
Several new variants of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) have 

emerged globally, most notably variants of concern 
Alpha (B.1.1.7) (1), Beta (B1.351) (2), Gamma (P.1) 
(3), and most recently, Delta (B.1.617.2). Each vari-
ant is thought to pose an increased public health 
risk compared with the earlier wild-type strains that 
were circulating in 2020 because of >1 epidemiologic 
characteristics, such as higher transmissibility (4), 
greater immune escape properties toward antibod-
ies from previous SARS-CoV-2 infection (5), lower 
response to current vaccines (6), or more severe 

outcomes or increased mortality rates (7). Detecting 
and monitoring these novel variants is essential in 
SARS-CoV-2 surveillance.

The Study
To assess the temporal epidemiologic dynamics among 
different variants of concern and identify spreading 
events and sources of SARS-CoV-2 cases detected in 
Finland, we began sequencing 400–1,000 virus sam-
ples per week collected during December 2020–May 
2021 and analyzed the resulting genomes (n = 14,080), 
which are now available in the GISAID (https://www.
gisaid.org) database. For quality control purposes, we 
removed all sequences with ≥2.0% gaps. 

We analyzed the resulting dataset (n = 9,160) 
with Pangolin (https://cov-lineages.org) (8) to iden-
tify lineages, from which we fi ltered Alpha and Beta 
variants for phylogenetic analyses. Each phylogenetic 
tree was computed from the fi ltered sequences and 
a global reference dataset consisting of 5 representa-
tive sequences, 1 sequence from the country of ori-
gin (England for Alpha, South Africa for Beta) and 4 
randomly chosen from other countries containing the 
same lineage, for each date during December 2020–
May 2021. The reference datasets included 841 ge-
nomes for Alpha variant and 775 genomes for Beta 
variant trees. We aligned sequences using MAFFT 
(https://mafft.cbrc.jp) (9) and removed gaps in the 
resulting alignments by trimming 50 characters from 
both the 5′ and 3′ ends. 

We then used the aligned sequences to compute 
the trees with a SARS-CoV-2–specifi c version of 
IQ-TREE 2 (10) using ModelFinder to identify and 
use the optimal nucleotide substitution model, 
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Severe	acute	respiratory	syndrome	coronavirus	2	Alpha	
and	Beta	variants	became	dominant	in	Finland	in	spring	
2021	 but	 had	 diminished	 by	 summer.	We	 used	 phylo-
genetic	 clustering	 to	 identify	 sources	 of	 spreading.	We	
found	that	outbreaks	were	mostly	seeded	by	a	few	intro-
ductions,	highlighting	the	importance	of	surveillance	and	
prevention	policies.



DISPATCHES

performing 1,000 ultrafast bootstraps. We set the ini-
tial wild-type reference strain (GenBank accession 
no. NC_045512.2) as the outgroup. We assigned se-
quences to clusters using TreeCluster (11) based on 
an arbitrary branch length of 0.001 to identify major 
transmission chains. We collapsed clusters with ≤5 se-
quences for visualization purposes.

By May 2021, there had been 93,393 laboratory-
confirmed SARS-CoV-2 infections reported in Finland 
(12); incidence peaks occurred in April and December 
2020 and March 2021 (Appendix Figure 1, panel A, 
https://wwwnc.cdc.gov/EID/article/27/12/21-
1631-App1.pdf). During this period, the weekly 
number of cases was as high as 4,900. National vac-
cinations began in late December 2020, and within 7 

months, 3.5 million (62.8% of total population) per-
sons had received first doses and 1.4 million (24.5% of 
total population) second doses (13). Seroprevalence 
remained low (<2%) until February 2021 (14) but 
increased because of growing vaccination coverage 
(Appendix Figure 1, panel B).

