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The emergence of Omicron lineages BA.4 and BA.5, and the

global spreading trend

Dear Editor,
The Omicron BA.4 and BA.5 lineages, which recently emerged in
April-May 2022, have spread to many parts of the world within
2 months. BA.2 in April 2022 almost completely replaced BA.1,
which had dominated the Omicron lineages earlier this year
(Supporting Information: Figure 1A-D). Furthermore, BA.3 has
become less dominant than other lineages (Supporting Informa-
tion: Figure 1E-F). It is important to note that the BA.4 and BA.5
lineages began to dominate the world from their appearance (April
2022) until the date (mid-June), and around the same time, BA.2
began to decline (Supporting Information: Figure 1C-D,G-)). If this
trend continues, we can expect BA.4 and BA.5 lineages to replace
BA.2 lineage almost entirely as soon as possible and become more
dominant.

As of June 16th, 2022, the BA.4 lineage has been reported from
55 countries with a worldwide prevalence of 8% (June 10th, 2022)
(Supporting Information: Figure 1G-H). Furthermore, it is noteworthy
that 69.31% of the BA.4 sequences detected up to June 16th, 2022
were from three countries: South Africa (31.24%), the United States
(27.05%), and the United Kingdom (11.02%) (Figure 1A). As with
BA.4, more than 80% of the BA.5 sequences detected up to June 6th,
2022 are found in the United States (33.25%), South Africa, and
European countries (Figure 1B). However, it should be noted that the
BA.5 lineages have spread to 54 countries and have an 11% (June
10th, 2022) prevalence worldwide as of June 16th, 2022 (Supporting
Information: Figure 11-J). Interestingly, more than 80% of the BA.5.1
sequences detected up to June 6th, 2022 are found only in European
countries (Figure 1C) and have a global prevalence of 8% (June 10th,
2022) (Supporting Information: Figure 2A-B). Curiously, as of June
16th, 2022, the BA.4 and BA.5 lineages have replaced the BA.2
lineages in South Africa, with the BA.4 and BA.5 lineages becoming
the dominant lineages (Figure 1D). Furthermore, it is revealed that
the BA.4 lineages have become the dominant lineages in the BA.4
and BA.5 lineages in South Africa (Figure 1E). Remarkably, there are a
total of four amino acid differences between the BA.4 and BA.5
lineages, in proteins such as OFR1a, ORF6, ORF7b, and Nucleocapsid
(N), with one amino acid difference in each protein; and did not
express any amino acid differences in proteins such as ORF1b, Spike,
Envelope (E), Membrane (M), ORF8, and ORF10 (Figure 1F-0O).
Furthermore, it is important to note that only one amino acid in
ORF10 differs between the BA.5 and BA.5.1 sub-lineages
(Figure 10). Similarly, OFR1a-DEL141/143, ORF7b-D61L, and

N-P151S mutations are specific to BA.4, and ORF6-D3N mutation
is specific to BA.5/BA.5.1 lineage (Figure 1F-0).

Our previous study reported differences in the spike protein
between the BA.1, BA.2, and BA.3 Iineages4; accordingly, the BA.4
and BA.5 lineages are the closest to the BA.2 lineage in the spike
protein. There are only four amino acid levels in Spike protein that
differ between the BA.4/BA.5 and BA.2 lineages. Of these four
mutations, mutations such as DEL69/70 and L452R are already
present in the Omicron lineage B.1.1.529,° and L452R was also
detected in the delta (B.1.617.2) variant, reported affecting the
vaccine-induced neutralizing antibodies activity.® Furthermore, the
Q493R (spike protein) mutation was found in all Omicron lineages,
and sublineages are not found in the BA.4/BA.5 lineages
(Figure 1H). On the other hand, the spike-F486V mutation is found
only in the BA.4/BA.5 Omicron lineages (Figure 1H). Interestingly,
the spike-F486V mutation has been accumulating spike protein
since the beginning of this year (https://cov-spectrum.org/explore/
World/AllSamples/AllTimes/variants?aaMutations=S%3AF486V&).
In particular, F486L mutation has been reported to increase virus
entry into mink/ferret ACE2 expressing cells,” and mutation at
F486 decreases neutralizing activity of neutralizing antibodies.!
BA.4/BA.5 has been found to be 4-20 times more resistant to
monoclonal antibodies such as cilgavimab and Evusheld than
BA.2.%% Remarkably, it is important to note that BA.4/BA.5
lineages evade the postvaccination (3-dose) BA.1 infections
mediated antibodies neutralization.® For these reasons, it is
possible to speculate that the BA.4/BA.5 lineages are spreading
very fast worldwide. However, since the spike protein is almost
identical in the BA.2 and BA.4/BA.5 lineages, antibodies to the
BA.2 infection can be expected to protect the BA.4/BA.5 lineages.
Furthermore, vaccines that use the Omicron (BA.2) strain/spike
protein can be expected to control the spread and protect against
BA.4/BA.5 lineages.

