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ABSTRAK 

Hewajuli DA, Dharmayanti NLP, Wibawan IWT. 2021. Resistensi amantadin terhadap virus avian influenza subtipe H5N1 clade 

2.3.2 di Indonesia. JITV 26(3):115-123. DOI: http://dx.doi.org/10.14334/jitv.v26i3.2764. 

 Tujuan penelitian ini adalah mengetahui sensitifitas virus avian influenza subtipe H5N1 clade 2.3.2 asal Indonesia 

terhadap antiviral amantadin melalui uji molekuler dan in vitro. Penelitian dilakukan dengan isolasi dan identifikasi virus, 

analisis nukleotida, uji sensitifitas amantadin di sel MDCK. Hasil penelitian menunjukkan bahwa titer EID50 isolat clade 2.3.2 

subtipe H5N1 adalah rata rata >108 EID50/ml. Analisis pohon filogenetik gen M2 dari keenam virus avian influenza subtipe 

H5N1 clade 2.3.2 asal Indonesia mempunyai kedekatan dengan virus avian influenza subtipe H5N1 clade 2.3.2 asal Vietnam, 

Cina, Hongkong. Substitusi protein M2 (V27I) diidentifikasi pada enam isolat subtipe H5N1 clade 2.3.2 asal Indonesia. Avian 

influenza subtipe H5N1 clade 2.3.2 dapat menyebabkan pembentukan CPE dan uji HA bereaksi positif pada sel MDCK dengan 

konsentrasi amantadine hydrochloride yang tidak toksik. Hasil analisis genetik gen M2 terhadap resistensi amantadin berkorelasi 

dengan hasil uji HA dan pembentukan CPE pada sel MDCK sehingga dapat disimpulkan bahwa resistensi amantadin telah 

diidentifikasi pada virus avian influenza subtipe H5N1 clade 2.3.2 yang diisolasi dari Indonesia  

Kata Kunci : Avian influenza subtipe H5N1 clade 2.3.2, Unggas air, Resistensi amantadin, Indonesia 

ABSTRACT 

Hewajuli DA, Dharmayanti NLP, Wibawan IWT. 2021. Amantadine resistance of clade 2.3.2 H5N1 Avian Influenza virus from 

waterfowl in Indonesia. JITV 26(3): 115-123. DOI: http://dx.doi.org/10.14334/jitv.v26i3.2764. 

The objective of this research was to know the sensitivity of H5N1 clade 2.3.2 AIV from Indonesia to antiviral drug 

(amantadine) through molecular and in vitro tests. The study was conducted by virus isolation and identification, nucleotide 

analysis, and susceptibility to the amantadine hydrocloride in MDCK cells. The study result represented that the mean EID50 

isolates of H5N1 clade 2.3.2 AIV was determined of >108 EID50/ml. The analysis of phylogenetic tree of M2 gene from six 

viruses of H5N1 clade 2.3.2 AIV from Indonesia were closed with H5N1 clade 2.3.2 AIV avian influenza viruses from Vietnam, 

China, Hongkong. The substitution of M2 protein (V27I) was identified in six isolates H5N1 clade 2.3.2 AIV isolated from 

Indonesia. Avian influenza of clade 2.3.2 H5N1 subtype from Indonesia produced the formation of CPE and the positive HA 

reaction with non-toxic concentration of amantadine hydrochloride in MDCK cells. The result of genetic analysis of M2 gene for 

amantadine resistance was related with the results of HA test and the formation of CPE in MDCK cells. These results established 

that amantadine resistance have been identified in H5N1 clade 2.3.2 AIV viruses isolated from Indonesia  

Key Words: Avian Influenza of clade 2.3.2, Waterfowl, Amantadine resistance, Indonesia 

INTRODUCTION 

Highly pathogenic avian influenza (HPAI) virus has 

been causing significant outbreaks in poultry in 

Indonesia since 2003 (Wibawa et al. 2014; 

Dharmayanti et al. 2014). The avian influenza viruses 

were grouped into 11 H5 clades actively circulating up 

to 2012 (WHO/OIE/FAO H5N1 Evolution Working 

Group 2014). The 2.1 clade of H5N1 viruses were the 

primary clades of H5N1 viruses circulated in Indonesia 

throughout among 2003 - 2011 (Dharmayanti et al. 

