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Abstract
Background

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for global pandemic, and it
has caused more than 2.3 million deaths. Persistence and stability of immunoglobulin G (IgG) response
after recovery from COVID-19 infection is still uncertain.

Methods

We performed a longitudinal cohort study in healthcare workers (HCW) and their close contacts (Non-
HCW) with known resolved SARS-CoV-2 infection and undiagnosed infection at Maulana Azad Medical
College and associated Lok Nayak hospital, New Delhi. Baseline IgG antibody titers was determined and
the participants were followed over a period of six months. We also examined relationship between
SARS-CoV-2 immunoglobulin G (IgG) response and new symptomatic infection in HCW and Non-HCW
over time.

Results

176 (70.9%) healthcare workers and 72 (29.0%) non-healthcare workers were recruited from two cohorts.
82 subjects recovered from SARS-CoV-2 infection and 166 undiagnosed for the infection having history
of close contact with COVID-19 patients were followed up for a median of 227 days (interquartile range,
166 to 202) after a positive IgG antibody test. In the recovered subjects 70.7% (58) were seropositive for
�rst anti-spike IgG assay at baseline, followed by 80.0%, 90.6% and 82.6% at three visits respectively. In
undiagnosed subjects 37.3% (62) were seropositive at baseline, followed by 70.9%, 75.8% and 82.2%
respectively. Also, 46.8% (29) were asymptomatic with no symptoms of COVID-19 and were seropositive
at baseline. However, presence of IgG antibodies was associated with substantial reduced risk of re-
infection over the follow up duration.

Conclusion

Our data showed that the antibodies levels measured increased over the �rst three months and decreased
slightly after that and remained at a plateau and relatively stable for at least a period of six months. 

Introduction
A new coronavirus disease (COVID-19), caused by SARS-CoV-2 (Severe Acute Respiratory Syndrome
Coronavirus-2) has emerged as a major healthcare challenge globally (1). The clinical spectrum of the
disease varies widely, ranging from asymptomatic or very mild symptoms to severe disease and death
(2). Healthcare workers are at a higher risk of SARS-CoV-2 infection due to occupational exposure to
infected patients and are a critical population during the current COVID-19 pandemic.
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SARS-CoV-2 attacks the respiratory system of the infected individuals, causing pneumonia and
lymphopenia (3). Viral components like spike (S) and nucleocapsid (N) proteins trigger an immune
response in the host to produce immunoglobulin (IgG) to eliminate the virus (4). These viral antigens are
either recognized by the B cells or are presented by major histocompatibility complex (MHC) to the T cells,
resulting in antibody production, which are the main target for serological diagnosis (4,5). The receptor-
binding domain (RBD) in the S1 region of SARS-CoV spike (S) protein contains the critical neutralizing
domain (CND), which can induce highly potent neutralizing antibody (NAbs) response and can also
provide cross-protection against divergent SARS-CoV strains and is most important for vaccine
development (6).

Recent evidences have shown detectable immune response towards SARS-CoV-2; however, the extent to
which these neutralizing antibodies last, and the degree to which it may protect from re-infection or
reduce its severity is uncertain. Despite more than 100 million people infected worldwide, re-infection of
SARS-CoV-2 have been rarely reported, occurring only after mild or asymptomatic primary infection (7–
11), suggesting that SARS-CoV-2 infection provides some immunity and protects against re-infection. In
contrast, some reports suggest that humoral immune to SARS-CoV-2 infection are variable and relatively
short lived (12–15). In this study, we evaluated the disease onset time, positive rate, asymptomatic
infection and IgG titers against receptor-binding domain of SARS-CoV-2 in healthcare workers (HCW) who
were RT-qPCR positive for SARS-CoV-2 and undiagnosed HCW and their close contacts (Non-HCW).

