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Purpose: To assess modulation of neutralizing antibody titers in COVID-19 patients and understand as-
sociation of variables such as age, presence of comorbidity, BMI and gender with antibody titers.
Methods: Patients (n ¼ 100) diagnosed from 20th March 2020 to 17th August 2020 and treated at two
large hospitals from Pune, India were included and followed up (clinical and serologic) for varied periods.
IgG-anti-SARS-CoV-2 (Spike protein-based ELISA) and neutralizing antibody titers (NAb, PRNT) were
determined in all the samples.
Results: Of the 100 patients enrolled initially (median 60 days of diagnosis), follow up samples were
collected from 70 patients (median 106 days of diagnosis). Overall, NAb titers reduced significantly
(p < 0.001) and as early as 3e4 months. During two visits, 20% and 7.1% patients reported some
symptoms. At the first visit, NAb titers were higher in patients with severe disease (p < 0.001),
comorbidities (p < 0.005), age <50 years (p < 0.05) and male gender (p < 0.05). Multivariate analysis
identified older age (p < 0.001), duration post-diagnosis and female gender as independent variables
influencing NAb titers (negative correlation, p < 0.05). During the follow-up, reduction in NAb titers was
recorded in patients with comorbidity (p < 0.05), mild disease (p < 0.05), age <50 years (p < 0.05), higher
BMI (p < 0.05) and male gender (p < 0.001). Serology identified six cases of asymptomatic reinfections.
Conclusions: Decline of NAb titers was associated with age <50 years, mild disease, comorbidities, higher
BMI and male gender. At the time of follow up, 8/70 (11.4%) patients lacked neutralizing antibodies.
Evidence of 6 probable asymptomatic reinfections suggests waning of immunity, but, probable protection
from clinical disease needing hospitalization.

© 2022 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.
The unprecedented pandemic of COVID-19 disease caused by
SARS-CoV-2 continues to affect global population and economies.
So far, the virus has infected 222 countries leading to 212.6 million
patients and 4.4 million deaths (https://www.worldometers.info/
coronavirus/#countries). To combat the rapid spread of the infec-
tion, several vaccines were rapidly developed and made available
9; BMI, Body mass index.
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for immunization of different populations. To assess/predict effi-
cacy of vaccines, it is of utmost importance to understand immu-
nologic basis for recovery from the disease as well as progression to
severity. Currently, correlates of protection for COVID-19 are not
known. With the emergence of several variants of concern globally,
antibody response in general and neutralizing antibody response in
particular has gained additional significance.

In view of the decline in antibody titers in other corona viruses
[1,2], understanding of the dynamics of antibody responses in
COVID-19 is an important question. Several studies conducted us-
ing different ELISAs and virus neutralization/surrogate assays have
shown that either the titers remain comparable [3] or decline over
d.
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time [4e6]. Following the identification of first COVID-19 case in
Pune, India on 19th March 2020, we analyzed IgG/IgM/IgA anti-
bodies (ELISA) [7], neutralizing antibodies (PRNT) [8] and modu-
lation of circulating immune cells [9] in patients with different
clinical presentations examined till ~1month post-disease onset. In
patients with severe disease, early and high titers of IgG/IgA and
neutralizing antibodies (NAb) were recorded. The next important
issue was persistence of the neutralizing antibodies and under-
standing factors deciding the magnitude and duration of antibody
response. In view of the availability of a variety of vaccines and
implementation of national immunization programs, antibody
dynamics in natural infection needs to be elucidated in different
populations. The present study reports clinical and serological
follow up of COVID-19 patients followed for a variable period till ~8
months post-diagnosis.
1. Material and methods

This study was conducted at two large hospitals, a tertiary care,
840 bedded private hospital and a 300 bedded, Government Dis-
trict General Hospital at Pune, Western India. The enrolled patients
were diagnosed from 20thMarch 2020 to 17th August 2020. For the
recruitment of the patients, we first retrieved the list of adult dis-
charged patients from the record sections. The admissions included
patients registered for home isolation. Mild, moderate, and severe
patients were defined as per clinical guidelines of the Indian
Council of Medical Research [10]. The patients who have completed
at least one month after diagnosis by RT-PCR (irrespective of the
duration of treatment) were contacted telephonically and reques-
ted to visit the hospitals for clinical assessment. After obtaining
informed written consent on arrival, clinical assessment was done.
This included finger SpO2 after three/six minutes' walk and chest
radiography whenever necessary. All the patients who consented
for a follow-up visit were included. The samples were collected
from 10th August 2020 to 12th March 2021. 2e3 ml blood was
collected and separated serum samples were stored at �80 �C in
aliquots.
1.1. Serology

