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This study provides a comprehensive overview of SARS-CoV-2 genomic
surveillance in Central America and the Dominican Republic from February 2020
to January 2023, highlighting the collaborative efforts of the Pan American
Health Organization (PAHO), and the Council of Ministers of Health of Central
America (COMISCA). A total of 26,595 sequences from the GISAID database were
analyzed, correlating findings with key events reported by participating entities.
The genomic analysis reveals significant co-circulation of variants, with notable
lineage diversity observed throughout the pandemic. Variants of concern (VOC)
like Alpha, Gamma, Delta and Omicron were identified alongside variants of
interest (VOI) like Lambda and Mu. The emergence of recombinant lineages
further illustrates the ongoing evolution of the virus and its spread across
the region, underscoring the interconnectedness of Central America and the
Dominican Republic. The collaborative model facilitated broader sequencing
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coverage, enabling more extensive surveillance than individual countries could
achieve alone. Despite the successes of regional collaborations, challenges
remain, particularly regarding sequencing capacity in countries impacted by
socioeconomic inequalities. Addressing these gaps is essential to enhance public
health responses to current and future pandemics.

KEYWORDS

Central America, coronavirus, COVID-19, genomic surveillance, regional collaboration,
SARS-CoV-2

1 Introduction

In late 2019, numerous cases of pneumonia with an unknown
etiology were detected in the city of Wuhan, China. The causal
agent was identified as a novel type of coronavirus and was
named SARS-CoV-2 (1). The World Health Organization (WHO)
officially designated the illness caused by SARS-CoV-2 as COVID-
19 (coronavirus disease 2019). Subsequently, in March 2020 this
emerging outbreak was declared a global pandemic (1, 2).

As an RNA virus, SARS-CoV-2 undergoes frequent mutations
as part of its replication cycle. The high replication rates during
the pandemic resulted in the emergence of new genotypes (3).
The emergence of variants that had likely a greater effect in
public health led the WHO to categorize them based on shared
attributes and required public health actions. These categories
include variants of concern (VOC), variants of interest (VOI) and
variants under monitoring (VUM) (4). Notably, variants that were
initially classified as VOC, like Alpha, Beta, Gamma, Delta and
Omicron, were all reported in Central America (5, 6). Additionally,
several lineages were first observed in countries within Central
America and the Dominican Republic (7–10). These findings
underscore the critical importance of genomic surveillance in this
region to monitor the spread and evolution of the virus effectively.

The COVID-19 pandemic emphasized the significance
of genomic surveillance, shedding light on the challenges
associated with its implementation in the various public health
systems. Consequently, since the beginning of the pandemic,
government entities have made substantial investments toward the
advancement and implementation of whole genome sequencing
(WGS) (11, 12).

The implementation of an integrated genomic surveillance
system during the pandemic has proven to be crucial for public
health understanding and decision-making. This system has been
instrumental in monitoring the real-time evolution of SARS-CoV-2
through the open exchange of data and online platforms like

Abbreviations: COMISCA, Council of Ministers of Health of Central America;

COVID-19, coronavirus disease 2019; GISAID, global initiative on sharing

all influenza data; ICGES, Instituto Conmemorativo Gorgas de Estudios de

la Salud; INCIENSA, Instituto Costarricense de Investigación y Enseñanza

en Nutrición y Salud; PAHO, Pan American Health Organization; RNA,

ribonucleic acid; SARS, severe acute respiratory syndrome; SE-COMISCA,

COMISCA Executive Secretary; VOC, variants of concern; VOI, variants of

interest; VUM, variants under monitoring; WGS, whole genome sequencing;

WHO, World Health Organization.

GISAID (Global Initiative on Sharing All Influenza Data, https://
gisaid.org) (11, 12). By identifying and categorizing the various
lineages of circulating viral diversity, this system has enabled
the early detection of emerging variants before their widespread
dissemination. Moreover, this monitoring made possible the
linking of cases to clusters, tracing the origins of outbreaks, and
identifying both national and international transmission routes.
The knowledge gained about the different mutations present in
circulating viruses was essential for the development of vaccines,
treatments and diagnostic tests, as well as monitoring the impact of
control measures (11, 12).

In Central America and the Dominican Republic, the
progress made in genomic surveillance was strengthened by an
effective collaboration model between the Pan American Health
Organization (PAHO) and the Council of Ministers of Health
of Central America (COMISCA). This collaboration aimed at
enhancing capacities in the various countries of Central America
and the Dominican Republic during the COVID-19 pandemic.

Thus, this study aimed to highlight the milestones in the
strengthening of the genomic surveillance systems in the sub
regions and to conduct a descriptive analysis of the lineages
and circulating variants in Central America and the Dominican
Republic from February 2020 to January 2023. This analysis is based
on diverse SARS-CoV-2 genomes available in the GISAID database,
sourced from material sequenced and shared by the public health
laboratories within the subregion.

It is important to note that, although genomic and
epidemiological data were jointly analyzed, the available metadata
across countries did not consistently include key determinants such
as vaccination coverage, prior infections, or the implementation
and stringency of non-pharmaceutical interventions. As a result,
statistical models assessing associations between circulating
variants and reported cases or deaths could not incorporate
these factors as covariates. This limitation inherently restricts the
inferential scope of the models and should be considered when
interpreting trends derived from the available data.

2 Materials and methods

2.1 Data acquisition

In order to conduct a comprehensive analysis of SARS-CoV-2
genomic surveillance in Central America and the Dominican
Republic, datasets containing whole genome sequences and
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accompanying metadata were acquired from the GISAID
repository. Data retrieval was performed on March 20th, 2023,
and consisted of sequences voluntarily shared by participating
countries. All genome sequences and associated metadata used
in this study are accessible through the persistent digital object
identifier https://doi.org/10.55876/gis8.251216zx, which aggregates
the corresponding GISAID accession numbers and contributor
information via the associated EPI_SET_251216zx identifier.

