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Letter to the Editor

Genome characterization of monkeypox cases detected in
India: Identification of three sub clusters among A.2 lineage

To the Editor

In this journal, Jolly and Scaria, reported distinct phylogenetic
cluster of monkeypox virus (MPXV) genomes suggesting an early
spread of virus.! Since May 2022, monkeypox cases have been re-
ported in more than 102 countries indicating expansion of its geo-
graphic range. Recent studies have also reported microevolution of
MPXV genome of 2022 outbreak compared to earlier outbreaks.’—>
Here, we report the complete genome analysis of monkeypox cases
detected in India.

The clinical specimens i.e., orophryngeal swab, nasopharyngeal
swab, lesion crust and lesion fluids of 96 suspected Monkeypox
cases were referred to ICMR-National Institute of Virology, Pune,
India for diagnosis of Monkeypox. Of all the cases, MPXV infec-
tion was confirmed in ten cases (Kerala=5, Delhi=5) using Mon-
keypox specific real time PCR. 6 Cases from Delhi had no inter-
national travel history; while cases from Kerala had travel history
from United Arab Emirates to India.” All the cases were immuno-
competent with no comorbidities and their clinical presentations
are described in supplementary Table 1.

The genomic characterization of these MPXV positive sam-
ples were carried out using next generation sequencing.” The
Maximum-Likelihood phylogenetic tree analysis placed ten genome
sequences (Retrieval 90 to 99%) from India (highlighted in blue)
and eight genomes from USA (n = 3), UK (n = 2) and Thai-
land (n = 3) under lineage A.2 of clade IIb (Fig. 1). Further,
they diverge into three sub clusters of A.2 lineage consist of
total eighteen sequences. The seven sequences (Kerala n = 5,
Delhi n = 2) grouped into sub cluster I showing highest sim-
ilarity with MPXV_USA_2022_FLOO1. In this sub cluster, five se-
quences from Kerala were designated as A.2.1 based on the lin-
eage defining mutations in the position C 25072 T, A 140492 C,
C 179537 T. Two sequences from Delhi are lacking these three
mutations hence still defined into A.2 lineage. These mutations
were also lacking in the 3 sequences of Delhi from sub cluster II
which aligned with sequences of lineage A.2 reported from USA
2022 (USA_2022_VA001). Apparently, Delhi MPXV sequences in
sub cluster I and II are showing divergence which needs to be fur-
ther explored.

The sub cluster Il has monkeypox sequences reported from
UK, Thailand during current outbreak of 2022 and USA during
2021. These sequences have many shared mutations that separated
them from other two sub cluster including India (A.2) and travel-
associated cases from 2017 to 2021 of other lineages (A, A.1, A.1.1).
The A.2 lineage MPXV sequences from India showed a divergence
from the MPXV sequences reported from Germany, Italy, Portu-
gal, Switzerland and France (lineage B.1) and earlier outbreak se-
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quences from Nigeria, Israel and Singapore 2017/18 (lineage A.1).
The findings of our study are in concordance with the recent study
of Gigante et al, which reported the circulation of both A.2 and B.1
lineages in current outbreak in USA with similarity to MPXV se-
quences of traveler from Nigeria to Texas in 2021.3

Analysis of Clusters of Orthologous Genes for orthopox viruses
(OPG) revealed that the sub cluster I of seven sequences from In-
dia showed 07 synonymous mutations (OPG055, OPG071, OPG074,
OPG093, OPG124, OPG163, OPG187) and 11 non-synonymous mu-
tations (OPG040, OPG062, OPG063, OPG069, OPG074, OPG116,
OPG160 and OPG208). Sub cluster II included three sequences
from India which indicated 04 non synonymous mutations
(OPG025, OPG082, OPG084, OPG099) and 08 synonymous mu-
tations (OPG037, OPG038, OPG105, OPG111, and OPG135). Map-
ping the A.2 sequences with the reference genome (NC_063383
strain) indicated total fifteen mutations (OPG031, OPG047, OPG053,
OPG103, OPG113, OPG145, OPG174, OPG176, OPG180, OPG188,
OPG190 and OPG205) which were common throughout all the
three sub clusters of the A.2 lineage (Fig. 2A). We have also noted
a seven-nucleotide deletion in all three A.2 sub clusters in OPG 174
gene. It is known to play role in influencing virulence by suppress-
ing immune system; further studies are needed to determine the
impact of this deletion on virulence of A.2 lineage.