Throughout 2020, sequencing-based surveil-
lance of the virus was conducted in the Hospi-
tal District of Helsinki and Uusimaa (HUS; Hel-
sinki, Finland), which had the highest number of  
COVID-19 cases in the country (n = 21,742). Until 
December 18, 2020, only wild-type strains of SARS-
CoV-2 had been detected, but the emergence of Alpha 
and Beta variants led to increased sequencing and 
sampling efforts at points of entry into Finland (i.e.,  
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Figure 1.	Phylogenetic	tree	of	severe	acute	respiratory	syndrome	coronavirus	2	Alpha	(B.1.1.7)	variant	clusters	from	Finland	and	
sequence	distribution.	The	tree	(A)	shows	86	clusters	with	≥5	sequences	(red	circles),	of	which	84	contain	5,270	sequences	sampled	
in	Finland	using	TreeCluster,	and	32	Finland	singletons	(white	circles).	The	tree	was	constructed	by	using	IQ-TREE	2	(10)	with	1,000	
ultrafast	bootstraps.	Each	row	in	subsequent	graphs	is	equivalent	to	a	cluster	and	shows	the	number	of	sequences	from	Finland	(B)	and	
the	proportion	of	sequences	per	region	of	Finland	(C).	Regions	of	Finland:	1,	Åland	Islands;	2,	Central	Finland	Health	Care	District;	3,	
Central	Ostrobothnia	Hospital	District;	4,	East	Savo	Hospital	District;	5,	Hospital	District	of	Helsinki	and	Uusimaa;	6,	Hospital	District	of	
South	Ostrobothnia;	7,	Hospital	District	of	Southwest	Finland;	8,	Kainuu	Social	and	Health	Care	Joint	Authority;	9,	Kanta-Häme	Hospital	
District;	10,	Länsi-Pohja	Healthcare	District;	11,	Lapland	Hospital	District;	12,	North	Karelia	Hospital	District;	13,	North	Ostrobothnia	
Hospital	District;	14,	North	Savo	Hospital	District;	15,	Päijät-Häme	Hospital	District;	16,	Pirkanmaa	Hospital	District;	17,	Satakunta	
Hospital	District;	18,	Social	and	Health	Services	in	Kymenlaakso;	19,	South	Karelia	Social	and	Health	Care	District;	20,	South	Savo	
Hospital	District;	21,	Vaasa	Hospital	District.



SARS-CoV-2	Alpha	and	Beta	Variants,	Finland

airports, harbors, land border crossing sites) start-
ing in week 51 of 2020. 

During December 2020–May 2021, a total of 
14,080 SARS-CoV-2 genomes representing ≈20.4% 
of the PCR-confirmed SARS-CoV-2 infections (n = 
65,921) were sequenced. During this period, the Al-
pha variant (5,370 total detections) comprised 58.6% 
of all cases, and its proportion in weekly counts rap-
idly increased from 3 (6.0%) of 50 in week 51 of 2020 
to 602 (69.1%) of 871 in week 11 of 2021 (Appendix 
Figure 2). The highest proportion of Alpha variant 
cases was 240 (82.2%) of 292 detections in week 17. 
Beta variant incidence rose later and at a slower rate 
(1,049 total detections, 19.5% of all cases); the pro-
portion in weekly case counts rose from 2 (1.7%) in 

week 2 of 2021 to 181 (23.1%) by week 12. The propor-
tions of Alpha and Beta variants started to diminish 
in week 13. Only 1 Gamma variant case was recorded, 
in week 10, and the first Delta variant samples in Fin-
land were collected during week 17. In addition, sev-
eral variants of interest (15) were detected beginning 
in early January 2021: B.1.429 (2 detections), B.1.525 
(25 detections), B.1.526 (1 detection), B.1.617.1 (6 de-
tections), and P.2 (1 detection). Of the variants being 
monitored (15), 18 cases of AT.1 and 29 of B.1.1.318 
lineages were detected during this period.

The clustering analysis of Alpha variants (Figure 
1) showed 86 distinct clusters, of which 84 contained 
5,270 sequences from Finland (57.5% of all sequenc-
es). The 13 largest clusters from Finland (total n = 

	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	27,	No.	12,	December	2021	 3139

