
 

 

Detection of Foot and Mouth Disease Virus in Cattle in 

Banyuwangi, East Java, Indonesia Using RT-PCR Method 
 

 

Zayyin Dinana, Fedik Abdul Rantam*, Suwarno, Imam Mustofa,  

Jola Rahmahani, Kusnoto, Aussie Tahta Maharani, Maha Kirana 

 

Magister Vaccinology and Immunotherapetics Program, Faculty of Veterinary Medicine, 

Universitas Airlangga, Surabaya, Indonesia 

Department of Microbiology, Faculty of Veterinary Medicine, Universitas Airlangga, 

Surabaya, Indonesia 

Department of Reproduction, Faculty of Veterinary Medicine, Universitas Airlangga, 

Surabaya, Indonesia 

Department of Parasitology Department, Faculty of Veterinary Medicine, Universitas 

Airlangga, Surabaya, Indonesia 

Institute of Tropical Disease, Universitas Airlangga, Surabaya, Indonesia 

 

 

*Corresponding author email: fedik-a-r@fkh.unair.ac.id 

 

Abstract 

Foot and mouth disease (FMD) is a disease that affects cloven-hoofed animals with a very fast 

transmission rate. FMD is reported as a case of re-emerging disease because since 1990 

Indonesia was declared FMD-free without vaccination, but in April 2022 an outbreak occurred. 

FMD virus in Indonesia belongs to serotype O/ME-SA/Ind-2001e which is spread to remote 

villages. This study aimed to detect FMD virus based on clinical symptoms in cattle with 

manifestations of vesicles in the mouth and hooves. Samples were collected during August 2022 

from smallholder cattle farmers in Banyuwangi, East Java, Indonesia. The results of 

identification by One Step Reverse Transcription Polymerase Chain Reaction (RT-PCR) 

method showed that the universal primer with a length of 328 bp was more sensitive than the 

serotype O VP1 specific primer with a length of 1165 bp. These findings indicate the importance 

of genetic analysis and design of new primers for local FMD virus isolates to obtain more 

sensitive and accurate results. The rapid spread of FMD viruses indicates the importance of 

monitoring FMD cases in Indonesia.  
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1. Introduction 

Foot and Mouth Disease Virus (FMDV) is one of the important diseases in animals, especially 

cloven-hoofed animal with a high transmission rate [1]. According to OIE, FMDV is included 

in the list of infectious animal diseases with a 100% morbidity rate in animal populations with 

confirmed by FMDV and mortality in young animals reaching 20-30% while in adult animals 

reaching 1-5% % [2-4]. FMDV outbreaks are common in Southeast Asia, including in 

Indonesia. First FMDV outbreak was found in Indonesia on April 28th 2022, with a total of 

1,247 cases in East Java (Gresik, Lamongan, Sidoarjo, Mojokerto) and 1,881 cases in Aceh 

Tamiang District, Aceh Province [5]. This was stated in the Decree of the Minister of 

Agriculture of the Republic of Indonesia concerning the determination of FMDV outbreak areas 

in several Regencies in East Java and Aceh Tamiang District, Aceh Province. FMDV outbreaks 

in Indonesia were included in cases of re-emerging disease, where in 1884 Indonesia had 

experienced FMDV cases and in 1990 Indonesia was declared FMDV free. 

FMDV is caused by a virus from the genus Apthovirus in the Picornaviridae family and have 

seven FMD serotypes (O, A, C, SAT-1, SAT-2, SAT-3, and Asia1) in which the FMD-causing 

virus has a high degree of genetic and antigen diversity [6]. The 25-30 nm virus particle has an 

icosahedral capsid composed of proteins, non-envelope with a genome of positive-sense single-

stranded RNA encoding 4 structural proteins and non-structural proteins [7]. Structural proteins 

are composed of VP1-VP4 while non-structural proteins consist of 28. 2C, 3A 3B, 3C and 3D 

[8]. VP1 GH Loop protein, which is not shared by other proteins, contains RGD (arginine-

glycine-aspartic acid) peptide sequences that play a role in receptor binding [9]. Besides serving 

as a determinant of virus serotype classification, the VP1 gene is also used to design primers for 

amplification and sequencing protocols for FMD virus detection [10,11]. 

