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A B S T R A C T

The duration of antibody persistence following natural infection is unclear. We examined routine SARS-CoV-
2 diagnostic and serological testing data on 6522 persons diagnosed between March 2020 and March 2021
who had at least 1 antibody test ≥30 days after diagnosis at CityMD, an urgent care provider. Using survival
analysis, we estimated the median duration of detectable anti-SARS-CoV-2 antibodies and hazard of serore-
version by demographic and clinical characteristics. We found that over 90% (95% CI: 91.8%, 94.8%) of the
study population had detectable levels of antibodies at 180 days post diagnosis and that SARS-CoV-2 anti-
bodies persisted at a detectable level for a median duration of 342 days following infection (95% CI: 328,
361). Additionally, there were differences in antibody persistence by age, with older patients less likely to
serorevert compared to younger patients. These findings suggest that protection from natural infection may
wane with time and differ by demographic factors.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

In March 2020, New York City (NYC) was the epicenter of the
COVID-19 pandemic in the United States [1]. Since then, our under-
standing of the adaptive immune response has grown [2−5]. How-
ever, questions still remain regarding how long antibodies persist in
the body following SARS-CoV-2 infection.

An early study conducted in May 2020 found that out of 285
patients with COVID-19, all patients tested seropositive within
19 days of symptom onset [6]. Immunoglobulin G (IgG) antibod-
ies resulting from COVID-19 infection follow typical dynamics:
they peak, then plateau, and then persist at levels below the
peak. Several studies have explored SARS-CoV-2 antibody kinet-
ics, specifically how long antibodies persist in the body following
infection. Longitudinal studies have found a wide range of esti-
mates of antibody persistence against both nucleocapsid and
spike proteins following COVID-19 infection from 90 days to
greater than 200 days [7−10]. A cross-sectional study found that
antibodies against SARS-CoV-2 spike protein, as well as other
immune memory cell types, may persist in patients for at least 8
months after infection [11]. In general, clinical studies of antibody
persistence have been limited by small sample size, short follow-
up times (less than 6 months), or limited to healthcare workers
or patients requiring hospitalization, suggesting that the results
from these studies may not be generalizable to all individuals
who are infected with COVID-19.

Duration of antibodies following natural infection may be
influenced by severity of disease. Those with more severe disease
may have a more robust antibody response to the virus, demon-
strated by higher titers and longer persistence [12,13]. With
respect to demographic characteristics such as age and sex there
has been limited and conflicting evidence for differences in anti-
body response [14].

Real-world, longitudinal studies of well-characterized, ambula-
tory care populations over a long follow-up period are needed, as
they allow for generalization of findings to individuals with mild to
moderate infections who do not require hospitalization and allow
us to understand the duration of persistence among those who sur-
vive infection. In this study, we measured the duration of detectable
antibodies against SARS-CoV-2 virus and demographic factors asso-
ciated with long term antibody persistence among patients who
were diagnosed between March 2020 and February 2021 and
received 1 or more antibody tests at least 30 days following diagno-
sis at CityMD, a large ambulatory urgent care center in the New
York metropolitan area.
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Table 1
Demographic and clinical characteristics.

N %

Total 6522 100
Age
6-10 10 0.15
11-18 91 1.4
19-30 1229 18.84
21-40 1133 17.37
41-50 1122 17.2
51-60 1500 23
61-70 982 15.06
71-80 395 6.06
81-90 56 0.86
91-100 4 0.06
101-110 10 0.15

Sex
Female 3825 58.65
Male 2697 41.35
Race/Ethnicity
Asian 416 6.38
Non-Hispanic Black 677 10.38
Hispanic 1491 22.86
Native American/Alaskan
Native/Pacific Islander

