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Abstract: Background: The COVID-19
pandemic that emerged in Wuhan, China at
the end of 2019, spread rapidly around the
world with almost 600 million cases and 6.3
million deaths today. The most affected were
health workers with at least three times the
risk of contracting the disease than the general
community. Most studies on seroprevalence
in health workers focus on hospital care
establishments and what happens in Primary
Health Care (PHC) has not been investigated
with the same intensity. Objectives: to
determine the prevalence and know the
variation of antibody titers for SARS-CoV-2
in serial samples of primary healthcare
personnel from the commune of La Pintana.
Method: an analytical observational study
with a cross-sectional and a longitudinal
component, carried out from November 2020
to June 2021. The first component consisted
of an IgG antibody seroprevalence study
performed at baseline (time 0) in volunteer
of a universe of 900 workers. The longitudinal
component considered the monitoring of
IgG antibodies in those who presented a
positive result at baseline and the analysis
of neutralizing antibodies in a random
sub-sample of 50% of them. Additionally,
sociodemographic and clinical information
was collected via a questionnaire. Univariate,
bivariate, and longitudinal analyses were
performed to evaluate differences in
antibodies. The study was approved by the
Universidad del Desarrollo’s Scientific Ethics
Committee. Results: 463 primary healthcare
workers participated, mostly women and
with a median of 38 years; doctors and nurses
represented 9.5% each and 14.7% had a
history of COVID-19. The seroprevalence at
baseline was 22.3% and was associated with
younger age, being a doctor and having been
in close contact of a case. IgG titers increased
with the vaccine, but decreased over time. At
the 6-month follow-up, 76% had neutralizing

antibodies. Those belonging to indigenous
peoples had higher IgG levels and higher
rates of neutralizing antibodies. Conclusion:
Healthcare workers were highly affected by
COVID-19, and the medical profession and
younger age were factors associated with
increased risk. Antibodies decrease over
time, highlighting the importance of follow-
up studies, as well as the importance of
vaccination boosters in healthcare workers,
especially those in PHC.
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INTRODUCTION

In December 2019, an outbreak of serious
respiratory infections caused by a previously
unknown strain of coronavirus, which was
called SARS-CoV-2 (1) and the disease it
causes, COVID-19 (Coronavirus disease-19),
was reported in China (Wuhan). Cases
spread rapidly, and on March 11, 2020, the
World Health Organization (WHO) declared
it a pandemic. Two years after that milestone,
there are more than 565 million cases and 6.4
million deaths worldwide, with more than
11.8 billion vaccines administered. (2) In
Chile as of July 2022, there are more than 4
million cases and almost 60,000 deaths. (3)
The vaccination campaign against SARS
CoV-2 began in January 2021, reaching full
vaccination coverage (including boosters) of
92% of the target population by July 2022. (4)

The transmission characteristics of the
disease implied a great demand for healthcare
workers worldwide, who have needed to
perform in the first line of care, thus being
exposed to a greater risk of disease. (5) Health
personnel represent less than 3% of the total
population; however, between 14% and 35%
of reported COVID-19 cases were healthcare
workers. (6) The World Health Organization
estimates that around 115,000 health workers
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have died worldwide. (7) Therefore, in August
2020, the Pan American Health Organization
(PAHO) wurged countries to strengthen
health service capacities and keep personnel
equipped with resources and training to
deliver an adequate and timely response to the
pandemic. (8)

There is abundant evidence on
seroprevalence in health professionals;
however, this is mainly focused on hospital
care facilities. (9-11) Research on primary care
personnel is scarce, although it has increased
in the last year. (11-13) Internationally, these
studies report seroprevalence close to 5%
during the first wave and between 8.1% and
17% during the second, figures significantly
higher than in the general population. (14,15)

In a study conducted on health workers at
a large hospital in Sweden, the seroprevalence
of IgG antibodies against SARS-CoV-2 was
19.1%. (16)

In Chile, a nationwide seroprevalence
study, which included more than a third
of public sector healthcare personnel, both
at the hospital and primary care levels,
reported total seropositivity of 7.2% after
the first wave; hospital-level workers had
twice the risk compared to those in primary
care (seroprevalence of 9.4% and 4.4%,
respectively). (17) Another study in long-term
care facilities for the elderly in three regions of
Chile recorded 6.3% seropositivity in health
officials, showing a positive and significant
correlation between the seroprevalence of staff
and residents. (18) In a study conducted in a
hospital in Santiago, Chile, the seroprevalence
of those who worked in the COVID patient
area was 24% (43% asymptomatic).(19)

