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Group A rotaviruses (RVAs) are the leading cause of acute gastroenteritis, which is often 
associated with severe symptoms in children under 5 years old. Genetic reassortments 
and interspecies transmission commonly occur, resulting in a great diversity of RVA 
circulating in the world. The aim of this study is to determine the prevalence and distribution 
of RVA genotypes among children in Indonesia over the years 2016–2018 across 
representative areas of the country. Stool samples were collected from 202 pediatric 
patients with acute gastroenteritis in three regions of Indonesia (West Nusa Tenggara, 
South Sumatra, and West Papua) in 2016–2018. Rotavirus G and P genotypes were 
determined by reverse transcription PCR (RT-PCR) and direct sequencing analysis. The 
prevalences of RVA in South Sumatra (55.4%) and West Papua (54.0%) were significantly 
higher than that in East Java (31.7%) as determined in our previous study. The prevalence 
in West Nusa Tenggara (42.6%) was the lowest among three regions, but higher than that 
in East Java. Interestingly, equine-like G3 rotavirus strains were found as predominant 
strains in South Sumatra in 2016 and in West Papua in 2017–2018. Moreover, the equine-
like G3 strains in South Sumatra detected in 2016 were completely replaced by human 
G1 and G2 in 2018. In conclusion, RVA infection in South Sumatra and West Papua was 
highly endemic. Equine-like G3 strains were also spread to South Sumatra (West Indonesia) 
and West Papua (East Indonesia), as well as Java Island. Dynamic change in rotavirus 
genotypes from equine-like G3 to human genotypes was also observed. Continuous 
monitoring may be warranted in isolated areas in Indonesia.
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INTRODUCTION

Diarrheal disease is one of the major causes of morbidity and 
mortality in children throughout the world, especially in 
developing countries (Jain et  al., 2016; Hakim et  al., 2018; 
Ugboko et  al., 2020). Rotavirus A (RVA) is the most common 
etiologic viral agent causing gastroenteritis in infants and young 
children worldwide (Chen et al., 2006; Tran et al., 2010; Hakim 
et  al., 2018; Badur et  al., 2019; Lestari et  al., 2020). In 2016, 
RVA was responsible for 128,500 deaths globally among children 
under 5  years old (Troeger et  al., 2018). The prevalence of 
RVA in children in Indonesia was 37.5% over the years 1977–
1999, and was increased to 45.5% in 2004–2005 (Putnam et al., 
2007; Radji et  al., 2010). RVA infection causes severe acute 
gastroenteritis among children and is responsible for 
approximately 60% of inpatients and 41% of outpatients in 
pediatric hospitals, respectively (Nirwati et  al., 2017; Utsumi 
et  al., 2018). RVA is responsible for 2% mortality of all causes 
in children under 5 years old in Indonesia (Parwata et al., 2016).

RVA is a double-stranded RNA virus belonging to the Reoviridae 
family. The RVA genome consists of 11 RNA segments and encodes 
six structural proteins (VPs) and six non-structural protein (NSPs; 
Fujii et  al., 2019). Based on the antigenicity of the middle layer 
VP6, rotavirus is serotyped into at least seven species or groups. 
There are two outer capsid proteins denoted as VP7 (glycoprotein) 
and VP4 (protease-sensitive) that are used for classification of G 
and P genotypes, respectively. To date, 36 G-genotypes and 51 
P-genotypes have been recognized by the Rotavirus Classification 
Working Group (2019).1 The most common G-types in humans 
are G1–G4 and G9, and the most common P-types are P[4], 
P[6], and P[8] (Santos and Hoshino, 2005). The most common 
G-P combinations are G1P[8], G2P[4], G3P[8], G4P[8], and 
G9P[8] (Dóró et  al., 2014). These genotypes have also been the 
predominant genotypes circulating in Indonesia (Hakim et  al., 
2018; Athiyyah et  al., 2019).

