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ABSTRACT
Objective: To determine the persistence of IgG antibodies against SARS-CoV-2 and the association of timelines of COVID-19
seropositivity with antibody ratio levels.
Study Design: Cross-sectional study.
Place and Duration of Study: Combined Military Hospital, Lahore, from Apr to Sep 2020.
Methodology: The serum of 250 patients recovered from COVID-19 was collected to detect anti-SARS-COV-2 IgG antibodies.
Anti-SARS Cov-2 IgG was measured by Semi-Quantitative Enzyme-Linked Immuno-Sorbent Assay (ELISAs), and the association of timelines of COVID-19 seropositivity with antibody ratio levels was determined.
Results: Out of 250 study participants, males were 220 (88%) while females were 30 (12%), mean age being 35.25 years ± 9.096
years. In the timeline of 31-60 days after the first positive COVID-19 PCR, 27 out of 44 (61%) were seropositive. In the 61-90
days’ timeline, 79 out of 155 (51%) were seropositive, in the timeline of 91-120 days after the first positive PCR, 52 out of 76
(68%) were seropositive, and in the timeline of 121-150 days, 12 out of 15 (80%) of the study participants were seropositive for
COVID-19.
Conclusion: Serological IgG immune response against SARS-CoV-2 persists up to five months after active COVID-19 infection
in most individuals in the Pakistani population.
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INTRODUCTION
Coronavirus disease emerged in December
2019 in China.1 This primarily zoonotic disease spread
around the globe at an exponential speed in a short
period because of human to human transmission. The
total worldwide COVID-19 cases have reached more
than 152 million, with 3.2 million deaths in 195 countries, and the pandemic is still persisting.2 It has a high
transmission and variable severity of the disease at
presentation. Its rapid and unpredictable progression
to a fatal outcome has posed a significant risk to the
population, especially the vulnerable and exposed segments such as health care workers, children and the
elderly.3
Upon infection with SARS-CoV-2, the human
host mounts an immune response against this virus. It
induces the production of IgM and IgG against SARSCoV-2 at an average period of two weeks.4,5 Numerous
vaccines for COVID-19 have been developed, and
others are still developing, which focus on eliciting an
immune response against SARS-CoV-2 viral antigens
(Receptor binding domain of S-antigen).6,7 However,
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slow vaccine rollout and its timely availability
translate into a continuing surge of increased COVID19 infections. Therefore, before achieving a maximum
vaccine cover, it is imperative to identify the duration
of protection conferred naturally by the antibodies
formed against COVID-19 in the recovered cases.
A clear answer to this question can alleviate
public concerns about the post-COVID-19 duration of
natural immunity. In addition, it will help injudicious
and timely vaccine offer to the most vulnerable segments and can determine prospective COVID-19 convalescent plasma donors. Some studies have shown an
initial increase followed by a rapid decline in COVID
specific IgG levels in the initial months' post infection.8
Others have shown that the antibody levels persisted
with slow decline up to 6 months, attributable to longlived plasma cells or memory B cells.9
Earlier studies have shown that environmental
factors, diseases such as malaria, and BCG vaccination
can potentially shape the humoral immune response
against COVID-19 in one population differently from
others.10 Therefore, the objective of our study was to
determine the persistence of anti- SARS-CoV-2 specific
antibodies after recovery in the context of the Pakistani
population and the association of timelines of COVID19 seropositivity with antibody ratio levels.
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METHODOLOGY
This cross-sectional study was carried out at the
Pathology Department of Combined Military Hospital,
Lahore. The study was approved by Institutional
Review Board (IRB No. 246/2020). The sampling technique used was the consecutive sampling technique,
and COVID-19 recovered patients found to be positive
by Reverse Transcription Polymerase Chain Reaction
(RT-PCR) from April 2020 to September 2020 were
included. The sample size (n:250) was calculated using
the WHO sample size calculator, keeping a confidence
level of 95%, the margin of error of 6% and the frequency of COVID antibody positivity in recovered patients of 72%.10 Nasopharyngeal samples for COVID-19
were taken under the guidance and supervision of
an ENT specialist in order to avoid false-positive and
false-negative results and improve the sensitivity and
specificity of SARS-CoV-2 PCR. Informed consent
was taken from study participants. Demographic data
was entered in a proforma designed for the study. The
study was conducted at the Pathology Department of
Combined Military Hospital, Lahore, from April to
September 2020.
Inclusion criteria: COVID-19 recovered patients of
all age group and either gender were included in the
study.
