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Severe Acute Respiratory Syndrome 
Coronavirus 2 Seroprevalence Among 
Adults in a Tropical City of the 
Caribbean Area, Colombia: Are We 
Much Closer to Herd Immunity Than 
Developed Countries?
Salim Mattar,1,  Nelson Alvis-Guzman,2 Evelin Garay,1 Ricardo Rivero,1 
Alejandra García,1 Yesica Botero,1 Jorge Miranda,1 Ketty Galeano,1 
Fernando de La Hoz,3 Caty  Martínez,1 Germán Arrieta,1 Álvaro A. Faccini-Martínez,1 
Camilo  Guzmán,1 Hugo Kerguelen,4 Maria Moscote,4 Hector Contreras,1 and 
Veronica Contreras1

1Universidad de Córdoba, Montería, Córdoba, Colombia, 2Universidad de Cartagena, Fundacion 
Alzack, Cartagena, Colombia, 3Universidad Nacional de Colombia, Departamento de Salud 
Pública, Bogotá, Colombia, 4Secretaria de Salud de Monteria, Cordoba, Colombia

A serological survey was carried out in Monteria (500 000 pop-
ulation), a mid-size city in Colombia. An overall prevalence 
of 55.3% (95% confidence interval, 52.5%–57.8%) was found 
among a sample of 1.368 people randomly selected from the 
population. Test positivity was related to economic characteris-
tics with the highest prevalence found in the most impoverished 
areas, representing 83.8% of the city’s population. We found a 
prevalence that might be associated with some important level 
of population immunity.

Keywords.  coronavirus; ELISA; infectious disease trans-
mission; poverty areas; socioeconomic status.

Colombia (503 million inhabitants) identified its first case of 
coronavirus disease 2019 ([COVID-19] severe acute respiratory 
syndrome coronavirus 2 [SARS-CoV-2] infection) on March 2, 
2020, and by October 14, 2020 it had reported 930 159 cases 
(incidence, 17 539 per 100 000 people) and 28 306 deaths (mor-
tality, 5339 per 100 000 people), with variations for incidence 
and mortality by department and region [1]. Monteria is a 
medium-size city (~500 000 people) in the Caribbean region, 
with a high proportion of the population living in poverty 
(~80%). Local SARS-CoV-2 circulation was first detected on 
March 15, 2020, and by October 14, 2020 it had reported 25 208 
cases and 1585 deaths (incidence rate, 13 776 per 100 000 
people; mortality rate, 15 258 per 100 000 people) (Figure 1).

Seroprevalence studies are essential because they allow 
a more reliable estimation of the population infected after 
COVID-19 epidemics and estimate the likelihood of a second 
peak of transmission [2]. Colombia, according to the website 
https://serotracker.com/data, has no reported seroprevalence 
studies of SARS-CoV-2.

METHODS

This study aimed to estimate the prevalence of SARS-CoV-2 
past infections in Monteria. A  population-based serological 
study was carried out over a random sample (n = 1368) of the 
population selected from all city areas. The neighborhood pop-
ulation size weighted the sample. The steps to select the sample 
were as follows: (1) blocks of houses were randomly selected 
from every neighborhood (10 neighborhoods); (2) a list of 
houses in every selected block was developed, identifying every 
house with a particular number; and (3) house-to-house visits 
were made in the city’s neighborhoods, taking the even num-
bers. Adjoining houses were not visited. No attempt was made 
to identify whether participants had antecedents of suspected 
or confirmed COVID-19 infection or disease, nor whether they 
had been a contact of the confirmed case(s). The number of 
samples taken by neighborhoods fluctuated between 55 and 
428. The blood samples were taken by health staff trained 
for epidemiological fieldwork. Once the blood samples were 
obtained, the tubes were sent to the University of Cordoba labo-
ratory, where they were centrifuged. The enzyme-linked immu-
nosorbent assay (ELISA) test was carried out by microbiologists 
who are experts in this type of test.

Sera were analyzed using INgezim COVID 19 DR test 
(Ingenasa; Eurofins, Madrid, Spain), a dual recognition 
ELISA detecting semiquantitatively total SARS-CoV-2 virus 
N-protein-specific antibodies (immunoglobulin [Ig]G, IgM, 
and IgA). The assay was previously validated by both the man-
ufacturer and us [3], with a 90%–93% sensitivity and specificity 
of 91%–99% (Table 1).

