& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Ronaldo Celerino Da Silva,
Oswaldo Cruz Foundation, Brazil

REVIEWED BY

Stelvio Tonello,

University of Eastern Piedmont, Italy
Upasana Ramphal,

KwaZulu-Natal Research Innovation and
Sequencing Platform (KRISP), South Africa

*CORRESPONDENCE
Miguel Angel Garcia-Bereguiain
magbereguiain@gmail.com

These authors have contributed equally to
this work

RECEIVED 05 May 2025
ACCEPTED 12 August 2025
PUBLISHED 11 September 2025

CITATION

Bruno A, de Mora D, Rojas-Estevez P,
Ruiz-Moreno HA, Guzman-Otazo J,

Caceres O, Jimenez Vasquez VA, Garcés J,
Olmedo M, Franco-Mufioz C, Medrano
Romero V, Fortun Fernandez EE, Castro
Cusicanqui MR, Garcia-Bereguiain MA and
Grupo Andino de Vigilancia Gendmica

de SARS-CoV-2 (2025) Genomic surveillance
of SARS-CoV-2 in the Andean Community
(2020-2024): integrating regional sequencing
efforts from Colombia, Ecuador, Peru, and
Bolivia through “ORAS-CONHU" program.
Front. Public Health 13:1623413.

doi: 10.3389/fpubh.2025.1623413

COPYRIGHT

© 2025 Bruno, de Mora, Rojas-Estevez,
Ruiz-Moreno, Guzman-Otazo, Caceres,
Jimenez Vasquez, Garcés, Olmedo,
Franco-Mufioz, Medrano Romero, Fortun
Fernandez, Castro Cusicanqui,
Garcia-Bereguiain and Grupo Andino de
Vigilancia Gendmica de SARS-CoV-2. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Public Health

Frontiers in Public Health

TYPE Original Research
PUBLISHED 11 September 2025
pol 10.3389/fpubh.2025.1623413

Genomic surveillance of
SARS-CoV-2 in the Andean
Community (2020-2024):
integrating regional sequencing
efforts from Colombia, Ecuador,
Peru, and Bolivia through
"ORAS-CONHU" program

Alfredo Bruno'?, Doménica de Mora'!, Paola Rojas-Estevez*,
Héctor Alejandro Ruiz-Moreno?!, Jessica Guzman-Otazo*,
Omar Caceres®, Victor Alberto Jiménez Vasquez®',

Jimmy Garcés?, Maritza Olmedo?, Carlos Franco-Mufioz®,
Veronica Medrano Romero*, Evelin Esther Fortun Fernandez?,
Maria Renee Castro Cusicanqui’,

Miguel Angel Garcia-Bereguiain®* and Grupo Andino de
Vigilancia Gendmica de SARS-CoV-2

!Instituto Nacional de Salud Publica e Investigacion "Leopoldo Izquieta Pérez”, Guayaquil, Ecuador,
2Universidad Agraria de Ecuador, Guayaquil, Ecuador, *Grupo de Gendmica de Microorganismos
Emergentes, Direccion de Investigacion en Salud Publica, Instituto Nacional de Salud, Bogota,
Colombia, *Instituto Nacional de Laboratorios de Salud “Dr. Nestor Morales Villazon®, La Paz, Bolivia,
*Equipo de Vigilancia Gendmica de SARS-CoV-2, Instituto Nacional de Salud, Lima, Peru, *Grupo de
Parasitologia, Direccion de Investigacion en Salud Publica, Instituto Nacional de Salud, Bogota,
Colombia, ’Ministerio de Salud y Deportes, La Paz, Bolivia, 8One Health Research Group, Universidad
de Las Americas, Quito, Ecuador

Introduction: The COVID-19 pandemic has deeply affected Latin American
countries, with countless COVID-19 cases and deaths. In countries like Peru,
Colombia, Ecuador and Bolivia there was a collapse of the public health system,
and the lack of testing capacity did not allow to control the spread of SARS-CoV-2
during the first year of the COVID-19 pandemic. After these dramatic beginnings,
regional efforts focused on improving testing capacity and massive vaccinations
campaigns, but also implementing a sustained SARS-CoV-2 genomic surveillance
program to follow up the evolution of the virus.

