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ABSTRACT 

Objectives: The first confirmed cases of COVID-19 in Cuba were reported on March 11, 2020, 
followed by multiple introductions of infected travelers from Europe, America, and Asia. This work 
aimed to characterize the SARS-CoV-2 strains circulating in Cuba from March to September 2020 by 
partial nucleotide sequencing of the S and N genes.  

Methods: Between March and September 2020, 38 nasopharyngeal exudates from 38 SARS-CoV-2 
patients were received at the National Reference Laboratory for Influenza and Respiratory Viruses at 
the Institute of Tropical Medicine “Pedro Kourí” (IPK). The Sanger sequencing method was used to 
amplify and sequence a 2539 bp fragment of the spike gene (from position 22020 to 24550) and a 370 
bp of the nucleoprotein gene (from position 28340 to 28710). The GISAID database was used to 
identify the mutation profile of both fragments, and phylogenetic analysis was used to confirm the 
clades. In addition, clinical and epidemiological data from patients were gathered. 

Results: There were 34 and 25 sequences from S and N genes, respectively. In 21 of them, both genes 
(S and N) were available, whereas, in the remaining 13 and 4, only S or N sequences could be 
obtained. Based on the presence of the D614G mutation, 32 samples (84.2%) were classified as clade 
G of SARS CoV-2, and two were classified as Wuhan. No classification was possible in the remaining 
four (where only the N sequence was available). In one sample each, five different mutations were 
detected in clade G samples: L517F, L517X, N603T, A846V, and E281V. The 26 N sequences obtained 
were 100.0% identical to those circulated in most countries.  

The G30R mutation was detected in an infected patient in Cuba. Fourteen of the 38 patients studied 
were imported cases. The first three cases detected with COVID-19 in Cuba were clade G and 
originated in Italy. Ten individuals were asymptomatic, four presented severe forms of the disease 
(two fatal), and the remaining presented mild symptoms. No relationship was observed among the 
clades or the mutational profile with the clinical features, country of origin, and Cuban provinces.   

Conclusion: The early establishment of SARS-CoV-2 genetic surveillance in Cuba was helpful for 
tracking the epidemic. It demonstrated that the SARS-CoV-2 clade G was introduced initially and was 
the variant that circulated in the country during 2020, although the Wuhan strain was also detected.   J 
Microbiol Infect Dis 2022; 12(3):77-88. 
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INTRODUCTION In December 2019, the Chinese government 
reported several cases of pneumonia in the 
Chinese city of Wuhan. The causative agent 
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was a novel coronavirus called 2019-nCoV 
after whole genome sequencing [1]. Later, the 
International Committee on Taxonomy of 
Viruses (ICTV) officially designated the virus 
SARS-CoV-2. On March 11, 2020, the WHO 
declared the COVID-19 outbreak a pandemic, 
[1] which affected the health care systems 
worldwide as never before. At the time of the 
present report (October 2020), around 35.6 
million people had been diagnosed with the 
infection, and over one million deaths were 
recorded. The countries most severely 
affected were the USA, Brazil, India, Russia, 
Mexico, and most European countries [2]. 
Cuba was no exception; on March 11, 2020, 
the country's first three imported cases of 
COVID-19 were diagnosed [3]. Increased 
cases were subsequently observed; however, 
the epidemic showed reasonable spreading 
during 2020. Between March and December 
2020, the cumulative incidence of cases was 
107.8 per 100 000 population, and 146 
individuals died (fatality rate of 1.22 %) [4,5].  

The main symptoms of COVID-19 include 
fever, cough, dyspnea, and muscle pain, but 
additional symptoms such as diarrhea and 
vomiting can also occur [6]. SARS-CoV-2, like 
the rest of the Coronaviridae family, has an 
unsegmented 30kb single-stranded RNA 
genome. This genome encodes six reading 
frames (ORF); four structural proteins: spike 
(S), nucleocapsid (N), envelope (E), and 
membrane (M), as well as a large region at the 
fifth end occupied by ORF1ab, which encodes 
16 nonstructural proteins including viral 
polymerase. The S and N gene products are 
the significant determinants of antibody 
response in humans; the S protein also 
participates in the cellular receptor binding [6]. 