Methods
Study Design and settings of the study

This prospective longitudinal study was designed to: (1) check SARS-CoV-2 immunoglobulin response
(IgG) after recovery from COVID-19 infection (2) explore the relationship between SARS-CoV-2
immunoglobulin response between recovered COVID-19 patients and undiagnosed individuals having
close contact with COVID-19 patients over a period of six-month period. This study was carried out at the
Centre for Occupational and Environmental Health, Department of Medicine, Maulana Azad Medical
College, New Delhi. Healthcare workers (HCW) working within the Maulana Azad Medical College and
associated Lok Nayak hospital and their close contacts (Non-HCW), active during the COVID-19 pandemic
were recruited to participate in the study.

Patients and plasma specimen collection

In this study, a total of 248 subjects were recruited in two cohorts. In the �rst cohort, we recruited 82
patients whose clinically administered RT-qPCR test was positive and occurred before 14 days and had
recovered from COVID-19 infection. The second cohort included a total of 166 undiagnosed individuals
with history of contact with COVID-19 positive patients. Beginning on June 22, 2020 baseline data were
collected from all the study participants. After informed consent, participants completed a baseline
questionnaire with information on demographics, general health, recent symptoms, occupation, and
potential COVID-19 exposure followed by plasma specimen collection in ethylene diamine tetraacetic acid



Page 5/17

anticoagulant tube. All study participants were longitudinally followed for up to six months and plasma
samples were collected after every two months, every participant has four visits to the clinic.

Enzyme-linked immunosorbent assay (ELISA) for SARS-CoV-2 IgG antibody

The presences of antibodies against SARS-CoV-2 were examined by enzyme linked immunosorbent
assay (ELISA) ErbaLisa® COVID-19 IgG semi quantitative kit (Erba Mannheim and Calbiotech, U.S.A)
according to manufacturer’s instructions. This kit was developed utilizing recombinant proteins of SARS-
CoV-2 i.e., Spike-2 and nucleoprotein for detection of anti-COVID-19 antibodies. ELISAs cut-off values as
per the protocol were as follows: the optical density (OD) values of the negative controls (between 0.19
and 0.22) were averaged and adjusted by addition of a constant (0.18) and the resultant reference value
was multiplied by a correction factor of 1.1 which was the cut-off value; any value above this was
considered positive and below was negative.

Statistical analysis

The categorical variables were calculated as frequencies and percentages, and continuous variables were
described using the median with interquartile range (IQR). Statistical relationship between the groups was
calculated using Chi-square test and Fisher’s exact test for categorical variables, Kruskal Wallis H test for
comparison of IgG titers. P <0.05 was considered statistically signi�cant. All Statistical analysis were
conducted using SPSS 25.

Results
The demographic and clinical information

A total of 248 subjects were recruited from two cohorts, in which 174 (70.2%) were males. The subjects
were aged from 5 to 80 years (mean 40.3). Based on their working environment, they were classi�ed into
HCW (176, 70.9%) and Non-HCW (72, 29.0%). HCW were enrolled from COVID-19 medicine units, COVID-
19 ICUs, specialty consultants, and pharmacies. These HCW had different degree of workplace exposures,
performing invasive bedside procedures, providing intraoperative and routine care to COVID-19 positive
patients and working in pharmacies. The Non-HCW enrolled were the close contacts of HCW. The �rst
cohort consisted of HCW (68.3%, 56/82) and Non-HCW (31.7%, 26/82) recovered from COVID-19
infection, and the second cohort consisted of HCW (72.3%, 120/166) and Non-HCW (27.7%, 46/166)
undiagnosed for COVID-19 infection. The majority of the patients recalled having clinical symptoms
consistent with COVID-19, including fever (122, 49.2%), fatigue (93, 37.5%), muscle pain (78, 31.5%),
cough (58, 23.4%) and throat pain (58, 23.4%) (Table 1, and Figure 2). Comorbidities were reported in 106
(42.7%) patients, in the form of hypertension, diabetes, thyroid, asthma, cardiovascular disease, COPD etc
(Table 1). Compared to undiagnosed for COVID-19 cases, the disease symptoms including fever (75.6%
vs 36.1%) (P=<0.001), cough (40.2% vs 15.1%) (P=<0.001), fatigue (61.0% vs 25.9%) (P=<0.001),
breathlessness (17.1% vs 5.4%) (P=0.002), muscle pain (42.7% vs 25.9%) (P=0.007), loss of appetite
(26.8% vs 10.2%) (P=<0.001), altered smell (37.8% vs 4.8%) (P=<0.001), and loss of taste (41.5% vs
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10.2%) (P=<0.001) were reported in higher frequency in COVID-19 positive cases (chi-square test) (Table
1, and Figure 2).