In 2001 the O/ME-SA/Ind-2001 lineage was first reported in India and thereafter spread across 

several countries such as North Africa, Middle East Asia, Southeast Asia, and East Asia 

[12,11,13]. The O/ME-SA/Ind-2001 lineage has been classified into sub-lineages a, b, c, d, and 

e, with O/ME-SA/Ind-2001e being found mostly in Southeast Asia, including Indonesia [14]. 

FMDV O/ME-SA/Ind-2001e were circulated in Indonesian and the most common causative 

agent spread in Cambodia, Myanmar, Bangladesh and Thailand [15-18]. 

This study aims to detect FMD based on clinical symptoms from field cases in beef cattle using 

reverse transcriptase-polymerase chain reaction (RT-PCR) method followed by sequencing. 

The results of this study are expected to provide information and can be used in policy and 

control of FMD virus to overcome losses due to FMD disease. 

 

2. Materials and Methods 

Sample Collection 

Samples were collected from cattle diagnosed with FMD with clinical symptoms of fever and 

vesicles in the mouth and feet in August 2022. Samples were collected from vesicle swabs on 

lesions in the mouth and feet of beef cattle from smallholder farms in Banyuwangi, East Java, 
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Indonesia. Samples were collected with Phosphate Buffer Saline (PBS) with 5% antibiotic 

transport medium. Samples were stored at -80°C in the laboratory before analysis. 

 

Viral RNA Extraction 

The extraction of viral RNA from the specimens using QIAmp Viral RNA mini kit according 

to the manufacturer's instructions (Qiagen, Hilden, Germany). RNA was eluted with 60 µl of 

RNase- and DNase-free water and stored at -80°C before further analysis. 

 

Reverse-transcription PCR 

RT-PCR has performed for detecting and genotyping of FMDV using the one- step RT-PCR 

PCR (AMV) Takara Kit as previously described [19]. First detection of FMDV infection using 

universal primers and to determine serotype O in the VP1 gene using one pair of primers are 

showen in Table 1. The primers were synthesized by (Macrogen Co., Seoul, South Korea). Total 

2.5 µl RNA sample eith 8 µl nucleas-free water, 2.5 µl, forward primer (4pmol/ µl), 5 µl reverse 

primer (4pmol/ µl), 4.2 µl, MgCl2 2.5 µl, dNTP Mix 1.25 µl, 10x one step buffer 1.25 µl, AMV 

r-tase 0.25 µl, AMV optimized Taq 0.25 µl, and RNAse inhibitor 0.25 µl were put into a PCR 

tube with the final mixture was 15 µl and then inserted into a conventional PCR machine. One-

step RT-PCR cycle conditions were 30 minutes at 42⁰C followed by 5 minutes of 94⁰C 

inactivation, then at cycle 35 with conditions of denaturation 94⁰C for 60 seconds, anelling 

55.5⁰C for 60 seconds, elongation 72⁰C for 60 seconds, and final extension 72⁰C for 10 minutes. 

RT-PCR products were stored in a refrigerator before electrophoresis. 

 

Table 1. Primers used for amplification of FMD viral DNA  

Primer Sequence (5’ – 3’) Amplikon 

Universal  Sense  5’GCCTGGTCTTTCCAGGTCT3’  328bp 

Primer  Antisense  5’CCAGTCCCCTTCTCAGATC3’   

O1C244F  Sense  5’GCAGCAAAACACATGTCAACACCTT3’  1165bp 

EUR2B-52R  Antisense  5’GACATGTCCTCCTGCATC3’   

 

Electrophoresis 

The 2% concentration electrophoresis gel was made using 3.2 grams of agarose powder mixed 

with 160 ml of 1x TBE buffer, then heated and added 16 µl of ethidium bromide, poured into a 

mold that had been given a tray and waited until it hardened. The gel that has hardened is 

inserted into an electrophoresis device that has been connected to a power supply and given 1x 

