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ABSTRACT

Objectives: To evaluate the genomic epidemiology of SARS-CoV-2 from Venezuelan migrants living in
Colombia.
Methods: This study sequenced SARS-CoV-2 from 30 clinical specimens collected from Venezuelan mi-
grants. Genomes were compared with the Wuhan reference genome to identify polymorphisms, recon-
struct phylogenetic relationships and perform comparative genomic analyses. Geographic, sociodemo-
graphic and clinical data were also studied across genotypes.
Results: This study demonstrated the presence of six distinct SARS-CoV-2 lineages circulating among
Venezuelan migrants, as well as a close relationship between SARS-CoV-2 genomic sequences obtained
from individuals living in the Venezuelan-Colombian border regions of La Guajira (Colombia) and Zulia
(Venezuela). Three clusters (C-1, C-2 and C-3) were well supported by phylogenomic inference, support-
ing the hypothesis of three potential transmission routes across the Colombian-Venezuelan border. These
genomes included point mutations previously associated with increased infectivity. A mutation (L18F)
in the N-terminal domain of the spike protein that has been associated with compromised binding of
neutralizing antibodies was found in 2 of 30 (6.6%) genomes. A statistically significant association was
identified with symptomatology for cluster C2.
Conclusion: The close phylogenetic relationships between SARS-CoV-2 genomes from Venezuelan mi-
grants and from people living at the Venezuela-Colombian border support the importance of human
movements for the spread of COVID-19 and for emerging virus variants.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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INTRODUCTION

The socioeconomic, political and healthcare crisis of the last
two decades has resulted in violence, poverty and the massive mi-
gration of Venezuelans to neighboring countries (Daniels 2020).
This has driven further economic and social instability and
catalyzed the overflow of infectious diseases such as malaria,
dengue, tuberculosis, HIV, and most recently, Coronavirus Dis-
ease 2019 (COVID-19) caused by Severe Acute Respiratory Syn-
drome Coronavirus-2 (SARS-CoV-2) (Grillet et al. 2019; Rodriguez-
Morales et al. 2019b, 2019a; Paniz-Mondolfi et al. 2020a, 2020b).
The inability of the precarious Venezuelan healthcare service to
meet the acutely increased needs due to the COVID-19 pandemic
impelled almost a doubling in the number of Venezuelans cross-
ing to neighboring countries, particularly Brazil and Colombia
(Daniels 2020; Standley et al. 2020). In fact, compared to the nearly
800,000 Venezuelans that migrated to Colombia in 2017, almost
1.5 million Venezuelans have crossed the border as a result of the
current pandemic (Fernandez-Nifio et al. 2020; Garcia Pinzén and
Mantilla 2020).

Recently reported evidence from genomic sequencing of SARS-
CoV-2 from clinical specimens indicated spread of the virus be-
tween Venezuela and Colombia, despite closure of the border with
Colombia on 14 March 2020 in an effort to curb the influx of
COVID-19 (Paniz-Mondolfi et al. 2020a). This SARS-CoV-2 spread
suggests that the illegal transit between Venezuela and Colombia
continued, particularly in the departments of Cundinamarca, Norte
de Santander and La Guajira, which border the western Venezue-
lan states with the highest number of COVID-19 cases (Tachira and
Zulia) (Estadisticas-Venezuela-COVID-19. 2021).

In order to address concerns regarding the high transmission
rate (Paniz-Mondolfi et al. 2020a), spread of new variants (e.g., P.1)
(Instituto Nacional de Salud (INS) 2021) and the possibility of re-
infection (Lee et al. 2020; Mulder et al. 2020), a robust analysis
was performed of the epidemiological landscape of SARS-CoV-2
across the Colombian-Venezuelan border. The findings for SARS-
CoV-2 genomes obtained from Venezuelans inhabiting Colombia
(predominantly from La Guajira) are reported, including: genomic
monitoring of lineages circulating at the Colombian-Venezuelan
border and analysis of related sociodemographic and clinical data.

