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Abstract Buffalopox virus (BPXV), a close variant of
vaccinia virus (VACV) has emerged as a zoonotic pathogen.
The host tropism of poxviruses is governed by host-range
genes. Among the host-range genes: E3L, K3L, and C7L are
essential for virus replication by preventing interferon
resistance, whereas B5R is essential for spread of the virus
and evasion from the host’s immune response as in VACV.
We report sequence analysis of host-range genes: E3L, K3L,
C7L, and membrane protein gene (BSR) of BPXVs from
buffalo, cattle, and human from recent outbreaks in India—
their phylogenetic relationship with reference strain (BP4)
and other Orthopoxviruses. BPXVs revealed a sequence
homology with VACVs including zoonotic Brazilian
VACV-like viruses. The aa sequences of E3L and K3L genes
were 100 % similar in buffalo, cattle, and human isolates.
However, four significant point mutations (I11K; N12K and
S36F in C7L gene and D249G in B5R gene) were observed
specific to buffalo isolate only. This signifies that different
strains of BPXV were circulated during the outbreak. The
mutations in C7L and B5R could play an important role in
adaptation of BPXV in human and cattle which needs further
functional studies. The strain of BPXV isolated from buffalo
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may not be adopted in human and cow. Various point
mutations were observed in the host-range genes of refer-
ence strain (BPXV-BP4) which may be due to several
passages of virus in cell culture. The phylogeny constructed
based on concatenated gene sequences revealed that BPXVs
are not as closely related to vaccine strain (Lister and
Lister-derived strain—LC16m8), as hypothesized earlier,
rather they are more closely related to reference strain
(BPXV-BP4) and other vaccinia and vaccinia-like viruses
such as Passatempo and Aracatuba viruses. The availability
of information regarding host tropism determinants would
allow us to understand molecular mechanism of species
tropism of poxviruses which would be useful in unveiling
new strategies to control zoonotic poxviral infections.
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Introduction

Buffalopox is an emerging contagious viral zoonosis of
domestic buffaloes (Bubalus bubalis) often associated with
high morbidity (80 %) in affected herds, infecting milkers
[1] and cows [2]. The disease is characterized by localized
pock-lesions on the udder, teats, inside of thighs, base of
the ears, inner surface of earflap and eyes [3]. The causa-
tive agent of the disease, BPXV, is a close variant of
vaccinia virus which is a type-species of the genus
Orthopoxvirus (OPXV) under Poxviridae family [4]. The
WHO Joint Expert Committee on Zoonosis [5] declared
buffalopox as an important zoonotic disease.

It has been speculated that BPXV has emerged from the
vaccine strain (Lister strain) of vaccinia virus which was
used to produce smallpox vaccine in buffalo calves in India
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[6]. Gradually, the vaccine strain adapted in buffaloes and
became pathogenic causing outbreaks in buffaloes.
Thereafter, BPXV outbreaks have been frequently occur-
ring in different parts of the country affecting buffaloes
[1, 7-9] and humans [1, 6, 10-13]. Zoonotic cases of
BPXYV have also been reported from Pakistan [14]. Sub-
sequently, cases of BPXV in spillover hosts like cows have
also been reported [2]. Likewise, vaccine strain-derived
pathogenic vaccinia-like viruses viz., Cantagalo [15],
Aracatuba [16], and Passatempo [17] viruses are being
reported from Brazil. Further, transmission of bovine
vaccinia virus to humans has also been reported in Brazil
[18-20]. Transmission of the virus to cows and humans
indicates change in host-specificity which could have
serious implications from a public health perspective due to
the cessation of vaccination against smallpox since 1977
[21]. The studies on host-range genes and genes involved
in morphogenesis of virus could have a bearing on adap-
tation of the virus to spillover hosts thereby elucidating
their role in host tropism.