2.2 Timeline of key events

Key events leading to enhancing capacities in the various
countries of Central America and the Dominican Republic during
the COVID-19 pandemic were provided by PAHO (https://www.
paho.org/en), the COMISCA Executive Secretary (SE-COMISCA;
https://www.sica.int/comisca/inicio), Instituto Costarricense de
Investigación y Enseñanza en Nutrición y Salud (INCIENSA;
https://www.inciensa.sa.cr) and Instituto Conmemorativo Gorgas
de Estudios de la Salud (ICGES; https://www.gorgas.gob.pa).

The timeline plot was generated using ggplot2 v3.4.4 R package.
The complete R script is publicly accessible in GitHub (https://
github.com/sofiaherreraa/SARS-CoV-2_CADR).

2.3 COVID-19 epidemiological data

COVID-19 case numbers and total deaths for each country
were obtained from daily reports provided by Our World in
Data (13). Sequenced SARS-CoV-2 samples for each country were
sourced from the GISAID platform (https://gisaid.org), with data
collection limited to samples collected up until January 31st, 2023.

A dataset was constructed comprising the monthly proportions
of SARS-CoV-2 lineages, total reported cases and deaths, and a
temporal index for analysis. These models were implemented to
explore whether changes in dominant lineage proportions were
associated with temporal patterns in reported cases and deaths.
To reduce noise from lineages with minimal fluctuation, the
variance of each lineage’s proportion over time was calculated,
and only those with a variance greater than 0.001 were retained.
Two regression models were then implemented to assess the
association between lineage proportions and epidemiological
outcomes: a Poisson regression model for monthly case counts
and another for death counts, each incorporating time and
the selected lineage proportions as predictors. Overdispersion
was assessed by calculating the ratio of the sum of squared
Pearson residuals to the residual degrees of freedom. If this ratio
exceeded 1.5, a negative binomial regression was used instead
of Poisson regression to account for extra variability. All model
coefficients, standard errors, z-values, and p-values are presented
in Supplementary Table S2. Normalized case/death counts were
scaled using min–max normalization (0–1 range). The secondary
axis represents the normalized values, aligned to facilitate visual
comparison with lineage proportions.

The models in this study rely exclusively on reported cases,
deaths, and lineage prevalence. Due to the absence of consistent
metadata across all countries—such as vaccination rollout timing,

NPIs, prior infection levels, or testing access—these contextual
factors could not be incorporated. These limitations, together
with differences in reporting quality among countries, should be
considered when interpreting trends presented in this study.

Additionally, a standardized regional case definition or
testing strategy was not implemented across the participating
countries. Each national public-health authority maintained
its own surveillance and diagnostic framework, resulting in
differences in testing access, case ascertainment, and sampling
workflows. Sample selection for sequencing followed country-
specific laboratory protocols and resource availability, generally
prioritizing routine surveillance samples or those designated by
national programs. Consequently, sequencing representativeness
varies between countries and does not necessarily reflect
population-level sampling.

The interval between sample collection and deposition in
GISAID was not analyzed as a proxy for sequencing turn-
around times due to heterogeneous metadata and differences
in national and regional workflows. In several settings, samples
were stored frozen for extended periods before sequencing
or shipment to external laboratories, which—together with
inconsistent reporting—could introduce biases and not accurately
reflect sequencing capacity or public health responsiveness.

Lineage assignments were not independently generated for
this study. Instead, the Pango lineage calls provided directly in
the GISAID metadata were used as reported at the time of
data download.

All statistical analyses and visualizations, including
descriptive trends, regression models, and the generation of
Supplementary Table S2, were performed using R (version 3.4.4),
primarily with the ggplot2 package. The complete R script is
publicly accessible in GitHub (https://github.com/sofiaherreraa/
SARS-CoV-2_CADR).

2.4 Analysis of circulating variants

To assess the enhancing capacities in the various countries
of Central America and the Dominican Republic during the
COVID-19 pandemic throughout the period of study, genomic
sequences deposited in GISAID from each country were analyzed
longitudinally. The initial dataset comprised a total of 26,595
sequences, covering the period from February 2020 to January 2023.
These sequences were sourced from eight countries (COMISCA
members) within the region, specifically: Costa Rica, Panama,
Guatemala, Dominican Republic, Belize, Nicaragua, El Salvador,
and Honduras.

Pango lineage designations obtained from the GISAID were
used to analyze the lineage frequency across countries (10, 14). The
analysis focused on identifying and characterizing the predominant
lineages circulating in these regions. Specifically, the top 14
most prevalent lineages were individually assessed. Additional
exploratory analyses were conducted using the top 30, 50, and
100 lineages (Supplementary Figure S1); however, these broader
selections did not provide added interpretive value and introduced
considerable noise, leading to a focus on the 14 most representative
ones for clarity and relevance.
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FIGURE 1

Timeline of processes implemented to strengthen genomic surveillance of SARS-CoV-2 in Central America and the Dominican Republic.

To further investigate the relevance of these lineages within
the context of Central America and the Dominican Republic, an
overall threshold of 35 sequences (n > 35) per month was applied
across the full regional dataset to determine which lineages were
assessed individually. Lineages not meeting this threshold were
grouped under the category “others.” This cutoff was selected
based on internal comparisons of different thresholds (n = 35,
50, 75, and 100; data not shown) to optimize clarity and ensure
representativeness. Lower thresholds led to the inclusion of many
low-frequency lineages with limited interpretive value, while higher
thresholds excluded lineages that were relevant in some months
but not consistently abundant. The final set of lineages identified
through this overall threshold was then used consistently across the
individual country panels. Any lineages not included in the overall
panel were grouped as “others” in the country-specific figures to
maintain comparability and minimize noise.