2013). The high mortality of ducks caused influenza A 

(H5N1) viruses of clade 2.3.2.1 were reported in Java 

Island, Indonesia, at September 2012 (Dharmayanti et 

al. 2014). To date, transmission of clade 2.1 H5N1 

subtype to humans have been discovered in Indonesia 

while infection of clade 2.3.2 H5N1 subtype in humans 

have not been officially reported in Indonesia. 

The human case of H5N1 clade 2.3.2 AIV was 

identified in Bangladesh and Canada (East 2018; Smith 

& Donish 2015). In Indonesia, the H5N1 clade 2.3.2 

AIV have been not detected in human. However, this is 

mailto:dhewajuli@yahoo.com


JITV Vol. 26 No 3 Th. 2021:115-123 

116 

possible that the H5N1 clade 2.3.2 can be transmitted to 

human in Indonesia. Therefore, the anticipation of clade 

2.3.2 transmission to human is necessary. The 

prophylactic control can use the effective antiviral 

drugs.  The antiviral drugs for the prophylactic control 

and therapeutics of influenza infection in humans is 

distinguished into two classes involve the M2 inhibitors 

(amantadine and rimantadine) and the neuraminidase 

inhibitors (oseltamivir and zanamivir) (Ison 2013). 

The effectiveness of antiviral drugs will depend on 

the susceptibility H5N1 avian influenza viruses. The 

substitutions of M2 protein at residues 26, 27, 30, 31, 

and 34 are the markers of amantadine resistance. The 

most of H5N1 clade 2.1 AIV were resistant to 

amantadine in Indonesia (Cheung et al. 2006; 

Dharmayanti et al. 2010).  

The amantadine resistance studies for H5N1 clade 

2.1 AIV have been done in Indonesia but the 

amantadine resistance research for H5N1 clade 2.3.2 

AIV have no more in Indonesia. Previous study 

described substitution at residu 27 (V27I) M2 protein of 

H5N1 clade 2.3.2 AIV in Indonesia. However, the M2 

phenotypic analysis of H5N1 clade 2.3.2 AIV have not 

yet been performed in Indonesia.  The monitoring of 

H5N1 subtype of 2.3.2 clade isolated from poultry for 

antiviral resistance is important to control of the 

disease. The purpose of this research is to study the 

amantadine susceptibility among avian influenza of 

2.3.2 clade isolated from Indonesia based on 

identification of genetic markers of amantadine 

resistance and phenotypic analysis in MDCK cells. 

MATERIALS AND METHODS 

Virus isolation and identification 

Samples were sick or inanimate birds that obtained 

from poultry and live bird markets. In outbreak of avian 

influenza, samples were collected from inanimate birds. 

Tissue samples were collected from the cloaca swab, 

trachea swab, bronchus, brain, intestine, spleen, and 

lung, and transported to laboratory. The tissue sample 

was cultivated in three to five embryonated eggs 

specific pathogen free embryonated chicken eggs of 9-

11 days incubation. The eggs are incubated at 37°C 

(range 35 – 39 
o 

C) for 2 – 7 days. Viruses were 

propagated according to the World Organization for 

Animal Health manual (OIE 2021). The harvested 

allantoic fluids from specific pathogen free 

embryonated chicken eggs were stored at – 80
o
C for 

futher examination. The hemagglutination agglutination 

(HA) is used as a sceering test that indicates a high 

probability of the presence of influenza A viruses. The 

presence of H5N1 subtype avian influenza were 

confirmed by Reverse Transcriptation Polymerase 

Chain Reaction (RT-PCR) methods with the HA primer 

sequences of RT PCR method referred to the primers 

design of Dharmayanti et al. 2016 and Lee et al. 2001; 

the NA primer sequence (Wright et al. 1995), the 

Matrix primer sequence (Hoffmann et al. 2001). The 

method of Reed & Muench was used to calculate the 

virus titer (EID50, log10/ml) in 10 day old embryonated 

chicken eggs incubated at temperature of 35°C for 40 

hour (Reed & Muench 1938). 

