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ABSTRACT
Introduction: to date, few studies reported peak variations in COVID-19
infection in low-and middle-income countries. We aimed to explore the
potential reasons for epidemiological changes with time.
Methods: this study was conducted at a tertiary referral center in Cartagena,
Colombia, between March 7, 2020 and February 28, 2021. Were included adult
patients with suspected or confirmed COVID-19. We categorized the study
period into two according to the peaks defined in Colombia: the first period
included epidemiological weeks 10-35 (March 7, 2020 - August 30, 2020), and
the second period included weeks 36-60 (September 1, 2020 - February 28,
2021). We adjusted the mortality by covariates to identify potential changes.
Results: in total, 2761 COVID-19 patients were hospitalized. Comparing the
two periods, the number of cases was higher during week 21 (peak1: 121
patients) and week 50 (peak2: 128 patients), respectively. The mortality rate
declined from 16.5% (95% CI 13.3-19.8) in week 10 to 8.91 (CI 95% 6.95-10.8) in
week 60 (p-value <0.001).
Conclusions: our study is the first to report a one-year follow-up during the
COVID-19 pandemic in a low-and middle-income country. We found a lower
mortality rate during the second period, possibly explained by an increase in
the experience and a better organization with health resources.
Keywords: COVID-19; Reverse Transcriptase Polymerase Chain Reaction;
patient admission; pandemics.
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RESUMEN
Introducción: hasta la fecha, pocos estudios informaron variaciones máximas
en la infección por COVID-19 en países de ingresos bajos y medios. Nuestro
objetivo fue explorar las posibles razones de los cambios epidemiológicos con
el tiempo.
Métodos: este estudio se realizó en un centro de referencia de tercer nivel en
Cartagena, Colombia, entre el 7 de marzo de 2020 y el 28 de febrero de 2021.
Se incluyeron pacientes adultos con sospecha o confirmación de COVID-19.
Categorizamos el período de estudio en dos según los picos definidos en
Colombia: el primer período abarcó las semanas epidemiológicas 10-35 (7 de
marzo al 30 de agosto de 2020) y el segundo período abarcó las semanas 36 a
60 (1 de septiembre de 2020 - 28 de febrero de 2021). Ajustamos la mortalidad
por covariables para identificar posibles cambios.
Resultados: en total, 2761 pacientes con COVID-19 fueron hospitalizados.
Comparando los dos períodos, el número de casos fue mayor durante la
semana 21 (pico 1: 121 pacientes) y la semana 50 (pico 2: 128 pacientes),
respectivamente. La tasa de mortalidad disminuyó del 16,5 % (IC del 95 %: 13,3
a 19,8) en la semana 10 al 8,91 (IC del 95 %: 6,95 a 10,8) en la semana 60 (valor
de p <0,001).
Conclusión: nuestro estudio es el primero en informar un seguimiento de un
año durante la pandemia de CO-VID-19 en un país de ingresos bajos y medios.
Encontramos una menor tasa de mortalidad durante el segundo período,
posiblemente explicada por un aumento en la experiencia y una mejor
organización con los recursos de salud.
Palabras Clave: COVID-19; Reacción en cadena de la polimerasa con
transcriptasa inversa; admisión de pacientes; pandemias.

INTRODUCTION
Coronavirus disease (COVID-19) is characterized by
heterogeneity in its clinical presentation (1). Some
patients are asymptomatic, while others
experience severe clinical symptoms with a fatal
outcome. Severe cases lead to hospitalization, with
rapid progression to hypoxia, respiratory distress,
and the need for oxygen or ventilatory support (1).
Hospital admission, ICU admission, morbidity, and
mortality rates have shown wide variations
throughout the months, with different trends in the
pandemic and between countries (1, 2). The
pandemic led to an unprecedented scientific