All plots were generated using ggplot2 v3.4.4 R package. The
complete R scripts are publicly accessible on GitHub (https://
github.com/sofiaherreraa/SARS-CoV-2_CADR).

2.5 Phylogenetic analysis

Sequences were accessed on March 20th 2023. The official
GISAID Author Acknowledgment Table corresponding to this
dataset has been included as Supplementary Table S1. Sequences
were selected based on a minimum coverage threshold of 28,000
(approximately 95% of the full SARS-CoV-2 genome length)
and less than 6% ambiguous bases (Ns; N), to ensure high-
quality assemblies and minimize biases associated with incomplete
or low-confidence genomes. This filtering yielded a dataset of
25,185 sequences.

To reduce computational load while maintaining
representative temporal coverage, a stratified sampling was
then conducted annually from February 2020 to January 2023,
using Subsampler v1.1.0 (15). This sampling approach resulted in a
total of 2,487 sequences, equivalent to an average sampling rate of
9.875% per year.

Sequence alignment was performed using MAFFT v7.471
(16), followed by a maximum likelihood-based phylogenetic
analysis with IQ-TREE v1.6.12 (17), employing the GTR+F+R2
substitution model selected by ModelFinder (18). The
resulting phylogenetic tree was visualized using iTOL v4 (19),
incorporating metadata.

3 Results

3.1 Implementation of genomic
surveillance and sequencing capacity

From February 2020 to January 2023, genomic surveillance
efforts in Central America and the Dominican Republic identified
multiple SARS-CoV-2 lineages and variants. A timeline of key
events is illustrated in Figure 1, to highlight the processes
implemented to enhance genomic surveillance capacities in the
various countries of Central America and the Dominican Republic
during the COVID-19 pandemic. In January 2021, the local
laboratory capabilities in the selected countries, INCIENSA in
Costa Rica and ICGES in Panama, were assessed. Based on
the assessment, it was identified that INCIENSA and ICGES
required additional sequencing equipment, supplies, reagents and
staff to support the laboratories (20, 21). Additionally, during
this process, REDLAB (the Network of National Public Health
Laboratories of Central America and the Dominican Republic)
reached an agreement with its laboratory members to participate
in this activity, which involved sending out SARS-CoV-2 positive
samples for sequencing. As seen in Figure 1, shipment of these
samples began in February 2021 up until January 2023, where
some countries shipped to Panama (ICGES) and others to Costa
Rica (INCIENSA).

To describe the SARS-CoV-2 genomic surveillance in Central
America and the Dominican Republic, Table 1 presents statistical
COVID-19 data from the beginning of the pandemic up until
January 31st, 2023. Nicaragua shows the highest percentage of
sequenced COVID-19 cases; however, this data may be biased due
to the country’s surveillance strategies. Therefore, it will not be
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considered for comparative analyses. Belize also shows a relatively
higher percentage of sequenced COVID-19 cases compared to
other evaluated countries. This discrepancy is likely influenced by
Belize’s relatively small population of approximately 400 thousand
inhabitants (22).

To ensure quality in downstream analyses, retrieved sequences
were filtered by completeness and ambiguity thresholds. In most
countries, over 90% of the sequences met the quality criteria
(≥95% genome coverage and <6% ambiguous bases), except
for Nicaragua, where only 72% of sequences passed the filters,
potentially reflecting differences in sequencing quality or protocols.

Costa Rica and Panama have higher percentage of sequenced
COVID-19 cases (0.84 and 0.64%) compared to the other countries
in the region. Conversely, Honduras has a significantly lower
percentage of sequenced cases at 0.06%. The Dominican Republic,
El Salvador and Guatemala have similar percentages and are slightly
lower than those reported for Costa Rica and Panama.

Periods without sample shipments should not be interpreted
as definitive gaps in genomic surveillance. The shipment records
captured only the samples processed through PAHO/COMISCA-
supported pipelines, and the available documentation does not
allow determination of whether countries continued sequencing or
conducted other forms of viral characterization, such as lineage
assignment or partial typing, through alternative mechanisms
during those intervals. Therefore, shipment gaps reflect only the
absence of documented transfers and not necessarily the absence
of genomic surveillance activities.

3.2 Circulating variants and lineage

The data illustrated in Figure 2 highlights the distribution of
circulating SARS-CoV-2 variants over time in each country. At the
start of the pandemic, the Dominican Republic, Belize, El Salvador,
and Honduras had minimal to no sequenced SARS-CoV-2 cases. A
noticeable increase in sequencing activity was observed from early
2021 onward.

Figure 2 displays that the same SARS-CoV-2 lineages were
detected across several countries during overlapping time periods.
Early in the pandemic, despite limited sequencing in some
countries, the B.1 lineage was reported throughout the region.
In mid-2021, Delta sub-lineages AY100 and AY113 (23) were
present across the included countries. The Omicron sub-variant
BA.1.1 (24) was identified in samples from Central America
and the Dominican Republic between December 2021 and
January 2022.

To illustrate the temporal dynamics of circulating SARS-CoV-2
lineages in Central America and the Dominican Republic, Figure 3
presents a composite area plot showing the monthly proportion of
lineages at the regional level and in each country. The number of
lineages included was filtered using an overall threshold of more
than 35 sequences, as lower-frequency lineages provided limited
additional interpretive value. The same color palette and lineage
classification used in the regional summary were applied to the
country-level plots to ensure consistency in interpretation.

As shown in Figure 3, no lineage exceeded 35 occurrences
in February 2020. Between March 2020 and February 2021,
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FIGURE 2

Individual SARS-CoV-2 sequences obtained by country in Central America and Dominican Republic from February 2020 to January 2023. The top 14
most prevalent lineages were individually labeled, and all the remaining lineages were labeled as other.

at least one lineage consistently surpassed this threshold,
representing approximately 20% of sequenced samples
each month.