All the samples were tested for the (1) presence of IgG-anti-
SARS-CoV-2 antibodies by ELISA (SCoV-2 Detect IgG ELISA, Inbios
International, Inc., USA) and (2) titers of NAb by plaque reduction
neutralization test (PRNT50) as per the protocol described earlier
[8]. The ELISA uses spike protein of SARS-CoV-2 as the coating
antigen. As per the manufacturer, this assay is 91.8% specific and
98.9% sensitive. For PRNT, SARS-CoV-2 virus (8004/IND/2020/
IRSHA PUNE, accession number MT416726) isolated at IRSHA was
used for PRNT using Vero CCL81 cells in 24-well format. Test/con-
trol sera were diluted 4-fold, incubated with 20e40 pfu of the virus
and on day 5 post-infection, non-neutralized virus was quantitated
by plaque counting. PRNT50 titers were calculated using Karber's
formula. Samples with PRNT titer less than 10 were considered
negative. For statistical analysis, negatives were assigned a titer
value of 4.5.
1.2. Statistical analysis

For comparisons of PRNT titers, geometric mean titers (GMTs)
were used. Multivariate analysis was done to assess the association
of various parameters with PRNT titers by calculating the stan-
dardized coefficient (Beta). For comparisons, Chi-square test with
Yates’ correction, unpaired t-test, and ANOVA were used.
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2. Results

2.1. Characteristics of the study population

We recruited 100 COVID-19 patients; 81 with mild disease
(mean age, 37.8 ± 12.4 years, 46 males and 35 females), 15 with
moderate (mean age, 50.6 ± 12.3 years,11 males and 4 females) and
4 with severe disease (mean age, 53.3 ± 12.2 years, 2 males and 2
females). Overall, fifty-nine males and 41 females were recruited in
this study. Twenty-six patients reported at least one co-morbidity
(Table 1). Proportion of comorbidities was higher in non-mild
than mild infections (p < 0.001). Except one, all were non-
smokers; According to Body Mass Index (BMI), 15 were obese
while 29 were overweight (44% with higher BMI). A follow up
sample could be collected from 70 patients (59 with mild, 9 with
moderate and 2 with severe disease). Of these, 38 were males and
32 were females. Mean age for patients studied at both visits were
comparable. The median duration between sample collection and
diagnosis of COVID-19was 60 days (first visit) and 106 days (second
visit).

2.1.1. Post-COVID-19 signs and symptoms at both the visits
Table 1 displays symptoms reported by COVID-19 patients at

two time points. At the first visit, 20% (20/100) patients including 3
with comorbidities reported some symptoms. On examination,
slight edema on feet, pallor with edema on feet along with puffi-
ness of the face, occasional wheeze, crepitation's, and bilateral
wheeze were recorded individually by 5 patients. Hypertension
(either systolic �140 or diastolic �90) was noticed in 15 patients.
Except one, all the 100 patients exhibited SpO2 saturation of >95%.
This patient was having hypertension with diabetes, was com-
plaining of dyspnea on exertion. Crepitation's were present and
chest radiograph showed bilateral localized infiltrations. At follow-
up visit, all had SpO2 saturation of more than 95% except two pa-
tients who were not having any complaints. 13/20 patients
reporting symptoms at first visit were followed up. Two patients
(one with comorbidity) continued to have the symptoms. Overall,
7.1% (5/70) patients examined at second visit reported symptoms
(Table 1).

2.1.2. Seropositivity and association of neutralizing antibody titers
with the variables examined

At the time of two visits, 93/100 (93%, first) and 68/70 (97.1%,
second) patients circulated IgG antibodies while NAb positivity was
recorded in 91/100 (91%) and 62/70 (88.6% patients) respectively.
Thus, 2/93 (2.1%) IgG positives at first visit and 6/68 (8.8%) IgG
positives at the second visit lacked neutralizing antibodies. Overall,
11.4% patients were NAb negative at the time of second visit.

