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Abstract

Background. Understanding COVID-19 dynamics in Colombia during the first pandemic year (2020) gives important
insights surrounding population’s exposure risk and specific susceptibilities. Seroprevalence studies can aid in having a
broader understanding of the disease, offering a more inclusive view of the pandemic’s impact across the population.
Methods. A population-based cross-sectional study to assess antibodies against SARS-CoV-2 in 10 Colombian cities
was developed between September and December 2020. Cities were grouped according development typology
(Robust (RD), Intermediate (ID) and Incipient (InD)). Detection of total antibodies (IgM + IgG) against SARS-CoV-2
was employed. Univariate Odds Ratios (OR) were estimated for antibody results and selected variables. Results.
About 3124 children aged between 5 and |7 years were included. Factors related to lower seropositive results were
affiliation to the employer-based health insurance in RD and ID cities (OR: 0.579, 95% CI 0.477-0.703, OR: 0.648,
95%Cl 0.480-0.874 respectively) and living in a household with adequate access to public services only for ID cities
(OR: 0.679. 95% CIl 0.491-0.939). Higher seropositivity rates in RD and ID cities were seen in children belonging
to the low socioeconomic stratum (RD: OR: 1.758, 95% CI 1.427-2.165; ID: OR: 2.288, 95% Cl 1.599-3.275) and
living in an overcrowded household (RD: OR: 1.846, 95% CI 1.467-2.323; ID: OR: 2.379, 95% CI 1.769-3.199).
Conclusions. Children and adolescents showed substantial impact from the COVID-19 pandemic. Disadvantageous
living conditions were found to be significantly related to having a positive SARS-CoV-2 antibody test. These results
highlight the need to prioritize vulnerable populations in the context of health emergencies.
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national sanitary emergency adopting measures to miti-
gate the spread of the disease and reduce adverse health
outcomes. Many efforts have been made to perform

Background

In December 2019, a new respiratory virus named the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), was identified in Wuhan, China. By July 31,
2021 more than 200 million confirmed cases and over
4 million deaths have been reported worldwide,' placing
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the SARS-CoV-2 pandemic as the number one priority

in public health interventions and research efforts.
Colombia confirmed the first SARS-CoV-2 case on

March 6, 2020, and since then the country declared a
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adequate surveillance of the pandemic, mainly through
identifying SARS-CoV-2 cases by testing symptomatic
or potentially exposed individuals and monitoring the
number of intensive care unit admissions and deaths
related to this infection. Although this information is
important to understand the impact of the SARS-CoV-2
pandemic and decide upon public health measures, it
does not give a complete picture of the number of people
who have been exposed and infected with the virus.

SARS-CoV-2 diagnosis using RNA detection
through real time polymerase chain reaction (RT-PCR)
or antigen testing is usually reserved for symptomatic
cases and their close contacts, leaving a large propor-
tion of asymptomatic and mildly symptomatic individu-
als undetected. This situation can underestimate the
extent of the pandemic as many SARS-CoV-2 infec-
tions fall within the mildly symptomatic or asymptom-
atic categories,> a situation that is especially relevant
for children and adolescents.

In this sense, population based seroprevalence stud-
ies can aid in the understanding of SARS-CoV-2 dynam-
ics by testing the general population and providing a
measure of exposed individuals. Published seropreva-
lence studies have reported higher SARS-CoV-2 anti-
body positivity rates in populations of 20 to 49 years of
age®® demonstrating that although older ages might
have a higher health impact after SARS-CoV-2 infec-
tion, high exposure rates seem to focus in younger age
groups. Within seroprevalence studies that report results
in children and adolescents (<18 years of age), higher
seropositivity rates liec within children older than
10 years, allocating the younger populations (<10 years)
as having the lowest estimated susceptibility to SARS-
CoV-2 infection.®’

Although it is currently accepted that children and
adolescents seem to carry a small proportion of SARS-
CoV-2 disease burden,® they have been considered to
potentially play an important role in disease transmis-
sion.’ As a result, various pandemic mitigating policies
adopted by numerous countries have direct implications
on children and adolescents, such as restricted outdoor
activities and school closures. In Colombia, school clo-
sures began in early 2020 and have been continued
throughout 2021 (with some intents to partially reopen
schools). School closure has been a topic of high con-
cern as its main objective to mitigate disease transmis-
sion can also have unwanted negative impacts like
halting academic progress and affecting child and ado-
lescent wellbeing.’ Colombia’s education system accu-
mulated more than 140days of school closure, almost
doubling the average reported by other Organization for
Economic Co-operation and Development (OECD)
countries (60days) during the first pandemic year.'°
This places children as important players in pandemic

policies and efforts to comprehend SARS-CoV-2 infec-
tion within this population should be prioritized.