51 0.78

Other/Unknown 1774 27.2
Non-Hispanic White 2113 32.4

Region

2 E. Poehlein et al. / Diagnostic Microbiology and Infectious Disease 103 (2022) 115720
2. Methods

2.1. Participants and study setting

We examined de-identified electronic medical record data and
SARS-CoV-2 serological test results following a positive diagnostic
test between March 27, 2020 and February 05, 2021. Patient consent
was not obtained because deidentified electronic medical records
were used in the analysis. This study includes all patients who ever
tested positive for a COVID-19 diagnostic test (polymerase chain
reaction [PCR] or rapid antigen tests) and had at least 1 subsequent
serologic test ≥30 days after diagnosis at 1 of CityMD’s 115 urgent
care sites in the New York metropolitan area (NYC, Long Island and
Westchester areas). CityMD is the largest walk-in urgent medical
care provider in the region and was a frontline provider for COVID-19
diagnostics and referral at the earliest phase of the pandemic’s emer-
gence. It has since been serving as 1 of the area’s largest COVID-19
clinical evaluation and SARS-CoV-2 testing providers.

Of the 172,303 patients with a positive diagnostic test, we
excluded 1170 patients with suspected reinfection, defined as having
2 positive diagnostic tests (measured as a positive PCR or rapid anti-
gen test) ≥90 days apart or a positive diagnostic test ≥69 days follow-
ing a positive antibody test (since it may take up to 3 weeks for
antibodies to form post infection) [15].
Bronx 478 7.33
Brooklyn 1184 18.15
Long Island 2385 36.57
Manhattan 1275 19.55
Metro North 201 3.08
Queens 797 12.22
Staten Island 202 3.1

Comorbidities
At least one 2854 43.76
None 3668 56.24

BMI
< 18.5 66 1.01
18.5 - 24.9 1816 27.84
25.0 - 29.9 2107 32.31
> 30 1923 29.48
Missing 1150 17.63
2.2. Serologic testing

Qualitative serologic testing of nucleocapsid antibodies was
available at CityMD locations, with the first serologic test conducted
on March 27, 2020. CityMD began offering antibody tests against
spike protein (anti-S) on March 05, 2021, so serologic tests after this
date were excluded in order to restrict our analysis to antibodies
resulting from natural infection (anti-N) as opposed to the vaccine
(anti-S). We examined serologic tests that were conducted using
assays authorized for emergency use by the Food and Drug Adminis-
tration (FDA).
Symptomatic
Yes 1958 30.02
No 4564 69.98
2.3. Demographic characteristics

Demographic characteristics including age, sex, race, ethnicity,
body mass index (BMI) category, comorbidities, symptom status, and
region of residence were captured at the time of testing and charac-
teristics at initial positive test were used for analysis. Age was catego-
rized into 5 categories for modeling purposes: <18, 18-24, 25-39, 40-
64, and 65+ but was reported in finer categories in Table 1. Self-
reported race and ethnicity data were mapped to the US Office of
Management and Budget (OMB) defined categories for race and/or
ethnicity [16]. BMI was categorized into underweight (<18.5 kg/m2),
normal (18.5-24.9 kg/m2), overweight (25.0-29.9 kg/m2), and obese
(30+ kg/m2). Comorbidities were categorized into binary categories:
None versus at least 1, with the latter category including comorbid-
ities that are associated with an increased risk of infection and/or
severe disease including heart-related disorders, kidney-related dis-
orders, asthma, diabetes, high cholesterol, cancer, stroke, and HIV/
AIDS. Symptom status at the time of positive diagnosis was treated as
binary (symptomatic versus asymptomatic), with symptomatic
defined as having at least 1 of the following symptoms: fever, chills,
sore throat, cough, fatigue, headache, loss of taste and/or smell, short-
ness of breath, diarrhea chest pain, nausea and/or vomiting, conges-
tion, body aches, O2 saturation <95%, or otherwise reporting
“symptomatic” at diagnostic exam. Lastly, the geographic region of
residence of the patient being tested was categorized as the 5 bor-
oughs of NYC (Manhattan, Brooklyn, Queens, Bronx, Staten Island),
Long Island, and Westchester.
2.4. Outcome definition (presence of SARS-CoV-2 nucleocapsid
antibodies)