Previous studies reported that genetic reassortments commonly 
occur in RVA, resulting in a great diversity of wild-type and 
interspecies transmission circulating in the world (Matthijnssens 
et  al., 2011; Cowley et  al., 2016; Dóró et  al., 2016; Komoto 
et  al., 2016; Doan et  al., 2017; Utsumi et  al., 2018). Indeed, 
we  demonstrated an uncommon RVA genotype, equine-like 
G3 as a predominant genotype in East Java, Indonesia in 
2015–2017. Whole genome sequencing revealed that the 
predominant strains were inter-genogroup reassortants consisting 
of equine-like G3 VP7, P[8] VP4, and genogroup  2 backbone 
I2-R2-C2-M2-A2-N2-T2-E2-H2 (the DS-1-like backbone; Utsumi 
et  al., 2018; Athiyyah et  al., 2019). Phylogenetic analyses in 
VP7 and VP4 revealed that the strains were classified into 
equine-like G3P[8] and P[6], and the VP7 genes were genetically 
close to those of the equine strain, which was also found in 
Yogyakarta, Indonesia in 2018 (Nirwati et  al., 2019). However, 
there have been no reports in other regions of Indonesia. 
Equine-like G3 strains have also been found in some  
other countries (Arana et  al., 2016; Cowley et  al., 2016;  
Dóró et  al., 2016; Guerra et  al., 2016; Komoto et  al., 2016). 

1�https://rega.kuleuven.be/cev/viralmetagenomics/virus-classification/newgenotypes

In addition to detection of the equine-like G3 genotype, we found 
a dynamic genotype change from equine-like G3 mentioned 
above reverting back to typical human G1 with genogroup  1 
(Wa-like) constellation (human G1 VP7, P[8] VP4, and 
genogroup 1 backbone I1-R1-C1-M1-A1-N1-T1-E1-H1) in East 
Java, Indonesia (Athiyyah et al., 2019). A report from Australia 
mentioned that equine-like G3P[8] was more common in the 
regions where the Rotarix® vaccine was used (Roczo-Farkas 
et  al., 2016). Since RVA vaccines have not yet been included 
in a national immunization program, no data on the impact 
of RVA vaccination are available in Indonesia. Moreover, studies 
on the rotavirus genotypes are crucial to obtain fundamental 
data regarding the genotypes circulating in the pre-vaccination 
era in Indonesia. This study was conducted to determine the 
prevalence of RVA in regions other than Java Island, Indonesia 
and to analyze the RVA genotypes.

MATERIALS AND METHODS

Sample Collection
A total of 202 stool samples were collected from pediatric 
patients who were hospitalized due to acute gastroenteritis at 
two hospitals and two health centers in Lampung (South Sumatra), 
a hospital in Sorong (West Papua), and a hospital in Dompu 
(West Nusa Tenggara). Seventy-four samples were collected in 
South Sumatra in 2016 and 2018, 74 were collected in West 
Papua in 2017–2018, and 54 were in West Nusa Tenggara in 
2018. The results from our previous study utilizing the samples 
collected in East Java in 2015–2018 (Athiyyah et  al., 2019) 
were referenced for comparison in this study. The year and 
the duration of sample collection depended on the location. 
We  could not collect stool samples in 2017  in South Sumatra 
because the permission procedure for sampling had been delayed 
there. The study population ranged in age from birth to 15 years. 
Subjects were classified into seven age groups: <6, 6–11, 11–23, 
24–35, 36–47, 48–59, and ≥60  months. Acute gastroenteritis 
was defined as the occurrence of ≥3 watery or looser-than 
normal stools per day for fewer than 14 days. Informed consent 
for participation was obtained by each parent or guardian of 
the participants. Ethical approval was obtained from the ethics 
committees of the participating institutions, i.e., Airlangga 
University in Indonesia and Kobe University in Japan. The stool 
samples were collected and stored at −20°C in each facility 
before being transported to the Institute of Tropical Disease, 
Airlangga University, Surabaya, Indonesia. Stool samples were 
transported in refrigerated boxes to the Institute of Tropical 
Disease, and stored at −80°C until laboratory testing.