METHODS
Study population and ethical considerations

This study sequenced and analyzed SARS-CoV-2 from 30 clin-
ical nasopharyngeal specimens collected between 05 May and 05
July 2020 from Venezuelan migrants living in seven departments of
Colombia (Ven_Col): Amazonas, Atlantico, Boyacd, Cundinamarca,
La Guajira, Magdalena, and Norte de Santander. The authoriza-
tion and use of biological material and associated epidemiological
information followed previously described ethical criteria (Paniz-
Mondolfi et al. 2020a). This study was performed following the
Declaration of Helsinki and its later amendments, and all patient
data were anonymized to minimize risk to participants. The epi-
demiological and clinical characteristics of Ven_Col genomes are
presented in Supplementary Table 1.

Phylogenomic analysis and genetic diversity

The molecular detection, sequencing, assembly and bioinfor-
matic analysis of the 30 Ven_Col SARS-CoV-2 genomes were
performed according to previously reported methodology (Paniz-
Mondolfi et al. 2020a). Molecular typing was performed using
the Phylogenetic Assignment of Named Global Outbreak LINeages
‘Pangolin’ tool (Rambaut et al. 2020). The Ven_Col genomes were
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compared with 10 SARS-CoV-2 genomes previously reported from
Venezuela (Loureiro et al. 2021; Paniz-Mondolfi et al. 2020a), 277
reported from Colombia, and 2,641 representative genomes from
all available data from countries in North America, Europe, Asia,
Oceania, and South America hosted in the GISAID (Global Initiative
on Sharing All Influenza Data) (Hadfield et al. 2018) and GenBank
databases (Loureiro et al. 2021); these last genomes were included
in a category called 'Other groups’. The complete dataset of 2,958
genomes was aligned, the untranslated regions were trimmed,
phylogenetic relationships were constructed, and single nucleotide
polymorphisms (SNP) were extracted following previously reported
methods (Mufioz et al. 2021; Ramirez et al. 2021). Nucleotide vari-
ation was characterized by comparing the 30 Ven_Col genomes
with the Wuhan reference sequence (NC_045512), using UGENE
v.33.0 software (Okonechnikov et al. 2012).

Phylogeographic analysis

Latitude and longitude data from a publicly available meta-
data of Colombian genomes deposited into GISAID and from the
30 Ven_Col genomes sequenced in this study were mapped across
their location in Colombian departments using the QGIS Geo-
graphic Information System Open Source Geospatial Foundation
software (v3.16, http://qgis.osgeo.org).

Statistical analysis

A descriptive analysis of the clinical and epidemiological data
was performed. For continuous values (age), normality hypothe-
ses were evaluated using the Shapiro-Wilk test. As data showed
a normal distribution, this variable was summarized in terms of
mean and standard deviation. Qualitative variables were summa-
rized in frequencies and proportions according with the cluster
groups. Since a normal distribution was obtained for the contin-
uous variable of age, a parametric ANOVA test was performed to
explore potential differences in ages between cluster groups. Chi-
Square test was performed to identify potential relationships be-
tween categorical variables and the cluster groups. Statistical anal-
yses were carried out using R software (R Core Team 2019). All
tests of significance were two-tailed, and P-values < 0.05 were
considered statistically significant.

RESULTS
Phylogenomic analysis and genomic diversity

Six different PANGO lineage groups were identified among the
30 Ven_Col genomes that were analyzed (Supplementary Table 1).
The B.1 lineage was the most frequently found (14 genomes, 47%)
followed by B.1.111 (seven genomes, 23%) and B.1.420 lineages (six
genomes, 20%); single isolates of B.1.1.237, B.1.1.161 and B.1.1.255
lineages were recovered. Overall, five of the six lineages were
represented among the reported genome lineages from Colom-
bian individuals: B.1, B.1.111, B.1.420, B.1.1.161, and B.1.1.237. Of note,
there have been no reported Colombian isolates that correspond
with B.1.1.255 lineages as of 10 May 2021 (Instituto Nacional de
Salud (INS) 2021).

