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Background: As part of the public health outbreak investigations, serological surveys
were carried out following two COVID-19 outbreaks in April 2020 and October 2020 in
one long term care facility (LTCF) in British Columbia, Canada. This study describes the
serostatus of the LTCF residents and monitors changes in their humoral response to
SARS-CoV-2 and other human coronaviruses (HCoV) over seven months.

Methods: A total of 132 serum samples were collected from all 106 consenting residents
(aged 54-102) post-first outbreak (N=87) and post-second outbreak (N=45) in one LTCF;
26/106 participants provided their serum following both COVID-19 outbreaks, permitting
longitudinal comparisons between surveys. Health-Canada approved commercial
serologic tests and a pan-coronavirus multiplexed immunoassay were used to evaluate
antibody levels against the spike protein, nucleocapsid, and receptor binding domain
(RBD) of SARS-CoV-2, as well as the spike proteins of HCoV-229E, HCoV-HKU1, HCoV-
NL63, and HCoV-OC43. Statistical analyses were performed to describe the humoral
response to SARS-CoV-2 among residents longitudinally.

Findings: Survey findings demonstrated that among the 26 individuals that participated in
both surveys, all 10 individuals seropositive after the first outbreak continued to be
seropositive following the second outbreak, with no reinfections identified among them.
SARS-CoV-2 attack rate in the second outbreak was lower (28.6%) than in the first
outbreak (40.2%), though not statistically significant (P>0.05). Gradual waning of anti-
nucleocapsid antibodies to SARS-CoV-2 was observed on commercial (median A=-3.7,
P=0.0098) and multiplexed immunoassay (median A=-169579, P=0.014) platforms;
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however, anti-spike and anti-receptor binding domain (RBD) antibodies did not exhibit a
statistically significant decline over 7 months. Elevated antibody levels for beta-HCoVs
0OC43 (P<0.0001) and HKU1 (P=0.0027) were observed among individuals seropositive
for SARS-CoV-2 compared to seronegative individuals.

Conclusion: Our study utilized well-validated serological platforms to demonstrate that
humoral responses to SARS-CoV-2 persisted for at least 7 months. Elevated OC43 and
HKU1 antibodies among SARS-CoV-2 seropositive individuals may be attributed to cross
reaction and/or boosting of humoral response.

Keywords: SARS-CoV-2, COVID-19, serologic testing, outbreak investigation, humoral immune response, long term
care facilities, human coronavirus (HCoV)

INTRODUCTION

Long term care facilities (LTCF) have been disproportionately
affected by the coronavirus disease 2019 (COVID-19) pandemic.
The high risk for respiratory virus transmission and outbreaks
within the LTCF setting, in addition to advanced age and
multiple co-morbidities, predisposes LTCF residents to a
greater susceptibility to severe COVID-19 (1). In British
Columbia, one LTCF experienced two COVID-19 outbreaks in
April 2020 and October 2020. A lower prevalence following the
second outbreak investigation in comparison to the first may be
attributed to the refinement of public health infection control
measures and the persistence of protective immune responses
following the first outbreak (2). Additionally, pre-existing
immunity to endemic coronaviruses may also be a contributing
factor to the immune response development during SARS-
CoV-2 infection.

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the etiologic agent of COVID-19, emerged in
December 2019 and poses an acute public health challenge
worldwide; however, seasonal human coronaviruses (HCoV)
are endemic and have long been recognized as the cause
of ~10-30% of upper respiratory tract infections (3). The
endemic HCoVs OC43 and HKU1 (beta-lineage coronavirus)
along with NL63 and 229E (alpha-lineage coronavirus) exhibit
sequence and structural homology to SARS-CoV-2 (4).
Additionally, growing evidence demonstrates cross-reactivity
between antibodies against endemic HCoV and SARS-CoV-2
(5). As such, there is interest in understanding the possibility that
pre-existing immunity from endemic HCoVs contributes to
protection against SARS-CoV-2 infection.

Published findings from our previous serological survey
following the first LTCF outbreak demonstrated that
serological testing uncovered seropositive cases that were
missed during the outbreak investigation (2). Our main
objective in this study was to describe the serostatus of
residents and monitor the changes in their humoral response
to SARS-CoV-2 and endemic HCoVs following the second
outbreak. To investigate the persistence of antibody responses
over seven months, we compared the sero-survey findings post-
first and post-second COVID-19 outbreaks in one LTCF in
British Columbia, Canada. Findings may provide better insight

into pre-existing protection against SARS-CoV-2 infection, help
guide public health infection control measures, and inform
vaccination implementation guidelines.

MATERIALS AND METHODS
Study Participants

Sero-surveys were conducted after COVID-19 outbreaks were
declared over in the affected LTCF. The first serological survey
was administered on May 4™ to 14™ 2020, and venous blood
specimens were collected from residents in the LTCF (N = 87)
(2). A second post-outbreak sero-survey was conducted on
December 22™, 2020, following a second outbreak in the fall
of 2020, and venous blood specimens were collected from
residents in the same LTCF (N = 45).

All LTCF residents (or their substitute decision makers) were
informed of the planned investigations, and verbal consent for
sample collection and testing was secured from all participants
(or their substitute decision makers) who were willing to
participate in the study. The investigations in this study were
carried out as part of our public health-driven outbreak
investigations in LTCF affected by COVID-19 outbreaks, and
findings served to inform improvements to our outbreak control
strategies. As such, these investigations were part of our practice
and undertaken within our practice mandate, institutional ethics
review was not required for specimen collection. Serological
testing on clinical platforms was done as regular clinical
testing. Serological testing on the Meso Scale Discovery (MSD)
platform and subsequent analysis was done as part of the assay
validation and approved by REB protocol H20-01089.