Between March 2021 and December 2021, the number of
lineages exceeding 35 occurrences increased significantly. By
September 2021, Delta sublineages AY.100 and AY.113 comprised
more than 50% of the circulating lineages; with Delta’s dominance
maintained in October and November 2021 with the rise of
new sublineages (23). However, in January, February, and March
2022, lineage diversity with more than 35 occurrences was
significantly reduced due to the dominance of the Omicron
subvariant BA.1.1 (24), which had been prevalent since December
2021, and accounted for at least 50% of cases during the first
3 months of 2022. From April 2022 to November 2022, lineage
diversity exceeding 35 occurrences rose again. In December 2022,
the recombinant lineage XBB.1 (25) emerged, comprising more
than 50%, resulting in a decline in overall lineage diversity.
By January 2023, three Omicron lineages predominated: XBB.1,
XBB.1.5 and BQ1.1, with the first two being recombinant
lineages (25).

3.3 Phylogenetic analysis of SARS-CoV-2
lineages

Figure 4 illustrates the evolution of different variants
throughout the study period in Central America and the
Dominican Republic, presenting temporal and country-specific
information. In 2020, no clear predominance of any variant

was observed; however, variants such as Gamma and Alpha,
along with closely related lineages, were present to some
extent. By 2021, Gamma, Alpha and Delta were present in
significant proportions, with Delta showing a clear predominance.
Omicron was also present to a lesser extent. In 2022, Omicron
became the dominant variant, while Delta was present in
smaller amounts.

3.4 Associations between lineage dynamics
and epidemiological trends

Figure 5 overlays lineage proportions with normalized monthly
COVID-19 cases (panel B) and deaths (panel A). Cases and
deaths were normalized using min–max scaling (0–1 range)
and plotted on a secondary y-axis to facilitate comparison with
lineage prevalence trends. From 2022 onwards, certain lineages
such as BA.1.1, BA.2, and their sublineages showed marked
increases in prevalence concurrent with rises in reported case
numbers. Conversely, the monthly death counts exhibited a
downward trend during the same period. Negative binomial
regression models were fitted to assess associations between
lineage proportions and epidemiological metrics. While a few
lineages demonstrated statistically significant associations—such
as BA.2.9 with case counts (p = 0.028) and XBB.1 with
death counts (p = 0.015)—the overall explanatory power
of individual lineages was limited. Full regression outputs,
including coefficients and significance values, are provided in
Supplementary Table S2.
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Herrera Agüero et al. 10.3389/fpubh.2026.1738843

FIGURE 3

Monthly relative frequency of SARS-CoV-2 lineages circulating in Central America and the Dominican Republic from February 2020 to January 2023.
(a) Overall lineage distribution in the region. Lineages with a cumulative frequency greater than 35 sequences were shown individually; less frequent
lineages (n ≤ 35) were grouped under “Others.” Percentages represent the relative frequency of each lineage per month. (b–i) Country-specific
lineage distributions. The lower panels display the monthly distribution of lineages in each country. Only months with available data are shown, with
blank spaces indicating the absence of sampling. The color palette and lineage grouping are consistent with the overall chart, including the “Others”
category.

4 Discussion

Over the years, outbreaks like severe acute respiratory
syndrome (SARS; 2002–2023), influenza (2009) and Ebola (2013–
2014) have highlighted the need for genomic surveillance to
support public health surveillance systems (26). During the
COVID-19 pandemic, genomics played a key role by enabling
the tracking of SARS-CoV-2 variants and their spread, supporting
the development of molecular diagnostics techniques, therapeutics
and vaccines, fand informing decisions on the strengthening or
easing of social distancing measures (27). This study did not assess
whether genomic surveillance outputs directly impacted policy
decisions, nor did it evaluate the timeliness of sequence generation

and sharing. Turnaround times differed across countries, especially
where external sequencing support was required, which may
have limited the use of genomic data for real-time public
health responses.

Interpretation of lineage frequencies must consider potential
selection biases, as sequencing strategies were not systematic across
countries. Differences in testing access, diagnostic algorithms, and
sample triaging procedures likely influenced which samples were
ultimately sequenced. These factors limit the comparability of
lineage proportions across settings and should be considered when
interpreting regional trends.

The recognition of the importance of genomic surveillance
during the COVID-19 pandemic led to organizations such as
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FIGURE 4

Maximum likelihood phylogenetic tree of SARS-CoV-2 sequences from Central America and the Dominican Republic, with temporal and geographic
annotations, spanning February 2020 to January 2023.

PAHO (20) and COMISCA (21) to enhance genomic surveillance
efforts across Central America and the Dominican Republic. A key
objective of these strengthening programs was the development of
local bioinformatics analysis capacity. As of 2025, many countries
are still in the early stages of developing these skills.

In this context, INCIENSA in Costa Rica and ICGES in Panama
were key players, as they led the implementation of SARS-CoV-2
genomic sequencing, as illustrated in Figure 1 (21). These efforts
led to enhanced sequencing capacities among Central America
and the Dominican Republic. As demonstrated in Figure 2, several
countries with little to no sequenced samples throughout 2020
experienced a significant increase in sequencing activities in 2021,
with many sustaining this progress into 2022.

As illustrated in Table 1, Nicaragua and Belize exhibit the
highest percentages of sequenced COVID-19 cases. Nevertheless,
as previously mentioned, Nicaragua’s data may be biased due to
national surveillance strategies and was therefore not considered
for comparative purposes.

In contrast, Belize’s elevated percentage of sequenced COVID-
19 cases can be attributed to its substantially smaller population
compared to the other countries analyzed in this study. Belize’s

population is approximately 11 times smaller than that of Panama,
the country with the next smallest population in the region (22).