response. In parallel with infections and deaths, the
medical world released an enormous amount of
information on the diagnosis and management of
COVID-19 (2).
Colombia experienced a high rate of COVID-19
infection, leading to significant morbidity and
mortality rates. The increased number of
hospitalizations associated with COVID-19 peaks
has generated significant challenges in the
adequacy of hospital infrastructure, allocation of
human resources, personal protective equipment
(PPE), pharmacological and non-pharmacological
strategies. Humankind learned a lot from previous
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Colombia experienced a high rate of COVID-19
infection, leading to significant morbidity and
mortality rates. The increased number of
hospitalizations associated with COVID-19 peaks
has generated significant challenges in the
adequacy of hospital infrastructure, allocation of
human resources, personal protective equipment
(PPE), pharmacological and non-pharmacological
strategies.
METHODS
Study design and population
We conducted this retrospective cohort study at
the tertiary referral center in Cartagena, Colombia,
between March 7, 2020, to February 28, 2021. Were
included patients older than 18 years old with
clinical signs or confirmed COVID-19. COVID-19
was diagnosed according to the National Institute
of Health Guidelines. We did not exclude any
patients from this study. Given the retrospective
data collection, based on the medical records, we
received approval and informed consent waiver
from the Clinic Institutional Review Board before
starting the study.
Institutional protocol
The emergency department (ED) designed an
admission protocol for patients with respiratory
symptoms, including diagnosing COVID-19
infection
using
RT-PCR
test
in
orotracheal/nasopharynx aspirate based on
international and national guidelines. The
institutional medical team also defined the severity
of illness upon admission and decided the patient
allocation (hospital admission or outpatient
management) based on the magnitude of
respiratory symptoms and some prognostic scores
(NEWS2, CALL, CURB-65 scores) (5, 6).
Institutional changes
The COVID-19 pandemic caused significant
challenges with the adequacy of infrastructure in
allocating
human
resources,
PPE,
and
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pharmacological
interventions.

