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ABSTRACT

Introduction The COmmunity Cohort Study aims to
determine, after natural exposure to SARS-CoV-2 or
anti-SARS-CoV-2 vaccines deployed in Chile to prevent
COVID-19 in the context of the current pandemic,

the strength and duration of detectable neutralising
antibodies in adult ambulatory primary care patients with
cardiovascular risk factors.

Methods and analysis We will set up a community-
based longitudinal, prospective cohort study. The study will
be conducted in two public outpatient clinics located in
the southern district of Santiago, Chile. We expect to begin
recruitment in the second quarter of 2022. Each patient
will be followed up for at least 1 year after inclusion in

the cohort. The eligible population will be adult patients
registered in the Cardiovascular Health Programme.
Exposure in this study is defined as any event where
participants have contact with SARS-CoV-2 antigens from
natural exposure or vaccination. The primary outcomes
are seroconversion and strength and duration of the
neutralising IgG antibodies to SARS-CoV-2. Secondary
outcomes are any COVID-19-related event or intercurrent
morbidities or death. Data will be collected by extracting
serial blood samples and administering a questionnaire

at the first face-to-face contact and monthly follow-up
time points. The sample size estimated for this study

is 1060. We will characterise the cohort, determine the
seroprevalence rate of neutralising antibodies at baseline
and determine the rates of antibody decline using a
longitudinal mixed-effects model.

Ethics and dissemination The Scientific Ethics
Committee of the South Metropolitan Health Care Service
approved the study protocol (Memorandum No 191/2021).
We will present the results in two peer-reviewed
publications and national and international professional
and academic meetings. We will organise seminars with
relevant stakeholders and hold town hall meetings with the
local community. We will set up a COmmunity Cohort Study
website at www.communitystudy.cl to disseminate the
study purpose, research team and milestones.

INTRODUCTION

Recovery from many viral infectious diseases
is followed by a period of infection-induced
immune protection against reinfection.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study will provide longitudinal prospective hu-
moral immune response measurements to SARS-
CoV-2 and its vaccines in a medium-sized cohort of
community-dwelling individuals with cardiovascular
risk factors as they are exposed to the virus or the
vaccines.

= Neutralising antibodies will be measured with an
emergency use-licensed assay with a known cor-
relation with live virus neutralising antibody assays.

= The major limitation of this study is the 1-year
follow-up, which we hope to extend as we obtain
further funding.

= Our study has a risk of attrition bias that we will ad-
dress with close follow-up of participants and strong
patient and community engagement.

This phenomenon is widely observed in
many respiratory viral infections, including
endemic coronaviruses, for which acquired
immunity wanes over time, making individ-
uals susceptible to reinfection.'™

SARS-CoV-2 has some similarities with the
other coronaviruses with pandemic behaviour
that cause severe acute respiratory syndromes,
such as SARS and MERS. They have a
common zoonotic origin, a similar transmis-
sion route, and worse clinical outcomes in
older people and individuals with underlying
health conditions.*® Following infection, the
humoral immune response can be evaluated
with total antibodies, specific antibodies (IgA,
IgM and IgG) and neutralising antibodies.
Long-term immunity depends on the pres-
ence of sensitised memory B cells and CD4+
and CD8+ T cells, which are much more chal-
lenging to measure given the complex labora-
tory methods required.””

While 95% of people infected with SARS-
CoV-2 develop specific antibodies in the first
weeks after infection,'” the strength and
duration of this humoral response and its
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correlation with Erotection against the disease have yet
to be established.” ! Thus, the anti-SARS-CoV-2 immune
response cannot only be determined with broad-based
serological testing—measurements of the humoral
response should also include an assessment of protection
against the disease.'”