We have also observed single nucleotide polymorphisms (SNPs)
specific to sub cluster Il compared to reference (NC 063383.1)
which were not found in the sequences of sub cluster I and II.
There were total 27 non synonymous changes observed in Thailand
sequences.

APOBEC 3 mutation analysis indicated presence of 13 mu-
tations in A.2 sequences from the current MPXV outbreak
2022. These could be A.2 lineage defining mutations apart
from OPGO053; C 34472 T reported during earlier studies
(https://master.clades.nextstrain.org) (Fig. 2B). Further, we identi-
fied 25 additional APOBEC 3 mutations from the MPXV strain
circulating in India. Besides this, 21 synonymous and non-
synonymous APOBEC-3 mutations were also noted in sub cluster
I1I. Recently O'Toole and Rambaut reported that the APOBEC3 with
cytidine deaminase activity could be significant factor in the short-
term evolution of MPXV since 2017.8 Our APOBEC3 mutation anal-
ysis supported a strong inclination for GA to AA and TC to TT mu-
tations, indicating cytosine deaminase functioning reported only
in Clade II since 2017 and not in Clade I.* A recent study Isidro
et al. also demonstrated microevolution and divergence of MPXV
sequences of 2022 outbreak pertaining to APOBEC3 and other pro-
teins.?

Variant analysis of all sequences of A.2 lineage indicated a to-
tal of 34/67 synonymous mutations and 33/67 non synonymous
mutations. Fourteen mutations are found in the non coding re-
gion and 53 mutations were observed in coding region of different
ORFs. Most of the mutations are observed in gene OPG 047 which

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. The maximum-likelihood phylogenetic tree of MPxV/hMPxV genome constructed using software IQ TREE with 1000 ultra bootstrap replication cycle. The retrieved
sequences from ten monkeypox cases from India belong to A.2 lineage of Clade IIb (Highlighted in red color).

is closer to the middle of the genome followed by OPF 053, OPG
074 and OPG 105. Earlier reported clade defining mutation was ob-
served (C 34472 T) in all the retrieved sequences from India. Dur-
ing complete genome analysis, we have observed insertions; one in
OPG 047 (insertion of T at 29767), and other in non coding region
(insertion of T at 170897). A deletion of CATATCA was also noted
at 148529- 148535 in gene OPG 174 9 (Fig. 2C).

Interestingly, one di-nucleotide substitution of AT-CC in OPG
047 at position 29768 leading to amino acid change (I 476 G) was
observed in the retrieved sequences of ten monkeypox cases. Of
67, a total 63 substitution mutations were observed in cluster from
India in which 58 are transitions and 05 are transversion (Non
synonymous 30 and synonymous 33). One substitution mutation
which led to stop gain at position 149872 was also recorded in
gene OPG 176. No mutations were noted on H3L (OPG 108), gly-
cosil transferase which plays important role in pox virus entry into

host cell. We have also observed four non synonymous and two
synonymous SNPs in OPG 31 and OPG 174 genes that are predicted
to modulate the host immune response.

The 2022 Monkeypox outbreak demonstrates accelerated mi-
croevolution of MPXV leading to divergence in viral phylogeny.2—>
Gigante et al., demonstrated 80 nucleotide changes in lineage A.2
compared to the B.1 lineage which has been predominant lineage
of 2022 suggesting an independent virus strain emergence.> The
genomic research on the 2022 MPXV outbreak has also grabbed
attention depicting divergence of lineage B.1 from lineage A.1 of
2018-2019 outbreaks.? Hence, genome evolution mechanisms and
importance of gene functions needs to be studied further to un-
derstand evolution of the MPXV genome. As B.1 is found to be the
predominant lineage of 2022 Monkeypox outbreak globally, the in-
troduction event of A.2 lineage specifically in the USA, UK, India
and Thailand is the question of further exploration.
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Fig. 2. (A) The variant analysis of MPXV genome was done using software MEGA 10 w.r.t reference sequence NC_063383. The depicted figure showed the synonymous and
non-synonymous mutations in Clade II and lineages. The A.2 lineage is further characterized into sub-cluster I, Il and IIl. All the clade defining mutations are marked with
blue color positions. (B) The APOBEC 3 mutation analysis was done using software MEGA 10.0. The mutations (GA-AA, TC-TT) were marked for all the clades. (C) The variant
analysis of MPXV genome of all the retrieved sequences was done using CLC genomics workbench with 50% frequency. The reference positions marked with synonymous
and non-synonymous mutations for all the sequences with the respective frequencies.
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