and

non-pharmacological

The institution expanded the total capacity of
intensive care beds for COVID-19 patients. By April
2020, the institutional advisory board (IAB)
transformed the intermediate care area into an ICU
and the operating room into a respiratory care area.
All external consultation services, including offices
and waiting halls, were transformed into a large
emergency area adapted for respiratory
consultation. The new emergency area was
equipped with oxygen supplies, mechanical
ventilators, and monitors (Additional file 1).
Staff training
By February 2020, the IAB trained all the
institutional staff on the use of COVID-19
guidelines. Subsequently, The IAB assigned shifts
to the healthcare staff to cover the different areas
of the institution.
Guidelines Audit and review
The IAB created a multidisciplinary team with an
infectious disease specialist (WC) and a senior
critical care physician (CDC). This team focused on
audit, revise, and adjust national and international
evidence in the local healthcare system, to develop
a rationale for the current and emerging literature
and turn it into a hospital guideline. The IAB only
approved treatments and interventions with
established mortality benefits for COVID-19 based
on randomized controlled trials or well-conducted
observational studies after a unanimous decision.
At the time of this study, the only treatment
approved
for
COVID-19
patients
was
corticosteroids.
Variables and data collection
We obtained information from the Colombian
National Surveillance System (SIVIGILA, Sistema
de Vigilancia en Salud Pública) (SIVIGILA)
database. We collected demographic data such as
age (<50, 50-69, 70-79, and >80 years), gender
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(male and female), RT-PCR results (positive or
negative). Information on close contact (disease
awareness) and hospital service area where
patients were treated (outpatient, emergency
room, general ward, or ICU). The primary
exposures of interest included the duration (wk.) of
patient consultation to the hospital, based on the
International Organization for Standardization
date
week
(ref:
http://myweb.ecu.edu/mccartyr/isowdcal.html).
Comparison between periods
To facilitate comparison across time, we
categorized time into two equal periods according
to the two peaks defined in Colombia: (First period:
March-August 2020; second period: September
2020- February 2021); thus, the first period
included weeks 10-35 (from March 7 to August 30,
2020]; and the second period had weeks 36-60
(from September 1, 2020, to February 28, 2021].
We considered a total period of 12 months for data
extraction. We described the epidemic curves,
including periods and peaks, using four indices: the
duration (weeks) of the onset (or new onset in the
case of the second period) to peak (DOP), the
duration from the onset to the end (DOE), the
DOP/DOE ratio, and the steepness of epidemic
curves, expressed as steepness index (SI) (peak
number/DOE) (7).
We divided patients into two groups (survivors and
non-survivors) according to the presence of the
outcome (weekly in-hospital mortality at 30 days of
follow-up). Other outcomes of interest were
demographic changes in patients ’characteristics
(gender, RT-PCR results, and disease awareness,
defined as patient recognition of close contact, and
knowledge of COVID-19, comprising associated
conditions or treatments). In addition to the overall
mortality analysis with complete cases, we
proposed a sensitivity analysis during the peak
period called the “worst time” for a pandemic (with
an expected saturation of hospital beds, supplies
shortages, personnel exhaustion, etc.). We
106
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consider the “worst time” as the before-after 50%
decline in the number of cases per week around the
peak period.
Statistical analysis
We reported descriptive analyses as median and
interquartile ranges for continuous data and as
proportions and percentages for categorical data.
We conducted a univariate analysis of continuous
data using the Rank-Sum test analysis. Categorical
variables were analyzed using the χ2 or Fisher’s
exact test. We stratified the number of patients
admitted each week and the weekly overall
mortality by covariates (male sex, positive RT-PCR
result, and disease awareness) to identify potential
changes during the pandemic.
A forward logistic regression model was used to
explore whether all exposure variables were
associated with the primary outcome. A marginal
effect model was used to describe the average
effect of change in each week (stratified by
covariates) on the difference in the probability of
mortality. A multivariable logistic regression model
was used to calculate the OR and confidence
intervals at the 95% level (95% CI) for mortality. All
analyses and graphics were performed using
GraphPad Prism version 9.1.2 for Mac, GraphPad
Software, San Diego, California USA, and STATA
software, version 15.0 (Stata Corp., College
Station, TX). A p-value <0.05 was considered
significant. This report was wrote following the
Enhancing the Quality and Transparency of Health
Research (EQUATOR) STROBE guidelines.
RESULTS
In total, 2761 patients were hospitalized with
clinical signs or confirmed COVID-19 from March
2020 to February 2021, representing 6.95% of all
admission during the period (2761/39696).
Among these, 1455 were hospitalized during the
first period and 1306 in the second. During the first
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period, the most significant number of severe acute
respiratory infections (peak1) occurred in week 21
(from May 22 to 28, 121 patients). During the
second period, the higher number of cases
occurred in week 50 (peak2) (from December 11 to
17, 128 cases). The DOP from the first period was 6
weeks and that from the second period was 10
weeks. The DOE was 18 weeks for the first period
and 19 weeks for the second period. The DOP/DOE

ratio was 0.33 and 0.5 for the first and second
periods, respectively. Finally, the SI for the first
period was 6.9 versus 6.7 for the second (Figure 1).
Based on peak1 and peak2, a before-after 50%
decline in weekly cases was identified from week 19
to 30 during the first period (worst time1) and from
week 47 to 56 during the second period (worst
time2).

Figure 1. Daily respiratory cases during the first 12 months of the pandemic. The first period
occurred between March-August 2020 and the second period between September 2020-February
2021.

In total, 287 cases (19.8%) were managed in the
general ward during the first period, compared to
317 (24.2%) during the second period (percentage
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of change 10.4%; p-value 0.005). There were no
differences in ICU admission rates between periods
(Table 1, Figure 2).
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The highest hospital admission rate was observed
between weeks 20-30 (519 patients, 66.4%) for the
first period and between weeks 50-56 (332 patients,
46.3%) for the second period. The proportion of

patients admitted to ICU peaked at week 30 (27
patients) during the first period and at week 55 (30
patients) in the second period (Figure 2).

Figure 2. Daily COVID-19 cases during the first 12 months of the pandemic. The number of patients is stacked
by in hospital setting group.