The product of host-range genes have been shown to
influence the ability of the virus to infect cells by sub-
verting the host immune response [22]. The most impor-
tant host-range genes identified in VACV are E3L, K3L,
and C7L [22] which have been implicated in alteration of
host cell antiviral defense mechanism. The E3L gene
encodes a 20- and 25-kDa protein that represses the host
cell antiviral response by inhibition of both protein kinase
and RNaseL [23-26]. While K3L gene confers interferon
resistance [27, 28] and is shown to suppress protein kinase
(PKR) activation and elF2« phosphorylation in mamma-
lian cells [29] which could lead to inhibition of antiviral
defense mechanism. The C7L gene is conserved in all the
Orthopoxvirus genomes [30] and causes inhibition of
apoptosis [31] and blocking of antiviral effects by antag-
onizing interferons (IFN) [32]. The B5R gene is essential
for formation of extracellular enveloped virus (EEV) [33]
and involved in viral evasion from the host’s immune
response [34]. The B5R protein has conserved extracel-
lular domain homologous to complement regulatory pro-
teins, which may be involved in viral evasion from host
immune responses by protecting complement-mediated
attack [35]. Deletion of this gene of VACV strain—WR
decreases the production of EEV, reduced plaque size in
vitro and is highly attenuated in vivo compared to the
parental strain [36]. Keeping the above facts in view this
study envisages to determine the full-length sequences of
the E3L, K3L, C7L, and B5R genes of BPXVs isolated
from outbreaks in buffaloes, humans, and cattle in India,
and elucidate the evolutionary relationship with other
OPXVs circulating in the world vis-a-vis the reference
strain.

Materials and methods
Viruses

The BPXVs isolated from recent outbreaks (2010 and
2011) in buffaloes (BPXV/buffalo/Jalgaon/2010) and
humans (BPXV/human/Jalgaon/2010) from Maharashtra
and cattle (BPXV/cow/Baatnor/2011) from Uttar Pradesh
states of India were utilized in the study. The viruses were
isolated from scabs in Vero cell culture in two to three
passages. The reference strain (BP4) of BPXV available in
the VTCC repository was utilized for comparison purpose.
The BPXV-BP4 strain was originally isolated from out-
break in buffaloes in Hisar, Haryana, India at the Depart-
ment of Bacteriology and Hygiene, Haryana Agricultural
University, Hisar (India) [37].

Isolation of viral DNA

Viral DNA was extracted from 200 pl of infected Vero cell
culture fluid using the AuPreP™ DNA Extraction Kit (Life
Technologies Pvt. Ltd., New Delhi, India) as per the
manufacturer’s protocol. The DNA was eluted in 50 pl
nuclease-free water and an aliquot of 5 pl was used for
PCR amplification.

Polymerase chain reaction, cloning, and sequencing

Full-length sequence of E3L, K3L, C7L, and B5R genes
were amplified using gene-specific primers commercially
synthesized from Sigma-Aldrich, USA. The primer sets were
designed on the basis of genome sequence of VACV-WR
strain (Accession no. AY243312) using Primer-BLAST
software (http://www.ncbi.nlm.nih.gov/tools/primer-blast/).
The following primer sets were used to amplify the complete
coding sequences of the targeted genes: Forward-5'-AC
GACGAACCACCAGAGGATGATGA-3' and Reverse-5'-
TCATCTTTAGAGAATATACTAGTCGCGTT-3’ for E3L
gene; Forward-5'-TCCCAATTTACGAGCC CGTTAACA
A-3' and Reverse-5-TTTTATGTTCGGTATAAAAATTA
TTGATGTCTAC-3' for K3L gene; Forward-5'-ATGGGT
ATACAGCACGAATTCGACATCATT-3' and Reverse-5'-
TTAATCCATG GACTCATAATCTCTATACGGG-3' for
C7L; and Forward-5'-TTTCCTTTTAGTGCTCGACAG
TGTA-3' and Reverse-5-AACGGATTTATATTTACGG
TAGCAA-3' for B5R gene. PCR reaction was set up using
5 U of DreamTaq™ DNA polymerase (MBI Fermentas,
Burlington, Canada). The PCR was performed with the
thermal cycling condition of 95 °C for 5 min followed by 35
cycles of 95 °C for 1 min, 51 °C for 50 Sec, 72 °C for 50 s,
and final extension at 72 °C for 10 min. The amplified
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products were purified using PCR purification kit (Stratagene,
La Jolla, CA, USA) as per the manufacturer’s protocol and
cloned into pTZ57R/T vector (MBI Fermentas, Burlington,
Canada) following standard procedure. The recombinant plas-
mid DNA was confirmed by colony PCR, restriction enzyme
analysis, and sequencing. All clones were sequenced com-
mercially employing automated DNA sequencer (ABI 3130
Genetic Analyzer) by Chromas Biotech Asia Pvt. Ltd., Ban-
galore, India. Three clones for each gene were selected for
sequencing and a consensus sequence was obtained for analysis.