The genetic characterization of viral pathogens 
is the basis for developing diagnostic 
protocols, vaccines, and antiviral drugs. This 
strategy is also a valuable public health tool to 
monitor outbreaks, register new lineages, and 
control diseases through molecular 
epidemiological studies [7]. Indeed, genomic 
surveillance allowed the identification of 
SARS-CoV-2 as a new viral species a few 
weeks after the first outbreak in China, 
reinforcing the importance of adopting this tool 
in pathogen surveillance [8]. 

Furthermore, the occurrence of mutations is a 
natural phenomenon in the evolution of 
viruses, and some of them define the genetic 

groups that circulate globally, and SARS-CoV-
2 is no exception. Since the original Wuhan 
virus was detected, it has evolved into several 
clades and variants. The GISAID database 
recognizes eight clades with 95.0% sequence 
agreement. Each clade is assigned a letter, 
and the number of clades has increased 
throughout the evolution of the pandemic: 
clades S and L separated initially, then L 
evolved into V, and G. Clade G gave rise to 
GH, GR, and GV, with GR subsequently 
changing into GRY. All clade G (GH, GR, GV, 
and GRY) had the D614G mutation in the virus 
spike glycoprotein, which was also present in 
the concern variants reported later [9]. 

Research published by WHO in 2020 showed 
how the SARS-CoV-2 genome has evolved as 
it has spread worldwide. Within the six clades 
and 14 subclades identified in this study, the 
D614G variant was the most frequent SARS-
CoV-2 clade [10,11]. 

At the beginning of the pandemic in January 
2020, the clades L, S, and O were the 
majority. These all declined over the next year 
as clade G and its descendants increased in 
number. As of March 2021, the clades L, S, 
and O were almost extinct, with the new GRY 
clade accounting for the majority of the G 
clades [12]. The replacement of glycine 
(D614G) for aspartic acid 614 of the Spike 
protein resulted in an increase in the infectivity 
and transmissibility of the virus. As a result, 
the other original clades (L, S, O) were rapidly 
replaced by clade G [10]. 

In Cuba, the first individuals diagnosed with 
SARS-CoV-2 were three travelers from Italy. 
The virus was subsequently detected in other 
imported cases, mainly from European and 
American countries, followed by 
autochthonous transmission, as expected [3]. 

In this context, this work aimed to characterize 
the SARS-CoV-2 strains that have been 
circulating in Cuba since the beginning of the 
epidemics from March to September 2020 by 
partial S and N gene sequencing. 

METHODS 

Study design and samples 

A cross-sectional study was conducted for the 
genomic analysis of 38 clinical specimens 
(nasopharyngeal swabs) from 38 individuals 
diagnosed with SARS-CoV-2. The research 
was conducted in the National Reference 
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Laboratory for Influenza and Respiratory 
Viruses at the Institute of Tropical Medicine 
“Pedro Kourí” (IPK) in the period from March to 
September 2020.  

The subjects and samples were included as 
part of the genomic surveillance for SARS-
CoV-2 established in the country since the 
beginning of the epidemic. For the selection of 
samples, we initially focused on travelers from 
different countries reporting circulation of 
SARS-CoV-2 However, when autochthonous 
circulation was suspected; we sequenced 
samples from different geographic locations in 
Cuba reporting an increase in the incidence of 
cases from a different period, and of different 
severity of clinical cases [13]. 

The Sanger sequencing method was used to 
sequence the partial S and N genes of SARS 
CoV-2. Unfortunately, not all the samples in 
the study yielded quality results during the 
amplification or sequencing of S and N genes. 
Therefore not all samples have data for both 
genes. 

Methodology  

The extraction of SARS-CoV-2 RNA from the 
clinical samples was performed using 
automatic extraction with QIAcube equipment 
and the QIAamp Viral RNA Mini-Kit (Qiagen, 
Germany), following the manufacturer's 
instructions.  

The commercial kit One-Step RT-PCR 
(QIAGEN, Germany) was used to synthesize 
cDNA and amplify a fragment of 2649 bp of 
the S gene (from position 21976 to 24625) and 
370 bp of the N gene (from position 28340 to 
28710).  

Reverse transcription required 45 minutes at 
48 °C, followed by 15 minutes of initial 
denaturation at 950C and 45 cycles of 
denaturation at 950C for 1 minute, 
hybridization at 540C for 1 minute, and 
elongation at 680C for 2 minutes. Finally, the 
last elongation phase was performed at 680C 
for 5 minutes and stored at 40C. 

