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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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NTRODUCTION 

The socioeconomic, political and healthcare crisis of the last 

wo decades has resulted in violence, poverty and the massive mi- 

ration of Venezuelans to neighboring countries ( Daniels 2020 ). 

his has driven further economic and social instability and 

atalyzed the overflow of infectious diseases such as malaria, 

engue, tuberculosis, HIV, and most recently, Coronavirus Dis- 

ase 2019 (COVID-19) caused by Severe Acute Respiratory Syn- 

rome Coronavirus-2 (SARS-CoV-2) ( Grillet et al. 2019 ; Rodríguez- 

orales et al. 2019b , 2019a ; Paniz-Mondolfi et al. 2020a , 2020b ). 

he inability of the precarious Venezuelan healthcare service to 

eet the acutely increased needs due to the COVID-19 pandemic 

mpelled almost a doubling in the number of Venezuelans cross- 

ng to neighboring countries, particularly Brazil and Colombia 

 Daniels 2020 ; Standley et al. 2020 ). In fact, compared to the nearly

0 0,0 0 0 Venezuelans that migrated to Colombia in 2017, almost 

.5 million Venezuelans have crossed the border as a result of the 

urrent pandemic ( Fernández-Niño et al. 2020 ; García Pinzón and 

antilla 2020 ). 

Recently reported evidence from genomic sequencing of SARS- 

oV-2 from clinical specimens indicated spread of the virus be- 

ween Venezuela and Colombia, despite closure of the border with 

olombia on 14 March 2020 in an effort to curb the influx of 

OVID-19 ( Paniz-Mondolfi et al. 2020a ). This SARS-CoV-2 spread 

uggests that the illegal transit between Venezuela and Colombia 

ontinued, particularly in the departments of Cundinamarca, Norte 

e Santander and La Guajira, which border the western Venezue- 

an states with the highest number of COVID-19 cases (Táchira and 

ulia) ( Estadisticas-Venezuela -COVID-19. 2021). 

In order to address concerns regarding the high transmission 

ate ( Paniz-Mondolfi et al. 2020a ), spread of new variants (e.g., P.1) 

 Instituto Nacional de Salud (INS) 2021 ) and the possibility of re- 

nfection ( Lee et al. 2020 ; Mulder et al. 2020 ), a robust analysis

as performed of the epidemiological landscape of SARS-CoV-2 

cross the Colombian-Venezuelan border. The findings for SARS- 

oV-2 genomes obtained from Venezuelans inhabiting Colombia 

predominantly from La Guajira) are reported, including: genomic 

onitoring of lineages circulating at the Colombian-Venezuelan 

order and analysis of related sociodemographic and clinical data. 

ETHODS 

tudy population and ethical considerations 

This study sequenced and analyzed SARS-CoV-2 from 30 clin- 

cal nasopharyngeal specimens collected between 05 May and 05 

uly 2020 from Venezuelan migrants living in seven departments of 

olombia (Ven_Col): Amazonas, Atlántico, Boyacá, Cundinamarca, 

a Guajira, Magdalena, and Norte de Santander. The authoriza- 

ion and use of biological material and associated epidemiological 

nformation followed previously described ethical criteria ( Paniz- 

ondolfi et al. 2020a ). This study was performed following the 

eclaration of Helsinki and its later amendments, and all patient 

ata were anonymized to minimize risk to participants. The epi- 

emiological and clinical characteristics of Ven_Col genomes are 

resented in Supplementary Table 1. 

hylogenomic analysis and genetic diversity 

The molecular detection, sequencing, assembly and bioinfor- 

atic analysis of the 30 Ven_Col SARS-CoV-2 genomes were 

erformed according to previously reported methodology ( Paniz- 

ondolfi et al. 2020a ). Molecular typing was performed using 

he Phylogenetic Assignment of Named Global Outbreak LINeages 

Pangolin’ tool ( Rambaut et al. 2020 ). The Ven_Col genomes were 
411 
ompared with 10 SARS-CoV-2 genomes previously reported from 