The median age was 49 years (IQR 34-66). Most
patients were younger than 50 years (1416/ (51.3%),
with an increased number of patients between
aged 50-69 years during the first period
(438[30.1%] vs. 343[26.3]) (Table 1, Figure 3A). The
comparison of the number of outpatients between
periods stratified by age showed an increased
probability of being an outpatient among patients
aged less than 50 years (marginal effect 69.1%,
95% CI 66.7- 71.5), compared to patients older than
50 years (marginal effect 20.6%, 95% CI 18.5-22.8),
without differences between periods (Figure 3B).
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In contrast, among in-hospital patients, the
probability of being hospitalized was higher in
patients aged 70-79 years (marginal effect 46.4%,
CI 95% 36.0-56.7%) (Figure 3C). There was a lower
probability of ICU admissions in people younger
than 50 years (marginal effect 9.6%, 95% CI 8.1411.2) than those older than 50 (marginal effect
31.8%, 95% CI 29.3 34.2). Additionally, the
frequency of ICU admission among patients
younger than 50 years decreased in the second
period (Figure 3D).
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Figure 3. Daily adult COVID-19 admissions by age. Cases are stacked by age group and A) all cases; B) outpatient
consultation C) in hospital admissions (General ward and ICU) D) ICU admission.

The proportion of men admitted was higher
(1526/2761 [55.3%]), with a decrease from the first
to the second period (839 [57.8%] vs. 689 [52.6%]).
However, the proportions of men and women were
similar in week 60 (Table 1, Figure 4A). Of all 2761
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cases, 841 (30.5%) had a positive RT-PCR result,
with a difference between the two periods
(354/1451[24.4%] vs, 487/1310 [37.2%]: percentage
of change, 52.4%; p-value 0.001) (Table 1, Figure
4B). Among patients reporting disease awareness,
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the mortality rate was lower across all periods
(marginal effect among patients with disease
awareness 4.2%, 95% CI 2.65-5.94 vs. 14.2%, 95%
CI 12.8-15.7 among patients without disease

awareness). Despite this, the mortality rate
decreased in both groups of patients (with and
without disease awareness) across the two periods
(Table 1, Figure 4C).

Figure 4. Proportion of COVID-19 patients admitted between March 9 and February 28 and overall mortality rate.
Stratified by (A) sex at birth, (B) RT-PCR, and (C) disease awareness.

The overall hospital mortality rate was 12.2% (336
patients), with a decline in the unadjusted mortality
rate between the two periods (201 [13.8%] from
week 10-35 vs. 135 [10.3%] from week 36-60) (Table
1). Consistent with this result, the marginal analysis
110
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of mortality rate showed a decrease in overall
mortality from 16.5% (95% CI 13.3-19.8) in week 10
to 8.91 (CI 95% 6.95-10.8) in week 60 (p-value
<0.001) (Figure 5). In the sensitivity analysis of the
“worst time,” the mortality rate during “worst
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time1” (week 19 to 30) was higher than the
mortality rate during the “worst time2” (week 4756) (13% [95% CI 11.8-16.8] vs. 9% [95% CI 6.811.5]). There was a 28% reduction in the odds of
overall mortality during the second period (odds
ratio [OR] 0.72 [95% CI 0.57-0.91], p<0·0001). After
adjustment for age, male sex, RT-PCR result,

disease awareness, and ICU admission, the odds
ratio of overall mortality during the second period
was 0.70 (0.5-0.91; p<0·0001). However, overall
mortality remained persistently high for patients
admitted to ICU (42.9% [95% CI -34.1-51.7] in the
first period vs. 35.7% [95% CI 27.8-43.7] in the
second period); p-value 0.33.

Figure 5. Weekly unadjusted mortality in patients admitted to the hospital with
COVID-19. Error bars represent 95% CIs.