Understanding SARS-CoV-2 epidemiology among
the young, can also help design effective public health
measures to control the spread of the disease and lessen
the impact on the population. Although all individuals
are potentially susceptible to the virus with differential
disease manifestations related primarily to age, various
contextual factors are important in determining the risk
of exposure and infection. Among these are cultural dif-
ferences, economic status, housing characteristics,
health care access and infrastructure, local and national
health policies, and pandemic mitigation efforts.!!

These contextual characteristics may play a role in
the variations in SARS-CoV-2 infection rates seen
within and between populations, which can be espe-
cially relevant for children and adolescents as contextual
factors are recognized as fundamental in determining
disease susceptibilities in this population.'?

During September to December 2020, the Colombian
National Institute of Health (INS- Spanish for Instituto
Nacional de Salud), along with other academic and gov-
ernment authorities, carried out a population-based serop-
revalence study designed to assess the rate of SARS-Co V-2
antibody detection in the Colombian population, includ-
ing individuals aged 5 to 80years. This analysis focuses
on findings related to SARS-CoV-2 antibody testing in
children and adolescents between the ages of 5 to 17 years.
Sociodemographic and household characteristics are ana-
lyzed to understand factors that interplay in the risk of
SARS-CoV-2 infection among this age group.

Methods
Study Design

A population-based cross-sectional study to assess the
seroprevalence of antibodies against SARS-CoV-2 in 10
Colombian cities (Barranquilla, Bogota, Bucaramanga,
Cali, Cucuta, Guapi, Ipiales, Leticia, Medellin, and
Villavicencio) was developed between September and
December 2020, prior to the beginning of SARS-CoV-2
national vaccination program. The cities were selected
according to geographic and demographic criteria
established by the Colombian Ministry of Health and
Social Protection (MSPS—spanish for Ministerio de
Salud y Proteccion Social) and the National Department
of Statistics (DANE spanish for Departamento
Administrativo Nacional de Estadisticas).

City Typology Categories

Colombia is a middle-income country with a wide range
of social, demographic and economic differences across
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its territory. Important variations are seen regarding
developmental indexes such as monetary poverty, which
can range from 27% to 66% in different regions within
the country according to national official data for 20193
(DANE). To understand these contextual differences,
the Colombian National Planning Department (DNP
Spanish for Departamento Nacional de Planeacion),
proposed a comprehensive methodology to categorize
cities and departments into distinct typologies that
reflect their particularities. In this sense, 3 typologies
related to territorial development status are outlined: (1)
Incipient development, (2) Intermediate development,
and (3) Robust development. These typologies expose
the differential strengths and vulnerabilities within the
territory and aid in determining the allocation of eco-
nomic and public policy resources.'*

This typology categorization combines different
developmental indexes grouped into 6 dimensions: (1)
Urban regional dimension, which reflects population
settlements, infrastructure, and dwelling characteristics;
(2) Social conditions dimension which reflects quality
of life and includes indexes such as multidimensional
poverty; (3) Economic dimension that seeks to expose
economic growth tendencies and population access to
science, technology and innovation opportunities, it
includes indexes such as city income, internet access
and economic disparities; (4) Environmental dimension
that aims to identify territorial ecosystems and local
governance capacities, it includes indexes such as city
forest area and environment-directed inversions; (5)
Institutional dimension which measures territorial gov-
ernance and includes indexes such as municipal fiscal
performance, and 6. Security dimension which exposes
the territorial risk of violence-derived acts and includes
indexes such as number of homicides and abductions
(kidnapping) per 100000 inhabitants and areas with
coca leaf plantations within the territory.'*

For this seroprevalence study, understanding the
socioeconomic differences within the study population
is relevant to have a better comprehension of the pan-
demic and its dynamics in the country’s diverse con-
texts. In this sense, the cities included in this study are
categorized as follows: (1) Robust development: Bogota,
Medellin, Barranquilla, Bucaramanga, Villavicencio
and Cali; (2) Intermediate development: Cucuta, Leticia
and Ipiales; and (3) Incipient development: Guapi.

Study Population

Participant selection was based on a multi-stage proba-
bilistic cluster sample design. People residing in the
selected cities and sampled units aged between 5 and
80 years were invited to participate. Any individual with
contraindication or difficulty in obtaining a blood sam-

ple was not included in the study. More detail on popula-
tion selection has been published by Mercado et al.'>

Data Collection

Three surveys designed to collect data on family census,
household characteristics and individual information
were employed. The surveys were previously evaluated
and validated by a panel of experts, ensuring clarity,
coherence, relevance, and accuracy of the instruments.
Surveys were designed and data was captured using the
web-based application Research Electronic Data
Capture (REDCap® Vanderbilt University).

