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ABSTRACT 

Context: Rotavirus is the main cause of acute diarrhea among children under five years old. Meanwhile, NSP4 has a role in the development of secretory 
diarrhea. The NSP4 genotype is divided into 21 genogroups (E1-E21). Information related to rotavirus infection and the role of NSP4 pathogenesis in 

humans has not yet been described clearly, along with the limited information on the association between NSP4 and VP4. 

Aims: To determine the genotype and mutation of NSP4 and analyze the mutation of NSP4 with VP4 genotype and diarrhea severity. 

Methods: A total of 51 rotavirus-positive samples were collected from children with acute diarrhea between August-December 2016 and June-August 2018 

from two hospitals and two primary healthcare centers in Bandar Lampung, Indonesia. The severity of diarrhea data was collected by observation, 
interviews with the parents or guardians, and medical records based on Ruuska and Vesikari's scores. Identification of the VP4 gene was completed using 

primers from the WHO Manual of RV Detection and Characterization Methods protocols. P types of these samples were then determined by sequencing 

methods. DNA amplification for NSP4 gene was carried out using the primers described previously. Lastly, the amplified viral genes were subjected to 

sequence analysis.   

Results: In this study, amino acids substitution was found in H1, H2, H3 domain, enterotoxin region, VP4-binding site, and VP6-binding site from E1 and 
E2 genotype. Unusual combination occurred between P[8] genotype and E2 with amino acid substitution at position 72 in children with severe diarrhea. 

The enterotoxin region mutation at position 129 and hydrophobic domain H1 at position 14 mostly existed in the NSP4 sequence associated with P[4] 

and in children with severe diarrhea. 

Conclusion: This finding indicated that amino acid variation in the NSP4 sequence related to VP4 genotype but had no association with diarrhea severity. 

Keywords: NSP4; mutation; VP4 genotype; severity. 

INTRODUCTION 

Diarrhea is one of the main causes of death in 
children under five years, while rotavirus diarrhea is 
the main cause of acute diarrhea in children (CDC, 
2013). The morbidity and mortality rates due to 
rotavirus diarrhea do not differ between developed and 
developing countries. Rotavirus was estimated to cause 
528,000 deaths in 2000 worldwide (Tate et al., 2012).  

The pathogenesis of rotavirus is related to non-
structural protein 4 (NSP4) or enterotoxin (Tian et al., 
1996). NSP4 plays a role in the development of 
secretory diarrhea by activating calcium-dependent 
chloride channels (Hyser et al., 2010). The NSP4 protein 
is important for rotavirus morphogenesis and 
stimulates the immune response. Subsequently, the 

NSP4 gene can be targeted for vaccine development 
(Trask et al., 2012). The NSP4 genotype is divided into 
21 genogroups (E1-E21) (Matthijnssens and Theuns, 
2015) and has 175 amino acids (aa) with multiple 
domains (Bergmann et al., 1989). 

The information on whether any association occurs 
between rotavirus infection and the characterization of 
NSP4 sequence in humans is still limited. Some reports 
indicate amino acid substitution in the NSP4 sequence 
nowadays, such as in India (Srivastava et al., 2015) and 
Mexico (González-Ochoa et al., 2013). An experimental 
study revealed that a mutation in the NSP4 sequence 
affects the enterotoxin properties of the protein (Ball et 
al., 2013). Another study showed an association of 
NSP4 genotype with P genotyping (Bertol et al., 2015; 
Teimoori et al., 2018) found in the common combination 

https://jppres.com/
https://doi.org/10.56499/jppres23.1760_12.s1.37
http://jppres.com/
mailto:soetjipto1950@gmail.com
https://orcid.org/0000-0003-2203-5565


Ana et al. NSP4 mutation and VP4 rotavirus genotype in children with severe-moderate diarrhea 

 

http://jppres.com  J Pharm Pharmacogn Res (2024) 12(suppl. 1): S38 

 

between NSP4-VP4 such as P[4]/E2 P[8] or P[6] with E1 
(Bertol et al., 2015; Benati et al., 2010). However, the 
information about this association has not yet been 
described clearly. 