Sequence and phylogenetic analysis

An open reading frame (ORF) nucleotide homology search
was carried out using NCBI BLAST server [38]. For com-
parison, nucleotide (nt) as well as deduced amino acid (aa)
sequences were further aligned using Clustal W method of
molecular evolutionary genetic analysis (MEGA) version 5
program [39]. Gene sequences of all the members of the
OPXYV genus were retrieved from the NCBI database (http://
www.ncbi.nlm.nih.gov/). The details of these sequences
including their accession numbers are given in Table 1. The
sequence identity was determined at the nucleotide and
amino acid sequence levels. Hydrophathicity values of the
each amino acid were calculated using the ProtScale tool at

ExPASy server (http://www.expasy.org/tools/protscale.html)
choosing the hydrophobicity scale of Kyte & Doolittle with
window size 19.

For building the phylogenetic tree, aligned individual
gene sequences were manually edited and concatenated
together. A Maximum Likelihood rooted phylogenetic tree
was constructed from the artificially concatenated ORF
sequences using MEGA 5 [39] and the tree topologies were
evaluated by bootstrap using 1,000 replicates of the data set.

Results

Amplification and sequencing of genes: E3L, K3L,
C7L, and B5R

Full-length E3L, K3L, C7L, and B5R genes of (BPXV/
buffalo/Jalgaon/2010), (BPXV/human/Jalgaon/2010), and
(BPXV/cow/Baatnor/2011) were successfully amplified
using gene-specific primers, cloned, and sequenced. First
three genes of reference strain (BP4) were also amplified
and sequenced as the sequence of BSR gene is available in
the database. The amplicons sizes were 787, 313, 453, and
1,019 bp for E3L, K3L, C7L, and B5R genes, respectively.
The nt sequences were submitted to GenBank and assigned

Table 1 Gene sequences of different Orthopoxviruses retrieved from the database used in the analysis

Virus Strain/isolate Accession nos.
Buffalopox BPXV-BP4 DQ358239.1
Vaccinia virus VACV-DUKE DQ439815.1
VACV-WR AY243312.1
VACV-AK U94848.1
VACV-LISTER AY678276.1
VACV-LC16m8 AY678275.1
VACV-COP M35027.1
VACV-MVAS572 DQ983237.1
VACV-PSTV EF051282.1, DQ530240.1, EF175967.1, EF051263.1
VACV-ARA EF051277.1, DQ194389.1, EF175965.1, EF051261.1
Rabbitpox virus RPXV-UTRECHT AY484669.1
Horsepox virus HSPV-MNR76 DQ792504.1
Taterapox virus TATV-DAH68 DQ437594.1
Cowpox virus CPXV-GRI90 X94355.2
CPXV-BR AF482758.2
Variola virus VARV-IND64 DQ437586.1
VARV-BSH75 DQ437581.1
VARV-PAK69 DQ437589.1
VARV-BRZ66 DQ441419.1