Rotavirus Detection by Immunoassay
All stool samples were tested for the presence of RVA antigen 
by the immunochromatography method using a Dipstick 
“Eiken” Rota kit (Eiken Chemical, Tokyo) according to the 
manufacturer’s instructions. The sensitivity and specificity of 
Dipstick “Eiken” Rota kit were 95.8 and 93.3%, respectively, 
when compared with reference reverse transcription PCR 
(RT-PCR) method (Khamrin et  al., 2011).
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RNA Extraction and RT-PCR Genotyping
Ten percent (wt/vol) stool suspensions were prepared with 
sterile distilled water and clarified by centrifugation at 21,000 × g 
for 10  min. Viral RNA was extracted from 140  μl of the 
supernatant with a QIAamp Viral RNA mini Kit (Qiagen, 
Hilden, Germany). RNA was eluted with 60  μl of RNase-, 
DNase-free water. All samples that were determined to be positive 
by immunochromatography test were subjected to genotyping 
in the VP7 (G typing) and VP4 genes (P typing) by multiplex 
RT-PCR. The VP7 and VP4 primer sets we  used had been 
previously described (Athiyyah et  al., 2019). In particular, the 
VP7 primer set allowed us to correctly identify equine-like 
G3 among the other epidemic strains (G1, G2, typical human 
G3, G4, G8, G9, and G12; Fujii et  al., 2019).

The RNA samples were initially incubated at 65°C for 5 min 
with the first PCR primers. Subsequently, reverse transcription 
reaction was performed at 45°C for 10  min and at 94°C for 
2  min, followed by 40  cycles of amplification (at 98°C for 
10  s, at 50°C for 15  s, and at 68°C for 40  s), with a final 
extension at 68°C for 3  min. One μl of diluted (50-fold) first 
PCR products was then used for a second PCR. The initial 
denaturation step was conducted at 98°C for 10  min, followed 
by 20  cycles of amplification (at 98°C for 10  s, at 50°C for 
15  s, and at 68°C for 60  s), with a final extension at 68°C 
for 3  min. Both negative and positive controls were included 
in each experiment.

Direct Sequencing and Phylogenetic 
Analysis
To further investigate RVA genotypes in G and P typing and 
sequence RVA genomes, all VP7 and VP4 PCR-positive samples 
were sequenced. The sequences were determined directly from 
the PCR products with a BigDye terminator ver. 3.1  cycle 
sequencing kit using an Applied Biosystems 3500XL Genetic 
Analyzer (Applied Biosystems, Waltham, MA, United  States). 
Phylogenetic analyses were performed based on the nucleotide 
sequences of the amplified VP7 and VP4 genes by RT-PCR. 
Representative strains for each G- and P-genotype successfully 
sequenced were selected for phylogenetic analyses. Reference 
sequences were retrieved from the DNA Data Bank of Japan/
European Molecular Biology Laboratory/GenBank databases. 
Alignments were performed using the CLUSTAL X (version 
1.83) software, and phylogenetic trees were constructed by the 
neighbor-joining method. To confirm the reliability of 
phylogenetic tree analysis, bootstrap resampling, and 
reconstruction were carried out 1,000 times. These analyses 
were carried out using Molecular Evolutionary Genetic Analysis 
(MEGA4) software (Tamura et  al., 2007). The gene sequences 
described in the present study have been deposited in the 
GenBank database under accession numbers LC597263–
LC597321 and MW840090–MW840135.

Statistical Analysis
Statistical analysis was performed using SPSS Statistics 17.0 
(Advanced Analytics, Tokyo). Chi-square test or Fisher’s exact 
test was used to compare between the rotavirus prevalences 

and locations where samples were collected, sex and age groups. 
Results were considered statistically significant at p  <  0.05.

RESULTS

Prevalence of RVA Infection
RVA was detected from 104 samples as confirmed by PCR 
among 105 immunochromatography positive samples, accounting 
for 55.4% (41 of 74) of pediatric patients in South Sumatra 
in 2016 and 2018, 50.4% (40 of 74) of pediatric patients in 
West Papua in 2017–2018, and 42.6% (23 of 54) of pediatric 
patients in West Nusa Tenggara in 2018, respectively (Table 1).

RVA infections were detected among all age groups in this 
study. All 202 pediatric patients were analyzed to determine 
the age- and sex-specific prevalence. As demonstrated in Table 2, 
RVA infection was most prevalent in the 12–23  month age 

TABLE 1  |  Prevalence of rotavirus A (RVA) infection among children with acute 
gastroenteritis during 2015–2018 in four islands in Indonesia.

Location and year sample 
collected

Total patients 
tested

Percentage of patients 
with rotavirus positive 

by PCR

Lampung-South Sumatra (2016 
and 2018, this study)

74
41 (55.4%)*

Sorong-West Papua (2017–2018, 
this study)

74 40 (54.0%)**

Dompu-West Nusa Tenggara 
(2018, this study)

54 23 (42.6%)

Surabaya-East Java† (2015–2018, 
previous study)

432 137 (31.7%)*,**

†Athiyyah et al., 2019.
*p < 0.01.
**p < 0.01.