The IgG-type humoral immune response
appears between 15 and 21 days from the time
of infection (20) and neutralizing antibodies
(NAbs) correspond to a portion of IgG
antibodies that have the ability to neutralize
the virus, preventing its entry into cells. They

are a vital part of the immune response, and
their measurement is fundamental to know
the immunity produced either by infection or
by vaccine. (21)

The detection of antibodies presents a
sensitivity close to 100% in the convalescence
and subsequent phases (22,23). International
studies show that anti-SARS-COV-2 IgG
antibody titers are detectable at high levels for
up to 3 months, decreasing between 6 and 9
months. (24-26) Other studies demonstrated a
persistence of IgG and neutralizing antibodies
for up to 13 months, the concentrations
of which remained higher in people with
significant symptoms compared to people
who were asymptomatic or with mild upper
respiratory tract discomfort. (26) A study
on the persistence of neutralizing antibodies
(NAbs) among healthcare workers showed a
significant decrease in NAbs titers between
day 21 of infection and the third month (p
< 0.0001). (27) In a post-vaccine follow-up
study, neutralizing antibodies persisted for 6
months after the second dose, as detected by
three different serological assays. (28)

The objective of our study was to know
the variation of antibody titers for SARS-
CoV-2 in serial samples of primary healthcare
personnel from the La Pintana commune,
through the measurement of IgG antibodies
and neutralizing antibodies (NAbs) in a
subsample.

METHOD

STUDY DESIGN, POPULATION, AND
SAMPLE

An analytical observational study was
conducted with a cross-sectional and a
longitudinal component. Thetarget population
corresponded to the total number of workers
(N=900) who worked from November 2020
to June 2021 in the six primary healthcare
(PHC) facilities in the La Pintana commune,
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a sector of high social vulnerability located
in the south of the Chilean capital and which
presented high incidence rates of cases and
deaths during the first wave. (3)

The cross-sectional component consisted
of a seroprevalence study of antibodies against
SARS-CoV-2, conducted at the beginning
of the study (time 0), for which a minimum
sample of 381 people was estimated, with
95% confidence, 3% error, and an IgG+
seroprevalence of 19%; (16) volunteer
sampling was used, and all staff members
were invited to participate. The longitudinal
component included those who presented an
IgG+ result at time 0. A subsample of 50% of
them was taken randomly for neutralizing
antibody analysis at the end of the study (time
3).

VARIABLES AND DATA COLLECTION

For the determination of the serology
of antibodies against SARS-CoV-2, venous
blood samples were collected. The serum was
separated, divided into aliquots, and stored at
-20°C until analysis.

Specific IgG was determined using
commercial enzyme-linked immunosorbent
assays (ELISA), COVID-19 ELISA IgG
(Vircell, Grenada, Spain) using recombinant
SARS-CoV-2 nucleocapsid (N) protein and
spike glycoprotein (S). Previously, the trial
was validated with serum samples from 60
COVID-19 patients confirmed by RT-PCR
and 40 asymptomatic RT-PCR negative
patients. The Vircell trial had a sensitivity of
85.7% and a specificity of 98.5% after 3 weeks
of symptom onset. The test was performed
according to the manufacturer’s instructions.
(29)

The cut-oft point for IgG+ was >=8. We
also included two participants with a limit
IgG result but with a recent medical history
of COVID-19 confirmed with a positive RT-
PCR test.

The activity of the SARS-CoV-2 specific
neutralizing antibodies in serum samples
was determined by neutralization assays,
using replication-competent pseudotyped
viral particles. (30) Vero E6 cells were seeded
as a monolayer in a 96-well optical bottom
plate and incubated overnight at 37°C with
5% CO2. On the following day, each serum
was two-fold serially diluted and incubated
with pseudovirus VSV-GFP-Spike SARS-
CoV-2, at 37°C for 30 min. Then, the virus-
serum mixture was transferred to a 96-well
plate containing the Vero cells and incubated
at 37°C with 5% CO2 for 18-20 h. After
incubation, the cells were washed and fixed
with paraformaldehyde 4%. The infection was
measured as GFP fluorescence intensity using
a Cytation3 plate reader. The half-maximal
inhibitory concentration (IC50) of the NAbs
was calculated using nonlinear regression
analysis in the Graphpad software, with each
sample tested in triplicate.