BP4 reference strain of BPXV, VACV Vaccinia virus, DUKE Duke strain, AK Ankara strain, COP Copenhagen strain, LC/6m8 Vaccinia virus
strain, MVA572 modified virus Ankara strain, WR Western reserve strain, PSTV Passatempo virus strain, ARA Aracatuba virus strain, RPXV
Rabbitpox virus, HSPV Horsepox virus, MNR76 Mongalia 1976 isolate, TATV- Taterapox virus, DAH68 Dahomey 1968 isolate, CPXV Cowpox
virus, BR Brington red strain, GRI90 Germani-1990 strain, VARV Variola virus, IND64 India-1964 Vellore isolate, BSH75 Variola major
Bangladesh-1975 strain, PAK69 Variola major Pakistan-1969 strain, BRZ66 Variola major Brazil-1966 strain
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accession numbers (JN653080, JIN653079, JN653081, and
IN653082 for E3L gene; IN653084, IN653083, JN653085,
and JN653086 for K3L gene; JN653088, JN653087,
JN65308, and JN653090 for C7L gene and JN653092,
JN653091, and JN653093 for BSR gene).

Homology analysis

The ORF of the targeted host-range genes of all three
BPXVs comprised of 573, 267, 453, and 954 bp nucleotide
encoding predicted 190, 88, 150, and 317 aa proteins for
E3L, K3L, C7L, and BS5R, respectively. Comparison of
sequences revealed that E3L and K3L genes of buffalo
isolate (BPXV/buffalo/Jalgaon/2010) shared 100 % simi-
larity with cattle (BPXV/cow/Baatnor/2011) and human
(BPXV/human/Jalgaon/2010) isolates at both nt and aa
levels, as compared to C7L and B5R genes which showed a
similarity of 96.67-99.58 %. The reference strain (BP4)
revealed a similarity of 92.63-98.88 % at both nt and aa
levels for E3L, K3L, and C7L genes in comparison to
BPXVs of this study; whereas BSR gene had a compara-
tively higher similarity of 99.48 % at nt and 99.05 % at aa
level. The BPXV isolates revealed a higher degree
(97.84-99.65 % at nt and 95.06-99.43 % at aa level for
E3L; 98.50-99.63 % at nt and 97.73—-100 % at aa level for
K3L; 98.01-98.68 % at nt and 97.33 % at aa level for C7L;
and 97.80-99.69 % at nt and 96.85-99.05 % at aa level for
B5R genes) of similarity with VACV.

Analysis of amino acid changes

The detailed amino acid changes in the encoded protein
sequences have been depicted in Tables 2, 3, 4, and 5 for
E3L, K3L, C7L, and B5R proteins, respectively. Analysis
of E3L protein revealed three consensus aa changes (N21T;
A79V and V85A) at N-terminal region, whereas two aa
changes (I123V and K132R) were noted at the C-terminal
region of the Indian BPXV isolates (Table 2). However, aa
changes (N21T and 1123V) also observed in VACV-Lister
strain. These aa changes did not affect the hydropathic
properties of the amino acids. Further, sixteen sense
mutations (A55T, T163C, A253T, A255C, G256A, T261G,
G288T, A295C, G304C, A305T, A308T, T311C, T329C,
A335C, A349C, and T376C) leads to fourteen mutational
changes in this protein of reference strain (BPXV-BP4)
(Table 2). The evaluation of the K3L gene sequences did
not reveal any significant changes compared to VACYV,
however, three aa changes (S7L, A38D, and C85R) were
observed in K3L protein of reference strain (BP4)
(Table 3). Four significant point mutations (I11K; N12K,
S36F, and F108L) were found in C7L protein of the buffalo
isolate (BPXV/buffalo/Jalgaon/2010) compared to other
OPXVs including VACV and VARV (Table 4). These

changes were not observed in cattle and human BPXV
isolates except point mutation (FI08L) in human isolate.
Amino acid changes (I11K and N12K) led to significant
decrease in hydrophobicity, whereas, aa change (S36F)
causes change in hydrophilicity. However, the reference
strain (BP4) showed seven aa changes in this protein
sequence (Table 4). Sequence analysis of BSR proteins
showed several aa changes in Indian isolates (Table 5). We
observed three point mutations each in buffalo (D64N;
S240F and D249G) and cattle (F46L; E111K and S197P)
isolates; and four mutations in human (D64N; F215L;
S/T240F and F292L) isolate in comparison to OPXVs.
However, aa residue (D) in human and cattle isolates
observed at position 249 along with other OPXVs includ-
ing Brazilian VACYV strains (Table 5) which caused little
increase in hydrophilicity property.

