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ABSTRACT: Objective: To establish the magnitude and risk factors for SARS-CoV-2 infection in the General
Pueyrredén, Buenos Aires, Argentina: the INECOVID study. Methods: Prospective cohort designed with
participants from the District general population. The follow-up period was from June 22™ to December 18™,
2020, with a minimum appointment interval of 21 days. Data were obtained via questionnaires and serum
or plasma samples. The primary event was considered as the time to seroconversion (IgG) as evidence of
SARS-CoV-2 infection. The accumulated risk of infection was estimated using the Kaplan Meier method. Cox
models were built with time-dependent variables. Results: 345 participants were recruited (n=222 women,
64.3%; 123 men, 35.7%), with a median age of 45 years in women (Interquartile range: 19) and 49 in men
(Interquartile range: 26). 12.8% of participants (n=44) had evidence of SARS-CoV-2 infection [incidence density
of 9.1 cases (women: 11.1, men: 5.1) per 10,000 person-day]. 36.4% of the cases (n=16) were asymptomatic.
The following factors were associated to the risk of infection: being in close contact of a confirmed COVID-19
case (HR=5.56; 95%CI 2.85-10.83), being a health worker (HR=2.93; 95%CI 1.55-5.52), living in crowded
conditions (HR=2.23; 95%CI 1.13-4.49), and age (HR=0.98; 95%CI 0.95-1.00). Conclusion: The identified risk
factors endorse the protection policies and protocols adopted by the Argentinian sanitary authorities for the
general population and the care programs for health workers in the pre-vaccination phase.
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MARRO, J. ET AL.

RESUMEN: Objetivo: Establecer la magnitud y los factores de riesgo de infecciéon por SARS-CoV-2 en el Partido de
General Pueyrredon, Buenos Aires, Argentina: estudio INECOVID. Métodos: Disefio de cohortes prospectivo con
participantes de poblacién general del partido. El periodo de seguimiento fue del 22 de junio al 18 de diciembre de
2020, con un intervalo minimo de citacién de 21 dias. Los datos se obtuvieron mediante cuestionarios y muestras
de suero o plasma. El evento primario fue el tiempo hasta la seroconversién (IgG) como evidencia de infeccién por
SARS-CoV-2. Se estim6 el riesgo acumulado de infeccion por el método de Kaplan Meier. Se construyeron modelos
de Cox con variables tiempo-dependientes. Resultados: Fueron reclutados 345 participantes (n=222 mujeres, 64,3%;
123 hombres, 35,7%), con una edad mediana de 45 afios en mujeres (Rango intercuartilico: 19) y 49 en hombres
(Rango intercuartilico: 26). El 12,8% de los participantes (n=44) tuvieron evidencia de infeccién por SARS-CoV-2
[densidad de incidencia de 9,1 casos (mujeres: 11,1, hombres: 5,1) por 10.000 personas-dias]. El 36,4% de los casos
(n=16) fueron asintomaticos. Se mostraron asociados al riesgo de infeccién: ser contacto estrecho de un caso
confirmado de COVID-19 (HR=5,56; IC95% 2,85-10,83), ser trabajador de salud (HR=2,93; IC95% 1,55-5,52),
vivir en hacinamiento (HR=2,23; IC95% 1,13-4,49) y edad (HR=0,98; IC95% 0,95-1,00). Conclusion: Los factores
de riesgo de infeccion hallados avalan las politicas y protocolos de proteccién adoptados por las autoridades
sanitarias de Argentina para la poblacion general y los programas de atencion a los trabajadores de la salud en la
etapa pre-vacunacion.

Palabras clave: Infecciones por coronavirus. Estudios de cohortes. Factores de riesgo. Epidemiologia.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory
syndrome (SARS-CoV-2) put health systems in check in much of the world. With a high
level of transmissibility, since its inception from the notification of the first confirmed case
on December 31%, 2019, in Wuhan, China, the disease has spread disproportionately glob-
ally. Argentina reported its first confirmed case on March 3™, 2020'.

