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ABSTRACT 

 

 
Background and Objectives: Multiple outbreaks over two decades and a high mortality rate have emphasized the Nipah 

virus (NiV) as a priority research area. The study focuses on identifying the mutational landscape in sequences from NiV 

human isolates from different geographical regions. 

Materials and Methods: Thirty-seven NiV genomes of human samples from Malaysia, Bangladesh, and India were subject- 

ed to phylogeny and metagenomic analysis to decipher the genome variability using MEGA11 software and the meta-CATS 

web server. Using the Single-Likelihood Ancestor Counting method, the synonymous and nonsynonymous mutations among 

NiV genes were identified. Further, the nonsynonymous variations were used to identify mutations in all the NiV proteins. 

Results: The NiV isolates were categorized into NiV-M, NiV-B, and NiV-I clades based on phylogenetic analysis. Metag- 

enomic analysis revealed 1636 variations in the noncoding and coding regions of the genomes of the three clades of NiV. 

Further analysis of nonsynonymous mutations showed the phosphoprotein to be highly mutating, whereas the matrix protein 

was stable. 

Conclusion: Deciphering the mutation pattern using a comparative genomics approach for human isolates provided valuable 

insight into the stability of NiV proteins which can be further used for understanding variations in host-pathogen interaction 

and developing effective therapeutic measures. 
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INTRODUCTION 

 
The Nipah virus (NiV) is one of the rapidly mutat- 

ing negative-sense RNA viruses that cause respira- 

tory distress syndrome, encephalitis, vasculitis, and 

other fatal symptoms and have a high mortality rate 

(1). The first NiV outbreak was reported in 1998 in 

Malaysia, followed by subsequent sporadic occur- 

rences in Bangladesh and India, and so far more than 

twelve outbreaks have been reported in Southeast 

Asia (2-4). Moreover, the sero-surveillance investi- 

gations have shown the presence of antibodies tar- 

geting NiV in bat specimens collected from various 

regions including Cambodia, Thailand, Madagas- 

car, and Ghana. This compelling evidence suggests 

the active circulation of NiV within bat populations 

(5). The NiV outbreaks in Malaysia have implicated 

bats as the natural hosts and pigs as the intermediate 
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hosts, playing a crucial role in the transmission of 

the virus to humans. Nevertheless, direct viral trans- 

mission from natural reservoirs to human hosts was 

documented during the outbreaks in Bangladesh and 

India (6-8). Individuals infected with the NiV during 

the outbreaks in Malaysia and Bangladesh displayed 

distinct differences in their clinical manifestations. 

In a comparative analysis between Bangladeshi and 

Malaysian individuals infected with the NiV, it was 

observed that the former group exhibited a reduced 

incubation period and severe neurological symptoms 

in addition to severe respiratory distress, as report- 

ed by previous studies (5). Among the NiV-affected 

population, there was a noticeable difference in the 

fatality rate: Malaysia showed a mortality rate of 

40%, while Bangladesh and India showed mortality 

rates ranging from 70% to 90% (3, 9). The observed 

variations in the clinical symptoms exhibited by the 

infected individuals have been linked to the genom- 

ic heterogeneity identified between the Malaysian 

and Bangladesh genome sequences acquired from 

distinct hosts via comparative genome analysis inves- 

tigations. The genomic variations observed among 

the sequences of the isolates under investigation en- 

abled their classification into two distinct groups, 

namely NiV-Bangladesh (NiV-B) and NiV-Malaysia 

(NiV-M) (9, 10). Moreover, the comparative analysis 

of Indian NiV isolates showed a nucleotide identity 

of 97% and 91% with the NiV-B and NiV-M clades, 

respectively (11). Similarly, the phylogenetic analysis 

of the N gene (Nucleocapsid) and the G gene (At- 

tachment Glycoprotein) showed the divergence of the 

sequences into NiV-M and NiV-B clades, confirming 

the evolution of the specific genes of the NiV genome 

(12). 