Methods: This study examines the regional efforts in the Andean Community in
terms of SARS-CoV-2 genomic surveillance for Colombia, Ecuador, Peru, and
Bolivia in coordination with “Organismo Andino de Salud-Convenio Hipolito
Unanue” (ORAS-CONHU). Moreover, SARS-CoV-2 emerging lineages distribution,
clade determination and phylogenetic analysis in those countries for the period
2020-2024 was done by retrieving 16,867 sequences from the GISAID database.
Results: From the initial lineages 19A and 198, lineages 20A, 20B, and 20C emerged in
2020, followed by several variants such as 20 J (Gamma), 21A (Delta), 21G (Lambda),
and 21H (Mu) emergence along 2021; by the end of 2022, the highly transmissible
Omicron variants (21 K, 21 L) emerged and have been evolving into multiple sub
variants lineages like 22F, 23A, and 231 (JN.1), the latest dominant along 2024.
Discussion: While each country exhibits some specific characteristics, the phylogenetic
analysis underscored a common pattern in the lineage evolution of SARS-CoV-2 in
the Andean Community supporting a rapid transnational transmission of the virus.
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This study was part of a regional effort to develop an integrative transnational
genomic surveillance network for SARS-CoV-2 as a proxy for a more ambitious
regional infectious diseases genomic surveillance program.
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Introduction

The emergence of Coronavirus Disease 2019 (COVID-19), caused
by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
has caused an unprecedented worldwide public health crisis leading
to high fatality rates and healthcare systems collapse. After the first
reports of a severe respiratory disease caused by a new virus in Wuhan,
China in December 2019, SARS-CoV-2 spread rapidly and the World
Health Organization (WHO) declared COVID-19 a pandemic on
March 11, 2020 (1). This virus rapidly spread across the globe,
infecting over 770 million people and causing more than 7 million
deaths by the end of 2024 (2). The COVID-19 pandemic had a strong
impact in the Andean Community, with an overall number of
13.212.404 cases and 422.144 deaths for Colombia, Ecuador, Peru, and
Bolivia by the end of 2024 (Table 1). The WHO declared the end of the
global health emergency of COVID-19 on May 5th 2023, after 3 years
of profound disruption of the global economy and public health
systems (3). Nevertheless, SARS-CoV-2 has not been eradicated and
it is now another respiratory virus with seasonal outbreaks included
in respiratory viruses’ surveillance programs alongside with influenza
or respiratory syncytial virus (4).

SARS-CoV-2 has a large single-stranded RNA genome of
approximately 30,000 nucleotides (5). As an RNA virus like
influenza, SARS-CoV-2 has a high frequency of mutation that
caused a rapid evolution and emergence of multiple lineages along
COVID-19 pandemic. Emerging lineages have an improved
transmissibility and also affect vaccines effectiveness or diagnostic
tools accuracy (6). SARS-CoV-2 genomic surveillance allowed real
time tracking of the viral evolution during COVID-19 pandemic,
mapping the geographic spread of new variants of concern and
identifying mutations that may increase transmissibility or confer
immune evasion capabilities (5, 6). Since the beginning of the
COVID-19 pandemic, numerous SARS-CoV-2 variants have
emerged globally, characterized by distinct mutations profiles, and
have been eventually replaced by new variants (6). The most
important variants that rose concern during COVID-19 pandemic

TABLE 1 The burden of COVID-19 pandemic in Colombia, Ecuador, Peru,
and Bolivia (The data presented was collected from the COVID-19
submission tracker of GISAID database for November 28th 2024).

