra & Co. Pvt) to
examine the level of IgG against the SARS-CoV-2 receptor-binding domain (RBD) and Neutralization
antibody levels in the serum samples. We followed the manufacturer’s instructions as recommended.
IgG index value of more than 2.0 was considered positive. Neutrazation inhibition was calculated
using the formula; Percentage inhibition = (1-Sample O.D/Negative control O.D) x 100%. Percentage
Inhibition of 50% and above was considered positive for neutralizing antibody test.

2.3. Avidity testing

The avidity index of IgG antibodies was performed using a COVID KAWACH IgG MICROLISA
ELISA kit with urea at 3M, 5M, and 7M concentrations [14]. In brief, sera from selected subjects were
incubated with three different concentrations of urea (3M, 5M, and 7M) along with PBS buffer. PBS
results were considered as controls against which the results of the ELISA with three different
concentrations of Urea were compared. Avidity index (Al) was calculated by using the following
formula.

Al = (OD in the “denaturation” well/OD in the “intact” well) x 100%

The sample was considered to contain IgG of “low-avidity” at Al <40%, “high-avidity” at Al >

50%; “Gray zone” at Al 40-50%, adapted from Correa VA et al. [15].

2.4. One-year follow-up

Of the 1001 subjects 15% (151) HCWs were retested for persistence of SARS-CoV-2 IgG and
SARCOV-2 neutralizing antibodies after 1 year using the kits mentioned above.

2.5. Statistical analysis

All data were arranged in Excel spreadsheets; The Normality of the data was assessed by the
Shapiro Wilk test and visually by QQ plot. Based on involvement in COVID-19 patient care, data
were divided into high and low-risk groups; HCWs who have Neutralising antibody percentage
of more than 50% with an IgG index value of more than 2.0 were considered a low-risk group
whereas, HCWs who have negative for both neutralizing antibody and IgG antibody or any one
test is positive were considered as a high-risk group. The comparison between groups was done
using the Wilcoxon singed-rank test, and Mann-Whitney U test to assess the changes in the
antibody levels as appropriate. Two-tailed parametric t-test means with a confidence interval (CI)
of 95% was used, P value of <0.05 was considered statistically significant. All statistical analyses were
done using Jeffreys’s Amazing Statistics Program (JASP) version 0.16.2.

3. Results

A total of 1001 healthcare workers of SVIMS University, Tirupati were enrolled in the study of
which 417 (41.66%) were males and females 584 (58.34%) were females. The most common age group
was 21-30 years covering 37.36% of total study subjects. 94 HCWs had taken the Covaxin vaccine and
881 HCWs took the Covishield vaccine. Since the number of COVID-19 vaccinated individuals was
much less, statistical analysis about the type of vaccine taken was not done.

Of the 1001 HCWs, 316 (31.56%) workers had a history of COVID-19 infection. Among these
asymptomatic to Mild infections comprised 75.63%, and Moderate to severe infections were 24.37%.
The most common symptoms in HCWs infected with SARS-CoV-2 infection included Fever,
Headache, Cold, Sore throat, and Myalgia. Five hundred and seventy-six (57.54%) HCWs were
actively involved in COVID-19 patient care or sample handling while 425 (42.46%) were not
involved in any COVID-19-related duty. Majority of healthcare workers were Doctors (16.88%),
followed by Nurses (15.68%), Lab technicians (13.18%), Researchers (1.3%), Multipurpose workers
(2.6%), supportive staff (10.1%), administrative staff (12.78%) and others (27.47%). The infection rate
was observed to be 2.29-fold higher in HCWs involved in COVID-19 patient care (22%) as compared
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to HCWs with no Exposure history (9.6%), and it was statistically significant (p>0.0001). When
compared to the gap between the first and second dose of vaccination, Subjects who had taken the
second dose after 28 to 45 days of the first dose had higher levels of both types of antibodies (Figure

2).
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Figure 2. IgG and neutralizing antibody levels compared to the gap between the first and second dose
of vaccine (Days). (A) IgG antibody levels are mentioned as an index value, and (B) neutralizing
antibody levels as inhibition percentages.

3.1. Serum 1gG antibody levels in HCWs

Of the total 975 individuals were vaccinated and 26 were unvaccinated. Of the 975 vaccinated
HCWs, a total of 764 (78.35%) had detectable IgG antibodies whereas 14 of 26(53.84%) nonvaccinated
HCWs had detectable IgG antibodies. Of the 975 vaccinated HCWs, 211(21.64%) did not have
detectable IgG antibodies in their serum whereas 12(46.15%) non-vaccinated HCWs did not have
detectable IgG antibodies.