The reported outbreaks from 1998 onwards indi- 

cated the dominance of the NiV-B clade compared 

with NiV-M, with the prevalence of the former in 

humans (13). This demands a thorough study to elu- 

cidate the underlying factors contributing to the ob- 

served variations in symptoms and mortality rates 

among individuals infected with NiV originating 

from disparate geographical locations. The genomes 

and variations in the genes of NiV-isolated human 

samples have not been studied so far. Thus, the pres- 

ent study aims to analyze the complete genome se- 

quence to understand the divergence pattern in NiV 

isolates at different geographical locations, followed 

by variation pattern analysis at the non-coding re- 

gions (NCR) and coding DNA sequence (CDS) re- 

gions of the genes of NiV. Furthermore, the study 

also intends to analyze variation patterns observed 

in the six genes to identify amino acid mutations 

and propose mutational models among the nucleop- 

rotein (N), phosphoprotein (P), matrix protein (M), 

fusion protein (F), attachment glycoprotein (G), and 

RNA-directed RNA polymerase (L) of NiV. 
 

 
 
MATERIALS AND METHODS 

 
Sequence retrieval and phylogenetic analysis. A 

total of thirty-seven complete genome sequences of 

NiV human isolates from different geographical areas 

of Southeast Asia were downloaded from the Gen- 

Bank Database in FASTA format (Table 1). The Ma- 

laysian NiV isolate (Accession No. NC_0027280) was 

used as a reference. The sequence variation of aligned 

genome sequences was calculated using MEGA11 

software, and phylogenetic analysis was performed 

by the neighbor-joining (NJ) method using a maxi- 

mum composite likelihood model and branch sup- 

port testing using 1000 bootstrap iterations (14). The 

software uses the homology between the sequences 

to decipher the evolutionary interrelationship among 

the sequences. 

 
Analysis  of  genome  variability  in  NCR  and 

CDS regions. The phylogenetic analysis identified 

three   geographically   distinct   groups:   Malaysian 

(NiV-M), Bangladesh (NiV-B), and Indian (NiV-I). 

These groups of genome sequences were compared 

using a metadata-driven comparative analysis tool 

(meta-CATS) to identify the regions of significant 

sequence differences (15). Using the graphical and 

Excel sheet output the regions of sequence variations 

in the NCR and CDR regions were identified and 

recorded for all the six NiV genes. To obtain clari- 

ty in the variation pattern, the NCR region of NiV 

genes was marked as 3' leader and 5' trailer regions 

using the annotated information reference sequence 

NC_002728. Further, the CDS region was subjected 

to the Single-Likelihood ancestor counting (SLAC) 

method from the online Datamonkey Server for the 

identification of synonymous (S) and nonsynonymous 

(N) mutations. Thus, the observed variations within 

the CDS region were further analyzed to record the 

synonymous (S) and nonsynonymous (N) mutations. 

The tool employs maximum-likelihood (ML) and 

counting approaches to identify the regions of muta- 
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Table 1. Complete genome sequences of NiV human isolates retrieved from the GenBank database 

 

S No Accession no Year Country S No Accession no Year Country 
1 NC_002728.1 1999 Malaysia (2) 20 MK673579.1 2012 Bangladesh 
2 AY029767.1   21 MK673582.1 2012  
3 MK673565.1 2004 Bangladesh (29) 22 MK673583.1 2013  
4 MK673567.1 2004  23 MK673590.1 2014  
5 MK673566.1 2004  24 MK673589.1 2014  
6 MK673564.1 2004  25 MK673591.1 2014  
7 AY988601.1 2004  26 MK673584.1 2015  
8 MK673568.1 2008  27 K673586.1 2015  
9 JN808863.1 2008  28 MK673585.1 2015  
10 JN808857.1 2008  29 MK673592.1 2015  
11 MK673577.1 2011  30 MK673587.1 2015  
12 MK673574.1 2011  31 FJ513078.1 2007 India (07) 
13 MK673573.1 2011  32 MH523642.1 2018  
14 MK673571.1 2011  33 MH523640.1 2018  
15 MK673578.1 2011  34 MH396625.1 2018  
16 MK673576.1 2011  35 MK673564.1 2018  
17 MK673575.1 2011  36 MK336155.1 2018  
18 MK673570.1 2011  37 MK336156.1 2018  
19 MK673581.1 2012      

 

tion along the length of the codons of the genes (16). 

The analysis results obtained from Excel sheet data 

were used for calculating the total number of synony- 

mous (S) and nonsynonymous (N) mutations and per- 

centage mutations for each of the NiV genes. 

