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a b s t r a c t 

The SARS CoV-2 D614G variant circulated in Cuba in 2020. New viral variants were detected after the opening of 
the border in November 2020. We show the results of the genomic surveillance in Cuba from December 28, 2020, 
to September 28, 2021 and their relationship to the epidemiological situation in the country. A total of 1,406 na- 
sopharyngeal exudates from COVID-19 patients were processed for RNA extraction and the 1836 bp fragment of 
the spike gene was amplified and sequenced. The mutations present were determined using the GISAID database. 
Prevalence ratios were estimated by fitting Poisson univariate and multivariate regression models to investigate 
associations between SARS-CoV-2 variant group (VOC, non-VOC) and disease outcome. Seventeen genetic vari- 
ants were detected including VOC Alpha, Beta, Gamma and Delta, one variant of interest (VOI) (Lambda) and 
two previous VOI (A.2.5.1 and Zeta/P.2). Beta (34.77%), Delta (24.89%) and D614G (19%) variants were the 
most frequently detected. By June, Delta increased in frequency, displacing Beta. Disease severity increased sig- 
nificantly with age and VOC (PR = 1.98, IC 95%: 1.33–3.05, p < 0.05). Genomic surveillance allowed us to identify 
the upsurge of novel variants. Coinciding with the higher epidemic period, multiple variants were co-circulating. 
Although we cannot rule out that failure in the transmission containment measures occurred, the increase in the 
number of cases associated with the circulation of several variants, particularly the Beta and Delta variants is 
highly suggestive. A greater association of Beta variant with clinical severity and Delta variant with a greater 
transmissibility was observed. 

B

 

S  

e  

i  

c  

S  

i  

c  

i  

c  

o
 

l  

a  

o  

i  

o  

S  

i  

9  

h
R
2

ackground 

All viruses evolve over time. The wide and rapid global spread of
ARS CoV-2 has favored the emergence of genetic viral variants. As
arly as February 2020, the D614G mutation within the receptor bind-
ng domain (RBD) of the spike (S) protein arose in Europe, and variants
arrying this mutation rapidly became the dominants across the world.
ince then, several major variants with additional infectious and clinical
mplications have been identified worldwide. Some of them represent a
hallenge for global public health because they are associated with an
ncrease in transmissibility, virulence, and disease severity, and a de-
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ther public health and social measures [1] . 

On May 31, 2021, the World Health Organization (WHO) estab-
ished a new classification including variants of concern (VOC), vari-
nts of interest (VOI), and variants under monitoring (VUM). Because
f the continuous evolution of SARS-CoV-2 and the constant advances
n understanding the impacts of variants, these definitions may be peri-
dically adjusted (WHO, https://www.who.int/en/activities/tracking-
ARS-CoV-2-variants/). Since April 2021, a global exponential increase
n VOC Delta was observed. By July, Delta variant was present in almost
0% of samples from around the world, including the Americas. This
rend was maintained until the end of November, when the Omicron
ariant was declared a new VOC, while at the same time the prevalence
f other VOC and VOI declined [2] . The rapid evolution of SARS CoV-2
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akes it necessary to maintain close genomic surveillance to identify
he emergence or increase of VOC and VOI and to determine their im-
act on the epidemiological situation of each country, thus allowing the
mplementation of control measures. 

The Republic of Cuba, located in the Caribbean, has not been exempt
rom the COVID-19 pandemic. In February 2020, the country established
ts COVID-19 Prevention and Control Plan that included extensive clini-
al, epidemiological and laboratory surveillance. Main actions included
ctive search of cases and contact tracing, hospitalization of all patients
nd isolation of contacts, broad community and intersectoral participa-
ion, and strict surveillance in ports and airports, among other measures.
he first imported and autochthonous cases were reported in March
020 [3] . The transmission of SARS CoV-2 gradually spread throughout
he country. In December 2020, Cuba reported 12,056 confirmed cases
nd 146 deaths. In this period, no fatalities were reported in pregnant
omen and children. The implemented measures allowed the country

o maintain a low incidence of the disease (10.01 ×100,000 inhabitants)
nd a lethality of 1.21% [ 4 , 5 ]. However, in 2021 the epidemiological
ituation gradually became more complex, due to the opening of the
orders and the arrival of travelers from countries with high transmis-
ion rates of SARS CoV-2. The cumulative incidence rate from January
o May 2021 was 1117.5 per 100,000 inhabitants [4] . 