The relationship between antibody titres, the severity of
infection, and the risk of infection and reinfection, as well
as the absence of seroconversion in some individuals and
the role of cellular immunity in the immune response
against COVID-19, are being actively studied." "*'° Some
studies have shown that the greater the severity of the
infection, the greater the magnitude of the humoral

immune response'” '%; that the probability of reinfection

is significantly lower in seropositive individuals'*™%; and
that vaccination after SARS-CoV-2 infection increases
the magnitude of this response.'?** Moreover, constantly
emerging variants of the virus are also being looked into
due to increased transmissibility and resistance to vaccine-
induced humoral immunity.2*~’

Neutralising antibodies target the receptor-binding
domain of SARS-CoV-2 protein S and prevent its interaction
with the host ACE 2.” *** The quantification of neutral-
ising antibodies makes it possible to define an immune
threshold above which individuals are likely to be protected
while below they are likely to be susceptible.” **** The
viral neutralisation test is the gold standard for measuring
neutralising antibodies. This test can be done with a func-
tional infectivity assay, such as the plaque reduction neutral-
isation test.”” * Pseudoviral vectors are being introduced
for anti-S neutralising antibody assays in biosafety level 2
laboratories to avoid the live virus test that requires a level
3 facility.” **' Additionally, commercial enzyme immu-
noassays or chemiluminescent immunoassays have been
introduced that determine the serum neutralising activity
directed to the SARS-CoV-2 spike protein.” %%

While these tests are useful for assessing the humoral
immune response to infection or vaccination, correla-
tions of protection need to be established. Neutralising
antibodies have been isolated in 99% of individuals previ-
ously infected with SARS-CoV-2,"" and it is postulated that
their presence would correlate strongly with protection
against infection and reinfection in individuals with no
history of COVID-19 but who have been previously vacci-
nated 91928 33 36-38

The duration of immunity to SARS-CoV-2, whether
acquired by disease or vaccination, is also under study.
Most people have levels of IgG and neutralising anti-
bodies that are detectable for at least 6 months after
infection,7 9193940 depending on, among other factors,
age and severity of infection,”” '"1*1** the immune status
of the individual,” *' ** infection by emerging genetic
Variants,g 9 24226 42°50° (5 ccination status,3 915 194247 he
vaccine administered,” *” ¥ 1 #4852 454 the deployed
dosing schedule for primary vaccination and booster
doses, > 9 36 38 49-55

Different publications have shown that a higher
cardiovascular risk from conditions such as arterial

hypertension,* "™ diabetes,” " dyslipidaemia,” heart
failure™ %% and coronary heart disease™ > 2 %% is asso-
ciated with a higher risk of severe COVID-19 and death.
Smoking has also been identified as a cardiovascular risk
factor associated with greater risk of COVID-19.% " Other
factors associated with worse prognosis are advanced age,
male sex, obesity, chronic obstructive pulmonary disease
and other pulmonary pathologies, chronic kidney disease,
liver failure, cancer, history of solid organ and haema-
topoietic precursor transplantation, as well as socioeco-
nomic status and being part of under-represented racial/
ethnic groups.” *' %

Since the publication of the first reported cases in
Wuhan, China, in December 2019, the disease caused by
SARS-CoV-2 has resulted in over 336 million cases and
5.6 million deaths worldwide,” making it one of the most
devastating pandemics in recent times. To date, more
than 9.8 billion doses of SARS-CoV-2 vaccines have been
administered globally, with more than 60% of the world
population inoculated with at least one dose.” In Chile,
to date, more than 90% of the population has been vacci-
nated with at least two doses and 60% with booster doses.

Under the name of the ‘COmmunity Cohort Study’,
where the ‘CO’ stands for COVID-19, we aim to deter-
mine, after natural exposure to SARS-CoV-2 or anti-SARS-
CoV-2 vaccines deployed in Chile to prevent COVID-19
in the context of the current pandemic, the strength and
duration of detectable neutralising antibodies in adult
ambulatory primary care patients with cardiovascular risk
factors.

METHODS AND ANALYSIS

The methods of this study were designed in concordance
with the WHO Unity Studies”" and are reported following
the Strengthening the Reporting of Observational Studies
in Epidemiology statement for cohort studies.”

Study design
We will set up a community-based longitudinal, prospec-
tive cohort study.