In this study, an analysis of the NSP4 rotavirus 
sequence in children with moderate-severe diarrhea 
was completed to determine the genotype and 
mutation and its association with the VP4 genotype and 
diarrhea severity. 

METHODOLOGY 

Material and methods samples 

Between August-December 2016 and June-August 
2018, 51 rotavirus-positive samples were collected from 
children with acute diarrhea at two hospitals and two 
primary healthcare centers in Bandar Lampung, 
Indonesia. 

Diarrhea severity  

Data on the severity of diarrhea was taken based on 
Ruuska and Vesikari scores. These data include 
diarrhea frequency, diarrhea duration, vomiting 
duration, dehydration, fever, therapy, and vomiting 
frequency (Ruuska and Vesikari, 1990). The 
classification of the data set was made based on the 
score, namely mild diarrhea (≤7), moderate diarrhea (7-
10), and severe diarrhea (≥10). The data were collected 
by interviewing parents or guardians, observing, and 
checking their medical records. 

RNA extraction and cDNA synthesis  

A 10% fecal suspension in phosphate-containing 
saline was extracted to obtain Viral RNA using the 
QIAmp® Viral RNA Mini Kit (Qiagen, Germany). 
Subsequently, the extracted RNA was synthesized into 
cDNA using Superscript® III Reverse Transcriptase 
(Invitrogen, USA) according to the manufacturer's 
instructions. Lastly, DNA amplification for VP4 and 
NSP4 genes was carried out with the Taq PCR Master 
Mix kit (Qiagen, Hilden, Germany). 

VP4 genotyping 

Identification of the VP4 gene was implemented 
using primers VP4F and VP4R from the WHO Manual 
of RV Detection and Characterization Methods 
protocols (WHO, 2009). The nucleotide length of VP4 
was 661 bp. VP4 genotype of these samples was 
determined by sequencing methods (Macrogen, South 
Korea). 

Sequencing of NSP4 and analysis  

DNA amplification for the NSP4 gene was 
completed using the primers described previously 
(Bányai et al., 2009). The nucleotide length of NSP4 was 
725 bp. Sequence analysis of VP4 and NSP4 genes was 
done by utilizing Macrogen, South Korea. Then, the 
sequencing data was compiled and aligned using 
MEGAX software. The accession numbers of the 
reference strains used in the analysis were Wa [E1] 
(AF093199) and DS-1 [E2] (HQ650125). 

RESULTS AND DISCUSSION 

Characteristics and diarrhea severity of samples  

The results of the rotavirus diarrhea’s severity 
showed that there were only two degrees of severity, 
namely 26 cases (92.9%) with severe diarrhea and two 
cases (7.1%) with moderate diarrhea (Table 1). There 
was no mild diarrhea in this case. The difference in 
percentage based on sex was sixteen (57.15%) cases in 
boys and twelve (42.85%) cases in girls. Most of the cases 
of rotavirus diarrhea (64.3%) were related to children 
under two years of age. Not all patients were vaccinated 
with the rotavirus vaccine. 

NSP4 and VP4 genotype and gene constellation  

Genotyping analysis of rotavirus in 28 samples 
displayed the following results: P[4] in 8 cases (28.6%) 
and P[8] in 20 cases (71.4%). P[6] genotype was not 
detected in the samples. The detected NSP4 genotypes 
included E1 (6 cases, 21.4%) and E2 (22 cases, 78.6%). In 
all P samples, the constellation of P[4] was associated 
with E2. Besides, P[8] genotype was associated with E2 
(50%) and E1 genotype (21.4%). 