Country Number of Number of
COVID-19 cases COVID-19 deaths

Colombia 6,394,466 142,727

Peru 4,526,977 220,975

Bolivia 1,212,156 22,387

Ecuador 1,078,805 36,055

Total 13,212,404 422,144
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were B.1.1.7/20I/Alpha, B.1.351/20H/Beta, P.1/20 J/Gamma,
B.1.617.2/21A/Delta and B.1.1.529/21 K;21 L/Omicron (the three
nomenclatures used for each variant correspond to Pango/
Nextclade/WHO classifications), either because an improved
transmissibility, immune evasion, or disease severity (5-12). Since
its emergence in late 2021, Omicron variant has been permanently
evolving into multiple lineages that are still dominant worldwide (5,
6, 12). So far, SARS-CoV-2 genomic surveillance has been a
fundamental tool for COVID-19 surveillance and control programs
worldwide. In this sense, SARS-CoV-2 genomic surveillance
represented the larger global effort for genomic sequencing of a
pathogen ever done; for instance, during the first 2 years of
COVID-19 pandemic, more than 10 million sequences were
available via the EpiCoV database hosted by the Global Initiative on
Sharing All Influenza Data (GISAID) initiative (13). By way of
comparison, less than 2 million of influenza virus sequences were
available for the period of 2008 till the second year of COVID-19
pandemic (13). Despites regional disparities depending on countries’
income, SARS-CoV-2 surveillance efforts have been made even at
low and middle income countries (LMICs) as never seen before (13).
The Latin American and Caribbean Region has not been an
exception in the global efforts to improve genomic surveillance of SARS-
CoV-2. For instance, the Pan American Health Organization (PAHO)
created the COVID-19 Genomic Surveillance Regional Network in 2020
to strengthen the sequencing capacity in national reference laboratories
across the region (14). The establishment of this network has
strengthened laboratory response capacity at the country level, as well as
facilitated timely release of SARS-CoV-2 genomic information to be used
to complement the multiple response strategies for COVID-19 pandemic
mitigation; for instance, timely generation of SARS-CoV-2 genomic data
is critical to support the development of diagnostic protocols and the
information for vaccine development (14). The structure of this network
includes a combination of in-country sequencing countries and those
sending out for external sequencing to reference regional laboratories.
Also, regional and country-level trainings were provided to generate
timely information of SARS-CoV-2 genomic sequencing data shared
through GISAID platform. This network included 8 regional reference
sequencing laboratories located in Brazil, Chile, Colombia, Costa Rica,
Mexico, Panama, Trinidad and Tobago, and the Centers for Disease
Control and Prevention of USA to provide support for SARS-CoV-2
genome sequencing to all the countries members of PAHO (14).
According to COVID-19 Genomic Surveillance Regional Network
website, 591,977 virus sequences from Latin America and the Caribbean
Member States of the PAHO have been generated by November 2023."

1 https://www.paho.org/en/topics/influenza-sars-cov-2-rsv-and-other-

respiratory-viruses/resvigen-respiratory-virus-genomic
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Nevertheless, the latest one has not been the only regional
initiative to support SARS-CoV-2 genomic surveillance in Latin
America. The Andean Community currently includes the countries
of Colombia, Ecuador, Peru y Bolivia. This community have
developed several institutions to promote integration and
collaboration at multiple levels between the country members, from
economical to educational programs. In this context, to promote
the integration of public health policies within the Andean Region,
the “Convenio Hipolito Unanue” was created in the 70s and since
them have evolved into the current “Organismo Andino de Salud-
Convenio Hipdlito Unanue” (ORAS-CONHU). The aim of ORAS-
CONHU is to coordinate and support regional efforts within the
Andean countries to improve people’s health. For instance, ORAS-
CONHU coordinates meetings of the public health authorities of
every country member to discuss regional plans for public health
policies; it also promotes a coordinated “Andean response” to future
health crisis through a network of regional institutions including
the national health institutes of every country member. In this
sense, and within the context of COVID-19 pandemic, ORAS-
CONHU has led a regional program to promote SARS-CoV-2
genomic surveillance within the Andean Region including the
national institutes of health in Colombia, Ecuador, Peru, and
Bolivia that started on March 2022. The aim of this program has
been to strengthen SARS-CoV-2 genomic surveillance’s regional
capacity to support public health policies related to COVID-19
surveillance and control in the Andean Region. Another key
objective was the creation of the Regional Observatory of Genomic
Surveillance that, starting from SARS-CoV-2, could be eventually
extended to other pathogens like dengue virus. This institution has
been promoting an integrative SARS-CoV-2 genomic surveillance
in the Andean Region with actions like laboratory and
bioinformatics trainings, and regular meetings to share expertise
and data between the national institutes of health of the four
countries included in this program. Moreover, it has also supported
the scientific knowledge by allocating funds to research projects and
publications related to SARS-CoV-2 genomic surveillance in the
Andean Region.