The serology and neutralizing antibody
analyses were carried out in the laboratory
of the Institute of Sciences and Innovation in
Medicine (ICIM) in the Faculty of Medicine
of the Universidad del Desarrollo-Clinica
Alemana.

In addition, each participant underwent

face-to-face interviews using structured
questionnaires,  designed to  collect
sociodemographic ~ variables:  sex, age,

belonging to an indigenous people, nationality
(Chilean or other), health system (public or
private) and occupation (medical or other),
as well as health: having suffered an episode
of illness, history of COVID-19 with PCR+
and vaccination record. Study data were
collected using Tablet and managed using
REDCap electronic data capture tools hosted at
Universidad del Desarrollo. (31,32) REDCap
(Research Electronic Data Capture) is a secure,
web-based software platform designed to
support data capture for research studies,
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providing 1) an intuitive interface for validated
data capture; 2) audit trails for tracking data
manipulation and export procedures; 3)
automated export procedures for seamless data
downloads to common statistical packages;
and 4) procedures for data integration and
interoperability with external sources.

The data collection was carried out four
times. Time 0 (TO) corresponded to the
measurement used for the cross-sectional
study and was executed in November
2020. Then three more measurements were
conducted for those people with a positive
result at time 0: time 1 (T1) January 2021,
time 2 (T2) March 2021 and time 3 (T3) June
2021. From this last measurement, 50% of
the samples were selected for the analysis of
neutralizing antibody levels.

Trained nurses conducted both the blood
sample collection and the application of
questionnaires, after the informed consent
process.

DATA ANALYSIS

The SPSS v.27 statistical package was
used for the analysis. First, a descriptive
analysis of the participants, their risk factors
and disease episodes were performed. For
quantitative variables, measures of central
tendency and dispersion were calculated,
and for categorical variables, frequencies
and percentages determined. To
study factors associated with the disease, a
multivariate analysis was performed using
logistic regression, considering a p<0.05.

Antibodies against SARS-CoV-2 were
analyzed in each measurement, by counting
IgG as a quantitative variable and from its
categorization as positive or negative.

To compare IgG concentrations in T1
and T3, the Wilcoxon Test was used, and
for the longitudinal analysis of IgG counts,
a Generalized Linear Model (GLM) was
developed, considering p<0.05.

were

For neutralizing antibodies, a descriptive
analysis was carried out based on the
quantitative count and the categorization as
positive or negative.

ETHICAL CONSIDERATIONS

The study was approved by the Scientific
Ethics Committee of the Universidad del
Desarrollo.  Participation was voluntary,
the process of signing informed consent
was conducted, indicating the scope of the
study. There were no associated risks or
costs for the participants, and as a benefit,
the subjects obtained results on their levels
of IgG antibodies against SARS-CoV-2.
The result of the blood sample was reported
in a maximum of 14 working days to each
participant. Data privacy was safeguarded at
all times using encrypted information that
could only be accessed by researchers, under
security standards with a personal and non-
transferable key.

RESULTS
CROSS-SECTIONAL COMPONENT

The cross-sectional component (T0) had
the participation of 463 primary healthcare
officials from the commune of La Pintana
(51.4% of the total), with a median age of 38
years (range 18-83 years), a greater proportion
of women (75.8%; 351/463) and beneficiaries
of public health insurance (Fonasa) (66.5%;
306/460). Doctors and nurses represented
9.5% (44/463) each, 49.9% corresponded
to other health professionals (231/463) and
31.1% (144/463) to personnel from other
areas.

A 14.7% (68/463) had a history of
COVID-19 by PCR, and the seroprevalence
of antibodies against SARS-CoV-2 at TO
was 22.3% (103/463). Older age appears as a
protective factor (OR 0.96; CI95% 0.94-0.98),
while being a doctor (OR 3.33; CI95% 1.71-
6.51) and have been in close contact (OR 2.17;
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CI95% 1.30-3.62), are risk factors against
transmission.

Regarding the clinical picture, 22.3% were
asymptomatic (23/103) and among those who
had symptoms (77.7%), the most frequent
were headache (66%; 68/103), myalgia (57.3%;
59/103) and odynophagia (46.6%; 48/103).
The probability of positive serology was
greater than 70% in those who had anosmia or
ageusia, and only 5 people were hospitalized
for COVID-19 (4.8%; 5/103).

The median antibody titers was 4.7; 4.0
for negative cases (RIQ 2.8-13.1) and 20.9 for
positive cases (RIQ 13.3-33.9), indicating a
statistically significant difference (p=0.029).