Next, we compared NAb titers in the patients screened at both
the time points. Fig. 1 depicts modulation of NAbs titers in relation
to the factors considered. Due to small numbers, patients with
moderate and severe disease were grouped as non-mild cases for
comparing disease severity. At the first visit, higher titers were
associated with the presence of comorbidities (p < 0.005, Fig. 1A),
non-mild disease (p < 0.001, Fig. 1B), age <50 years (p < 0.05,
Fig. 1C) and male gender (p < 0.05, Fig. 1D). Increased duration
between COVID-19 diagnosis and sampling was associated with a
significant decline in NAb titers (p < 0.005, Fig. 1F). Multivariate
analysis identified age �50 years (p < 0.001), duration between
diagnosis and sample collection and female gender (negatively) as
independent variables influencing NAb titers (p < 0.05 for all).

At the second visit, significant differences were maintained only
in relation to disease severity (p < 0.001, Fig. 1B) and older age
(p < 0.05, Fig. 1C). During the follow up, reduction in NAb titers was
recorded in patients with comorbidity (p < 0.05, Fig. 1A), age �50



Table 1
Comorbidities and Post-COVID symptoms reported at first and second visits.

Comorbidities No of
patients

Symptoms reported No of patients

At first visit
(n ¼ 100)

At second
visit (n ¼ 70)

Hypertension 7 Weakness 5 0
Diabetes 5 Dyspnea on exertion 4 2
Hypertension with diabetes 5 Dry cough 2 0
Hypertension, diabetes and heart disease 2 Fatigue 1 0
Heart disease 1 Intermittent headache 1 0
Hypertension with epileptic seizures 1 Burning micturition 1 0
Chronic renal failure with heart disease and

hypertension
1 Burning sensation in the stomach 1 0

Hypertension with hypothyroid 1 White patches in the mouth 1 0
Hypertension with diabetes and hypothyroid 1 Fever with dyspnea on exertion 0 1
Hypertension with vitamin B12 deficiency 1 Mild body ache 0 1
Tuberculosis (under treatment) 1 Frequent chills 0 1

e e Dyspnea on exertion with mild cough 1 0

e e Dyspnea on exertion with fatigue 1 0

e e Joint pains with mild cough 1 0

e e Acidity with hemorrhoids 1 0

Total 26/100 (26%) 20/100 (20%) 5/70 (7.1%)

Fig. 1. Depicts neutralizing antibody titers (PRNT50) in the patients studied at first visit (median 60 days post diagnosis) and second visit (median 106 days post-diagnosis). The
variables examined include (A) Comorbidity; (B) Disease severity; (C) Age groups; (D) Gender; (E) BMI and (F) Interval between diagnosis and sampling (in days). The data is
presented as dot plots with bar representing the geometric mean ± 95% CI in each group. Each dot represents a single sample. P values were denoted as asterisk. * denotes p-value
<0.05, ** denotes p-value <0.01 and *** denotes p-value <0.001. Only significant differences between groups are marked.
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years (p < 0.05, Fig. 1C), higher BMI (p < 0.05, Fig. 1E), male gender
(p < 0.001, Fig. 1D) and mild disease (p < 0.005, Fig. 1B).

2.2. Persistence of NAbs

During this study, the patients were not recruited during the
acute phase. At the time of first sampling, duration between
diagnosis and collection varied from 30 to 179 days (median 60
days) while this duration varied from 60 to 348 days (median 106
days) for second sampling. NAb titers (GMT) reduced from 205
(95% CI e 140 to 300) to 97 (95% CI e 64 to 147, p < 0.001). Further,
3

a separate analysis was carried out to understand modulation of
NAbs when sampling was done at different intervals (Fig. 2). For
42/70 (60%) patients, the initial sample was collected 30e59 days
after diagnosis. For the remaining patients, initial samples were
collected at 2e3 months (n ¼ 9, Fig. 2B), 3e4 months (n ¼ 12,
Fig. 2C) and 4e5 months (n ¼ 5, Fig. 2D). In addition, 2 patients
were sampled for the first time at 5 and 6 months respectively.
The first patient was negative for neutralizing antibodies in the
initial sample and at 6 months follow up. The second patient
exhibited a titer of 348 at 6 months that increased to 2560 at 8
months.