There are several studies that have provided a critical
understanding into the genomic evolution and epidemiology of
SARS-CoV-2 in Latin American Region, highlighting the
co-circulation of multiple SARS-CoV-2 lineages and the emergence
of variants of concern during COVID-19 pandemic (5, 10, 15-23).
Moreover, some of those studies have been done in countries of the
Andean Community like Colombia (18), Ecuador (19), and Peru (20,
21). Continuing those pioneer studies, this current study integrates
genomic information for Colombia, Ecuador, Peru, and Bolivia for
the period 2020-2024, that means during COVID-19 pandemic and
post pandemic phase, to study the evolution of SARS-CoV-2 in the
Andean Community. This study was carried out as a collaborative
regional scientific project within the “ORAS-CONHU” regional
program to promote SARS-CoV-2 genomic surveillance in the
Andean Community.

This study aims to characterize the Andean Community efforts
in terms of SARS-CoV-2 genomic surveillance and to address the
evolution and variants diversity of SARS-CoV-2 in those countries
since the initial outbreak of COVID-19 till the end of 2024.
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Materials and methods
Data retrieval

Complete SARS-CoV-2 whole-genome from
COVID-19 cases in Bolivia, Colombia, Ecuador, and Peru were
obtained from the GISAID platform (accessed on 1 February 2025).>

To evaluate the sequencing efforts across Colombia, Peru, Ecuador

sequences

and Bolivia, data on the total number of confirmed cases and SARS-
CoV-2 genomes sequenced (101,740) were collected for each country
for February 1st 2020 to December 31st 2024.

SARS-CoV-2 emerging lineages
distribution, clade determination, and
phylogenetic analysis

To be included in these analysis, genomes were required to exceed
29,000 nucleotides in length and had to be submitted between 1
January 2020 and 31 December 2024. The SARS-CoV-2 reference
genome, Wuhan-Hu-1, was also retrieved from the NCBI database
(Accession Number: NC_045512.2). Due to the large volume of
sequenced genomes available in GISAID, a representative subset of
16,867 genomes from Andean countries (Bolivia, Colombia, Ecuador,
and Peru) was selected using the “subsample-max-sequence” function
in the Nextstrain workflow, prioritizing genomes with higher genetic
divergence. Sampling criteria included metadata filters for country of
origin, collection date, and minimum sequence length, ensuring
temporal and geographic representativeness. The subsampling strategy
selected sequences that maximize genetic diversity by iteratively
choosing those most divergent from previously selected ones, based
on pairwise comparisons. To ensure reproducibility, the workflow was
executed using the augur filter tool with a fixed random seed and
consistent filtering parameters. This guarantees that the same input
dataset and configuration will yield identical outputs. While this
approach enhances phylogenetic resolution, it may underrepresent
recent transmission clusters or epidemiologically linked cases,
introducing potential bias in lineage frequency and geographic spread
analyses (Figure 1).

Emerging lineages distribution by epidemiological week
(Figure 2A) were analyzed using RStudio 2023.06.1 + 524 with R 4.3.1
and represented using Nextclade nomenclature. The dataset was
processed with the ggplot2 and dplyr libraries. Data were grouped by
epidemiological week (epiweek) and emerging lineage (emerging
lineage), and the total sequences count was calculated. A stacked bar
chart was created to visualize the distribution of lineages across weeks,
with custom colors for each lineage. The x-axis labels were rotated for
readability, and only selected weeks were shown.