Nucleic Acid Amplification Tests (NAAT)
Nasopharyngeal swab samples were collected from participants
during the two outbreaks in April 2020 and October 2020, in
accordance with established clinical and infection control
practices in the facilities during the time of each outbreak
(practices evolved over time) and all residents were tested by
NAAT for active SARS-CoV-2 infection. NAAT testing was
performed in accredited clinical laboratories using validated
laboratory-developed assay (6) and/or Roche cobas® SARS-
CoV-2 commercially available test (7).
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Health Canada-Approved Commercial
Serology Assays

Serological testing of participants from the first survey was
performed using 5 different commercially available SARS-CoV-
2 antibody assays in our previous study (2). Sera obtained from
the second serological survey were tested in accordance with
established clinical protocols using three single-antigen
chemiluminescent assays. Specimens were first screened by
ADVIA Centaur XP SARS-CoV-2 Total Antibody (Siemens T;
Siemens, USA) to detect total antibodies to SARS-CoV-2 S1
RBD. All reactive samples received supplementary testing by
ARCHITECT i2000 SARS-CoV-2 IgG (Abbott IgG; Abbott,
USA), and VITROS 7600 Anti-SARS-CoV-2 Total Antibody
(Ortho T; Ortho Clinical Diagnostics, USA) assays, detecting
antibodies against SARS-CoV-2 Nucleocapsid and S1 Spike
respectively. All commercial serology assays were carried out
according to manufacturers’ protocols (8).

Meso Scale Discovery Multiplex
Immunoassay

As an additional supplementary test, we utilized a highly sensitive
multiplex electrochemiluminescent immunoassay from MSD for
the simultaneous detection of antibodies to SARS-CoV-2 and other
circulating endemic HCoV's (V-PLEX Coronavirus Panel 2). Multi-
spot plates spotted with purified and dried antigens were used for
the detection of the following antibodies: spike, SI RBD, and
nucleocapsid of SARS-CoV-2, and spike proteins from circulating
alpha-HCoV (229E and NL63) and beta-HCoV (HKU1 and
OC43). Assays were performed according to manufacturer’s
protocol for V-PLEX Coronavirus Panel 2 (9).

Briefly, multi-spot plates were initially incubated with MSD
Blocker A for 30 minutes, then washed off. Reference standard,
controls, and specimens (sera diluted 1:5000 in Diluent 100)
were then added and incubated on the plates for 2 hours.
Following incubation, plates were washed, incubated with
MSD SULFO-TAG Anti-Human IgG detection antibody for an
hour, then washed again. Finally, MSD Gold Read Buffer B was
added to the wells and the assay plate was immediately measured
on the MSD QuickPlex SQ120 instrument. All incubation steps
were carried out in room temperature with shaking at 700rpm,
and all wash steps were performed three times with MSD Wash
Buffer, prior to addition of the subsequent reagents.

Raw data generated was processed using MSD Discovery
Workbench software (Version 4.0), then imported into RStudio
(Version 1.2.5033) to interpret signal cut-off values. Cut-off
thresholds for reactivity were provided by the manufacturer and
are as follows: SARS-CoV-2 spike values above 1960 AU/mL,
nucleocapsid values above 5000 AU/mL, and S1 RBD values
above 538 AU/mL. Samples above cut-off values for at least two
of SARS-CoV-2 S1 RBD, nucleocapsid, and spike were considered
serologically reactive using this MSD immunoassay.

Statistical Analysis

Attack rates were calculated by taking the percentage of seropositive
participants relative to the total number of susceptible participants
for each outbreak. Two attack rates were calculated for outbreak 2 as

above, based on two assumptions: A) Individuals seropositive in
survey 1 were protected from reinfection during outbreak 2 (10/35),
and B) Individuals seropositive in survey 1 were susceptible to
reinfection (10/45).

Descriptive statistics of the study population were
summarized on R (Version 3.6.2) and RStudio (Version
1.2.5033), and non-parametric statistical tests were carried out
using the ggpubr (Version 0.6.0) and stats (Version 3.6.2)
packages to assess attack rates, differences between groups, and
changes in humoral responses across surveys. Processed data
from the MSD immunoassay was visualized using ggplot2
(Version 3.3.3) and ggpubr packages on RStudio.

RESULTS

Study Population

A total of 132 serum samples were collected from the 106 LTCF
residents included in this study. 87 of the serum samples were
collected following the first outbreak, while 45 were collected
following the second outbreak. Among the 106 residents, 26 of
them provided their serum samples following both the first and
second outbreaks, thus permitting the longitudinal assessment of
SARS-CoV-2 antibodies in this subset of residents. The median
age of all study participants included was 85 years, and the age
and sex distribution of the LTCF residents included in this study
is described in Supplementary Table 1.

Seroprevalence and Attack Rates of
SARS-CoV-2 in LTCF

A summary of the sero-survey results from both clinical and MSD
assays are provided in Table 1, with the corresponding NAAT and
serology status of each resident listed in Supplementary Table 2.
Lower attack rates were observed during the second outbreak
compared to the first using both clinical and MSD platforms.
Specifically, when calculated under the assumption that the
individuals who seroconverted in outbreak 1 remain susceptible
to reinfection during the second outbreak (10/45), the attack rate
during the second outbreak (22.2%) appeared significantly lower
than during the first outbreak (40.2%) (P = 0.036). However, when
calculated under the assumption that the individuals who
seroconverted in outbreak 1 were protected from reinfection
during the second outbreak (10/35), the attack rate during the
second outbreak (28.6%) was lower, but not significantly lower than
during the first outbreak (40.2%) (P > 0.05). Overall, while there
appeared to be slightly greater odds of seroconversion (First
assumption: Odds Ratio = 1.68, 95% CI: 0.67-4.42; Second
assumption: Odds Ratio = 2.34 95% CI: 0.976-6.01) following the
first outbreak compared to the second outbreak, this was not found
to be statistically significant. As the first sero-survey was conducted
at the beginning of the pandemic, these individuals were presumed
to be negative for SARS-CoV-2 prior to the outbreaks. Additionally,
comparisons between clinical and MSD interpretations
demonstrated a 98.7% (76/77) agreement with negative samples
and a 98.2% (55/56) agreement with positive samples
(Supplementary Figure 1).
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TABLE 1 | Summary of sero-survey results.