Fig. 2. Dynamics of neutralizing antibody titers at varied intervals when compared to the initial titers determined at (A) 1e2 months post-diagnosis; (B) 2e3 months post-
diagnosis; (C) 3e4 months post-diagnosis and (D) 4e5 months post-diagnosis. The data is presented as dot plots with bar representing the geometric mean in each group.

P. Doke, J.S. Gothankar, P.P. Doke et al. Microbes and Infection 24 (2022) 104979
Of the 39 patients tested within 1e2 months of diagnosis, a
significant decline in NAb titers at 2e3 months (n ¼ 19, p < 0.001)
and at 3e4 months (n ¼ 20, p < 0.001) was recorded (Fig. 2A). Of
note, in 2 patients followed up at 7e8 months post-diagnosis, a
reduction from 397.5 to 12.4 was recordedwhile a rise from 1579 to
4042 was noted in one patient examined 8 months post-diagnosis.
Among patients initially examined 3e6 months post-diagnosis
(Fig. 2BeD), a subsequent reduction or similar titers over time
were noted. Seroconversion in a patient followed at 6e7 months
and rise in titers among patients bled 8 months post-diagnosis are
noteworthy. Importantly, the proportions of antibody negative
patients increased from 6% (30e59 days) to 18.75% (>180 days).
2.3. Evidence of reinfection

We identified six possible asymptomatic reinfections during this
study (Table 2). All these patients hadmild episode at first infection.
In one, a clear seroconversion from ELISA/NAb negative to ELISA/
NAb seropositivity and a titer of 46 was recorded on 180th day (64
days after first sample collection). In addition, a four-fold rise was
seen in 5 patients when the samples were collected 102e299 days
post-COVID-19 diagnosis. It is intriguing to note that in two pa-
tients with NAbs titers of 107 (day 111) and 123 (day 58), evidence
of reinfection was noted when follow up samples collected after a
Table 2
Details of the patients showing evidence of reinfection.

Age/Sex Sample-1 NAb Titer
(Days post diagnosis)

Sample-2 NAb T
(Days post diag

33/M 107 (111) 687 (148)
25/F 13 (126) 90 (206)
26/F 123 (58) 1171 (102)
35/M Neg (116) 46 (180)
50/F 162 (171) 2560 (253)
39/F 27 (109) 2090 (299)

All had mild disease.

4

gap of 37 and 44 days respectively were tested. Two patients with
>2000 NAb titers were infected during the second wave.
3. Discussion

Though early decline in neutralizing antibodies is well docu-
mented in COVID-19, studies on long term persistence in general
and neutralizing antibodies in particular are limited. With the
emergence of novel mutants that can be partially neutralized by
naturally acquired/vaccine-induced antibodies [11,12], such data
gains additional importance. This study is based on the follow up of
70 patients wherein the median duration between sample collec-
tions and diagnosis were 60 and 106 days respectively. In the
absence of acute-phase samples, we were not able to judge the
extent of early decline of NAb titers. However, subsequently a sig-
nificant decline in NAb titers was evident. Half-life of NAbs during
the first twomonths was shown to be lower and doubled later [13].

Initial NAb titers (PRNT50) were influenced by several factors
(Fig. 1). Multivariate analysis identified age >50 years (p < 0.001),
female gender (negatively) and duration between diagnosis and
sampling (p < 0.05 for all) as independent variables for the in-
duction of higher titers. Of note, age >50 years was associated with
comorbidities that in turn reflected disease severity. In continua-
tion with our earlier observations of high neutralizing antibody
titers among patients with severe disease during the acute phase
iter
nosis)

Duration between
the samples (days)

Fold rise in
NAb titers

37 5.4
80 5.9
44 8.5
64 seroconversion
182 14.8
190 76.4
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[8], this study revealed that similar differences are maintained
during later time points as well. Our results are in line with a cross-
sectional study from Japan that included 376 patients examined at
180 (147e224) days post-positive test. Antibody titers were higher
in the patients requiring ventilator that was higher than those
requiring oxygen support that in turn was higher than those
without such support [3]. Sequential follow up of 39 patients from
Japan [4] and 65 patients from UK [14] yielded similar findings.
Further, our results confirm association of higher BMI and increased
age with elevated titers [15e18].

