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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
being intensively studied, particularly its evolution, in the
increasingly available sequences between countries/continents
with classical phylogenetic tree representation. More recently,
certain protein mutations have been correlated with speciﬁc
functional impacts. Our clinical data from patients suggest that
clinical symptoms differ between European countries. Among
other factors, SARS-CoV-2 mutations could explain these

Introduction
Our research group and co-investigators analysed the epidemiological and clinical data of 1420 European individuals with
mild-to-moderate coronavirus disease 2019 (COVID-19) [1].
The included individuals with similar inclusion criteria came
from Spain (30%), Italy (10%) and French-speaking populations from different European countries (Switzerland,
Belgium and France; 60%). Interestingly, Bayesian analyses
have reported that, depending on the countries, clinical
symptoms were clearly identiﬁed, which was conﬁrmed in
two recent letters [2,3]. Headache accounted for 72.3% and
75.7% of French-speaking and Spanish individuals, respectively, whereas only 40.4% reported headache in the Italian
population. Similarly, 67.8% of French-speaking and 72.4% of
Spanish individuals presented with nasal obstruction, against
only 53.7% of Italian individuals. Loss of smell was signiﬁcantly
more frequent in Spanish (70.5%) and French-speaking
(73.3%) populations compared with the Italian population
(50.0%). However, the prevalence of cough did not vary with
country. Variations in the occurrence of these COVID-19
clinical symptoms among countries might be the result of
virus mutations, angiotensin-converting enzyme-2 polymorphisms and other factors [1]. In this paper, we will focus
on the potential virus mutation hypothesis through the
GISAID database [4] (https://www.gisaid.org).

disparities. Our analyses point to an association of diverse
mutations, including co-evolving ones, in a few SARS-CoV-2
proteins within speciﬁc countries. We therefore suggest
combining

clinical

information

from

patients

and

Methods

the

determination of the associated SARS-CoV-2 genome to better
understand the speciﬁc symptoms.
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We analysed severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) sequences using CoV_GLUE [5] (http://cov-glue.
cvr.gla.ac.uk/, last accessed 17 April 2020: 9028 available sequences (‘low coverage’ excluded), including 4973 European
sequences, reporting 2334 non-synonymous mutations)).
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The two main mutations (S-D614G and nsp12-P323L) that
diverge from the SARS-CoV-2 NCBI Reference Sequence
(NC_045512) are retrieved in all continents with, as expected,
only three cases in Asia. The ﬁrst mutation, D614G in the S
protein (found in 2342 samples), determining the virus clade ‘G’,
frequently co-evolves with the P323L mutation in the nsp12
protein (found in 2318 samples). Indeed, in Spain, France, Italy
and Switzerland both mutations were reported, respectively, in
42 sequences out of 145 available, in 173 out of 205 sequences,
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FIG. 1. Schematic of the viral genome and encoded proteins (at scale). (Upper panel) single-strand RNA (ssRNA) genome of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and position of the open reading frames (ORF) based on the reference sequence (NC_045512). (Bottom
panel) All the encoded non-structural (processed after translation of two polyproteins, ORF1a and ORF1b, generated by a –1 ribosome frameshift
near the 3ʹ end of ORF1a) and structural proteins. Non-synonymous mutations reported in the text are indicated in red (with an asterisk pointing to a
nonsense mutation and a larger band corresponding to close mutations) or in blue (which refers to a speciﬁc virus clade). The represented mutated
proteins are indicated with their associated function or localization. It is known that in SARS-CoV, the proteins nsp3, nsp4 and nsp6, through their
transmembrane domains, are involved in the replicative and transcription complex [13]; and that nsp10 is a critical co-factor for activation of multiple
replicative enzymes [14–16].