Phylogenetic analysis

The topology of the rooted phylogenetic tree of the con-
catenated sequences of four genes revealed that BPXVs of
present outbreaks were closely related to the reference
strain (BPXV-BP4) with bootstrap value of 94 (Fig. 1).
Broadly, BPXVs showed grouping with bootstrap value-79
with VACV strains—Duke, Ankara, Modified Ankara
virus, and Copenhagen, Western Reserve along with
recently reported vaccinia-like viruses viz., Passatempo
and Aracatuba viruses. However, vaccine strains (VACV-
Lister and VACV-LC16mS8, derived strain from Lister)
grouped separately.

Discussion

The host tropism of the poxvirus is regulated by host-range
genes which are responsible for modulation of intracellular
events after binding and entry of the virus into the host
cells [22]. The detailed study of host-range genes of pox-
viruses is a prime concern worldwide in the light of
changes in host-specificity of the VACV, BPXV, and other
members of genus Orthopoxvirus to spillover hosts
including humans. Further, the world population is naive to
the poxviruses due to cessation of smallpox vaccination in
1977 [21] which could have serious public health impli-
cations. Further, genes responsible for formation of
enveloped virus play critical role in cell-to-cell and long-
range virus spread. In this study, analysis of the selected
host-range genes viz., E3L, K3L, C7L genes and gene
involved in morphogenesis of virus viz., BSR gene of
BPXYV isolates of buffalo, human, and cattle origin could
pave the way toward finding a solution to the underlying
cause of zoonosis and host tropism of poxviruses despite
their strict species-specificity [22]. Further, a comparative
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Table 2 Amino acid substitutions in the predicted E3L protein sequence compared to BPXV/buffalo/Jalgaon/2010

Strain 7 11 17 19 21 24 27 30 42 54 55 68 70 75 76 78 79 81 82

BPXV/buffalo/Jal/10 D D E 1 T 1 A A E A M M T P D D \'% - -
BPXV/cow/Baat/11 . . . . . . . . . . . . . . . . . . .
BPXV/human/Jal/10 . . . . . . . . . . . . . . . . . - -
BPXV-BP4 . . . F . . . . . . T . . . . . . . .
VACV-COP . . A . N . . . . . . . . . . . A - -
VACV-LISTER . . . . . . . . . . . . . . . . A - -
VACVLC16m8 . . . . . . . . . . . . . . . . . - -
VACV-AK . . A . N . . . . . . . . . . . . - -
VACV-MVAS572 . . A . N . . . . . . . . . . . . - -
VACV-WR . N . . . . . . . . . . . . . . A - -
VACV-DUKE . . A . N . . . . . . . . . . . . - -
VACV-PSTV . N . . . . . . . . . . . . . . A - -
VACV-ARA . . A . N . . . K . . . . . . . A - -
RPXV . N . . . . . . . . . . . . . . . - -
HSPV-MNR76 N N
TATV-DAH68 . . . . . . . . . . . .
CPXV-GRI90 . . . . . . . . . D . . . T . . . - -
CPXV-BR

VARV-IND64
VARV-BSH75
VARV-PAK69 . . . .
VARV-BRZ66 . . . . N

Z
—
< -
> >
(.
(.