The phylogeny revealed heterogeneity within the SARS-CoV-2
sequences globally (Figure 1A). The analysis revealed that Ven_Col
SARS-CoV-2 genomes (23 genomes, 76%) were positioned into
three different clusters (C-1 to C-3), which lead to the hypoth-
esis that there were three potential transmission routes across
the Colombian-Venezuelan border. The first transmission route was
supported by cluster C-1, which includes various subgroups; nine
of the analyzed Ven_Col genomes were included in four of these
subgroups. Four of these genomes were closely related with one
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Figure 1. Phylogenomic relationships of evaluated SARS-CoV-2 genomes in the global context. A dataset with 2,958 genomes (30 genomes from Venezuelans in Colombia
(Ven_Col), 10 from Venezuela, 277 from Colombia, and 2,641 from other countries) was analyzed from the alignment with a length of 5,209 positions, corresponding to
the whole genome single-nucleotide polymorphisms (SNP) excluding untranslated regions. A) Maximum likelihood tree from whole genome SNPs for the complete dataset.
Clusters consisting of 23 of the 30 Ven_Col genomes are highlighted in orange (C-1 to C-3), which are depicted in B) at a greater magnification to visualize all genomes
included in each cluster. These clusters support the hypothesis of three potential transmission routes across the Colombian-Venezuelan border.

genome from Serbia, three with genomes from Brazil, and the last
two with genomes from Colombia, Egypt, England, and Iraq. Inter-
estingly, this cluster did not include any genomes from Venezuela.
The second transmission route (cluster C-2) could be further di-
vided into two subgroups, one of them included six of the Ven_Col
genomes, with a close phylogenetic relationship with two genomes
(MT907521, MT907520) from the bordering Venezuelan depart-
ment of Zulia and with Colombian genomes. Finally, the third
transmission route (cluster C-3), which was subdivided in vari-
ous subgroups like C-1, included eight Ven_Col genomes; five of
these genomes shared sequence similarity between them and three
genomes were related to Colombian genomes, mainly genomes
from Bogotd and Cundinamarca (Figure 1B). Additionally, a rela-
tionship between the clustering and the SARS-CoV-2 lineages was
observed.

Moreover, 26 polymorphic sites that distinguished the 30
Ven_Col genomes from the Wuhan reference sequence were found
(Figure 2). There were three substitutions that were shared across
all 30 of the Ven_Col genomes: 1) a synonymous substitution
in ORFla (C3037T); 2) a non-synonymous substitution in ORF1b
(C14408T), which resulted in the P314L substitution in the RdRp
protein; and 3) a non-synonymous substitution in the S gene,
which resulted in the D614G mutation in the spike protein. In ad-
dition, the synonymous substitution in ORF1b (C18877T) and non-
synonymous substitution in ORF3a (G22563T: Q57H) was found to
be concurrent in > 60% of the Ven_Col sequences. Of note, two
(6.6%) of the Ven_Col genomes encoded a non-synonymous substi-
tution (C21614T) in the N-terminal domain of the S gene, which
resulted in the L18F mutation.

Phylogeographic analysis

In order to gain greater insight into transmission dynamics at
a geographic level, the lineages of both Colombian and Ven_Col
SARS-CoV-2 isolates across Colombian departments were com-
pared (Figure 3). Overall, the entire dataset included Colombian
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genomes from 24 departments (Figure 3A) and Ven_Col genomes
(Figure 3B) from seven departments (Supplementary Table 2). Of
the seven departments with Ven_Col isolates, three (Amazonas,
Cundinamarca and Boyacd) had isolates whose lineages were
also represented among Colombian genomes in the same depart-
ment. However, within the other four departments with Ven_Col
genomes there were Ven_Col isolates whose lineages were not rep-
resented among genomes from Colombian patients in the same
department. Specifically, these Ven_Col isolates mapped to lin-
eages B.1.1.255 (Norte de Santander); B.1.111 (Magdalena); B.1.1.237
(Atlantico); B.1.1.161 and B.1.111 (La Guajira).

Epidemiological analysis

To determine if there were epidemiologic differences among the
phylogenetic clusters of Ven_Col genomes, clinical data across 23
participants that comprised each of the three clusters and six that
did not make up a cluster (‘OUT" group) were evaluated. Specif-
ically, seven clinical variables across the cohort were compared
(Table 1). Of the 30 participants, 60% (n = 18) were female and 40%
(n = 12) were male. The average age was 35.23 years (+15.53); no
statistically significant differences in age were found between the
three phylogenetic clusters (ANOVA, P = 0.71).