enezuela ( Loureiro et al. 2021 ; Paniz-Mondolfi et al. 2020a ), 277 

eported from Colombia, and 2,641 representative genomes from 

ll available data from countries in North America, Europe, Asia, 

ceania, and South America hosted in the GISAID (Global Initiative 

n Sharing All Influenza Data) ( Hadfield et al. 2018 ) and GenBank 

atabases ( Loureiro et al. 2021 ); these last genomes were included 

n a category called ’Other groups’. The complete dataset of 2,958 

enomes was aligned, the untranslated regions were trimmed, 

hylogenetic relationships were constructed, and single nucleotide 

olymorphisms (SNP) were extracted following previously reported 

ethods ( Muñoz et al. 2021 ; Ramírez et al. 2021 ). Nucleotide vari-

tion was characterized by comparing the 30 Ven_Col genomes 

ith the Wuhan reference sequence (NC_045512), using UGENE 

.33.0 software ( Okonechnikov et al. 2012 ). 

hylogeographic analysis 

Latitude and longitude data from a publicly available meta- 

ata of Colombian genomes deposited into GISAID and from the 

0 Ven_Col genomes sequenced in this study were mapped across 

heir location in Colombian departments using the QGIS Geo- 

raphic Information System Open Source Geospatial Foundation 

oftware (v3.16, http://qgis.osgeo.org ). 

tatistical analysis 

A descriptive analysis of the clinical and epidemiological data 

as performed. For continuous values (age), normality hypothe- 

es were evaluated using the Shapiro-Wilk test. As data showed 

 normal distribution, this variable was summarized in terms of 

ean and standard deviation. Qualitative variables were summa- 

ized in frequencies and proportions according with the cluster 

roups. Since a normal distribution was obtained for the contin- 

ous variable of age, a parametric ANOVA test was performed to 

xplore potential differences in ages between cluster groups. Chi- 

quare test was performed to identify potential relationships be- 

ween categorical variables and the cluster groups. Statistical anal- 

ses were carried out using R software ( R Core Team 2019 ). All

ests of significance were two-tailed, and P-values < 0.05 were 

onsidered statistically significant. 

ESULTS 

hylogenomic analysis and genomic diversity 

Six different PANGO lineage groups were identified among the 

0 Ven_Col genomes that were analyzed (Supplementary Table 1). 

he B.1 lineage was the most frequently found (14 genomes, 47%) 

ollowed by B.1.111 (seven genomes, 23%) and B.1.420 lineages (six 

enomes, 20%); single isolates of B.1.1.237, B.1.1.161 and B.1.1.255 

ineages were recovered. Overall, five of the six lineages were 

epresented among the reported genome lineages from Colom- 

ian individuals: B.1, B.1.111, B.1.420, B.1.1.161, and B.1.1.237. Of note, 

here have been no reported Colombian isolates that correspond 

ith B.1.1.255 lineages as of 10 May 2021 ( Instituto Nacional de 

alud (INS) 2021 ). 

The phylogeny revealed heterogeneity within the SARS-CoV-2 

equences globally ( Figure 1 A). The analysis revealed that Ven_Col 

ARS-CoV-2 genomes (23 genomes, 76%) were positioned into 

hree different clusters (C-1 to C-3), which lead to the hypoth- 

sis that there were three potential transmission routes across 

he Colombian-Venezuelan border. The first transmission route was 

upported by cluster C-1, which includes various subgroups; nine 

f the analyzed Ven_Col genomes were included in four of these 

ubgroups. Four of these genomes were closely related with one 

http://qgis.osgeo.org
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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. 
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enome from Serbia, three with genomes from Brazil, and the last 

wo with genomes from Colombia, Egypt, England, and Iraq. Inter- 

stingly, this cluster did not include any genomes from Venezuela. 

he second transmission route (cluster C-2) could be further di- 

ided into two subgroups, one of them included six of the Ven_Col 

enomes, with a close phylogenetic relationship with two genomes 

MT907521, MT907520) from the bordering Venezuelan depart- 

ent of Zulia and with Colombian genomes. Finally, the third 

ransmission route (cluster C-3), which was subdivided in vari- 

us subgroups like C-1, included eight Ven_Col genomes; five of 

hese genomes shared sequence similarity between them and three 

enomes were related to Colombian genomes, mainly genomes 

rom Bogotá and Cundinamarca ( Figure 1 B). Additionally, a rela- 

ionship between the clustering and the SARS-CoV-2 lineages was 

bserved. 