Three cycles of RT-PCR for different virus 
fragments were used to amplify a segment of 
the S gene. The first cycle amplifies a 
fragment from position 21976 to 22993, the 
second from position 22847 to 23812, and the 
third from position 23681 to 24625. (Table 1). 
[14] Only one RT-PCR reaction per sample 
was required for the N gene. The primers used 

had been previously described by Protocols for 
SARS-CoV-2 sequencing (Table 1) [14]. 

Analysis and purification of PCR products  

The PCR results were analyzed on a 1.0% 
agarose gel stained with Gel Red Gel. 5 µL of 
nucleic material was used, along with 2 µL of 
Gel Pilot Loading Dye run indicator (5X) 
(QIAGEN, Germany). By comparing the 
migration pattern of the molecular weight 
marker 1kb Gel Pilot Ladder (QIAGEN, 
Germany), the right size of the amplification 
was determined.  

Sanger nucleic acid sequencing  

5 to 6 primers were used on each S gene 
fragment. A single consensus sequence was 
derived from two (1736 bp) or three (2539 bp) 
of the fragments in those viruses where it was 
possible. Four primers were used to establish 
a single consensus sequence for the N gene 
(Table 2). 

The sequence reaction mix included 8 µL of 
DTCS Quick Star Master Mix (Dye Terminator 
Cycle Sequencing (DTCS) Quick Start Kit 
(Beckman Coulter, USA), 6 µL of H2O, 1 µL of 
each primer, and 5 µL of purified DNA, for a 
total reaction volume of 20 µL. Fifty cycles at 
960C for 30 seconds, at 500C for 20 seconds, 
and at 600C for 4 minutes were performed in 
this reaction. As described in the commercial 
DTCS Quick Star Master Mix kit (Beckman 
Coulter, EU), sequenced products were 
purified and analyzed on a Beckman Coulter 
automatic sequencer model CEQTM8800 
using the raw data analysis process for PCR 
products. The primers described in Protocols 
for SARS-CoV-2 sequencing by the Atlanta 
CDC for S and N genes were used (Table 2). 
[14]. 

Sequence editing and mutation analysis  

The sequences obtained were assembled and 
edited using the Sequencher TM Version 
4.10.1 computer tool (Genes Codes 
Corporation, USA). The complete Wuhan-Hu-1 
sequence (NC_045512.2, severe acute 
respiratory syndrome coronavirus two isolates, 
complete genome) was used as the reference 
nucleotide sequence. Mutations were identified 
using the CoVsurver interpretation algorithm: 
Mutation Analysis of hCoV-19, from the 
GISAID database 
(https://www.gisaid.org/epiflu-
applications/covsurver-mutations-app/).  
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Phylogenetic Analysis  

The sequences were aligned using 
Sequencher TM Version 4.10.1 (Genes Codes 
Corporation, USA) and minimally edited with 
Mega 6. The evolutionary history was inferred 
using the NJ method, based on the Tamura-3 
model parameters of the Mega-6 program [15]. 
The evolutionary history of the analyzed 
sequences was represented by a consensus 
tree derived from 1000 copies. The Tamura-3 
parameter method was used to calculate 
evolutionary distances, and the gamma 
distribution was used to estimate the 
percentage of variation between the sites. 
Thirty-three reference sequences were 
compared with the Cuban sequences obtained 
in this study.  

Statistical analysis 

Descriptive statistics and graphics were 
obtained using Microsoft Office Excel 2010. 

Ethics Statement 

IPK Ethics Committee in Havana, Cuba, 
approved the study protocol. The 
epidemiological and clinical information was 
obtained from the registry of cases of the 
surveillance system at the Cuban Ministry of 
Public Health. 

RESULTS 

Overall, 34 sequences from the S gene out of 
38 samples were obtained. For the N gene, 25 
sequences were available. In 21 of the 
samples, both genes (S and N) were retrieved. 
However, only S and N sequences could be 
completed in the remaining 13 and 4 samples, 
respectively (Table 4).   

