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Abstract

Expanding a previous study of the immune response to SARS-CoV-2 in 10 New Jersey long-term care facilities (LTCFs)
during the first wave of the pandemic, this study characterized the neutralizing antibody (NAb) response to infection and
vaccination among residents and staff. Sera from the original study were tested using the semi-quantitative enzyme-linked
immunosorbent cPass neutralization-antibody detection assay. Almost all residents (97.8%) and staft (98.1%) who were
positive for IgG S antibody to the spike protein were positive for NAb. In non-vaccinated subjects with a history of infection
(positive polymerase chain reaction (PCR) or antigen test), the distribution of mean intervals from infection to serology date
was not significantly different for S antibody positives versus negatives. More than 80% of both were positive at 10 months.
Similarly, the mean NAD titer for residents and staff was not associated with interval from PCR/antigen positive to serol-
ogy date, F=0.1.01, Pr>F=0.4269 and F=0.77, Pr> F=0.6548 respectively. Titers remained high as the interval reached
10 months. In vaccinees who had no history of infection, the NADb titer was near the test maximum when the serum was drawn
seven or more days after the second vaccine dose. In staff the mean NAD titer increased significantly as the vaccine number
increased from one to two doses, F=11.69, Pr>F <0.0001. NAb titers to SARS-CoV-2 in residents and staff of LTCFs were
consistently high 10 months after infection and after two doses of vaccine. Ongoing study is needed to determine whether
this antibody provides protection as the virus continues to mutate.
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Introduction

Antibody to the SARS-CoV-2 virus is one of the key com-
ponents of the body’s protection against COVID-19. The
receptor-binding domain (RBD) of the viral spike protein is
a very precise target of IgG antibodies in SARS-CoV-2
patients [1, 2]. RBD-specific antibody levels have been
shown to correlate with SARS-CoV-2 neutralizing antibod-
ies in COVID-19 patients [3-5].
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Limited data are available about duration of neutralizing
antibody and IgG antibody to the spike protein on the viral
surface. IgG antibody to the spike protein and neutralizing
antibody titers peaked about three weeks after infection
[6, 7] and then gradually decreased but persisted for more
than three months [7]. IgG antibody to the spike protein
has maintained for up to a year after infection in health care
workers [8—10], for up to 210 days in long-term care facili-
ties (LTCF) residents [11, 12], and in other subjects for up
to one year [13—16]. In most [5, 17, 18] but not all studies
[19], neutralizing antibody remained positive in asympto-
matic health care workers (HCWs) and patients at least four
months to a year post-infection and in both symptomatic and
asymptomatic patients for a year or more after infection [5].

The GenScript cPass test is an enzyme-linked immuno-
sorbent assay (ELISA) providing accurate detection of the
neutralizing antibody against SARS-CoV-2 [20, 21]. As
an ELISA, the test allows rapid testing of large numbers
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of specimens. The Rutgers New Jersey Medical School
and the New Jersey State Department of Health previously
reported the incidence of SARS-CoV-2 infection and the
prevalence of IgG antibody to the nucleocapsid protein
among residents and staff of 10 LTCFs in New Jersey in
the first wave of the pandemic [22]. In this study we used
this new neutralizing antibody test to further characterize
this antibody response among residents and staff.
The objectives of this study were:

e to measure the agreement between S protein antibody
and an assay for neutralizing antibody to SARS-CoV-2,
and

e to describe the duration of that neutralizing antibody
after infection and vaccination.

Methods
Sampling and Demographics

Residents and staff of 10 LTCFs in the state of New Jer-
sey had provided informed consent and phlebotomy from
November 2020 through March 2021 [22]. Subjects with
remaining serum from the original study were tested for
neutralizing antibodies against SARS-CoV-2 by the semi-
quantitative cPass neutralization-antibody detection assay
(GenScript, Piscataway, NJ).