The census survey was made up of questions to vali-
date participant inclusion criteria. The household survey
focused on the characterization of aspects such as:
dwelling location and type, socioeconomic stratum,
number of bedrooms and access to public services. Both
the census and housing surveys were answered by the
head of household and data was validated with national
statistics. The individual survey included sociodemo-
graphic, economic and clinical information and was
answered by each family member. Parents or legal
guardians answered the survey for children younger
than 14 years. For older children (14-17 years) questions
were directed to them with parental supervision.

Three variables were constructed based on the survey
information. Educational backwardness was considered
when there was no school enrollment or when children
aged 6 to 15years referred pre-school as their highest
educational level and/or when children older than
15 years referred to primary school as their highest edu-
cational level.'® Household overcrowding was consid-
ered when there were more than 2 individuals per
available bedroom and adequate access to public services
was defined when households had combined access to
electricity, aqueduct water and sewerage services.!”

Laboratory Analysis

Blood samples were drawn from all the participants, and
were subsequently stored and allotted for serological
analysis in the specialized laboratories. Strict monitor-
ing was carried out on the cold chain in which the sam-
ples rested during transport with standardized operating
procedures to guarantee their quality and complying
with all biosafety protocols for participants and the
research team.

The samples were processed with the Advia Centaur-
Siemens diagnostic system for the detection of total
antibodies (IgM + IgG) against SARS-CoV-2."® This is
a sandwich-type chemiluminescent (CLIA) technique,
selected for its adequate performance as a diagnostic test
in Colombian population samples, according to previous
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validation studies. The chemiluminescent reaction is
measured in Relative Light Units (RLU) and is directly
proportional to the amount of total anti-SARS-Cov-2
antibodies present in the patient’s sample.

Statistical Analysis

A database using the statistical package R® (version
3.6.2, 2019-12-12) was constructed including informa-
tion collected within the 3 surveys. Dwelling and indi-
vidual characteristics and SARS-CoV-2 antibody
reactivity were analyzed using descriptive statistics
separately for each city. Fisher’s exact tests and Chi? test
were used to compare frequency distribution of categor-
ical variables. A P-value of .1 or less was considered of
statistical significance. Univariate Odds Ratios (OR)
and their corresponding 95% confidence intervals (95%
CI) were estimated for antibody results and selected
variables separately for each city and for grouped cities
according to their typology.

Ethical Approval and Informed Consent

The study protocol was approved by the ethics and
research methods committee of the INS, (approval num-
ber CEMIN-09-2020). The study was conducted accord-
ing to the Declaration of Helsinki and national regulations
for human research in Colombia. Written informed con-
sent was obtained from all parents/guardians, with assent
from children when appropriate for their age.

Results

During the study period, 17863 participants and 7075
households within the 10 selected cities were included.
Of these, 3146 individuals (17.6%) were aged between 5
and 17years, 22 (0.7%) were excluded as their serum
samples were deemed inappropriate, leaving a final
sample of 3124 participants included in this analysis.
The number of participants per study site was as fol-
lows: Bogota (n=651; 20.8%), Barranquilla (n=315;
10.0%), Bucaramanga (n=170; 5.4%), Cali (n=312;
9.9%), Cucuta (n=271; 8.6%), Medellin (n=341;
10.9%), Villavicencio (n=271; 8.6%), Leticia (n=369;
11.8%), Ipiales (n=230; 7.3%), and Guapi (n=194;
6.2%) (Table 1). Figure 1, shows the geographical distri-
bution of the 10 cities displaying selected socioeco-
nomic characteristics.

Population Characteristics

A higher proportion of female participants was seen
within study sites, except in Barranquilla and Bogota,

where most participants were male (Table 1). The median
age across study sites was 11 years (range 5-17). After
grouping age according to life-course categories (child-
hood: 5-11years and adolescence 12-17 years), most cit-
ies had a higher proportion of children aged between 12
and 17years, being highest in Guapi (60.3%), Bogota
(57.5%), and Bucaramanga (55.9%) (Table 1).

As for health insurance, a higher proportion of chil-
dren referred to belong to the subsidized health insur-
ance as opposed to the employer-based health insurance.
The largest proportions of children affiliated to the sub-
sidized system were seen in Guapi (73.7%) and Ipiales
(68.3%), and the lowest proportions were seen in Bogota
(19.7%), and Bucaramanga (40.6%).

When asked about previous COVID-19 diagnosis,
more than 90% of participants from all cities did not
refer a previous SARS-CoV-2 diagnosis. Leticia and
Medellin, were the cities where a higher proportion of
participants reported a previous COVID-19 diagnosis
(3.3% and 3.2% respectively) (Table 1).