Assumption Serology Platform OB Positive (N)
A Commercial 1 35
2 10
Total 45
MSD 1 35
2 11
Total 46
B Commercial 1 35
2 10
Total 45
MSD 1 35
2 11
Total 46

Negative (N) Total (N) Attack Rate P-Value

52 87 40.2% X2, P =0.2274

25 35 28.6% Fisher, P = 0.3002
7 122 OR = 1.68 (0.674-4.42)
52 87 40.2% X2, P =0.3643

24 35 31.4% Fisher, P = 0.4137
76 122 OR = 1.46 (0.598-3.76)
52 87 40.2% X2, P = 0.0386*

35 45 22.2% Fisher, P = 0.0523
7 132 OR =2.34 (0.976-6.01)
52 87 40.2% X2, P =0.0712

34 45 32.4% Fisher, P = 0.0845
76 132 OR =2.06 (0.879-5.15)

Assumption A assumes that the 10 individuals seropositive from outbreak 1 were protected from reinfection and were excluded from the attack rate calculation. Assumption B assumes that
reinfections are possible within the 10 seropositive from outbreak 1 and were susceptible to reinfection during outbreak 2. *p < 0.05. Bolded values inttially indicated significance (p < 0.05).

A breakdown of the characteristics of the seropositive
individuals is shown in Table 2. Following the first outbreak,
85.7% (30/35) had a previous positive NAAT test and 14.3% (5/
35) of the seropositive cases had no previous NAAT test, as
described previously (2). Serological testing was repeated
following the second outbreak and 3 of the 26 paired residents
were new seroconversions, all of whom were previously
confirmed seronegative during the first survey, diagnosed with
COVID-19 by NAAT during the second outbreak and identified
as seropositive by both commercial serology (Figure 1A) and
using MSD (Figure 1B). Notably, one additional seroconversion
was identified by MSD (Figure 1B), where the individual was
found reactive on MSD for anti-RBD and anti-nucleocapsid
antibodies to SARS-CoV-2, but was non-reactive for either
antigen on commercial platforms and had no positive NAAT
history. No differences were observed in SARS-CoV-2 antibody
levels between sexes (Supplementary Figure 2). Additionally, all
10 individuals seropositive during the first outbreak remained
seropositive and had a negative NAAT test during the second
outbreak, indicating no reinfections were identified during the
second outbreak.

Duration of SARS-CoV-2 IgG

Individuals positive for SARS-CoV-2 during the first outbreak
demonstrated statistically significant waning of anti-nucleocapsid
IgG antibodies for SARS-CoV-2 between the first survey and the

TABLE 2 | Breakdown of seropositive participants based on clinical serology tests.

N (%)
Outbreak 1 87
Seropositive 35 (100%)
Negative NAAT result 0 (0%)
Positive NAAT result 30 (85.7%)
No NAAT result 5 (14.3%)

Outbreak 2 45

Seropositive 20 (100%)
Seroconverted in outbreak 1 10 (50%)
Seroconverted in outbreak 2 3 (15%)
No baseline serology results from outbreak 1 7 (35%)

N, Number of participants tested; OB, Outbreak; N/A, Not Available.

second survey in both the clinical Abbott IgG assay (median A =
-3.7, P = 0.0098) (Figure 1C), as well as the MSD immunoassay
(median A = -169579, P=0.014) (Figure 1D). Anti-spike and anti-
RBD IgG antibodies remained relatively stable when assessed by
clinical tests (Figure 1C), but a slight decrease was observed on the
MSD assays (Figure 1D); however, none of these changes were
statistically significant (Figure 1C, D; Supplementary Table 3).
Notably, two seropositive individuals were found to have anti-
nucleocapsid IgG below reactivity cut-off on MSD. One of the
participants was non-reactive for anti-nucleocapsid on both
commercial and MSD platforms post-first survey, the other
individual was reactive for anti-nucleocapsid on commercial tests
but non-reactive on MSD, just below the cut-off (4958 AU/mL)
post-second survey.

Elevation of HCoV-HKU1 and HCoV-0C43
Antibody Levels Among SARS-CoV-2
Positive Persons

Overall, antibody levels to all 4 endemic HCoV (229E, NL63, HKU1,
OC43) spike proteins appeared relatively stable between the first and
second sero-surveys (Figure 2A). Interestingly, anti-spike IgG for
229E was elevated (P = 0.002) following the second outbreak in
comparison to the first outbreak, when looking at antibody levels for
the 10 individuals that remained seropositive since the first outbreak
(Figure 2A). While there appeared to be a slight difference in OC43
and HKUI antibody levels between sexes (Supplementary Figure 2),
the 10 individuals comprised of 9 females and 1 male; hence, no sex-
stratified analysis can be performed.

Individuals seropositive for SARS-CoV-2 were also found to
have elevated antibody levels for beta-HCoVs OC43 (P < 0.0001)
and HKU1 (P = 0.0027), suggesting an immunologic boosting
effect following SARS-CoV-2 infection and/or cross-reaction of
anti-SARS-CoV-2 antibodies with beta-HCoV antibodies
(Figure 2B; Supplementary Figure 1).