Characteristics of IgG antibodies in the study population

A total of 659 plasma samples were collected from the 248 study participants, In the �rst cohort, 82
patients recovered from COVID-19 infection provided 82 plasma samples at baseline visit and out of
them 75 patients were followed up longitudinally for six months (three visits) and provided 307 plasma
samples (the time interval between each visit is 45 days). In the second cohort, 166 undiagnosed subjects
for COVID-19, with history of close contact with COVID-19 positive patients provided 166 plasma samples
at baseline visit and out of them 62 patients with seropositive for anti-spike IgG assay were followed up
longitudinally for six months (three visits) and provided 352 plasma samples, respectively. HCW and Non-
HCW were followed for a median of 227 days (interquartile range, 166 to 202) after a positive antibody
test.

The IgG antibodies against spike (S) protein were tested in 248 subjects at baseline visit, 137 samples at
1st, 2nd and 3rd visits, respectively. All the serum samples were collected between 1 and 238 days after
onset of symptom (The number of days between visits was calculated from the date of symptom onset
in the symptomatic COVID-19 positive individuals and the date of the �rst clinic attendance in the
asymptomatic undiagnosed individuals with no PCR performed). IgG antibodies appeared from day 16
and remained stable during the course. In the �rst cohort, 70.7% (58/82) subjects were seropositive at
their �rst anti-spike IgG assay at baseline visit, seroconversion occurred during the study period and
80.0% (60/75) by 1st visit, 90.6% (68/75) by 2nd visit and �nally 82.6% (62/75) seropositive at 3rd visit
have seroconverted. Similarly, in the second cohort, 37.3% (62/166) subjects were seropositive at their
�rst anti-spike IgG assay at baseline visit. These 62 seropositive subjects were followed up and were
looked for immune response; by the 1st visit 70.9% (44/62), 75.8% (47/62) by 2nd visit and �nally 82.2%
(51/62) were found to be seropositive. In the second cohort, 46.8% (29/62) subjects were asymptomatic,
having no COVID-19 symptoms and were seropositive for anti-spike IgG at baseline visit. The positivity
rates of IgG antibodies increased over time and remained stable across the study duration (Figure 1).