More than 90% of the surveyed children within the cit-
ies referred themselves as being enrolled in the school sys-
tem, except for Ipiales, where only 77.1% referred school
enrollment (data not shown). Ctcuta and Guapi had the
highest proportion of children considered to have educa-
tional backwardness (24.0% and 27.3% respectively).

The majority of the study participants lived in dwell-
ings classified in the lowest socio-economic stratum,
with the highest proportions of this category seen in
Guapi (98.5%), Cucuta (85.6%) and Leticia (76.7%) and
the lowest proportions in Cali (64.4%) and Bucaramanga
(51.2%). Concerning household overcrowding, defined
by more than 2 individuals per bedroom, Barranquilla,
Leticia and Cucuta had the highest proportions with
41.3%, 40.1%, and 30.3% respectively.

Access to public services defined by the presence of
energy, aqueduct water and sewerage was seen in more
than 90% of the dwellings in each city, except for Guapi
and Leticia, where 86.6% and 48.8% (respectively) of
the dwellings were classified as not having access to
these combined services (Table 1).

SARS-CoV-2 Seroprevalence Results and
Related Variables

Antibody testing results and corresponding univariate
analysis with variables of interest for cities grouped by
typology are shown in Table 2 (robust development), 3
(intermediate development) and 4 (incipient develop-
ment). For most cities, SARS-CoV-2 antibody detection
was under 50% of the studied population. The highest
seropositivity rates were seen in Guapi (60.8%) (Table 4),
Barranquilla (58.7%) (Table 2), and Leticia (50.7%)
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Figure |. Map of Colombia displaying geographical distribution, SARS-CoV-2 seroprevalence in population aged 5 to |7 years
and selected socioeconomic characteristics of the 10 cities included in the Colombian SARS-CoV-2 seroprevalence study.

(Table 3). Cities with the lowest proportions of antibody A statistical analysis to understand the potential rela-
seropositivity were Medellin (25.8%), Bogota (27.2%),  tionship between participant and household characteris-
and Cali (28.8%) (Table 2). tics and seropositivity rates was performed. In Figure 2,
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Table 3. SARS-CoV-2 Antibody Results and Univariate Analysis of Selected Individual and Household Characteristics of the
Population of Children Aged 5 to 17 Years Included in the Colombian SARS-CoV-2 antibody seroprevalence study. Results for
Intermediate Development Cities.

Ipiales (n=230) Leticia (n=369) Cucuta (n=271)

Characteristic n % n % n % n % n % n %
IgM + 1gG (+) () (+) () (+) ()
Totals 77 335 153 66.5 187 50.7 182 493 105 38.7 166 61.3
Sex
Male 35 15.2 70 30.4 93 252 87 23.6 50 18.5 84 3l
Female 42 18.3 83 36.1 94 255 95 25.7 55 203 82 303
P value .966 Al 632
OR (95% Cl) 0.988 (0.570-1.712) 1.080 (0.718-1.625) 0.887 (0.544-1.447)
Age
5-11years 33 14.3 70 304 91 24.7 92 249 48 17.7 78 2838
12-17 years 44 19.1 83 36.1 96 26.0 90 24.4 57 21.0 88 325
P value 677 717 .838
OR (95% Cl) 0.889 (0.511-1.544) 0.927 (0.616-1.394) 0.950 (0.581-1.551)
Health insurance type
Employer-based 23 10.0 40 17.4 48 13.0 84 22.8 28 10.3 58 214
Subsidized 52 22.6 105 45.7 137 37.1 93 25.2 51 18.8 88 325
No insurance 2 0.9 8 35 | 0.3 2 0.5 24 8.9 18 6.6
No data 0 0.0 0 0.0 I 0.3 3 0.8 2 0.7 2 0.7
P value 632 .001 .528
OR (95% ClI) 1.161 (0.630-2.139) 0.387 (0.249-0.603) 0.832 (0.472-1.469)
Previous COVID-19 diagnosis
Yes 0 0.0 0 0.0 8 2.2 4 1.1 6 2.2 0 0.0
No 76 33.0 152 66.1 179 48.5 178 48.2 99 365 166 61.3
No data | 0.4 | 0.4 0 0 0 0.0 0 0.0 0 0.0
P value .300 415 014
OR (95% Cl) - 1.988 (0.588-6.723) -
Educational Backwardness*
Yes 63 27.4 125 543 156 423 143 38.8 73 269 123 454
No 12 52 26 1.3 27 7.3 38 10.3 28 10.3 37 13.7
No data 2 3.2 2 1.6 4 1.1 | 0.3 4 1.5 6 2.2
P value 818 .120 403
OR (95% Cl) 1.092 (0.516-2.307) 1.535 (0.892-2.642) 0.784 (0.443-1.386)
Socio economic level
Low 57 24.8 101 439 161 43.6 122 33.1 92 339 140 51.7
Middle-high 17 7.4 51 22.2 22 6.0 58 15.7 I 4.1 25 9.2
No data 3 1.3 I 0.4 4 I.1 2 0.5 2 0.7 | 0.4
P value .104 .000 .298
OR (95% ClI) 1.693 (0.894-3.203) 3.479 (2 18-5.995) 1.493 (0.701-3.181)
Household overcrowding™*
Yes I 48 19 8.3 97 26.3 51 13.8 4] 15.1 41 15.1
No 66 28.7 134 58.3 90 24.4 131 35.5 64 236 125  46.1
P value 691 .000 122
OR (95% ClI) 1.175 (0.528-2.613) 2.768 (1.796-4.265) 1.953 (1.152-3.309)
Access to public services®*
Yes 77 335 149 64.8 94 255 93 252 102 376 164  60.5
No 0 0.0 4 1.7 9l 24.7 89 24.1 3 1.1 2 0.7
No data 0 0.0 0 0.0 2 0.5 0 0.0 0 0.0 0 0.0
P value .84| .848 262
OR (95% CI) - 0.988 (0.656-1.488) 0.414 (0.068-2.524)