Among the other clinical variables, it was found that the de-
partment varied among the three clusters (P < 0.01). In the north
in La Guajira, eight (27%) specimens clustered within the C-1
(n = 3) and C-2 (n = 5) clusters; the remaining three did not
cluster in any of the C-1 to C-3 groups (Table 1). There were six
(20%) specimens in the neighboring Magdalena that also clustered
within C-1 (n = 5) and C-2 (n = 1) groups, and two specimens
(6.7%) from Atlantico that did not cluster to the C-1 to C-3 groups.
Further south, only C-3-clustering genomes were found in Boyaca
(six, 20%) and Cundinamarca (two, 6.7%). The lone specimen (3.3%)
from Norte de Santander did not cluster with any of the C-1 to C-3
groups. Finally, a lone specimen (3.3%) was identified in C-2 in the
southernmost department of Amazonas.



L.H. Patifio, N. Ballesteros, M. Muiioz et al. International Journal of Infectious Diseases 110 (2021) 410-416

Genome ID Substitutions
hCoV-19/Colombia/GVI-141243/2020 | EPI_ISL_941987]2020-05-28 T T T T G T
hCoV-19/Colombia/GVI-150933/2020 | EPI_ISL_941988 | 2020-06-15 TA i G Gce
hCoV-19/Colombia/GVI-157319/2020 | EPI_ISL_941989]2020-06-22 TA T G GCG
hCoV-19/Colombia/GVI-157321/2020| EPI_ISL_941990|2020-06-22 TA T @ GCG
hCoV-19/Colombia/GVI-160127/2020 | EPI_ISL_941991|2020-06-23 T A T T G T
hCoV-19/Colombia/GVI-160129/2020 | EPI_ISL_941992|2020-06-23 i A T T & T
hCoV-19/Colombia/GVI-160130/2020 | EPI_ISL_941993 | 2020-06-23 i A i T 6 T
hCoV-19/Colombia/GVI-161641/2020|EPI_ISL_941994|2020-06-24 cT T T T T T G T T
hCoV-19/Colombia/GUR-37097/2020 | EPI_ISL_941995|2020-06-23 T T G AAC
hCoV-19/Col ombia/GUR-40200/2020 | EPI_ISL_941996 | 2020-06-26 i o T T & T
hCoV-19/Colombia/GUR-41483/2020 | EPI_ISL_941997 |2020-07-01 TA il B TTT G TG
hCoV-19/Colombia/GUR-41533/2020 | EPI_ISL_9419982020-07-04 TA T T TTT G TGC
hCoV-19/Colombia/GVI-161115/2020 | EPI_ISL_942003|2020-06-24 cT T T T T G T T
hCoV-19/Colombia/GUR-41385/2020 |EPI_ISL_942004|2020-06-30 T T T G T
hCoV-19/Colombia/GVI-150146/2020| EPI_ISL_942006|2020-06-10 T T T T G T T
hCoV-19/Colombia/GVI-139542/2020 | EPI_ISL_941942 | 2020-06-02 cT i i i T G T
hCoV-19/Colombia/GVI-153306/2020|EPI_ISL_941943|2020-06-17 T T T G T T
hCoV-19/Colombia/GUR-49945/2020 | EPI_ISL_941947|2020-07-05 T T G G
hCoV-19/Colombia/GVI-152352/2020 | EPI_ISL_941949|2020-06-16 @ i i T T T G T
hCoV-19/Colombia/GVI-161642/2020 | EPI_ISL_941951|2020-06-24 cT i i i T G T
hCoV-19/Colombia/GVI-157326/2020 | EPI_ISL_941953 | 2020-06-22 TA T G cce
hCoV-19/Colombia/GVI-163894/2020] EPI_ISL_941955|2020-06-27 TA T G Gc
hCoV-19/Colombia/GVI-161346/2020 | EPI_ISL_941956]2020-06-20 T T T G T
hCoV-19/Colombia/GVI-123760/2020| EPI_ISL_941957 | 2020-05-19 6T T T G AAC
hCoV-19/Colombia/GVI-152396/2020 | EPI_ISL_941958 | 2020-06-17 T T T T 6 Vil
hCoV-19/Colombia/GVI-157681/2020|EPI_ISL_941960|2020-06-18 T T T G T T
hCoV-19/Colombia/GVI-157324/2020 | EPI_ISL_941963|2020-06-22 TA T G GCG
hCoV-19/Colombia/GVI-111145/2020| EPI_ISL_941984|2020-05-06 T T T G
hCoV-19/Colombia/GVI-111556/2020| EPI_ISL_941985|2020-05-05 T T T G T T
hCoV-19/Colombia/GVI-133304/2020 | EPI_ISL_941986|2020-05-29 6T T T G AAC
NC-045512 2 Wuhan-Hu-1 TC ACGC G ¢ G c cGe c A Jc cATAl 6] [c c
a omam O o ~ © 0w ~ @ |s  wmmal o |« o
positon | 88 8528 5 & & 5 BES 5 E|E E93F 3@ 2
- &N M o0 m @ 5 & — — — ~ o~ N NN N | ~ N
. -
= @ 3 F "
& S =) w © = i 5
. . a = - o 9 7}
Non-synonymous substitutions & 2 K 3 e 8 3 %
5 = i a 3 a2 £
& T & 4 ]
o o o o
ORF1ab s [e] [e] [79]
ORF 3a| [m] [7a] [s
Nsp2 Nsp3 Nspd Pr 6 7 8 910 11 RdRp Hel Exo Endo Met