Thirty-two samples (84.2%) were classified as 
clade G of SARS-CoV-2, based on the 
presence of D614G mutation, and two were 
classified as Wuhan, based on the 
phylogenetic analysis of the sequence 
obtained from the S gene and GISAID 
database (https://www.gisaid.org) (Figure 1). 
However, it could not be defined if they were 
G, GH, or GR, since the rest of the mutations 
were found outside the sequenced region [16]. 
No classification was possible in the remaining 
four (where only the N sequence was 
available). In clade G samples, five different 

mutations were detected: L517F, L517X, 
N603T, A846V, and E281V in one sample 
each [12,17]. The 25 N sequences obtained 
were 100.0% identical to those circulated in 
most countries. Only the G30R mutation was 
detected in an infected patient in Cuba (Table 
4, Figure 2).  

Table 4 presents the epidemiological and 
clinical data of the participants in the research. 
Twenty-one patients (55.3 %) were male, with 
a mean age of 46 (between 3 and 82 years). 
Ten (26.3 %) were asymptomatic at the time of 
the sample, four (10.5 %) acquired serious 
illnesses, two of which had fatal outcomes (5.3 
%), and 24 (63.2%) had a moderate condition. 
Fourteen (36.9%) of the 38 cases were 
imported, with ten (71.4%) arriving from 
Europe. The current investigation includes the 
first three COVID-19 cases diagnosed in Cuba 
(hCoV-19/Cuba/949/2020, hCoV-
19/Cuba/952/2020, and hCoV-
19/Cuba/958/2020). Except for one individual 
from Spain infected with the original strain 
Wuhan, all imported patients were infected 
with clade G of SARS CoV-2. 

The present study analyzed 24 samples from 
autochthonous cases from seven provinces in 
Cuba, including 11 from a local outbreak that 
occurred in Ciego de Avila province on 
September 20, with a high incidence of cases. 
Clade G was identified in all but one of the 
cases (Table 4). 

DISCUSSION 

The samples from the first three patients 
diagnosed with SARS-CoV-2 in Cuba 
(imported cases from Italy) and several other 
imported cases detected by surveillance were 
included in this investigation [3]. Most patients 
were infected with the clade G group of SARS-
CoV-2, regardless of the country of origin. 
Consequently, the viral variant disseminated in 
Cuba was responsible for the first wave of 
Cuban epidemics, including the local outbreak 
in Ciego de Avila province in September. This 
finding agrees with the clades described in 
several SARS-CoV-2 outbreaks in different 
countries, which claim that group G accounts 
for more than 85.0% of the sequences 
published worldwide [8,17].  
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Table 1. Primers for the amplification (RT-PCR) of the S and N gene fragments. 

S Gen Position Primers 

Fragment 1   

28 F  21976 CCATTTTTGGGTGTTTATTACC 

28 R  22993 TGCTACCGGCCTGATAGATTTC 

Fragment 2   

29 F  22847 TTACAGGCTGCGTTATAGCTTGG 

29 R  23812 TGCTGCATTCAGTTGAATCACC 

Fragment 3   

30 F  23681 ACTCTAATAACTCTATTGCCATACCCAC 

30 R  24625 CAGAAGCTCTGATTTCTGCAGC 

N Gen 

36F  28694 CACCAAAAGATCACATTGGCAC 

37R  29873 TTTTGTCATTCTCCTAAGAAGC 

 

Table 2. Primers of S and N genes are used during sequencing. 

 Position Primers 

S Gen 

Fragment 1   

28 F  21976 CCATTTTTGGGTGTTTATTACC 

28 F   21996 CCACAAAAACAACAAAAGTTGG 

29 F  22847 TTACAGGCTGCGTTATAGCTTGG 

29 F  22864 GCTTGGAATTCTAACAATCTTG 

Fragment 2   

29 F  22864 GCTTGGAATTCTAACAATCTTG 

28 R  22993 TGCTACCGGCCTGATAGATTTC 

66 L  23182 TTCAACTTCAATGGTTTAACAGGCAC 

29 R  23795 TCACCACAAATGTACATTGTAC 

Fragment 3   

30 F  23681 ACTCTAATAACTCTATTGCCATACCCAC 

67 R  24002 TTGCTTGGTTTTGATGGATCTGG 

30 R  24610 CTGCAGCTCTAATTAATTGTTG 

30 R  24625 CAGAAGCTCTGATTTCTGCAGC 

N Gen 

36F  28716 CCGCAATCCTGCTAACAATGC 

35th  28855 TGAACTGTTGCGACTACGTGATG 

36R  29724 TGTGGTGGCTCTTTCAAGTCC 

36F  28716 CCGCAATCCTGCTAACAATGC 
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Figure 1. The analysis included 37 reference 
nucleotide sequences of the S gene and 26 Cuban 
sequences from the present study (617 bp). The 
evolutionary history was inferred using the NJ 
method, based on the Tamura-3 parameter model 
of the Mega-6 program (5). The consensus tree, 
inferred from 1000 replicates, was used to 
represent the evolutionary history of the analyzed 
sequences. The samples of the present study are 
marked with a red triangle, the rest are reference 
sequences, and the bat sequence was used as the 
outside group, marked with a black triangle. A circle 
in black shows the Wuhan-Hu-1 sequence. 