The outcomes of interest were: (1) a first negative antibody test
30 days or more following a positive diagnostic test; and (2) time to
first negative antibody test 30 days or more following a positive diag-
nostic test. Only serologic tests done at least 30 days after a positive
diagnostic test were considered to avoid false negative results. We
also assumed that all patients seroconverted after infection. We cal-
culated the number of days between a patient’s first positive diagnos-
tic test (time zero) and their first subsequent negative antibody test
after diagnosis or end of follow-up time (March 05, 2021), whichever
came first. If a patient had more than 1 antibody test done on the
same day, they were considered to be seropositive if any of the
results were positive.

2.5. Statistical analysis

Descriptive statistics were used to summarize the demographic
makeup of the study cohort by age, race and/or ethnicity, sex, BMI
category, comorbidities, symptom status at diagnosis, and region of
residence.

To assess the presence of SARS-CoV-2 antibodies over time fol-
lowing infection, the median time to the first negative antibody test
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and its associated 95% confidence interval was estimated using the
non-parametric Kaplan-Meier method with time zero being the first
positive diagnostic test. Patients were right-censored on March 5,
2021 if they never experienced a negative serologic test following
their initial positive serologic test. Probability of being seropositive at
180 days was also estimated and reported with its 95% confidence
interval. Stratified estimates were given by gender, age category, BMI
category, symptom status and comorbidities.

Additionally, stratified survival curves were constructed to visual-
ize trends by age and gender. A semi-parametric Cox Proportional
Hazards model including age (continuous), gender, race and/or eth-
nicity, BMI category, comorbidities, symptom status and region of
residence was fit to assess demographic factors associated with
seroreversion over the study period. Covariates in the model were
selected a priori based on clinical significance as well as data avail-
ability.

All analyses were conducted in R v4.0.1 [17].

2.6. Ethical Review

This study was approved by the Institutional Review Board of the
City University of New York

3. Results

3.1. Demographic characteristics of testers

A total of 1,921,882 patients received a diagnostic test for SARS-
CoV-2 at CityMD locations in NYC, Long Island, or Westchester
between March 1, 2020 and February 05, 2021. Of these individuals,
172,303 (9.0%) ever tested positive on a diagnostic test. Of those ever
testing positive, 6522 (3.8%) had at least 1 subsequent serologic test
30 days or more after diagnosis and were included in this study
cohort (Fig. 1). The median time to first serologic test was 54 days
(IQR: 40-89 days; Range 30-412 days).

Patients in this study sample were most commonly 51-60 years of
age (22.3%), female sex (57.1%), Non-hispanic White (28.5%), and
Fig. 1. Patient selection into study sample to measure SARS-COV2 antibody persis-
tence, March 1, 2020 to February 15, 2021.
residing in Long Island (32.6%). About 42% of the patients had at least
1 comorbidity at diagnosis and 62% were overweight or obese. Thirty
percent of the study cohort reported symptoms at the time of initial
diagnosis (Table 1).

3.2. Antibody status following diagnosis

Of the 6522 patients who had a positive diagnostic test with at
least 1 subsequent serologic test, only 3.4% (n = 225) had a negative
serologic test ≥30 days after diagnosis, while 96.6% (n = 6s297) tested
positive for antibodies over their follow-up after their initial positive
diagnostic test.

Fig. 2 provides the Kaplan Meier survival curve for time to first
negative antibody test. The median number of days from first positive
diagnostic test to the first negative antibody test was 342 days (95%
CI: 328, 361). The proportion of patients with antibodies at 180 days
was estimated to be 93.3% (95% CI 91.8%, 94.8%). However, the per-
centage of patients testing positive for antibodies began to rapidly
decrease as the number of days since diagnosis increased.