Clade determination and phylogenetic analysis were performed
using the Nextstrain platform (accessed February 18, 2025)° (24). The
Nextstrain workflow was executed using the augur pipeline, which
included sequence alignment, maximum likelihood phylodynamic

2 https://www.gisaid.org/
3 https://nextstrain.org/ncov
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Number of sequences per country
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FIGURE 1

Map illustrating the Andean countries of Colombia, Ecuador, Peru,
and Bolivia included in this study and the total number of SARS-
CoV-2 genomes generated for each country.

analysis to estimate temporal evolution and pathogen population
dynamics, and temporal dating of ancestral nodes. A discrete trait
geographic reconstruction was also performed to map the genomes
according to their geographical distribution across the study countries,
enabling the identification of patterns in pathogen spread. Finally,
phylogenetic results were visualized using Nextstrains graphical tools,
facilitating the interpretation of evolutionary relationships and
geographic propagation of the virus over time (Figures 2B, 3).

Results

SARS-CoV-2 sequencing efforts in
Colombia, Ecuador, Peru, and Bolivia

The number of SARS-CoV-2 sequences for each country is
detailed in Table 2. Overall, 101,740 SARS-CoV-2 sequences were
available for the period 2020-2024. For Colombia, a total number of
31,482 was obtained for the period of January 1st 2020 to December
31st 2024, distributed as 773 for 2020, 14,626 for 2021, 12,427 for
2022, 3,174 for 2023 and 426 for 2024. For Ecuador, a total number
of 12,619 was obtained for the period of January Ist 2020 to
December 31st 2024, distributed as 814 for 2020, 4,018 for 2021,
5,102 for 2022, 1,796 for 2023, and 744 for 2024. For Peru, a total
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number of 56,855 was obtained for the period of January 1st 2020 to
December 31st 2024, distributed as 1,382 for 2020, 15,228 for 2021,
32,250 for 2022, 6,285 for 2023, and 1,914 for 2024. For Bolivia, a
total number of 754 was obtained for the period of January 1st 2020
to December 31st 2024, distributed as 93 for 2020, 306 for 2021, 219
for 2022, 100 for 2023, and 34 for 2024.

As it is detailed in Table 2, the percentage of SARS-CoV-2
cases that was sequenced in every country was 0.49% for
Colombia, 1.15% for Ecuador, 1.25% for Peru and 0.06%
for Bolivia.

SARS-CoV-2 emerging lineages
distribution, clade determination and
phylogenetic analysis in Colombia,
Ecuador, Peru, and Bolivia during 2020-
2024

For the SARS-CoV-2 emerging lineages distribution, clade
determination and phylogenetic analysis, 16,867 genomes of SARS-
CoV-2 for the period 2020-2024 were selected as detailed in the
methods. The SARS-CoV-2 emerging lineages distribution by
epidemiological week is detailed in Figure 2A while the SARS-CoV-2
clade distribution is illustrated in Figure 2B. In Figure 3, the
phylogenetic analysis of SARS-CoV-2 sequences displaying different
colors for Colombia, Ecuador, Peru, and Bolivia is shown. The root
of the phylogenetic tree is represented by the Wuhan/
Hu-1/2019 sequence.

From the initial lineages 19A and 19B, the region experienced a
rapid diversification of lineages like elsewhere, as demonstrated by the
phylogenetic analysis conducted using the Nextstrain tool. In 2020,
lineages 20A, 20B, and 20C emerged, characterized by key mutations
in the spike protein which enhanced viral transmissibility. In 2021,
several variants such as 20 ] (Gamma), 21A (Delta), 21G (Lambda),
and 21H (Mu) emerged, each with distinct transmissibility and public
health impact. This was followed by the emergence of the highly
transmissible Omicron variants (21 K, 21 L) at the end of 2022 that
has been the dominant variant since then but evolving into multiple
sub variants lineages like 22F, 23A, and 231I. This last lineage 231 (JN.1)
has been dominant along 2024.