DISCUSSION
This study is the first Colombian report on the
experience in a tertiary hospital during the first year
of the COVID-19 pandemic, describing a decrease
in the overall mortality associated with changes in
epidemiological,
clinical,
and
hospital
characteristics across the time. We found more
patients, predominantly men, with a higher
frequency of emergency room allocation and
higher mortality rate in the first period. On the
other hand, we identified an increased disease
awareness level in the second period, with a greater
positivity rate in the RT-PCR result and higher
hospitalization rates in the general ward. In
addition, we found that age had a significant
111
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impact on mortality, with the likelihood of dying
being 3.5 and 8.5 times higher among those
between 61-80 and 81-99 years of age,
respectively. According to published literature, age
is associated with mortality in both periods, in line
with the reports in other viral infections (8, 9, 10).

Mortality from COVID-19 is variable in the
literature (11, 12). Such variability has been
attributed to geographical differences in the
prevalence of comorbidities and the severity of the
disease. Thus, the highest mortality rate has been
reported in Latin America and Europe, where, in
addition, older age and more comorbidities have
been reported (13).
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Recent reports suggest that approximately 14%29% of hospitalized patients with COVID-19
pneumonia require intensive care. In these reports,
the patients were older, predominantly male, and
had underlying comorbidities (14). In this
publication, as in the literature, the probability of
ICU admission also increased with age.
An aspect that contributed to a more
comprehensive,
timely,
and
adequate
management of patients was the improved
performance of diagnostic tests. The rate of
positive RT-PCR was higher in the second period.
This change might be explained by three factors
that improved molecular test performance
compared to the first period—first, the inclusion of
the Berlin protocol with better sensitivity (15, 16).
Second, we optimized the “right time” in the
disease course to perform the RT-PCR test and
decreased false negatives. Finally, a change in the
collected specimens, from the nasopharyngeal
swab to tracheal aspiration, and bronchoalveolar
washing, with higher sensitivity and/or higher viral
load (17).
Our study also explored disease awareness and
observed that the community’s attitude was
initially different and could impact the time to seek
attention. History has shown that fear,
discrimination, and stigmatization are frequently
observed in a pandemic, especially in the first
moments of disease onset (18). This situation can
cause delays in consulting and seeking assistance,
and worse outcomes, as was the case in our study.
For this reason, it is essential to detect and prevent
misinformation while educating and informing the
community to obtain favorable results (19, 20, 21).
The epidemic curve ascent, that is, the speed with
which the cases occurred during a peak, evaluated
by DOP, DOE, DOP/DOE, and SI, could explain the
higher mortality rate in the first pandemic period.
These epidemiological indicators, proposed in
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other scenarios, have been little evaluated during
the pandemic and could help decision-making (7).
Concomitantly, the relationship between the
incidence of COVID-19, the frequency of ICU
admissions, and the mortality rate has been raised
(12). The entire world was isolated and confined for
months trying to prepare ICU beds and ventilators
to prevent the pandemic from overwhelming the
capacity of health systems. Our study showed
higher mortality and hospitalization rates in the
emergency room during the first period. In
contrast, we had a higher probability of
hospitalization in the general ward during the
second period, assuming a better patient
allocation, with no differences in ICU admission
between the periods.
The most important finding in our study was a
progressive and significant decrease in mortality,
with a lower risk of mortality for patients after week
35. The need for emergency beds, general
hospitalization, and intensive care vary with the
dynamics of the pandemic, and their availability
must also change. The ability to overcome these
issues possibly affects clinical outcomes. An
improvement in identifying and allocating patients
according to severity using early warning systems
and institutional response teams may optimize the
available resources. These changes can facilitate an
institution to face the pandemic, impacting clinical
outcomes (12).
We acknowledge the limitations of this study. The
retrospective single-center cohort analysis can
make it difficult to generalize results in a broader
context. However, the follow-up period of one
year, the inclusion of two periods, and similarities
in characteristics with those of other Latin
American regions may help interpret this finding in
a global context. Additionally, multicenter studies
comparing institutional changes, differences, and
similarities are needed to understand the shift in
mortality during the COVID-19 pandemic.
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Although it is impossible to rule out the changes
regarding the virus, our results allowed us to
suggest, like other studies, that better knowledge,
preparation, and availability of resources, both in
the community and in the health services, can
impact clinical outcomes. In addition, our results
can help generate proposals to face the subsequent
surges and/or future pandemics.
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