Moreover, 26 polymorphic sites that distinguished the 30 

en_Col genomes from the Wuhan reference sequence were found 

 Figure 2 ). There were three substitutions that were shared across 

ll 30 of the Ven_Col genomes: 1) a synonymous substitution 

n ORF1a (C3037T); 2) a non-synonymous substitution in ORF1b 

C14408T), which resulted in the P314L substitution in the RdRp 

rotein; and 3) a non-synonymous substitution in the S gene, 

hich resulted in the D614G mutation in the spike protein. In ad- 

ition, the synonymous substitution in ORF1b (C18877T) and non- 

ynonymous substitution in ORF3a (G22563T: Q57H) was found to 

e concurrent in > 60% of the Ven_Col sequences. Of note, two 

6.6%) of the Ven_Col genomes encoded a non-synonymous substi- 

ution (C21614T) in the N-terminal domain of the S gene, which 

esulted in the L18F mutation. 

hylogeographic analysis 

In order to gain greater insight into transmission dynamics at 

 geographic level, the lineages of both Colombian and Ven_Col 

ARS-CoV-2 isolates across Colombian departments were com- 

ared ( Figure 3 ). Overall, the entire dataset included Colombian 
412 
enomes from 24 departments ( Figure 3 A) and Ven_Col genomes 

 Figure 3 B) from seven departments (Supplementary Table 2). Of 

he seven departments with Ven_Col isolates, three (Amazonas, 

undinamarca and Boyacá) had isolates whose lineages were 

lso represented among Colombian genomes in the same depart- 

ent. However, within the other four departments with Ven_Col 

enomes there were Ven_Col isolates whose lineages were not rep- 

esented among genomes from Colombian patients in the same 

epartment. Specifically, these Ven_Col isolates mapped to lin- 

ages B.1.1.255 (Norte de Santander); B.1.111 (Magdalena); B.1.1.237 

Atlántico); B.1.1.161 and B.1.111 (La Guajira). 

pidemiological analysis 

To determine if there were epidemiologic differences among the 

hylogenetic clusters of Ven_Col genomes, clinical data across 23 

articipants that comprised each of the three clusters and six that 

id not make up a cluster (‘OUT’ group) were evaluated. Specif- 

cally, 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 

tatistically significant differences in age were found between the 

hree phylogenetic clusters (ANOVA, P = 0.71). 

Among the other clinical variables, it was found that the de- 

artment varied among the three clusters (P < 0.01). In the north 

n La Guajira, eight (27%) specimens clustered within the C-1 

n = 3) and C-2 (n = 5) clusters; the remaining three did not 

luster in any of the C-1 to C-3 groups ( Table 1 ). There were six

20%) specimens in the neighboring Magdalena that also clustered 

ithin C-1 (n = 5) and C-2 (n = 1) groups, and two specimens 

6.7%) from Atlántico that did not cluster to the C-1 to C-3 groups. 

urther south, only C-3-clustering genomes were found in Boyacá

six, 20%) and Cundinamarca (two, 6.7%). The lone specimen (3.3%) 

rom Norte de Santander did not cluster with any of the C-1 to C-3 

roups. Finally, a lone specimen (3.3%) was identified in C-2 in the 

outhernmost department of Amazonas. 
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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. 

Figure 3. Geographic distribution of Colombian and Ven_Col SARS-CoV-2 isolates in Colombia. Using geographical coordinates for sequenced genomes, quantities of A) 

Colombian and B) Ven_Col isolates characterized by evolutionary lineage are depicted as circles across Colombian departments. Circles are proportional in size (see scale) to 

the number of genomes sequenced that correspond to a given color-coded PANGO lineage. 
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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 C2 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 (14,3%) 5 (23.8%) 6 (28.6%) 21 (100%) 0.139 

Yes 2 (22.2%) 4 (44.4%) 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 

Atlántico 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (100%) 2 (100%) 

Boyacá 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%) 
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In addition, it was also determined that the health status (e.g., 

ymptomatic vs. asymptomatic) was statistically different among 

he clusters (Chi-squared test P < 0.05). Overall, from 29 individu- 

ls with health status data, 19 (65.5%) were collected from symp- 

omatic versus 10 (34.5%) from asymptomatic people ( Table 1 ). 

mong the symptomatic individuals, four (13.8%) were from C-1, 

even (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 

equences from non-C-2 clusters, the C-2 group included a greater 

umber of symptomatic individuals (P = 0.0275). A logistic regres- 

ion was performed that included significant variables identified 

uring bivariate analysis (department and health status); however, 

o statistically significant differences were found. 