Six avian influenza virus of 2.3.2 clade strains, 

designated A/duck/Indonesia/Brs17/2013 (H5N1), A 

/duck/ Indonesia/Brs 34/2013 (H5N1), A 

/duck/Indonesia/Brs 62 /2013 (H5N1), A /Muscovy 

duck /Indonesia/Serang /Srg 17/2016 (H5N1), and 

A/Duck/Indonesia/Lamongan/Lmn Tr/2016 (H5N1) 

were isolated from H5N1 outbreaks in Waterfowl  in 

East Java, West Java Provinces and surveillance 

program in Banten Provinces of Indonesia. Isolates 

used as representative viruses in this study were 

selected based on location from outbreaks in the 

country and species. Furthermore, representative clade 

2.3.2 viruses of each year were determined by the 

amantadine sensitivity of viruses with MDCK cell-

based virus reduction assay and genetic analysis of 

amantadine resistance markers of the M2 protein. 

Susceptibility to the adamantanes 

The examination of amantadine toxicity had been 

done before the biological antiviral assay was tested. 

The examination of amantadine toxicity was intended to 

determine the non toxic concentration of amantadine 

hydrochloride (µg/ml) for MDCK cells. The 

amantadine hydrochloride concentrations tested were 2 

µg/ml, 4 µg/ml, 5 µg/ml and 7 µg/ml. Each 

concentration was replicated 3 times, subsequently 

observed with a microscope through 3-4 days post 

infection (Dharmayanti et al. 2010; Cheung et al. 2006).  

The amantadine sensitivity of viruses was analyzed 

in MDCK cell. The phenotypic assay of antiviral 

activity for each virus were conducted in confluent 

monolayer of MDCK cells in 96 well plate in triplicate 

by haemagglutination (HA) reduction assay and 

described by Cytophatic Effect (CPE) (Cheung et al. 

2006; Dharmayanti et al. 2010). Monolayers of MDCK 

cells treated with amantadine hydrochloride at 2µg/ml 

and 4 µg/ml concentrations (obtained from stock 

solution of 5 mg/ml in Phosphate Buffered Saline 

(PBS) were infected with 10
6-8

 EID50 virus  then 

cultured for 48 h at 37
o 

C with 5 % CO2. Supernatants 

of MDCK cell culture were harvested for HA reduction 

assay. Replication of virus in MDCK cell culture was 

measured by HA titers of individual well supernatants.
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Table 1. Primer sequences of gene (HA, NA, Matrix) that used for RT-PCR assay (Dharmayanti et al. 2016 ; Lee 

et al. 2001; Wright et al. 1995; Hoffmann et al. 2001) 

Primers Primer sequences 

M52C 5’- CTTCTAACCGAGGTCGAAACG-3’ 

M253 5’- AGGGCATTTTGGACAAAG/TCGTCTA-3’ 

H5-F   5’-ACACATGCYCARGACATACT-3’ 

H5-R  5’- CTYTGRTTYAGTGTTGATGT-3’ 

H5-NLP86F  5'-CAGAGCAGGTTGACACAATC-3' 

H5-NLP463R  5'-CCAGGTATGGACATGCTGAG-3' 

H5-ID252F  5'-CGAATTCACCAATGTGCCAG-3' 

H5-ID889R  5'-GAGTCTGACACCTGGTGTTG-3' 

N1-1  5’-TTG CTT GGT CGG CAA GTGC-3’ 

N1-2  5’-CCA GTC CAC CCA TTT GGA TCC-3’ 

 

Nucleotide analysis 

The sequencing analysis of M2 gene used the 

Matrik primer referred to the primers design of 

Hoffman et al. 2001. The genetic of transmembrane 

region of the M2 protein was analyzed, and residues 

(L26, V27, A30, S31, and G34) were the molecular 

markers of adamantine resistance. The RNeasy kit 

(QIAGEN) was used for RNA extraction, and RT-PCR 

was conducted using the SuperScript III One-Step RT-

PCR System with Platinum Taq DNA Polymerase (In 

vitrogen).The DNA sequence used the Sanger method 

with Bioedit versi 7 and the Clustal W program.. The 

phylogenetic trees were constructed using the MEGA 6 

software with neighborjoining algorithm and the 

Kimura two-parameter model. Tree topology was 

evaluated by Bootstrap values of 1000 replicates.  