z 'z Z z
el el el
< < <
< < << <
=2
> > > > >
-
Z

v

-
<

Strain 8 87 88 89 90 98 101 104 105 106 112 114 117 119 123 128 132 149 184 193

BPXV/buffalo/Jal/10 A I D D V E K D D \% I D D N \% C R T K *

BPXV/cow/Baat/11 . . . . . . . . . . . . . . . . . . . *
BPXV/human/Jal/10 . . . . . . . . . . . . . . . . . . . *
BPXV-BP4 . F N E . D Q L A" A T A . H . R . . . *
VACV-COP v o . . . . . . . . . . . . 1 K *
VACV-LISTER \% K *
VACVLC16m8 . . . . . . . . . . . . . . . K *
VACV-AK . . . . . . . . . . . . . . I K *
VACV-MVA572 . . . . . . . . . . . . . . I . K . . *
VACV-WR v o . . . . . . . . . . G . . . . . . *
VACV-DUKE . . . . . . . . . . . . . . 1 K *
VACV-PSTV \% G *
VACV-ARA v . . . . . . . . . . . . . 1 . . . . *
RPXV . . . . . . . . . . . . G . . . . . . *
HSPV-MNR76 \% 1 K . *
TATV-DAH68 A% N 1 K I *
CPXV-GRI90 \% . I K . *
CPXV-BR S A . I K T *
VARV-IND64 N I K *
VARV-BSH75 N 1 K *
VARV-PAK69 N 1 K *
VARV-BRZ66 N I K *
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Table 3 Amino acid substitutions in the predicted K3L protein sequence compared to BPXV/buffalo/Jalgaon/2010

Strain 3 7 11 15

18 22 23 25 28 29 36 38 37 41

44 45 49 52 53 62 70 85 88 89

BPXV/buffalo/Jal/
10

BPXV/cow/Baat/11
BPXV/human/Jal/10
BPXV-BP4 . L . . . .
VACV-COP L. . . K
VACV-LISTER

VACV-LC16m8

VACV-MVAS572

VACV-AK R . . .
VACV-WR . . . . . K
VACV-DUKE

VACV-PSTV L. . . .
VACV-ARAV L. . . K
RPXV L. . . K
HSPV-MNR76 A . . .
TATV-DAH68 . . vV L K . G
CPXV-GRI90
CPXV-BR
VARV-IND64
VARV-BSH75
VARV-PAK69
VARV-BRZ66

AS A 1 R N D A T Y

o -

< < < <

< < < <

| oni onl e e

~ AR RS
Qoo

< < < <

< < < <

(vl vAlvilvEl v

S AAE A Vv XK DV E T VvV C Q *

s Bies M s e s I
o -
Z
*

< < < <
H 33
fol ol ol NIk
z z Z z -
M T ™ ™ ™
~ A RARR"

*

*

sequence analysis was carried out to understand the genetic
relationship of BPXVs of different species origin and to
other OPXVs and to explore variations in these genes. The
sequences of the three host-range genes and one structural
gene were also compared with the reference strain (BPXV-
BP4) to determine changes in recent isolates.

All BPXYV isolates from buffalo, human, and cattle were
used to carry out the genetic analysis of the host-range and
structural genes. All the targeted genes were successfully
amplified by PCR using template DNA extracted from virus.
Comparison of sequences revealed that E3L and K3L genes
were 100 % similar among buffalo, cattle and human iso-
lates at both nt and aa levels, whereas C7L and B5SR genes
showed a similarity of 96.67-99.58 %. Further, BPXV iso-
lates showed a higher degree (97.84-99.65 % at nt and
95.06-99.43 % at aa level for E3L; 98.50-99.63 % at nt and
97.73-100 % at aa level for K3L; 98.01-98.68 % at nt
and 97.33 % at aa level for C7L; and 97.80-99.69 % at nt
and 96.85-99.05 % at aa level for BSR genes) of similarity
with VACV. These indicate that the studied genes were
highly conserved among Indian isolates and other OPXVs.
However, the reference strain (BP4) revealed a lower per-
centage of similarity (92.63-98.88 % at both nt and aa lev-
els) for E3L, K3L, and C7L genes in comparison to all BPXV

isolates; however, B5R gene showed similarity of 99.48 %
at nt and 99.05 % at aa level.