Setting
The study will be conducted in two public, primary care,
outpatient clinics located in the municipality of Pedro
Aguirre Cerda in the southern district of Santiago, the
capital of Chile. We expect to begin recruitment in the
second quarter of 2022 and conclude after 6 months.
Both outpatient clinics provide care for the population
within the family health model framework as per ministe-
rial technical guidamce.73

Pedro Aguirre Cerda municipality has a population
of 101 174 according to the most recent national census
(2017), with an average age of 38.3 years. According to
the National Household Survey,74 in 2020, 11.7% of this
municipality’s population was classified as poor by income
and the 2020 Social Prioritzf Index rated it as having a
medium-high social priority. b
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Participants

The eligible population will be adult patients registered in
the Cardiovascular Health Programme. This programme
is guided by the national Ministry of Health and seeks
to reduce the incidence of cardiovascular events in the
catchment population by implementing primary and
secondary cardiovascular risk factor preventive actions in
primary care.” Patients are referred to this programme if
one or more of the following conditions or risk factors are
present: atherosclerotic cardiovascular diseases (coronary
artery disease, stroke, peripheral arterial disease, aortic
atherosclerosis, kidney vascular disease, carotid artery
disease), high blood pressure, type 2 diabetes mellitus,
dyslipidaemia and smoking.

Participants will be recruited in each outpatient clinic
as they come in for their ambulatory visits or to pick up
prescriptions from the pharmacy. Clinic personnel will
provide patients with information materials on the study
and prompt them to contact the recruitment office of
each site.

We will include patients aged 18 years or older, without
serious concomitant conditions and clinically stable,
with reasonable willingness to adhere to the follow-up
protocol, and who voluntarily give informed consent.
There will be no restrictions regarding previous symp-
tomatic COVID-19 or vaccination status.

Each patient will be followed up for at least 1 year
after inclusion in the cohort. We will seek funding
during 2022 to extend the follow-up for more than 1
year.

Blood sample
collection

Remaote contact
Baseline

© «—

Variables

Exposure in this study is defined as any event where
participants have contact with SARS-CoV-2 antigens from
natural exposure or vaccination. The primary outcomes
are seroconversion and strength and duration of the
neutralising IgG antibodies to SARS-CoV-2. Secondary
outcomes are any COVID-19-related event or intercur-
rent morbidities or death.

At baseline, sociodemographic variables (age, gender,
occupation, educational level, among others) and clinical
data (vaccination status, number of doses received, plat-
form and commercial name of the vaccine or vaccines,
previous COVID-19 events, cardiovascular morbidity,
other known risk factors) will be collected.

Any patient who presents with a COVID-19-related
event during the study follow-up period will be further
characterised regarding other contributing factors to
contextualise the events in more detail.

Data sources and measurements

Primary data will be collected by extracting blood samples
and administering a questionnaire at the first face-to-face
contact with the participant and at various follow-up
time points (figure 1). Every 3 months, participants will
either be approached in their homes or get an appoint-
ment in their outpatient clinic for the follow-up blood
sample extractions. Overall, each participant will be
contacted face-to-face four times during the study period:
once for the baseline measurements and three follow-up
measurements to draw blood samples. Participants will
be contacted monthly by study personnel by telephone

The
COmmunity Cohort Study

COVID-19 humoral immune response in
patients with cardiovascular risk factors

If at any point during the study period a SARS-CoV-2-related event accurs, IgG
antibodies will be measured 3 o 4 weeks after exposure.
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Figure 1
prepared by the authors. CV, cardiovascular.

Frequency and modality of measurements and follow-up during the 1-year study period for the cohort. Source:
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or WhatsApp, and their COVID-19 health status will be
monitored, including any related events. Figure 1 shows
the frequency and modality of contacts over the l-year
follow-up period.

Antibodies will be measured using the Atellica IM
SARS-CoV-2 IgG (sCOVG) assay. If a COVID-19-related
event occurs or the participant’s vaccination status
changes in any way, an additional measurement will be
done 3-4 weeks post-exposure. A blood sample will be
collected through phlebotomy from each study subject
and processed by an IM Atellica Analyzer in BioNet, the
reference laboratory participating in this study. The result
will be informed as a data point in a measuring interval
from 0.5 to 150.

