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  SPATIAL AND EPIDEMIOLOGICAL MONITORING OF SARS-CoV-2 
INFECTION IN A REGION OF THE COLOMBIAN TROPICS
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Abstract

 The control of  SARS-CoV-2 infection is one of  the main challenges for health authorities worldwide, 
and one of  the strategies for its control would be to delve into the geospatial dynamics of  this infection. 
The objective of  this research was Describe the geospatial and epidemiological dynamics of  SARS-
CoV-2 infection in the department of  Córdoba. Between March 2020 and July 2021, a prospective 
descriptive study was carried out on the Spatio-temporal dynamics of  the infection by SARS-CoV-2 in 
the department of  Córdoba, area of    the Colombian Caribbean. The information in the data of  cases 
confirmed by SARS-CoV-2 of  the National Institute of  Health (INS) of  Colombia and the sociode-
mographic database of  the national statistics department was used. Our data show that SARS-CoV-2 
spread throughout the department of  Córdoba. The highly populated clusters of  the region were the 
most affected. The age variable mainly explains the mortality rate in the department (p <0.05, OR 18). 
Finally, Control the infection, and it is essential to monitor and predict the geographic areas with the 
highest risk of  SARS-CoV-2 infection to implement public health strategies to reduce morbidity and 
mortality.

Key words: Surveillance; Public Health; COVID-19; Epidemiology; General Social Development; Po-
pulation.
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MONITOREO ESPACIAL Y EPIDEMIOLÓGICO DE LA INFECCIÓN 
POR SARS-CoV-2 EN UNA REGIÓN DEL TRÓPICO COLOMBIANO

Resumen

El control de la infección por SARS-CoV-2 es uno de los principales desafíos para las auto-
ridades sanitarias a nivel mundial, y una de las estrategias para su control sería profundizar 
en la dinámica geoespacial de esta infección. El objetivo de esta investigación fue describir la 
dinámica geoespacial y epidemiológica de la infección por SARS-CoV-2 en el departamento 
de Córdoba. Entre marzo de 2020 y julio de 2021 se realizó un estudio descriptivo prospec-
tivo sobre la dinámica espacio-temporal de la infección por SARS-CoV-2 en el departamento 
de Córdoba, zona del Caribe colombiano. Se utilizó la información de los datos de casos 
confirmados por SARS-CoV-2 del Instituto Nacional de Salud (INS) de Colombia y la base de 
datos sociodemográfica del departamento nacional de estadística. Nuestros datos muestran 
que el SARS-CoV-2 se extendió por todo el departamento de Córdoba. Los conglomera-
dos densamente poblados de la región fueron los más afectados. La variable edad explica 
principalmente la tasa de mortalidad en el departamento (p<0.05, OR 18). Finalmente, para 
controlar la infeccion es fundamental monitorear y predecir las áreas geográficas con mayor 
riesgo de infección por SARS-CoV-2, e implementar estrategias de salud pública para reducir 
la morbilidad y la mortalidad.

.
Palabras clave: Vigilancia; salud pública; COVID-19; epidemiología; desarrollo social general; 
población. 

Highlights

•	 The variables sex, age, and UBN explain the fatal-
ity in this region. 

•	 In 2021 the highest peak of  cases is likely related 
to the entry of  variants of  interest such as Mµ, 
Gamma, and Iota.

•	 The public health efforts should focus on vacci-
nation in hot spots and vulnerable populations to 
limit the expansion and reduce the damage caused 
by SARS-CoV-2.

Introduction

The control of  the SARS-CoV2 infection has been the 
main problem of  the scientific and health community 
in the last year since this new infection has become 
the main challenge in public health for health systems 
around the world. SARS-CoV-2 has caused more 
than 420 million reported infections and the death of  
more than 5.8 million people worldwide (1). One of  
the strategies for controlling SARS-CoV-2 is to know 
the geospatial dynamics of  the infection, which would 
allow us to understand the failures when facing the 
waves of  SARS-CoV2.
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On the other hand, in 2020, our research group stud-
ied the dynamics of  this infection in the department 
of  Córdoba, evaluating through serological tests the 
presence of  total antibodies against the SARS-CoV-2 
nucleocapsid protein in the most representative munic-
ipalities. from this department showing high seroposi-
tivity (41%) in this region (2). However, serology does 
not show real-time viral mobility and spatial distribu-
tion of  human clusters infected with SARS-CoV-2. 
Currently, the location of  the affected populations is 
crucial to understand the geographic areas most sus-
ceptible to new waves of  infection. Therefore, the 
analysis of  geolocation data, clinical and sociodemo-
graphic information of  the cases confirmed by SARS-
CoV-2 of  the department are crucial to understanding 
the dynamics of  the infection.