A higher number of females were positive for COVID-19 IgG antibody (45.2 %) as compared to
males 32.4%. Of the 316, 299 (299/316) HCWs with a history of COVID-19 infection had higher IgG
antibody levels (94.62%) (p <0.0001) as compared with 479 of 685 (69.92%) HCWs who were not
infected with COVID-19 during the first and second wave (Figure 3). Among 576 HCWs who were
actively involved in COVID-19 duty, 79.52% of HCWs had detectable IgG antibody levels, whereas
21.48% of HCWs did not have IgG antibodies Similarly, 75.29% of HCWs who were not involved in
any COVID-19 duty had IgG antibodies, and 24.71% of HCWs did not have IgG antibodies. Serum
IgG index value compared with different blood groups, Rh Status, Sleeping pattern, and other health-
related and environmental factors was mentioned in Supplementary Figures S1 to S3.
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Figure 3. IgG antibody levels among subjects with vaccination status (A), Gender (B), history of
COVID-19 positivity (C), chronic psychological stress (D), Severity of illness (E), and Gap between 2
doses (F). IgG Values are mentioned as index values.

3.2. Serum Neutralizing Antibodies Levels in HCWs

A total of 899 (89.81%) HCWs had more than 50% neutralizing antibodies, while the remaining
102 (10.19%) HCWs had less than 50% of Neutralizing antibodies. Of the vaccinated HCWs 98% had
more than 50% neutralizing antibodies. A total of 52.3 % of females and 37.4% of males had
neutralizing antibodies. A total of 880 healthcare vaccinated workers and 19 non-vaccinated
HCWs had neutralizing antibodies. Neutralizing antibodies were not detected in 95 of vaccinated
and 7 of nonvaccinated HCWs, the difference was statistically significant. Vaccinated individuals
had significantly high neutralizing antibodies (p<0.001) compared to nonvaccinated HCWs. A total
of 79 vaccinated and 7 nonvaccinated workers did not have either type of antibodies.

Like IgG antibodies, neutralizing antibodies were low in previously COVID-19-positive
individuals (34.26%) in comparison to COVID-19-negative individuals (65.74%). There was a
significant difference in neutralizing antibody levels (p<0.0001) in previously covid-positive versus
covid-negative HCWs (Figure 4). The levels of both IgG and Neutralizing antibodies were
significantly high in HCWs with a history of COVID-19 infections as compared to subjects
without a history of such infection (p<0.0001). Serum Neutralization inhibition percentages
compared with different blood groups, Rh Status, Sleeping pattern, and other health-related and
environmental factors were mentioned in supplementary figures 54 to S6.
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Figure 4. Neutralising antibody percentages among subjects with vaccination status (A), Gender (B),
history of COVID-19 positivity (C), alcoholic (D), BMI level (E), and IgG results (F). Neutralizing
antibody values are mentioned in percentages.

3.3. High-Risk vs. Low-Risk

HCWs having 50% or below neutralizing antibody levels with below 2.0 index value IgG
antibody levels were considered a High-risk group (239 (23.87%)) whereas HCWs with 50% and
above neutralizing antibody levels and 2.0 index value IgG antibody levels were considered as Low-
risk group (762 (76.12%)).

Most of the HCWs in the age group 31 to 40 years were Seropositive (low-risk group) (p=0.026).
Based on occupations; Doctors (p<0.0001), nurses (p=0.005), lab technicians (p=0.031), and supportive
staff (p=0.0002) were seropositive and others (Administrative staff, researchers, others, etc..) were
seronegative (high-risk group). A comparison between Demographic information within the risk
groups is shown in Table 1.

When compared with other factors like Smoking, alcohol consumption, sleeping patterns, and
stress showed no significant difference between high-risk and low-risk groups, data shown in Table
2. We found that the majority of HCWs with a History of COVID-19 positivity are in the Low-risk
group (p<0.0001).

Table 1. Demographic data among High-risk and low-risk groups compared to general factors
and Vaccination. The X2 test (associations between exposure groups and characteristics) determined
the P value by using the Mann-Whitney and chi-square tests.