DISCUSSION

Our study evaluated the serostatus of LTCF residents and
monitored changes in their humoral response and antibody
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FIGURE 1 | Sero-surveys identified three new seroconversions and demonstrated gradual waning of anti-nucleocapsid antibodies following the second outbreak.
(A, B) Antibody levels for all residents with paired sera collected (N=26) were plotted by SARS-CoV-2 serostatus to assess SARS-CoV-2 antibodies. (A) Commercial
serology data plotted according to clinical interpretation. (B) MSD data plotted according to MSD interpretation. (C, D) All participants (N=10) seropositive for SARS-
CoV-2 following the first outbreak (purple) remained seropositive following the second outbreak (green) on both (C) commercial and (D) MSD platforms. Grey lines
indicate paired samples collected from the same individual from both surveys, and lines on (A, B) traversing across negative (red) to positive (blue) indicate seroconversion,
while vertical lines indicate that the individual’s paired serum samples both remained seronegative or seropositive across the two surveys. (B, D) Black dashed lines on
represent positive signal cut-off for SARS-CoV-2 S1 RBD (538 AU/mL), spike (1960 AU/mL), and nucleocapsid (5000 AU/mL). Statistical analysis was performed using

(A, B) Wilcoxon’s Rank Sum Test and (C, D) Wilcoxon’s Signed Rank Test. ***p<=0.0001.
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FIGURE 2 | Significant elevation of HKU1 and OC43 antibodies in SARS-CoV-2 positive individuals. (A) HCoV antibody levels of residents that were seropositive
during the first survey (N=10) were plotted according to the first (purple) and second (green) sero-surveys. (B) Antibody levels for all residents with paired sera
collected (N=26) were plotted by SARS-CoV-2 negative (red) or positive (blue) status to assess antibody levels to endemic HCoV. Grey lines indicate paired samples
collected from the same individual from both surveys, and lines on (A, B) traversing across negative (red) to positive (blue) indicate seroconversion, while vertical lines
indicate that the individual’s paired serum samples both remained seronegative or seropositive across the two surveys. (A, B) Statistical analysis was performed
using (A) Wilcoxon signed-rank test and (B) Wilcoxon rank-sum test.
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titers over time. The lower attack rate and absence of reinfections
observed during the second LTCF outbreak may be attributed to
protective effects from herd immunity and/or enhanced public
health infection control measures. Additionally, the COVID-19
related case fatality in the facility was 23.6% (13 of 55 residents)
during the first outbreak and 6.7% (1 of 15 residents) during the
second outbreak, and while our study only included residents
that consented to participating in this sero-survey, the lower case
fatality during the second outbreak also supports that improved
infection control measures and persistent antibody response
from the first outbreak (along with improved management of
COVID-19 disease by the medical community over the course of
the pandemic) may have contributed to the lower attack rate and
absence of reinfections during the second outbreak. Moreover,
unlike the first outbreak, no additional cases of SARS-CoV-2
infection were uncovered by serological testing post second
outbreak. While the MSD assay indicated one additional
seroconversion, this individual is less likely to be a true
positive because, while they were reactive for anti-RBD and
anti-nucleocapsid on MSD, they were non-reactive on
commercial assays and have negative NAAT results during the
outbreaks. Additionally, reactivity with SARS-CoV-2 RBD and
nucleocapsid by the MSD assay could have been due to cross-
reactivity from high levels of endemic HCoV antibodies found in
this individual’s serum.

Due to the recent emergence of SARS-CoV-2, there are limited
longitudinal immunologic studies investigating the stability of
SARS-CoV-2 and HCoV antibody levels across various
population demographics over a longer duration (10-12). Our
findings suggest that a SARS-CoV-2 infection in the elderly was
able to elicit an immune response lasting at least 7 months. Here, we
found persistent antibody titers for SARS-CoV-2 spike and RBD
between the first and the second sero-surveys for the 10 individuals
infected during the first outbreak, but a statistically significant
waning of SARS-CoV-2 nucleocapsid antibodies among these
individuals was observed by 2 serological assays. Our results are
consistent with multiple published literature describing similar
trends, where nucleocapsid antibodies demonstrated faster waning
and a shorter half-life, frequently falling to below detectable levels
within 4-7 months (12-15). Notably, the individuals from our study
all remained seropositive after 7 months and had detectable levels of
anti-nucleocapsid antibodies present, despite the significant waning
of anti-nucleocapsid IgG levels observed.

There have also been studies that reported declining anti-
spike and anti-RBD IgG titers over time. Similar to our study,
Dan et al. and Cohen et al. also evaluated SARS-CoV-2 immune
responses longitudinally in COVID-19 patients over 6 to 8
months (16, 17). While our results all agree that anti-Spike and
anti-RBD were longer lasting than anti-nucleocapsid antibodies
in COVID-19 patients, both Dan et al. and Cohen et al. utilized
half-life modeling to predict declining antibody kinetics in the
general adult population. As described in our Supplementary
Table 3, our study also demonstrated a declining trend in
antibody titers among these 10 individuals for RBD (median
A=-2906.7, P=0.49) and Spike (median A=-24567.3, P = 0.16)
using the MSD assay, although unlike Nucleocapsid

(median A=-169579, P=0.014), we did not find this to be
statistically significant.

The differences in antibody durability and protection against
reinfection may be attributed to various factors including cohort
characteristics and COVID-19 severity (14, 18). Dan et al. found
that 90% (36/40) of subjects remained seropositive for Spike IgG
while 88% (35/40) remained positive for RBD IgG after 6 to 8
months (16). In contrast, we saw all 10 individuals remain
seropositive over the 7 months. As our study was conducted as
part of the public health outbreak investigations, we were limited
to 10 individuals that were seropositive during the first outbreak
and consented to participating in both first and second surveys for
our longitudinal comparisons in the same individual. It is possible
that observing a larger population over time would allow us to see
the same proportion of seropositive individuals that Dan et al. saw
in the specified timeframe (16). Interestingly, those with older age
and severe COVID-19 were found to exhibit stronger immune
responses, higher IgG titers, and seroconvert to negative more
slowly than those with mild or asymptomatic disease (14, 17, 19).
With this in mind, the 10 individuals in our study comprised of
older aged adults that are likely to have more severe disease or
worse clinical progression, which may contribute to slower waning
in this population in contrast to other studies that evaluated
immune durability in healthy adults that primarily have mild or
asymptomatic disease (16, 17). As such, the disparity in findings
reported across multiple studies investigating the persistence of
SARS-CoV-2 antibodies longitudinally is likely attributed to
various cohort-specific factors.