The sCOVG assay is an in vitro diagnostic test that uses
chemiluminescent immunoassay for the qualitative and
semiquantitative detection of IgG antibodies to SARS-
CoV-2 in human serum and plasma including neutralising
antibodies. The results are reported as non-reactive (nega-
tive) when an index is less than 1 and reactive (positive)
when above or equal to 1. Numerical results are reported
for samples with values between 1 and 150 index, while
results above 150 are reported as above 150 index or
below 3000 index. According to Public Health England,
the assay gave a specificity of 100% (95% CI: 98.9% to
100.0%) and a sensitivity of 78.3% (95% CI: 66.7% to
87.3%) >21 days after symptom onset.”” The manufac-
turer reports a sensitivity of 96.41% (95% CI: 92.74% to
98.44%) for samples 221 days post-RT-PCR confirmation
and a specificity of 99.64%-99.99% for apparently healthy
individuals.” The Federal Drug Administration approved
the assay in July 2021 for emergency use.

Three paper-based data collection forms will be
administered by study site personnel at baseline after
the participant has signed the informed consent. First,
a form will gather the participant’s full contact details
and social networks, including contact details of a close
family member, neighbour or friend, to ensure contacta-
bility for the duration of the study follow-up period. This
form will not be anonymised and will include the unique
sequential folio number of the signed informed consent.
Second, a short sociodemographic instrument with the
unique folio number will be administered. Third, a clin-
ical event form will inquire on COVID-19-related events,
vaccinations—including platform and brand name,
cardiovascular risk factors, and any other clinical event
or morbidity deemed important to register at this stage.
Site personnel will input the information each day into
an electronic form. Contact details will be uploaded into
a Google sheet shared and accessed only by the study site
personnel and the field coordinators. Conversely, the
sociodemographic and clinical data extraction forms will
be inputted into REDCap for later analysis using only the
unique folio number, thus precluding identification of
patients by data analysts.

Participants will be followed up monthly by telephone
to inquire about their COVID-19 status, including
vaccines and booster shots, close contact with patients

with COVID-19 and any other relevant information of
this sort. This will be done using the same clinical event
form administered at the initial contact. Field personnel
will regularly contact participants to schedule the blood
sample drawing.

Strategies to minimise bias
There are three possible sources of bias in this study:
selection, measurement and attrition.

Selection bias may occur if enrolment rates are low.
Stated in other words, if many eligible participants refuse
to enrol in the study, the resulting cohort could be
different from the population they were drawn from in
substantive ways, thus potentially introducing bias in the
results. To minimise selection bias, we will work closely
with each site’s healthcare workers, who will help us enrol
participants. Likewise, we will engage local patient associ-
ations and the community to promote awareness of our
study and thus facilitate willingness to participate.

We deem the risk of measurement bias to be low in our
study, given that the detection of antibodies to SARS-CoV-2
in serum is an objective measurement, straightforward,
automated and performed by an external laboratory. The
personnel in charge of processing the samples will not
know the exposure status of the participants. All samples
will be anonymised. The items included in the question-
naires will be straightforward, and no other measure-
ments will be done. All field personnel will be previously
trained.

Attrition bias is always a risk in studies involving an
extended follow-up of participants. An essential step to
ensure adherence to the study is the informed consent
process. We will recruit participants coming to their
medical appointments or retrieving medication from
the pharmacy unit. Recruitment will be done with suffi-
cient time to explain the study process, clarify any doubts,
communicate the importance of the research being done,
all in line to ensure a willing and open mindset towards
the study.