. TOTAL High-risk group Low-risk group P
Variables (1001) (239) (762) X VALUE
AGE no. (%) no. (%) no. (%)
19-20 8 (0.80) 4 (1.67) 4(0.52) 3.028 0.0409
21-30 374 (37.36) 91 (38.08) 283 (37.14) 0.06  0.397

31-40 297 (29.67) 59 (24.69) 238 (3123)  3.738 0.0266
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41-50 187 (18.68) 47 (19.67) 140 (18.37) 02 0.3273
51-60 130 (12.99) 37 (15.48) 93 (12.20) 1.728 0.0944
61-70 5 (0.50) 1(0.42) 4 (0.52) 0.04 0.4193
SEX
0.287
MALE 417 (41.66) 96 (40.17) 321 (42.13) 5 0.296
0.287
FEMALE 584 (58.34) 143 (59.83) 441 (57.87) 5 0.296
OCCUPATION
DOCTOR 169 (16.88) 62 (25.94) 107 (14.04) 18.36 <0.00001
NURSE 157 (15.68) 25 (10.46) 132 (17.32) 6.479 0.0054
LAB TECHNICIAN 132 (13.19) 23 (9.62) 109 (14.30) 3.482 0.031
RESEARCHERS 13 (1.30) 4 (1.67) 9 (1.18) 0'344 0.2787
SUPPORTIVE STAFF 101 (10.09) 10 (4.18) 91 (11.94) 12.07 0.0002
ADMINISTRATIVE STAFF 128 (12.79) 33 (13.81) 95 (12.47) 0'2193 0.2941
MULTIPURPOSE 0.136
WORKERS 26 (2.60) 7 (2.93) 19 (2.49) 3 0.356
OTHERS 275 (27.47) 75 (31.38) 200 (26.25) 2.407 0.0604
VACCINE STATUS
YES 975 (97.40) 227 (94.98) 748 (98.16) 7.289 0.0034
NO 26 (2.60) 12 (5.02) 14 (1.84)
HISTORY OF COVID +VE
YES 316 (31.57) 17 (7.11) 299 (39.24) 86.92 <0.00001
NO 685 (68.43) 222 (92.89) 463 (60.76)
GAP BETWEEN 2 DOSES
<30 275 (27.47) 82 (34.31) 193 (25.33) 7.36 0.0033
31-60 443 (44.26) 107 (44.77) 336 (44.09) 0.03 0.4272
61-90 183 (18.28) 27 (11.30) 156 (20.47) 10.25 0.0006
>90 8 (0.80) 2 (0.84) 6 (0.79) 0.005 0.4702
SEVERITY OF ILLNESS
(after +VE)
MILD 194 (19.38) 11 (4.60) 183 (24.02) 43.88 <0.00001
MODERATE 52 (5.19) 4 (1.67) 48 (6.30) 7.904 0.0024
SEVERE 25 (2.50) 0 (0.0) 25 (3.28) 8.042 0.0022
ASYMPTOMATIC 45 (4.50) 2 (0.84) 43 (5.64) 9.789 0.0008

Table 2. Demographic data among High-risk and low-risk groups compared to Health and
Environmental factors. The X2 test (associations between exposure groups and characteristics)
determined the P-value by using the Mann-Whitney and chi-square tests.

High-risk groupLow-risk group X

Variables TOTAL (1001) (239) (762) P VALUE
INVOLVED IN COVID-19 DUTY  no. (%) no. (%) no. (%)
YES (High-risk group) 576 (57.54) 127 (53.14) 449 (58.92) 2493  0.05
NO (Low-risk group) 425 (42.46) 112 (46.86) 313 (41.08)
BMI (level)

UNDERWEIGHT (<18.5) 57 (5.69) 14 (5.86) 43(5.64) 001 04503
NORMAL WEIGHT (18.5-24.9) 485 (4848) 120 (50.21) 365 (47.90) 0.388 0.2663
OVERWEIGHT (25.0 - 29.9) 330 (32.97) 78 (32.64) 252 (33.07) 0.01 0.4503