After excluding these outliers, a clearer assessment of the
sequencing capacity in Central America and the Dominican
Republic can be achieved. Table 1 shows that Costa Rica and
Panama had higher percentages of sequenced COVID-19 cases
(0.84 and 0.64%, respectively) than other countries in the region.
This is expected, as both countries led regional sequencing efforts
and had established local access to equipment and reagents (21).
In contrast, the Dominican Republic, El Salvador, Guatemala and
Honduras relied on shipment of samples to Panama or Costa Rica
for sequencing (Figure 1), contributing to their lower percentages.
Honduras showed particularly low coverage (0.06%), which may be
associated with limited testing capacity, exacerbated by Hurricanes
Eta and Iota and a concurrent dengue epidemic (28).

Previous studies suggest that sequencing at least 5% of all
positive tests allows the detection of emerging strains with
prevalence between 0.1 and 1.0% (29). However, none of the
countries achieved this threshold (Table 1). Globally, only 6.8%
of the countries worldwide achieved sequencing coverage ≥5%,
while 45.5% sequenced less than 0.5% of confirmed cases (30).
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FIGURE 5

Temporal dynamics of SARS-CoV-2 lineage proportions with COVID-19 statistical curves in Central America and the Dominican Republic. (a)
Monthly proportions of SARS-CoV-2 lineages detected by genomic surveillance are shown as stacked areas. The black dashed line represents the
normalized total monthly COVID-19 deaths (secondary y-axis), facilitating comparison between lineage prevalence and mortality trends over time.
(b) Same as (a), but the black dashed line depicts the normalized total monthly reported COVID-19 cases instead of deaths. Lineage proportions are
calculated as the fraction of total cases sequenced each month. Colors correspond to specific viral lineages.

The low coverage observed in Central America and the Dominican
Republic therefore reflects a broader global trend, particularly
among low- and middle-income countries. This underscores
the global disparities in SARS-CoV-2 genomic surveillance (30).
Although sequencing coverage remained below the recommended
5% threshold (29) in the region, the genomic surveillance efforts
still allowed the detection of circulating VOCs and recombinant
lineages (Figures 3, 4). Lower coverage likely reduced sensitivity
for early detention of novel variants. Sustained investment
in sequencing capacity, standardized sampling, and improved
turnaround times would strengthen future surveillance efforts.

Despite limited sequencing volume, the quality of the sequences
was generally high. Across countries, the average completeness
exceeded 98%, and most sequences met the quality threshold of

≥95% coverage and <6% ambiguities. Although Nicaragua showed
a lower proportion of high-quality sequences (72.2%), all other
countries consistently surpassed 90%, indicating robust technical
performance despite limited resources.

Understanding the genomic landscape of SARS-CoV-2 is
essential for tracking its evolution and informing public health
responses. Analysis of genotypes and their circulation patterns
provides insights into how different variants emerge and spread
within populations. A notable finding was the synchronous
circulation of multiple lineages across the region, reflecting active
dynamic transmission. Similar dynamics have been documented in
Latin American countries (31–33), other continents (34, 35) and
globally, largely facilitated by international travel as part of modern
globalization (36).
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These patters highlight the importance of robust
communication and coordination between neighboring
countries and those with strong travel and trade connections.
Effective monitoring of circulating strains requires cross-border
collaboration, particularly in highly interconnected regions. The
frequency of different lineages over time and their geographic
distribution, can be observed in Figure 2. In early stages of the
pandemic, the B.1 lineage was detected throughout Central
America and Dominican Republic. By early 2021, A 2.5 also
emerged across these countries. Mid- 2021, saw the rise of
Delta sublineages AY.100 and AY.113 (23), while early 2022,
marked the widespread presence of Omicron sublineages, with
BA.1.1 (2), becoming the first predominant sub lineage. This
omicron trend continued through 2022 and early 2023, with
recombinant Omicron sublineages such as XBB.1 (25), becoming
prominent by late 2022 and early 2023. The synchronous presence
of recombinant lineages, such as XBB.1, further underscores
the regional interconnectedness and transmission dynamics,
highlighting the need to have capacity to detect the locally
generated new variants.

The temporal dynamics of lineage circulation in Central
America and the Dominican Republic differed from global
trends. Unlike in Europe and North America, where Alpha
rapidly became dominant, in this region Alpha (B.1.1.7) did not
reach predominance (37, 38). Its spread was constrained by the
concurrent circulation of Gamma (P.1) (39), Mu (B.1.621) (40),
and Lambda (C.37) (41), which were already established locally
and likely competed for transmission advantage. These dynamics
illustrate how regional epidemiological conditions can modulate
the replacement patterns seen globally.

Throughout 2020, the predominant lineages were A.2, A.2.4
and B.1, the only variants exceeding 35 cases until December 2020
(Figures 3, 4). Although Alpha was first detected in late 2020 (37),
it remained limited during early 2021. By mid-2021, Gamma (P.1)
emerged as a predominant variant (39), accompanied by the co-
circulation of Lambda (C.37) and Mu (B.1.621), both classified as
VOIs (40, 41). This produced a more diverse variant landscape
compared to other regions.

Delta sublineages (VOC) became predominant by mid-2021,
rapidly replacing Gamma and other variants, following global
patterns (42). Among Delta, AY.100 and AY.113 were the
most frequent sublineages in late 2021, peaking at ∼60% of
sequenced cases, while additional AY lineages such as AY.25.1,
B.1.617.2, AY.119, AY.3, AY.4, and AY.43 contributed to transient
diversification (23, 37). A similar pattern was observed in
Mexico (2).

By December 2021, Omicron represented ∼40% of regional
cases with BA.1.1 as the most frequent subvariant (24),
increasing to ∼90% by January 2022, consistent with global
displacement of Delta (43–46). Early 2022 showed reduced lineage
diversity (Figure 3), which later increased as multiple Omicron
sublineages co-circulated.

