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Abstract: One of the viral diseases affecting both domestic and wild animals in many countries around the 

world is foot and mouth disease (FMD). The livestock sector has been suffering significant financial losses for 

many years as a result of the disease. The present research work was focused on the isolation, documentation 

and serotyping of the Foot and Mouth Disease (FMD) virus from different locations. Reverse Transcription 

Polymerase Chain Reaction (RT-PCR) was used to detect the FMD virus (FMDV) serotype-O that is currently 

circulating in the BHK-21 cell line. All the tested samples were positive for FMDV and specific for serotype-O 

was 64.67-52.67% from tongue epithelium tissues and 30.67-16.67% from foot tissues respectively based on 

locations. In BHK-21 cell lines, the viruses caused cytopathic effects such as rounding, enlargement, 

intercellular bridge breakdown, and finally, death of cells, which shows the presence of the FMD virus under an 

inverted microscope. The BHK-21 cell culture fluid was found positive for FMDV in cell culture and also was 

positive based on CPE. Once more, the resulting inoculum was used to serotype the virus using RT-PCR. Based 

on the result of the RT-PCR method, the conclusion reached was that the serotype of the FMD virus was ‗Type 

O‘. 
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1. Introduction 

A highly contagious disease is Foot-and-mouth disease (FMD) which affects both local and wild cloven-hoofed 

animal species (Gortázar et al., 2022). Foot-and-mouth disease virus (FMDV) is a tiny, non-enveloped, 

proactive, single-stranded RNA that belongs to the genus Aphthovirus under the Picornaviridae family (Malik et 

al., 2017). Seven immunologically unique  FMDV serotypes such as A, O, C, Asia1, SAT-1, SAT-2, and SAT-3 

are found worldwide (Ouagal et al., 2018). Except from Asia1, the other six FMDV serotypes were present in 

the African continent from 1993 to 2012 (Lloyd-Jones et al., 2017). Due to outbreaks, the Asia l serotype of 
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FMDV has been restricted to Asia, whereas SAT serotypes are widespread in the South African region (Bo et 

al., 2019).  

The disease also has both direct and indirect economic impacts because of restrictions on international traffic of 

animal products and animals from the afflicted nations (Kass et al., 2022). The disease is common in many 

regions of the world, resulting in significant economic losses due to lower milk and meat production, increase 

livestock mortality, losing weight, miscarriages, late conception, and failure of draught capacity in animals, 

which often requires a lengthy recovery time after the sickness (Qasem, 2015; Soumya et al., 2022). FMD is a 

deadly, destructive, extremely infectious, and clinically acute disease caused by multiple serotypes of FMD 

viruses in cloven-hoofed animals like cattle, pigs, lamb, goats, and additionally more than 70 other wild animal 

species (Wren et al., 2022; Cecco et al., 2022).  

FMD was previously eliminated in certain developed nations such as the USA, Canada, Australia, England, and 

Japan through vaccination or by combusting infected animals, however, its reemergence poses a severe danger 

to both domestic and wild wildlife in such countries (Foxell, 2003; Neumann, 2012). As a result, FMD is now 

regarded as the most dangerous epizootic threatening illness in the globe (Lazarus et al., 2015; Singh et al., 

2019). Bangladesh,  India, Burma, Nepal, Pakistan, Cambodia, Laos, Vietnam, and Thailand are still affected by 

FMDV serotypes O, A, and Asia 1, where serotype 'O' has been a prevalent serotype in Southeast Asia for many 

years, particularly in Bangladesh (Shahiduzzaman et al., 2016; Brito et al., 2017; Blacksell et al., 2019; Arju et 

al., 2022). 

FMD disease is an ongoing global danger to cattle health and production. It is critical to developing innovative 

methods of controlling this condition. In-vitro transfection tests in BHK-21 cells demonstrated that the viral 

structure was expressed in FMDV-specific antigen while not overproducing it (Dar et al., 2021). FMD 

represents one of the key barriers to the progress of Bangladesh's cattle population. FMD-related yearly losses in 

Bangladesh have been estimated to be $62 million (FAO/OIE, 2012). This virus, together with the other viral 

factors' constant change in attributes, makes it challenging for specialists in this sector to battle the disease 

(Rahman et al., 2022). According to RT-PCR, FMDV serotypes O, A, and Asia-1 are actively prevalent in 