TBE buffer until it sinks. Samples that have been completed in PCR are taken as much as 5µl 

and mixed with 1µl Fluorescense DNA staining and DNA Ladder as much as 2µl is also inserted 

into the first well to determine the size of the DNA results. The electrophoresis tank was closed, 

then the power supply was turned on at 100 volts for 30 minutes. Agarose was taken after the 

power supply was turned off and placed on the GelDoc device to read the results of 

electrophoresis using UV light. 
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3. Results and Discussion 

RT-PCR tests on suspect samples were conducted to confirm FMD virus infection causing 

productivity decline in the livestock sector [20]. The universal primer set was used for first-time 

detection in cattle suspected of FMDV infection [21,22]. RT-PCR product amplification result 

according to the expected size (328bp) is considered as a positive result (Fig.1).  

 

 
 

Figure 1. Agarose 2% Gel electrophoresis of PCR FMDV virus product using 

universal primers; M DNA Ladder (100bp); lanes 1–13 PCR products 

 

The results of this study are consistent with previous studies that RT-PCR was used to detect 

FMDV for primary diagnosis with a set of universal 1F/1R primers with an expected band of 

328bp [22]. A pair of IF/IR-based RT-PCR universal primers can be used in rapid detection of 

FMD infected animals [23,24,22]. Same samples were detected using serotype O specific 

primers on the VP1 gene by RT-PCR. The result showed the presence of DNA bands in the 

three samples (Fig.2). The VP1 gene fragment was obtained with visualization of DNA bands 

with a length of 1165 bp. 
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Figure 2. Agarose 2% Gel electrophoresis of PCR FMDV virus product using O serotype 

VP1 gene primers; M DNA Ladder (100bp); lanes 1–3 PCR products 

 

RT-PCR is a highly sensitive and specific method that has been used to detect FMDV outbreaks 

or re-infections disease [25-27]. The difference between two RT-PCR results with the same 

sample suggests that the universal primer set more sensitive to detect FMD viral infection. 

Universal primers encoding the untranslated region (UTR) more sensitive in detecting O, A and 

Asian 1 serotype viruses [28-30]. The FMDV viral genome contains one open reading frame 

(ORF) that begins and ends with 5′ and 3′ untranslated regions (UTR) [30]. The genome of 

FMDV contains several functional elements including in the untranslated region (UTR), in the 

5' UTR the internal ribosome entry site (IRES) element initiates cap-independent translation 

while the 3' UTR is for stimulating IRES activity [23]. 

The VP1 belonged to structural protein that serves as capsid protein on FMDV and primary 

antigen that elicits and neutralizes antibody responses [31,32]. VP1 gene as a determinant of 

virus serotype classification, serotype-specific primer design and as a determinant of conserve 

regions in the GH Loop due to the presence of the amino acid RGD (arginine-glycine-aspartic 

acid) [10,11]. RT-PCR results show positivity in the VP1 gene less than the UTR, this can be 

caused by several factors. The primer design used to detect FMDV serotype O in the VP1 gene 

is less sensitive, it is necessary to design own primers from local isolates that have high accuracy 

[12]. Nucleotide and amino acid changes in the VP1 serotype O gene also affect the primers, 

the presence of mutations, substitutions, deletions and insertions causes sensitive primers [21]. 

Focus on sequencing the whole viral genome to reveal possible mutations at the GH Loop site 

of the serotype O-specific primers of the VP1 gene, and then designing primers to target this 

site [33]. 

In 1889, Indonesia experienced an FMD outbreak that spread throughout the region, and was 

declared FMD-free in 1990. For 32 years Indonesia was free from FMD until finally in 2022, 

FMD outbreaks were again found in several regions in Indonesia. Meat imports and illegal entry 
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of animals are suspected to be one of the sources of FMD virus spread in Indonesia. Foot and 

mouth disease is of great importance to livestock breeding due to the rapid spread of the virus. 

It should be recognized and diagnosed as soon as possible for outbreak control and management. 