In February 2020, Cuba established laboratory surveillance for SARS
oV-2, including genomic surveillance. The first diagnoses were made

n March at the National Reference Laboratory for Influenza and oth-
rs Respiratory Viruses of the Pedro Kourí Tropical Medicine Institute
IPK). Subsequently, a network with 27 other molecular diagnostic labo-
atories was established. On a daily basis, IPK receives samples from the
aboratory network for quality control and diagnosis confirmation. Ge-
omic surveillance in Cuba made it possible to determine the presence
f the D614G variant in the first imported and autochthonous cases. This
iral variant continued circulating in 2020 [6] . 

Objectives: Here, we show the results of the genomic surveillance
n Cuba from December 28, 2020, to September 28, 2021, and their
elationship to the epidemiological situation in the country. We also
im to examine the association of identified SARS-CoV-2 variants (VOC
s non-VOC) with infection outcomes including severity and deaths. 

tudy design 

esign, setting, and studied samples 

This is a cross-sectional study, with viral genome analysis of clinical
pecimens obtained from patients infected by SARS-CoV-2 from Decem-
er 28, 2020 to September 28, 2021. The genomic characteristics were
escribed and the relation of the identified variants with clinical out-
omes was explored. During the study period, 1406 samples of nasopha-
yngeal swab samples collected from individuals with a confirmed SARS
oV-2 infection were studied by nucleotide sequencing. These samples

ncluded 164 collected from travelers, 117 from fatal cases, 93 from se-
ere and very severe cases and 1032 from non-severe clinical cases in-
luding asymptomatic individuals (surveillance samples). Samples from
ll provinces were represented in the dataset. All samples were re-tested
or SARS CoV-2 diagnostic at IPK. 

NA extraction, PCR and nucleotide sequencing 

Total RNA was extracted from nasopharyngeal swabs by using auto-
atic extraction with QIAcube equipment and the QIAamp Viral RNA
ini Kit (Qiagen, Germany), following the manufacturer’s instructions.
he cDNA synthesis and amplification of a 1836 bp fragment of the S
ene (positions 21,976 to 23,812) was carried out using the commercial
it One Step RT-PCR (Qiagen, Germany), following the manufacturer’s
ecommendations. RT-PCR was performed using the primers described
n protocols for SARS CoV-2 sequencing by the Centers for Disease Con-
rol and Prevention (CDC, USA) [7] . The commercial sequencing kit Dye
2 
erminator Cycle Sequencing (DTCS) Quick Start Kit (Beckman Coulter,
SA) was used for the sequence reaction with four primers for S gene

equencing (positions 21,976 to 23,812). Sequenced products were pu-
ified following the protocol described in the commercial DTCS Quick
tart Master Mix Kit (Beckman Coulter, EU) and analyzed in a Beck-
an Coulter automatic sequencer model CEQTM8800 using the raw
ata analysis procedure for PCR products. 

equence editing and mutation analysis 

The obtained sequences were assembled and edited using the Se-
uencher TM Version 4.10.1 computer tool (Genes Codes Corporation,
SA). The complete Wuhan-Hu-1 sequence (NC_045512.2) was used
s the reference nucleotide sequence. Mutations were identified using
he CoVsurver interpretation algorithm: Mutation Analysis of hCoV-19,
rom the GISAID database [8] . Variants designation of Cuban sequences
VOC, VOI, VUM and others) were assigned according to the mutational
rofile previously described by the GISAID database, for each known
ariant [8] . Furthermore, those samples with a mutation pattern de-
ected in five or more patients but that had not been previously de-
cribed by GISAID, were named as mutational patterns (pattern 1 to 4).

tatistical analysis 

nivariable analysis 

Categorical variables were described using frequency and percent-
ge; continuous variables were described using median and range. De-
ographic and clinical characteristics of patients in different groups

VOC, non-VOC) were compared using the Wilcoxon-Mann-Whitney
ank-sum test for continuous variables and Fisher exact or Pearson
2 tests for categorical variables. All tests were 2-tailed, and signifi-
ance was set at p < 0.05. 

ultivariable analysis 

Un-adjusted (crude) prevalence ratios (PRs) and adjusted prevalence
atios were estimated by fitting Poisson univariate and multivariate re-
ression models with robust estimates to investigate associations be-
ween SARS-CoV-2 variant group (VOC, non-VOC) and the outcome of
evere disease or death, adjusting for potential confounders (age, sex).
ald tests were used to assess associations between the outcome and

ariant as predictor, and also between the outcome and interaction
erms between variant and age, and sex. Statistical analysis was done us-
ng R version 4.0.1 (The R Foundation for Statistical Computing, 2020–
6–06). 