 

Figure 2. The analysis included 33 reference 
nucleotide sequences of the N gene and 25 Cuban 
sequences from the present study (353 bp). The 
evolutionary history was inferred using the NJ 
method, based on the Tamura-3 parameter model 
of the Mega-6 program (5). The consensus tree, 
inferred from 1000 replicates, was used to 
represent the evolutionary history of the analyzed 
sequences. The samples of the present study are 
marked with a red triangle, the rest are reference 
sequences, and the bat sequence was used as the 
outside group, marked with a black triangle. A circle 
in black shows the Wuhan-Hu-1 sequence. 
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Table 4. Epidemiological, clinical, and genomic information of SARS-CoV-2 S and N genes from the studied 
individuals. 
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020 
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ns 

G 

hCoV-
19/Cuba/952/2
020 

03/11/2
020 

Italy Italy Havana F 57 Asymptomatic 
D614G, 
L517F 

No 
mutatio

ns 
G 

hCoV-
19/Cuba/958/2
020 

03/11/2
020 

Italy Italy Havana M 65 
Severe Respiratory Distress, 

Pneumonia. Deceased 
D614G, 
L517X 

No 
mutatio

ns 
G 

hCoV-
19/Cuba/1487/
2020 

03/19/2
020 

Spai
n 

Spai
n 

Havana M 34 
Upper Respiratory Infection, fever, 

cough 

No 
mutation

s 

No 
mutatio

ns 

Wu
han 

hCoV-
19/Cuba/1520/
2020 
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020 

Belgi
um 

Belg
ium 

Pinar 
del Rio 

F 25 
Flu-like disease, fever, rash, 

diarrhea 
D614G, 
A846V 

No 
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G 

hCoV-
19/Cuba/1536/
2020 

03/19/2
020 

Cub
a 

Cub
a 

Havana M 31 
Flu-like disease, diarrhea, cough, 

nasal congestion 
D614G 

No 
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G 

hCoV-
19/Cuba/1541/
2020 
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020 

Guy
ana 

Cub
a 
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F 36 
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cough, rhinorrhea 
D614G 
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G 

hCoV-
19/Cuba/1484/
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03/19/2
020 

Mexi
co 

Mex
ico 
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19/Cuba/1563/
2020 
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020 
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a 

Las 
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F 38 Cough D614G 
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hCoV-
19/Cuba/1621/
2020 

03/20/2
020 

Cub
a 

Cub
a 

Matanza
s 

M 23 Fever, cough, rhinorrhea 
D614G, 
N603T 
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hCoV-
19/Cuba/1649/
2020 

03/20/2
020 
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n 
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n 
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G 
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19/Cuba/1656/
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ce 
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G 

hCoV-
19/Cuba/1799/
2020 

03/22/2
020 

Spai
n 
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a 
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D614G 
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G 

hCoV-
19/Cuba/1808/
2020 
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n 
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a 
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hCoV-
19/Cuba/1912/
2020 

03/24/2
020 

Rus
sia 

Fran
ce 

Havana F 48 Asymptomatic 
E281V, 
D614G 

No 
mutatio

ns 
G 

hCoV-
19/Cuba/6884/
2020 

04/01/2
020 

Cub
a 

Cub
a 

Artemis
a 

M 64 Fever, asthenia D614G 
No 

mutatio
ns 

G 

hCoV-
19/Cuba/6886/
2020 

04/01/2
020 

Cub
a 

Cub
a 

Artemis
a 

F 30 Cough D614G 
No 

mutatio
ns 

G 

hCoV-
19/Cuba/17901
/2020 

04/01/2
020 

Cub
a 

Cub
a 

Holguin F 56 Unknown D614G 
No 

mutatio
ns 

G 

hCoV-
19/Cuba/18020
/2020 

04/01/2
020 

Cub
a 

Cub
a 

Havana M 47 Unknown Not 
No 

mutatio
ns 

Not 

hCoV-
19/Cuba/8317/
2020 

04/01/2
020 

Cub
a 

Cub
a 

Havana F 31 Unknown Not 
No 

mutatio
ns 

NO
T 

hCoV-
19/Cuba/17966
/2020 

04/18/2
020 

Cub
a 

Cub
a 

Camagu
ey 

M 63 Unknown D614G 
No 

mutatio
ns 

G 

hCoV-
19/Cuba/17828
/2020 
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020 

