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We analyzed 1,303 SARS-CoV-2 whole-genome se-
quences from Vietnam, and found the Alpha and Delta
variants were responsible for a large nationwide outbreak
of COVID-19 in 2021. The Delta variant was confined to
the AY.57 lineage and caused >1.7 million infections and
>32,000 deaths. Viral transmission was strongly affected
by nonpharmaceutical interventions.

fter successfully controlling SARS-CoV-2 trans-
mission in 2020 (1), Vietnam experienced a large
nationwide outbreak of infection with SARS-CoV-2 in
2021. This outbreak was characterized by 2 distinct

phases: January-April, with 1,632 infections and no
deaths, and May-December, with 1,727,398 infections
and 32,359 deaths (2).

Genomic surveillance has been one of the top
priorities of the World Health Organization and has
generated major insights into the spatiotemporal
evolution of SARS-CoV-2 (3), which are critical for
pandemic response. However, most of the studies
published about genetic evolution of SARS-CoV-2
are based on datasets from high-income countries
with relatively open borders (4-6), and little is known
about the transmission dynamics of SARS-CoV-2 in
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countries such as Vietnam where strict nonpharma-
ceutical interventions were implemented. We ana-
lyzed the spatiotemporal evolution of SARS-CoV-2
in Vietnam during 2021 and mapped patterns of vi-
ral evolution and diffusion against the public health
measures implemented during the study period.

The Study

The study was conducted at the National Hospital
for Tropical Diseases in Hanoi, Vietnam, and the
Hospital for Tropical Diseases in Ho Chi Minh City,
Vietnam. Both are tertiary referral hospitals for CO-
VID-19 patients in northern (hospital in Hanoi) and
southern (hospital in Ho Chi Minh City) Vietnam.
The laboratories of the 2 hospitals were respon-
sible for SARS-CoV-2 diagnosis and sequencing in
Vietnam. We compiled detailed study methods, in-
cluding public health measures (Appendix Figure
1, https://wwwnc.cdc.gov/EID/article/29/5/22-
1787-Appl.pdf), and demographic features of study
participants (Table).

We selected 1,365 nasopharyngeal throat swab
specimens for whole-genome sequencing and ob-
tained 1,303 complete genome sequences. We detected
no recombinants. Most obtained sequences belonged
to Delta variant (93.8%, n = 1,222), followed by Alpha
(5.7%,n =74), A.23.1 (0.4%, n = 5), and B.1.637 (0.2%,
n = 2) variants. Of the Delta sequences, 1,212 (99.2%)
were assigned to AY.57 lineage by PANGO lineage (8).
The remaining were assigned to AY.23 and AY.79 (n =
3 each), AY.6, AY.38, AY.85, and B.1.617.2 (n =1 each).

We temporally documented the Alpha and A.23.1
sequences during January-May 2021. We detected
the first 3 Delta sequences, including 2 AY.57 and 1
B.1.617.2, in late April 2021. From June on, Delta was
the only variant detected, coinciding with an upsurge
in the number of infections and deaths during the
2021 outbreak (Appendix Figure 2).

Maximume-likelihood phylogenetic analysis of
Alpha variant sequences showed that they were
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closely related to the contemporary sequences de-
tected in the region and clustered into 4 major
groups, corresponding to the sporadic community
transmission clusters detected in northern, central,
and southern Vietnam in early 2021 (Figure 1). This
finding suggested that multiple importations and
exportations of the Alpha variant into Vietnam oc-
curred during January-May 2021.

Because of the dominance of the AY.57 lineage,
and the small number of AY.57 sequences reported
outside Vietnam, and especially in the nearby region
(Cambodia, n = 5; Thailand, n = 5; Laos, n = 0; Singa-
pore, n=5), we focused our phylogeographic analysis
on the 1,212 Delta AY.57/1.303 sequences obtained
from Vietnam. After we removed identical, low-qual-
ity, and outlier sequences, as suggested by TempEst
software, (https://tempest-solutions.com), 748 non-
identical sequences were available for analysis.

Results confirmed that AY.57 viruses were in-
troduced into the northeastern region in early
2021 (Figure 2, https://wwwnc.cdc.gov/EID/
article/29/5/22-1787-F2.htm) probably by a single
introduction event (Appendix Figure 4). The esti-
mated time to the most recent common ancestor was
March 14, 2021 (95% CI February 22, 2021-April 8,
2021), shortly after the discovery of the Delta vari-
ant in November 2020. In the following months, the
northeastern and Red River delta regions then acted
as a source seeding the virus to neighboring and
southeastern provinces, with limited viral dispersal
between provinces/ cities (Figure 2). During July-De-
cember 2021, the southeastern region was the main
source, seeding the virus back to the northern region
and the rest of Vietnam. In addition, we observed the
establishment of multiple localized clusters of AY.57
lineage elsewhere in the southcentral coastal region
and the Red River delta (Figure 2).