It is interesting to note that at the time of follow up visit, the
difference in NAb titers was maintained only in relation to the older
age and severity, severity being higher in the patients �50 years
age. It therefore appears that the rates of antibody decline differ in
patient groups categorized on the basis of different parameters. In
our study, the decline in antibody titers was associated with co-
morbidity (p < 0.05), age >50 years (p < 0.05), higher BMI
(p < 0.05), male gender (p < 0.001) and mild disease (p < 0.005).
Thus, except for the patients with severe disease continuing to
circulate high NAb titers, these categories with high NAb titers in
the initial samples did show a significant decline. At the follow up
visit, NAb titers were independent of comorbidity, BMI and gender.
In-depth studies are required to understand the basis of differential
declines in NAb titers in patient categories with initial high titers.

Of concern, patients with mild disease did exhibit significant
reduction in NAb titers. Further, NAb negativity was found only in
the mild patients at around 10% (9% at first visit and 11.4% at second
visit). Though our follow up is limited and protective levels of NAb
are not yet identified, the possibility of reinfection of mild disease
patients, especially with divergent strains, cannot be ruled out.
Gender-based comparisons have provided contradictory results
from no difference [6] to higher titers in males [5] or females
[15,19]. In the previous report [8] as well as this study, males pre-
dominated severe disease (80.7% and 68.4% respectively) and may
be the reason for observed high titers.

Comparisons of NAb titers among 70 patients from whom a
repeat sample was collected at different time intervals led to some
useful information (Fig. 2). For 60% of these patients, the initial
sample was collected 1e2 months post-diagnosis. A decline in NAb
titers was evident for 39/42 (92.8%) in 2e4 months. For patients
with longer follow up, the decline was conspicuous. In 2 patients
with mild disease tested at 7e8 months, the titers were reduced to
12.4 suggesting possibility of subsequent NAb negativity and risk of
infection with the emerging viral variants. Interestingly, a 61 year
old female patient with mild disease exhibited NAb titer of 1579 on
day 48 post-diagnosis and 4062 on day 253. Possibility of negative/
low titers followed by reinfection cannot be ruled out. A clear
seroconversion (NAb and IgG) in one patient tested at 6.5 months
after a gap of 3 months (Fig. 2B) and rise in titers after 8 months
(Fig. 2C) are noteworthy.

The most significant finding of this study is identification of six
cases of reinfection as evidenced by >4-fold rise in NAb titers. Of
note, all these were mild disease patients and hence with lower
NAb levels. None of these patients gave history of any symptoms
during the follow up period. The observed rise in Nab titers may
have been due to probable asymptomatic reinfections in these
patients. Importantly, the evidence of reinfection was recorded
only in the samples collected 5e10 months post-diagnosis. Of
these, two samples collected at 8 and 10 months post-diagnosis
showed 14.8 fold (from 162 to 2560 after 182 days) and 76.4 fold
(from 27 to 2090 after 190 days) rise in NAb titers. At this time, Pune
was already experiencing second wave of COVID-19. The month of
March was predominated by the kappa variant (L452R/E484Q) in
the Receptor Binding Domain (RBD) of SARS-CoV-2 while from
April onwards delta variant was most prevalent [20]. This indicates
5

reinfection of individuals infected during the first wave by the
Wuhan-like virus by the two variant viruses causing the second
wave. This finding is of special concern in view of the continued
emergence of SARS-CoV-2 variants across the globe and observed
suboptimal antibody response of individuals immunized with
currently available vaccines [11,12,21e23]. An asymptomatic rein-
fection caused by Pangolin lineage B.1.79 virus was found 142 days
after the first episode caused by lineage B.2 virus [24].

The finding of seroconversion at 6.5 months is noteworthy, the
previous sample collected on day 116 being negative in PRNT and
ELISA. Of concern, for two patients with >100 titer (107 and 123) on
days 111 and 58 respectively, evidence of reinfection was noted 37/
44 days later. At the time of these infections in October/November
2020, the first wave was ongoing (peak in September) and hence
reinfection was most likely caused by the same wild type virus.
Rhesus monkeys developing neutralizing antibody titres of ~100
(range 83e197), after primary infection did not show clinical
symptoms when challenged 35 days post-primary infection,
though replication of the virus was evident [25]. Taken together,
though concerns about reinfections caused by variant viruses have
been identified during this study, lack of clinical disease is reas-
suring. These observations suggest role of prior immunity in pro-
tection from clinical disease and subsequent progression to severity
needing hospitalizations.