As of June 22™, 2020, the start date of this study, 8,860,331 confirmed cases and
465,740 deaths had been registered globally, these values for the Americas region being
4,370,519 and 221,771 respectively? the total number of confirmed cases in Argentina was
44,931, with 1,043 deaths’. The Argentine government promoted an early suppression strat-
egy with the aim of reducing viral circulation and avoiding the exponential growth of the
case curve, in a still pre-epidemic stage. On March 19™, with 31 confirmed cases, social, pre-
ventive, and compulsory isolation (ASPO) was decreed, along with a variety of measures in
other sectors, such as the suspension of classes in the educational system.

The emergence of the pandemic posed the challenge of generating early research that
would contribute to the understanding of the transmission patterns of the disease, its sever-
ity, clinical characteristics, and risk factors*. In this line, this work was based on the recom-
mendations of the World Health Organization (WHO) regarding the development of pro-
tocols for seroepidemiological investigation of SARS-CoV-2 infection’.
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The National Institute of Epidemiology “Dr. Juan H. Jara” (Instituto Nacional de
Epidemiologia — INE), a member of the National Network of Reference Laboratories of the
National Administration of Laboratories and Health Institutes (Administracion Nacional de
Laboratorios e Institutos de Salud — ANLIS-Malbran), is located in the city of Mar de la Plata,
head of the General Pueyrredon Party (Partido de General Pueyrredon — PGP), province of
Buenos Aires, Argentina. It is the center for the referral of samples for the diagnosis of infec-
tion by SARS-CoV-2 in health region VIII of the province of Buenos Aires. Based on the
belonging of the research team to the INE, the PGP was chosen as the study area. On the
other hand, at the time of planning the investigation, community transmission had not
been verified, which was an advantage over the possibility of evaluating the epidemic at a
relatively early stage.

The objective of the research was to establish the magnitude and risk factors of SARS-
CoV-2 infection in the PGP, Buenos Aires, Argentina: the INECOVID study.

METHODS

A prospective cohort design was used. The population was made up of volunteers of
any age and gender, with real domicile in the PGP. The PGP is located in the southeast of
the province of Buenos Aires, Argentina; its estimated total population for the year 2020
was 656,456 inhabitants®.

The study was developed in the context of a pandemic, so its primary interest was
to make contributions on clinical-epidemiological aspects that contribute to achieving
a timely and effective control of the situation’. Volunteers of all age ranges and genders
with real domicile in the PGP were eligible for INECOVID, with the possibility of staying
6 months in follow-up and providing their signed informed consent. People with a con-
traindication for venipuncture were excluded. Participants were recruited from an open
call disseminated in press releases, advertisements in local newspapers and radios, social
media, and e-mails. In order to include participants of pediatric and adolescent age, chil-
dren and adolescents were invited to periodically attend to Interzonal Specialized Maternal
and Child Hospital “Don Victorio Tetamanti” (Hospital Interzonal Especializado Materno
Infantil — HIEMI) for controls for any underlying pathology, in situations in which said
controls included a blood draw.

It was proposed to recruit 300 volunteer participants, taking into account local capacities
and the availability of resources’. The follow-up period was from June 22™ to December
18™, 2020. From the beginning of the study, participants were included until they met the
established sample; as losses were recorded, new participants were recruited with a dead-
line of November 16" (dynamic cohort). Participants attended the INE on several occasions
during the follow-up, with a minimum interval of 21 days and shifts previously agreed upon
by a member of the team who received their telephone reception, except in the case of chil-
dren and adolescents from HIEMI.
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The information was obtained through a questionnaire specifically designed for this
study, administered within the framework of an interview by previously trained interview-
ers and whole blood samples obtained by venipuncture. The questions included in said
questionnaire were previously validated questions, taken from the following data sources of
the national public administration: questionnaires from the National Institute of Statistics
and Censuses (Instituto Nacional de Estadisticas y Censos — INDEC), questionnaires used in
the National Survey of Risk Factors 2018” and Record of Notification of suspected cases of
COVID-19%. The proposal for the incorporation of the ethnic variable into the public health
information system in times of COVID-19 was adopted, agreed in the participation process
of the pre-census design with the INDEC and the Indigenous Professionals Meshwork’.
A pilot test of the survey instrument was carried out, which consisted of conducting sim-
ulated interviews with INE workers and people from the community, with the sole pur-
pose of evaluating their adaptation. The necessary adjustments were made in the questions
in which there were difficulties of interpretation by the interviewee and the interviewer’s
manual was prepared.