Bangladesh (Islam et al., 2017). Combined infection of Type A and Asia-1 FMDV was also discovered. From 

1960 to 1990, a seroepidemiological examination of this virus in the cattle population discovered that four 

different varieties (A, O, C, and Asia-1) of FMDV were common in Bangladesh (Islam et al., 2017). FMDV 

serotypes A and O were prevalent in this country between 1996 and 2000 (Islam, 2001) . According to a recent 

study, three distinct types (A, O, and Asia-1) were widespread in Bangladesh from 2007 to 2008 (Sarker et al., 

2015). Among these, serotype 'O' is associated with 82% of disease outbreaks, whereas Asia1 and A were 

responsible for 18% combinedly (Siddique et al., 2018). The study of geographic locations and time revealed 

variable incidence rates. For instance in India, the Eastern area is infected by   43%, the Southern 31.5%, the 

Northeast by 11.6%, the Capital by 5%, the Western part by 4.4%, and the Nothern part incidence is 4% of this 

serotype ‗O‘ (Allen, 2016). On the other hand, the month with the most outbreaks is September, while the 

fewest is June (Yang et al., 2023). Although FMD vaccinations are administered all through the 

country, still the disease continues to spread in many places of the country. FAO recently suggested that FMD 

surveillance and documentation have increased across the country, furthermore, all the suspected animals should 

be brought by under laboratory analysis. Therefore, this study's main objective was to isolate, identify and 

molecularly detect the Foot and Mouth Disease virus serotype "O" from tongue epithelial tissues of FMD-

infected cattle, as well as its adaptation strategy in the BHK-21 cell line, to develop appropriate disease 

management approaches, along with effective vaccination progress in Bangladesh. 

 

2. Materials and Methods 

2.1. Ethical approval  

No ethical approval is needed as samples were collected from living cattle tongue epithelial and foot tissues of 

the FMD-suspected animals. 

 

2.2. Sample collection and preparation 

A total of 600 samples (Baby hamster kidney cell- BHK-21 line) were collected from the FMD-suspected cattle 

from Gazipur [tongue epithelium (n=150); foot samples (n=150)] and Mymensingh [tongue epithelium (n=150); 

foot samples (n=150)] areas of Bangladesh and stored at – 80 0C. These specimens were utilized to look for 

FMD ―O‖ type virus by one-step RT-PCR (Promega, USA). Subsequently, after confirmation of the serotype by 

RT-PCR, inocula were used to infect the BHK-21 cell culture for the observation of the cytopathic effect and 

isolation of the foot and mouth disease virus. 
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Figure 1. FMD viral samples collection areas viz. Mymensingh and Gazipur districts of Bangladesh. 

 

2.3. Reagents and culture media preparation 

Minimum Essential Medium (Sigma, Germany) and analytically graded inorganic reagents L- glutamine 

solution, 0.25 % Trypsin, Antibiotic-antimycotic solution, 6.3% sodium bicarbonate solution, Freezing medium 

(Caisson, USA), 70% Ethyl alcohol, Phosphate buffered saline (PBS), Fetal bovine serum (Bio-chrome, Sigma, 

Germany) were added to prepare culture media (Table 1).  

About 9 gm of Dulbecco's powder was added to 1000 ml distilled water. Then it was heated until boiling and 

then it was autoclaved at 121 °C and 15 lbs pressure for 15 minutes and stored at 4 0C to 8 0C in the maintain a 

cool temperature until used. One hundred millilitres (100 ml) of l0x MEM was mixed with 100 ml of 10% fetal 

bovine serum (FBS), 20 ml L-glutamine solution, 6.6 ml of 6.3% NaHCOs and 10 ml of 200 mM 10X 

antibiotic-antimycotic solution. Finally autoclaved distilled water was added to up to 1000 ml in a sterile flask. 

This is the lx MEM for the BHK-21 cell culture (Table 2). 

 

Table 1. Ingredients of tissue culture media (Growth media, 1000 ml and pH: 7.2). 

 

Sl Ingredients Amount  

1. Sterile Liquid  MEM 10x (Minimum Essential Medium) 100 

2. Fetal bovine serum (FBS) 100 

3. L-glutamine, 200mM solution 20 

4. Antibiotic-antimycotic 100X solution 10 

5. Sodiumbicarbonate  6.3% solution 6.3 

6. Sterile deionized water 763.7 

7. Total 1000 
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Table 2. lx MEM Preparation for FMDV infection/transportation: (1000 ml, pH: 8.2). 
 