Recombinant lineages also contributed to regional dynamics.
XB—parented by B.1.634 and B.1.631—was the first recombinant
in the region to exceed 35 cases, peaking mid-2021 (7, 47). XAM
(BA.1.1/BA.2.9) (48) and XAF (BA.1/BA.2) (7) were most prevalent
in the second quarter of 2022, with XAF showing notable presence

in Panama. By late 2022 and early 2023, XBB.1 and XBB.1.5 became
predominant, accounting for >50% of cases, consistent with their
global emergence patterns (49–51).

Overall, these observations highlight that variant dynamics
in the region were shaped by both global introductions and
strong competition among locally circulating VOCs and VOIs,
particularly during the Alpha-to-Gamma/Mu period. This
emphasizes the importance of considering regional epidemiological
contexts when interpreting global variant trajectories.

The trends illustrated in Figure 5 reveal a noticeable decoupling
between the temporal dynamics of SARS-CoV-2 lineages and
epidemiological outcomes. The introduction and rapid expansion
of Omicron sublineages (e.g., BA.1.1, BA.2, XBB.1.5) in early
2022 coincided with a marked increase in reported case numbers
(Figure 5b), whereas COVID-19-related deaths continued to
decline steadily during the same period (Figure 5a). This divergence
was supported by a low overall correlation (r = 0.10) between the
average monthly lineage proportions and total deaths. Additionally,
although regression models using negative binomial distributions
identified weak but statistically significant associations—such as
BA.2.9 with decreased case counts (p = 0.028) and XBB.1
with reduced mortality (p = 0.0148)—no individual lineage
accounted for a substantial portion of the variability in either
trend (Supplementary Table S2). These patterns suggest that factors
beyond lineage predominance, such as increased vaccination
coverage, accumulated population immunity, or changes in
clinical management and public health strategies, likely had a
more prominent role in shaping the epidemic curve during the
Omicron-dominant period. Therefore, these associations should
be interpreted with caution, as the models did not incorporate
vaccination, prior infections, NPIs, or other contextual factors.

The partnership between PAHO, COMISCA and the
participant countries in Central America and the Dominican
Republic was key to building regional capacity. It enabled
countries without laboratories to access genomic surveillance
and participate in sequencing efforts. This combined effort
fosters the democratization of genomic tools in low- and middle-
income countries, enabling them to contribute with data that
supports evidence-based decision-making both at regional and
global levels.

However, challenges remain, particularly in sequencing
capacity in countries like Honduras impacted by socioeconomic
inequalities and limited access to public health systems (30).
Addressing these gaps is essential to ensure robust responses
to future pandemics or outbreaks. Additionally, several
countries presented prolonged gaps in sequencing activity,
particularly during the early stages of the pandemic. These gaps
may be attributed to logistical constraints, limited laboratory
infrastructure, lack of trained personnel, or resource limitations
in public health systems. For example, Honduras and El Salvador
reported very few sequences during key periods (28). These
disparities not only reflect structural inequalities across the region
but also limit the representativeness of regional genomic trends.
Similar gaps have been reported globally, approximately 63% of
SARS-CoV-2 sequences lacked age or sex information and over
95% lacked clinical data such as vaccination status or symptom
history (52).
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Herrera Agüero et al. 10.3389/fpubh.2026.1738843

Furthermore, genomic surveillance data plays a crucial role
in informing public health decisions, including the development
of appropriate tests, vaccines and treatment strategies (30). This
highlights the necessity for continued regional cooperation to
effectively manage viral evolution and expand surveillance efforts
to encompass other pathogens and antimicrobial resistance, which
has seen a notable rise in recent years (30, 53). Investing in genomic
surveillance will enhance our understanding of viral circulation
dynamics and health systems impact. It also strengthens infectious
disease control strategies and supports real-time intervention
management (53). Sustained genomic surveillance is vital for
preparedness against future health threats, emphasizing the need
for ongoing collaboration among countries.

Vaccination efforts across Central America and the Dominican
Republic may have influenced the dynamics of lineage circulation
(6). Although this study did not assess vaccination coverage by
country, it is plausible that higher vaccination rates helped reduce
the spread or persistence of certain variants. Conversely, delays
in vaccine rollout could have provided favorable conditions for
the expansion of specific lineages. Future analyses integrating
vaccination timelines and coverage data with genomic trends
would provide valuable insights into the relationship between
immunization and variant dynamics (54).

The genomic surveillance data obtained during the study
period supported public health decision-making processes in the
region. For instance, the detection of specific lineages contributed
to the revision of travel advisories and the adjustment of entry
requirements in some countries (36). Additionally, the sequencing
results provided evidence to refine vaccination strategies and
prioritize populations at higher risk (11). Although the short-term
efforts were successful, a long-term surveillance strategy is essential.
This includes sustained funding, regional laboratory networks,
workforce training, and integration of genomic data into routine
public health response systems (26, 30).

Regional mobility likely played a critical role in the introduction
and spread of SARS-CoV-2 lineages (36). While the study did
not include travel history metadata, the emergence of similar
lineages in neighboring countries within a short time frame
suggests transboundary movement of the virus (31). Countries
with stronger international connectivity, such as Panama and
Costa Rica, may have served as primary entry points for founder
lineages (55). Additionally, the lack of detected VOCs, VOIs or
VUMs in some countries may reflect gaps in sequencing coverage
rather than true absence of circulation (30). This underscores the
need to integrate mobility data and improve coordinated genomic
surveillance across borders.