Procedures and Serological Testing

A single serum specimen was available for each subject. The
IgG antibody to the spike protein was performed using the
VIDAS® SARS-CoV-2 IgG qualitative assay (Biomerieux,
Cambridge, MA) (sensitivity 100%, 95% CI 88.3, 100, spec-
ificity 99.9%, 95% CI1 99.4, 100) [23]. Total antibody to the
nucleocapsid (N) protein (IgA, IgM, and IgG) testing was
analyzed using the Bio-Rad Platelia SARS-CoV-2 Total Ab
assay (sensitivity and specificity 98.0% (95% CI 89.5, 99.6)
and 99.3% (95% CI 98.3, 99.7) [23]. Neutralizing antibody
test was performed on all subjects who were S antibody pos-
itive using the cPass assay. This test has exhibited 96.1% (95
CI194.9%, 97.3%) sensitivity at > 14 days post-positive real-
time reverse transcription polymerase chain reaction (PCR)
and 100% specificity (95% CI 98.0%, 100%) [24]. All three
SARS-CoV-2 antibody tests were under FDA emergency use
authorization (EUA). The N protein antibody was reported
as positive, negative, or equivocal. S protein antibody was
reported as positive or negative. The neutralizing antibody
was reported as negative, detectable, or a numeric linear
scale of 47 to greater than 185.

Factors Associated with Seropositivity

Duration of the antibody response was estimated as the
difference between the date of the first positive SARS-
CoV-2 PCR or protein antigen (PCR/antigen) test and the
date of the serology. The interval was divided into 30-day
periods (0-29 days, 30-59 days, up to 300-329 days). We
contrasted the range of intervals comparing persons who
were S antibody positive and S antibody negative.

COVID-19 or symptoms of a COVID-19-like illness
were measured against the Centers for Disease Control and
Prevention (CDC) clinical case definition [25].

The duration from vaccination date to serology date in
individuals without evidence of prior infection was exam-
ined based on the most recent vaccine dose. Negative prior
infection was defined as N antibody negative on serology
and no history of a positive PCR/antigen test. No subject
had more than the basic two doses of an mRNA vaccine.

The effect on mean neutralizing antibody was analyzed
for the interval between PCR/antigen test result and serol-
ogy, interval between vaccine one date and serology, and
interval between vaccine two date and serology using the
general linear model regression. Statistical analyses were
performed using SAS software [26].

Results

There were 361 residents and 730 staff who consented to
be in this study. Serology results were available on 337
residents and 667 staff. Absence of serology test was due
to phlebotomy failure or unsatisfactory sample because of
hemolysis, lipolysis or hyperlipidemia. Among residents,
129 had documentation in their medical record of a prior
positive PCR or antigen test; (123 PCR positive/antigen
negatives, 1 PCR negative/antigen positives, and 5 posi-
tives for both); among staff, 129 reported a prior positive
test (115 PCR positive/antigen negatives, 7 PCR nega-
tive/antigen positives, and 7 positives on both). Date of
positive test for residents ranged from March 27, 2020
to March 2, 2021, and for staff, from March 1, 2020 to
February 1, 2021 (Fig. 1). Serologies were collected from
November 8, 2020 to March 6, 2021 in residents and from
October 20, 2020 to March 4, 2021 in staff.

Among those with a prior PCR/antigen positive
result and no vaccination history prior to serology, 72 of
81 (89%) of residents and 84 of 101 (83%) of staff were S
antibody positive. The mean interval between the first date
of positive PCR/antigen result and the serology date was
not significantly different by S antibody positive versus
negative result (Fig. 2a and b). For nine residents with a
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SARS-CoV-2 PCR/antigen positives in NJ LTCFs by month, n = 129
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Fig.1 SARS-CoV-2 PCR/antigen positives in NJ LTCFs by month, Resident, n = 129, Staff, n = 129

prior positive PCR/antigen test, mean interval for S anti-
body negative residents was 215.3 days (95% CI 158.6,
272.0); the mean interval for the 72 positive residents with
S antibody positive was 233.5 days (95% CI 221.6, 245.5)
(F=0.93, Pr>F=0.3390). Mean interval for S antibody
negative staff (n=17) was 185.1 days (95% CI 141.4,
228.8) while the mean interval for positive staff (n=84)
was 203.6 days (95% CI 186.8, 220.5) (F=0.78, Pr>F
0.3788). For both residents and staff, more than 80% of
subjects were positive for S antibody consistently as the
intervals extended to the maximum duration of 10 months.