LONGITUDINAL COMPONENT

PARTICIPANT CHARACTERISTICS

Of the 103 positive cases, 100 completed
follow-ups (97.1%). Of these, 79% (79/100)
were women and the median age at the

beginning of the study was 32 years (range 27-
39 years) (Table 1).

Total 100(100%)
‘Women 79(79%)
Men 21(21%)
Age (median and IQR) 32(27-39)
Indigenous 13(13%)
Non-indigenous 87(87%)
Chilean nationality 87(87%)
Other nationality 13(13%)
FONASA (Public healthcare system) 61(61%)
ISAPRE (Private healthcare system) 39(39%)
Physician 20(20%)
Nurse 14(14%)
Other profession or occupation 66(66%)
Presented a respiratory infection episode 77(77%)
Di'd not present a respiratory infection 23(23%)
episode

History of COVID-19 by PCR 65(65%)
No history of COVID-19 by PCR 35(35%)

Vaccinated with two doses at T3 88(88%)

Vaccinated with one dose at T3 3(3%)

Not vaccinated at T3 9(9%)
Table 1. Sociodemographic and clinical

characteristics of primary healthcare workers
with igG+, La Pintana commune, Metropolitan
Region, Chile 2020

At TO, none of the participants had begun
the vaccination process; at T'1, only one person
had the first dose of the vaccine; at T2, 16%
(16/100) had received a first dose and 69%
(69/100) had already registered the second
dose; at T3, the percentage with a second
dose reached 88% (88/100), 3% had one dose
(3/100) and 9% remained unvaccinated (9/100)
(Table 1). As for the vaccine administered, 88
subjects received Sinovac (96.7% of those who
had at least one dose).

ANTIBODIES TO SARS-COV-2

In the first antibody measurement, the IgG
count had a median of 20.55, which increased
to 24.9 at time 1, without this variation being
statistically significant. When comparing the
IgG counts of time 1 and time 2, a significant
increase was recorded (p<0.001), and then
also significantly decreased (p<0.001) at time
3. The seroprevalence of antibodies against
SARS-CoV-2 remained over 95% at all times
(Table 2).

When comparing the results of time 3 (91%
vaccinated) and time 1 (without vaccine),
the median IgG increased, which was a
statistically significant difference (p<0.001),
and 5 people who had negative serology at T'1
became positive at T3, while only one person
remained negative.

The longitudinal analysis, considering
the entire period, shows the commented
fluctuations, with the time factor being
statistically significant (p<0.001) (Figure 1).
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FOH?W- Mean D-ev.. Median IQR Minimum Maximum Range N Seropre-
up time Deviation valence
TO 26.53 17.95 20.55 13.35-33.95 6.70% 85.20 78.50 100 100%
T1 29.61 19.40 24.90 11.32-56.2 6.50 56.30 49.80 100 95%
T2 43.30 25.13 40.80 17.1-75 2.60 75.00 72.40 99 97%
T3 35.68 20.70 31.05 15.2-58.58 1.60 75.00 73.40 100 99%
NAbs in o
T3%* 1312.56 2574.32 460.58  29.08-1553.61 0.00 12632.64  12632.64 50 76%

* A participant with an IgG limit result but with a confirmed RT-PCR COVID-19 medical history was positive in
the next sample collection, so this person was included in the analyses.
**Neutralizing antibodies measurement against the spike of SARS-CoV-2.

Table 2. Concentration of IgG in primary healthcare workers at each follow-up time and neutralizing

antibodies measurement against the spike of SARS-CoV-2 at T3, La Pintana commune, Metropolitan
Region, Chile 2020
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Figure 1. Concentration of IgG aginst SARS-CoV 2in primary health care workers at each follow-up time,

La Pintana commune, Metropolitan Region, Chile 2020.




When  specifically  analyzing  the
concentration of IgG at T3 according to other
variables, significant differences were recorded
(p=0.021) in favor of those who indicate
belonging to an indigenous people (n=13,
median=58.7, RIQ=20.65-58.95) compared
to those who do not (n=87, median=26.4,
RIQ=14.9-58.4) (Figure 2). Having had a
symptomatic episode of COVID-19 did not
present statistical significance, despite the fact
that their median IgG was higher (32.5) than
that of asymptomatic people (20.8). Regarding
vaccination, there were also no significant
differences between those who received the
vaccine and those who did not.