In India, it was 2338 new cases/Day on May 30th, 2022 and
has been increasing to 13 216 new cases/Day on 17th June 2022
within 3 weeks (https://outbreakindia.com/india-dashboard), and
a similar situation exists in many other countries. Correspondingly,
in India, during these periods, the BA.2 prevalence began to
decline, and the BA.4 prevalence increased (Supporting
Information: Figure 2C). From these, it can be inferred that the
BA.4 lineage is causing the increasing number of COVID-19 cases

in India. Furthermore, it should be noted that there are no major

J Med Virol. 2022;94:5077-5079.

wileyonlinelibrary.com/journal/jmv

© 2022 Wiley Periodicals LLC. 5077


https://cov-spectrum.org/explore/World/AllSamples/AllTimes/variants?aaMutations=S%3AF486V%26
https://cov-spectrum.org/explore/World/AllSamples/AllTimes/variants?aaMutations=S%3AF486V%26
https://outbreakindia.com/india-dashboard
https://wileyonlinelibrary.com/journal/jmv

5078
WI LE Y~ MEDICAL VIROLOGY

LETTER TO THE EDITOR

(A) O 13.47% other (B)
31.24% South Africa
2.40% Austria

2.28% Australia
27.05% United States
1.60% Canada
2.67% Germany
1.26% France

3.99% Denmark
3.01% lsrael

11.02% UK

ooooeooooo

Total=7448

Total=6082

Prevalence in South Africa

Common inesges.

100%

July October 2021 Aprl July October 2022

(F)

ORF1a

ga* ,&\ @9 \50 10%

£y
6>‘°’s

.
2 ’a 5 S 4 & ’.7 & a A3,
,95‘1, i 5%'00 \’o&Q 9)/0 CEO A Qi

J‘/a Z
(2

53

o o o f° o
TSRS gc,\ Py 1\\\ @’L KO ga‘* AN

oo L

N
PEN

i

2, <. % O L S5 &

%y %y é‘ "s) Qs s‘,/O/,, é},:;?,,/ QQ 9,39.; ),(*\‘9), SR %%S s
s

o“’s

(479,580 seqs)
(1,006,902)
(680)

(7.448)
(6,082)
(3707)

(479,580 seqs)
(1006,902)
(G0}

(7.448)
(6,082)
(3707)

OIS
?x"a»o@ \':\ oS O'P >
v

(479,580 seqs)

(1006,902)

(680)

(7.448)

(6,082)
(3707)

(680)

(7,448)

(60
(3707)

Ty
P
’Jzo% ’é‘/,g ‘;f«’o;%@

FIGURE 1 (See caption on next page)

Last 90 days

N & W b
’5‘«5’515? 14( rc\"hob @q} «‘\“ho

(479,580 seqs)
(1006,902)

O 11.67% South Africa
B3 2.83% Belgium
0O 3.55% Australia

2.56% Luxembourg
1.86% Brazil
12.00% Denmark

(©)

9 i 4.64% Belgium
E %os ‘617/U%A85Kma 1.92% Aust_ria
3 5.11% Denmark 4.94% Spain
3 33.25% United States ;gg; ::srrz';?e

10.72% G 72%

= 3.07% alsr:g{nany 6.72% United Kingdom
0 2.02% France 5.80% Germany
0O 14.73% Other 4.72% United States

Total=3707 0.32% Australia
30.24% Portugal

13.03% other

ooooEsooORODOORD

(E)

Prevalence in South Africa

80%
60%
40%

20%

/
Al July October 2021 Aprl July October 2022  Aprl

(G)

o ORF1b

@
\‘10 o o
,ﬂ\o 3&1 o rf) e ,ga"@"s @'56165

Q'b\ ‘%'b\" \b'b 'L\"
(N
|ae

(479,580 seqs)
(1006,902)
(680)

(7.448)
(6,082)
(3,707)

(479,580 segs)
(1.006,902)
(680)

(7.448)
(6,082)
(3707)

5
/P /

50,, 3’4 /‘9’5 66\6‘ é’é‘

o

B a6 4O S ob (@ b B\ b W ot ¢
W “’\\"x\é PP PP

(479,580 seqs)
(1,006,902)
(680)

(7.448)

(6,082)

(3707)

6.0,

Q Qg
o Oy sfs‘?\% e %

ORF6
F o\gﬁ xﬁ’é

o

(479,580 seqs)
(1,006,902)
(680)

(7,448)
(6,082)
(3,707)

(479,580 seqs)
(1006,902)
(680)

(7.448)
(6,082)

Q0% % 6‘3)

Mutation prevalence in incoge
-

(479,580 seqs)
(1006,902)

100%

(7.448)
(6.082)
(3707)



LETTER TO THE EDITOR

PO\ (/1 5079

reports of BA.4/BA.5 lineages causing severe illness. However,
large-scale research into the severity of the disease in the BA.4/
BA.5 lineages is required. Finally, the BA.4/BA.5 lineages are
expected to spread rapidly in India and other countries, causing the
next COVID-19 wave shortly. Therefore, adherence to the correct
COVID-19 protocol and vaccination strategy to protect against

BA.4/BA.5 lineages seems essential.
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FIGURE 1

Prevalence and mutations in the Omicron lineages. (A-C) Depicting the prevalence of BA.4 (A), BA.5 (B), and BA.5.1 (C) in

different countries as of June 16th, 2022. The corresponding data were obtained from https://outbreak.info/situation-reports?pango. (D, E)
Prevalence of different Omicron lineages in South Africa over the periods. The data were obtained from https://outbreak.info/location-reports?
loc=IND&pango. (F-O) Comparison of Omicron lineages (BA.1, BA.2, BA.3, BA.4, BA.5, and BA.5.1) mutations in ORF1a (F); ORF1b (G); Spike
(H); Envelope (l); Membrane (J); ORF6 (K); ORF7a (L); ORF8 (M); Nucleocapsid (N); and ORF10 (O) proteins. The lineages-specific mutations were
obtained from https://outbreak.info/compare-lineages. The color allotted to each amino acid spot designates the percentage of specific
mutations in the overall sequences of each particular lineage submitted to GISAID as of June 18th, 2022. The scale bar illustrates the percentage
that the specific color represents.
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