Rapid and accurate detection of FMDV is necessary for effective outbreak control in planning 

and country preparedness in the face of outbreaks. 

In this study, we investigated cattle suspected of FMDV infection using one step RT-PCR 

method. These findings indicate the importance of surveillance studies and genetic analysis to 

monitor FMD virus to evaluate the emergence of genetic variation in Indonesia. Future studies 

related to genetic analysis of FMD viruses from field isolates in Indonesia are needed. 

Monitoring of FMD outbreaks and the spread of O/ME-SA/Ind-2001e in Indonesia should be 

conducted to evaluate the national spread and establish efficient control strategies. 

 

5. Conclusion 

Based on the results of this study, it can be concluded that the RT-PCR technique can accurately 

detect FMD virus infection in cattle on smallholder farms in Banyuwangi, East Java, Indonesia. 

This study found that universal primers in the UTR region showed more sensitive results 

compared to serotype O specific primers of VP1 gene. The RT-PCR protocol can be used to 

handle samples in a single assay and can be a valuable tool to complement routine diagnosis of 

FMD viruses from field outbreaks and prevention strategies. 

 

Acknowledgements 

The authors would like to thank to the beef cattle farmers in Banyuwangi, Prof. Dr. Fedik Abdul 

Rantam, drh, and Laboratorium Viral Diarrhea for their contribution to the research. 

 

Conflict of Interest 

No conflict of interest. 

 

Author contribution 

ZD collected samples and responsible for writing the manuscript. ZD, AM, performed all 

experiments.  ZD and MK gave assistance for the research and analysis. FAR and Suwarno 

supervised the study and helped to draft the manuscript. All authors contributed to the article 

and approved the submitted version. 

 

 

 

 

 

 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 01 (Jan) - 2023

http://ymerdigital.com

Page No:1779



 

 

References 

[1]. C. Stenfeldt, M. Eschbaumer, J. M. Pacheco, S. I. Rekant, L. L. Rodriguez, and J. Arzt. 

“Pathogenesis of Primary Foot-and-Mouth Disease Virus Infection in the Nasopharynx of 

Vaccinated and Non-Vaccinated Cattle”. PLoS One. Vol. 10, no. 11, (2015). Pp. e0143666. doi: 

10.1371/journal.pone.0143666. 

[2]. G. L. Freimanis, A. Di Nardo, K. Bankowska, D. J. King, J. Wadsworth, N. J. Knowles, and D. 

P. King. “Genomics and outbreaks: foot and mouth disease”. Rev Sci Tech. Vol. 35, no. 1, 

(2016). Pp. 175-89. doi: 10.20506/rst.35.1.2426. 

[3]. D. King, M. Henstock. OIE/FAO Foot-and-Mouth Disease Reference Laboratory Network, 

Annual Report 2016. ANSES, Maisons-Alfort. (2016). Pp. 1-10. 

[4]. E. L. A. Howson, B. L. Armson, N. A. Lyons, E. Chepkwony, C. J. Kasanga, S. Kandusi, N. 

Ndusilo, W. Yamazaki, D. Gizaw, S. Cleaveland, T. Lembo, R. Rauh, W. M. Nelson, B. A. 

Wood, V. Mioulet, D. P. King, and V. L. Fowler. “Direct detection and characterization of foot-

and-mouth disease virus in East Africa using a field-ready real-time PCR platform”. 

Transbound Emerg Dis. Vol. 65, no. 1, (2018). Pp. 221-231. doi: 10.1111/tbed.12684. 

[5]. Ditjenpkh 2022. Surat-Edaran-Nomor-403404KPTSPK.300M052022-tentang-wabah-

penyakit-mulut-dan-kuku-pmk. (2022). 

[6]. R. Ranjan, J. K. Biswal, S. Subramaniam, K. P. Singh, C. Stenfeldt, L. L. Rodriguez, B. 

Pattnaik, and J. Arzt. “Foot-and-Mouth Disease Virus-Associated Abortion and Vertical 

Transmission following Acute Infection in Cattle under Natural Conditions”. PLoS One. Vol. 