pidemiological data 

Early in the COVID-19 epidemic, epidemiological data
ere reported daily and made available to the public at
ttps://covid19cubadata.github.io/#cuba. This site was a resource
uring the data analysis [4] . 

thics 

The study was approved by the Institutional Ethics Committee of the
nstitute of Tropical Medicine Pedro Kourí. 

esults 

A total of 1406 samples of nasopharyngeal swabs from the same
umber of patients were selected for genome analysis in the study pe-
iod. Patients included 671 women (49%), 690 men (51%), median age
as 44 years (IQR 25–59), with 1242 cases presumed local infection
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Table 1 

Demographic and clinical characteristics of studied patients by VOC and non-VOC. 

Characteristic Total N = 1406 a non-VOC, N = 538 a VOC, N = 868 a p-value b 

Age 0.087 
≤ 44 542 (50%) 246 (51%) 296 (50%) 
45–54 177 (16%) 92 (19%) 85 (14%) 
55–69 197 (18%) 81 (17%) 116 (20%) 
≥ 70 159 (15%) 63 (13%) 96 (16%) 
Unknown 331 56 275 
Sex 0.14 
Female 671 (49%) 249 (47%) 422 (51%) 
Male 690 (51%) 283 (53%) 407 (49%) 
Unknown 45 6 39 
Illness severity < 0.001 
Non-severe 1196 (85%) 497 (92%) 699 (81%) 
Severe 210 (15%) 41 (7.6%) 169 (19%) 
Province < 0.001 
Artemisa 51 (3.6%) 15 (2.8%) 36 (4.1%) 
Ciego de Ávila 51 (3.6%) 10 (1.9%) 41 (4.7%) 
Cienfuegos 32 (2.3%) 6 (1.1%) 26 (3.0%) 
Camagüey 63 (4.5%) 17 (3.2%) 46 (5.3%) 
Granma 62 (4.4%) 44 (8.2%) 18 (2.1%) 
Guantánamo 55 (3.9%) 44 (8.2%) 11 (1.3%) 
Holguín 37 (2.6%) 8 (1.5%) 29 (3.3%) 
Isla de la Juventud 17 (1.2%) 5 (0.9%) 12 (1.4%) 
La Habana 601 (43%) 218 (41%) 383 (44%) 
Las Tunas 47 (3.3%) 21 (3.9%) 26 (3.0%) 
Matanzas 106 (7.5%) 21 (3.9%) 85 (9.8%) 
Mayabeque 68 (4.8%) 31 (5.8%) 37 (4.3%) 
Pinar del Río 74 (5.3%) 42 (7.8%) 32 (3.7%) 
Santiago de Cuba 62 (4.4%) 22 (4.1%) 40 (4.6%) 
Sancti Spíritus 44 (3.1%) 19 (3.5%) 25 (2.9%) 
Villa Clara 36 (2.6%) 15 (2.8%) 21 (2.4%) 
Origin 0.024 
Local 1242 (88%) 462 (86%) 780 (90%) 
Travel 164 (12%) 76 (14%) 88 (10%) 

a n (%), Median (IQR). 
b Pearson’s Chi-squared test; Wilcoxon rank sum test. 
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88%) and 164 with a history of recent travel (12%) ( Table 1 ). Six hun-
red and one (43%) patients were diagnosed in Havana, of whom 138
ere classified as severe/fatal (22.9%). 

In the first five months of 2021, sixteen genetic variants were de-
ected including the four VOC at that time (Alpha, Beta, Gamma and
elta), one VOI (Lambda), two previous VOI (A.2.5 and Zeta/P.2) and

our mutational patterns (local variants). The original Wuhan virus was
etected in only one sample collected in Havana in January 2021 from a
raveler from the USA. It is striking that most of these variants, including
oth VOC and VOI, were not established and were declining over time.
verall, 489 (34.8%) samples were classified as VOC Beta (B.1.351),
50 (24.9%) as Delta (B.1.617.2), 27 (1.92%) as Alpha (B.1.1.7), 1
0.07%) as Wuhan and 2 (0.14%) as Gamma/P1 (B.1.1.28.1). Addi-
ionally, 83 (5.9%) were classified as variant A.2.5, 41 (2.91%) as
.1.623, 12 (0.85%) as B.1.575, 11 (0.78%) as Zeta/P2 (B.1.1.28.2),
 (0.14%) as Lambda and 1 (0.07%) as B.1.519. Four mutational pat-
erns were identified: pattern 1 (D614G + T470K) (38, 2.70%), pattern
 (S477N + D614G) (5, 0.35%), pattern 3 (D614G + T732A) (43, 3.06%)
nd pattern 4 (D614G + Q677H) (16, 1.13%). Detected variants and mu-
ational patterns are shown in Table 2 . 