 
Mapping nonsynonymous changes in NiV pro- 

teins. The recorded nonsynonymous mutations in the 

CDS region of six genes were analyzed to study the 

changes in amino acid sequences among all the six 

proteins of NiV. The interactive phylo alignment re- 

sults obtained from SLAC analysis were used to re- 

cord the amino acid changes in proteins of NiV. The 

SLAC method uses the protein sequences deposited 

in the UniProtKB database for the identification of 

changes in amino acids in NiV proteins. The pro- 

tein  sequences  Q9IH62  (Attachment  Glycoprotein 

G), Q997F0 (RNA-directed RNA polymerase L), 

Q9IH63 (fusion protein F), Q9IK90 (matrix protein 

M), Q9IK91(phosphoprotein P), and Q9IK92 (nu- 

cleoprotein  N)  from  Malaysian  origin  were  used 

as references for identification of protein mutations 

among Bangladesh and Indian isolates. Only the 

amino acid changes observed in all the Bangladesh 

and Indian isolates in comparison with Malaysian se- 

quences were selected for proposing the mutational 

models. 

RESULTS 

 
Clustering of NiV human isolates in phylogenetic 

analysis. The phylogenetic analysis of the genome se- 

quences of NiV human isolates showed the divergence 

into three distinct clusters: NiV-Malaysia (NiV-M), 

NiV-Bangladesh (NiV-B), and NiV-India (NiV-I). The 

phylogenetic analysis of human NiV isolates was per- 

formed using thirty-seven sequences, and the results 

of the analysis are shown in Fig. 1. 

 
Analysis of genome variability in NCR and CDS 

regions. The meta-CATS analysis of three geographi- 

cally distinct clusters of human NiV genomes showed 

1636 positions of differences between the three groups. 

The gene locations and the number of variations asso- 

ciated with NCR 3' leader and 5' trailer ends and the 

CDS region of all the NiV genes are shown in Table 2. 

With 159 nucleotide changes, the Fusion protein 

and Attachment glycoprotein genes showed the high- 

est number of variations in the NCR region, while 

the  RNA-directed  RNA  polymerase  gene  showed 

the least number (42) of nucleotide variations. From 

Table 2, it is evident that the Phosphoprotein (P) and 

RNA-directed RNA polymerase (L) in the CDS re- 

gion displayed the highest number of nucleotide vari- 

ations, with 192 and 467, respectively, within the three 
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Fig. 1. Phylogenetic analysis of NiV genome sequences from human samples analyzed by MEGA11 software 

 
clusters. The CDS region of the Matrix protein gene 

showed 77 variations in the CDS region. 

Further, the 3' and 5' NCR regions (positions repre- 

sented in Table 2) of all six genes were analyzed. The 

5' NCR showed a greater number of variations for all 

the six NiV genes than the 3' NCR. Interestingly the 3' 

NCR of nucleoprotein genes showed single nucleotide 

variations indicating sequence conservation amongst 

the others. The total number of nucleotide variations 

observed in NCR and CDS regions of all the NiV 

genes are summarised in Fig. 2. 

Further, the CDS region was analyzed for synony- 

mous (S) and nonsynonymous (N) variation patterns 

in the site-specific codon of each gene. The results 

obtained for the synonymous variations for all the 

six NiV genes are shown in Fig. 3. All the NiV genes 

showed a uniform pattern of changes in codon leading 

to synonymous variations. 

Likewise, the study of the nonsynonymous (N) vari- 

ations associated with the NiV genes also revealed 

a wide range of mutation rates. The phosphoprotein 

gene showed a large number of variations, followed 
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Table 2. Genome-wide variations of NiV genome from different geographical locations. 
 