OBESITY (>=30) 129 (12.89) 27 (11.30) 102(13.39)  0.707  0.2002
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SMOKING
YES 18 (1.80) 5 (2.09) 13(1.71)  0.1535 0.3476
NO 983 (98.20) 234 (97.91) 749 (98.29)
ALCOHOL
YES 98 (9.79) 18 (7.53) 80(10.50) 1.814 0.0891
NO 903 (90.21) 221 (92.47) 682 (89.50)
EXERCISE
DAILY 384 (38.36) 96 (40.17) 288 (37.80) 04329 0.255
WEEKLY 129 (12.89) 33 (13.81) 96 (12.60) 02369 0.3132
NONE 488 (48.75) 110 (46.03) 378 (49.61) 0.8361 0.1803
SLEEPING HOURS
<7 HOURS 526 (52.55) 120 (50.21) 406 (53.28) 0.6884 0.2034
7-8 HOURS 438 (43.76) 108 (45.19) 330 (43.31) 0.2616 0.3045
>8 HOURS 37 (3.70) 11 (4.60) 26 (341)  0.7243 0.1974
ACUTE PSYCHOLOGICAL STRESS
YES 139 (13.89) 33 (13.81) 106 (13.91)  0.0016 0.4839
NO 862 (86.11) 206 (86.19) 656 (86.09)
CHRONIC PSYCHOLOGICAL STRESS
YES 122 (12.19) 25 (10.46) 97 (12.73)  0.8755 0.1747
NO 879 (87.81) 214 (89.54) 665 (87.27)
EATING HABITS
VEGETARIAN 118 (11.79) 37 (15.48) 81(10.63) 4.118 0.0212
NON-VEGETARIAN 883(88.21) 202 (84.52) 681 (89.37)
ENVIRONMENTAL FACTORS
RURAL 38 (3.80) 9 (3.77) 29 (3.81)  0.0008 0.4887
URBAN 963 (96.20) 230 (96.23) 733 (96.19)
FAMILY SIZE
SINGLE 211 (21.08) 63 (26.36) 148 (19.42) 5263 0.0108
NUCLEAR 785(78.42) 174 (72.80) 611(80.18) 5.856 0.0077
GAINT FAMILY 5 (0.50) 2 (0.84) 3(0.39)  0.7188 0.1983

3.4. Avidity Results

Out of 1001 subjects, sera of 92 subjects were selected for avidity testing. Instead of testing with
a Standard concentration of 7M urea, increasing concentrations of urea such as 3M, 5M, and 7M with
PBS as a Control were used. The results showed no variation in avidity at different concentrations
compared to avidity testing with PBS solution.

The avidity did not vary significantly concerning different Gender types, Smoking habits,
Alcoholics, involvement in COVID-19 duty, Family size, etc. However, among risk and high-risk
groups, the avidity was slightly high in High-risk groups compared to the Low-risk group but it was
not statistically significant (Figure 5). Interestingly the Avidity index was maintained at almost 40%
(Gray zone) at all three concentrations (3M, 5M & 7M) of Urea in Both risk groups. High IgG Avidity
was observed in HCWs who were vaccinated, had a history of COVID-19 infection, and were
involved in COVID-19-related duty. We found significant differences between people who had a
second dose of vaccination after 60 days of the first dose compared to less than 60 days. The avidity
data comparison with COVID-19 positivity, Neutralization inhibition (>50%), and Gap between the
first dose and second dose was shown in supplementary Figures S7 to S9.
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Figure 5. Showing Avidity results of 92 subjects, compared within high and low-risk groups. A, B,
and C show all samples processed for 3M, 5M, and 7M urea concentrations respectively. There are no
differences observed between these two groups for all three different urea concentrations. Student t-
tests were used for p-value calculation.

3.5. Initial results vs. 1-year follow-up results

Due to financial constraints, a total of 15% of subjects (151) were tested for both Neutralizing
and IgG antibody levels after 1 year from the initial testing. Among 151 subjects, males were 81 and
females were 70. 71 HCWs had confirmed previous history of COVID-19 infection whereas 80 HCWs
had no such history. Both antibody levels were found markedly increased after one year when
compared to initial results and the difference was statistically significant, with neutralizing
antibodies p<0.001 (81.08 + 24.1 vs 92.55 £ 8.9) and IgG antibodies p<0.001 (5.99 + 5.6 vs 30.30 +9.8).
When compared with the history of COVID-19 infection, there were no significant differences in both
neutralizing and IgG antibody levels after one year of initial testing.

Neutralizing antibody levels did not vary significantly results in both groups (low-risk p=0.572,
high-risk p=0.407), while IgG antibody levels were found to increase significantly in the High-risk
group (p<0.001) compared to the low-risk group (p=0.579) after 1 year (Figure 6).
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Figure 6. Showing initial and after 1 year Neutralising and IgG antibody results. A& B showing
Neutralising antibody percentages at initial and after 1-year results. C & D show IgG index value at
the initial and after 1 year respectively. p-value calculated based on student t-test, p-value <0.05
indicates statistically significant.