Participants complied with a minimum fast of two hours for blood collection. Serological
determinations were carried out in the INE laboratory, under biosafety level Il. COVIDAR IgG
tests (authorized by ANMAT PM 1545-4) and COVIDAR IgM (COVIDAR IgM, ANMAT
PM 1545-5) were used, both co-developed by CONICET, Instituto Leloir, Universidad de
San Martin and Laboratorio Lemos SRL'. These tests are non-competitive, heterogeneous,
immunoenzymatic assays based on an indirect method for the in vitro detection of SARS-
CoV-2 specific IgG/IgM antibodies in human serum or plasma samples.

The detection of both isotypes was carried out in parallel. Faced with the detection of
IgM-type antibodies, a nasopharyngeal and pharyngeal gold swab sample was taken to per-
form the real-time polymerase chain reaction test (reverse transcription polymerase chain
reaction — RT-PCR) with the aim of ruling out an active infection. In such cases, the par-
ticipant was isolated, and their close contacts were actively searched, in line with the pro-
visions of the national epidemiological surveillance strategy. In all cases in which IgG was
detected, the antibody level was titrated, using serial dilutions in medium, according to the
manufacturer’s instructions. The titer was reported as the inverse of the last positive dilu-
tion, depending on the technique.

The primary event to observe was the time from entry to the cohort (initial event) until
the occurrence of seroconversion (measured in specific IgG antibodies for SARS-CoV-2)
considered as serological evidence of SARS-CoV-2 infection (final event).

The variables were organized into four blocks: identification of the participant, sociode-
mographic data, clinical-epidemiological history, and history of symptoms.

Baseline characteristics were described; continuous variables were summarized by means
of the median and the interquartile range, the categorical variables from the absolute and
relative frequencies.

The incidence density by gender was calculated, using the total time-person at risk.
The accumulated risk function was estimated by the Kaplan Meier method, stratifying by
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the different variables considered fixed: age (46 years old or less /older than 46 years), gen-
der (male/female), level of education (elementary or less/middle school/high school or
higher education), health professional (yes/no), number of residents (less than 2 people
per room/2 or more people per room), immunosuppressive treatment (yes/no), presence
of comorbidities (yes/no). The comparison of the curves was carried out using long-rank
tests (p <0.05).

Cox proportional hazards models (PHM) were constructed for time-dependent covari-
ates; Adjusted Hazard Ratio (HR) were estimated for each of the covariates, with a 95%
confidence interval (CI). The variables that were significant according to the log-rank test
were considered for the construction of the model and the time-dependent covariates were
tested: current situation (isolated/essential exits/ working/excepted/other) and history of
close contact with a confirmed case of COVID-19.

The information recorded in the questionnaires was entered by a trained data entry oper-
ator, in a database made in Epilnfo 7.2.4.0. For the processing of the database, the R 3.6.3"
language was used, functions from the tidyverse'?, epiR", survival¥, and survminer" pack-
ages, running in the R Studio 1.1.383 environment.

The protocol was approved by the Research Ethics Committee of the National Institute of
Epidemiology “Dr. Juan H. Jara”, registered under code CE00264 in the National Registry of
Health Research (Registro Nacional de Investigaciones en Salud — RENIS) of Argentina, accred-
ited by the Central Ethics Committee under number 059/2019. Code: MARRO 02/2020.