SI Ingredients Amount 

1 10x Sterile Liquid MEM (Minimum Essential Medium) 100 

2 Fetal bovine serum (FBS) (heat inactivated) 100 

3 200mM L-glutamine, solution 20 

4 100X Antibiotic-antimycotic solution 10 

5 6.3% Sodium bicarbonate solution 12 

6. Sterile deionized water 758.4 

 Total 1000  

 

2.4. Subculture of BHK-21 cell culture 

Before usage, the medium and reagents should all be kept at room temperature. After removing the growth 

medium from the flask containing the BHK-21 cell culture, the monolayer of cells were washed twice with 

sterile lx PBS. To extract the cell from the flask, 1 ml of trypsin was added, mixed with the cell, and the flask 

was placed in the incubator for 5 minutes. About 20-30 ml of the conservation media was added to a 25 cm2 

flask. 8 ml of media containing cells was poured into a 25 cm2 flask and 20 ml of maintenance media was 

poured into a 75 cm2 flask and returned to the incubator. The flask was left for incubation at 37°C for 24 hours. 
 

2.5. Adaptation of FMDV in BHK-21 cell culture 

Within 24 hours of incubation, the cells in the culture flask that produced completely having confluent 

monolayers were chosen for viral infection. After removing the growing medium from the flask containing the 

BHK-21 cells, the monolayer cells had washed  twice with sterile 1X PBS. In order to promote interaction, the 

cultured monolayer was infected with 1 ml of propagules made from 10% culture in PBS using the collected 

samples. The inoculation was spread throughout the cell sheet by rotating for 45–60 minutes. A 25 cm2 flask 

containing 1*MEM supplemented with 2% heat-inactivated fetal calf serum was then filled with 10 ml of the 

maintenance medium, and the vessel was placed back in the incubator to incubate at 37 °C. As soon as the cells 

began to exhibit FMDV's characteristic cytopathic effect (CPE), they were inspected twice-daily under an 

inverted microscope. 
 

2.6. Sterility test of inoculums 

To remove bacterial and fungal contamination, all the collected samples were analyzed by adding 1ml of 

antibiotic antimycotic solution 100X (Sigma, Germany) in the required proportion. To determine the incidence 

of any kind of bacteria within the collected samples for the sterility test, a slight amount was placed into a 

bacteriological medium (BA). 
 

2.7. Isolation of FMDV by cell culture  

A subculture of BHK-21 monolayer cell culture was injected with an inoculum made from foot tissues and 

tongue epithelia that were removed from calves suspected of having FMD. The appearance of several types of 

distinctive changes CPE on to each field sample-infected cell culture allowed researchers to determine whether 

the virus was replicating there or not. The infectious fluid ) containing FMDV was harvested after 48 to 72 hrs 

of post-infection and was kept at -20 °C until further use for molecular studies. 
 

2.8. Molecular techniques for FMDV detection 

Reverse Transcription Polymerase Chain Reaction (RT-PCR) for the detection of different serotypes ‗O‘ of foot 

and mouth disease virus from the BHK-21 cell infected infectious fluid. 
 

2.8.1. Reverse transcription-polymerase chain reaction (RT-PCR)  

Viral RNA was extracted from the BHK-21 cell infected infectious fluid for molecular detection of the 

serotypes by RT-PCR, which involved extraction of RNA using RNA extraction Kit (Promega, USA), RT-PCR 

amplification of desired nucleic acid strands and analysis of RT-PCR products by gel electrophoresis. Every 

procedure was carried out in a very sterile environment. Precautions were taken to avoid cross-contamination 

and bacterial contamination.  

The SV total RNA Isolation System was used to extract the RNA. A nuclease-free autoclaved eppendorf tube 

was filled with 1.175 µl of RNA lyses buffer, which was then completely mixed by inversion. RNA dilution 

buffer of 350 pl was then added, well mixed, and incubated at 70 °C for 3 minutes. After 10 minutes of 
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centrifugation at 12000 rpm, the combination generated a clear lysate that was transferred into a fresh tube. 