 
NiV genome regions                                                                      Mutational changes 

 

Gene Location Length CDS 

Location 
NCR 

Location 
NCR 

mutations 
NCR CDS Total 

mutation 
% 

Changes 
N gene 56-2297 2242 113-1711 3':56-112 1 58 101 159 7.1 

    5':1712-2297 57     
P gene 2301-5004 2704 2406-4535 3':2301-2405 12 70 192 262 9.7 

    5':4536-5004 58     
M gene 5008 - 6366 1359 5108 -6166 3':5008-5107 17 56 77 133 9.8 

    5':6167- 6366 39     
F gene 6370 -8706 2337 6654-8294 3':6370-6653 66 159 112 271 11.6 

    5':8295-8706 93     
G gene 8710 -11255 2546 8943-10751 3':8710- 8942 57 159 143 301 11.8 

    5':10752-11255 102     
L gene 11259-18213 6955 11412-18146 3':11259-11411 28 42 467 509 7.3 

    5':18147-18213 14     
 

 

 

Fig. 2. Nucleotide variations associated with the NCR and CDS regions of NiV analyzed by meta-CATS tool 

 
by attachment glycoprotein. The matrix protein gene 

showed the minimum number of mutations, indicating 

its evolutionary conservation over time. The pattern 

and position of nonsynonymous variations associated 

with the codons of NiV genes are represented in Fig. 4. 

 
Mapping nonsynonymous changes in NiV. The 

nonsynonymous changes observed in the six genes 

of NiV were further mapped onto protein sequences 

to identify the changes in the amino acid composition 

of the nucleoprotein, phosphoprotein, matrix protein, 

fusion protein, attachment glycoprotein, and RNA-di- 

rected RNA polymerase of the NiV-B and NiV-I iso- 

lates. To avoid uncertainty about the model proposi- 

tion, only the mutations seen in all of the Bangladesh 

and Indian isolates were used to map the mutations on 

proteins. This is in contrast to mapping the mutations 

on single isolates. The total number of nonsynony- 

mous mutations obtained for all the NiV proteins in 

the NiV-B and NiV-I clusters is shown in Fig. 5.  The 

present analysis revealed a notable mutational propen- 

sity of the phosphoprotein in both NiV-B and NiV-I 

strains. Specifically, a total of 56 mutations were iden- 

tified in the phosphoprotein of NiV-B, while NiV-I ex- 

hibited 66 mutations. However, with only 4 common 

mutations the matrix protein showed the minimum 
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Fig. 3. The synonymous mutation pattern obtained for NiV genes analysed by SLAC analysis. (a) Nucleoprotein gene (b) 

Phosphoprotein gene (c) Matrix protein gene (d) Fusion Protein Gene (e) Attachment glycoprotein gene (d) RNA-directed 

RNA polymerase gene 
 

 

Fig. 4. The nonsynonymous mutation pattern obtained for NiV genes analysed by SLAC analysis. (a) Nucleoprotein gene (b) 

Phosphoprotein gene (c) Matrix protein gene (d) Fusion Protein Gene (e) Attachment glycoprotein gene (d) RNA-directed 

RNA polymerase gene 
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Fig. 5. Distribution of nonsynonymous mutations across 

NiV proteins for NiV-B and NiV-I isolates. 

 
number of mutations in both groups. 

Based on the CDS analysis, the mutation rate is 

found to be slower for nucleoprotein, matrix protein, 

and fusion protein compared with phosphoprotein, 

attachment glycoprotein, and RNA-directed RNA 

polymerase proteins in NiV-B and NiV-I models. The 

matrix protein and fusion protein displayed a few mu- 

tations, which were found to be conserved between 

the two models, except the I15L mutation in the NiV-I 

model. The present findings confirm that both matrix 

and fusion proteins exhibit the highest degree of stabil- 

ity among the entire proteome of NiV. In the compar- 

ative analysis, the investigation of nucleoprotein re- 

vealed the presence of six identical mutations (D387N, 

I429V, G432E, T506D, G508R, and A521T) in both 

models. However, the NiV-I displayed an additional 

four mutations (N457D, L472S, S503N, and P520S). 

The Attachment glycoprotein showed twenty-six mu- 

tations in NiV-B and twenty-seven mutations in NiV-I 

models. Comparative analysis between the models 

showed  two  unique  mutations  in  NiV-B  (K386E, 

and T498K) and three in NiV-I (N288S, I384V, and 

V427I). The RNA-directed RNA polymerase showed 

thirty-two mutations in both models, with three muta- 

tions (R1262K, N2037D, and D2064E) being unique 

to NiV-B and similarly three mutations (I94T, N642Y, 

and D2064E) unique to NiV-I protein. Among all the 

NiV proteins, the phosphoprotein was found to be max- 

imally mutating with 55 and 66 amino acid mutations 

in NiV-B and NiV-I, respectively. The NiV-B showed 

2 unique mutations (S367G, and D388N) wherein the 

NiV-I showed 12 unique mutations (E219G, Q225E, 

R285H, I287L, Q297K, P311L, T386N, P421L, 

S425N, Q449R, A629T, and G683D). The common 

mutations and unique mutations observed in the NiV 

isolates from NiV-B and NiV-I are shown in Table 3. 