Alternatively, the timing of an individual’s seroconversion
may also contribute to the disparity in findings across published
studies on antibody durability. Specifically, the first survey was
conducted in May 2020, a month following the facility outbreak
in April 2020. Previous studies have shown that it can take 4-5
weeks to reach peak antibody responses following a primary
infection (20), and this may even take months in those with
severe disease (21). There are studies that describe older age as a
predictor of poor seroconversion (22), perhaps due to potential
comorbidities or immunosenescence. As such, it is possible that
some of the 10 individuals that were seropositive during the first
survey had antibody responses that remained on the rising phase
and have yet to reach peak IgG levels by the time of the first
survey. In this case, if the true decay from peak IgG levels was
missed, this may potentially explain the absence of a significant
decline in SARS-CoV-2 RBD and Spike antibody levels among
our elderly population. This highlights the importance of better
understanding how various biological factors may contribute to
variation in seroconversion rates and antibody dynamics within
the population.

Serological assays do not directly quantify neutralizing
antibodies; however, they have been shown to correlate with
levels of neutralizing antibodies and may be indicative of
protection against reinfection (23). While emerging data has
shown that previous infection is not a guarantee for immunity
from reinfection (24), our data demonstrated that all residents
known to be seropositive post-first outbreak who were also
included in the second survey remained seropositive for SARS-
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CoV-2 antibodies but negative on NAAT, thus providing
evidence that a pre-existing infection-induced serological
response to SARS-CoV-2 may contribute protection against
reinfection in the elderly for at least 7 months. Notably, 2/10
residents seropositive during the first outbreak appeared to show
higher anti-Spike and anti-RBD antibody titers during the
second outbreak, but not for nucleocapsid (Figure 1). It is
possible that this boosting could be attributed to a potential
recall response, where re-exposure of these 2 individuals to
SARS-CoV-2 during the second outbreak may have not been
sufficient to establish a clinically detectable reinfection (NAAT
negative), but was enough to elicit a serological memory response
that was detectable through sensitive serologic testing. This
further supports that previous immunity may offer some
protection from reinfection, although more studies need to be
conducted to evaluate the degree of protection across individuals,
given the heterogeneity of immune responses to SARS-CoV-2 in
the population. Taken together, our findings are also consistent
with recent evidence showing an 84% reduction in risk of
reinfection when observed 7 months following primary
infection (25). It has been conclusively shown that vaccine-
induced humoral responses are stronger than those from
natural infection, and vaccination is superior to natural
immunity in protecting from infection (26). However, better
understanding of the persistence versus waning dynamic of
infection-induced responses may help in allocation of primary
and booster vaccine doses in settings where these resources
are scarce.

By utilizing a multiplexed immunoassay, we were able to
simultaneously detect endemic HCoV antibodies in addition to
SARS-CoV-2 antibodies. We found anti-spike IgG to endemic
HCoV appear relatively stable overall between the first and
second surveys, with a slight elevation in levels of 229E antibodies
post-second survey among those seropositive for SARS-CoV-2 from
the first survey. While our results found this difference to be
statistically significant, there has been limited literature on the
relationship between humoral responses to SARS-CoV-2 and
alpha-HCoVs and this difference could likely be attributed to our
small sample size and intra-assay variability. Additionally, there has
been no known HCoV outbreak in British Columbia in the past two
years, suggesting that the elevated levels of 229E spike antibodies are
unlikely due to recent exposures. Nonetheless, the observed
difference in 229E antibody levels can be explored further using
larger sample sizes and in the general adult population.

Consistent with multiple published findings (4, 19, 27, 28), we
also observed significantly elevated endemic antibody levels for
beta-HCoVs OC43 and HKU1 following SARS-CoV-2 infection
and seroconversion, unlike alpha-HCoVs. This finding is not
unexpected due to the higher sequence and structural homology
of beta-HCoVs with SARS-CoV-2 (29). It is unknown whether
cross-reactivity or immunologic boosting related to OC43 and
HKU]1 antibody responses may contribute to protection against
COVID-19. Previous studies suggest that endemic HCoV
antibodies have poor neutralizing activity against SARS-CoV-2
(4, 30), while other studies describe that higher levels of HCoV-
OC43 and HCoV-HKUI antibodies are associated with less
severe course of disease (31, 32). Nonetheless, the clinical

significance of pre-existing immunity from endemic HCoV
exposure against SARS-CoV-2 infection and COVID-19
severity remains to be determined.

In summary, our study used well-validated assays to provide
evidence that humoral responses to SARS-CoV-2 elicited by
natural infection persist over at least seven months in the
elderly and may confer protection from reinfection. Taken
together, our results also suggest the potential effectiveness of
the quality improvement efforts in infection control after the first
outbreak (2). Limitations of our study include a small sample size
of residents from a single LTCF; therefore, it may not be
representative of other elderly populations with varying
demographic characteristics (i.e., age, sex, geographic region,
etc.). Additionally, a natural survival bias is intrinsic to this
type of survey, where serological testing is conducted following
the outbreaks, as such, those captured in either outbreak would
have had to survive to be included in our dataset. Including those
that did not participate in our serosurveys, the case fatality during
the first and second outbreak was 23.6% (13/55) and 6.7% (1/15)
respectively. The lower case fatality during the second outbreak is
likely multifactorial in nature. While this does not directly
address survival bias, similar to the lower attack rate during the
second survey, this decreasing trend could also be attributed to
improved infection control measures in the facility following the
first outbreak, although additional contributions from improved
management of COVID-19 by the time of second outbreak (due
to improved knowledge in the medical field) is also likely to
contribute. Furthermore, our study only assessed IgG responses
longitudinally, which are expected to persist for a longer
duration. Recent findings have also demonstrated that SARS-
CoV-2 IgA antibodies can persist for over 6 months following
infection (16, 32-34), suggesting that quantifying IgA antibodies
may potentially be beneficial to sero-surveillance studies and add
to its overall sensitivity in identifying past infections. Future
studies evaluating other SARS-CoV-2 and HCoV antibody
isotypes longitudinally may provide valuable insight in
understanding the humoral response to SARS-CoV-2 infections.