NAbs

As observed in Table 2, the NAbs count in
the 50 aliquots analyzed at time 3 presented a
median of 460.58 (IQR 29.08-1553.61), with a
positive and significant correlation to the total
antibodies against SARS-CoV-2 (p<0.001).
The bivariate analysis of the count according
to demographic and clinical variables only
shows significant results in terms of ethnicity
(p=0.027), with a higher median in people who
belong to an indigenous people (n=>5, median
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1564.41, RIQ 566.1-6429.56) compared to
those who do not (n=45, median 295.98, RIQ
0.0-1211.36) (Figure 2).

Again, no differences were observed in
terms of symptomatology or vaccination
status; however, the median was higher in
people vaccinated with some dose (501.5),
than in those three cases that remained
unvaccinated (145.29).

Finally, when categorizing the presence of
NAbs, 76% were classified as positive (38/50).

DISCUSSION

The prevalence found (22.3%) is very
similar to that reported in a study conducted
in healthcare workers at a hospital in Santiago
from April to July 2020 (24%) (19) and
consistent with previous evidence in health
personnel, whose seroprevalence is higher
than what is observed in the community,
demonstrating the high risk faced by these
personnel. (33-38)

When  controlling  for  potential
confounding variables in our study, the
medical profession increases the chance of
disease. This finding is probably associated
with the greater time that these professionals
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Figure 2. IgG and Nabs concetration against SARS-CoV-2 in primary healthcare workers at T3, according

to belonging to an indigenous people, commune of La Pintana, Metropolitan Region, Chile 2020.
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spend in PHC providing care to people with
recent onset of the disease, when there is a
greater risk of transmission. (39)

Likewise, and consistent with the literature,
younger age is a risk factor of disease, as well
as having completed quarantine due exposure
to a confirmed case. (36)

Regarding the symptomatology, only 30%
of the cases that reported COVID-19, had a
fever, which was a very non-specific symptom.
On the other hand, a third of people with
COVID-19 present ageusia or anosmia; the
positive predictive value reaches 74%, which
means that a person with one of these two
symptoms had a high probability of being a
disease case. This is relevant when establishing
and adjusting case definitions.

During the follow-up, vaccination against
SARS-CoV-2 was implemented, which did
not allow us to know the natural evolution
of the antibodies produced by the disease,
but we obtained post-vaccination antibody
titers. Only the sample taken in January 2021
(T1) compared to that of November 2020
(T0), allows seeing the natural variation of
IgG concentrations and where 5% of people
remained negative in the two months elapsed.

At all times of follow-up and consistent
with that described in other studies, (40)
those over 60 years of age, asymptomatic and
those not belonging to an indigenous people,
presented lower IgG titer levels. In several
studies, antibody prevalence was higher in
black and Asian health workers compared
to white. (41-43) In addition, in our study,
women had a lower IgG concentration during
follow-up.

Similar to other international studies,
(24-26) the highest concentration of IgG
antibodies was obtained one month after
vaccination (T2), decreasing at 3 months
(T3), despite the fact that 88% had two doses
of CoronaVac. This is consistent with the
results of a previous study conducted in Chile,

where IgG seropositivity decreased over time
since vaccination for those who received
CoronaVac and not for those who received
BNT162B2 vaccine (Pfizer-Biontech). (44)

Regarding neutralizing antibodies
(NADs), these were present in 76% of people
at 6 months of follow-up, with a higher
concentration in those who had clinical
disease (PCR+) compared to the group of
asymptomatic individuals, a finding consistent
with international literature. (22)

It is interesting to note that at the end of the
follow-up, although IgG seroprevalence was
99%, only 76% had Nabs, a fact that could be
due to what was previously commented about
the CoronaVac vaccine.

Regarding the limitations of our study; it is
first recognized that the sampling strategy was
by invitation, and there may be self-selection
of those at higher risk or who presented
COVID symptoms and, therefore, were
interested in knowing their immune status.
Another limitation, common to survey-
based studies, is the fact of answering what
is “expected or desirable”, and risk behaviors
may be underestimated. Finally, it asked about
activities or behaviors from the 8 months prior
to the study, which could introduce memory
bias.

Conclusions: Healthcare workers were
greatly affected by COVID-19, and the
medical profession and younger age were
factors associated with an increased risk. The
concentration of antibodies was higher in
those who belong to an indigenous people.
Antibodies decrease over time, pointing to
the importance of follow-up studies, as well
as the importance of vaccination boosters for
healthcare workers especially in PHC.