Therefore, the objective of  this work was to describe 
the geospatial and epidemiological dynamics of  
SARS-CoV2 infection in the department of  Córdoba, 
Colombia.

Methodology

Between March 2020 and July 2021, a prospective 
descriptive study was carried out on the Spatio-
temporal dynamics of  SARS-CoV-2 infection in the 
department of  Córdoba. The department is located 
in the North-West of  Colombia in an area of  ​​the 
Colombian Caribbean. The information consigned 
in the database of  cases confirmed by SARS-CoV-2 
and their severity of  the National Institute of  Health 
(INS) of  Colombia (1)( and the sociodemographic 
database of  the National Administrative Department 
of  Statistics (DANE) were used (2). The severity of  
the disease criteria used by INS and the Colombian 
Association of  Infectious Diseases (ACIN) (3,4) were 
followed: a) Mild disease: local symptoms in the up-
per respiratory tract and may present with nonspe-
cific symptoms such as fever, muscle pain, or general 
malaise. b) Moderate disease: clinical or radiological 

evidence of  lower respiratory infection, with compat-
ible lung images and O2 saturation> 93%. c) Severe 
disease: respiratory rate greater than 30 / min, oxy-
gen saturation <93%, PAFI (the relationship between 
arterial oxygen pressure and the inspired fraction of  
oxygen (PaO2 / FiO2) less than 300, infiltrates more 
than 50%.

The integration of  the two databases made it possible 
to relate (cases / 100,000 inhabitants) and compare 
the casuistry between the different municipalities. Ad-
ditionally, it was possible to integrate the index of  un-
satisfied basic needs (UBN) (5), an official indicator 
representing each municipality’s main socio-economic 
aspects in Colombia.

Risk factors associated with mortality and trends in 
the geographic distribution of  the cases were analyzed. 
Through a logistic regression model, mortality from 
COVID-19 was analyzed with the variables sex, age, 
and UBN. The continuous variables (age and UBN) 
were transformed into category variables, which were 
established as high and low, the respective means were 
used as a cut-off  point.

An epidemic curve was constructed with confirmed 
cases and the number of  deaths in the department of  
Córdoba and its capital Montería. Data were aggregat-
ed as epidemiological weeks during the study period. 
Additionally, the leading social events that could affect 
the behavior of  the pandemic were analyzed, such as 
Easter, days without VAT, end-of-year holidays, and 
the first four stages of  the vaccination plan.

Finally, two epidemiological maps were constructed 
with the distribution of  the infection during the pan-
demic. The kernel density estimator (6) was used on 
the cases of  each municipality, and it was related to 
the population (cases / 100000 inhabitants/municipal-
ities). A bandwidth of  40 km was used, and the QGIS 
program, version 3.4.
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Results

Until July 23, 2021, in the department of  Córdoba, 
97,534 cases of  COVID-19 were reported, of  which 
53,130 (54.5%) were in women, and 44,404 (45.5%) 
were men. The mean age was 41.3 years (95% CI, 41.1 
to 41.4). Two thousand eighty-three men died, which 
produced a high fatality of  4.7%. In contrast, the fatal-
ity in women was lower, with 1.375 (2.6%) deaths. The 
average NBI was 26.9% (95% CI, 26.9 to 27.0), and the 

average of  each case in the department was 1.18 cases 
/ 100,000 inhabitants (95% CI, 1.17 to 1.19).

When analyzing the cases in each municipality, it was 
observed that Montería, the department’s capital, was 
the city with most cases 51,803 (53.11%). The other mu-
nicipalities with the most cases of  SARS-CoV-2 in their 
order were: Cerete, Sahagún, Chinú, Cotorra, Pueblo 
Nuevo, Ciénaga de Oro, Lorica, Canalete, Montelíba-
no, Momil, San Pelayo and Planeta Rica (Table 1).

Table 1. Sociodemographic characteristics of SARS-CoV-2 infection in the Cordoba.