RESULTS

Between June 22™ and November 16", 2020, 345 volunteer participants were recruited
from the general PGP population aged 11 months to 81 years (n=222 women, 64.3%;
123 men, 35.7%). The participants were interviewed with the established periodicity; in
the fieldwork stage, no missing data were recorded. Losses to follow-up represented 8.0%
(n=27) and were due to leaving the study, 91.7% of whom did so at the last visit (n=22).

At baseline, the median age of the participants was 45 years for women [Interquartile
range (IQR) 19] and 49 for men (IQR 26). Regarding gender, 3 participants (0.8%) were
assigned to the non-binary category. 1.8% of women (n=4) and 3.3% of men (n=4) recog-
nized themselves as descendants of indigenous or Afro-descendant peoples. High School or
Higher education was the predominant one in both genders. 95% of the women (n=201)
and 90% of the men (n=111) had social, mutual or prepaid insurance coverage prior to the
start of the SPCI. The most common comorbidity in both genders was obesity, followed
by arterial hypertension (Table 1).

12.8% of the participants (n=44) had a reactive result for IgG antibodies during fol-
low-up, resulting in an incidence density of 9.1 cases per 10,000 people-day (women: 11.1,
men: 5.1 cases per 10,000 people-day).
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Table 1. Characteristics of INECOVID participants at the baseline.

Characteristics
n (%) n (%)

Ascription to an ethnic group 342 4(1.8) 4(3.3)
Education

Special 1(0.5) 0(0.0)

Kinder garden 0(0.0) 1(0.8)

Elementary school 344 12 (5.4) 5(4.1)

Middle school 50 (22.6) 35 (28.5)

High school/higher education 158 (71.5) 82 (66.7)
Activity

Unoccupied 10 (4.5) 5(4.1)

Retired 25(11.4) 13(10.7)

342

Does not work 22(10.0) 11(9.0)

Occupied 163 (74.1) 93(76.2)
Health coverage prior to SPCI 345 210 (94.6) 111 (90.2)
Health professional 341 50 (22.7) 10 (8.3)

Number of residents

Less than 2 people per room 190 (86.0) 106 (86.2)
From 2 to 3 people per room 344 29 (13.1) 14 (11.4)
Critical overcrowding 2(0.9) 3(2.4)

Access to drinking water*
Outside the house, inside the land 6(2.7) 0(0.0)
345
By pipe inside the house 216 (97.3) 123 (100)

Current situation

Working, excepted from SPCI 113 (50.9) 67 (54.5)
Outings (purchases and essential procedures) 101 (45.5) 48 (39.0)
Isolated 349 4(1.8) 3(2.4)
Other situation 4(1.8) 5 (4.1)
Close contact with COVID-19 case 345 6(2.7) 5(4.1)
Current smoker 343 46 (20.8) 26 (21.3)
Continue...
[
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Table 1. Continuation.

Gender

Characteristics Female Male
n (%) n (%)

Comorbidities

Hypertension 345 26 (11.7) 25 (20.3)
Asthma/COPD 345 15 (6.8) 7(5.7)
Other cardiovascular diseases 345 9(4.1) 7 (5.7)
Diabetes mellitus 345 8 (3.6) 3(2.4)
Oncological disease 345 5(2.3) 3(2.4)
Immunodeficiency 344 4(1.8) 5 (4.1)
Chronic kidney disease 345 1(0.5) 0(0.0)
Tuberculosis 345 1(0.5) 1(0.8)
Obesity 342 42 (19.0) 29 (24.0)

SPCl: social, preventive, and compulsory isolation. *91% of the participants of both genders obtain their water from
the public supply network (202 women, 112 men); the rest is done by drilling with a motor pump

50% of the cases (n=22) were detected between epidemiological weeks (EW) 35 and
46, after entering the city in phase 3, depending on the health situation characterized by an
increase in community viral circulation and history of the occurrence of COVID-19 out-
breaks in health institutions and long-stay establishments (Figure 1).

36.4% of the participants who showed evidence of infection (n=16) had no symptoms
in the immediately preceding period. Among those who had at least one symptom (63.6%,
n=28), the most frequent were headaches (40.9%, n=18); myalgia (36.4%, n=16); odyno-
phagia and anosmia (31.8%, n=14); cough and fatigue (29.5%, n=13). Only 22.7% of those
with symptoms (n=10) reported fever.