Exclusion criteria: COVID-19 recovered patients who
did not give consent for participation in the study were
excluded from the study.
The minimum time for collection of antibody
sample was at least 30 days after the first positive PCR
and after cessation of symptoms. Serum was collected
for detection of Anti- SARS-CoV -2 IgG antibodies and
stored at 2-8°C. Anti-SARS Cov-2 IgG antibodies against nucleocapsid protein (NCP) of SARS-CoV-2 virus
were measured by Semi-quantitative Enzyme-Linked
ImmunoSorbent Assay (ELISA) technique using CE
and FDA approved kits (Euroimmun®) following
manufacturer's instructions. The sensitivity of subject
Anti-SARS CoV-2 NCP ELISA (IgG) was 94.6%, and
specificity was 99.8%.
Study participants with antibody ratio levels
<0.8 were considered negative, between 0.8-1.1 were
borderline, and those above 1.1 were considered to
have positive COVID-IgG antibody levels as per the
manufacturer's protocol. Initially, forty samples and
controls and calibrators were run in duplicate to assess
the inter and intra-assay variability and precision of
the procedure.

The persistence of anti-SARS-CoV-2 IgG antibodies against NCP for each study participant (n=250)
was determined between the first positive COVID PCR
date and the collection of serum samples for antibody
detection. The timelines were developed to determine
the association with antibody ratio levels.
Data was analyzed using Statistical Package for
the social sciences (SPSS) version 23.00 and MS Excel
2016 software. Mean ± SD was calculated for the continuous variable. Frequency and percentage were calculated for categorical variables. An independent t-test
was used to find the mean differences. The p-value of
≤0.05 was considered significant.
RESULTS
Out of 250 study participants, males were 220
(88%) while females were 30 (12%). The mean age of
the patients was 35.25 ± 9.096 years. 170 (68%) study
participants had detectable antibody ratio levels, 20
(8%) had border-line levels, while 60 study participants
( 24%) had no detectable antibody levels. 151 males out
of 220 (69%) had positive antibody ratio levels, 20 (9 %)
had border-line levels, while 49 (22%) males had negative antibody ratio levels. 19 ( 63 %) females out of 30
had positive antibody levels, while 11 (37%) had negative antibody levels. The frequency of study participants according to clinical grades and their association with antibody ratio levels was shown in Table-I.
Table-I : Association of clinical outcome with sero-positivity.
Clinical
Clinical
Clinical
Cut-off values
Grade 1
Grade 2
Grade 3
pfor
( No
(Mild
(Moderate value
Seropositivity
symptoms) symptoms) symptoms )
Less than 0.8
3 (20%)
55 ( 26%)
2 ( 8%)
0.03
(Negative)
0.8 1.1
3 (20%)
17 (8%)
0
0.03
(Border-line )
Greater than
9 (60%)
138 (66%)
23 ( 92%)
0.03
1.1 (Positive)

Similarly, the association of timelines of seropositivity with antibody ratio levels was determined, as
shown in Table-II. In the timeline of 31-60 days after
the first positive COVID-19 PCR, 27 out of 44 (61%) of
the study participants were seropositive. In the timeline of 61-90 days after the first positive PCR, 79 out of
155.
(51%) of the study participants were seropositive,
in the timeline of 91-120 days after the first positive
PCR, 52 out of 76 (68%) of the study participants were
seropositive, and in the timeline of 121-150 days after
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the first positive PCR 12 out of 15 (80%) of the study
participants were seropositive for COVID-19 (Table-II).
Table-II : Association of time lines of sero-positivity with
antibody ratio levels.
Time-lines of seroCut-off Values of Seropositivity
positivity( Days )
(Antibody Ratio Levels)
<0.8
0.8-1.1
>1.1
p-value
31- 60
9 (20 %) 8 (19%) 27 ( 61%)
0.01
61-90
30 (19 %) 6 (13%)
79 (68%)
0.02
91-120
19 (25%) 5 (7%)
52 (68%)
0.01
121-150
2 (13%)
1 (7%)
12 ( 80%)
0.02
Total
60 (24%) 20 (8 %) 170 (68%)
250

DISCUSSION
Association of timelines of COVID-19 seropositivity with antibody ratio levels has shown that 61%
of study participants were seropositive in the timeline
of 31-60 days, 51% seropositive in the timeline of 6190 days, 68% seropositive in 91-120 days and 80% of
study participants were seropositive in the timeline of
121-150 days.