Total (Cordoba) Gender

Municipalities
Total 

cases/
100000

Cases NBI Age

Deaths Female Male

Cases
%

Age
n>60

Deaths
Cases Age

n

Deaths
n/all 
ages %>60 % n %

Montería 11944 51803 18,8 40,2 1657 3,2 1121 67,7 28180 40,1 639 2,3 23623 40,3 1018 4,3
Cerete 7083 6818 25,2 43,6 271 4,0 199 73,4 3706 43,5 124 3,3 3112 43,8 147 4,7

Sahagún 6208 5837 25,3 43,4 215 3,7 161 74,9 3090 43,6 87 2,8 2747 43,2 128 4,7
Chinú 6000 2561 25,0 41,5 74 2,9 60 81,1 1394 41,5 29 2,1 1167 41,5 45 3,9

Cotorra 5674 920 24,2 42,6 30 3,3 22 73,3 503 42,4 16 3,2 417 42,9 14 3,4
Pueblo Nuevo 5618 1515 42,9 40,6 32 2,1 26 81,3 842 40,4 16 1,9 673 40,8 16 2,4
Ciénaga Oro 5290 2977 36,9 41,7 99 3,3 79 79,8 1577 41,0 34 2,2 1400 42,5 65 4,6

Lorica 5231 5152 33,4 43,5 233 4,5 162 69,5 2938 42,8 88 3,0 2214 44,4 145 6,5
Canalete 4787 710 75,4 39,1 22 3,1 20 90,9 404 37,5 6 1,5 306 41,2 16 5,2

Montelíbano 4478 3216 27,0 41,2 116 3,6 82 70,7 1669 40,3 45 2,7 1547 42,1 71 4,6
Momil 4298 699 26,7 43,6 21 3,0 16 76,2 391 43,0 5 1,3 308 44,5 16 5,2

San Pelayo 4272 1735 37,2 43,3 65 3,7 51 78,5 964 43,2 30 3,1 771 43,4 35 4,5
Planeta Rica 3928 2367 33,1 44,3 104 4,4 86 82,7 1288 43,8 43 3,3 1079 45,0 61 5,7
San Antero 3628 1053 29,6 39,7 27 2,6 16 59,3 591 39,5 13 2,2 462 40,1 14 3,0

Chima 3535 477 37,9 44,5 14 2,9 11 78,6 255 43,2 6 2,4 222 45,9 8 3,6
La Apartada 3289 452 30,5 44,5 22 4,9 15 68,2 241 42,7 10 4,1 211 46,5 12 5,7

Tuchin 2718 1088 78,0 35,0 36 3,3 21 58,3 636 33,1 14 2,2 452 37,7 22 4,9
San Carlos 2537 597 38,6 42,7 24 4,0 13 54,2 286 42,5 13 4,5 311 42,8 11 3,5
Sotavento 2357 991 72,6 39,3 37 3,7 25 67,6 563 38,4 11 2,0 428 40,5 26 6,1

SB, Del Viento 2313 681 42,0 40,3 23 3,4 17 73,9 382 39,3 9 2,4 299 41,5 14 4,7
Buenavista 2290 420 40,9 46,8 32 7,6 19 59,4 219 46,8 20 9,1 201 46,9 12 6,0

Moñitos 2228 559 68,3 40,9 17 3,0 12 70,6 333 40,3 6 1,8 226 41,8 11 4,9
Pto Libertador 2192 775 55,6 43,4 53 6,8 32 60,4 412 42,4 24 5,8 363 44,5 29 8,0
San José Ure 2179 241 52,8 39,2 8 3,3 6 75,0 141 37,6 1 0,7 100 41,3 7 7,0

Tierralta 2051 1776 56,0 42,2 111 6,3 73 65,8 968 40,3 45 4,6 808 44,4 66 8,2
Los córdobas 1989 316 70,8 41,6 15 4,7 7 46,7 167 42,1 4 2,4 149 41,1 11 7,4

Purísima 1965 289 36,1 45,2 10 3,5 9 90,0 160 44,0 4 2,5 129 46,7 6 4,7
Valencia 1958 598 55,9 44,7 36 6,0 28 77,8 330 43,5 11 3,3 268 46,0 25 9,3

Pto Escondido 1931 376 73,8 39,1 10 2,7 7 70,0 217 36,7 4 1,8 159 42,4 6 3,8
Ayapel 1378 535 47,6 44,7 44 8,2 33 75,0 283 44,1 18 6,4 252 45,5 26 10,3

Córdoba 6270 97534 27,0 41,3 3458 3,5 2429 70,2 53130 41,0 1375 2,6 44404 41,6 2083 4,7
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When comparing the average ages with the different 
forms of  the severity of  COVID-19 reported by the 
INS, a statistically significant difference was observed 
(p <0.0001), the group of  individuals who died had 
an average of  67.7 years. In contrast, the mild forms 
of  the disease had an average age of  40.1 years. Fur-
thermore, no differences were observed in the mean 
age between individuals with severe (48.3 years) and 
moderate (48.6 years) forms of  this disease (p> 0.05). 
(Table 2).