11, no. 12, (2016). Pp. e0167163. doi: 10.1371/journal.pone.0167163. 

[7]. E. C. Chepkwony, G. C. Gitao, G. M. Muchemi, A. K. Sangula, and S. W. Kairu-Wanyoike. 

“Epidemiological study on foot-and-mouth disease in small ruminants: Sero-prevalence and 

risk factor assessment in Kenya”. PLoS One. Vol. 16, no. 8, (2021). Pp. e0234286. doi: 

10.1371/journal.pone.0234286. 

[8]. M. J. Grubman, B. Baxt. “Foot-and-mouth disease". Clin Microbiol Rev. Vol. 17, no. 2, (2011). 

Pp. 465-93. doi: 10.1128/CMR.17.2.465-493.2004. 

[9]. I. Fernandez-Sainz, T. D. Gavitt, M. Koster, E. Ramirez-Medina, Y. Y. Rodriguez, P. Wu, L. 

K. Silbart, T. de Los Santos, and S. M. Szczepanek. “The VP1 G-H loop hypervariable epitope 

contributes to protective immunity against Foot and Mouth Disease Virus in swine”. Vaccine. 

Vol. 37, no. 26, (2019). Pp. 3435-3442. doi: 10.1016/j.vaccine.2019.05.019. 

[10]. N. J. Knowles, J. Wadsworth, K. Bachanek-Bankowska, and D. P. King. “VP1 sequencing 

protocol for foot and mouth disease virus molecular epidemiology”. Rev Sci Tech. Vol. 35, no. 

3, (2016). Pp. 741-755. doi: 10.20506/rst.35.3.2565. 

[11]. M. Forner, R. Cañas-Arranz, S. Defaus, P. de León, M. Rodríguez-Pulido, L. Ganges, E. Blanco, 

F. Sobrino, and D. Andreu. “Peptide-Based Vaccines: Foot-and-Mouth Disease Virus, a 

Paradigm in Animal Health”. Vaccines (Basel). Vol. 9, no. 5, (2021). Pp.477. doi: 

10.3390/vaccines9050477. 

[12]. E. K. Barbour, D. M. Ahmadieh, H. A. Shaib, S. Harakeh, and T. Kumosani. “Standardization 

of RT-PCR Protocol for Detection and Typing of Emerging Food and Mouth Disease Virus in 

Lebanon”. Intern J Appl Res Vet Med. Vol. 12, no. 3, (2014). Pp. 200-208. 

[13]. Y. Qiu, R. Abila, P. Rodtian, D. P. King, N. J. Knowles, L. T. Ngo, V. T. Le, S. Khounsy, P. 

Bounma, S. Lwin, B. C. Verin, and P. Widders. “Emergence of an exotic strain of serotype O 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 01 (Jan) - 2023

http://ymerdigital.com

Page No:1780



 

 

foot-and-mouth disease virus O/ME-SA/Ind-2001d in South-East Asia in 2015”. Transbound 

Emerg Dis. Vol. 65, no. 1, (2018). Pp. e104-e112. doi: 10.1111/tbed.12687. Epub 2017 Aug 30. 

[14]. E. B. Susila, R. S. D. Daulay, E. Andesfha, S. R. B. Prasetyowati, Wriningati, D. N. Hidayati, 

S. H. Irianingsih, I. D. Nyoman, Faisal, A. Supriyadi, Y. Yupiana, M. Hidayat, N. Zainuddin, 

and H. Wibawa. “First detection of foot-and-mouth disease O/ME-SA/Ind-2001 virus lineage, 

Indonesia, 2022”. Authorea. (2022). Pp. 1-3. 

[15]. L. L. Bo, K. S. Lwin, S. Ungvanijban, N. J. Knowles, J. Wadsworth, D. P. King, R. Abila, and 

Y. Qiu. “Foot-and-mouth disease outbreaks due to an exotic serotype Asia 1 virus in Myanmar 

in 2017”. Transbound Emerg Dis. Vol. 66, no. 2, (2019). Pp. 1067-1072. doi: 

10.1111/tbed.13112. 