Figure 2. Nucleotide diversity between 30 Ven_Col genomes. Single nucleotide polymorphisms (SNP) found in the 30 Ven_Col SARS-CoV-2 isolates (Genome ID) compared
with the Wuhan reference sequence (NC_045512). The positions of each SNP that is represented in > 5% of all genomes are shown. If the SNP is a non-synonymous
substitution, the corresponding amino acid change is indicated below the nucleotide position. All SNPs are annotated across an annotated SARS-CoV-2 genome.
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Table 1
Association of sociodemographic and clinical data with phylogenetic clusters of Venezuelan SARS-CoV-2 isolates.
Cluster
Variable Category C1 2 c3 ouT TOTAL P-value (Chi-Squared)
Gender Female 6(33.3%) 3(16.7%) 7 (38.9%) 2(11.1%) 18 (100%)  0.150
Male 3 (25%) 4(33.3%) 1(8.3%) 4 (33.3%) 12 (100%)
Hospitalization No 7 (28.0%) 5(20.0%) 8 (32.0%) 5 (20%) 25 (100%)  0.473
Yes 2 (40%) 2 (40%) 0 (0.0%) 1(20,0%) 5 (100%)
Health Status Asymptomatic 4 (40.0%) 0 (0%) 5 (50.0%) 1 (10.0%) 10 (100%) 0.043
Symptomatic 4(21.1%) 7 (36.8%) 3 (15.8%) 5 (26.3%) 19 (100%)
Respiratory Symptoms No 5(33.3%) 1(6.7%) 6 (40.0%) 3 (20.0%) 15 (100%)  0.128
Yes 4(26.7%) 6 (40.0%) 2 (13.3%) 3 (20.0%) 15 (100%)
Comorbidities No 7 (33.3%) 3(143%) 5(23.8%) 6(28.6%) 21 (100% 0.139
Yes 2(22.2%) 4 (444%) 3(33.3%) 0(0.0%) 9 (100%)
Department Amazonas 0 (0.0%) 1 (100%) 0 (0.0%) 0 (0.0%) 1 (100%) < 0.01
Atldntico 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (100%) 2 (100%)
Boyacd 0 (0.0%) 0 (0.0%) 6 (100%) 0 (0.0%) 6 (100%)
Cundinamarca 1(33.3%) 0(0.0%) 2 (67.7%) 0 (0.0%) 3 (100%)
La Guajira 3(27.3%) 5(45.5%) 0 (0.0%) 3 (27.3%) 11 (100%)
Magdalena 5(83.3%) 1(16.7%) 0 (0.0%) 0 (0.0%) 6 (100%)
Norte de Santander 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(100 %) 1 (100%)