Figure 2.	Phylogenetic	trees	of	severe	acute	respiratory	syndrome	coronavirus	2	Beta	(B1.351)	variant	clusters	from	Finland	and	
sequence	distribution.	The	tree	(A)	shows	76	clusters	with	≥5	sequences	(red	circles),	of	which	48	contain	898	sequences	sampled	in	
Finland	using	TreeCluster	(11),	and	23	Finland	singletons	(white	circles)	from	33.	The	tree	was	constructed	by	using	IQ-TREE	2	(10) 
with	1,000	ultrafast	bootstraps.	Each	row	in	subsequent	panels	is	equivalent	to	a	cluster	and	shows	the	number	of	sequences	from	
Finland	(B)	and	the	proportion	of	sequences	per	region	of	from	Finland	(C).	Regions	of	Finland:	1,	Central	Finland	Health	Care	District;	
2,	East	Savo	Hospital	District;	3,	Hospital	District	of	Helsinki	and	Uusimaa;	4,	Hospital	District	of	South	Ostrobothnia;	5,	Hospital	District	
of	Southwest	Finland;	6,	Kainuu	Social	and	Health	Care	Joint	Authority;	7,	Kanta-Häme	Hospital	District;	8,	Länsi-Pohja	Healthcare	
District;	9,	Lapland	Hospital	District;	10,	North	Karelia	Hospital	District;	11,	North	Ostrobothnia	Hospital	District;	12,	North	Savo	Hospital	
District;	13,	Päijät-Häme	Hospital	District;	14,	Pirkanmaa	Hospital	District;	15,	Satakunta	Hospital	District;	16,	Social	and	Health	Services	
in	Kymenlaakso;	17,	South	Karelia	Social	and	Health	Care	District;	18,	South	Savo	Hospital	District;	19,	Vaasa	Hospital	District.
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3,669, 69.6%) had 132–663 sequences each. We de-
tected 32 singletons (0.6% of Alpha detections) from 
Finland, suggesting that the epidemic was largely 
seeded from a few introductions, which aligns with 
the super-spreading properties of SARS-CoV-2 epi-
demiology. Most Alpha sequences were from the 
HUS district (n = 3,476, 64.7% of cases). We included 
all available high-quality sequences from random 
populations from Finland and thus included data 
from both mild and severe cases. However, a pro-
portion of the samples from the HUS region came 
from points of entry into Finland and other hospital 
districts. The proportions of these imported samples 
varied over the sampling period depending on trav-
el restrictions and hospitalized case-patients, which 
may have led to nonrandomized sampling from the 
HUS region.

Beta variants formed 76 distinct clusters, of which 
56 contained 910 sequences from Finland (9.9% of all 
sequences from Finland) (Figure 2). We also identi-
fied 33 singletons, of which 23 were from Finland 
(2.2% of Beta detections). In total, there might have 
been 79 introductions from other countries, which 
seeded 1 major cluster (>100 Finland sequences) con-
taining 167 sequences (15.9% of cases). Most Beta se-
quences were also from the HUS hospital district (n 
= 505, 48.1% of cases). Hospital district reports were 
based on data from the Finnish Institute for Health 
and Welfare (https://sampo.thl.fi), HUS, and Fimlab 
(https://fimlab.fi).

Conclusions
Altogether, our study shows both Alpha and Beta 
variants emerging early and rapidly beginning in 
December 2020. Most (98.2% Alpha, 86.8% Beta) 
formed clusters, and only a small proportion (0.6% 
Alpha, 2.2% Beta) were singletons. Because the sin-
gletons represent a small fraction of the sequences 
and many were transmitted directly from travelers, 
it is likely that a few introductions were able to seed 
the epidemic.

The Alpha and Beta variants dominated detect-
ed SARS-CoV-2 cases, although at lower numbers 
for Beta, during early 2021. Despite the rapid emer-
gence of these variants, their incidence fell sharply 
(Appendix Figure 1, panel A). Incidence in Finland 
has been low compared with other countries in Eu-
rope, permitting use of more moderately restrictive 
prevention measures. Incidence, and therefore sero-
prevalence, remained relatively low until vaccines 
became available. Practices and policies enacted in 
Finland, including frequent testing, contact tracing, 
isolation, quarantine, and other nonpharmaceutical 

interventions, helped effectively interrupt chains of 
transmission, and ongoing national efforts have re-
sulted in most of the population of Finland receiv-
ing at least the first vaccine dose. These findings 
suggest that with proper surveillance and preven-
tative measures, along with moderate restriction 
compliance, the spread SARS-CoV-2 could be miti-
gated effectively.
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etymologia revisited
Neospora caninum [ne-os′ pə-rə ca-nin′ um]

From the neo- (Latin, “new”) + spora (Greek, “seed”)
and canis (Latin, “dog”), Neospora caninum is a sporozoan parasite 
that was fi rst described in 1984. It is a major pathogen of cattle and 
dogs but can also infect horses, goats, sheep, and deer. Antibodies to 
N. caninum have been found in humans, predominantly in those with 
HIV infection, although the role of this parasite in causing or exacer-
bating illness is unclear.
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