So far, the relative taxonomic abundance of various emerging
SARS-CoV-2 lineages over time is displayed in Figure 2B, where each
color in the graph corresponds to a specific viral lineage, and the
shaded areas show how the prevalence of these lineages has shifted
over the study period. This figure enables visualization of viral
evolutionary dynamics, highlighting the emergence, increased
frequency, or extinction of certain lineages in response to selective
pressure, public health measures, and population immunity. Figure 2B
shows the diversity of circulating lineages and underscores the current
dominance of the 231 (JN.1) lineage, which has exhibited greater
abundance compared to other emerging lineages, showcasing its
evolutionary success.

The phylogenetic analysis in Figure 3 shows the SARS-CoV-2
evolutionary trend for Colombia, Ecuador, Peru, and Bolivia. While
each country exhibits some specific characteristics, the phylogenetic
tree reflects a common pattern in the variability and evolution of
SARS-CoV-2 for those four countries underscoring the rapid
transnational transmission of the virus.
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FIGURE 2

epidemiological week. (B) Taxonomic abundance of SARS-CoV-2 clades.

Taxonomic abundance of emerging lineages in the Andean countries 2020 - 2024

SARS-CoV-2 emerging lineages and clades distribution in Colombia, Ecuador, Peru, and Bolivia during 2020-2024. (A) Total emerging lineages by

Discussion

Our study shows an uneven distribution of genomic surveillance
efforts across the Andean countries of Colombia, Ecuador, Peru, and
Bolivia. The larger number of sequences came from Peru, followed by
Colombia, Ecuador, and Bolivia. However, when this data was
normalized with the burden of COVID-19 cases in every country,
we obtained that 1, 25, 1.15, 0.49, and 0.06% of cases were sequenced in
Peru, Ecuador, Colombia, and Bolivia. Those results show that SARS-
CoV-2 sequencing capacities in Bolivia were clearly below its neighbor
countries. Notably, both Ecuador and Peru achieved the 1% threshold of
total COVID-19 cases sequenced, an important milestone for LMICs
(13). This regional imbalance in SARS-CoV-2 genomic surveillance has
also been observed globally, driven by socioeconomic factors and
pre-pandemic laboratory and surveillance capacities (13). In fact, Bolivia
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is the lowest income country from the Andean Community, and that
would explain its lower sequencing capacity compared to Ecuador, Peru,
and Colombia. Similar findings have been reported in a recent study
from Brazil, where strong differences in resources allocated to sequencing
efforts were found between different states regardless of their COVID-19
pandemic burden (5). So far, there are strong disparities in SARS-CoV-2
sequencing capacities in the countries of the Andean Community as it
has already been described for Latin American countries (14, 15) and
worldwide (13). We emphasize the essential role of collaborative
networks and local, regional and international funding in bolstering
more equity in genomic surveillance capacities across the countries in
the Andean Community by specifically promoting those countries with
lower sequencing capacities like Bolivia. Key institutions for each country
like the national institutes of health or equivalent, in partnership with
PAHO or ORAS-CONHU could play a pivotal role in developing an

frontiersin.org
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tree is represented by the Wuhan/Hu-1/2019 sequence).

Genomic Epidemiology of SARS-CoV-2 in Andean Countries (2020 - 2024)

2023 2024

Maximum likelihood phylodynamic analysis of SARS-CoV-2 in Colombia, Ecuador, Peru, and Bolivia during 2020-2024 (The root of the phylogenetic

TABLE 2 SARS-CoV-2 Genomic surveillance in Colombia, Ecuador, Peru, and Bolivia.

Country 2020 2021 2022 2023 2024 total % sequenced
Peru 1,382 15,228 32,250 6,275 1,914 56,885 1.25
Colombia 773 14,626 12,427 3,174 426 31,482 0.49
Ecuador 814 4,018 5,102 1,796 744 12,619 115
Bolivia 93 306 219 100 34 754 0.06
Total 3,062 34,178 49,998 11,345 3,118 101,740 0.77

Number of sequences uploaded to GISAID database for every country and year is shown (% sequenced: percentage of COVID-19 cases sequenced for every country).