RESULTS AND DISCUSSION 

Results 

Virus isolation 

The avian influenza viruses of H5N1 subtype were 

obtained from the live bird markets and duck farms. 

Eight isolates of avian influenza H5N1 viruses were 

isolated from apparently healthy ducks and six isolates 

from dead ducks at 2016. Detection using RT PCR 

method indicated that these isolates were avian 

influenza H5N1 viruses. Their mean EID50 was 

determined as each of >10
8 

EID50/ml. In another, the 

mean EID50 of influenza A subtype H5N1 viruses 

isolated at 2013 were >10
8 
EID50/ml. 

Genetic analysis  

Phylogenetic tree analysis of the M2 gene of six 

H5N1 subtype of clade 2.3.2 from Indonesia were 

closed with H5N1 subtype of clade 2.3.2 from Vietnam, 

China, Hongkong (Figure 1.). Compared to the 

A/chicken/East Java/BL-IPA/2003 strain, the M2 gene 

in 6 representative strains from Indonesia contains 

amino acid substitutions at positions 27 (V27I). Even 

though the M2 V27I substitution have been reported in 

clade 2.3.2 viruses from Indonesia since 2012, the M2 

V27I mutation had not been reported previously in 

clade 2.1.3 viruses from Indonesia.  

The results of the M2 gene analysis are shown in 

Figure 2. The nucleotide sequence of M2 gene of clade 

2.3.2 viruses from Indonesia isolated at 2013 and 2016 

showed that these viruses are probably still susceptible 

to amantadine because the established markers of M2 

channel inhibitor resistance of amino acid mutations in 

26, 27, 30, 31, 34 residues were not found in the M2 

protein of these viruses. However, screening of amino 

acid mutations of the M2 protein in 26, 27, 30, 31, 34 

residues are used to determine whether clade 2.3.2 

viruses from Indonesia isolated at 2013 and 2016 have 

maintained its susceptibility to amantadine. Since these 

amino acid substitutions (V27I) characterized in the M2 

protein of clade 2.3.2 viruses from Indonesia isolated at 

2013 and 2016 were unusually genetic markers of 

resistant viruses, these viruses must be verified 

experimentally to confirm the resistance to amantadine. 

Biological antiviral assay 

Biological antiviral assay showed that Amantadine 

hydrochloride at a concentrations of 2  µg / ml and 4 µg 

/ml were not toxic for MDCK cells, whereas 
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 A/chicken/West_Java/Smi-Acul/2008(H5N1)

 A/chicken/Banten/Srg-Fadh/2008(H5N1)

 A/Indonesia/CDC1031RE2/2007(H5N1)

 A/Muscovy_duck/West_Java/Bks3/2007(H5N1)

 A/chicken/Pessel/BPPVRII/2007(H5N1)

 A/chicken/Inhu/BPPVRII/2007(H5N1)

 A/muscovy_duck/Jakarta/Sum106/2006(H5N1)

 A/Indonesia/CDC610/2006(H5N1)

 A/chicken/Central_Java/UT3091/2005(H5N1)

 A/chicken/WestJava/SMI-PAT/2006(H5N1)

 A/Indonesia/CDC1047/2007(H5N1)

 A/chicken/West_Java/Smi-M1/2008(H5N1)

 A/chicken/West_Java/Smi-M6/2008(H5N1)

 A/chicken/Jakarta/DKI-Nurs/2007(H5N1)

 A/Indonesia/CDC597/2006(H5N1)

 A/chicken/Legok/2003(H5N1)

 A/Muscovy_duck/Jakarta/DKI-Uwit/2004(H5N1)

 A/chicken/Kulon_Progo/BBVet-XII-2/2004(H5N1)

 A/chicken/West_Java/1074/2003_(H5N1)

 A/chicken/Indonesia/11/2003(H5N1)

 A/chicken/Kulon_Progo/BBVW/2005(H5N1)

 A/chicken/Banten/UT6025/2006(H5N1)

 A/Muscovy_duck/West_Java/Bgr-Cw/2005(H5N1)