*Defined as any child without school enrollment, children aged 6 to |5years with pre-school as highest educational level and/or children older
than I5years with primary school as highest educational level.

**Defined as more than 2 individuals per available bedroom in the household.

**Defined as combined access to aqueduct water, electricity and sewerage services.
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Table 4. SARS-CoV-2 Antibody Results and Univariate Analysis of Selected Individual and Household Characteristics of the
Population of Children Aged 5 to |7 Years Included in the Colombian SARS-CoV-2 Antibody Seroprevalence Study. Results for

Incipient Development City.

Guapi (n=194)

Characteristic n % n %

IgM + 1gG (+) )
Totals 118 60.8 76 39.2

Sex
Male 51 26.3 34 17.5
Female 67 34.5 42 21.6
P value .835
OR (95% ClI) 0.940 (0.526-1.680)

Age
5-11years 43 222 34 17.5
12-17 years 75 38.7 42 21.6
P value .249
OR (95% ClI) 0.708 (0.393-1.274)

Health insurance type
Employer-based 25 12.9 I 5.7
Subsidized 84 433 59 30.4
No insurance 7 3.6 4 2.1
No data 2 1.0 2 1.0
P value .240
OR (95% ClI) 1.596 (0.729-3.494)

Previous COVID-19 diagnosis
Yes 0 0.0 0 0.0
No 118 60.8 76 39.2
No data 0 0.0 0 0.0
P value 517
OR (95% Cl) -

Educational Backwardness*
Yes 8l 41.8 58 29.9
No 36 18.6 17 8.8
No data | 0.5 | 0.5
P value 220
OR (95% Cl) 0.659 (0.338-1.286)

Socio economic level
Low 17 60.3 74 38.1
Middle-high | 0.5 0 0.0
No data 0 0.0 2 1.0
P value .685
OR (95% ClI) -

Household overcrowding**
Yes 17 8.8 12 6.2
No 101 52.1 64 33.0
P value 792
OR (95% ClI) 0.897 (0.402-2.003)

Access to public services™*
Yes 15 7.7 10 5.2
No 102 52.6 66 34.0
No data | 0.5 0 0.0
P value 928
OR (95% Cl) 0.970 (0.411-2.289)

*Defined as any child without school enrollment, children aged 6 to 15years with pre-school as highest educational level and/or children older

than |15years with primary school as highest educational level.

**Defined as more than 2 individuals per available bedroom in the household.
**Defined as combined access to aqueduct water, electricity and sewerage services.
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Panel A Robust
o0 —8—Sex
ref: Male
poy —0—Age
) ref: 5-11years
- —8—Health insurance type
ref: Employer-based
[ & 0 —@— Previous COVID-19 diagnosis
ref: Yes
Educational Backwardness
ref: Yes
*-o-0 —8—Socio economic level
ref: Low
—8—Household overcrowding
o—ol—o ref: Yes
—@— Access to public services
: i : : ref: Yes
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Panel B Intermediate
eo-p —e—Sex
ref: Male
—0—Age
o0 ref: 5-11years

—@—Health insurance type
ref: Employer-based
—@— Previous COVID-19 diagnosis

®
[ ]
[ ]

ref: Yes
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*—o—o ref: Yes
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—@—Household overcrowding
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—@— Access to public services
f T T T T T T T T T T T ref: Yes
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Panel C Incipient
—8— Sex
oo ref: Male
o-o—p —o—Age
i ref: 5-11years
o——o ° —@— Health insurance type
ref: Employer-based
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ref: Yes
o—o—=o —@— Access to public services
ref: Yes

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Figure 2. Forest plots showing Odds Ratios (OR) and 95% Confidence Intervals estimates for positive SARS-CoV-2 antibody
results and selected socio economic and clinical variables in cities grouped by typology. Panel A Robust development typology,
Panel B Intermediate development typology, and Panel C Incipient development typology.
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estimated OR and 95% CI calculated after grouping cit-
ies according to their typology is shown.