Among those with an S antibody positive result, almost
all were positive by the neutralizing test: 220 of 225 resi-
dents (97.8%) and 358 of 365 staff (98.1%).

In residents with a prior PCR/antigen positive result and
a negative vaccination history prior to serology, the mean
titer was 155.4, median 186, standard deviation 53.3. The
mean neutralizing antibody titer was not associated with
interval from PCR/antigen positive date to serology date
(F=0.1.01, Pr>F=0.4269) (Fig. 3a). Gender (F=0.35,
Pr>F=0.5539), age group (F=0.93, Pr>F=0.4297), and
race/ethnicity (F=0.93, Pr>F=0.4547) were not associated
with neutralizing antibody titer as well.

@ Springer

Similarly, in staff who tested positive for a prior PCR/
antigen positive result and a negative vaccination history
prior to serology, the mean was 135.3, median 151.5, stand-
ard deviation 53.6. The mean neutralizing titer was consist-
ently high regardless of the interval (Fig. 3b). There was no
significant association between titer by interval (F=0,77,
Pr>F=0.6548), age group (F=0.67, Pr>F=0.6162),
or race/ethnicity (F=1.50, Pr>F=0.2088). However,
there was a higher mean titer among those with a history
of symptoms meeting the Centers for Disease Control and
Prevention case definition (case symptoms 143.6 versus not
cases 115.9, F=4.92, PrF>0.0294), and by sex (female
149.9 versus male 125.4, F=4.76, Pr>F=0.0319). These
relationships remained in a multiple regression model-
ling titer with interval, symptoms, and sex (respectively
F=0.86, Pr>F=0.5775, F=5.45, Pr> =0.0224, F=4.48,
Pr>F=0.0378).

Vaccination and Antibody Response

There were 12 residents who showed no evidence of SARS-
CoV-2 infection (PCR/antigen negative and N antibody
negative) and received only one dose of vaccine prior to
serology. The interval between vaccination and serology
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Fig.2 a Residents' interval from infection to serology date by S protein antibody, n=81. b Staff's interval from infection to serology date by S

protein antibody, n=101

date ranged from 5 to 33 days (8 residents had less than
14 days) and none of these were S antibody positive.
Among a randomly selected sample of 76 S antibody
negative participants, 26 of 27 residents (96%) and 47 of
49 staff (96%) staff were also neutralizing test negative,

respectively. There were 56 staff who showed no evi-
dence of SARS-CoV-2 infection (PCR/antigen negative
and N-antibody negative) and received only one dose
of vaccine prior to serology. For staff with 1 to 13 days
between vaccine dose one and serology, 6/35 (17%) were S
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antibody positive. Of those with 14 or more days between
vaccine dose one and serology, 20/21 (95%) were S anti-
body positive (Fig. 4).

Using analysis of variance, staff with negative antibody
had a mean interval of 6.9 days, whereas those with posi-
tive antibody had a mean interval of 19.2 days (F=25.4,
Pr>F <0.0001).

@ Springer

Among the 26 staff who were S antibody positive, there
was no significant difference of mean neutralizing titers
by interval from single vaccine dose to serology date. The
mean titer was 97.0, (95% CI 73.9, 120.1) and the median
was 77.

Of the 16 residents who were tested after the second dose
of vaccine, 12 were S antibody positive. Of 15 residents
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S protein antibody by interval from vaccine dose one
to serology in staff, n=56

Frequency
oOoNvNMAO®ON DB ®

1-6 days 7 - 13 days

14 - 20 days 21 days -

Interval in days

m S-Ab positive

= S-Ab negative

Fig.4 S protein antibody by interval from vaccine dose one to serology in staff, n=56

tested 7 or more days after vaccine dose two, 12 were S anti-
body positive. All 12 were near or at the maximum neutral-
izing antibody level (11 were > 185 and 1 was 185). Among
the 42 staff with two doses of vaccine, 40 (95%) were S
antibody positive; 7 of 8 tested 1-6 days after vaccine dose
two and 33 of 34 tested 7 days or more after dose two were
S antibody positive. Neutralization titer results were avail-
able for 40 S antibody positive staff who had two doses of