in 30 out of 44 sequences and in 47 out of 48 sequences. In
Belgium, 251 D614G and 231 P323L variants were found out of
342 sequences.
The ORF8-L84S (third most frequent mutation), that determines the virus clade ‘S’, appeared in 740 sequences but
was only reported in 71 European cases, including 44 samples
from Spain (collected from 1 to 12 March 2020). The
remaining 27 sequences were reported in Iceland (12,
including 11 persons who travelled from the USA), the UK
(5), the Netherlands (4), France (2), Belgium (1), Portugal (1),
Germany (1) and Greece (1). However, this mutation was not
reported in Italy and Switzerland, nor in other European
countries. In addition, we show that L84S amino acid substitution is co-evolving with three other mutations: nsp4-F308Y,
ORF3a-G196V and N-S197L. These mutations are less reported, only 60/61 times. In Spain, 37 sequences showed
these four combined mutations. In other European countries,
all of these mutations were also found in the abovementioned samples from: France (2 Grand Est/Strasbourg),
Greece (1), Portugal (1), the Netherlands (1) and the UK (2).
These four combined mutations were also retrieved in seven
Australian patients, in four Chilean patients who travelled
from Europe, in one Brazilian patient (returning from Madrid,
reported as family cluster), and in one patient from each of
the USA, Senegal and Georgia. Moreover, in one of the UK
patients and in all seven Australian patients, in addition to the
S197L mutation, the N protein presents the P13L
replacement.
The fourth frequent mutation (ORF3a-Q57H found in 734
sequences) was reported in 101 samples from France and in 32
from Belgium but was not found in samples from Italy and Spain.

The ﬁfth and sixth mutations (N-R203K and N-G204R) were
found in four Spanish, ten Italian, ten Belgian and six French
samples.
Both the seventh and eighth mutations (nsp6-L37F and
ORF3a-G251V, the latest corresponding to the ‘V’ clade
extensively associated with UK patient sequences) were found
in ﬁve samples from Spain and two from Italy; and each was,
respectively, found in 11 and 18 sequences from Belgian patients and in six and seven from French patient sequences.
At least three speciﬁc mutations were only reported in
Belgian patients: nsp10-Y126* (51 samples), S-S943P (22 samples) and N-F171C (four samples). In addition, the nsp3-A534V
variant was only reported in 11 samples from Belgium and ten
from Luxembourg.
All the above-mentioned mutations are positioned on the
SARS-CoV-2 genome in Fig. 1.

Discussion
Even though our sequence analysis is not exhaustive, it points
to an association between diverse mutations, including coevolving ones, in speciﬁc SARS-CoV-2 proteins and speciﬁc
countries. All of the above discussed mutations (except the NR203K) present modiﬁcations in their physicochemical properties (hydropathy, volume, chemical, charge, hydrogen
acceptor/donor atoms or polarity classes). Particularly, the
L84S substitution in the ORF8 protein, which is mainly found in
Spain for European countries, is the one showing the most
physicochemical changes. These mutations could therefore
affect the function of the corresponding proteins: the non-
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structural proteins (nsp4, nsp6, nsp12, ORF3a, ORF8) as well as
the spike S protein and the nucleocapsid N protein. It was
reported that S, ORF8 and ORF3a proteins are signiﬁcantly
different from those of other known SARS-like coronaviruses
and could be linked to changes in pathogenicity/transmission
[6]. A recent study proposed that these proteins are involved in
the inhibition of the haem anabolic pathway and could be linked
to a wide range of infections and diseases [7]. Moreover, the S
Clade mutation in ORF8 is frequently associated with mutations
in ORF3a, nsp4 and the N proteins. A recent sequence analysis
in an Italian population also reported co-evolved mutations (the
above reported two main mutations) and other synonymous
mutations in nsp1 and nsp3 [8].
Previous studies suggest that the sequence diversity in SARSCoV-2 proteins would be associated with the virus pathogenicity/transmission [9–12]. In Europe, we observe that several
countries are associated with speciﬁc or several virus clades or
mutations and that the frequency in clinical symptoms of individuals with COVID-19 also varies between these countries.
To conclude, our study suggests that patient clinical information (sequence polymorphisms and symptoms) and the
sequence determination of the associated infectious genome
should be combined to give better understanding of SARS-CoV2 pathogenicity and help in the development of adapted
treatments.
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