 A/chicken/East_Java/UT6045/2007(H5N1)

 A/chicken/West_Java/Smi-Hay/2005(H5N1)

 A/chicken/South_Kalimantan/UT6029/2006(H5N1)

 A/duck/Guiyang/3242/2005(H5N1)

 A/chicken/Guiyang/3055/2005(H5N1)

 A/environment/Guizhou/7/2009(H5N1)

 A/environment/Guizhou/2/2009(H5N1)

 A/ruddy_shelduck/Mongolia/X42/2009(H5N1)

 A/duck/Hokkaido/WZ83/2010(H5N1)

 A/duck/Lao/463/2010(H5N1)

 A/duck/Hunan/149/2005(H5N1)

 A/chicken/Laos/P0169/2007(H5N1)

 A/Anhui/1/2005(H5N1)

 A/magpie_robin/Hong_Kong/1097/2008(H5N1)

 A/black-crowned_night_heron/Hong_Kong/659/2008(H5N1)

 A/grey_heron/Hong_Kong/1046/2008(H5N1)

 A/Muscovy_duck/Vietnam/18151/2009(H5N1)

 A/duck/Zhejiang/2244/2011(H5N1)

 A/muscovy_duck/Vietnam/LBM260/2012(H5N1)

 A/duck/Khanhhoa/CVVI-34/2014(H5N1)

 A/duck/Vietnam/NCVD14-A502/2014(H5N1)

 A/duck/Vietnam/LBM639/2014(H5N1)

 A/Muscovy_duck/Vietnam/HU3-1079/2015(H5N1)

 A/Muscovy_duck/Vietnam/HU3-Z2/2015(H5N1)

 A/Muscovy_duck/Vietnam/BG80-1/2013(H5N1)

 A/muscovy_duck/Vietnam/LBM230/2012(H5N1)

 A/muscovy_duck/Vietnam/LBM227/2012(H5N1)

 A/muscovy_duck/Vietnam/NCVD-15A11/2015(H5N1)

 A/duck/Indonesia/Brs_34/2013(H5N1)

 A/duck/Indonesia/Brs_62/2013(H5N1)

 A/duck/Indonesia/Brs_17/2013(H5N1)

 A/muscovy_duck/Indonesia/Serang/Srg_17/2016(H5N1)

 A/Chicken/Indonesia/Serang/Srg_7/2016(H5N1)

 A/duck/Indonesia/Lamongan/Lmn_Tr/2016(H5N1)

 A/duck/Eastern_China/909/2009(H5N1)

 A/duck/Vietnam_SonLa/NCVD-33/2007(H5N1)

 A/common_buzzard/Hong_Kong/9213/2007(H5N1)

 A/Thailand/676/2005(H5N1)

 A/duck/Viet_Nam/1/2005(H5N1)

 A/quail/Vietnam/177/2004(H5N1)

 A/duck/Vietnam/14/2003(H5N1)

 A/duck/Viet_Nam/DT-9/2007(H5N1)

 A/duck/Vietnam/18/2007(H5N1)

 A/duck/Vietnam/1/2007(H5N1)

 A/Muscovy_duck/Ca_Mau/1185/2006(H5N1)

 A/duck/Viet_Nam/12A-LA/2008(H5N1)

 A/duck/Viet_Nam/CM-2/2006(H5N1)

 A/Ck/HK/409.1/02_(H5N1)

 A/chicken/Hong_Kong/409.1/2002(H5N1)

 A/Ck/HK/WF157/2003(H5N1)

 A/whooper_swan/Mongolia/244/2005(H5N1)

 A/Bar-headed_Goose/Qinghai/59/05(H5N1)

 A/bar-headed_goose/Qinghai/0510/05(H5N1)

 A/Goose/Guangdong/1/96(H5N1)
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Figure 1. Phylogenetic tree of H5N1 clade 2.3.2 AIV M2 gene sequences. The phylogenetic tree was constructed in MEGA version 6 (www 

megasoftware.net) using neighbor –joining analysis with 1000 bootstrap replicates and the Kimura 2 parameter model. The H5N1 
clade 2.3.2 AIV from waterfowl characterized in this study are indicated with red dot. The M2 tree was rooted are 