When analyzing the robust development cities, sex
differences were seen between the seropositive and
seronegative children in the city of Medellin, as being
male, posed a lower probability of having a positive
SARS-CoV-2 antibody result (P=.032, OR: 0.585, 95%
CI 0.358-0.956) when compared to the female popula-
tion (Table 2). Similarly, for the city of Bucaramanga,
living in a household with adequate public services was
protective against having a positive SARS-CoV-2 anti-
body test (P=.000, OR: 0.189, 95% CI 0.055-0.647)
(Table 2). After performing a grouped analysis for these
cities, children affiliated to the employer-based health
insurance showed lower SARS-CoV-2 seropositive rates
(OR: 0.579, 95% CI 0.477-0.703). Factors that were
found to be related to a higher probability of having a
positive SARS-CoV-2 antibody test were previous
COVID-19 diagnosis (OR: 7.517, 95% CI 3.566-15.84),
belonging to the lowest socioeconomic stratum (OR:
1.758, 95% CI 1.427-2.165) and living in an over-
crowded household (OR: 1.846, 95% CI 1.467-2.323)
(Figure 2, panel A).

As for the intermediate development cities, no asso-
ciations between positive SARS-CoV-2 antibody results
and variables such as sex, age group and school back-
wardness were established either for individual city or
grouped analysis (Table 3, Figure 2 panel B). After per-
forming a grouped analysis, children having an
employer-based health insurance and living in a house-
hold with adequate access to public services, had a lower
probability of having a positive SARS-CoV-2 antibody
test (OR: 0.648, 95%CI 0.480-0.874 and OR: 0.679.
95% CI 0.491-0.939 respectively). On the other hand,
children who referred having a previous COVID-19
diagnosis (OR: 4.903, 95% CI 1.600-15.02), belonged
to the lowest socioeconomic stratum (OR: 2.288, 95%
CI 1.599-3.275) and lived in an overcrowded household
(OR: 2.379, 95% CI 1.769-3.199), were all found to be
factors related with a higher probability of having a pos-
itive SARS-CoV2 antibody test (Figure 1 panel B).

For the only city categorized in incipient develop-
ment (Guapi) (Table 4, Figure 2 panel C), no significant
relation between demographic and clinical variables and
SARS-CoV-2 antibody results were found.

Discussion

This study shows the seroprevalence rate of SARS-
CoV-2 antibodies in a population of children aged
between 5 and 17years in 10 Colombian cities. The
study took place 6 to 12months after the beginning of
the pandemic in the country and after reaching

the country’s first pandemic peak (July 2020), which
registered 10086 deaths.' Although most cities had
seroprevalence results within the expected range
(approximately 30%), there were important differences
seen within the study sites, where cities like Guapi,
Barranquilla, and Leticia were well above the expected
SARS-CoV-2 seropositivity rates for the country.

Other authors who have explored SARS-CoV-2 anti-
body seropositivity in children and adolescents have
reported lower rates than what was found within our
population. Rostami et al published a meta-analysis
where the pooled prevalence for SARS-CoV-2 antibod-
ies in the population younger than 19years of age was
found to be 2.28%,° although most of the studies
included in this analysis belonged to high-income coun-
tries and were developed early in the pandemic. On the
other hand Figar et al?’ studied a population in a low-
income neighborhood in Buenos Aires, Argentina,
reporting a SARS-CoV-2 prevalence of 62% in male
adolescents aged 14 to 19 years, being the highest within
the studied population. Although it is necessary to
account for factors such as the timing of the pandemic,
the type of laboratory analysis employed and the popu-
lation characteristics, these seroprevalence differences
also need to be understood within the context surround-
ing the studied populations.