In addition, it was also determined that the health status (e.g.,
symptomatic vs. asymptomatic) was statistically different among
the clusters (Chi-squared test P < 0.05). Overall, from 29 individu-
als with health status data, 19 (65.5%) were collected from symp-
tomatic versus 10 (34.5%) from asymptomatic people (Table 1).
Among the symptomatic individuals, four (13.8%) were from C-1,
seven (24.1%) were from C-2, three (10.3%) were from C-3, and five
(17.2%) were from the OUT clusters. Indeed, when compared with
sequences from non-C-2 clusters, the C-2 group included a greater
number of symptomatic individuals (P = 0.0275). A logistic regres-
sion was performed that included significant variables identified
during bivariate analysis (department and health status); however,
no statistically significant differences were found.

DISCUSSION

Since the onset of the COVID-19 pandemic, SARS-CoV-2 has ex-
ponentially spread across the globe. In South America, Brazil and
Colombia have been severely affected, with the highest recorded
numbers of cases and deaths to date. In addition to the already
volatile political and socioeconomic conditions in many South
American countries (Paniz-Mondolfi et al. 2020a), this health emer-
gency has driven inhabitants to migrate to bordering countries
in search of stable and safer conditions. Such is the case with
Venezuelan citizens who have increasingly migrated to Colombia,
Brazil, Peru, and Ecuador over the last few years (Brito 2020). This
human movement poses a hurdle to infection prevention efforts,
as it potentiates the spread of infectious disease. Thus, in order
to contain COVID-19 disease, it is vital to interrogate SARS-CoV-2
transmission events and viral evolution associated with its spread
across countries.

The most recent epidemiological reports (as of 13 May 2021)
indicate that some of Venezuela’s highest infection rates occur in
departments along the Colombian-Venezuelan border (Estadisticas-
Venezuela-COVID-19 2021). However, given the socioeconomic, fi-
nancial and clinical constraints in the countries, there is limited in-
formation on the origins and transmission of these viruses, as well
as their relation to other infection events in Colombia and South
America.

This study investigated the phylogenetic, phylodynamic and ge-
ographical characteristics of SARS-CoV-2 viral isolates distinctly re-
covered from 30 Venezuelan migrants in Colombia. The phyloge-
netic reconstruction based on whole-genome SNP variation en-
abled the SARS-CoV-2 viruses from the Ven_Col population to be
classified into three distinct transmission clusters (Figure 1), which
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lead to the hypothesis that there are three potential transmission
routes across the Colombian-Venezuelan border; cluster in which
was evidenced a close ancestor-descendant relationship between
Ven_Col genomes with genomes from close (Venezuela: C-1 and
Colombia: C-3), and distant countries (Europa, Asia and Brazil)
(Figure 1B). These findings describe the spread of SARS-CoV-2 from
a Ven_Col population into Colombia via different routes, and also
three potential divergence events of SARS-CoV-2. Likewise, the re-
lationship observed between the SARS-CoV-2 lineages from the
Ven_Col population and the geographical localization suggest that
the COVID-19 cases in Colombia could be attributed to travel-
related exposure (e.g. B.1 and B.1.111 lineage) or community trans-
mission, as observed with the B.1.420 lineage.

When compared with a subset of global sequences, the Ven_Col
genomes belonged to six distinct lineages across seven depart-
ments (Figure 3, Supplementary Table 1). Of the six lineages of the
30 Ven_Col genomes, it was observed that as of 10 May 2021, four
of them had previously been reported in Colombia (Instituto Na-
cional de Salud (INS) 2021) and in other regions of South Amer-
ica. Specifically, the B.1.1.161 lineage had been reported in Ecuador,
Brazil, Perd, and Chile. The B.1 and the B.1.111 lineages have been
reported in at least seven different countries of South America,
with B.1 being the most prevalent lineage in Colombia and Brazil
(Resende et al. 2020; Ramirez et al. 2021). However, to date, this
is the first report of the B.1.1.255 lineage in Colombia, which had
previously only been described in Brazil and the United Kingdom
(Hadfield et al. 2018) (https://www.gisaid.org/). Together, these re-
sults highlight the rapid global spread of SARS-CoV-2 to South
America and across the bordering countries of Venezuela and
Colombia.