Amino acid sequence analysis revealed consensus aa
changes at N-terminal (N21T; A79V and V85A) and
C-terminal regions (I123V and K132R) of E3L protein of
all BPXV isolates (Table 2) without any change in
hydropathic properties. However, several sense mutations
in nt sequence of this gene of BPXV-BP4 reference strain
leads to fourteen aa changes which indicate the loss of
functional activities and virulence. Mutations (N22K and
S36F) observed in K3L proteins in recent zoonotic Bra-
zilian VACV-like viruses viz, Aracatuba and Passatempo
were absent in BPXVs and these mutations did not cause
major change in hydropathic properties. Earlier mutational
studies of His47GIn, His47Asp, Val52Lys, and Val44Gln
sites indicated that these mutations perturb the maximum
efficiency of PKR inhibitory function of K3L protein
[40—42]. The presence of all these sites in VACV and
BPXVs indicates the highly conserved nature of the gene
and its functional significance in host pathogenesis. How-
ever, in reference strain (BPXV-BP4) three aa changes
(S7L, A38D, and C85R) were observed. The C7L protein
regulates cellular tropism of VACV, and is highly
conserved among Orthopoxviruses [22, 43]. Interestingly,
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Table 4 Amino acid substitutions in the predicted C7L protein sequence compared to BPXV/buffalo/Jalgaon/2010

Strain 11 12 24 31 36 38

41 57 71 79 108 116 128 151

BPXV/buffalo/Jal/10
BPXV/cow/Baat/11
BPXV/human/Jal/10
BPXV-BP4
VACV-COP
VACV-LISTER
VACV-LC16m8
VACV-AK
VACV-MVAS572
VACV-WR
VACV-DUKE
VACV-PSTV
VACV-ARAV
RPXV
HSPV-MNR76
TATV-DAHG68
CPXV-BR
CPXV-GRI90
VARV-IND64
VARV-BSH75
VARV-PAK69
VARV-BRZ66

~

K K D

Z 2 2 Z Z 2Z Z 2Z 2Z Z Z Z Z Z 2 Z 2 2 Z Z Z R
VUL unnuunnunnnnnnnnnod

AR A

K E K F L S E *

Mmoo T™™™ ™™
~
* *

- -
%

™ ™4 =™ T ™
*

three amino acid residues (Lys, Lys, and Phe) were
observed at position 11, 12, and 36 in BPXV strain isolated
from buffalo, whereas, Ile, Asn, and Ser amino acid resi-
dues were found in human and cattle isolates along with
other OPXVs including VACV and VARV (Table 4). This
change of basic aa (Lysine) to neutral aa (Isoleucine/
Asparagine) and increased hydrophobicity may lead to
structural and functional activity of the protein. Similarly,
in B5R protein, the amino acid residue—Glycine is present
at position 249 in buffalo isolate, whereas, Aspartic acid
present in both human and cattle isolates along with all
OPXVs including reference strain (BPXV-BP4) and Bra-
zilian VACV strains. Further, this gene is not related to
high passage number as minimal changes were observed in
reference strain (BP4) which had undergone several pas-
sages in cell culture in the past (>50). This indicates that
either different strains of BPXV were circulating in the
outbreak as has been reported in Brazil where two strains
of vaccinia virus were found to be circulating in a single
outbreak of bovine vaccinia virus [44] or mutation could
have taken place in human and cattle isolates which could
be critical for adaptation of BPXV in these spillover hosts.
However, BPXV strain circulating in buffaloes may not be
adaptable in human and cattle as the mutations in BPXV/
buffalo/Jalgaon/2010 strain were exclusively confined to
buffaloes as compared to other OPXVs. The structural and
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functional studies on unique mutations observed in C7L
and B5R proteins is required to elucidate their role in host
tropism of BPXV.