SARS-CoV-2 antibody titers in COVID-19 patients

The antibodies levels measured increased over the �rst three months and decreased slightly after that
and remained at a plateau during the entire study duration. In COVID-19 positive cohort, we found a
signi�cant difference between IgG antibody levels at weeks 1-3 (2.14±1.98), weeks 3-7 (2.55±1.55), weeks
7-10 (2.21±1.30), weeks 10-20 (2.34±1.20) and weeks 20-30 (3.58±3.39) (P <0.001, respectively) (Figure 2
B). In the undiagnosed cohort, 76.3% (29/38) patients were asymptomatic at baseline visit (weeks 1-3)
with IgG antibody levels (2.26±1.32). IgG antibody levels were also found to be signi�cantly different in
the second cohort at week 1-3 (2.41±1.28), weeks 3-7 (1.86±1.11), weeks 7-10 (1.59±1.13), weeks 10-20
(2.10±1.16) and weeks 20-30 (3.27±2.59) (P <0.001, respectively). The tabulated data of IgG antibody
titers by their visits were shown in the Table 2 and Figure 1.
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We then sought to evaluate the duration of appearance of IgG antibodies and their levels during the
course of the disease. We observed the kinetics of the antibody levels remained mostly similar at all the
four visits i.e., up to six months. The IgG antibodies started to appeared between weeks 1-3 and increased
gradually and remained stable during the disease course. In the COVID-19 positive cohort, we found
70.7% (58/82) PCR positive and IgG antibody positive cases with signi�cant difference in antibody titers
3.21±1.28 at baseline visit, 2.53±0.73 at visit 1, 2.82±1.41 at visit 2, and 4.32±3.75 at visit 3 (P <0.001,
respectively) (Table 2). In the same cohort, 29.2% (24/82) cases were PCR positive and IgG antibody
negative at the baseline, the IgG antibody levels were very low throughout the course of study with
antibody titers 0.66±0.23 at baseline visit, 0.68±0.25 at visit 1, 0.53±0.33 at visit 2, and 0.84±0.25 at visit
3, (P=0.054, respectively) (Table 2). In the undiagnosed cohort, 37.3% (62/166) cases were found to be
IgG positive at the baseline, and IgG antibody titers remained to be mostly similar in these cases
throughout the course of study with antibody titers 2.24±1.28 at baseline visit, 2.10±0.77 at visit 1,
2.54±1.02 at visit 2, and 3.64±2.56 at visit 3, (P <0.001, respectively) (Table 2). In the same cohort, 46.7%
(29/62) cases had developed IgG antibodies at the baseline, these cases were asymptomatic IgG
antibody titers were initially low in these cases but increase gradually during the course of study with
antibody titers 1.91±1.46 at baseline visit, 1.88±0.93 at visit 1, 2.38±1.35 at visit 2, and 3.24±2.68 at visit
3, (P =0.021, respectively) (Table 2). Further, 53.2% (33/62) cases had history of COVID-19 symptoms,
similarly IgG antibody titers were initially low but increase gradually during the course of study with
antibody titers 1.98±1.37 at baseline visit, 1.79±0.94 at visit 1, 2.09±1.08 at visit 2, and 3.48±0.46 at visit
3, (P <0.001, respectively) (Table 2).

Discussion
In our longitudinal cohort study, among 248 study participants 68.3% of healthcare workers with previous
diagnosis of SARS-CoV-2-positive and 72.3% of healthcare workers in participants without previous
infection shows that the healthcare workers are at the highest risk of the SARS-CoV-2 infection. In
addition, presence of 46.8% asymptomatic infection in the undiagnosed patients strengthen the
speculation among the healthcare providers, researchers and policy makers that asymptomatic infections
plays a major role in the spread of SARS-CoV-2 infection (16). In a recent study on presymptomatic SARS-
CoV-2 Infections and transmission in a skilled nursing facility showed 56% asymptomatic patients at the
time of testing and also highlighted that asymptomatic and/or presymptomatic infections certainly
played a role in disease dissemination (16), these �ndings are consistent with our results in which 86.2%
asymptomatic healthcare workers developed IgG antibodies at baseline visit showing that healthcare
workers are previously infected with SARS-CoV-2. Therefore, a better understanding of SARS-CoV-2
dynamics in healthcare workers is imperative in protecting this key workforce and also reducing their role
in nosocomial infection and community spread. 