integrative regional sequencing strategy for the Andean countries. In
fact, as it has been described in this study, these collaborative efforts have
already been fundamental in strengthening technical capacities,
facilitating data sharing, and promoting genomic sequencing in LMICs
of the Americas as previously reported by PAHO and now for us. In this
sense, our colleagues from Bolivia could learn from the successful
experiences from their neighbor countries to improve its genomic
surveillance capacities beyond SARS-CoV-2. So far, an uneven
sequencing capacity could potentially impact the success of integrated
regional or global SARS-CoV-2 surveillance strategies, and new variants
could appear anywhere. Timely detection of SARS-CoV-2 variants
worldwide is crucial for an effective global surveillance and control
strategy. As seen with unequal distribution of SARS-CoV-2 vaccines,
unequal genomic surveillance in LMICs could jeopardize genomic
sequencing efforts in developed countries.

Regarding the SARS-CoV-2 variants distribution and phylogeny in
2020-2024, our results revealed an expected notable diversity of viral
lineages since the beginning of COVID-19 pandemic, with a sequential
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emergence of new variants, including some variants of regional interest
like 21G (lambda, or so-called “Andean variant”), as it has already been
reported for Latin American countries (5, 10, 15-17, 22) and also for
countries included in our study like Ecuador (18), Colombia (19) and
Peru (20, 21). So far, our study not only endorses these previous reports
and shares the collaborative experience of the ORAS-CONHU program;
it also provides an updated perspective up SARS-CoV-2 evolution till the
end of 2024, showing the current dominance of omicron derived lineages
like the 231 (JN.1) lineage (25). Moreover, our phylogenetic analysis also
shows a regional trend of SARS-CoV-2 evolution for the Andean Region
supporting the idea of a Regional Observatory for Genomic Surveillance
of SARS-CoV-2 promoted by ORAS-CONHU. Future steps for this
sustainable and integrated surveillance network in the Andean
Community could include a common budget to guarantee an equal
distribution of sequencing across countries, to support laboratory and
bioinformatics trainings for network members and promote regular
meetings to share expertise and data between the stakeholders of the four
countries included in this current ORAS-CONHU program. Moreover,
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the experience gained with SARS-CoV-2 genomic surveillance could set
the grounds for a future Andean genomic surveillance program of
infectious diseases including other pathogens like tuberculosis,
respiratory viruses like respiratory syncytial virus or influenza virus
(with special attention to H5N1 or other avian flu viruses), arboviruses
including dengue but other emerging ones like yellow fever or
chikungunya viruses, or other neglected and endemic diseases to the
region like leptospirosis or trypanosomiasis.

Our study has some limitations that we would like to acknowledge.
First, only the four countries within the Andean Community were
included in the study, although the Andean Region includes also Chile
and Venezuela; in this sense, future regional surveillance programs
should encourage also other neighbor countries in the Andean Region
like Chile and Venezuela, or even across Latin America, to join. Second,
some methodological bias should be considered. In particular, potential
confounders such as testing rates, sequencing technologies, and metadata
quality were not thoroughly addressed. Variability in testing coverage
may affect the representativeness of sequenced samples, while differences
in sequencing platforms and protocols can influence mutation detection
and lineage assignment. Moreover, incomplete or inconsistent
metadata—especially regarding collection dates and geographic origin—
may introduce uncertainty in phylogenetic and temporal analyses.

In conclusion, this study provides a detailed overview of the molecular
evolution of SARS-CoV-2 in the Andean countries of Colombia, Ecuador,
Peru, and Bolivia from COVID-19 outbreak in 2020 to the post pandemic
phase in 2024, emphasizing the importance of monitoring the genetic
diversity of the virus to support effective control and prevention strategies.
The analysis of GISAID database revealed significant regional disparities
in SARS-CoV-2 sequencing efforts, highlighting the need to specifically
improve genomic surveillance in Bolivia to keep up an effective genomic
tracking of new variants in the Andean Region. The lessons learned from
this study will help ORAS-CONHU to lead future efforts to keep
improving a regional network for genomic surveillance of emergent and
neglected pathogens, or future pandemics.
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