In our study 3 of the largest and more developed cit-
ies in Colombia (Cali, Medellin, and Bogota), showed
the lowest antibody positivity results, compared to
smaller and less developed cities, especially Guapi and
Leticia that had some of the highest antibody positivity
rates. This finding is somewhat unexpected, as
Colombia’s SARS-CoV-2 surveillance system registers
higher infection rates in big cities that concentrate a
large proportion of the country’s population such as
Bogota and Medellin. These results could be reflecting
the gap existing between the infected and exposed indi-
viduals, where the latter are not identified through rou-
tine disease surveillance systems, leaving an important
number of unidentified cases, which can be more promi-
nent in younger populations where disease tends to be
asymptomatic. Also, it is possible that populations with
more economic restrictions as seen in Guapi and Leticia
could face numerous challenges when adopting discase-
mitigating activities such as access to personal protec-
tive equipment (PPE), increasing the risk of wviral
exposure.

Interestingly, results from the adult population in this
same study show similar findings to the population of
children and adolescents,?! where the rate of SARS-
CoV-2 antibody detection displays similar trends
between these 2 population age groups. Other studies
that have compared pediatric versus adult SARS-CoV-2
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seroprevalence have found that younger populations
have lower SARS-CoV-2 antibody detection.*?>?° In
our analysis, belonging to the younger (5-11years) or
older (12-17years) age groups did not make a difference
in terms of SARS-CoV-2 antibody positivity for indi-
vidual or grouped city analysis. SARS-CoV-2 antibody
seropositivity studied among the pediatric age group has
shown inconsistent results where both higher seroposi-
tivity rates in older? and younger age groups have been
reported.?>%¢

As is recognized, children and adolescents, although
not exempt from disease, do have a lesser burden in
terms of number of reported infections and their sever-
ity. In spite of this, children have been considered as
possible viral reservoirs (similar to influenza virus) and
as such have been included in pandemic mitigation poli-
cies.?’ In Colombia, since the declaration of the sanitary
emergency in March 2020, many public health measures
that included the population of children and adolescents
were established, such as limited outdoor activities,
school closures, use of face masks (for children aged
2years and older) and restriction to travel. These cir-
cumstances made children spend most of the time at
their homes, where exposure to SARS-CoV-2 most
likely occurred.?’

Currently, clear risk factors for SARS-CoV-2 disease
course are recognized, mainly centering in age, gender
and underlying conditions, but less evidence exists
regarding SARS-CoV-2 disease exposure risk factors,
especially in children and adolescents. As in other child-
hood diseases, an interplay between individual and con-
textual characteristics influence disease occurrence.
This fact was highlighted by Zar et al,?® who called for
the need to acknowledge that although all individuals
were at risk of SARS-CoV-2 infection, certain popula-
tion characteristics increased these vulnerabilities.
Among these were the socioeconomic status, living con-
ditions, type of employment, and access to health care.
As shown in our results, contextual factors seem to be
playing an important role in SARS-CoV-2 exposure
rates in children and adolescents within these 10
Colombian cities.

Guapi, the only city classified within the incipient
development typology, is located in the Colombian
Pacific Coast, it has a population of 27616 inhabitants
with a large majority being afrodescendentes (97.7%).
More than half of the population is aged between 15 and
59years and only 10% are 60years or older. Important
infrastructure deprivations exist as only 51.7% of the
city’s households have access to electricity according to
the national 2018 census data.” In our study, this city
showed the highest prevalence of SARS-CoV-2 antibod-
ies among children and adolescents. Although no specific

sociodemographic characteristics were associated with
SARS-COV-2 antibody results, it is likely that the preva-
lent social and economic deprivations to which a large
proportion of the population is exposed, can explain this
high seropositivity rate.

To note, the population in Guapi in spite of having
the highest seropositivity rates, had the lowest referral of
previous COVID-19 diagnosis within children and ado-
lescents. This finding is somehow unexpected as a refer-
ral of previous COVID-19 diagnosis was associated
with SARS-CoV-2 antibody detection, as seen in the
intermediate and robust development cities in our analy-
sis. Although numerous factors can explain this finding,
given the socioeconomic conditions of this population it
is likely that a restriction to COVID-19 testing exists
limiting the population's capacity of getting diagnosed.
This restriction to COVID-19 diagnostic tests has been
previously documented in marginalized populations,*
where large disparities were seen not only in disease
incidence but also in access to COVID-19 diagnostic
tests. This finding should warrant further research as it
may help in the adjustment of more adequate public
health interventions.