ACKNOWLEDGMENTS

The authors thank the health workers
participating in this study from the Commune
of La Pintana; Paulina Reinoso Rios, the head

- -



of the Municipal Health Department of La
Pintana; and Gonzalo Cartagena, Melissa
Gonzalez and Constanza Vega, professionals
from the Municipal Health Department of La
Pintana.

Thanks also are due to Claudia Pérez, the

and Lina Rivas, the laboratory assistant. We
also kindly thank Isidora Castillo for her
collaboration in reviewing evidence for this
manuscript.

FINANCING

head of the field team; Nicole Rodriguez and
Catalina Ruz, the team of nurses in charge
of gathering the information in the field;

This project was funded by the Universidad
del Desarrollo, COVID19-UDD 2020-21
Funds.

REFERENCES

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel Coronavirus from Patients with Pneumonia in China, 2019.
New England Journal of Medicine. 2020 Feb 20;382(8):727-33.

2. Johns Hopkins Coronavirus Resource Center. COVID-19 Map [Internet]. [cited 2022 Jun 14]. Available from: https://
coronavirus.jhu.edu/map.html

3. Ministerio de Salud. Cifras Oficiales COVID-19. COVID-19 en Chile: La Realidad Nacional en Datos [Internet]. 2020.
Available from: https://www.gob.cl/coronavirus/cifrasoficiales/

4. Coronavirus (COVID-19) Vaccinations - Our World in Data [Internet]. [cited 2022 Jun 9]. Available from: https://
ourworldindata.org/covid-vaccinations?country=OWID_WRL

5. Nguyen LH, Drew DA, Graham MS, Joshi AD, Guo CG, Ma W, et al. Risk of COVID-19 among front-line health-care workers
and the general community: a prospective cohort study. The Lancet Public Health. 2020 Sep;5(9):e475-83.

6. Organizacion Mundial de la Salud. Garantizar la seguridad de los trabajadores de la salud para preservar la de los pacientes
[Internet]. 2020. Available from: https://www.who.int/es/news/item/17-09-2020-keep-health-workers-safe-to-keep-patients-
safe-who

7. Organizacion Mundial de la Salud. Alocucion del Director General de la Organizaciéon Mundial de la Salud en la Asamblea
Mundial de la Salud [Internet]. 2021. [cited 2022 Jun 16]. Available from: https://www.who.int/es/director-general/speeches/
detail/director-general-s-opening-remarks-at-the-world-health-assembly---24-may-2021

8. Organizacion Panamericana de la Salud. Alerta Epidemiol6gica COVID-19 en personal de salud. [Internet]. 2020 [cited 2022
Jun 14]. Available from: https://www.paho.org/es/documentos/alerta-epidemiologica-covid-19-personal-salud-31-agosto-2020

9. Deeks JJ, Dinnes ], Takwoingi Y, Davenport C, Spijker R, Taylor-Phillips S, et al. Antibody tests for identification of current
and past infection with SARS-CoV-2. Cochrane Database of Systematic Reviews. 2020 Jun 25;2020(6).

10. Galanis P, Vraka I, Fragkou D, Bilali A, Kaitelidou D. Journal Pre-proof. Seroprevalence of SARS-CoV-2 antibodies and
associated factors in health care workers: a systematic review and meta-analysis. Journal of Hospital Infection. 2020;

11. Pouquet M, Decarreaux D, Prévot-Monsacré P, Hervé C, Werner A, Grosgogeat B, et al. Nationwide seroprevalence of SARS-
CoV-2 IgG antibodies among four groups of primary health-care workers and their household contacts 6 months after the
initiation of the COVID-19 vaccination campaign in france: seroPRIM study protocol. Pathogens. 2021;10(7):1-11.

12. Adriaenssens N, Scholtes B, Bruyndonckx R, Verbakel JY, De Sutter A, Heytens S, et al. Prevalence and incidence of antibodies
against SARS-CoV-2 among primary healthcare providers in Belgium during 1 year of the COVID-19 epidemic: Prospective
cohort study protocol. BMJ Open. 2022;12(1):1-7.

13. Sentis A, Toran P, Esperalba J, Agusti C, Angel M, Fernandez MG, et al. Monitoring of SARS-CoV-2 seroprevalence
among primary healthcare patients in the Barcelona Metropolitan Area: The SeroCAP sentinel network protocol. BMJ Open.
2022;12(2):1-7.




14. Marién J, Ceulemans A, Bakokimi D, Lammens C, Ieven M, Heytens S, et al. Prospective SARS-CoV-2 cohort study among
primary health care providers during the second COVID-19 wave in Flanders, Belgium. Family Practice. 2022;39(1):92-8.