Severe Acute Respiratory Syndrome Coronavirus
-2 (SARS-CoV-2) is a beta coronavirus closely related
to two other beta coronaviruses, Middle East Respiratory Syndrome Coronavirus (MERS-CoV) and Severe
Acute Respiratory Syndrome Coronavirus (SARSCoV). Temperton et al, conducted a study on the longitudinal profiling of neutralizing antibody response to
SARS-CoV during the 2003 SARS-CoV outbreak in
Hong Kong and demonstrated long-lasting immunity
in most SARS-CoV recovered patients.11 Choe et al,
conducted a study in 2017 on MERS-CoV antibody responses in South Korea in 11 patients one year after
symptom onset. They found robust antibody responses
in all survivors who had the severe disease for up to 1
year. However, antibody titres in 4 out of 6 patients
with mild illness were undetectable.12
The scientific evidence on the course of the
immune responses to SARS-CoV-2 in our population
after recovery from PCR-confirmed SARS-CoV-2 infection is very scarce. Therefore, we conducted this study
to determine the natural course of anti-SARS CoV-2
antibody titres in our population, which is of great
significance in finding out the long term duration of
protective immunity against SARS-CoV-2. The severity
of the disease in our study ranged from asymptomatic
to mild and moderate group, which is in line with
many studies that reported that the majority of COVID
infections show uncomplicated clinical course.13 Our
study has also demonstrated the significant correlation
of C-reactive protein with antibody ratio titres which is

a significant marker of the severity of the disease.
However, definitive and conclusive evidence and consensus of how the clinical severity of COVID-19disease
and the demographic parameters correlate with the
serological immune responses against SARS-CoV-2 is
yet to be established.14 Moreover, the decline of antibodies after SARS-CoV-2 infection varies among studies.
Many studies have been conducted in other
countries reporting different decay times of antibodies
in their population. Wheatley et al. conducted a study
in Australia and showed antibody responses after
COVID-19 decay over the first four months post-infection.15 Ibarrondo et al. conducted a study on 34 study
participants with mild COVID-19 and reported that
antibodies decay at a mean interval of 90 days after the
onset of COVID-1916. Iyer et al. conducted a study on
343 North American patients infected with SARS-CoV2 and found that IgG antibody responses against
SARS-CoV 2 infection decay slowly through 90 days
post-recovery.17 The disagreement between these studies with our results is may be due to the small sample
size, use of different antigens or different technologies
in the various ELISAs.
However, there are many studies whose results
are concordant with ours, and they are done on significant sample size. For example, Wajnberg et al,
conducted a study on 30,082 individuals in New York
City. They reported that most infected individuals
with mild-to-moderate COVID-19 experience robust
IgG antibody responses for five months.18 In addition,
Gudbjartsson et al, conducted a study in Ice land on
the humoral immune response to SARS-CoV-2. They
showed that anti-viral antibodies against SARS-CoV-2
did not decline within four months after diagnosis.19
We have evaluated the serological immune
response to SARS-CoV-2 Nucleocapsid protein, representing one of the most important structural proteins
of SARS-CoV-2. The potential benefit of using this
protein is its minimal chances of cross-reactivity with
other coronaviruses. In addition, the study participants
with positive antibody titres were later enrolled after
willingness as potential candidates for convalescent
plasma donation to COVID patients. It is unclear to the
rest of the world population how long the B-cell and Tcell responses to SARS-CoV-2 correspond. Moreover,
the extent of decrease of antibody titres after SARS
CoV-2 infection after five to six months of infection
may lead to loss of protective immunity.20
Therefore, it may increase the risk of reinfection is
an important question and needs to be addressed in
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future studies. However, we did not detect a single
case of reinfection among our study participants. There
have been reports of sporadic cases of reinfection
with COVID-19 elsewhere in the world, which might
indicate protection conferred by a serological immune
response against SARS-CoV-2.
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LIMITATIONS OF STUDY
The limitation of our study was its small sample
size and that those with severe COVID-19 who later got
recovered did not volunteer for participation in the study. In
addition, our study has not demonstrated the memory B-cells
and T-cells response, which may be even more relevant than
antibodies persistence for the long-term protective immunity
against SARS-CoV-2.
CONCLUSION
This study has provided conclusive evidence that
serological IgG immune response against SARS-CoV-2 persists up to five months after active COVID infection in most
of the individuals in our population. Moreover, the antibody
titers strongly correlate with the severity of the disease.
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