4. Discussion

During the SARS-CoV-2 pandemic, many countries experienced large numbers of
hospitalizations, overwhelming their healthcare systems, and resulting in a lack of supply of personal
protective equipment including N95 masks. Many HCWs were infected with COVID-19 and several
of them succumbed [16]. Several countries reported that the HCWs testing positive by RT-PCR
ranged from 6% to 38% [16-18]. Most of the infections among HCWs were community-acquired [2].

Several studies indicated that the presence of SARS-CoV-2 antibodies was associated with a
significantly reduced risk of SARS-Cov-2 reinfection among HCWs up to 7 months and more after
primary infection [19,20]. Similarly in our study reinfection after primary infection was noted only in
5 HCWs.HCWs treating SARS-CoV-2 infected patients were reported to be at 11.6-fold higher risk of
developing COVID-19 infection compared to the General community [3]. Our findings revealed that
the seroprevalence of anti-SARS-CoV-2 IgG and Neutralizing antibodies was higher in females in
comparison to males (IgG: 45.2% vs. 32.4%, Neutralizing antibody; 52.3% vs. 37.4%). However, in
contradiction to our study, several studies have reported seroprevalence of SARS-CoV-2 antibodies
to be higher in males compared to females [21-23]. Few studies also reported higher seroprevalence
in females compared to males which is in concordance with our study [24].

Both IgG and Neutralizing antibody levels were higher in the age group of 21 to 40 years,
representing young and middle-aged HCWs (Table 1). The young aged HCWs were more active in
health care services about the care of the COVID-19 patients and had an efficient immune system,
and fewer co-morbidities compared to the older age group. A similar study from India reported that

younger age group HCWs had higher zero-prevalence of COVID-19 compared to older age group
[23].
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Almost 98% of HCWs enrolled in our study had completed their two doses of vaccination. Our
doctors (p<0.0001), Nurses (p=0.0054), Lab technicians (p=0.031), and supportive staff (p=0.0002) were
significantly seropositive. This can be justified by the long duty hours of duty in which they are
exposed to COVID-19 patients/ samples for longer duration than other HCWs. A similar study
showed that Seroprevalence is higher in physicians compared to other HCWs [25].

HCWs staying with family (p=0.007) had higher antibody levels in comparison to students
staying in hostels or rented rooms (p=0.01). These results suggest that household contacts may play
a significant role in the development of SARS-CoV-2 antibodies. Few studies suggested, that reducing
contact in households immediately is key to preventing onward transmission of SARS-CoV-2 [26].

Compared to Vegetarians, Non-vegetarians were more in the low-risk group suggesting a higher
level of protection. This may be due to the availability of high concentrations of Zinc and other
compounds in meat and fish products, thus playing a role in antiviral immunity [27,28].

In the literature, a higher risk (up to 11.6-fold increased risk) of SARS-CoV-2 infection was
reported among HCWs, compared to HCWs not involved actively in COVID-19 patient care or the
general actively involved in COVID-19 patient care community [3,23]. In agreement with this, we
found that the infection rate was 2.29-fold higher in HCWs involved in COVID-19 patient care (22%)
than in HCWs with no such Exposure (9.6%), and it was statistically significant (p>0.0001).

The avidity of an antibody is considered an interaction between the antibody and the antigen
and is a measure of the overall strength of the antibodies [29]. The presence of low avidity IgG to
RBD indicates a risk of developing COVID-19 in a severe form [30]. In our study, high-risk group
HCWs had high IgG avidity compared to the low-risk group, and IgG avidity percentage was well
maintained at 40% or above at different urea concentrations (Figure 5), which may be due to
continuous exposure to COVID-19 patients with new SARS-CoV-2 variants or Vaccination. A study
reported that high levels of IgG antibody and IgG avidity were significantly associated with high
levels of neutralizing antibody titers [31]. In our study also high IgG avidity was observed in subjects
with high levels of neutralizing antibodies. We could not find any gender-related avidity differences
in our study, thus matching previous studies in the literature [32,33].

A study conducted in the eastern part of India reported 6 months of persistence of RBD spike
IgG antibodies after vaccination [34]. In our study, both Neutralizing and IgG antibody levels were
significantly (p<0.001) increased after 1 year. Our study corroborates several studies conducted on
the persistence of SARS-CoV-2 antibody levels after several months of SARS-CoV-2 Infection [35-37].
When compared to disease severity; asymptomatic or mild SARS-CoV-2 infected individuals were
reported to have higher levels of SARS-CoV-2 antibodies (69.0 to 91.4%) after 8 months of infection
[38].