To explore the differences between infections across Colom-
bians and Venezuelans in Colombia, this study assessed overlap
in lineages sampled across geographic areas (e.g., departments)
(Figure 3). Lineages were represented among both Colombian and
Ven_Col genomes in departments in central (Cundinamarca and
Boyaca) and southern Colombia (Amazonas), which may reflect
localized transmission events within each department affecting
both Colombian citizens and migrant Venezuelans. Interestingly, it
was found that distinct lineages existed among Colombians and
Venezuelan migrants within each of four departments: Norte de
Santander, Magdalena, Atlantico, and La Guajira. This may reflect
cryptic transmission events within these departments that sam-
pling has yet to recover; however, this may also be the result
of transnational spread of SARS-CoV-2 by movement of infected
individuals from Venezuela to Colombia or by movement of in-
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fected individuals from different countries to Venezuela and later
to Colombia. The latter is further supported by the phylogenetically
similar isolates at the northern Colombian (La Guajira)-Venezuelan
(Zulia) departmental border (Figure 1B). This “viral transit” across
borders has been reported in other South American border coun-
tries including Uruguay (Rivera) and Brazil (Elizondo et al. 2021)
and Colombia and Brazil (Ramirez et al. 2021). Together, these
highlight the role that human transit plays in the introduction
and transmission of new viral variants, which further potentiates
virus spread and evolution. Thus, additional, systematic studies are
needed in this region to understand the current dissemination of
SARS-CoV-2 lineages at a micro-geographical scale.

Among the Ven_Col isolates, the presence of the A23403G sub-
stitution across all 30 genomes was confirmed, which resulted in
the D614G spike variant that is associated with increased infectiv-
ity (Plante et al. 2021; Zhou et al. 2021) (Figure 2). Moreover, this
study also identified the non-synonymous substitution (C21614T)
in two (6.6%) of the Ven_Col genomes analyzed. This resulted in
the L18F mutation in the viral spike protein that has recently been
characterized in the South African variant - 501Y.V2 - and which
may confer increased viral replication and compromise neutraliza-
tion by antibodies (Grabowski et al. 2021). While this mutation
has been reported in isolates from other South American coun-
tries, including Colombia, Chile and Ecuador (Vilar and Isom 2021),
recovery and further characterization of these isolates are vital to
estimate the clinical and phylogenetic significance of this variant.
Furthermore, identification of these variants is essential to inform
understanding of viral fitness as spread throughout South America
continues.

Given the precarious governmental and public health infrastruc-
tures in Colombia, and particularly Venezuela, it is important to
note that constraints in available epidemiological information lim-
ited this study. Comparisons with isolates from Venezuela are des-
perately needed; however, after more than a year since the be-
ginning of the pandemic, 12 genomes have been recovered from
the country ((Loureiro et al. 2021; Paniz-Mondolfi et al. 2020).
Moreover, given the sociopolitical and socioeconomic crises in
Venezuela, the healthcare system has had limited diagnostic capac-
ity, which likely severely underestimated the number of infected
individuals. This presents a problem for any genomic surveillance
study and further hinders any infection prevention efforts to curb
further transmission within and across countries. The need for
such studies is highlighted by the fact that although Colombia
closed the border with Venezuela on 16 March 2020, Venezuelan
residents have illegally crossed to Colombia. Moreover, in response
to socioeconomic factors, these migrants have been forced to
disperse throughout Colombia, migrate to surrounding countries,
or even return to Venezuela amidst the pandemic (Fernandez-
Nifio et al. 2020). This abrupt movement of people could poten-
tiate transmission of events, and if continued, unchecked spread
could further complicate management of the pandemic in already
vulnerable communities and countries with limited vaccine avail-
ability across South America (Paniz-Mondolfi et al. 2020a, 2020b;
Loyo et al., 2021).

Finally, it is important to note that the identification of circu-
lating lineages and transmission routes in both countries could,
in the future, be the basis for the development of studies aimed
at analyzing the effectiveness of vaccines which, to date, have a
global efficacy of > 90% (Pfizer-BioNTech (~95%), Moderna (~94%)
and Sputnik V (~92%)) except for Oxford-AstraZeneca (~81%)
(Baden et al. 2021; Doroftei et al. 2021).
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