 
 
 
DISCUSSION 

 
This study establishes a connection between the ge- 

nomic and gene variations and the changes in NiV 

protein sequences. The formation of the NiV-M and 

NiV-B clades was revealed by phylogenetic analysis 

of NiV genomes, which was consistent with previ- 

ous research published by Rahman et al. (2010) (17). 

The heterogeneity between the isolates from Ban- 

gladesh and India is further supported by the di- 

vergence of NiV-I and the emergence of a distinct 

clade from NiV-B. Even though the human NiV-B 

isolates selected for the investigation varied in time 

by over a decade, no significant year-wise separation 

of sequences into discrete subclades was observed, 

indicating that the human NiV-B isolates exhibited 

significantly fewer variations. The evolutionary rela- 

tionship and pattern of divergence observed among 

the  human  NiV  isolates  from  various  geograph- 

ic locations highlights the necessity of conducting 

a  comprehensive  study on  genomic  diversity  and 

identifying  specific mutations  within  the  genom- 

ic sequences. The metagenomic sequence analysis 

among the NiV-M, NiV-B, and NiV-I provided an 

in-depth assessment of the variation at the NCR and 

CDS regions. The review of the literature highlights 

the significance of the viral genome's NCR regions 

in controlling viral replication, host immune evasion, 

viral persistence, and targeting cellular pathways in- 

volved in infection regulation. The literature survey 

highlights the importance of NCR regions of the vi- 

ral genome in modulating viral replication, host im- 

mune evasion, and viral persistence and targets cel- 

lular pathways associated with regulating infection 

(18, 19). In an investigation utilising the NiV viral ge- 

nome, it was observed that the 3′ non-coding regions 

(NCRs) of the RNA-directed RNA polymerase gene 

exert a significant influence on the establishment of 

a transcriptional gradient (20). In the current study, 

the meta-CATS analysis using NiV human isolates 

showed a higher number of variations in the NCR 

region of the fusion and attachment glycoprotein 

genes. The variation at the 5' trailer end of all the 

NiV genes was found to be higher than the 3' leader 

end, except for the RNA-directed RNA polymerase 

gene. The 3' leader end of the nucleoprotein gene 

was found to be highly stable among the isolates, and 

this finding further validates the use of the N gene 

3' leader end in the Reverse Transcription Loop-Me- 

diated Isothermal Amplification (RT-LAMP) assay 
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Table 3. List of nonsynonymous mutations associated with NiV-B and NiV-I along with common and unique mutations of 

each group 

 
Proteins Common Mutations Unique Mutations 

NiV-B NiV-I 
 

Nucleoprotein Q9IK92 (532) 

Phosphoprotein Q9IK91 (709) 

D387N, I429V, G432E, T506D, G508R, A521T 
 

 
Q41R, D69G, N74S, Y139H, T140S, N147D, M156V, N179D, 

T183A, V191I, L195P, R196K, D200V, K218R, G223D, S227N, 

D269E, V275A, G277R, N280I, I283V, T286I, I292T, N295S, 

A298I, D300G, S303P, T304A, V306A, E319K, P320S, R343Q, 

L351F, C354S, P363L, H365Y, W366R, R370A, I372R, V380T, 

N381S, G382D, R389K, A410E, A452V, S453P, A455V, V464A, 

R505K N457D, L472S, 

S503N, P520S, 

S367G, E219G, Q225E, 

D388N  R285H, I287L, 

Q297K, P311L, 

T386N, P421L, 

S425N, Q449R, 

A629T, G683D, 

 
Matrix Protein Q9IK90 (352) 

V467A, N590S, I602V, E635G, I664V, K687R 

H26N, I127V, S147G, I331V 
 

--                      - 
Fusion protein Q9IH63 (546) 

Attachment Glycoprotein 

Q9IH62 (602) 