When comparing risk and low-risk groups, among 151 subjects there were no changes in
neutralizing antibody levels, but IgG antibody levels were found to be markedly increased among
the high-risk group compared to the low-risk group (p<0.001) (Figure 4). This may be due to
inapparent SARS-CoV-2 infection which went undiagnosed in a large number of HCWs involved in
patient care. In our study overall 5.1 folds of IgG levels increased after 1 year compared to initial
results. Among risk groups, 6.3 folds of IgG levels increased in the High-risk group but only 3.6 folds
in the low-risk group, which means the high-risk group HCWs had high levels of protective
antibodies and IgG antibodies persisted longer in them than the other group. Several studies showed
concordance with our study, wherein they reported almost 5.0 to 7.0 times more rise in IgG antibody
levels in HCWs who were involved in COVID-19 patient care [2,3,39].

Despite the availability of vaccines against SAR-CoV-2, the pandemic has not been brought
under control. New VOCs have rapidly outcompeted the preceding strain and spreading globally.
Several studies found that neutralizing antibodies formed with earlier SARS-CoV-2 lineages are
capable of neutralizing later emerged VOCs [40]. It is evidence that IgG plays a major role in
neutralization activity in blood and other body tissues with different SARS-CoV-2 lineages [41].
During our study period, major lineages belonged to Delta (98.5%), Alpha (0.5%), and others (1.0%)
from India [42]. The Neutralizing and IgG antibodies which are formed during natural infection with

doi:10.20944/preprints202309.1211.v1
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delta and other sub-lineages of SARS-CoV-2 in HCWSs with COVId-19 related duty summed up the
immunity and develop cross protection against new emerging VOCs of SARS-Cov-2.

5. Conclusions

In conclusion, we found that several factors increase the SARS-CoV-2 IgG and Neutralizing
antibody seropositivity. Healthcare workers who are involved in COVID-19 patient care are at a 2.29-
fold higher risk of infection compared to those who are not actively involved. The IgG avidity is well
maintained above 40% among healthcare workers which may be due to continuous exposure to
COVID-19 patientsinfected with novel SARS-CoV-2 variants or vaccinations. Two folds higher IgG
levels in HCWs involved in COVID-19 duty and their persistence for a longer time than in other
groups signifies IgG antibody role in the prevention of severe disease in HCWs involved in COVID-
19 patient care.

Supplementary Materials: Table S1: Table showing Complete HCWS demographic information with
Neutralizing and IgG antibody results (both initial and one-year follow-up). Figure S1: Boxplot
representing IgG antibody index value comparison in HCWs with the smoking habit (A), Family
size (B), Alcoholic (B), and Acute psychological stress (D). p-value <0.05 indicates significant.
Figure 52: Boxplot representing IgG index value comparison in HCWs with eating habits (E),
Environmental factors (F), exercise (G), and Sleeping pattern (G). p-value <0.05 indicates
significant. Figure 53: Boxplot representing IgG index value comparison in HCWs with different
blood groups (I), Rh status (J), BMI level (K), and involved COVID-19-related duty (L). p-value
<0.05 indicates significant. Figure S4: Boxplot representing Neutralizing antibody percentage
comparison in HCWs with Acute psychological stress (A), Alcoholic (B), Chronic Psychological
stress (C), and Smoking (D). p-value <0.05 indicates significant. Figure S5: Boxplot representing
Neutralizing antibody percentage comparison in HCWs with different blood groups (E), Rh
Status (F), Vaccination status (G), and severity of illness during COVID-19 infection (H). p-value
<0.05 indicates significant. Figure S6: Boxplot representing Neutralizing antibody percentage
comparison in HCWs with Eating habits (I), Family size (J), Exercise (K), and Environmental
factors (L). p-value <0.05 indicates significant. Figure S7: Boxplot representing SARS-CoV-2 IgG
antibody avidity percentage compared with History of COVID-19 positivity by different graded Urea
concentrations A) 3molar urea B) 5molar urea and C) 7 molar urea concentration, p-value calculated
by using student t-test. Figure S8: Boxplot representing SARS-CoV-2 IgG antibody avidity percentage
compared with Neutralization inhibition percentage (>50%) by different Urea concentrations D)
3molar urea E) 5molar urea and F) 7 molar urea concentration, p-value calculated by using student t-
test. Figure 59: Boxplot representing SARS-CoV-2 IgG antibody avidity percentage compared with
gap between the first and second dose of vaccination by different Uera concentrations G) 3molar urea
H) 5molar urea and I) 7 molar urea concentration, p-value calculated by using student t-test.
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