Cub
a 

Cub
a 

Holguin F 53 Unknown NOT G30R Not 

hCoV-
19/Cuba/95872
/2020 

06/07/2
020 

Cub
a 

Cub
a 

Havana M 53 Unknown D614G Not G 

hCoV-
19/Cuba/89454
/2020 

09/07/2
020 

Cub
a 

Cub
a 

Havana M 68 
Pneumonia, Severe Respiratory 

Distress. Deceased 
D614G Not G 

hCoV-
19/Cuba/84816
/2020 

09/07/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

F 42 Anosmia D614G Not G 

hCoV-
19/Cuba/76443
/2020 

09/07/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

F 42 Asymptomatic D614G Not G 

hCoV-
19/Cuba/76496
/2020 

09/07/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

M 50 Asymptomatic D614G Not G 

hCoV-
19/Cuba/73293
/2020  

09/24/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

F 48 Fever, Severe Respiratory Distress. 
No 

mutation
s 

Not 
Wu
han 

hCoV-
19/Cuba/75173
/2020 

09/25/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

M 79 Asymptomatic D614G Not G 

hCoV-
19/Cuba/77490
/2020 

09/28/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

M 47 Asymptomatic D614G Not G 

hCoV-
19/Cuba/77543
/2020 

09/28/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

M 42 Rhinorrhea,   headache D614G Not G 

hCoV-
19/Cuba/77550
/2020 

09/28/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

M 30 Anosmia, dysgeusia D614G Not G 

hCoV-
19/Cuba/77551
/2020 

09/28/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

M 40 Fever D614G Not G 

hCoV-
19/Cuba/77471
/2020 

09/28/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

M 41 Asymptomatic D614G Not G 

hCoV-
19/Cuba/77488
/2020 

09/28/2
020 

Cub
a 

Cub
a 

Ciego 
de Avila 

M 39 Asymptomatic D614G Not G 
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Early in the pandemic, SARS-CoV-2 variants 
containing the D614G mutation in the S protein 
that increases receptor-binding avidity rapidly 
became dominant in many geographic regions 
[18,19]. This variant was observed at a low 
frequency in March 2020 (26.0%) but rapidly 
increased by April (65.0%) and May (70.0%), 
indicating a transmission advantage over 
viruses with D614 [12]. 

The D614G mutation is a non-synonymous 
mutation that substitutes aspartic acid for 
glycine at amino acid position 614 of the viral 
spike protein. This mutation is involved in the 
ligand binding to the cellular receptor ACE-2. 
Structural analysis suggests that D614G alters 
the receptor binding conformation, making 
ACE2 binding and fusion more likely, [20] 
which has been associated with increased 
virulence, transmissibility, and viral survival 
capacity. Experimental work using pseudo-
typed lentiviruses indicates that D614G 
increases infectivity in vitro [21]. More recent 
experimental work compared the spike 614 
variants in animal models and human cell 
cultures using infectious cDNA clones of 
circulating SARS-CoV-2 strains. Enhanced 
replication in the upper respiratory tract and 
enhanced transmission [19] of the D614G 
variant has been demonstrated in animal 
models of SARS-CoV-2 infection [22]. 
Therefore, the D614G mutation seems to 
confer an increase in viral infectivity [10]. 

At the time of this study (October 2020), the 
D614G mutation was detected in 113 
countries. Currently, the G (D614G) genotype 
is present in 170 countries (96.50% of all 
samples with Spike sequence). The most 
recent amino acid change occurred in strain 
hCoV-19/USA/WV-WVU-WV055489/2021, 
collected in April 2021 (https://www.gisaid.org). 