Moreover, irregular migration may have contributed to viral
spread through unconventional routes. One such situation is the
Darién Gap, a dense jungle corridor between South America
and Panama. In 2022, the Panamanian government reported over
250,000 migrants crossing this area under precarious conditions,
potentially increasing the region’s epidemiological connectivity
(56). In addition, seasonal and binational migration among
Indigenous populations, such as the Ngäbe–Buglé communities
residing along the Panama–Costa Rica border, may also play a
role in regional disease dynamics. These communities frequently
migrate for agricultural work, particularly during Costa Rica’s

coffee harvest, and often settle in towns near production areas.
Many Ngäbe individuals are binational citizens who regularly
access health services in Costa Rica, following routes that
overlap with known northbound migratory pathways. These
movements underscore the need for integrated, cross-border
genomic surveillance strategies that account for the health
vulnerabilities of highly mobile and underserved populations (57).
However, this interpretation remains speculative, as the available
data do not allow determination of whether mobility in these
population groups had any measurable or disproportionate effect
on the observed variant dynamics.

While several genomic surveillance studies have been
conducted in Latin America (58–60), to our knowledge, this
is the first study to describe the regional characteristics of the
SARS-CoV-2 genome in Central America and the Dominican
Republic. These findings provide critical public health insights
by underscoring the need for equitable access to sequencing
technologies and sustained regional collaboration. Such efforts
are essential to effectively monitor viral evolution and inform
evidence-based interventions in a region historically constrained
by limited resources and infrastructure.

This study has several limitations. It relies on publicly
available data with limited metadata, assumes that sequenced
genomes accurately represent local and regional contexts, and
does not account for country-specific factors such as diagnostic
and surveillance investments, containment measures, or other
relevant country-level indicators. Nonetheless, integrating
regional genomic surveillance into national health systems could
improve outbreak response times, enhance the detection of
emerging variants, and enable more efficient allocation of scarce
healthcare resources.

5 Conclusions

This overview of SARS-CoV-2 genomic surveillance in Central
America and Dominican Republic highlights the critical role of the
collaborative efforts between PAHO and COMISCA in enhancing
regional sequencing capacity. By improving laboratory resources
and fostering cooperation, countries effectively monitored
key variants, including Delta and Omicron, demonstrating
synchronous transmission dynamics across the region. The rise
of recombinant variants emphasizes the ongoing evolution of the
virus and the need to sustain genomic monitoring.

This collaborative model provides a robust framework
for future public health crises, ensuring readiness to
respond to emerging threats. Moving forward, countries
should continue to build on these achievements, addressing
opportunities for improvement in the sequencing capacity and
promoting further collaborations to safeguard public health in
the region.
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Herrera Agüero et al. 10.3389/fpubh.2026.1738843

37. Choi JY, Smith DM. SARS-CoV-2 variants of concern. Yonsei Med J. (2021)
62:961–8. doi: 10.3349/ymj.2021.62.11.961

38. Zárate S, Taboada B, Muñoz-Medina JE, Iša P, Sanchez-Flores A, Boukadida C,
et al. The alpha variant (B.1.1.7) of SARS-CoV-2 failed to become dominant in Mexico.
Microbiol Spectr. (2022) 10e0224021. doi: 10.1128/spectrum.02240-21

39. Stefanelli P, Trentini F, Guzzetta G, Marziano V, Mammone A,
Schepisi MS, et al. Co-circulation of SARS-CoV-2 alpha and gamma variants
in Italy, February and March 2021. Eurosurveillance. (2022) 27:2100429.
doi: 10.2807/1560-7917.ES.2022.27.5.2100429

40. Oróstica KY, Mohr SB, Dehning J, Bauer S, Medina-Ortiz D, Iftekhar EN, et al.
Early mutational signatures and transmissibility of SARS-CoV-2 gamma and lambda
variants in Chile. Sci Rep. (2024) 14:16000. doi: 10.1038/s41598-024-66885-2

41. Rahimi F, Kamali N, Bezmin Abadi AT. The Mu strain: the last but not least
circulating variant of interest’ potentially affecting the COVID-19 pandemic. Fut Virol.
(2022) 17:5–8. doi: 10.2217/fvl-2021-0269

42. Giovanetti M, Fonseca V, Wilkinson E, Tegally H, San EJ, Althaus CL,
et al. Replacement of the gamma by the delta variant in Brazil: impact of
lineage displacement on the ongoing pandemic. Virus Evol. (2022) 8:veac024.
doi: 10.1093/ve/veac024

43. Fall A, Eldesouki RE, Sachithanandham J, Morris CP, Norton JM, Gaston
DC, et al. The Displacement of the SARS-CoV-2 Variant Delta with Omicron: An
Investigation of Hospital Admissions and Upper Respiratory Viral Loads. (2022).
doi: 10.1016/j.ebiom.2022.104008

44. Wang Y, Long Y, Wang F, Li C, Liu W. Characterization of SARS-CoV-2
recombinants and emerging omicron sublineages. Int J Med Sci. (2023) 20:151–62.
doi: 10.7150/ijms.79116

45. Lee WL, Armas F, Guarneri F, Gu X, Formenti N, Wu F, et al. Rapid displacement
of SARS-CoV-2 variant delta by omicron revealed by allele-specific PCR in wastewater.
Water Res. (2022) 221:118809. doi: 10.1016/j.watres.2022.118809

46. Andre M, Lau LS, Pokharel MD, Ramelow J, Owens F, Souchak J, et al.
From alpha to omicron: how different variants of concern of the SARS-
coronavirus-2 impacted the world. Biology. (2023) 12:1267. doi: 10.3390/biology120
91267

47. Shiraz R, Tripathi S. Enhanced Recombination Among SARS-CoV-2 Omicron
Variants Contributes to Viral Immune Escape. (2022). doi: 10.1101/2022.08.23.
504936

48. Paulino-Ramírez R, Pham K, Breban MI, Peguero A, Jabier M, Sánchez N, et al.
Genome sequence of a recombinant SARS-CoV-2 lineage XAM (BA.1.1/BA.2.9) strain
from a clinical sample in Santo Domingo, Dominican Republic. Microbiol Resour
Announc. (2023) 12:e01113-22. doi: 10.1128/mra.01113-22