A/Goose/Guangdong/1/96(H5N1). 
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Figure 2. Multiple sequence alignment of M2 protein of avian influenza viruses of clade 2.3.2 H5N1 subtypes from waterfowl 

    

Figure 3.  A) MDCK cell that shown non cytopathic effects (CPE). B) Resistence of avian influenza viruses of clade 2.3.2 subtype H5N1 caused 
CPE in MDCK cell treated with amantadine hydrocloride 

amantadine hydrochloride at a concentrations of 5 µg / 

ml and 7 µg / ml were toxic for MDCK cells. The HA 

titer of H5N1 subtype of clade 2.3.2 from Indonesia 

could be discovered on the amantadine-MDCK cells. 

The mean titers were 3 to 7 log 2. The HA titers and 

CPE - MDCK cells were influenced by the EID50 titers 

and the period of isolation of clade 2.3.2 H5N1subtype 

viruses and amantadine hydrocloride concentration. The 

majority of viruses isolated at 2013 with <10
7 

EID50 

gave positive HA reaction (≤ 2
1
), but the virus with 

EID50 10
7
 gave positive HA reaction with varied titers 

(≥2
2
) and generated CPE in MDCK cells with diverse 

concentrations of amantadine hydrochloride. 

Nevertheless, all of viruses  isolated at 2016  with  

EID50 10
6
 - 10

8
 were resistance-amantadine 

hydrochloride in non toxic  concentration (2 µg / ml, 4 

µg / ml) since these gave positive HA reaction (≥2
2
) 

and  formed CPE in MDCK cells (Figure 3). 

Antiviral drugs of amantadine hydrocloride (2 µg / 

ml and 4 µg / ml concentrations) could not prevented 

infection of H5N1 subtype of clade 2.3.2 from 

Indonesia isolated at 2016 with EID50 10
6 

- 10
8
 in 

MDCK cells. It is similar for H5N1 subtype of clade 

2.3.2 from Indonesia isolated at 2013 with titer 

EID5010
8
 for these viruses could infected the 

amantadine hydrochloride-MDCK cells (2 µg / ml and 

4 µg / ml concentrations). However, clade 2.3.2 H5N1 

subtype from Indonesia isolated at 2013 (EID5010
6
 - 

10
7
) in MDCK cells could be inhibited by the antiviral 

drug of amantadine hydrocloride (2 µg/ml and 4 µg/ml 

concentrations). The results revealed that these viruses 

were unsusceptible to amantadine.  The correlation of in 

vitro assay, HA and molecular analysis results of H5N1 

subtype of clade 2.3.2 from Indonesia isolated at 2013 

and 2016 are presented in Table 1. 

A B 
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Table 1. The correlation of in vitro assay, HA and genetic analysis results of clade 2.3.2 subtype H5N1 from waterfowl in Indonesia isolated at 2013 and 2016 

 

Avian influenza of clade 2.3.2  EID50 Protein 

M2 

CPE HA titer Susceptibility 

of amantadine with 2 µg/ml and 4 µg/ml 

amantadine hydrochloride concentrations 

A/duck/Indonesia/Brs 17/2013(H5N1)  10 6 V27I No CPE negative sensitive 

A/duck/Indonesia/Brs 17/2013(H5N1)  10 7 V27I No CPE negative sensitive 

A/duck/Indonesia/Brs 17/2013(H5N1)  10 8 V27I CPE positive resistant (2 µg/ml and 4 µg/ml) 

A/duck/Indonesia/Brs 34/2013(H5N1)  10 6 V27I CPE not clear negative sensitive 

A/duck/Indonesia/Brs 34/2013(H5N1)  10 7 V27I CPE not clear negative sensitive 

A/duck/Indonesia/Brs 34/2013(H5N1)  10 8 V27I CPE positive resistant (2 µg/ml and 4 µg/ml) 

A/duck/Indonesia/Brs 62/2013(H5N1)  10 6 V27I CPE positive resistant (2 µg/ml and 4 µg/ml) 

A/duck/Indonesia/Brs 62/2013(H5N1)  10 7 V27I CPE positive resistant (2 µg/ml and 4 µg/ml) 