Importantly, the presence of anti-spike IgG antibodies shows the previous infection and is associated with
protection from re-infection. In our study, in patients recovered from COVID-19 infection anti-spike IgG
antibodies developed in 70.7% at baseline visit and 82.6% at 3rd visit, over the 32-week follow-up. We also
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observed stable antibody titers over a period of at least three months and only modest declines at the six-
month time point, which is consistent with study carried out by Ania et al., at Mount Sinai Health System
in New York City and other studies (17–23). Furthermore, the presence of these antibodies was
associated with substantial reduced risk of re-infection over the follow up duration. Only three PCR-
positive results were reported in the asymptomatic healthcare workers with IgG antibodies, suggesting
that IgG antibodies developed against previous infection is associated with protection towards re-
infection in most of the subjects for at least six months. Also, seroreversion was observed only in small
percentage of patients. However, it is noted that non hospitalized patients with mild symptoms have
lower levels of antibody titers compared to hospitalized patients with severe illness (24–26). The
differences in IgG antibody titers between participants may be associated with difference in antigen
exposure. However, looking at the lower number of re-infection rate in seropositive individuals, we can
assume these antibody titers regulate protection from infection. Though, it is still not known that how
long these antibodies will provide protection towards SARS-CoV-2 infection, but we know from the
previous serological studies on Middle East Respiratory Syndrome Coronavirus (MERS) and SARS-CoV
infection (responsible for 2003 epidemic) that these neutralizing antibodies are relatively short lived and
can last for three years (27–30). Additionally, recent evidences from the nonhuman primate models
shows that SARS- CoV-2 infection does provide protection from re-infection for at least some time
(31,32). Studies also proved that transferring monoclonal antibodies or serum from convalescent
animals to naïve animals produce protective antibodies and reduces virus replication signi�cantly
(33,34).

There are some limitations in the study. The samples size was small and study duration was relatively
short up to 32 weeks of follow up. Healthcare workers and Non-healthcare workers were recruited in a
voluntary testing basis with a �exible follow-up schedule, which resulted in different attendance
frequencies. In addition, as the healthcare workers were told their baseline antibody results, some
seropositive staff were reluctant to come for follow-up. The longitudinal follow-up of the same individual
will generate accurate data and more robust kinetics of antibody responses. We are planning to follow
these cohorts over longer intervals of time. We believe that ongoing follow-up and further investigations,
using humoral and cellular immunity markers involving large scale of clinical samples will provide better
understanding of the antibody kinetics and information on signi�cance, magnitude and duration of
protection from re-infection, causing symptomatic disease, hospitalization or death with SARS-CoV-2
infection.
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Table 1: Demographic and clinical characteristics of study participants.
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Demographic and clinical
variables

Total

(n=248)

SARS-CoV-2 RT-qPCR
positive (n=82)

Not tested for

SARS-CoV-2
(n=166)

P-
value

Sex – no (%)        

Male 174
(70.2)

58 (70.7) 116 (69.9) 0.890

Female 74
(29.8)

24 (29.3) 50 (30.1)  

Mean age (+/- SD)- yr 40.3
(13.0)

38.9 (12.3) 40.8 (13.3) 0.279

Healthcare workers 176
(70.9)

56 (68.3) 120 (72.3)  

Physician 49
(19.8)

14 (17.0) 35 (21.1) 0.028

Nurse 21 (8.5) 8 (9.8) 13 (7.8)  

Nursing orderly 63
(25.4)

14 (17.0) 49 (29.5)  

Lab Technician 21 (8.5) 7 (8.5) 14 (8.4)  

Pharmacist 22 (8.9) 13 (15.9) 9 (5.4)  

Non healthcare worker 72
(29.0)

26 (31.7) 46 (27.7)  

Businessman 23 (9.3) 11 (13.4) 12 (7.2) 0.259

Housewife 25
(10.1)

10 (12.2) 15 (9.0)  

Police 13 (5.2) 3 (3.7) 10 (6.0)  

Student 11 (4.4) 2 (2.4) 9 (5.4)  

Typical COVID-19 symptoms
–no (%)

       

Respiratory symptoms        

Cough 58
(23.4)

33 (40.2) 25 (15.1) <.001

Breathlessness 23 (9.3) 14 (17.1) 9 (5.4) <.001

Fatigue 93
(37.5)

50 (61.0) 43 (25.9) <.001

Throat pain 58
(23.4)

23 (28.0) 35 (21.1) 0.222
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Systemic symptoms        

Fever 122
(49.2)