The distribution of the variants changed over time according to the
mergence and expansion of those with the greatest evolutionary ad-
antage. At the end of December 2020, four variants, D614G, Alpha,
eta and A.2.5, were detected in the country, with D614G predominant
 Table 2 , Fig 1 ). In January 2021, six more variants were detected in-
luding the Wuhan original strain, B.1.575.1, Zeta/P2 as well as the
utational patterns 1, 2 and 3. D614G increased from 72% (18/25) in
ecember to 82.3% (98/119) in January. Two new variants (pattern 4
nd B.1.623) were detected in February, accompanied by an increase in
eta variant detection (22/147, 14.9%). Although D614G variant was
till widely circulating, its detection diminished to 44.9% in that period
3 
66/147). In March, B.1.1.519 variant was detected and at this time,
eta and D614G circulated with a similar frequency (30.81%). From
pril to May, an increase in Beta circulation was observed. Additionally,

he variants Gamma/P1, B.1.1.523 and Delta (B.1.617.2) were detected
or the first time in April. Delta rapidly increased from 1.44% in May
o 27.14% in June, 70.09% in July and 94.07% in August. By Septem-
er, 100% of the studied samples were classified as Delta. In parallel,
he Beta variant diminished from 60.58% in May, to 51.26% in June,
9.06% in July and 5.93% in August. Fig. 1 shows the rate of distri-
ution per month of the major variants circulating in Cuba during the
eriod of study. 

As shown in Fig. 2 , multiple variants were reported in most of the
rovinces; however, Beta, initially detected in Havana at the end of De-
ember in a South African traveler, progressively extended in March to
ayabeque, Ciego de Ávila, Matanzas and Guantánamo provinces and

ater to the rest of the country ( Fig. 2 ). On the other hand, Delta, first
etected in Matanzas province from a traveler coming from India, in two
onths rapidly extended from Matanzas to the rest of the provinces. The

ntroduction of both Beta and Delta variants in a province was accom-
anied by a rapid increase in the incidence of cases. Alpha VOC was first
etected in December in a traveler from the UK ( Table 2 ). In February
t was detected again in Havana and one month later in Palma Soriano,
antiago de Cuba province and it is not until April that cases with this
ariant were reported in the provinces of Villa Clara, Matanzas, Hol-
uín, Cienfuegos, Granma and Mayabeque. However, this variant was
ot associated to an outbreak in any of these provinces. Variant A.2.5,
escribed originally in California, USA [9] , was identified in Cuba at the
nd of December 2020 in a traveler from Panama. This variant ranked
ourth in detection preceded by Delta, Beta and D614G, and extended
hroughout the country until May. The rest of the variants were detected
ith less frequency ( Figs. 1 and 2 ). 
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Table 2 

Detected SARS CoV-2 variants and mutational patterns from December 28, 2020 to September 28, 2021. 

Variant 

Month and 

province of first 

detection during 

the study period 

December 28- 

February N = 291 

(100%) 

March-June N = 781 

(100%) 

July- 

September N = 334 

(100%) 

Total N = 1406 

(100%) 

D614G a December, Havana 182 (63.2) 84 (10.7) 0 (0.0) 266 (19.06) 
Alpha B.1.1.7 December, Havana 3 (1.03) 24 (3.07) 0 (0.0) 27 (1.92) 
Beta 
B.1.351 

December, Havana 23 (7.90) 424 (54.28) 42 (12.57) 489 (34.77) 

A.2.5 December, Ciego de 
Avila 

11 (3.78) 71 (9.09) 1 (0.29) 83 (5.90) 

Wuhan a January, Havana 1 (0.34) 0 (0.0) 0 (0.0) 1 (0.07) 
Zeta/P2 January, Cienfuegos 3 (1.03) 8 (1.02) 0 (0.0) 11 (0.78) 
B.1.575.1 January, Havana 8 (2.74) 4 (0.51) 0 (0.0) 12 (0.85) 
Pattern 1 b January, Pinar del 