Ethics approval

The study started after approval from the institutional ethics
committee (DCGI Reg. No. ECR 518/Inst/MH/2014/RR-17) vide REF:
BVDUMC/IEC/71, Date: 21/08/2020. Authors obtained informed
written consent all the patients for participants and publication.

Availability of data

Data used to support the findings of this study are available from
the corresponding author upon request.

Author's contributions

PD, JSG, PPD and VAA, conceptualized the study design; PD,
MMK, and KKK collected data; PD, JSG, and PPD supervised data
collection; PD and KKK clinically assessed the patients; SS was
responsible for serology; VAA supervised laboratorywork; VAA and
PPD interpreted data; JRP entered and analyzed the data; PPD
wrote the manuscript; PD, JSG and VAA critically reviewed the
manuscript; all authors approved the manuscript.

Funding

This work was partially supported by Department of Biotech-
nology (DBT) e BIRAC (grant number: BT/NBM0095/02/18). The
funders had no role in study design, data collection and analysis,
decision to publish or preparation of the manuscript.

Declaration of competing interest

The authors do not have commercial or other associations that
might pose a conflict of interest.

References

[1] MoH,ZengG,RenX, LiH,KeC, TanY,etal. Longitudinalprofile of antibodiesagainst
SARS-coronavirus in SARS patients and their clinical significance. Respirology
2006;11(1):49e53. https://doi.org/10.1111/j.1440-1843.2006.00783.x.

https://doi.org/10.1111/j.1440-1843.2006.00783.x


P. Doke, J.S. Gothankar, P.P. Doke et al. Microbes and Infection 24 (2022) 104979
[2] Edridge AWD, Kaczorowska J, Hoste ACR, Bakker M, Klein M, Loens K, et al.
Seasonal coronavirus protective immunity is short-lasting. Nat Med 2020
Nov;26(11):1691e3. https://doi.org/10.1038/s41591-020-1083-1.

[3] Goto A, Go H, Miyakawa K, Yamaoka Y, Ohtake N, Kubo S, et al. Sustained
neutralizing antibodies 6 months following infection in 376 Japanese COVID-
19 survivors. Front Microbiol 2021;12:661187. https://doi.org/10.3389/
fmicb.2021.661187.

[4] YamayoshiS,YasuharaA, ItoM,AkasakaO,NakamuraM,Nakachi I, et al. Antibody
titers against SARS-CoV-2 decline, but do not disappear for several months.
EClinicalMedicine 2021:100734. https://doi.org/10.1016/j.eclinm.2021.100734.

[5] Wu F, Liu M, Wang A, Lu L, Wang Q, Gu C, et al. Evaluating the association of
clinical characteristics with neutralizing antibody levels in patients who have
recovered from mild COVID-19 in Shanghai, China. JAMA Intern Med
2020;180(10):1356e62.

[6] Wang X, Guo X, Xin Q, Pan Y, Hu Y, Li J, et al. Neutralizing antibodies responses
to SARS-CoV-2 in COVID-19 inpatients and convalescent patients. Clin Infect
Dis 2020. https://doi.org/10.1093/cid/ciaa721. ciaa721.

[7] Patil HP, Rane PS, Shrivastava S, Palkar S, Lalwani S, Mishra AC, et al. Antibody
(IgA, IgG, and IgG subtype) responses to SARS-CoV-2 in severe and nonsevere
COVID-19 patients. Viral Immunol 2021;34(3):201e9. https://doi.org/
10.1089/vim.2020.0321.

[8] Shrivastava S, Palkar S, Shah J, Rane P, Lalwani S, Mishra AC, et al. Early and
high SARS-CoV-2 neutralizing antibodies are associated with severity in
COVID-19 patients from India. Am J Trop Med Hyg 2021;105:401e6. https://
doi.org/10.4269/ajtmh.21-0014. tpmd210014.

[9] Kulkarni-Munje A, Palkar S, Shrivastava S, Lalwani S, Mishra AC, Arankalle VA.
Disease-duration based comparison of subsets of immune cells in SARS CoV-2
infected patients presenting with mild or severe symptoms identifies prog-
nostic markers for severity. Immun Inflamm Dis 2021;9(2):419e34. https://
doi.org/10.1002/iid3.402.