15. Halili R, Bunjaku ], Gashi B, Hoxha T, Kamberi A, Hoti N, et al. Seroprevalence of anti-SARS-CoV-2 antibodies among staff
at primary healthcare institutions in Prishtina. BMC Infectious Diseases. 2022;22(1):1-9.

16. Rudberg AS, Havervall S, Manberg A, Jernbom Falk A, Aguilera K, Ng H, et al. SARS-CoV-2 exposure, symptoms and
seroprevalence in healthcare workers in Sweden. Nature Communications. 2020;11(1):1-8.

17. Zuniga M, Lagomarcino AJ, Muioz S, Alonso AP, Rodriguez MA, O’'Ryan ML. A cross sectional study found differential
risks for COVID-19 seropositivity amongst health care professionals in Chile. Journal of Clinical Epidemiology. 2022;144:72-83.

18. Rubilar P, Hirmas M, Matute I, Browne J, Little C, Ruz G, et al. Seroprevalencia y estimacion del impacto de la infecciéon por
SARS-CoV-2 en personas mayores residentes en centros de larga estadia en Chile. Medwave [Internet]. 2022 Apr 7 [cited 2022
Jul 20];22(03):e8715. Available from: /link.cgi/Medwave/Estudios/Investigacion/8715.act

19. Iruretagoyena M, Vial MR, Spencer-Sandino M, Gaete P, Peters A, Delgado ], et al. Longitudinal assessment of SARS-CoV-2
IgG seroconversionamong front-line healthcare workers during the first wave of the Covid-19 pandemic at a tertiary-care
hospital in Chile. BMC Infect Dis [Internet]. 2021;21(1):478. Available from: http://www.ncbi.nlm.nih.gov/pubmed/34039287

20. Sociedad Espafiola de Inmunologia. Anticuerpos anti SARS-CoV-2. Propuesta de implementacién como prueba diagndstica,
pronoéstica y de desarrollo de inmunidad protectora. 2020.

21. Rodriguez C, Sanz JC. Immunity against SARS-CoV-2: walking to the vaccination Inmunidad frente a SARS-CoV-2:
caminando hacia la vacunacion. Revista Espafiola de Quimioterapia. 2020;33(6):392-8.

22.LiZ,YiY, Luo X, Xiong N, Liu Y, Li S, et al. Development and clinical application of a rapid IgM-IgG combined antibody test
for SARS-CoV-2 infection diagnosis. Journal of Medical Virology. 2020 Sep;92(9):1518-24.

23. Guo L, Ren L, Yang S, Xiao M, Chang D, Yang F, et al. Profiling Early Humoral Response to Diagnose Novel Coronavirus
Disease (COVID-19). Clinical Infectious Diseases. 2020 Jul 28;71(15):778-85.

24. Achiron A, Gurevich M, Falb R, Dreyer-Alster S, Sonis P, Mandel M. SARS-CoV-2 antibody dynamics and B-cell memory
response over time in COVID-19 convalescent subjects. Clinical Microbiology and Infection. 2021 Sep 1;27(9):1349.e1-1349.¢6.

25. Yousefi Z, Taheri N, Dargahi M, Chaman R, Binesh E, Emamian MH, et al. Long-Term Persistence of Anti-SARS-COV-2 IgG
Antibodies. Current Microbiology. 2022 Apr 1;79(4).

26. den Hartog G, Vos E, van den Hoogen L, van Boven M, Schepp RM, Smits G, et al. Persistence of antibodies to severe acute
respiratory syndrome coronavirus 2 in relation to symptoms in a nationwide prospective study. Clinical Infectious Diseases.
2021 Dec 15;73(12):2155-62.

27. Marot S, Malet I, Leducq V, Zafilaza K, Sterlin D, Planas D, et al. Rapid decline of neutralizing antibodies against SARS-
CoV-2 among infected healthcare workers. Nature Communications. 2021 Dec 8;12(1):844.

28. Doria-Rose N, Suthar MS, Makowski M, O’Connell S, McDermott AB, Flach B, et al. Antibody Persistence through 6 Months
after the Second Dose of mRNA-1273 Vaccine for Covid-19. New England Journal of Medicine. 2021 Jun 10;384(23):2259-61.