To evaluate the evolutionary relationship of BPXV
isolates with OPXVs, a concatenated phylogenetic tree was
constructed considering all genes together to produce
robust tree supported by high-bootstrap values. This
approach is suitable for vaccinia viruses because the evo-
lution of these viruses taking place in isolation and further
there’s been no evidence of recombination of genomes of
vaccinia viruses which could have an effect on analyses.
The phylogram of the concatenated gene sequences
showed clustering of BPXVs with VACVs (Fig. 1) with
high bootstrap value (79 %) which indicates that these
genes are conserved among VACVs. Interestingly, VACV
vaccine strain (Lister) and LC16mS8, derived strains from
Lister clustered separately which indicates that these two
strains could be probable ancestors of BPXV and other
VACYV strains. However, phylogeny revealed that BPXVs
are closely related to Duke strain of VACV. In this regard,
the ancestry of Duke strain was traced back to the Amer-
ican New York Board of Health strain, isolated from vac-
cine-related complication of a female patient vaccinated
with smallpox vaccine-Dryvax [45-47], thereby con-
tradicting our hypothesis stating BPXVs in India have
basically originated from vaccine strain (Lister) that were
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Table 5 continued
VACV-ARA
RPXV
HSPV-MNR76
TATV-DAH68
CPXV-GRI90
CPXV-BR

Strain
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Fig. 1 Maximum-likelihood tree constructed using concatenated
alignment of nucleotide sequences of E3L, K3L, C7L, and B5R genes
of BPXV isolates reported in this manuscript and previously reported
sequences of OPXVs using MEGAS. The bootstrap scores (1,000
replicates) for all nodes are displayed next to the branches. The
representative sequences reported in this manuscript are marked by
black squares

mainly produced in buffalo calves. Hence, it can be
hypothesized that the BPXV might have evolved through
gradual adaptation of the vaccine strain in buffaloes. In this
context, the analysis of whole genome sequence data could
be useful in validating this hypothesis. The grouping of
zoonotic Brazilian VACV-like viruses (Aracatuba and
Passatempo viruses) with VACVs and BPXVs indicates
that in India only BPXV is circulating among buffalo,
human, and cattle, as there are no reports of Cowpox in the
country off late [1, 2, 7]. The analysis of the phylogram
indicates that the host-range and structural genes are highly
conserved among Orthopoxvirus genus and play a critical
role in pathogenesis.

To conclude, this is the first report on genetic character-
ization of important host-range genes of BPXV isolates of
buffalo, cattle, and human origin except for the BSR gene of
buffalo isolate which was reported earlier [48]. The sequence
and phylogenetic analysis revealed that recent BPXVs are
closely related to reference strain (BPXV-BP4) and VACV
which corroborates the previous findings [7, 48, 49]. In
contrast to robustness of close clustering of the reference
strain (BPXV-BP4) and recent BPXVs supported by high
bootstrap value (94 %), there were several mutational
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changes in the individual host-range genes. This is due to
several passages of BP4 strain in cell culture in the past (>50)
to develop as live attenuated vaccine. Furthermore, phy-
logeny revealed that BPXVs are not as closely related to
vaccine strain (Lister and Lister-derived strain—LC16m8),
as hypothesized earlier, rather they are more closely related
to Indian vaccine strain (BPXV-BP4) and other vaccinia and
vaccinia-like viruses such as Passatempo and Aracatuba
viruses. However, analysis of whole genome sequence data
may provide insight to confirm this hypothesis conclusively.
A better understanding of molecular mechanisms that govern
the species tropism of poxvirus in non-evolutionary hosts is
essential. The unique portfolio of immunomodulatory and
host-range genes governs the poxvirus tropism at cellular
level and this, in turn, imparts unique properties of host-
range, pathogenesis and potential for host-to-host spread in
each poxvirus. The genetic information of the important
host-range and structural genes of BPXVs of buffalo, cattle,
and human would be useful in understanding their patho-
genesis in spillover host so as to devise strategies for the
control of the zoonosis.
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