The strength of our study includes using multiple serological
platforms that are authorized for diagnostic use, as well as MSD’s
pan-coronavirus multiplex immunoassay that allows for highly
sensitive simultaneous detection of IgG against SARS-CoV-2 and
HCoV antigens, thus we have the advantage of reporting consistent
data reproducible across different platforms that are known to be
highly reliable. Additionally, outbreaks in LTCF remain a major
concern in the proper management of the COVID-19 pandemic
due to higher burden of disease and risk of severe complications
among the elderly. Therefore, while plenty of studies investigate the
antibody responses longitudinally in the healthy adult population,
our study contributes substantially to the field and fills the gap in
knowledge of understanding how antibody response change and
persist over time in older, high-risk adults.

The findings of our study provide insight into humoral
responses to SARS-CoV-2 among LTCF residents and the
potential for reinfection. However, additional studies are needed
to more extensively characterize the durability of SARS-CoV-2
immune responses following natural infection and vaccination,
and their role in protection against SARS-CoV-2 infection and
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COVID-19 severity among high-risk groups. In particular, large-
scale longitudinal studies from multiple LTCF would provide
valuable data on the durability of immune responses among
institutionalized older adults.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The investigations in this study were carried out as part of our
public health-driven outbreak investigations and and undertaken
within our practice mandate. Institutional ethics review was not
required for specimen collection. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.
Serological testing on clinical platforms was performed as
regular clinical testing. Serological testing on the Meso Scale
Discovery (MSD) platform and subsequent analysis was done as
part of the assay validation and approved by REB protocol
H20-01089.

AUTHOR CONTRIBUTIONS

GT, AL, RV, AC, AH, MMo, AJ, and IS were involved in the
study conceptualization and methodology. Data curation was

REFERENCES

1. Childs A, Zullo AR, Joyce NR, McConeghy KW, Van Aalst R, Moyo P, et al.
The Burden of Respiratory Infections Among Older Adults in Long-Term
Care: A Systematic Review. BMC Geriatr (2019) 19(1):1-10. doi: 10.1186/
$12877-019-1236-6

2. Vijh R, Ghafari C, Hayden A, Schwandt M, Sekirov I, Morshed M, et al.
Serological Survey Following SARS-COV-2 Outbreaks at Long-Term Care
Facilities in Metro Vancouver, British Columbia: Implications for Outbreak
Management and Infection Control Policies. Am ] Infect Control (2020)
000:2-5. doi: 10.1016/j.ajic.2020.10.009

3. Fung TS, Liu DX. Similarities and Dissimilarities of COVID-19 and Other
Coronavirus Diseases. Annu Rev Microbiol (2021) 75(1):1-29. doi: 10.1146/
annurev-micro-110520-023212

4. Westerhuis BM, Aguilar-Bretones M, Raadsen MP, de Bruin E, Okba NMA,
Haagmans BL, et al. Severe COVID-19 Patients Display a Back Boost of
Seasonal Coronavirus-Specific Antibodies. medRxiv (2020). doi: 10.1101/
2020.10.10.20210070

5. Hicks J, Klumpp-Thomas C, Kalish H, Shunmugavel A, Mehalko J, Denson
JP, et al. Serologic Cross-Reactivity of SARS-CoV-2 With Endemic and
Seasonal Betacoronaviruses. medRxiv (2020). doi: 10.1101/2020.06.
22.20137695

6. LeBlanc JJ, Gubbay JB, Li Y, Needle R, Arneson SR, Marcino D, et al. Real-
Time PCR-Based SARS-CoV-2 Detection in Canadian Laboratories. J Clin
Virol (2020) 128:104433. doi: 10.1016/j.jcv.2020.104433

7. Roche. Cobas® SARS-CoV-2 Test. Available at: https:/diagnostics.roche.com/
global/en/products/params/cobas-sars-cov-2-testhtml.

conducted by GT, AL, RV, TP, and JK, and data analysis was
performed by GT, AL, and RV. CM assisted in sample
management. CK carried out the recruitment of study
participants. MMc was involved in experimental organization
and sample collection. MK and SG were involved in the
supervision of the study. The manuscript was originally drafted
by GT and edited by IS, AJ, SG, TP, AC, and MMc. All authors
contributed to the article and approved the submitted version.

FUNDING

This work was funded by Genome British Columbia (Grant
number COV050). The study sponsor had no role in data
collection, analysis, and interpretation.

ACKNOWLEDGMENTS

We would like to thank the families and the staff of the LTCF for
all the support in the participant recruitment and specimen
collection for this study. We would also like to thank Lisa Liu for
her support in this study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.775420/
full#supplementary-material

8. Van Caeseele P, Bailey D, Forgie SE, Dingle TC, Krajden M. SARS-CoV-2
(COVID-19) Serology: Implications for Clinical Practice, Laboratory
Medicine and Public Health. CMAJ (2020) 192(34):E973-9. doi: 10.1503/
cmaj.201588

9. Johnson M, Wagstaffe HR, Gilmour KC, Mai AL, Lewis J, Hunt A, et al.
Evaluation of a Novel Multiplexed Assay for Determining IgG Levels and
Functional Activity to SARS-CoV-2. J Clin Virol (2020) :130. doi: 10.1016/
1.jcv.2020.104572

10. Marién J, Ceulemans A, Michiels J, Heyndrickx L, Kerkhof K, Foque N, et al.
Evaluating SARS-CoV-2 Spike and Nucleocapsid Proteins as Targets for
Antibody Detection in Severe and Mild COVID-19 Cases Using a Luminex
Bead-Based Assay. J Virol Methods (2021) 288:114025. doi: 10.1016/
jjviromet.2020.114025

11. Murchu E O, Byrne P, Walsh KA, Carty PG, Connolly M, De Gascun C, et al.
Immune Response Following Infection With SARS-CoV-2 and Other
Coronaviruses: A Rapid Review. Rev Med Virol (2021) 31(2):1-11.
doi: 10.1002/rmv.2162