Only 31.8% of the participants with reactive IgG (n=14) had had a swab test; 10 of them
(71.4%) obtained a detectable RT-PCR result.

In 17 (38.6%) of the 44 participants who had positive IgG, IgM was detected synchro-
nously with the detection of IgG. In only one case, IgM detection occurred at the visit prior
to IgG detection. Regarding the antibody titers found, they ranged between 50 and 12,800,
with a median of 400. In this regard, it was observed that in people aged 46 years old or
less, only 7 (23.3%) exhibited titers higher than median, while, in those over 46 years of age,
this percentage was 57.1%.

None of the participants required hospitalization or died during follow-up.
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Participants

S
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Figure 1. SARS-CoV-2 infection dynamics in INECOVID participants in the timeline, June-December
2020 (n=44).

The cumulative risk of SARS-CoV-2 infection is shown in Figure 2. The factors statisti-
cally associated with the probability of seroconversion (log-rank test <0.05) were gender,
age, number of residents and being a health professional: females, individuals aged 46 years
old or younger, health professional and those living with two or more inhabitants per room
had a higher probability of seroconversion.

In the multiple analysis, it was observed that having a history of close contact with a
confirmed case of COVID-19 increased the risk of infection by more than 5 times [HR=5.6
(95%CI 2.9-10.8)]. This risk was approximately double for those living in crowded condi-
tions [HR=2.3 (95%CI 1.1-4.5)]. Those who work in the health area had approximately
three times the risk of those who did not [HR=2.9 (95%CI 1.6-5.5)]. On the other hand,
for each year of age increase, there was an approximate 2% decrease in the risk of infection
[HR=0.98 (95%CI 0.95-1.0)] (Figure 3). The adjusted model presented a very good agree-
ment (0.773), while the residual analysis showed that the model was fulfilled.

DISCUSSION

In this early pandemic cohort study, the incidence density was 9.1 cases of SARS-COV-2
infection per 10,000 people-day. On the other hand, being in close contact with a confirmed
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Figure 2. Cumulative risk of infection by SARS-CoV-2 globally and according to gender, age,
overcrowding, and work activity in participants of INECOVID, June-December 2020.

Figure 3. Adjusted Hazard Ratios of risk factors for SARS-CoV-2 infection in INECOVID participants,
June-December 2020.
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case, being a health professional, living in a crowded environment, and age were the main
factors associated with the infection.

The proportion of people with evidence of infection and asymptomatic course found in
our study (36.4%) was similar to that found in other investigations: experiences such as that
of Vo’ in Italy, conducted in the general population during the 14-day block imposed by the
authorities, they found 42.5% of the infections confirmed by SARS-CoV-2 as asymptom-
atic'; another study carried out in Iceland reported 43%". In an investigation carried out
on the Diamond Princess cruise ship, at the time of testing, 46.5% of those who obtained
positive results were asymptomatic'®. Thus, one of the main utilities of serological tests is
highlighted: longitudinal testing of a given population makes it possible to estimate the
incidence of exposure of the population to the virus, even of those individuals who have
had the infection asymptomatically.

Regarding the risk factors for infection by SARS-CoV-2 in this cohort, the history of
close contact of a confirmed case of COVID-19, being a health professional and living in a
crowded situation were the most relevant: the first was the one with the greatest strength
of association, sixfold the risk. Similar results were obtained in a multiple conditional
logistic regression analysis on the types of contact: contact at home (OR 6.3) and travel-
ing together by car (OR 7.1) were significantly associated with infection®. Already in the
early stages of the epidemic in China, a history of close contact with a case of COVID-19
was identified as a risk factor for disease’***, therefore included among outbreak preven-
tion measures®.

With regard to the condition of health professionals, from the early stages of the pan-
demic, concern about the increased risk of infection by SARS-CoV-2 in this subgroup of
the population was underlined at the international level, as they constitute the first line of
battle in fighting the epidemic. What is observed in this study agrees with that evidenced
by research carried out in different countries®*.