ISCUSSION 

Since the onset of the COVID-19 pandemic, SARS-CoV-2 has ex- 

onentially spread across the globe. In South America, Brazil and 

olombia have been severely affected, with the highest recorded 

umbers of cases and deaths to date. In addition to the already 

olatile political and socioeconomic conditions in many South 

merican countries ( Paniz-Mondolfi et al. 2020a ), this health emer- 

ency has driven inhabitants to migrate to bordering countries 

n search of stable and safer conditions. Such is the case with 

enezuelan citizens who have increasingly migrated to Colombia, 

razil, Peru, and Ecuador over the last few years ( Brito 2020 ). This

uman movement poses a hurdle to infection prevention effort s, 

s it potentiates the spread of infectious disease. Thus, in order 

o contain COVID-19 disease, it is vital to interrogate SARS-CoV-2 

ransmission events and viral evolution associated with its spread 

cross countries. 

The most recent epidemiological reports (as of 13 May 2021) 

ndicate that some of Venezuela’s highest infection rates occur in 

epartments along the Colombian-Venezuelan border ( Estadisticas- 

enezuela - COVID-19 2021 ). However, given the socioeconomic, fi- 

ancial and clinical constraints in the countries, there is limited in- 

ormation on the origins and transmission of these viruses, as well 

s their relation to other infection events in Colombia and South 

merica. 

This study investigated the phylogenetic, phylodynamic and ge- 

graphical characteristics of SARS-CoV-2 viral isolates distinctly re- 

overed from 30 Venezuelan migrants in Colombia. The phyloge- 

etic reconstruction based on whole-genome SNP variation en- 

bled the SARS-CoV-2 viruses from the Ven_Col population to be 

lassified into three distinct transmission clusters ( Figure 1 ) , which 
414 
ead to the hypothesis that there are three potential transmission 

outes across the Colombian-Venezuelan border; cluster in which 

as evidenced a close ancestor-descendant relationship between 

en_Col genomes with genomes from close (Venezuela: C-1 and 

olombia: C-3), and distant countries (Europa, Asia and Brazil) 

 Figure 1 B). These findings describe the spread of SARS-CoV-2 from 

 Ven_Col population into Colombia via different routes, and also 

hree potential divergence events of SARS-CoV-2. Likewise, the re- 

ationship observed between the SARS-CoV-2 lineages from the 

en_Col population and the geographical localization suggest that 

he COVID-19 cases in Colombia could be attributed to travel- 

elated exposure (e.g. B.1 and B.1.111 lineage) or community trans- 

ission, as observed with the B.1.420 lineage. 

When compared with a subset of global sequences, the Ven_Col 

enomes belonged to six distinct lineages across seven depart- 

ents ( Figure 3 , Supplementary Table 1). Of the six lineages of the 

0 Ven_Col genomes, it was observed that as of 10 May 2021, four 

f them had previously been reported in Colombia ( Instituto Na- 

ional de Salud (INS) 2021 ) and in other regions of South Amer- 

ca. Specifically, the B.1.1.161 lineage had been reported in Ecuador, 

razil, Perú, and Chile. The B.1 and the B.1.111 lineages have been 

eported in at least seven different countries of South America, 

ith B.1 being the most prevalent lineage in Colombia and Brazil 

 Resende et al. 2020 ; Ramírez et al. 2021 ). However, to date, this

s the first report of the B.1.1.255 lineage in Colombia, which had 

reviously only been described in Brazil and the United Kingdom 

 Hadfield et al. 2018 ) ( https://www.gisaid.org/ ). Together, these re- 

ults highlight the rapid global spread of SARS-CoV-2 to South 

merica and across the bordering countries of Venezuela and 

olombia. 