12. Murrell I, Forde D, Tyson L, Chichester L, Garratt A, Vineall O, et al. A
Longitudinal Comparison of Spike and Nucleocapsid SARS-CoV-2 Antibody
Responses in a Tertiary Hospital’s Laboratory Workers With Validation of
DBS Specimen Analysis. MedRxiv (2020). doi: 10.1101/2020.10.29.20219931

13. Ripperger TJ, Uhrlaub JL, Watanabe M, Wong R, Castaneda Y, Pizzato HA,
et al. Orthogonal SARS-CoV-2 Serological Assays Enable Surveillance of Low-
Prevalence Communities and Reveal Durable Humoral Immunity. Immunity
(2020) 53(5):925-33.e4. doi: 10.1016/j.immuni.2020.10.004

14. Van Elslande J, Oyaert M, Ailliet S, Van Ranst M, Lorent N, Vande
Weygaerde Y, et al. Longitudinal Follow-Up of IgG Anti-Nucleocapsid

Frontiers in Immunology | www.frontiersin.org

January 2022 | Volume 12 | Article 775420


https://www.frontiersin.org/articles/10.3389/fimmu.2021.775420/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.775420/full#supplementary-material
https://doi.org/10.1186/s12877-019-1236-6
https://doi.org/10.1186/s12877-019-1236-6
https://doi.org/10.1016/j.ajic.2020.10.009
https://doi.org/10.1146/annurev-micro-110520-023212
https://doi.org/10.1146/annurev-micro-110520-023212
https://doi.org/10.1101/2020.10.10.20210070
https://doi.org/10.1101/2020.10.10.20210070
https://doi.org/10.1101/2020.06.22.20137695
https://doi.org/10.1101/2020.06.22.20137695
https://doi.org/10.1016/j.jcv.2020.104433
https://diagnostics.roche.com/global/en/products/params/cobas-sars-cov-2-test.html
https://diagnostics.roche.com/global/en/products/params/cobas-sars-cov-2-test.html
https://doi.org/10.1503/cmaj.201588
https://doi.org/10.1503/cmaj.201588
https://doi.org/10.1016/j.jcv.2020.104572
https://doi.org/10.1016/j.jcv.2020.104572
https://doi.org/10.1016/j.jviromet.2020.114025
https://doi.org/10.1016/j.jviromet.2020.114025
https://doi.org/10.1002/rmv.2162
https://doi.org/10.1101/2020.10.29.20219931
https://doi.org/10.1016/j.immuni.2020.10.004
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Tanunliong et al.

Persistence of Anti-SARS-CoV-2 Antibodies

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Antibodies in SARS-CoV-2 Infected Patients Up to Eight Months After
Infection. J Clin Virol (2021) 136:104765. doi: 10.1016/j.jcv.2021.104765
Isho B, Abe KT, Zuo M, Jamal AJ, Rathod B, Wang JH, et al. Persistence of
Serum and Saliva Antibody Responses to SARS-CoV-2 Spike Antigens in
COVID-19 Patients. Sci Immunol (2020) 5(52):1-21. doi: 10.1126/
sciimmunol.abe5511

Dan JM, Mateus J, Kato Y, Hastie KM, Yu ED, Faliti CE, et al. Inmunological
Memory to SARS-CoV-2 Assessed for Up to 8 Months After Infection. Science
(2021) 371(6529):eabf4063. doi: 10.1126/science.abf4063

Cohen KW, Linderman SL, Moodie Z, Czartoski J, Lai L, Mantus G, et al.
Longitudinal Analysis Shows Durable and Broad Immune Memory After SARS-
CoV-2 Infection With Persisting Antibody Responses and Memory B and T
Cells. Cell Rep Med (2021) 2(7):100354. doi: 10.1016/j.xcrm.2021.100354

Long Q-X, Tang X-J, Shi Q-L, Li Q, Deng H-J, Yuan J, et al. Clinical and
Immunological Assessment of Asymptomatic SARS-CoV-2 Infections. Nat
Med (2020) 26(8):1200-4. doi: 10.1038/s41591-020-0965-6

Aguilar-Bretones M, Westerhuis BM, Raadsen MP, de Bruin E, Chandler FD,
Okba NMA, et al. Seasonal Coronavirus-Specific B Cells With Limited SARS-
CoV-2 Cross-Reactivity Dominate the IgG Response in Severe COVID-19. J Clin
Invest (2021) 131(21):e150613. doi: 10.1172/JCI150613

Wei ], Matthews PC, Stoesser N, Maddox T, Lorenzi L, Studley R, et al. Anti-Spike
Antibody Response to Natural SARS-CoV-2 Infection in the General Population.
Nat Commun (2021) 12(1):6250. doi: 10.1038/s41467-021-26479-2

Wang K, Long Q-X, Deng H-J, Hu ], Gao Q-Z, Zhang G-J, et al. Longitudinal
Dynamics of the Neutralizing Antibody Response to Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) Infection. Clin Infect Dis (2021) 73
(3):¢531-9. doi: 10.1093/cid/ciaal143

Buttiron Webber T, Provinciali N, Musso M, Ugolini M, Boitano M,
Clavarezza M, et al. Predictors of Poor Seroconversion and Adverse Events
to SARS-CoV-2 mRNA BNT162b2 Vaccine in Cancer Patients on Active
Treatment. Eur ] Cancer (2021) 159:105-12. doi: 10.1016/j.ejca.2021.09.030
Suhandynata RT, Hoffman MA, Huang D, Tran JT, Kelner MJ, Reed SL, et al.
Commercial Serology Assays Predict Neutralization Activity Against SARS-
CoV-2. Clin Chem (2021) 67(2):404-14. doi: 10.1093/clinchem/hvaa262
Tillett RL, Sevinsky JR, Hartley PD, Kerwin H, Crawford N, Gorzalski A, et al.
Genomic Evidence for Reinfection With SARS-CoV-2: A Case Study. Lancet
Infect Dis (2021) 21(1):52-8. doi: 10.1016/S1473-3099(20)30764-7