Cities in the intermediate development typology
share borders with Brazil (Leticia), Ecuador (Ipiales),
and Venezuela (Cucuta). Leticia is the capital of the
Amazon department, has a population of 48 144 inhabit-
ants of which 43.7% are indigenous. Ipiales and Cucuta
are larger cities with 116136 and 711715 inhabitants
respectively. Almost 60% of the population in all 3 cities
are aged between 15 and 59 years and more than 90% of
the households have access to electricity according to
the national 2018 census data sup.’!-*3 Being border cit-
ies implies diverse population dynamics, as migration
activities are ongoing and increase population move-
ments and interactions. Leticia had the third highest
seropositivity rate among the 10 cities, with 50.7% test-
ing positive. The amazon region was one of the first in
Colombia to reach the pandemic peak and as it shares a
large border with northern Brazil, one of the most
affected early in the pandemic, these findings could be a
reflection of the pandemic dynamics in this neighbor
country.>

Cities within the robust development typology account
for most of the largest and densely populated cities in the
country. Bogota, Medellin, and Cali have populations of
more than 2 million people, being highest in Bogota with
almost 7.5million people. Barranquilla, Bucaramanga
and Villavicencio all have less than 1.5million inhabit-
ants. None of these cities share borders with other coun-
tries and only Barranquilla has a coastline. All 6 cities are
considered as districts, which gives them financial and
administrative independence. As seen in the other city
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typologies, more than 60% of the population are aged
between 15 and 59 years and more than 99% of the house-
holds have access to electricity®>.

Within these cities, Barranquilla was found to have the
second highest seropositivity rate with 58.7% of the pop-
ulation of children and adolescents testing positive for
SARS-CoV-2 antibody detection. Contrastingly, Bogota,
Cali, and Medellin were the cities with the lowest serop-
revalence levels, in spite of having the highest numbers of
reported COVID-19 cases.'” Although these cities share
some characteristics, differences in climate, culture and
city dynamics are accentuated and can somehow explain
the differences in SARS-CoV-2 seroprevalence.

Although living conditions in cities within the inter-
mediate and robust typologies are less deprived than
those found in Guapi, high rates of socioeconomic
restrictions were present and found to be correlated with
SARS-CoV-2 seropositivity among children and adoles-
cents. Advantageous conditions such as having
employer-based health insurance (which is correlated
with higher family income) and living in a household
with adequate public services, decreased by approxi-
mately 30% the probability of having previous exposure
to SARS-CoV-2 in the intermediate development cities
and an employer-based health insurance reduced by
43% the probability of having a positive antibody test in
the robust development cities. On the contrary, belong-
ing to the lowest socioeconomic stratum and living in an
overcrowded household implied an almost 2-fold
increase in the probability of SARS-COV-2 exposure
among the intermediate and robust development cities.
Different epidemiological analyzes related to the
COVID-19 pandemic, show that income and access to
health care are fundamental aspects to be addressed in
social inequalities especially in low-income countries.*

Negative health impacts related to deprived socio-
economic conditions have been recognized for COVID-
19 and other diseases. An interplay between a higher
biological susceptibility to disease (due to higher preva-
lence of chronic underlying diseases), inappropriate liv-
ing conditions (such as overcrowding) and difficulties to
perform adequate disease mitigation activities (such as
social distancing, access to PPE) can have a cumulative
effect in SARS-CoV-2 exposure risk.*!

Our findings are in accordance with other seropreva-
lence studies, where socioeconomic contexts are found
to play a lead role in terms of SARS-CoV-2 exposure
risk and infection. Higher exposure rates have been
found in ethnic minority populations,**? children living
in poverty, inadequate dwelling conditions,* among
others. These contextual factors should be accounted for
when planning public health interventions aimed to mit-
igate SARS-CoV-2 impacts.

Conclusions

These results show that children and adolescents in
Colombia have had substantial impacts during the first
COVID-19 pandemic year, as high proportions of posi-
tive SARS-CoV-2 antibodies (and similar to adults in
the same population) were detected in this group of chil-
dren. Important seroprevalence differences across the
studied population were identified, with the highest
SARS-CoV-2 antibody positivity seen in the city cate-
gorized with incipient development where important
socio economic deprivations exist. For intermediate and
robust development cities, living in advantageous condi-
tions such as higher socioeconomic status, employer-
based health insurance and access to public services
were important contributors to not being exposed to
SARS-CoV-2. These results can help in planning
resource allocation directed to reduce the pandemic’s
negative impacts in the Colombian population, where
children and adolescents should be included, prioritizing
those with higher social vulnerabilities.

Limitations

Although all cities included in the analysis have had
their first pandemic peak when the study was devel-
oped, it occurred in different time frames between cit-
ies and as such, variations in the date of sample
collection between cities could have implications in
the differences found in SARS-CoV-2 antibody detec-
tion. Albeit previous COVID-19 diagnosis was found
to be significantly related to positive antibody detec-
tion in children living in the robust and intermediate
cities, the identification of this past infection was based
solely on individual’s referral without official confir-
mation and thus be subject of referral bias. Official
data to compare confirmed positive cases in each city
when the study was conducted was not available, leav-
ing important information about disease dynamics
unknown. The fact that only one city within the incipi-
ent development category was included in the study
could limit the understanding of the pandemic dynam-
ics in this type of population.
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