A Bayesian Skyride showed a sharp increase in
genetic diversity during April-August 2021 (Figure 3,
panel A), reflecting the expansion of the AY .57 lineage

Table. Demographics of study participants for spatiotemporal evolution of SARS-CoV-2 Alpha and Delta variants during large

nationwide outbreak of COVID-19, Vietnam, 2021*

Characteristic No. sequences, n = 1,303 Alpha, n =74 AY.57,n=1,212
Age, y
Median (Q1-Q3) 43 (29-61) 35 (30-55) 44 (29-61)
Missing 38 (2.9) 31 (41.9) 2(0.2)
Sex
M 689 (52.9) 22 (29.7) 661 (54.5)
F 578 (44.4) 21 (28.4) 551 (45.5)
Unknown 36 (2.8) 31(41.9)
Region
Central 120 (9.2) 24 (32.4) 94 (7.8)
Northern 504 (38.7) 44 (59.5) 450 (37.1)
Southern 679 (52.1) 6 (8.1) 668 (55.1)

*Values are no. (%) unless indicated otherwise. Characteristics of A.23.1 variant-infected cases were previously reported (7). Q, quartile.
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across the country, paralleling the start of the large
nationwide outbreak from May onward (Appen-
dix Figures 1, 2). In the following months, the viral
population size remained relative stable, despite
some fluctuations in the number of viral sequences
obtained (Figure 3, panel B), followed by a slight de-
crease in the genetic diversity during November. The
estimated mean of the nonsynonymous to synony-
mous substitution (dN/dS) value was 0.86, albeit it
varied across the genomes (Appendix Table 1), and
the evolutionary rate of AY.57 coding sequences was
5.29 x 10™ substitutions/site/year (95% CI 4.966 %
107 to 5.639 x 10™* substitutions/site/ year).

Conclusions

We showed that the Alpha and especially Delta vari-
ants were the main causes of SARS-CoV-2 outbreaks
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of >1.7 million infections and >32,000 deaths in Viet-
nam during 2021. The Alpha variant was introduced
into Vietnam during early 2021 by different impor-
tation events but only caused sporadic community
outbreaks until May, when a second wave associ-
ated with the Delta variant predominated from June
on. The viruses of the Delta variant were confined
to AY.57 lineage and were responsible for the ma-
jor wave in 2021, probably by a single introduction
event. Viral movement between provinces was not
apparent. During the study period, nearly 200 sublin-
eages of the Delta variant were documented world-
wide (9), and in other countries, such as the United
Kingdom and the United States, where use of non-
pharmaceutical measures was relaxed, viral dispersal
across the localities was more apparent (10,11). The
rigorous containment approach applied in Vietnam
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Figure 3. Genetic diversity and distribution of SARS-CoV-2 AY.57 lineage during large nationwide outbreak of COVID-19, Vietnam, 2021.
A) Bayesian skyride plot illustrating the relative genetic diversity of AY.57 lineage in Vietnam during 2021. Purple shading indicates 95%
highest posterior density interval. B) Distribution of the number of AY.57 sequences used for analysis over the study period.

in 2021, with limited domestic travels and tight bor-
der controls, was probably the key factor determining
the localization of a single AY.57 lineage in Vietnam
and its limited dispersal across the country.

The sharp increase in the relative genetic di-
versity of the AY.57 lineage during April-July 2021
marked the start of the nationwide outbreak in sub-
sequent months despite in-country lockdown mea-
sures. Although nonpharmaceutical interventions
were sufficient to prevent uncontrolled community
transmission in 2020 (1), they were not sufficient af-
ter introduction of the Delta variant. This finding was
probably caused by the much higher transmissibility
of the Delta variant and the immunologically naive
population in Vietnam at the time. During April-July
2021, only <1% of 97 million persons in Vietnam were
vaccinated against SARS-CoV-2 (12).

Although our estimated evolutionary rate was
AY.57-lineage specific, the result was within the
range of previously estimated values for the Delta
variant more broadly (10; N. Benazi, Institut Pasteur
of Algeria, and S. Bounab, University of M’sila, pers.
comm., email, 2023 Mar 1. This finding points to a
fast evolution of the AY.57 lineage in Vietnam during
the study. Although the role of population immune
landscapes in shaping the evolution of SARS-CoV-2
merits further research, a recent report showed that
vaccines had played a role in selective adaptation of
the SARS-CoV-2 Delta variant (13).

The potential bias toward our referral-hospital
based sampling approach represents a limitation of
our study, which might have failed to comprehen-
sively capture the genetic diversity of the pathogen.
However, this limitation was probably modest given
that our results are consistent with sequences upload-
ed to GISAID (https:/ /www.gisaid.org) (9).

In conclusion, we report how rigorous public
health measures in Vietnam influenced the introduc-
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tion and spread of the Alpha and Delta variants dur-
ing the large nationwide outbreak of COVID-19 in
2021. Genomic surveillance is critical to inform pan-
demic response.
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