Antibody persistence did not differ by sex, comorbidities, or
symptom status; however, differences were observed by age group
and BMI. The proportion of patients with detectable antibodies at
180 days was the smallest among patients 18�24 (84.8%; 95% CI:
76.8%, 93.8%) and largest among those 65 and older (96.1%; 95% CI
92.7%, 99.8%) (Supplemental Table 2). Additionally, the probability of
retaining antibodies at 180 days increased with each increasing BMI
category.

Based on the Cox Proportional Hazards model, a 10 year increase
in age was associated with a 19% lower hazard of being antibody pos-
itive by the end of follow-up (aHR: 0.81, 95% CI: 0.77, 0.96) after
adjusting for the other variables in the model, suggesting that youn-
ger patients were more likely to test negative for antibodies over the
study period. No other variables were statistically significantly asso-
ciated with the hazard of a negative antibody test in the model
(Table 2).

4. Discussion

In this longitudinal analysis of electronic health records from an
urgent care provider in the NY metropolitan area, we measured
SARS-CoV-2 nucleocapsid antibody persistence among patients with
mild to moderate COVID-19. We found that SARS-CoV-2 antibodies
persist at a detectable level for a median of 11 months following diag-
nosis. Additionally, there were differences in antibody persistence by
age, with older patients being less likely to be seronegative compared
to younger patients. No statistically significant differences by sex,
BMI, symptom status, or the presence of comorbidities were
observed. Our findings suggest that antibodies persist for at least 11
Fig. 2. Survival curve and 95% confidence intervals for SARS-CoV-2 anti-nucleocapsid
antibody persistence. Kaplan Meier method used for survival probability. Dashed line
indicates median duration of antibody persistence.



Table 2
Adjusted hazard ratios for negative antibody test 30 days after diagnosis.

Variable aHRa Lower 95% CLb Upper 95% CL P-Value

Sex
Female Reference
Male 1.16 0.85 1.57 0.36
Age (10-year increase) 0.81 0.77 0.96 0.007

Race
Asian Reference
Non-Hispanic Black 1.25 0.43 3.66 0.68
Hispanic 1.40 0.54 3.64 0.49
Native American/Alaskan Native 1.59 0.18 13.77 0.67
Other/Unknown 1.90 0.75 4.82 0.18
Non-Hispanic White 1.79 0.72 4.49 0.21

Region of residence
Bronx Reference
Brooklyn 1.23 0.56 2.72 0.61
Long Island 1.34 0.63 2.87 0.45
Manhattan 1.61 0.74 3.54 0.23
Metro North 0.73 0.23 2.18 0.57
Queens 0.90 0.37 2.22 0.83
Staten Island 1.24 0.40 3.86 0.71

BMI (kg/m2)
18.5 - 24.9 Reference
< 18.5 1.55 0.37 3.86 0.55
25.0 - 29.9 1.04 0.72 1.51 0.82
> 30 0.75 0.49 1.13 0.17

Comorbidities
No comorbidities Reference
At least 1 comorbidity 1.19 0.86 1.66 0.30
Symptoms
Asymptomatic Reference
Symptomaticc 0.79 0.54 1.16 0.24

aHR = adjusted hazard ratio; CL = confidence limit.
Hazard ratio estimates from Cox Proportional Hazards model.

a Adjusted for other variables in the model.
b Comorbidities include heart-related disorders, kidney-related disorders, asthma, diabetes, high cholesterol, cancer, stroke, and HIV/AIDS.
c Symptomatic is defined as having at least 1 of the following symptoms: fever, chills, sore throat, cough, fatigue, headache, loss of taste/smell, shortness of breath, diarrhea chest

pain, nausea/vomiting, congestion, body aches, O2 saturation < 95%, or otherwise reporting “symptomatic” at diagnostic exam.
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months after infection for most people diagnosed with SARS-CoV-
2 in an ambulatory setting. Taken together with our current
understanding that the waning of antibodies may result in less
protection against reinfection with SARS-CoV-2, this reinforces
the importance of SARS-CoV-2 vaccination, even for those who
have had natural infection. However, with the recent emergence
of new variants capable of immune escape and causing many
reinfections, the long-term protective effect of antibodies from
both infection and vaccination is threatened and dependent on
the types of mutations in future variants. However, the persis-
tence of SARS-CoV-2 antibodies following infection and prior to
the introduction of vaccines is important for informing vaccine
program policies and planning.