A/duck/Indonesia/Brs 62/2013(H5N1)  10 8 V27I CPE positive resistant (2 µg/ml and 4 µg/ml) 

A/m.duck/Indonesia/Serang/Srg 17/2016/H5N1 10 6 V27I CPE positive resistant (2 µg/ml) 

A/m.duck/Indonesia/Serang/ Srg 17/2016(H5N1  10 7 V27I CPE positive resistant (2 µg/ml) 

A/m.duck/Indonesia/Serang/ Srg 17/2016(H5N1  10 8 V27I CPE positive resistant (2 µg/ml) 

A/duck/Indonesia/Lamongan/Lmn Tr/2016(H5N1  10 6 V27I CPE positive resistant (2 µg/ml and 4 µg/ml) 

A/duck/Indonesia/Lamongan/Lmn Tr/2016(H5N1  10 7 V27I CPE positive resistant (2 µg/ml and 4 µg/ml) 

A/duck/Indonesia/Lamongan/Lmn Tr/2016(H5N1  10 8 V27I CPE positive resistant (2 µg/ml and 4 µg/ml) 
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Discussion 

Domestic duck and other wild waterfowl are known 

as natural reservoir for avian influenza viruses. These 

waterfowls can take different subtypes of 

hemagglutinin and neuraminidase subtypes of avian 

influenza viruses with the silent nature of infections, no 

sign or mild diseases. Recently, the clade 2.3.2 of avian 

influenza viruses has been circulated in Southeast Asia 

including Indonesia and Vietnam (Dharmayanti et al. 

2014). The viruses cause severe disease with 

neurological symptoms, fatality to domestic ducks and 

predominantly replicates in the brain, heart and lung 

organs. The excretion of virus through the upper 

respiratory and conjunctiva can spread virus to 

environment, poses the high risk of virus spread 

through cross-contact (Bui et al. 2014). The H5N1 

subtype of clade 2.3.2 viruses from Indonesia used in 

this study were isolated from harvested tissues and 

tracheal swabs samples of dead or no clinical symptoms 

ducks through replicated in specific pathogen free 

(SPF) eggs.  

Previous studies had already indicated that avian 

influenza viruses of H5N1 subtype in this research were 

clade 2.3.2 viruses based on HA gene. Analysis of the 

M2 gene phylogenetic tree presented that all avian 

influenza viruses of H5N1 subtype used in this study 

were closely correspond to avian influenza viruses of 

H5N1 subtype in Vietnam, China and Hong Kong (Wan 

et al. 2011; Naguib et al. 2015; Le & Nguyen 2014; Bi 

et al. 2015). Futhermore, all of clade 2.3.2 from 

Indonesia isolated at 2013 and 2016 were closer to 

cluster of clade 2.3.2 from Vietnam.  

Prior to this report, another study (Dharmayanti et 

al. 2014) had already characterized the M2 Val27Ile 

mutation of H5N1 subtype viruses of 2.3.2 clade caused 

duck outbreak in Indonesia at 2012. These studies 

suggest that the M2 Val27Ile substitution is similar 

between clade 2.3.2 H5N1 subtype from Indonesia 

isolated at 2012, 2013 and 2016. The pattern of M2 

residues in clade 2.1 subtype H5N1 viruses were 

different since the majority of viruses circulating in 

Southeast Asia, especially Indonesia, had single or 

double substitution on amantadine resistance marker 

(Val27Ala and Ser31Asn). Amino acid mutation of the 

M2 protein avian influenza viruses at positions Leu26, 

Val27, Ala30, Ser31, Gly34, His37 and Trp41 can lead 

the adamantanes resistance including amantadine and 

rimantadine. The adamantanes resistance was found in 

the most influenza A viruses. One or more of M2 amino 

acids substitution involved amantadine resistance 

(Cheung et al. 2006; Dharmayanti et al. 2014). 

The M2 Val27Ile mutation of six H5N1 subtype 

avian influenza viruses used in this study was unusually 

genetic markers of resistant viruses. Analysis of the M2 

amino acid confirmed with in vitro test showed that 

H5N1 subtype of clade 2.3.2 from Indonesia isolated at 

2013 and 2016 which had M2 Val27Ile substitution 

were resistant to amantadine because these viruses 

induced cytopathic effects in MDCK cells containing 

the highest non-toxic amantadine concentration.  