Rio 
22 (7.56) 16 (2.04) 0 (0.0) 38 (2.70) 

Pattern 2 c January, Pinar del 
Rio 

2 (0.68) 3 (0.38) 0 (0.0) 5 (0.35) 

Pattern 3 d January, Havana 29 (9.96) 14 (1.79) 0 (0.0) 43 (3.05) 
Pattern 4 e February, Camagüey 5 (1.71) 11 (1.40) 0 (0.0) 16 (1.13) 
B.1.1.519 March, Havana 0 (0.0) 1 (0.12) 0 (0.0) 1 (0.07) 
B.1.623 February, 

Mayabeque 
2 (0.68) 39 (4.99) 0 (0.0) 41 (2.91) 

Delta 
B.1.617.2 

April, Matanzas 0 (0.0) 59 (7.55) 291 (87.12) 350 (24.89) 

Gamma/P1 May, Havana 0 (0.0) 2 (0.25) 0 (0.0) 2 (0.14) 
Lambda 
C37 

May, Havana 0 (0.0) 2 (0.25) 0 (0.0) 2 (0.14) 

B.1.523 May, Camagüey 0 (0.0) 19 (2.43) 0 (0.0) 19 (1.35) 

a Wuhan and D614G SARS CoV-2 variants had already been detected in 2020 in Cuba. In the table we refer only to samples collected 
for the present study. 

b Pattern 1 (D614G + T470K). 
c Pattern 2 (S477N + D614G). 
d Pattern 3 (D614G + T732A). 
e Pattern 4 (D614G + Q677H). GISAID describes two sub lineages of B.1.1 (lineages B.1.1.222 and B.1.1.322) which have the 

D614G + T732A mutations in the S gene fragment. In the present study, it was not possible to reach this classification because it would be 
necessary to sequence another gene. For this reason, the assignment of pattern 3 was maintained for all the samples with this combination 
of mutations. 

Fig. 1. Percentage of SARS CoV-2 genetic variants detection by month, Cuba, December 28, 2020 to September 28, 2021. 
At the top, the total number of confirmed COVID-19 cases in the country. Pattern 1: D614G + T470K, Pattern 2: S477N + D614G, Pattern 3: D614G + T732A and Pattern 
4: D614G + Q677H. 

4 
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Fig. 2. Percentage of SARS CoV-2 genetic variants distributed by province, December 28, 2020 to September 28, 2021 
Pattern 1: D614G + T470K, Pattern 2: S477N + D614G, Pattern 3: D614G + T732A and Pattern 4: D614G + Q677H. Abbreviations of Cuban Provinces: PR, Pinar del Río; 
ART, Artemisa; LH, La Habana; MT, Matanzas; VC, Villa Clara; CF, Cienfuegos; CA, Ciego de Avila; LT, Las Tunas; HO, Holguín; GM, Granma; GT, Guantánamo; 
SC, Santiago de Cuba; CM, Camagüey; IJ, Municipality Isla de la Juventud; SSP, Sancti Spiritus. Western provinces include PR, ART, LH, MY, MT, Central provinces 
include VC, CF, SSP, CA, CM, LT, Eastern provinces include GM, HG, SC, GT. 
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Genomic surveillance showed the presence of other local variants
ot reported internationally at the moment of their detection that we
ominated mutational patterns ( Table 2 ). While pattern 2 was detected
n only five samples, patterns 1, 3 and 4 were detected in a larger num-
er of cases. Pattern 1, detected in 38 cases, was first described in a
atient from Pinar del R ِ ío province in early January, but also was de-
ected in Guantánamo, Havana, Granma, Santiago de Cuba, Las Tunas
nd Artemisa provinces from January to June. Pattern 3, initially recov-
red in Havana from imported cases from the USA and Colombia, circu-
ated from January to April in the provinces of Havana, Guantánamo,
olguín, Mayabeque, Pinar del Río, Artemisa, Villa Clara and Matanzas,

or a total of 43 cases. Pattern 4 was detected in 16 autochthonous cases
n February, March and April in the Western and Central provinces, in-
luding the Municipality of Isla de la Juventud. The stratification of
ases by age group, clinical severity and VOC versus non-VOC demon-
trates that disease severity increased significantly with age and VOC
ere associated with severity (PR = 1.96, IC 95%: 1.34–2.93, p < 0.001)