In our cohort, when the ratio of the number of people to the total number of sleeping
rooms in the home was 2 or more people per room, the risk of infection doubled. This is
logical, since in these circumstances the possibilities of isolation in the event of a positive
case among cohabitants are reduced, undermining the need to reduce the concentration
of virus-carrying particles in the air and, consequently, the number of people exposed.
These findings are consistent with other studies that found that the number of residents is
one of the socioeconomic factors associated with an increased risk of disease from COVID*"
. Being an aerosol-borne respiratory disease, this link had already been evidenced for dis-
eases such as tuberculosis and influenza®'.

Regarding the differences by gender, in relation to antibody response, there are studies
that showed higher titers in women than in men after a serious infection by COVID-19**.
Although our work indicates a higher probability of seroconversion in women, this risk was
not observed in the adjusted analysis.

Although most of the investigations that address the relationship between the presence
of comorbidities and COVID-19 have highlighted the impact in terms of disease progression
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and fatal outcomes®**, the pathophysiological mechanisms involved in the increased risk of
SARS-CoV-2 infection in patients with comorbidities®. The present study did not present
significant differences in the risk of becoming ill among participants with comorbidities,
including heart disease, diabetes mellitus, asthma/chronic obstructive pulmonary disease
(COPD), immunodeficiency, cancer disease, obesity, and chronic kidney disease. The san-
itary protection measures implemented in Argentina during the first pandemic year, coin-
ciding with the study period, included among their priorities the protection of vulnerable
groups, such as aged people and people with comorbidities. Our hypothesis is that this may
have influenced the results observed in this research, as these are groups that have had less
mobility and, therefore, a reduced exposure to the virus.

The main strength of our study lies in the extensive follow-up carried out with the
participants and in the frequency of measurement, scheduled every 21 days. The former
made it possible to monitor the probability of seroconversion in different pandemic sce-
narios; the latter, adjusting each event to a limited time window. In turn, the dropout
rate was low. In this sense, they worked intensively to avoid loss of follow-up, through
repeated phone calls and communications via WhatsApp in case of absence from the
scheduled shift.

As limitations, participants were not selected by probability sampling, so the results
should not be extrapolated to the general population. In relation to the general population
of the PGP, in our sample the age group between 35 and 64 years old, women, people with
high school or higher education level and those with some type of health coverage (social
work, mutual benefit or prepaid) were overrepresented.; while unemployed people were
underrepresented. Based on the final number of participants, considering the close contact
history as a covariate of interest, as it is time-dependent and based on the HR found, the
power calculations ranged between 74.10 and 74.26".

Regarding the serological determinations themselves, the technique used was robust,
both for the detection of cases that were positive by RT-PCR, and for those that were self-per-
ceived as asymptomatic. Likewise, a report published by the developers of the assay main-
tains that the total IgG titers against spike using COVIDAR are highly informative to esti-
mate the neutralizing capacity of these antibodies®.

In this study’s cohort, people over 46 years of age exhibited a higher proportion of high
antibody titers. This is consistent with what was found in another study carried out in our
country, with the same technique, where antibody measurements were also correlated
with age, showing the highest levels of antibodies associated with older patients. In this
same study, synchronous IgG and IgM seroconversion was observed in most cases (72%),
pre-IgM seroconversion to IgG in 21% of patients, while IgG appeared before IgM in 7% of
patients. These results also go in the same direction as those obtained in our cohort, with
the exception that, in our case, we could not reconstruct the latter situation, since at the
time of being IgG positive, our participants left the cohort*.

In conclusion, the antibody response captured a third of asymptomatic infected persons
not detected in the epidemiological surveillance system, which implies that the SARS-CoV-2
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infection could be greater than the number of official confirmed cases. The risk factors for
infection found in this cohort support the protection policies and protocols adopted by the
Argentine health authorities for the general population, as well as the care programs for
health workers in the pre-vaccination stage.
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