TABLE 2  |  Age- and sex-specific prevalence of rotavirus infection in  
2016–2018 in West Nusa Tenggara, South Sumatera, and West Papua.

Characteristics Number of 
patients (%)

(n = 202)*

Rotavirus positive 
(%)

(n = 104)**

Sex

  Male 117 (57.9%) 68 (65.4%)
p < 0.05  Female 82 (40.6%) 34 (32.7%)

  NA 3 (1.5%) 2 (1.9%)

Age (months)

  <6 46 (22.8%) 20 (19.2%)
  6–11 47 (23.3%) 26(25.0%)
  12–23 57 (28.2%) 38 (36.5%)
  24–35 18 (8.9%) 6 (5.8%) p < 0.05
  36–47 8 (4.0%) 4 (3.9%)
  48–59 5 (2.5%) 2 (1.9%)
  ≥60 9 (4.4%) 2 (1.9%)
  NA 12 (5.9%) 6 (5.8%)

*patients with acute gastroenteritis. 
**RVA PCR positive. 
NA, no data available.
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group, and the RVA prevalence in children <24  months old 
was significantly higher than those ≥24 months old (p < 0.05). 
A significant difference in RVA prevalence was observed between 
males and females (p  <  0.05; Table  2).

Distribution and Transition of the RVA G 
and P Genotypes
G genotypes were found in 98 of 104 pediatric patients with 
RVA-related gastroenteritis, while P genotypes were found in 
88 cases by PCR. Consequently, G- and P-typing by PCR 
failed in 16 and 26 cases, respectively. The four RVA G genotypes 
observed during the study period were human G1, G2, G9, 
and equine-like G3, and the 3 P genotypes were P[4], P[6], 
and P[8]. With respect to the G genotypes, in South Sumatra, 
the equine-like G3 strain was determined to be  the dominant 
genotype (22/22, 100%) in 2016, and this strain was completely 
replaced by typical human G1 (11/16, 68.8%) and G2 (5/16, 
31.2%) in 2018 (data unavailable in 2017; Figure  1). In West 
Papua, the equine-like G3 genotype was found to be predominant 
in 2017–2018 (Figure  1). In West Nusa Tenggara, the most 
prevalent genotype was human G1 (18/23, 78.3%), followed 
by G9 (3/23, 13.0%,), and G2 (2/23, 8.7%) in 2018 (Figure  1). 
For the P genotypes, in South Sumatra, P[8] was determined 
to be  the dominant genotype (22/22, 100%) in 2016, while 

P[4] (7/16, 43.8%) and P[8] were detected (9/16, 56.2%) in 
2018. In West Papua, the most prevalent genotype was P[8] 
(21/23, 91.3%), followed by P[6] (2/23, 8.7%) in 2017–2018. 
In West Nusa Tenggara, the most prevalent genotype was P[8] 
(21/23, 91.3%), followed by P[4] (8.7%) in 2018.

A total of 84 samples had both G- and P-type combinations 
while the remaining 20 only had either one of them successfully 
typed by PCR. Among them, the most common G-P combinations 
in West Papua in 2017–2018 were equine-like G3P[8] (21/23, 
91.3%), followed by equine-like G3P[6] (2/23, 8.7%); in West 
Nusa Tenggara in 2018 they were G1P[8] (18/23, 78.3%), followed 
by G9P[8] (3/23, 13.0%) and G2P[4] (2/23, 8.7%); in South 
Sumatra in 2016, the most common combination was equine-
like G3P[8] (22/22, 100%); and in South Sumatra in 2018, the 
most common combinations was G1P[8] (9/56, 56.3%), followed 
by G2P[4] (5/16, 31.2%) and G1P[4] (2/16, 12.5%; Table  3).