V2A, D6N, C9Y, C11S, V42I, S273G 

A3T, N5S, T14A, I20N, V82M, G89S, R172K, R236K, P274S, 

T299V, S325N, G328E, G329S, L335F, S339N, R344M, T385A, 

-                    I15L 

T498K      N288S, I384V, 

K386E              V427I 

 
RNA-directed RNA 

G421E, P424S, V426I, L470Q, N481D, I502V, I545V 

R36K, D71N, I77V, V252I, E533D, R621K, Y625C, S640P, H658Y, 
 

R1262K,      I94T, N642Y 
Polymerase R703K, K783E, I890V, L1154I, K1157R, R1181K, V1494A, N2037D 
Q997F0 (2244) S1551A, V1577I, S1645Y, S1658N, V1707M, A1791S, R1801K,  
 T1896A, V2027I, K2031R, D2064E, Q2071H, C2159R, N2216S  

 

for NiV detection (21). Hence, the findings associat- 

ed with the NCR variability observed in human NiV 

isolates hold significant implications for elucidating 

the intricate dynamics underlying viral-host gene in- 

teractions. The observed outcomes can be correlated 

with the distinct clinical manifestations observed in 

human viral isolates of NiV-M and NiV-B (9). 

The mutational landscape obtained for NiV-B and 

NiV-I in comparison with NiV-M shows a distinct 

pattern of mutations for all the proteins of NiV. This 

analysis  deciphered  the  highly  mutating  proteins 

and stable proteins in NiV human isolates from the 

geographical locations of the outbreak. The present 

analysis constitutes a crucial component of current 

viral investigations, as changes in codons leading to 

nonsynonymous mutations within CDS regions exert 

a direct influence on protein structure and functions. 

Additionally, research on SARS-CoV-2 has shown 

that changes in the CDS regions cause changes in 

the secondary structure and solvent accessibility of 

proteins (22). Moreover, the specific nonsynonymous 

mutations of the Nsp3 protein of SARS-CoV-2 have 

been shown to interfere with epitope recognition 

altering the pathogenicity (23). The highly mutat- 

ing phosphoprotein of NiV as reported in this study 

is known to interact with the host cellular proteins 

shutting the host immune system and also interacts 

with the RNA-directed RNA polymerase (L) along 

with nucleocapsid protein of the self-genome regu- 

lating the transcription and replication process (24). 

Phosphoprotein with a dual role associated with the 

high number of mutations could provide a platform 

for evaluating the impact of these mutations at the 

experimental level for studying host-virus interaction 

patterns leading to changes in pathogenicity. In an 

earlier comparative study of NiV isolates from bats 

and humans from Bangladesh, regions reported 143 

amino acid changes across attachment glycoprotein, 

matrix protein, fusion glycorptoein, phosphoprotein, 

and nucleoprotein (25), wherein our study compared 

the NiV human isolates between NiV-B and NiV-M 

showed 131 mutations across all the six NiV proteins 

with phosphoprotein showing the highest number of 

mutations. 
 

 
 

CONCLUSION 

 
In this investigation, a comparative genomic anal- 

ysis was undertaken to examine the genomes of NiV 

isolates derived from various geographical regions 

affected by outbreaks. The primary objective was to 
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assess the genetic diversity and identify any discern- 

ible patterns in the nucleotide composition. As a re- 

sult, the genomes were observed to cluster into three 

distinct clades, indicating significant variations in 

their nucleotide sequences. This study demonstrates 

the importance of comparing NiV genes and pro- 

teins from different geographical groups. It provides 

insights into the stability and variability of the gene 

and protein of NiV, validating the use of the Nucleo- 

protein gene as a diagnostic tool for virus identifica- 

tion through PCR analysis. In addition, the research 

findings also suggest the use of the matrix protein 

in developing broad-spectrum pharmaceutical inter- 

ventions for the NiV outbreak. The mutational pat- 

tern deduced for phosphoprotein through this study 

provides a preliminary reason for the observed dif- 

ferential clinical symptoms and mortality rate. The 

smaller number of sequence data from NiV isolates 

from the Indian region forms a limitation to conclude 

the mutational landscape for Indian isolates. Further 

comparative experimental studies at the protein level 

are required to decipher the exact role of these pro- 

teins in host-pathogen interactions. 
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