We found that older patients may retain antibodies longer, while
younger patients in our study were more likely to have a negative
antibody test sooner. However, other characteristics that are associ-
ated with severe disease such as the presence of certain comorbid-
ities, BMI, and being symptomatic were not found to be significantly
associated with the hazard of testing negative for antibodies in this
study after adjusting for the effect of age. However, this could be due
to low power as the number of events (negative serologic tests) was
relatively small. In contrast with our findings regarding age, studies
show that vaccine-induced immunity among older individuals might
wane sooner compared to younger individuals, requiring them to
take boosters [18]. These contrasting effects may be explained by dif-
ferent mechanisms, with longer antibody persistence in older
patients following natural infection attributed to the association
between disease severity and robust immune response [2,5,14,19]
and shorter duration of vaccine-induced immunity in older individu-
als may be attributed to immune senescence that is associated with
older age.
The duration of antibody persistence after natural infection,
and related determinants, is still unclear due to conflicting and
limited evidence from current literature. Having a better under-
standing of the mechanism and timing of acquired immunity is
important for multiple reasons. Serology tests can be a powerful
tool for identifying resolving or past coronavirus infection, espe-
cially among those who were asymptomatic, which can help track
the spread of infection on a population level [14]. However,
unless an accurate duration of antibody persistence and, more
importantly, protective effect of antibodies on reinfection is well
understood, the utility of serologic testing over the long term is
unclear. Some studies have explored the protective effect of anti-
bodies following COVID-19 infection [20]; however, researchers
have not agreed on the length of protective effect of antibodies
due to the lack of data, especially recently in the presence of new
variants.

Studies that have been conducted on other coronaviruses such as
MERS-CoV and SARS CoV have found that antibodies are protective
against reinfection and that antibodies could persist up to 1-2 years
following infection, although these infections are also more severe. It
is widely accepted that these coronaviruses may be similar to SARS-
CoV-2 with respect to antibody kinetics and clinical and virologic
characteristics, suggesting that these dynamics may be similar to
those previously observed in other coronaviruses [21,22]. While
COVID-19 remains a major public health crisis, understanding popu-
lation-level immunity and the protective effect of antibodies, and the
use of serology as a biomarker, may provide guidance for return back
to normal activities and behaviors following a confirmed natural
infection or vaccination.

Additionally, if the antibody persistence and the protective
effect of antibodies are accurately characterized, comparisons can
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be made to those following the COVID-19 vaccine, which can also
inform public health policies about vaccination guidelines for
those who have already been infected. In comparison to the anti-
body response following infection, the Moderna mRNA-1273 vac-
cine clinical trial [23] demonstrated that antibody activity
remained high in participants of all age groups at least through
209 days after receiving the mRNA vaccination. Based on evi-
dence explored so far during this pandemic, it appears that vacci-
nation may elicit a similar antibody response [24] and,
potentially, protective effect against reinfection compared to nat-
ural infection. However, additional studies involving longer fol-
low-up and especially concerning different variants [25] are
warranted in order to accurately make the comparison between
natural infection and vaccination.