Analysis of NSP4 sequences  

This study obtained 51 positive samples of 
Rotavirus. NSP4 coding gene sequence analysis 
produced 28 high-quality sequences (175 aa). To 
determine the genotype of NSP4, an online web 
application, RotaC2.0, was used. Mutations utilizing 
the amino acid sequence (aa) in the sample strains on 
their reference strain with the genotypes E2 and E1 are 
shown in Fig. 1A-B, respectively. 

In the interspecies variable domain (ISDV) (aa131-
141), aa replacement had been noticed at position 141. 
In the VP4 binding site (aa112-148), aa substitutions 
were frequently detected at positions 142 and 145. In 
the VP6-binding site (aa 157-175), aa substitutions were 
displayed at positions 161 and 169 (Fig. 1A). 

http://jppres.com/


Ana et al. NSP4 mutation and VP4 rotavirus genotype in children with severe-moderate diarrhea 

 

http://jppres.com  J Pharm Pharmacogn Res (2024) 12(suppl. 1): S39 

 

 

Table 1. Characteristics of the infected children and the analysis of  the diarrheal severity score based on Ruuska and Vesikari (1990) score 

(n =28). 

Diarrhea severity  Incidence 
Sex  Age (months) 

Male  Female  0-6 7-23 24-60 

Moderate (7-10) 2 (7.1%) 1 (3.55%) 1 (3.55%) 0  0 2 (7.1%) 

Severe (≥11) 26 (92.9%) 15 (53.6%) 11 (39.3%) 7 (25.05%) 18 (64.3%) 1 (3.55%) 

 
 

A 

 

B 

 

Figure 1. Multiple alignments of NSP4 E1 (A) and NSP4 E2 (B). 
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NSP4 amino acid mutations of the E2 genotype were 
presented in the hydrophobic region H1 (aa7-21) at 
position 14, nonpolar aa isoleucine replacing nonpolar 
aa valine. This hydrophobic region H1 mutation 
occurred in the NSP4 sequence associated with P[4] (six 
cases) and P[8] (one case) from samples collected in 
2018. At position 19, non-charged aa substitution was 
detected in all samples. In hydrophobic region H2 
(aa29-47) at position 31, nonpolar aa tryptophan 
substituted nonpolar aa alanine, and at position 45, 
non-charged aa threonine replaced nonpolar aa alanine. 
In hydrophobic region H3 (aa67-85) at position 72, 
nonpolar aa valine acted as a locum for nonpolar aa 
isoleucine. This hydrophobic region H3 mutation 
occurred in the NSP4 sequence associated with samples 
collected in 2016. In the interspecies variable domain 
(ISDV) (aa131-141), the replacement of aa had been 
noticed at positions 137, 139, and 140. In the VP6-
binding site (aa 157-175), aa substitutions were detected 
at positions 161, 163, and 173. At position 154, diarrhea-
inducing motifs 114-135 (enterotoxin region) in the E2 
genotype had a mutation at position 129 in which polar 
aa histidine stood in for polar aa arginine (Fig. 1B). 

These six cases from the E2 genotype had a mutation 
in the hydrophobic domain H1 and enterotoxin region 
mutation associated with P[4] and one case with P[8] 
from samples in 2018. This mutation (85.7%) was found 
mostly in children with severe diarrhea. However, 
amino acid substitution in the H3 domain at position 72 
was found in samples collected in 2016 without any 
mutation in the hydrophobic H1 domain and 
enterotoxin region at position 129. All samples were 
related to the P[8] genotype in children with severe 
diarrhea (92.8%). 

P[8] and P[4] genotypes were predominant in 
several countries, such as Iran (12), China (19), and 
Thailand (20). Common VP4 genotypes in humans are 
P[4], P[6], and P[8] (Edwards and Beris, 1989). The most 
common NSP4 genotypes are E1 (Wa-like), E2 (Kun-
like), and E3 (AU-1) (Matthijnssens et al., 2011). 