Patient Consent Statement

The research committee of the Institute of Tropical Biological 
Research of the University of Cordoba approved the ethics pro-
tocol, and informed consent was obtained from all patients. 
Patients were registered using an anonymous numeric code. 
The study incorporated procedures, management, and con-
servation of samples, and technical-administrative procedures 
for health research required by resolution 8430 of the Ministry 
of Health of Colombia, in 1993 and declaration of Helsinki for 
ethical and medical research in human subjects. The study was 
considered as minimal risk.

applyparastyle “fig//caption/p[1]” parastyle “FigCapt”
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RESULTS

From 1368 people (male n = 577, n = female 791), we found an 
overall prevalence of 55.3% (95% confidence interval [CI], 52.5–
57.8), with the most massive prevalence among people between 
20 to 60 years old (53.9%; 95% CI, 49.4%–58.3%). Prevalence 
varied by neighborhood, from 11.5% to 75% (Table 2). Three 
neighborhoods had prevalence above the average (75%, 70.9%, 
and 57.1%), and all of them were placed in disadvantaged areas 
of the city. People living in rural areas had a prevalence under 
the city average (46.8%; 95% CI, 38.6–68.5) (Table  2). There 
were no differences by sex: males had 57.2% of seroprevalence 
(95% CI, 53.1%–61.3%), and females had 54.4% of seropreva-
lence (95% CI, 50.8%–58.0%).

The present work is the first serological study reported from 
Colombia, where SARS-CoV-2 has been circulating for more 
than 7  months. It yields a similar proportion of infection 
than the study conducted by Del Brutto et al [4] in Atahualpa 
(Ecuador), a small rural population, where they found a prev-
alence of 44%. It is remarkable that these Latin American re-
sults are higher than those reported from European cities [5, 6] 
and China [7], where positivity to serological tests ranged from 
0.9% to 13%, suggesting a lower attack rate in the population.

Monteria’s high prevalence suggests that there are many 
people entirely or partially immune to SARS-CoV-2, resulting in 
some level of population protection against the second wave of 
infection. During the first wave, Monteria detected 12 226 cases 
and 709 deaths, and the local hospital nearby could collapse. 
However, if 55% of the population is already nonsusceptible, 
the second wave may not occur because the level of population 
immunity to reach protection against COVID-19 outbreaks is 
approximately 65% [2].

Low adherence to quarantine recommendation is one of the 
main reasons behind this unexpected high prevalence. It is not 
surprising if the socioeconomic conditions of Monteria’s pop-
ulation are reviewed. Employment in the informal sector is as 
high as 60% in the whole city but may be 83.8% in some areas, 

which forces people to remain on the streets struggling to gain 
enough to pay for the everyday food and shelter.

DISCUSSION

This study may help to clarify the true magnitude of COVID-
19 mortality in Monteria. Currently, the city has reported 709 
deaths, which amount to a case-fatality rate (CFR) of 5.7%, 
2 times the national average CFR. However, if our results are 
valid, the true CFR would be 0.26% because ~275 000 people 
would have been infected in Monteria during the first peak of 
transmission.

The study also has some limitations. First, the recombinant 
antigen N was used for laboratory testing, which has excellent 
sensitivity; however, recombinant antigens are not usually spe-
cific (3). Although we indeed have a large circulation of SARS-
CoV-2, other coronaviruses that could have cross-reactions 
with the N antigen cannot be ruled out (3). Moreover, cross-
reactions with arboviruses and SARS-CoV-2 were recently re-
ported [3, 8, 9], and Monteria is an endemic region for dengue, 
Zika, and Chikungunya. Therefore, false positives could also 
be possible. In addition, the ELISA used by us detects total 
gamma globulins (IgM, IgG, IgA), and it is believed that IgA 
produces false positives [10]. Second, no information about 
antecedents of COVID-19 nor contact-confirmed cases was 
collected from participants, which precluded us from analyzing 
the performance of the test by the presence or absence of clin-
ical symptoms.

The main strength of this study is that it shows, for the first 
time, the prevalence of SARS-CoV-2 in a small capital city of 
Colombia using a randomly selected sample. It allows us to ex-
trapolate the sample results to the city’s whole population and 
contribute epidemiological elements for decision making by 
municipal public health authorities. Vaccination strategies are 
already being discussed in Colombia, but a high prevalence of 
natural infection, such as observed in the present study, may 
preclude vaccines as a population strategy because it may not 
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be cost effective. However, the possibility of reinfection suggests 
that people that have been infected once cannot be considered 
to be immune. Although so far, long-established reinfection 
cases seem to be very scarce, and additional verification and 
longer supplement time are essential to apprehend the length 
of immunity, transmissibility, and the probability and con-
sequences of reinfection [11]. The present assumption is that 
clinical management, infection prevention/control, and contact 
tracing concerns are not expected to diverge for a second infec-
tion related to people infected for the first time [11].

CONCLUSIONS

We do not know whether immunity provided by the natural 
infection is long-lasting. However, we will soon find out be-
cause on September 1, 2020, the national government opened 
trade, national and international road and air transportation, 
and restaurants. If the number of cases in Monteria maintains 
its current decreasing trend, it could be a sign that the city has 
reached some vital level of protection by natural infection even 
if it is below 65%, which is proposed as the cutoff point for herd 
immunity [2]. If we assume that approximately 50% of the pop-
ulation reached natural immunity in the city of Monteria, we 
could be moderately optimistic, and we are likely to have less 
occupancy in intensive care unit beds. Moreover, the possible 
reinfections could be clinically milder.
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