[16]. T. Chanchaidechachai, M. C. M. de Jong, and E. A. J. Fischer. “Spatial model of foot-and-

mouth disease outbreak in an endemic area of Thailand”. Prev Vet Med. Vol. 195, (2021). Pp. 

105468. doi: 10.1016/j.prevetmed.2021.105468. 

[17]. S. Ryoo, H. Lee, D. R. Lim, J. W. Lee, S. Bunnary, S. Tum, D. S. Lee, H. Hwang, S. Jeong, J. 

Nah, B. K. Ku, J. M. Kim, and S. H. Cha. “Identification of the O/ME-SA/Ind-2001e Sublineage 

of Foot-and-Mouth Disease Virus in Cambodia". Front Vet Sci. Vol. 8, (2021). Pp. 749966. doi: 

10.3389/fvets.2021.749966. 

[18]. Z. Zhu, F. Yang, J. He, J. Li, W. Cao, J. Li, Y. Xia, J. Guo, Y. Jin, K. Zhang, H. Zheng, and Liu 

X. “First detection of foot-and-mouth disease virus O/ME-SA/Ind2001 in China”. Transbound 

Emerg Dis. Vol. 65, no. 6, (2018). Pp. 2027-2031. doi: 10.1111/tbed.12895. 

[19]. M. Castells, R. D. Caffarena, M. L. Casaux, C. Schild, S. Miño, F. Castells, D. Castells, M. 

Victoria, F. Riet-Correa, F. Giannitti, V. Parreño, and R. Colina. “Phylogenetic Analyses of 

Rotavirus A from Cattle in Uruguay Reveal the Circulation of Common and Uncommon 

Genotypes and Suggest Interspecies Transmission". Pathogens. Vol. 9, no. 7, (2020). Pp. 570. 

doi: 10.3390/pathogens9070570. 

[20]. M. R. Nazneen, M. S. Islam, U. K. Rima, D. Biswas, R. A. Rifa, M. D. M. Hossain, and M. A. 

H. Ali Khan. “The clinicopathology of foot and mouth disease and molecular epidemiology of 

the viruses circulated in cattle of Pabna district, Bangladesh”. Bangladesh Veterinarian. Vol. 

33, no. 2, (2018). Pp. 39–50. doi:10.3329/bvet.v33i2.36457.  

[21]. Y. L. Liu, Y. Z.  Ding, J. F. Dai, B. Ma, J. J. He, W. M. Ma, J. L. Lv, X. Y. Ma, Y. W. Ou, J. 

Wang, Y. S. Liu, H. Y. Chang, Y. L. Wang, Q. Zang, X. T. Liu, Y. G. Zang, and J. Zang. 

“Development of a new RT-PCR with multiple primers for detecting Southern African 

Territories foot-and-mouth disease viruses”. Journal of Veterinary Research (Poland). Vol. 62, 

no. 4, (2018). Pp. 431–437. doi: 10.2478/jvetres-2018-0064. 

[22]. K. A. Mansour, H. H. Naser, M. H. Hussain. “Clinical, molecular detection and phylogenetic 

analysis study of local foot-and-mouth disease virus in Al-Qadisiyah province of Iraq”. Vet 

World. Vol. 11, no. 9, (2018). Pp. 1210-1213. doi: 10.14202/vetworld.2018.1210-1213. 

[23]. V. P. Le, K. N. Lee, T. Nguyen, S. M. Kim, I. S. Cho, D. D. Khang, N. B. Hien, D. Van Quyen, 

and Park JH. “A rapid molecular strategy for early detection and characterization of Vietnamese 

foot-and-mouth disease virus serotypes O, A, and Asia 1”. J Virol Methods. Vol. 180, no. 1-2, 

(2012). Pp. 1-6. doi: 10.1016/j.jviromet.2011.11.028. 