ven after accounting for age as a confounder ( Table 3 ). 
The epidemiological situation of Havana (the capital of Cuba) and

atanzas provinces in 2021 deserve careful attention and illustrate in
etail what it was observed in the rest of the country ( Fig. 3 ). On De-
ember 28, 2020, four variants were detected in Havana province, in-
luding D614G (the predominant), A.2.5, Alpha and Beta. In January,
614G was detected in 43/51 (84.31%) of studied samples and four ad-
itional variants were also detected. Although in February, D614G was
5 
till predominant (31/94, 32.97%), Beta variant was detected in 23.40%
22/94) of samples. Other variants were also detected at that time. In
arch, Beta increased to 45.36% (44/97) and in April was detected in

6.59% (84/97) of the samples studied. Delta variant was identified in
avana in April after Matanzas´s first detection of Delta. In June, Beta
ariant was still predominant in Havana (74/104) and Gamma/P1 was
etected for the first time in May (2/104). Further variants were also de-
ected at this time. In June and July, Beta continued circulating but Delta
apidly increased in July (56.25%, 18/32 samples), coinciding with the
eak of the epidemics in Havana city, while Beta decreased (43.75%,
4/32 samples). In August, the Delta variant was detected in 91.66%
44/48) and in September in 100% of the 53 studied samples. 

The increase in SARS CoV-2 transmission in 2021 was also accom-
anied by an increase in severity of cases and mortality. Most of the
evere, very severe and fatal cases studied were from Havana, where
n association of VOC with the severity of the infection was also ob-
erved (OR; 2.88; IC 1.8–4.5; p = 0.0000) ( Table 4 ), particularly with
OC Beta where 88 out of 250 cases with this variant were classified
s severe or fatal, compared to 50 of 351 cases without Beta sequenced
amples (OR = 3.270; IC 2.20–4.85, p = 0.0000). 

In Matanzas, D614G variant predominated during the initial months
f 2021, although the A.2.5 variant was also detected. In March and
pril, Beta (78.78%, 26/33) and Alpha (9.09%, 3/33) variants were
etected. In April, Delta variant was first identified in the province and
y June, Delta was identified in 84.84% (28/33) of the studied samples.
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Table 3 

Association of SARS-CoV-2 VOC variants and age with disease severity, Cuba, December 28, 2020 – September 28, 2021. 

Severity Crude prevalence ratio Adjusted prevalence ratio 

Characteristic N Total N = 1406 a 
Non-severe 
N = 1196 a 

Severe 
N = 210 a PR b 95% CI b p-value PR b 95% CI b p-value 

VOC 868 (62%) 699 (58%) 169 (80%) 2.55 1.84, 3.64 < 0.001 1.96 1.34, 2.93 < 0.001 
Age 1075 
≤ 44 542 (50%) 525 (56%) 17 (13%) — — — —
45–54 177 (16%) 166 (18%) 11 (8.5%) 1.98 0.90, 4.18 0.077 2.08 0.95, 4.40 0.058 
55–69 197 (18%) 155 (16%) 42 (32%) 6.80 3.94, 12.3 < 0.001 6.52 3.78, 11.8 < 0.001 
≥ 70 159 (15%) 99 (10%) 60 (46%) 12.0 7.19, 21.3 < 0.001 11.5 6.84, 20.3 < 0.001 
Unknown 331 251 80 
Sex 1361 
Female 671 (49%) 565 (49%) 106 (51%) — — — —
Male 690 (51%) 587 (51%) 103 (49%) 0.94 0.72, 1.24 0.7 1.14 0.81, 1.62 0.4 
Unknown 45 44 1 

a n (%). 
b PR = Prevalence Ratio, CI = Confidence Interval. 

Fig. 3. Percentage of SARS CoV-2 genetic variants related to the incidence of cases per month in Havana province. Dashed lines represents all confirmed cases in 
Havana (incidence). 
Pattern 1: D614G + T470K, Pattern 2: S477N + D614G, Pattern 3: D614G + T732A and Pattern 4: D614G + Q677H. 
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n July and August, only the Delta variant was detected in the studied
amples ( Fig. 4 ). 

iscussion 

Since the first description of SARS CoV-2, through the end of 2021,
ore than 5.5 million complete genomic sequences of the virus have

een shared worldwide [ 8 , 10 ]. This has allowed monitoring of the evo-
ution of the virus and identifying its association with changes in epi-
emiological, transmissibility and virulence patterns. 