49. Wang Q, Iketani S, Li Z, Liu L, Guo Y, Huang Y, et al. Alarming antibody evasion
properties of rising SARS-CoV-2 BQ and XBB subvariants. Cell. (2023) 186:279–86.e8.
doi: 10.1016/j.cell.2022.12.018

50. Parums DV. Editorial: the XBB.1.5 (“Kraken”) subvariant of omicron SARS-
CoV-2 and its rapid global spread. In: Medical Science Monitor. Melville, NY:
International Scientific Information, Inc (2023). doi: 10.12659/MSM.939580

51. Vogel L. What to know about omicron XBB.1.5. CMAJ. (2023) 195:E127–8.
doi: 10.1503/cmaj.1096034

52. Wheeler NE, Price V, Cunningham-Oakes E, Tsang KK, Nunn JG, Midega JT,
et al. Innovations in genomic antimicrobial resistance surveillance. Lancet Microbe.
(2023) 4:e1063–70. doi: 10.1016/S2666-5247(23)00285-9

53. Jena D, Ghosh A, Jha A, Prasad P, Raghav SK. Impact of vaccination on
SARS-CoV-2 evolution and immune escape variants. Vaccine. (2024) 42:126153.
doi: 10.1016/j.vaccine.2024.07.054

54. Franco D, Gonzalez C, Abrego LE, Carrera JP, Diaz Y, Caicedo Y, et al. Early
transmission dynamics, spread, and genomic characterization of SARS-CoV-2 in
Panama. Emerg Infect Dis. (2021) 27:612–5. doi: 10.3201/eid2702.203767

55. Datos Abiertos de Panamá. Migración - Irregulares en tránsito por Darién
por país 2022. (2023). Spanish. Available online at: https://www.datosabiertos.gob.pa/
dataset/migracion-irregulares-en-transito-por-darien-por-pais-2022 (Accessed July
11, 2025).

56. Cumbrera A, Calzada JE, Chaves LF, Hurtado LA. Spatiotemporal
analysis of malaria transmission in the autonomous indigenous regions of
Panama, Central America, 2015–2022. Trop Med Infect Dis. (2024) 9:90.
doi: 10.3390/tropicalmed9040090

57. Molina-Mora JA, Reales-González J, Camacho E, Duarte-Martínez F,
Tsukayama P, Soto-Garita C, et al. Overview of the SARS-CoV-2 genotypes
circulating in Latin America during 2021. Front Public Health. (2023) 11:1095202.
doi: 10.3389/fpubh.2023.1095202

58. Concha-Toloza M, González LC, Estrella AHH, Do Porto DF, Campos-Sánchez
R, Molina-Mora JA. Genomic, Socio-Environmental, and Sequencing Capability
Patterns in the Surveillance of SARS-CoV-2 in Latin America and the Caribbean up to
2023. (2024). doi: 10.21203/rs.3.rs-5321558/v1

59. Lira-Morales JD, López-Cuevas O, Medrano-Félix JA, González-Gómez JP,
González-López I, Castro-Del Campo N, et al. Genomic surveillance of SARS-CoV-2
in México: three years since Wuhan, China’s first reported case. Viruses. (2023) 15:2223.
doi: 10.3390/v15112223

60. Ribeiro Dias MF, Andriolo BV, Silvestre DH, Cascabulho PL, Leal da Silva M.
Genomic surveillance and sequencing of SARS-CoV-2 across South America. Revista
Panamericana de Salud Pública. (2023) 47:1. doi: 10.26633/RPSP.2023.21

Frontiers in Public Health 14 frontiersin.org

https://doi.org/10.3389/fpubh.2026.1738843
https://doi.org/10.3349/ymj.2021.62.11.961
https://doi.org/10.1128/spectrum.02240-21
https://doi.org/10.2807/1560-7917.ES.2022.27.5.2100429
https://doi.org/10.1038/s41598-024-66885-2
https://doi.org/10.2217/fvl-2021-0269
https://doi.org/10.1093/ve/veac024
https://doi.org/10.1016/j.ebiom.2022.104008
https://doi.org/10.7150/ijms.79116
https://doi.org/10.1016/j.watres.2022.118809
https://doi.org/10.3390/biology12091267
https://doi.org/10.1101/2022.08.23.504936
https://doi.org/10.1128/mra.01113-22
https://doi.org/10.1016/j.cell.2022.12.018
https://doi.org/10.12659/MSM.939580
https://doi.org/10.1503/cmaj.1096034
https://doi.org/10.1016/S2666-5247(23)00285-9
https://doi.org/10.1016/j.vaccine.2024.07.054
https://doi.org/10.3201/eid2702.203767
https://www.datosabiertos.gob.pa/dataset/migracion-irregulares-en-transito-por-darien-por-pais-2022
https://www.datosabiertos.gob.pa/dataset/migracion-irregulares-en-transito-por-darien-por-pais-2022
https://doi.org/10.3390/tropicalmed9040090
https://doi.org/10.3389/fpubh.2023.1095202
https://doi.org/10.21203/rs.3.rs-5321558/v1
https://doi.org/10.3390/v15112223
https://doi.org/10.26633/RPSP.2023.21
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Overview of SARS-CoV-2 genomic surveillance in Central America and the Dominican Republic from February 2020 to January 2023: the impact of PAHO and COMISCA's collaborative efforts
	1 Introduction
	2 Materials and methods
	2.1 Data acquisition
	2.2 Timeline of key events
	2.3 COVID-19 epidemiological data
	2.4 Analysis of circulating variants
	2.5 Phylogenetic analysis

	3 Results
	3.1 Implementation of genomic surveillance and sequencing capacity
	3.2 Circulating variants and lineage
	3.3 Phylogenetic analysis of SARS-CoV-2 lineages
	3.4 Associations between lineage dynamics and epidemiological trends

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