On the other hand, when evaluating the gender vari-
able, a higher infection was observed in women (n = 
53,130) than in men (n = 44,404). However, in men, 
the fatality rate was significantly higher than in women 
(p <0.0001) (Tables 1 and 2).

Variable’s sex, age, and UBN vs. the risk of  death to 
explain the fatality in the department of  Córdoba were 
analyzed. It was observed in the univariate and bivari-
ate analysis that age was strongly associated with mor-
tality in the department. These data allow us to infer 
that the department’s risk of  dying increases 18 times 
(Tables 3, 4).

The epidemic curve for the department of  Córdoba 
and the municipality of  Montería shows the confirmed 

cases of  SARS-CoV-2 and the number of  deaths ob-
served and expected during the pandemic peaks of  the 
years 2020-2021 (Figure 1). Regarding the confirmed 
cases of  SARS-CoV-2, the first wave of  cases in this 
department began in week 25. The maximum peak 
was reached in week 31 of  2020. The week coincided 
with the commercial opening of  the day without VAT. 
Subsequently, a decrease in cases was observed be-
tween weeks 36 and 50 of  2020. In week 51, there was 
a new commercial opening that coincided with the end 
of  the year festivities, and from this week, a new in-
crease in the number began of  COVID-19 cases, which 
remained constant during the first quarter of  2021. In 
week 6 of  the quarter, the vaccination plan against 
SARS-CoV-2 began. From week 12 (Holy Week), ex-
ponential growth in the number of  cases was observed 
until the maximum peak of  reported cases of  SARS-
CoV-2 in week 25. Later a significant decrease in cases 
was observed between weeks 26 -28 (Figure 1).

Regarding fatality in the department, a lower rate 
was observed in the peak of  2021 compared to 2020. 
When comparing the expected fatality rate in the 
second epidemic peak in 2021 compared to that ob-
served in 2021, differences were observed between 
the expected lethality (n = 4,130) and observed (n = 
1,741) (Figure 1).

Table 2. Relationship between age and gender with the outcome of SARS-CoV-2 infection.

Variable Outcome

 Age
 67,7c

Deceased Severe Moderate Mild
48,3b 48,6b 40,1a

p-value < 0,0001

Sex
Deceased Severe Moderate Mild

Female 1375 29 397 51149

Male 2083 41 387 41571

p-value <0,0001 0,151 0,721 <0,001

a,c: Statistical significance, b: Non-statistical significance.
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Table 3. Univariate analysis of variables associated with mortality from COVID-19 in Cordoba, Colombia.

Variable Category Cases
Deceased Odds 

Ratio
 95% CI 

P-value
n % Lower bound Upper bound

Sex
Male 42321 2083 4,9

1.853 1.729 1.986 <0,001
Female 51755 1375 2,7

Age
≥41,3 years 41590 3240 7,8

18.756 16.342 21.526 <0,001
<41,3 years 52486 218 0,4

UBN
≥26,9% 27706 1190 4,3

1.257 1.170 1.350 <0,001
<26,9% 66370 2268 3,4

 
CI: Confidence interval, UBN unsatisfied basic needs. 

Table 4. Multivariate logistic regression model for mortality from COVID-19 in Cordoba, Colombia.

Variable Category Odds Ratio
95% CI

P-Value
Coefficient Lower bound Upper bound

Sex (M/F) 0,608 1.836 1.712 1.971 <0,001
Age (≥41,3/<41,3) years 2,924 18.613 16.260 21.423 <0,001
NBI (≥26,9%/<26,9) 0,154 1.167 1.084 1.255 <0,001

CONSTANT -5,848 * * * <0,001

CI: Confidence interval, * No apply.