29. Vircell SL. COVID-19 ELISA IgG Producto para diagnéstico in vitro [Internet]. Available from: www.vircell.com

30. Dieterle ME, Haslwanter D, Bortz RH, Wirchnianski AS, Lasso G, Vergnolle O, et al. A Replication-Competent Vesicular
Stomatitis Virus for Studies of SARS-CoV-2 Spike-Mediated Cell Entry and Its Inhibition. Cell Host & Microbe [Internet]. 2020
Sep 9 [cited 2022 Jun 9];28(3):486. Available from: /pmc/articles/PMC7332447/

31. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap consortium: Building an international
community of software platform partners. ] Biomed Inform [Internet]. 2019 Jul 1 [cited 2022 Jul 20];95. Available from: https://
pubmed.ncbi.nlm.nih.gov/31078660/

32. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a metadata-
driven methodology and workflow process for providing translational research informatics support. ] Biomed Inform [Internet].
2009 Apr [cited 2022 Jul 20];42(2):377-81. Available from: https://pubmed.ncbi.nlm.nih.gov/18929686/




33. Chafloque-Vasquez RA, Pampa-Espinoza L, Celis Salinas JC. Seroprevalencia de COVID-19 en trabajadores de un hospital
de la Amazonia peruana. ACTA MEDICA PERUANA. 2020 Sep 1;37(3):390-2.

34. Atzl M, Muendlein A, Winder T, Fraunberger P, Brandtner EM, Geiger K, et al. SARS-CoV-2 serostatus of healthcare worker
in the Austrian state Vorarlberg between June 2020 and January 2021. medRxiv. 2021;(June 2020):2021.02.19.21252045.

35. Moncunill G, Mayor A, Santano R, Jiménez A, Vidal M, Tortajada M, et al. SARS-CoV-2 Seroprevalence and Antibody
Kinetics Among Health Care Workers in a Spanish Hospital After 3 Months of Follow-up. The Journal of Infectious Diseases.
2021 Jan 4;223(1):62-71.

36. Shields A, Faustini SE, Perez-Toledo M, Jossi S, Aldera E, Allen JD, et al. SARS-CoV-2 seroprevalence and asymptomatic
viral carriage in healthcare workers: a cross-sectional study. Thorax. 2020 Dec;75(12):1089-94.

37. Abo-Leyah H, Gallant S, Cassidy D, Giam YH, Killick J, Marshall B, et al. The Protective Effect of SARS-CoV-2 Antibodies
in Scottish Healthcare Workers. SSRN Electronic Journal. 2021;

38. Kumar N, Bhartiya S, Desai S, Mutha A, Beldar A, Singh T. Seroprevalence of Antibodies Against SARS-CoV-2 Among
Health Care Workers in Mumbai, India. Asia Pacific Journal of Public Health. 2021 Jan 26;33(1):126-8.

39. Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV-2, SARS-CoV, and MERS-CoV viral load dynamics,
duration of viral shedding, and infectiousness: a systematic review and meta-analysis. The Lancet Microbe. 2021 Jan;2(1):e13-22.

40. Kay1 i, Madran B, Keske S, Karanfil O, Arribas JR, Pshenichnaya N, et al. The seroprevalence of SARS-CoV-2 antibodies
among health care workers before the era of vaccination: a systematic review and meta-analysis. Vol. 27, Clinical Microbiology
and Infection. Elsevier B.V; 2021. p. 1242-9.

41. Patel M, Nair M, Pirozzoli E, Cienfuegos MC, Aitken E. Socio-Demographic Associations of COVID Antibody in Multi-
Ethnic Healthcare Workers. Age and Ageing. 2021 Mar 16;50(Supplement_1):i1-6.

42. Sheila F Lumley, Jia Wei, Denise O’ Donnell, Nicole E Stoesser, Philippa C Matthews, Alison Howarth, et al. The duration,
dynamics and determinants of SARS-CoV-2 antibody responses in individual healthcare workers. medRxiv preprint [Internet].
2020;1-27. Available from: https://doi.org/10.1101/2020.11.02.20224824

43. Petersen LR, Sami DrPH S, Vuong N, Pathela P, Weiss D, Maldin Morgenthau B, et al. Lack of antibodies to SARS-CoV-2 in
a large cohort of previously infected persons.

44. Sauré D, O’'Ryan M, Torres JP, Zuniga M, Santelices E, Basso LJ. Dynamic IgG seropositivity after rollout of CoronaVac and
BNT162b2 COVID-19 vaccines in Chile: a sentinel surveillance study. The Lancet Infectious Diseases. 2022 Jan 1;22(1):56-63.