[24]. G. Lee, J. H. Hwang, J. H. Park, M. J. Lee, B. Kim, and S. M. Kim. “Vaccine strain of O/ME-

SA/Ind-2001e of foot-and-mouth disease virus provides high immunogenicity and broad 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 01 (Jan) - 2023

http://ymerdigital.com

Page No:1781



 

 

antigenic coverage”. Antiviral Res. Vol. 182, (2020). Pp. 104920. doi: 

10.1016/j.antiviral.2020.104920. 

[25]. M. Madhanmohan, S. B. Nagendrakumar, K. Manikumar, S. Yuvaraj, S. Parida, and V. A. 

Srinivasan. “Development and evaluation of a real-time reverse transcription-loop-mediated 

isothermal amplification assay for rapid serotyping of foot-and-mouth disease virus”. J Virol 

Methods. Vol. 187, no. 1, (2013). Pp. 195-202. doi: 10.1016/j.jviromet.2012.08.015. 

[26]. M. B. Sheikh, P. A. Rashid, Z. Raheem, A. S. Marouf, and K. M. Amin. “Molecular 

characterization and phylogenetic analysis of foot and mouth disease virus isolates in Sulaimani 

province, Iraq”. Vet Res Forum. Vol. 12, no. 2, (2021). Pp. 247-251. doi: 

10.30466/vrf.2019.101755.2424. 

[27]. C. L. Wong, C. Y. Yong, H. K. Ong, K. L. Ho, and W. S. Tan. “Advances in the Diagnosis of 

Foot-and-Mouth Disease”. Front Vet Sci. Vol. 7, (2020). Pp. 477. doi: 

10.3389/fvets.2020.00477. 

[28]. Y. Gao, S. Q. Sun, and H. C. Guo. “Biological function of Foot-and-mouth disease virus non-

structural proteins and non-coding elements”. Virol J. Vol. 13, (2016). Pp. 107. doi: 

10.1186/s12985-016-0561-z. 

[29]. S. M. Jamal, G. J. Belsham. “Foot-and-mouth disease: Past, present and future”. Veterinary 

Research. Vol. 44, no. 1, (2013). doi: 10.1186/1297-9716-44-116. 

[30]. F. Yang, Z. Zhu, W. Cao, H. Liu, T. Wei, M. Zheng, K. Zhang, Y. Jin, J. He, J. Guo, X. Liu, 

and H. Zheng. “Genetic Determinants of Altered Virulence of Type O Foot-and-Mouth Disease 

Virus”. J Virol. Vol. 94, no. 7, (2020). Pp. e01657-19. doi: 10.1128/JVI.01657-19. 

[31]. A. M. Hassan, M. R. Zaher, R. T. Hassanien, M. I. Abd-El-Moniem, A. R. Habashi, E. M. 

Ibraheem, M. A. Shahein, M. E. El Zowalaty, and N. M. Hagag. “Molecular detection, 

phylogenetic analysis and genetic diversity of recently isolated foot-and-mouth disease virus 

serotype A African topotype, Genotype IV”. Virol J. Vol. 19, no. 1, (2022). Pp. 1. doi: 

10.1186/s12985-021-01693-y. 

[32]. I. D. Mishu, S. Akter, A. S. M. R. U. Alam, M. A.  Hossain, and M. Sultana. “In 

silico Evolutionary Divergence Analysis Suggests the Potentiality of Capsid Protein VP2 in 

Serotype-Independent Foot-and-Mouth Disease Virus Detection”. Front Vet Sci. Vol.7, (2020). 

Pp. 592. doi: 10.3389/fvets.2020.00592. 

[33]. P. Li, X. Bai, P. Sun, D. Li, Z. Lu, Y. Cao, Y. Fu, H. Bao, Y. Chen, B. Xie, and Z. Liu. 

“Evaluation of a genetically modified foot-and-mouth disease virus vaccine candidate generated 

by reverse genetics”. BMC Vet Res. Vol.8, (2012). Pp. 57. doi: 10.1186/1746-6148-8-57. 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 01 (Jan) - 2023

http://ymerdigital.com

Page No:1782

https://doi.org/10.1186/1297-9716-44-116