Our study has several strengths. We longitudinally described the
presence of antibodies among a well-characterized group of SARS-
CoV-2 patients who were diagnosed at an ambulatory urgent care
clinic. Our results may be generalizable to those who have mild and/
or moderate disease and ultimately recover from COVID19 illness,
representing a majority of all diagnosed SARS-CoV-2 infections. We
also reported the presence of antibodies among children 5�18 years
old as well as adults over the age of 75, 2 age groups which are not
well represented in SARS-CoV-2 research studies to date. Lastly, com-
pared to previous studies where a small number of people were fol-
lowed up for short time periods, this analysis included over 6000
patients from the very beginning of the pandemic in March 2020
until March 2021. Our estimate of time to first negative antibody test
exceeded those from other studies with similar aims, in part due to
longer follow-up time [7-11].

Although these findings are optimistic, there are various limita-
tions that must be considered when interpreting our findings. Our
study only includes patients with a positive diagnostic test for
COVID-19 who sought a subsequent COVID-19 serologic test. There-
fore, serologic tests can be conducted irregularly and whenever
patients requested. This implies that the frequency of testing could
be different between patients and could influence the ability to cap-
ture a negative test at an accurate time point, generating censoring in
the data. The frequency of testing, and likelihood of a subsequent
negative serologic test, may depend on a variety of factors including
convenience and/or popularity of tests by region, availability and
requirements with respect to different occupations, testing behaviors
of different demographic and cultural groups [26], as well as changes
in testing behavior based on previous test results. In fact, we
observed that older, female, and asymptomatic patients with comor-
bidities were more likely to seek antibody tests following a positive
diagnostic test, suggesting that these findings may not represent all
patients at CityMD or all patients who are infected with COVID-19
(Supplemental Table 1).

In terms of temporal testing patterns, serologic tests were con-
ducted in the beginning of the pandemic (May�July) after which test-
ing rates declined (Supplemental Figure 1). Alternatively, diagnostic
testing rate increased over the study period. Therefore, capturing
seroreversion was difficult. Specifically, we observed that relatively
few patients pursued antibody testing after their first positive anti-
body test following infection, perhaps because they were no longer
interested in assessing seropositivity following the first confirmation
of seroconversion. For this same reason, confirming seroconversion
was difficult and, therefore, we made the strong assumption, sup-
ported by the literature, [6] that all patients seroconverted. However,
this assumption may be less true for some immunocompromised
patients, limiting the generalizability of our findings [27].

Furthermore, due to the lack of patient vaccination status, we had
to administratively censor our follow-up time on March 05, 2021.
This was the day that CityMD switched to spike protein antibody
tests and, therefore, differentiation between antibodies from vaccina-
tion and natural infection was not possible without information
regarding vaccination status. If we were able to follow these patients
for a longer period of time, our estimate of median time to being
seronegative would have likely been longer, informing us that anti-
bodies may persist longer than a year. Additionally, since CityMD
only tested for nucleocapsid protein during the study period, our
findings cannot be applied to the duration of anti-S proteins after nat-
ural infection, which may also be involved in protection against rein-
fection. It is possible that antibodies to the nucleocapsid proteins
may wane at a different rate compared with those to the spike pro-
tein; however, some studies exploring both antibody types have
observed that nucleocapsid antibodies may wane faster than spike
proteins [28], providing optimistic implications that protection from
reinfection could exceed 11 months based on the results of this
study.

Concerning the analytic methods of this study, another limitation
is the presence of competing risks, such as mortality. Data were avail-
able when patients visited CityMD locations, therefore, we could not
account for events, like death due to COVID-19, that happened out-
side of CityMD that would have influenced the likelihood of a sero-
logic test. Additionally, due to the observational nature of this study,
we must acknowledge the presence of confounding factors that could
not be accounted for when interpreting the results.

In summary, this large, longitudinal study exploring the persis-
tence of antibodies following COVID-19 infection has shown that
antibodies last at least 11 months on average; however, our estimates
were limited by follow-up time and may be longer. Additionally, we
have shown that antibody response to infection may depend on age,
with older patients retaining antibodies for longer. Future research
should aim to quantify antibody titers and their relationship with
reinfection and the risk of severe disease.
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