To explore the differences between infections across Colom- 

ians and Venezuelans in Colombia, this study assessed overlap 

n lineages sampled across geographic areas (e.g., departments) 

 Figure 3 ). Lineages were represented among both Colombian and 

en_Col genomes in departments in central (Cundinamarca and 

oyacá) and southern Colombia (Amazonas), which may reflect 

ocalized transmission events within each department affecting 

oth Colombian citizens and migrant Venezuelans. Interestingly, it 

as found that distinct lineages existed among Colombians and 

enezuelan migrants within each of four departments: Norte de 

antander, Magdalena, Atlántico, and La Guajira. This may reflect 

ryptic transmission events within these departments that sam- 

ling has yet to recover; however, this may also be the result 

f transnational spread of SARS-CoV-2 by movement of infected 

ndividuals from Venezuela to Colombia or by movement of in- 

https://www.gisaid.org/
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G  
ected individuals from different countries to Venezuela and later 

o Colombia. The latter is further supported by the phylogenetically 

imilar isolates at the northern Colombian (La Guajira)-Venezuelan 

Zulia) departmental border ( Figure 1 B). This “viral transit” across 

orders has been reported in other South American border coun- 

ries including Uruguay (Rivera) and Brazil ( Elizondo et al. 2021 ) 

nd Colombia and Brazil ( Ramírez et al. 2021 ). Together, these 

ighlight the role that human transit plays in the introduction 

nd transmission of new viral variants, which further potentiates 

irus spread and evolution. Thus, additional, systematic studies are 

eeded in this region to understand the current dissemination of 

ARS-CoV-2 lineages at a micro-geographical scale. 

Among the Ven_Col isolates, the presence of the A23403G sub- 

titution across all 30 genomes was confirmed, which resulted in 

he D614G spike variant that is associated with increased infectiv- 

ty ( Plante et al. 2021 ; Zhou et al. 2021 ) ( Figure 2 ). Moreover, this

tudy also identified the non-synonymous substitution (C21614T) 

n two (6.6%) of the Ven_Col genomes analyzed. This resulted in 

he L18F mutation in the viral spike protein that has recently been 

haracterized in the South African variant – 501Y.V2 – and which 

ay confer increased viral replication and compromise neutraliza- 

ion by antibodies ( Grabowski et al. 2021 ). While this mutation 

as been reported in isolates from other South American coun- 

ries, including Colombia, Chile and Ecuador ( Vilar and Isom 2021 ), 

ecovery and further characterization of these isolates are vital to 

stimate the clinical and phylogenetic significance of this variant. 

urthermore, identification of these variants is essential to inform 

nderstanding of viral fitness as spread throughout South America 

ontinues. 

Given the precarious governmental and public health infrastruc- 

ures in Colombia, and particularly Venezuela, it is important to 

ote that constraints in available epidemiological information lim- 

ted this study. Comparisons with isolates from Venezuela are des- 

erately needed; however, after more than a year since the be- 

inning of the pandemic, 12 genomes have been recovered from 

he country (( Loureiro et al. 2021 ; Paniz-Mondolfi et al. 2020). 

oreover, given the sociopolitical and socioeconomic crises in 

enezuela, the healthcare system has had limited diagnostic capac- 

ty, which likely severely underestimated the number of infected 

ndividuals. This presents a problem for any genomic surveillance 

tudy and further hinders any infection prevention efforts to curb 

urther transmission within and across countries. The need for 

uch studies is highlighted by the fact that although Colombia 

losed the border with Venezuela on 16 March 2020, Venezuelan 

esidents have illegally crossed to Colombia. Moreover, in response 

o socioeconomic factors, these migrants have been forced to 

isperse throughout Colombia, migrate to surrounding countries, 

r even return to Venezuela amidst the pandemic ( Fernández- 

iño et al. 2020 ). This abrupt movement of people could poten- 

iate transmission of events, and if continued, unchecked spread 

ould further complicate management of the pandemic in already 

ulnerable communities and countries with limited vaccine avail- 

bility across South America ( Paniz-Mondolfi et al. 2020a , 2020b ; 

oyo et al., 2021 ). 

Finally, it is important to note that the identification of circu- 

ating lineages and transmission routes in both countries could, 

n the future, be the basis for the development of studies aimed 

t analyzing the effectiveness of vaccines which, to date, have a 

lobal efficacy of > 90% (Pfizer–BioNTech ( ∼95%), Moderna ( ∼94%) 

nd Sputnik V ( ∼92%)) except for Oxford-AstraZeneca ( ∼81%) 

 Baden et al. 2021 ; Doroftei et al. 2021 ). 
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