The M2 Val27Ile, Ser31Asn, Leu26Phe mutations 

were also found in the other subtype, H4N2, H4N6 and 

H4N8 subtypes circulated in poultry in China. The 

single substitution of M2 Val27Ile was characterized in 

subtype H4N2 and the M2 S31N mutation was 

identified in subtype H4N6. In addition to single 

substitution, double substitutions of M2 Val27Ile and 

Leu26F were also found in subtype H4N8. These 

mutations are amantadine resistance marker (Liang et 

al. 2016). The M2 Val27Ile substitution was also 

identified and characterized in avian influenza viruses 

received from human clinic samples in Singapore (Lee 

et al. 2015). This describes that the M2 Val27Ile 

substitution of human and bird H5N1 subtype of avian 

influenza viruses may induce amantadine resistance. 

The amantadine resistance of subtype H5N1 and 

seasonal flu viruses has been increasing recently (Zhou 

et al. 2011). The subtype H5N1 isolated from birds in 

Northern China has been sustained amantadine 

resistance up to 83.3%. Amantadine antiviral drugs are 

intensively used for treatment of H5N1 subtype of 

avian influenza infections in poultry farms of China. 

The treatment with amantadine continuously has been 

intended to prophylaxis so that this condition plays a 

role important to produce amantadine resistance (He et 

al. 2008). 

The phenotypic analysis (in vitro assay) was 

performed to confirm whether this substitution (V27I) 

in the M2 gene caused the amantadine resistance. Rapid 

test of amantadine resistant avian influenza viruses can 

be demonstrated in the HA assay after viruses 

replicated in MDCK cell with amantadine drug. The 

HA test is relatively simple compared to other tests. 

The avian influenza viruses of subtype H5N1 viruses 

was resistant to amantadine when HA test showed 

positive HA reaction (>2
2
) and the non-toxic 

concentration of amantadine hydrocloride (≥0.19 µg / 

ml) (Jacob et al. 2016). The result of HA tests were 

related with the morphology of MDCK cell and the 

marker molecular of amantadine resistance of five 

H5N1 avian influenza viruses clade 2.3.2 from 

Indonesian. Result in Table 1 showed the amantadine 

resistant viruses induced the formation of CPE in 

MDCK cells and the positive HA reaction (>2
2
) with 

non-toxic concentration in MDCK cells (2 µg/ml and 4 

µg/ml).  

The result of this research indicated that resistant 

viruses may still replicate in MDCK cells containing 

the highest amantadine concentration. The results of 

genetic analysis, in vitro assay and HA represented that 

clade 2.3.2 subtype H5N1 from Indonesia isolated at 

2013 and 2016 were resistant for amantadine drugs. 
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Treatment or prophylaxis of avian influenza 

infection in Indonesian poultry farms with amantadine 

have not been officially reported so far. The utilization 

of amantadine to prophylaxis in chickens is one of 

factors that to play a role for amantadine resistance. The 

other factor likely to contribute for amantadine 

resistance is wild birds migration. Migration of wild 

birds infected with amantadine resistance avian 

influenza is potential to transmit the amantadine 

resistance AIV among birds in Indonesia. Previous 

study (Dharmayanti et al. 2014) revealed that H5N1 

subtype of 2.3.2 which has the M2 Val27Ile mutation 

circulated in Indonesia is probably introduction from 

overseas viruses. 

CONCLUSION 

The amantadine resistant avian influenza of clade 

2.3.2 H5N1 subtype from Indonesia produced the 

formation of CPE and the positive HA reaction with 

non-toxic concentration of amantadine hydrochloride in 

MDCK cells. The substitution (V27I) was characterized 

in clade 2.3.2 H5N1 subtype from Indonesia. The result 

of genetic analysis of M2 gene for amantadine 

resistance was associated with the results of HA test 

and the formation of CPE in MDCK cells. These results 

indicated that amantadine resistance has been identified 

in avian influenza of clade 2.3.2 subtype H5N1 viruses 

from Indonesia. 
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