Globally, five VOC have been identified: Alpha, Beta, Gamma, Delta,
nd Omicron; additionally, there are currently two variants of interest
VOI): Lambda and Mu. In Cuba, despite the strict containment measures
6 
stablished with the notification of the first COVID-19 autochthonous
ases during 2020, a gradual increase in the number of confirmed cases
as observed in 2021, largely associated with the introduction into the

ountry of several variants of SARS CoV-2 after the opening of the bor-
ers in November 2020. A heterogeneous distribution of SARS CoV-2
ariants was observed at national and provincial levels. Interestingly,
espite the restrictions in international travel in the country, 17 genetic
ariants were detected, including the four VOC at that time (Alpha, Beta,
amma and Delta), one VOI (Lambda), two previous VOI (A.2.5 and
eta/P.2) and four mutational patterns (local Cuban variants). At the
ime of the present study, no Mu VOI had been detected, in contrast to
ther countries in South America [2] . 
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Table 4 

VOC and non VOC according to COVID-19 clinical severity in Havana city. 

Severe/very severe 
and fatal cases 

Non severe 
infections Total 

VOC 111 272 383 
Non VOC 27 191 218 
Total 138 463 601 

Fig. 4. Percen ī tage of SARS CoV-2 genetic variants related to the incidence of cases per month in Matanzas province. Dashed line represents all confirmed cases in 
Matanzas (incidence). 
Pattern 3: D614G + T732A and Pattern 4: D614G + Q677H. 
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c  
We can define three epidemic periods in Cuba associated with the
irculation of three major variants. The first period included the be-
inning of the epidemic in March 2020 until November 2020; this pe-
iod was characterized by quite good control of transmission mainly
ue to strict epidemiological containment measures, including the lock-
own of most social activities and international travel. During that pe-
iod the D614G variant was detected in more than 90% of the sam-
les sequenced [11] .The second period comprised December 2020 un-
il June 2021, and it was characterized by a sustained increase in the
ncidence of cases, hospitalizations and mortality. This period can be
ivided into two waves, with the first wave from December 28, 2020
o February 2021, when circulation of D614G prevailed but the intro-
uction of eleven variants of SARS CoV-2, including the VOC Beta and
lpha, occurred. At that time, 39,156 confirmed cases of COVID-19 were
eported (350 cases x 100,000 inhabitants), representing an increase of
.8 times compared to the total of reported cases from March to Novem-
er 2020 (8610 cases). The second wave of this period took place be-
ween March and June 2021, with a continued increase in the incidence
f cases associated with the expansion of the circulation of the Beta vari-
nt. In this period, there were 143,355 confirmed cases of COVID-19
1281 cases x 100,000 inhabitants), an 11.89-fold increase compared
o the total reported cases in 2020 and 3.41 times the total reported
rom December 2020 to February 2021. The third transmission period
ccurred between July and September, coinciding with the dissemina-
7 
ion of the Delta variant. In this period, 688,532 cases were confirmed
6155 cases x 100,000 inhabitants), an increase of 57.11 times com-
ared to the total reported in 2020, 16.04 times the total reported cases
etween December 2020 and February 2021, and 4.80 times the total re-
orted cases between March and June 2021 [4] . The expansion of Delta
as accompanied by an increase in SARS CoV-2 incidence, initially in
atanzas that gradually extended to the rest of the provinces that was

ssociated with an increase in hospitalizations. 
Havana was the province with the highest incidence rates between

ebruary and the end of May 2021 (874,3 × 100,000 inhabitants) and
 lethality of 1.04%, in a context where the Beta variant was predomi-
ant ( Fig. 3 ) [4] . It has been recognized that this variant of concern may
ead to a reduction in the neutralizing antibody response to vaccines,
n addition to presenting a possible increased risk of hospitalization
nd mortality. Cases continued to increase and reached the epidemic
eak in August with an incidence of 36,588 cases x 100,000 inhabi-
ants, corresponding with the almost exclusive circulation of the Delta
train, considered the most transmissible variant globally at that time
12] . However, when vaccination coverage with the completed three-
ose schedule with the Cuban vaccines Abdala and Soberana reached
3.2%, a systematic reduction in incidence was observed [13] . 