Previous studies showed that genotype P[4] is 
associated with E2 (Bertol et al., 2015; Teimoori et al., 
2018), whereas P[8] genotype is associated with 
genotype E1 (Ben Hadj Fredj et al., 2012; Teimoori et al., 
2018). The combination of P[4]/E2 and P[8]/E1 is 
commonly found in Rotavirus human strains (Bertol et 
al., 2015; Benati et al., 2010). Significantly, this study 
identified an unusual combination of P[8] associated 
with E2 (50%). In recent years, this linkage was also 
found in other studies of new strains (Cowley et al., 

2018; Perkins et al., 2017; Utsumi et al., 2018). Based on 
the collection year, this combination was found in 
samples collected in 2016 and 2018. This result might 
explain that the unusual combination is not determined 
by the collection year. Another research report showed 
that findings of the unusual linkage of NSP4 and VP4 
were also found in other reports (Bertol et al., 2015; 
Mukherjee et al., 2011). This finding indicates that 
variations in linkage between proteins are probably 
related to the new strains. Information about this result 
can be used to monitor the emergence of new rotavirus 
strains. 

Multiple alignments performed amino acid changes 
in several positions. There were amino acid changes 
mostly in the E2 genotype at H1 and H2 domains, 
enterotoxin domains, VP4-binding sites, ISDV, and VP-
6 binding sites associated with P[4]. Mostly E2 
genotypes associated with P[4] have mutated in 
position 14 (H1 domain) and 129 (enterotoxin region). 
Even though position 129 is an enterotoxin region, this 
is part of the VP4-binding site sequence. NSP4 binds 
VP4 protein in morphogenesis at aa 112-148 (Au et al., 
1989). The VP4-binding site (aa 112-148) consists of the 
interspecies variable domain (ISDV) from aa 131-141 
(Ball et al., 2013). In E1 and E2 genotypes, a mutation 
was detected in this domain, reflecting amino acid 
mutations according to genotype. Amino acid mutation 
in other positions from the VP4-binding site and in the 
VP6-binding site was identified in these results in E1 
and E2 genotypes, respectively, displayed mutation 
according to genotype (Srivastava et al., 2015). This 
amino acid substitution was reported in the E2 
sequence from India (Srivastava et al., 2015). 

Amino acids substitution in the H3 domain at 
position 72 was discovered in samples collected in 2016 
related to the P[8] genotype, but this mutation was not 
found in samples collected in 2018 that were associated 
with genotype P[8]. Furthermore, the NSP4 protein has 
three hydrophobic domains: H1 (aa 7-21), H2 (aa 28-47), 
and H3 domain (67-85) (Bergmann et al., 1989). The H3 
domain is a conserved domain in the E1 genotype, as is 
the case in other studies in India (Bergmann et al., 1989). 
In this study, the H3 domain as a conserved domain 
was only found in the E1 genotype, different from the 
E2 genotype associated with P[8]. 

However, the related explanation of amino acid 
changes in E2 is the virus reassortment as part of the 
evolution of rotavirus (Montassier, 2010), resulting in 
the emergence of new combinations. It is not yet known 
whether amino acids in this H3 domain also contribute 
to the differences in NSP4 genotypes associated with 
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NSP4-VP4 interactions. Thus, further research is 
needed. The limitation of this study was the unrevealed 
finding of P[6] and E3 genotypes. 

CONCLUSION 

Most genotypes P[4] and P[8] rotaviruses have been 
found in combination with E2 genotypes. Unusual 
combinations of genotypes P[8] and E2 were 
discovered. The amino acid substitution was displayed 
in the hydrophobic region H1, H2, H3, an interspecies 
variable domain (ISDV), enterotoxin region, VP4-
binding site, and VP6-binding site. The substitution of 
amino acids was only detected at position 72, which is 
associated with the P[8] genotype. The change of 
enterotoxin region (at position 129) was only revealed 
in the sample sequence associated with the P[4] 
genotype. There was no association between changes in 
the amino acid mutation of the rotavirus NSP4 gene 
and the severity of diarrhea in Lampung. However, it 
was associated with VP4 genotype linkage.  
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