Figure 1. Curve in epidemiological weeks of cases and deaths confirmed by SARS-COV-2, in the department of 
Córdoba, 2020-2021. Cases are represented on the Y-axis and deaths on the right axis. Social events that could 

influence the behavior of the infection were added: + Easter, $ day without VAT, * end of the year, and V vaccination 
plans. In 2021, the number of expected deaths is observed at the second peak.
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Regarding the geospatial distribution of  the SARS-
CoV-2 infection, the cases were concentrated in Mon-
tería and nearby municipalities such as Cereté (Figure 
2). It was observed that the infection spread from 
Montería to the north of  the department, affecting 
many municipalities (Cereté, San Carlos, San Pelayo, 
Cotorra, Lorica, Chima, Purísima, Momil, San An-
tero, Sahagún and Chinú).

Discussion

Our data show that SARS-CoV-2 spread uncontrolla-
bly throughout the department of  Córdoba, a situation 
that could be influenced by the predominant informal 
economy in the region studied (7) and for cultural rea-
sons. For this reason, a high rate of  infection by this 
new coronavirus was observed in both men and wom-
en. However, in men, the clinical evolution was worse 

than in women, which could be explained at the level 
of  their lung cell membranes where there is a greater 
expression of  serine proteases (TMPRSS2), which 
promote the cleavage of  the Spike (S) protein (8)in-
flammatory cytokines, disease severity, and poor clini-
cal outcomes among male patients with COVID-19. 
The gradual decline in total and free testosterone levels 
has a direct correlation with serious pulmonary com-
plications requiring advanced care (ICU, ventilators, 
ECMO, etc.. This mechanism would induce a higher 
viremia in men, which would trigger an exacerbation 
of  their innate and adaptive immune response, thus 
generating inflammation, tissue damage, and a worse 
clinical evolution in men.

Regarding the region’s mortality rate, our analyses in-
dicate that age behaves as a risk factor for mortality in 
the department of  Córdoba. This would be related to 

Figure 2. Monthly geographic distribution of Sar-CoV-2 infections in the department of Córdoba, Colombia, 2020 to 
July 2021. The Kernel density estimator was used for a high case density in Montería, the department’s capital, and 

neighboring municipalities. 
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the loss of  innate and adaptive immune function due 
to aging (immune-senescence), which compromises its 
protection against infectious agents such as this new 
coronavirus (9). Concerning fatality in older adults 
in the department of  Córdoba, previous studies have 
shown that older adults have a higher risk of  complica-
tions and fatal outcomes due to this infection (10,11).

Regarding the epidemic curve of  the department of  
Córdoba (Figure 1), it was observed that the SARS-
CoV-2 transmissibility peaks in the year 2020-2021 
were associated with activities that reduced self-care 
measures and promoted the agglomeration of  people, 
such as the day without VAT, Easter and Christmas 
holidays. In 2021 the highest peak of  cases is likely 
related to the entry of  variants of  interest such as Mµ, 
Gamma, and Iota. These variants were related with 
the increased of  the transmission of  the virus in the 
department (12). 

However, it is essential to note that despite having evi-
denced greater transmissibility of  this virus in the Cor-
doba population, the mortality rate did not increase 
and was lower than that observed in 2020. This could 
be a consequence of  two factors, the first being high 
seropositivity (41%) product of  the natural infection 
against SARS-CoV-2 in the department of  Córdoba 
and its capital Montería (55%) (5). The second factor 
would be the vaccination of  this population against 
this new coronavirus, currently the rate of  fully vac-
cination at Córdoba population is around 31% (13,14). 
Therefore, the massive vaccination strategy must be 
accelerated to avoid the viral circulation and rapid 
transmission of  concern variants of  SARS-CoV-2 such 
as Omicron and its sublineages (BA.1, BA.2).

On the other hand, the higher density of  COVID-19 
cases in Montería and its nearby urban municipalities 
would be a consequence of  the significant population 
and commercial mobility towards the capital of  the 
department (Figure 2). This makes it challenging to 

implement protective measures such as social distanc-
ing, which facilitates the circulation of  SARS-CoV-2. 
Our results are similar to those of  Yin et al.(15), who 
demonstrated that the new coronavirus’s advancement 
and speed of  dissemination are related to urban areas 
with higher population density.

In conclusion, it is crucial to control SARS-CoV-2 
infection to continue describing and predicting the 
geographic areas with the highest risk of  infection 
and thus implement public health strategies to reduce 
the morbidity and mortality caused by this infection. 
Based on the results obtained, it is critical to suggest 
that public health efforts focus on buster vaccination 
in hot spots and vulnerable populations to limit the 
expansion and reduce the damage caused by the new 
coronavirus.
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