Hall V], Foulkes S, Charlett A, Atti A, Monk EJM, Simmons R, et al. SARS-
CoV-2 Infection Rates of Antibody-Positive Compared With Antibody-
Negative Health-Care Workers in England: A Large, Multicentre,
Prospective Cohort Study (SIREN). Lancet (2021) 397(10283):1459-69.
doi: 10.1016/50140-6736(21)00675-9

Cavanaugh AM, Spicer KB, Thoroughman D, Glick C, Winter K. Reduced
Risk of Reinfection With SARS-CoV-2 After COVID-19 Vaccination.
MMWR Morb Mortal Wkly Rep (2021) 70(32):1081-3. doi: 10.15585/
mmwr.mm?7032el

Aydillo T, Rombauts A, Stadlbauer D, Aslam S, Abelenda-Alonso G, Escalera
A, et al. Antibody Immunological Imprinting on COVID-19 Patients. Nat
Commun (2020) 12(1):3871. doi: 10.1101/2020.10.14.20212662

28. Shrock E, Fujimura E, Kula T, Timms RT, Lee IH, Leng Y, et al. Viral Epitope
Profiling of COVID-19 Patients Reveals Cross-Reactivity and Correlates of
Severity. Science (2020) 370(6520):eabd4250. doi: 10.1126/science.abd4250

29. Becker M, Strengert M, Junker D, Kaiser PD, Kerrinnes T, Traenkle B, et al.
Exploring Beyond Clinical Routine SARS-CoV-2 Serology Using MultiCoV-
Ab to Evaluate Endemic Coronavirus Cross-Reactivity. Nat Commun (2021)
12(1):1152. doi: 10.1038/s41467-021-20973-3

30. Poston D, Weisblum Y, Wise H, Templeton K, Jenks S, Hatziioannou T, et al.
Absence of SARS-CoV-2 Neutralizing Activity in Pre-Pandemic Sera From
Individuals With Recent Seasonal Coronavirus Infection. Clin Infect Dis
(2021) 73(5):e1208-11. doi: 10.1093/cid/ciaal803

31. Dugas M, Grote-Westrick T, Vollenberg R, Lorentzen E, Brix T, Schmidt H,
et al. Less Severe Course of COVID-19 Is Associated With Elevated Levels of
Antibodies Against Seasonal Human Coronaviruses OC43 and HKU1 (HCoV
0C43, HCoV Hkul). Int ] Infect Dis (2021) 105:304-6. doi: 10.1016/
1.ijid.2021.02.085

32. Ortega N, Ribes M, Vidal M, Rubio R, Aguilar R, Williams S, et al. Seven-
Month Kinetics of SARS-CoV-2 Antibodies and Role of Pre-Existing
Antibodies to Human Coronaviruses. Nat Commun (2021) 12(1):4740.
doi: 10.1038/s41467-021-24979-9

33. Ivanov A, Semenova E. Long-Term Monitoring of the Development and
Extinction of IgA and IgG Responses to SARS-CoV-2 Infection. ] Med Virol
(2021) 93(10):5953-60. doi: 10.1002/jmv.27166

34. Gaebler C, Wang Z, Lorenzi JCC, Muecksch F, Finkin S, Tokuyama M, et al.
Evolution of Antibody Immunity to SARS-CoV-2. Nature (2021) 591
(7851):639-44. doi: 10.1038/s41586-021-03207-w

Conflict of Interest: SG reports having received research support and/or
consulting fees from Moderna, Merck, GSK, VBI Vaccines, and Meridian
Biosciences. No products of these companies were used in the study.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Tanunliong, Liu, Vijh, Pidduck, Kustra, Mdrquez, Choi,
McLennan, Hayden, Kearney, Gantt, Krajden, Morshed, Jassem and Sekirov. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Immunology | www.frontiersin.org

January 2022 | Volume 12 | Article 775420


https://doi.org/10.1016/j.jcv.2021.104765
https://doi.org/10.1126/sciimmunol.abe5511
https://doi.org/10.1126/sciimmunol.abe5511
https://doi.org/10.1126/science.abf4063
https://doi.org/10.1016/j.xcrm.2021.100354
https://doi.org/10.1038/s41591-020-0965-6
https://doi.org/10.1172/JCI150613
https://doi.org/10.1038/s41467-021-26479-2
https://doi.org/10.1093/cid/ciaa1143
https://doi.org/10.1016/j.ejca.2021.09.030
https://doi.org/10.1093/clinchem/hvaa262
https://doi.org/10.1016/S1473-3099(20)30764-7
https://doi.org/10.1016/S0140-6736(21)00675-9
https://doi.org/10.15585/mmwr.mm7032e1
https://doi.org/10.15585/mmwr.mm7032e1
https://doi.org/10.1101/2020.10.14.20212662
https://doi.org/10.1126/science.abd4250
https://doi.org/10.1038/s41467-021-20973-3
https://doi.org/10.1093/cid/ciaa1803
https://doi.org/10.1016/j.ijid.2021.02.085
https://doi.org/10.1016/j.ijid.2021.02.085
https://doi.org/10.1038/s41467-021-24979-9
https://doi.org/10.1002/jmv.27166
https://doi.org/10.1038/s41586-021-03207-w
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Persistence of Anti-SARS-CoV-2 Antibodies in Long Term Care Residents Over Seven Months After Two COVID-19 Outbreaks
	Introduction
	Materials and Methods
	Study Participants
	Nucleic Acid Amplification Tests (NAAT)
	Health Canada-Approved Commercial Serology Assays
	Meso Scale Discovery Multiplex Immunoassay
	Statistical Analysis

	Results
	Study Population
	Seroprevalence and Attack Rates of SARS-CoV-2 in LTCF
	Duration of SARS-CoV-2 IgG
	Elevation of HCoV-HKU1 and HCoV-OC43 Antibody Levels Among SARS-CoV-2 Positive Persons

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