From May to September 2020, the GISAID 
database revealed that clade D614G was the 
predominant variant in Latin America 
(https://covid19dashboard.regeneron.com), 
and no reports of any variant of concern or 
interest had been documented [12,23]. On 
September 2020, the variant Epsilon was 
detected in the USA, followed by Mexico in 
November. Gamma and Lambda variants also 
appeared in Brazil and Peru around that time 
[24]. 

Because the fragment size was sequenced, it 
was impossible to classify the clade G into GH 

or GR since the rest of the mutations were 
found outside the sequenced region. [25] It 
might represent a limitation for the whole 
analysis and genetic classification; however, 
we could identify the early circulation of clade 
G in Cuba, which is the most relevant result. 
This limitation did not affect the 
epidemiological or clinical actions taken. 

Until September 2020, the L517F mutation, 
involved in recognition of antibodies, was 
detected in six sequences and three countries 
(United States, Spain, and Switzerland). In a 
deep mutational scanning experiment 
expressing RBD in a yeast display platform, 
L517M/K/R slightly increases ACE2 binding, 
L517G/M increases RBD surface expression. 
E281V mutation has been detected in 76 
sequences (0.05% of all S gene sequences) 
and six countries: Holland (1), France (7), 
Taiwan (1), Taipei (1), Canada (1), and 
Suriname (65). This mutation has been 
associated with ligand binding [12,26]. 

The A846V mutation was detected in 79 
sequences (0.06% of all S sequences) and 15 
countries (United Kingdom, Norway, France, 
Switzerland, Holland, Belgium, Sweden, 
Portugal, Austria, New Zealand, Australia, 
United States, South Africa, Congo, China). 
This mutation is involved in viral 
oligomerization interfaces [12,26]. 

G30R mutation has been detected in 88 
samples (0.06% of all N gene sequences) and 
seven countries: the UK (6), EU (4), Canada 
(73), Portugal (1), Belgium (2), Norway (2); 
however, the implications of this mutation have 
not been defined [12,26]. 

As observed in Table 4, the proportion of 
males and females was the same, consistent 
with data from the Cuban epidemics [3]. The 
presence of 26.31 percent of asymptomatic 
persons was expected, given that 
epidemiological monitoring in Cuba at the time 
included contact tracing and isolation of all 
positive cases, resulting in a rate of 30 to 
60.0% asymptomatic individuals among 
identified patients [27]. 

Unfortunately, two cases (both older than 65 
years old) had a fatal outcomes. Since the 
beginning of the epidemic, the impact of age 
and comorbidities on the severity of COVID-19 
has been documented [28]. From March to 
May 2020, Cuba exhibited the highest fatality 
rate, ranging from 2.83%, 4.38%, and 3.79%, 



87 Perez L, et al.,  Sequencing of S and N genes of SARS CoV-2 strains circulating in Cuba 

J Microbiol Infect Dis www.jmidonline.org Vol 12, No 3, September 2022 

respectively, owing to the low number of cases 
diagnosed and the lack of clinical management 
experience of this novel disease. However, 
reasonable control of the epidemic was 
achieved by the end of 2020, with a cumulative 
fatality rate of 0.77 and no service collapse, in 
contrast to the situation faced in many 
countries [28]. 

The present study confronts some critical 
limitations. Although the sampling selection 
was made according to PAHO's 
recommendations, [14] the number of samples 
tested was not statistically representative of 
the SARS-CoV-2 infection cases recorded 
between March and September 2020. 
Furthermore, not all of the samples included in 
the study yielded good quality results during 
amplification or sequencing; as a result, the 
number of samples sequenced during the 
study period was not homogeneous. 

Whole Genome Sequencing was not 
performed due to the lack of resources. 
However, the sequences were obtained to 
cover a fragment of the S gene from positions 
21976 to 23812. 

CONCLUSIONS 

The early establishment of SARS-CoV-2 
genetic surveillance in Cuba was a valuable 
tool for tracking the epidemic. The present 
study showed the molecular characterization 
of SARS-CoV-2 in Cuba during 2020, including 
the first three patients diagnosed with COVID-
19 in March 2020 and other imported and 
autochthonous cases. It demonstrated that the 
clade G of SARS-CoV-2 was introduced at the 
beginning of the pandemic, and it was the 
circulating variant in the country during this 
period. However, the Wuhan virus was also 
detected. The sustained genomic surveillance 
has allowed managing the epidemic by 
providing a deeper understanding of SARS-
CoV-2, its evolution, and circulation. 
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