Study size

We plan to recruit a sample of 1060 patients over a period
of 6 months. We did not base this number on a formal
sample size calculation for two reasons. First, at the time
of grant proposal writing, which still holds true, the sero-
prevalence rates were irregular and strongly dependent
on pandemic waves and country vaccination campaign
characteristics such as timing, number of doses and prod-
ucts being rolled out. Second, the available funds for this
project were capped at a sum that made it impossible to
increase the sample size further. Notwithstanding the
former considerations, we believe that this sample size will
allow us to estimate seroprevalence with good precision.
According to the Unity Studies of the WHO,™ a sample of
300 has an expected margin of error of 4%. Similarly, we
calculate a margin of error of 1% with a sample of 1000

at an expected seroprevalence of 3% and a confidence
level of 95%.
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Statistical analysis

Due to the constant and dynamic shifts in the COVID-19

epidemiology, from new vaccines being introduced to

booster doses of vaccines being rolled out to the emer-
gence of new variants, itis difficult to predict any outcome;
hence, planning a statistical analysis is challenging.

Furthermore, the unvaccinated population (natural

controls) decreases as vaccine coverage increases. Finally,

a drawback for the analysis plan arises from the inade-

quate capacity to distinguish between vaccine-induced or

infection-induced antibodies, as this depends on the type
of vaccine and assay used.

Keeping in mind this context, we expect to be able to

report the following results:

1. Participant flow: number of eligible patients invited to
participate, number of participants effectively includ-
ed in the study, number of participants who dropped
out of the study prematurely (with reasons), number
of participants included in the principal and second-
ary analyses.

2. We will do a descriptive characterisation of the baseline
cohort demographics and clinical and vaccine history.
The seroprevalence rate of neutralising IgG antibodies
will be determined for the entire cohort initially and
subsequently for subpopulations by age, vaccination
status, cardiovascular risk and any other pertinent sub-
grouping.

3. For the principal analysis, we will provide:

- Graphic and descriptive statistics of the observed
changes in serum neutralising antibody levels for
the different exposed groups, at different time
points (calendar time for all participants, and time-
to-event for participants who experienced an expo-
sure event: vaccination or COVID-19).

- Rates of antibody decline (or half-ife, if possible)
estimated using a longitudinal mixed-effects model.
The 95% CIs and IQRs will be calculated for the es-
timated rates. The fixed-effects model will consider
age, gender, smoke habits and cardiovascular risk
factors.

4. For the secondary analysis, we will estimate:

- Incident COVID-19 clinical events occurring dur-
ing the study analysed by severity and other clinical
and epidemiological features, along with neutralis-
ing antibody levels measured at 3—4 weeks after the
COVID-19 event.

- Vaccine exposure events occurring during the study
will be tabulated and analysed by type of vaccine and
other clinical and epidemiological features, along
with neutralising antibody levels measured close to
the time of vaccine administration.

- Other post hoc analyses may be performed driven
by the concurrent pandemic developments.

5. When applicable, missing data regarding key variables
will be reported and handled by appropriate statistical
imputation methods. Diagnostic checks of model as-
sumptions will be done and reported as supplemental
material.

We will use the R Project for Statistical Computing,
particularly the package ‘nlme’ for modelling purposes.

Patient and public involvement
We will engage patient organisations of each primary
care clinic from the start of the planning process, and we
will work with them in each sensitive stage of the study.
Together with the two clinic directors and staff, we will
contact and engage two to four representatives from the
local patient associations to participate from the begin-
ning of the study in planning and creating the educational
and explanatory materials. These representatives will be
asked to advise the research team on the relevance and
clarity of the messages and on the best way to approach
the eligible population. We consider patients and the
community as essential stakeholders in the project and
will be key participants throughout the process.
Dissemination to the local community will be done
through a simple, targeted communication campaign
beginning before recruitment that will explain the impor-
tance of the study, the questions it seeks to answer and the
applicability of the findings. This campaign aims to make
users of the cardiovascular health programme aware of
the study, instilling in them a desire to participate and,
therefore, a willingness to enrol when the time comes.
The campaign will include a talk by the study director
and a co-investigator in a town hall meeting with the
community of each clinic. In addition, leaflets will be
distributed in the pharmacy and consultation offices. At
the end of the study, we will again hold another town hall
meeting with the community and the municipal author-
ities to present the study’s main results and the likely
impact on important public health decisions regarding
the COVID-19 pandemic. We will use lay language for all
communications with the community.