Nucleotide Sequencing and Phylogenetic 
Analysis of RVAs in VP7 and VP4 Genes
The partial length of all the strains detected by PCR in VP7 
and VP4 were sequenced. Successfully sequenced representative 
strains were included in the phylogenetic analyses. In the VP7 
gene, all of the strains from South Sumatra in 2016 and West 
Papua in 2017–2018 were classified into equine-like G3 together 

FIGURE 1  |  Distribution and change of G-genotypes among children with RVA infections in three islands in Indonesia (West Nusa Tenggara, South Sumatra, and 
West Papua) in 2016–2018 and East Java as a reference in 2015–2018.
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with the strains from our 2015–2017 study in East Java, 
Indonesia. Most strains in South Sumatra in 2016 and West 
Papua in 2017 tended to form their own clusters in the equine-
like G3 lineage with 100% nucleotide identities, respectively 
(Figure 2). The nucleotide sequence identities of the VP7 gene 
among equine-like G3 strains in South Sumatra in 2016, West 
Papua in 2017 and East Java and other countries were high 
(98.2–99.1%). The strains from South Sumatra and West Nusa 
Tenggara isolated in 2018 belong to human G1, G2, and G9. 
In the VP4 gene, representative strains in this study were 

classified into P[8], P[6], and P[4] (Figure  3). The P[6] and 
P[8] strains in this study were grouped with the equine-like 
G3P[6] and equine-like G3P[8] strains from East Java in 
2015–2017, respectively (Figure  3).

DISCUSSION

RVA has been the common etiological agent in cases of acute 
gastroenteritis among children in Indonesia. The unique RVA 
genotype, equine-like G3P[8]/P[6] with DS-1-like backbone, 
detected in our previous study by whole genome sequencing 
became predominant in 2015–2017 (Utsumi et al., 2018; Athiyyah 
et  al., 2019). These findings raise the question of whether the 
equine-like G3 RVA genotype has spread to other parts of 
Indonesia. In this molecular epidemiological study, 
we  investigated the RVA infections in regions other than Java 
Island – namely, South Sumatra (West Indonesia), West Papua 
(East Indonesia), and West Nusa Tenggara (South East Indonesia).

Interestingly, equine-like G3 rotavirus strains were found to 
be  the predominant strains in South Sumatra in 2016 and in 
West Papua in 2017–2018. In other words, no other genotype 
was found in these places in the same years. In addition, the 
equine-like G3 strains in South Sumatra detected in 2016 were 
completely replaced by human G1 and G2 in 2018. The combination 

TABLE 3  |  Geographic distribution of rotavirus G and P genotype combinations 
in Indonesia.

Genotypes West Papua 
in 2017–2018

West Nusa 
Tenggara in 

2018

South Sumatra

2016 2018

Equine-like 
G3P[8]

21 (91.3%) 0 22 (100%) 0

Equine-like 
G3P[6]

2 (8.7%) 0 0 0

G1P[8] 0 18 (78.3%) 0 9 (56.3%)
G1P[4] 0 0 0 2 (12.5%)
G2P[4] 0 2 (8.7%) 0 5 (31.2%)
G9P[8] 0 3 (13.0%) 0 0
Total 23 23 22 16

FIGURE 2  |  Phylogenetic analysis of the RVA VP7 (G genotype) gene. The tree was constructed using the neighbor-joining method. Bootstrap values (>70) are 
shown at the branch nodes. The strains in this study are indicated by black diamonds (South Sumatra in 2018), white triangles (West Nusa Tenggara in 2018).
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FIGURE 3  |  Phylogenetic analysis of the RVA VP4 (P genotype) gene. The tree was constructed using the neighbor-joining method. Bootstrap values (>70) are 
shown at the branch nodes. The strains in this study are indicated by closed circles (West Papua in 2017), closed triangles (South Sumatra in 2016), closed squares 
(South Sumatra, West Nusa Tenggara, and West Papua in 2018) and open circles (East Java in 2015–2018).

genotypes distributed in South Sumatra in 2018 were G1P[8] 
(56.3%), G2P[4] (31.2%), and G1P[4] (12.5%). G1P [4] is an 
uncommon genotype in Indonesia (Sudarmo et al., 2015). Although 
the distribution of RVA genotypes in 2017  in South Sumatra 
remains unclear due to a lack of samples, we  have previously 
demonstrated the evolution of RVA resulted in rapid genotype 
replacement in East Java (Athiyyah et al., 2019). Dynamic genotype 
replacement from equine-like G3 to human typical G1 occurred 
in the middle of 2017 after the dominant circulation of equine-
like G3  in 2015–2016  in East Java. We  speculated that this 
phenomenon may have been due to the introduction of the 
rotavirus vaccine Rotarix (Mukhopadhya et  al., 2017; Luchs 
et  al., 2019), because rapid genotype replacement occurred 
even in regions with low vaccination coverage. However, the 
introduction of rotavirus vaccines in Indonesia are currently 
still limited to the private market and data on vaccine coverage 
in Indonesia are unavailable. Therefore, it is difficult to determine 