Matanzas, unlike Havana, was characterized by almost complete
ontrol of the epidemic until the end of March 2021, when a first in-
rease in the number of seriously ill and deceased patients was observed,
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oinciding with the introduction of the Beta variant. This was followed
y a much larger second epidemic wave that coincided with the predom-
nance of the Delta variant in the province ( Fig. 4 ). When vaccination
overage was between 4.0 and 35.0%, mortality increased from 1.2 to
2.7 per 100,000 inhabitants. After reaching 36.0% vaccination cover-
ge, mortality and incidence decreased abruptly [13] . 

The Alpha variant (B.1.1.7), first identified in the county of Kent,
ngland, in September 2020, was dominant in most European countries
nd other states such as Israel for several months in 2021. This variant
as characterized by a significantly higher transmissibility. According

o WHO, the Alpha variant has been reported by up to 195 countries
14] . Interestingly, although this variant was first detected in Cuba in
ecember 2020 it did not prevail as a predominant variant, unlike re-
orts from other countries. On the other hand, VOC Beta (B.1.351) that
as been detected in 141 countries, mostly in southern African countries
ith a small extension to countries on all continents including Europe,

xpanded throughout Cuba, was the most prevalent variant for a period
f four months in the Cuban epidemics, and was associated with disease
everity [ 15 , 16 ]. The greater expansion of Beta over Alpha VOC in Cuba
ould be because there were several introductions of the Beta variant,
r that Beta could have gained an evolutionary advantage circulating
ithin the Cuban population with a possible superior genetic suscepti-
ility due to its ethnic origin [17] . Although we cannot rule out that the
ow number of processed samples could have resulted in lower detection
ates of the Alpha variant, it is noteworthy that in provinces that had
reater transmission and where genomic surveillance was increased, the
resence of the Alpha variant was minimal. 

The Delta variant (B.1.617.2), detected in October 2020 in India,
uickly became dominant in many countries [18] . This variant is more
ransmissible with estimates greater than 60% compare to others previ-
usly described According to GISAID, 90% of the global sequences from
une to September 2021 were Delta [ 12 , 19 ]. 

Although we cannot rule out that failure in the local transmission
ontainment measures occurred in this period, the increase in the num-
er of cases associated with the circulation of several variants, in partic-
lar the Beta variant initially followed by predominance with the Delta
ariant, is highly suggestive of the high transmission capacity of these
ariants. Although Beta and Delta VOC have been associated with an
ncrease in viral transmission and disease severity [ 12 , 20 ], our findings
uggest a greater association of the Beta variant with clinical severity
nd the Delta variant with greater transmissibility. 

Natural evolution of viruses highlights the relevance of genomic
urveillance. It allowed us to rapidly identify the upsurge of novel vari-
nts. The present study reports the molecular epidemiology of SARS
oV-2 viruses circulating in Cuba during nine months of 2021, coincid-

ng with the peak epidemic period before high vaccine coverage rates
ere reached. Multiple variants were co-circulating, but a different pre-
ominant variant was observed in each epidemic wave, suggesting ac-
uired genetic advantages over other previous circulating variants. At
he time of writing this report, transmission in the country is low, with
 concomitant reduction in the number of severe, very severe and fatal
ases, due to epidemiological measures and Cuba’s vaccination strategy
ith the Soberana and Abdala vaccines [4] . Although the introduction
f Omicron in December 2021 was accompanied by an increase in trans-
ission, the high vaccination coverage and the rapid implementation of

ooster doses have had a positive effect in avoiding a greater number of
ases. By February 2022, 9.8 million Cubans (89.2%) were fully vacci-
ated and 5.9 million have received the booster dose. 

imitations of the study 

Whole genome sequencing was not available for this study. The in-
ormation extracted covers the S gene from positions 21,976 to 23,812.
his might have produced difficulties and ambiguous classification in
 few local variants (patterns 1 to 5) that could not be identified as
ew variants by GISAID and for samples with the same mutations in the
8 
 gene that need to be differentiated by the mutations in other parts
f the genome. This was the case with B.1.1 (lineages B.1.1.222 and
.1.1.322), which has the D614G + T732A mutations in the S gene frag-
ent. In the present study, it was not possible to reach this classification

ecause it would be necessary to sequence another gene. For this rea-
on, the assignment of pattern 3 was maintained for all the samples with
his combination of mutations. In the statistical analysis, other potential
onfounders such as ethnicity and comorbidity were not available in the
atasets of the central laboratory at IPK, and could not be used in the
egression models. 
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