ETHICS AND DISSEMINATION

The Scientific Ethics Committee of the South Metropol-
itan Health Care Service approved the study protocol,
as stated in Memorandum No 191/2021. The obser-
vational design entails minimal risk to participants.
No direct benefits to participants are anticipated,
and no incentives for participation will be provided
nor reimbursement for expenses. Personal data will
be handled according to Chilean laws and regula-
tions (Act No 19 628), and data will be anonymised as
described above. At enrolment, potential participants
will be fully informed on all aspects of the study and
will be prompted to share their full contact details
for follow-up. If we raise funds for a serum bank, a
separate form will be created for consent to store the
retrieved samples. The form will then be submitted for
specific ethics approval by the committee that granted
the initial approval. Under Chilean Act No 20 120, the
study must also be authorised by the directors of the
study sites and the corresponding municipality. These
authorisations have already been obtained.
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We will present the results in two peer-reviewed
publications and national and international profes-
sional and academic meetings. We will organise semi-
nars with relevant stakeholders (health policymakers
and authorities, experts, academics) and hold town
hall meetings with the local community. We will set up
a COmmunity Cohort Study website at www.communi-
tystudy.cl to disseminate the study purpose, research
team and milestones.

DISCUSSION

At the time of writing, the COVID-19 pandemic is in a

phase of steadily increasing community transmission

in Chile and the world due to the rapid dissemina-
tion of Omicron. The immunisation of populations
with different types of vaccines has been ongoing for

a year in some countries or at a bare minimum in

other countries. Many decisions are still made based

on incomplete, short-term evidence or evidence that
changes over the months, which is understandable and
unavoidable; however, prospective cohort studies are
needed to answer questions that can only be addressed
with longitudinal designs. This project focuses on
an essential tool for epidemiological surveillance of

COVID-19, which is the presence of anti-SARS-CoV-2

antibodies in the community.

Chile is one of the countries with the highest cumu-
lative rate of confirmed cases of COVID-19 per 100
000 inhabitants. It is also one of the countries with the
most significant vaccine coverage. As of writing, 87%
of the population has been fully vaccinated, and 61%
boosted. As of 5 December 2021, Chile has authorised
the following vaccines: BNT162b2/Pfizer-BioNTech,
CoronaVac/Sinovac, AZD1222/0Oxford-AstraZeneca,
Ad5-nCoV/CanSino, Ad26.COV2.S/Janssen and
GAM-COVID-VAC/Gamaleya.

The COmmunity Cohort Study will allow us to:

1. Know the seroprevalence of neutralising antibodies in
the same population of individuals with greater preci-
sion and at different time points.

2. Ascertain the proportion of unvaccinated and vaccinat-
ed individuals, including primary scheme and booster
doses, including length of time since last exposure.

3. Estimate the seroconversion rate of initially seronega-
tive patients at 1 year of follow-up.

4. Know the incidence of COVID-19 in this risk group,
regardless of vaccination status. After establishing the
baseline seroprevalence, we will prospectively capture
all COVID-19 clinical events and their outcomes.

5. Better understand the strength and duration of neu-
tralising antibodies in vaccinated individuals or those
with symptomatic COVID-19.

These results will be a reliable evidence base for
decision-making on various issues, such as modelling
epidemic waves and needs for vaccination and testing.
The results will also be relevant when considering

whether to relax SARS-CoV-2 transmission control
measures.

Our study has some limitations. We could not calcu-
late a sample size based on COVID-19-related events
due to the troughs and peaks of cases arising from
the spread of variants such as Delta and Omicron.
We do not know in what epidemiological scenario we
will find ourselves during the fieldwork of our study.
Thus, estimations of associations between exposure
to vaccines or infection and clinical outcomes will
depend on the incidence rate of cases during data
collection. Notwithstanding, neutralising antibody
level data should be available for a large proportion of
the cohort who will have been vaccinated or boosted
relatively recently.

No funding is currently available to create a serum
bank to store the aliquoted serum samples gath-
ered during the conduct of the study. However, we
will maximise efforts to raise the necessary funds to
purchase a deep freezer for long-term storage of the
biological samples.
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