how genotype replacement could simultaneously take place 
rapidly in West Papua as in East Java. Phylogenetic analyses 
revealed that equine-like G3 strains from South Sumatra in 
2016 and West Papua in 2017 were genetically close to not 
only strains from East Java, Indonesia but also those from 
Europe, Australia, and Thailand. These findings highlight the 
importance of continuous monitoring.

In West Nusa Tenggara, there were no available data for 
the equine-like RVA genotype in 2018. The globally common 
combination genotypes of G1P[8], G2P[4], and G9P[8] were 
detected in West Nusa Tenggara in 2018. G2P[4] was found 
in the post-vaccination era (Dóró et  al., 2014), and this report 
indicates that this was a regional phenomenon including countries 
not using the vaccine. An outbreak investigation previously 
conducted in the adjacent province, East Nusa Tenggara, in 
2018 also revealed RVA G2P[4] as the possible causative agent 
of the acute gastroenteritis outbreak (Utsumi et  al., 2020). 
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G1P[8] strains have been reported in many regions of the 
world (Komoto et  al., 2018), including in Indonesia. G9P[8] 
strains were found in Thailand in 2015–2018 (Fukuda et  al., 
2020). However, our data are too limited to completely rule 
out the circulation of equine-like G3P[8] strains in West 
Nusa Tenggara.

G1P[4] reassortment may have emerged through the 
introduction of G2P[4] strains (Abdel-Haq et  al., 2003). A 
whole genome study in Vietnam revealed that G1P[4] RVA 
strains might be  generated by genetic reassortment between 
G1P[8] and G2P[4] RVA strains (Agbemabiese et  al., 2017). 
Since both G1P[8] and G2P[4] co-circulated in the South 
Sumatra in 2018, G1P[4] in Sumatra may have had genetic 
reassortment. This speculation, however, requires additional 
information from whole genome sequencing. On the other 
hand, both children were from the same village in Sumatra 
and their samples were collected within the same month, 
suggesting that there is an epidemiological link that could 
be  traced back in the two G1P[4] strains detected.

Our study showed that the prevalence of RVA infection was 
significantly higher in South Sumatra and West Papua than in 
East Java (p  <  0.01), and the prevalence tended to be  higher 
in West Nusa Tenggara as well. However, the prevalence in 
South Sumatra, West Papua, and West Nusa Tenggara is similar 
to those in other parts of Indonesia (Soenarto et  al., 2009; 
Radji et  al., 2010; Nirwati et  al., 2019). Rotavirus vaccine was 
introduced in Indonesia in 2006 (Gunawan et  al., 2019), but 
has not been included in the national immunization program 
of Indonesia. Therefore, the prevalence of RVA infections is still 
a major health problem among children in Indonesia. In our 
study, the prevalence of RVA in males was more prevalent than 
that in females (57.4%; p  <  0.05). This is consistent with the 
finding that males are twice more susceptible to rotavirus infection 
than females and are more likely to be  in severe condition 
(Salim et al., 2014). Approximately 80% of children in this study 
were <24  months old. There was a significant difference in the 
prevalence of RVA infection between children <24  months old 
and children aged ≥24 months (p < 0.05) in this study, suggesting 
that rotavirus vaccine should be  administered at an early age 
after birth. Since the Indonesian government is expected to add 
the rotavirus vaccine to the national immunization program, it 
will be very important to evaluate the impact of rotavirus vaccine 
in the post-vaccination era.

In conclusion, the equine-like G3 strain spread to South 
Sumatra (West Indonesia) in 2016 and to West Papua (East 
Indonesia) in 2017–2018 as well as Java Island. Dynamic change 
in rotavirus genotypes from equine-like G3 to typical human 
genotypes was also observed. RVA infection in South Sumatra 

and West Papua is still highly endemic. Our results suggest 
that continuous monitoring may be warranted in isolated areas 
in Indonesia.
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