[10] Ministry of Health & Family Welfare Government of India. Clinical guidance
for management of adult COVID-19 patients. 2021. Available from: https://
www.icmr.gov.in/pdf/covid/techdoc/COVID_Management_Algorithm_
17052021.pdf.

[11] Planas D, Veyer D, Baidaliuk A, Staropoli I, Guivel-Benhassine F, Rajah MM,
et al. Reduced sensitivity of SARS-CoV-2 variant Delta to antibody neutrali-
zation. Nature 2021 Aug;596(7871):276e80. https://doi.org/10.1038/s41586-
021-03777-9.

[12] Edara VV, Pinsky BA, Suthar MS, Lai L, Davis-Gardner ME, Floyd K, et al.
Infection and vaccine-induced neutralizing-antibody responses to the SARS-
CoV-2 B.1.617 variants. N Engl J Med 2021;385(7):664e6. https://doi.org/
10.1056/NEJMc2107799.

[13] Xu X, Nie S, Wang Y, Long Q, Zhu H, Zhang X, et al. Dynamics of neutralizing
antibody responses to SARS-CoV-2 in patients with COVID-19: an observa-
tional study. Signal Transduct Target Ther 2021;6(1):197. https://doi.org/
10.1038/s41392-021-00611-6.
6

[14] Seow J, Graham C, Merrick B, Acors S, Pickering S, Steel KJA, et al. Longitudinal
observation and decline of neutralizing antibody responses in the three
months following SARS-CoV-2 infection in humans. Nat Microbiol 2020;5(12):
1598e607. https://doi.org/10.1038/s41564-020-00813-8.

[15] Schlickeiser S, Schwarz T, Steiner S, Wittke K, Al Besher N, Meyer O, et al.
Disease severity, fever, age, and sex correlate with SARS-CoV-2 neutralizing
antibody responses. Front Immunol 2021;11:628971. https://doi.org/10.3389/
fimmu.2020.628971.

[16] Boonyaratanakornkit J, Morishima C, Selke S, Zamora D, McGuffin S,
Shapiro AE, et al. Clinical, laboratory, and temporal predictors of neutralizing
antibodies against SARS-CoV-2 among COVID-19 convalescent plasma donor
candidates. J Clin Invest 2021;131(3):e144930. https://doi.org/10.1172/
JCI144930.

[17] Racine-Brzostek SE, Yang HS, Jack GA, Chen Z, Chadburn A, Thomas J, et al.
Postconvalescent SARS-CoV-2 IgG and neutralizing antibodies are elevated in
individuals with poor metabolic health. J Clin Endocrinol Metab 2021;106(5):
e2025e34. https://doi.org/10.1210/clinem/dgab004.

[18] Soffer S, Glicksberg BS, Zimlichman E, Efros O, Levin MA, Freeman R, et al. The
association between obesity and peak antibody titer response in COVID-19
infection. Obesity 2021. https://doi.org/10.1002/oby.23208.

[19] Choe PG, Kim KH, Kang CK, Suh HJ, Kang EK, Lee SY, et al. Antibody responses
8 months after asymptomatic or mild SARS-CoV-2 infection. Emerg Infect Dis
2021;27(3):928e31. https://doi.org/10.3201/eid2703.204543.

[20] Shrivastava S, Mhaske ST, Modak MS, Virkar RG, Pisal SS, Mishra AC, et al.
Emergence of two distinct variants of SARS-CoV-2 and an explosive second
wave of COVID-19: the experience of a tertiary care hospital in Pune, India.
Arch Virol 2022 Jan 9:1e11. https://doi.org/10.1007/s00705-021-05320-7.

[21] Edara VV, Norwood C, Floyd K, Lai L, Davis-Gardner ME, Hudson WH, et al.
Infection- and vaccine-induced antibody binding and neutralization of the
B.1.351 SARS-CoV-2 variant. Cell Host Microbe 2021;29(4):516e521.e3.
https://doi.org/10.1016/j.chom.2021.03.009.