62 (75.6) 60 (36.1) <.001

Cold 44
(17.7)

15 (18.3) 29 (17.1) 0.873

Headache 50
(20.2)

21 (25.6) 29 (17.1) 0.132

Muscle pain 78
(31.5)

35 (42.7) 43 (25.9) <0.001

Loss of appetite 39
(15.7)

22 (26.8) 17 (10.2) <0.001

Diarrhoea 27
(10.9)

12 (14.6) 15 (9.0) 0.183

Vomiting 10 (4.0) 5 (6.1) 5 (3.0) 0.245

Altered smell 39
(15.7)

31 (37.8) 8 (4.8) <0.001

Loss of taste 51
(20.6)

34 (41.5) 17 (10.2) <0.001

No symptoms 29
(11.6)

- 29 (17.4)  

Co morbidities        

Hypertension 36
(14.5)

10 (12.1) 26 (15.6) 0.465

Asthma 8 (3.2) 1 (1.2) 7 (4.2) 0.208

COPD 2 (0.8) 1 (1.2) 1 (0.6) 0.609

Cardiovascular disease 3 (1.2) 2 (2.4) 1 (0.6) 0.213

Rheumatoid arthritis 3 (1.2) 1 (1.2) 2 (1.2) 0.992

Cancer 2 (0.8) 1 (1.2) 1 (0.6) 0.609

Thyroid 16 (6.5) 5 (6.1) 11 (6.6) 0.873

Diabetes 22 (8.9) 9 (11.0) 13 (7.8) 0.412

Liver disease 4 (1.6) 3 (3.7) 1 (0.6) 0.072

Kidney disease - - - -

TB 4 (1.6) 2 (2.4) 2 (1.2) 0.467

HIV - - -  
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Neurological disorder 3 (1.2) - 3 (1.8) -

Osteoarthritis 2 (0.8 - 2 (1.2) -

Anemia 1 (0.4) 1 (1.2) - -

Table 2: IgG ELISA optical densities of the study participants for SARS-CoV-2

SARS-CoV-2 test results Total
(N=248)

Mean
(SD) 

IgG Titer

Baseline

Mean
(SD)

IgG Titer

Visit #1

Mean
(SD)

IgG Titer

Visit #2

Mean
(SD)

 IgG Titer

Visit #3

P-
value*

SARS-CoV-2 RT qPCR
positive

           

PCR Positive-no. (%) 82 2.46±1.59 2.16±0.99 2.61±1.50 3.71±3.66 <.0001

PCR Positive / IgG
Positive-no. (%)

58 3.21±1.28 2.53±0.73 2.82±1.41 4.32±3.75 <.0001

PCR positive / IgG
Negative-no. (%)

24 0.66±0.23 0.68±0.25 0.53±0.33 0.84±0.25 0.054

SARS-CoV-2 PCR test
not done

           

Total tested 166 1.10±1.15 1.69±0.97 2.10±1.22 3.34±2.60 <.0001

IgG Positive-no. (%) 62 2.24±1.28 2.10±0.77 2.54±1.02 3.64±2.56 <.0001

Asymptomatic patients-
no. (%)

29 1.91±1.46 1.88±0.93 2.38±1.35 3.24±2.68 0.021

Previous history of
COVID-19 symptoms-no.
(%)

33 1.98±1.37 1.79±0.94 2.09±1.08 3.48±0.46 <.0001

* P-values calculated using Kruskal Wallis H test for comparing multiple groups.

Figures
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Figure 1

Correlation of dynamic changes in IgG antibody titers during follow-up of up to 32 weeks
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Figure 2

A. Frequency of symptoms among the two cohorts are shown. Symptoms with a signi�cant difference (P
< 0.05) are marked with an asterisk. B. The optical density (OD) value of IgG antibodies against SARS-
CoV-2 in the study participants over the 32 weeks duration is shown. The median and quartiles were
represented in the boxplots and the bars represent the maximum and minimum values.