vaccine. For these 40 staff, the mean titer by interval from
vaccine dose two to serology date was 158.2 for interval
1-6 days (3), 182.2 for interval 7 to 13 days (23), and 181.9
for interval 14 days or more (14). There was no significant
statistical different among neutralizing antibody level among
those with 1-6, 7-13, or 14 or more days between vaccina-
tion dose two and serology (F=0.64, Pr>F=0.7803). The
neutralization titer was generally at the maximum titer level
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if the tests were done 7 or more days after the second dose
of vaccine. However, the mean neutralizing titers increased
significantly as the mean moved from the intervals from vac-
cine one through vaccine two, F=11.69, Pr>F <0.0001,
(Fig. 5).

Discussion

In this study of SARS-CoV-2 infection during the first wave
of the pandemic, sera from LTCEF residents and staff were
measured for S protein antibody and neutralizing antibody
titer at various intervals up to 10 months from initial infec-
tion. As far as we know, this is the only study in residents
and staff in LTCFs that has documented high levels of neu-
tralizing antibody at an interval of 10 months after infection.
The cPass surrogate virus neutralization test offered neu-
tralizing antibody test information applied to a large study
sample. The duration of neutralization was consistent with
duration reported in prior studies who documented this anti-
body up to a year after infection [5, 10, 18].

This finding is relevant because neutralizing antibody
approximates the body’s immune response [5, 27]. Anti-
bodies to the RBD of the spike protein and neutralizing anti-
bodies are strongly correlated [3, 4, 17]. HCWs in Stras-
bourg, France who were positive for antibody to the RBD
experienced a 96.7% reduction in new infections [10]. Spike
antibody seropositive HCWs in Oxford, UK experienced no
symptomatic infections and a sharp decrease in asympto-
matic incidence in SARS-CoV-2 infection over 6 months of
follow-up [28]. Residents in a Canadian LTCF who devel-
oped S protein antibody infected in a first outbreak were
not infected in a second outbreak seven months later [12].
However, variants have selected for resistance to neutralizing
antibodies [29, 30]. Combination vaccines inducing a neu-
tralizing antibody response to both the first wave virus and
to the Omicron variants have recently been announced [31].

In the current study, staff with symptoms meeting the
Centers for Disease Control and Prevention case definition
had a higher mean titer than those who did not report these
symptoms. This is consistent with previous studies report-
ing a more robust immune response in those with symp-
toms versus no symptoms at the time of SARS-CoV-2
infection [5, 6].

Limitations
We did not have resources or the opportunity to obtain
consecutive serologies on each participant. We created a

composite picture by combining single serologies from
many residents and staff with different intervals. This
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method lacked the precision provided when the interval is
measured by sequential sera drawn on the same individual.
However, our findings were consistent with researchers
who found neutralizing antibody titers to be stable when
measured in longitudinally-acquired sera.

Similarly, neutralizing antibodies were measured on
only a single serology taken at various intervals from vac-
cine dose one or two to the date of serology. Neutralizing
antibody titers were clearly higher in those with two versus
one dose. The titer was near or at the maximum quickly
after administration of vaccine dose two, and there was lit-
tle difference in titer for serology drawn between interval
of 1 to 6 days versus 14 days or more.

During the first wave of the pandemic, subjects may
have had exposures to the virus in addition to the infection
documented in our study. For the most part, our docu-
mentation of PCR/antigen testing was limited to the first
positive date. Unreported exposures may have boosted the
titer thereby increasing the longevity of antibody.

Conclusion

This study of residents and staff in LTCFs detected sub-
stantial neutralizing antibody titers to SARS-CoV-2 con-
sistently 10 months after infection. Neutralizing antibody
results from the cPass were consistent with the qualitative
IgG spike protein antibody results but expanded findings
to allow inferences into the duration of neutralizing anti-
body. Furthermore, titers at or near the maximum result
were recorded following two vaccine doses. Further study
is indicated to explore the level of protection these neutral-
izing antibodies provide as the virus continues to mutate.
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