[22] Souza WM, Amorim MR, Sesti-Costa R, Coimbra LD, Brunetti NS, Toledo-
Teixeira DA, et al. Neutralisation of SARS-CoV-2 lineage P.1 by antibodies
elicited through natural SARS-CoV-2 infection or vaccination with an inacti-
vated SARS-CoV-2 vaccine: an immunological study. Lancet Microbe 2021;2:
e527e35. https://doi.org/10.1016/S2666-5247(21)00129-4.

[23] Stamatatos L, Czartoski J, Wan YH, Homad LJ, Rubin V, Glantz H, et al. mRNA
vaccination boosts cross-variant neutralizing antibodies elicited by SARS-CoV-
2 infection. Science 2021:eabg9175. https://doi.org/10.1126/science.abg9175.

[24] To KK, Hung IF, Ip JD, Chu AWH, Chan WM, Tam AR, et al. COVID-19 re-
infection by a phylogenetically distinct SARS-coronavirus-2 strain confirmed
by whole genome sequencing. Clin Infect Dis 2020. https://doi.org/10.1093/
cid/ciaa1275. ciaa1275.

[25] Chandrashekar A, Liu J, Martinot AJ, McMahan K, Mercado NB, Peter L, et al.
SARS-CoV-2 infection protects against rechallenge in rhesus macaques. Sci-
ence 2020;369(6505):812e7. https://doi.org/10.1126/science.abc4776.

https://doi.org/10.1038/s41591-020-1083-1
https://doi.org/10.3389/fmicb.2021.661187
https://doi.org/10.3389/fmicb.2021.661187
https://doi.org/10.1016/j.eclinm.2021.100734
http://refhub.elsevier.com/S1286-4579(22)00049-1/sref5
http://refhub.elsevier.com/S1286-4579(22)00049-1/sref5
http://refhub.elsevier.com/S1286-4579(22)00049-1/sref5
http://refhub.elsevier.com/S1286-4579(22)00049-1/sref5
http://refhub.elsevier.com/S1286-4579(22)00049-1/sref5
https://doi.org/10.1093/cid/ciaa721
https://doi.org/10.1089/vim.2020.0321
https://doi.org/10.1089/vim.2020.0321
https://doi.org/10.4269/ajtmh.21-0014
https://doi.org/10.4269/ajtmh.21-0014
https://doi.org/10.1002/iid3.402
https://doi.org/10.1002/iid3.402
https://www.icmr.gov.in/pdf/covid/techdoc/COVID_Management_Algorithm_17052021.pdf
https://www.icmr.gov.in/pdf/covid/techdoc/COVID_Management_Algorithm_17052021.pdf
https://www.icmr.gov.in/pdf/covid/techdoc/COVID_Management_Algorithm_17052021.pdf
https://doi.org/10.1038/s41586-021-03777-9
https://doi.org/10.1038/s41586-021-03777-9
https://doi.org/10.1056/NEJMc2107799
https://doi.org/10.1056/NEJMc2107799
https://doi.org/10.1038/s41392-021-00611-6
https://doi.org/10.1038/s41392-021-00611-6
https://doi.org/10.1038/s41564-020-00813-8
https://doi.org/10.3389/fimmu.2020.628971
https://doi.org/10.3389/fimmu.2020.628971
https://doi.org/10.1172/JCI144930
https://doi.org/10.1172/JCI144930
https://doi.org/10.1210/clinem/dgab004
https://doi.org/10.1002/oby.23208
https://doi.org/10.3201/eid2703.204543
https://doi.org/10.1007/s00705-021-05320-7
https://doi.org/10.1016/j.chom.2021.03.009
https://doi.org/10.1016/S2666-5247(21)00129-4
https://doi.org/10.1126/science.abg9175
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.1126/science.abc4776

	Time dependent decline of neutralizing antibody titers in COVID-19 patients from Pune, India and evidence of reinfection
	1. Material and methods
	1.1. Serology
	1.2. Statistical analysis

	2. Results
	2.1. Characteristics of the study population
	2.1.1. Post-COVID-19 signs and symptoms at both the visits
	2.1.2. Seropositivity and association of neutralizing antibody titers with the variables examined

	2.2. Persistence of NAbs
	2.3. Evidence of reinfection

	3. Discussion
	Ethics approval
	Availability of data
	Author's contributions
	Funding
	Declaration of competing interest
	References