Following adding 200 µl of 95% ethanol to the clear lysate and thoroughly mixing it with a gentle pipette, the 

eluate was centrifuged for one minute at 12000 rpm and discarded. The RNA Wash Solution was added to 600 

µl, centrifuged for 1 minute at 12000 rpm, and the eluate was discarded. Following that, a DNase incubation 

mixture was made using 40 µl of yellow core buffer, 5 μl of MnCl2, and 5 µl of DNase I. Pipetting was used to 

gently mix the fluid without creating a vortex. The membrane received 50 µl of the DNase mixture, which was 

then incubated for 15 minutes at room temperature. After that, centrifugation was conducted for one minute at 

12000 rpm using 200 µl of DNase Stop Solution (DSA) and 600 µl of RNA Wash Solution (Soumya et al., 

2022). The membrane was filled with nuclease-free water, centrifuged for one minute to extract the RNA, and 

then stored at -70°C.Viral RNA was extracted from the BHK-21 cell-infected infectious fluid for the purpose of 

molecular serotype identification by one-step RT-PCR. This study used RT-PCR system (Promega, USA) and 

made the reaction mixture. as per the instruction of the manufacturers. The FMDV oligonucleotide primer is 

used to detect FMDV and their serotyping were selected from published literature (Marupanthorn et al., 2013). 

The employment of three sets of primers for the the detection of FMDV respective of serotypes (Table 3). For 

serotype identification, three serotype-specific forward primers and reverse primers were selected (Table 3). A 

reference FMDV sample was used as the positive control. For FMDV types O, A, and Asia 1, the product 

lengths for each sample were verified and displayed at molecular weights of 1301, 866, and 911 bp, 

respectively. 

 

Table 3. List of the primers used for the detection of FMD virus serotypes. 

 

Serotype Primer Designation Sequence (5’-3’) PCR products size  Reference 

O 
FMDO F ACC AAC CTC CTT GAT GTG GCT 

1301 
Marupanthorn et al., 

2013 FMDO R GAC ATG TCC TCC TGC ATC TG 

 

2.8.2. Gel electrophoretic documentation of the PCR product 

PCR products were then electrophoresed at 100V for 30 minutes in TAE buffer on a 2% agarose gel, ethidium 

bromide (0.6 mg/ml) was applied to the gel for 10 minutes. In order to capture the images, the gel was carefully 

removed from the ethidium bromide, gently cleaned under running water, and then set up on the UV-

transilluminator (Bio-Rad, USA). 

 

3. Results and Discussion 

FMD is a severe threat to Bangladesh's cattle population. Although the country undertakes regular vaccination 

programs against FMD year after year, the occurrence of this disease continued and spread in many places in 

Bangladesh (Hossen et al., 2014). The present research was carried out with 600 FMD suspected cattle samples 

collected from two major cattle farming areas of the country for FMDV serotype 'O' identification with RT-PCR 

a recent concerning serotype using the BHK-21 cell line. All the collected samples were successfully 

proliferated and adapted for the FMDV virus. These samples demonstrated FMDV-specific cytopathic effect 

(CPE), such as rounding, thickening, cell aggregating to form giant cell and intercellular bridge breakdown 

(Figures 2 and 3), and lastly, cell death, which is an indicator of FMDV-infected cells. The finding of cell 

culture following infection with FMDV was correlated with the other findings (Nandi et al., 2015; Ali et al., 

2019). The FMD-affected samples were then tested for FMDV serotype 'O' using an RT-PCR technique. 

 

 
 

Figure 2. FMDV dissemination in BHK-21 cell line. a) Uninfected (healthy) BHK-21 cell line (elongated 

shape) b) Infected BHK-21 cell line (round and flat). 
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Figure 3. FMDV infected BHK-21 cell.  a) 1st passage: initiation of infection and cell rounding started 

after 16 hours of infection; b) 2
nd

 passage: almost 95% cell infected, after 36 hours of infection; c) 3rd 

passage: almost 100% cell infected, after 48 hours of infection (observed under 40x). 

 

RT-PCR is a dependable, fast, accurate, and specific method for molecular characterization of infectious 

pathogens such as FMDV (Bachanek-Bankowska et al., 2016).  RNA was isolated from FMD-detected tissue 

culture that confirmed positive for FMDV in the BHK-21 cell line. This research did PCR after generating 

cDNA from FMDV viral extract RNA and discovered positive bands at 1301 bp following 2% agarose gel 

electrophoresis that was particular to FMDV serotype "O" (Figure 4). Utilizing FMDV serotype  'O' specific 

primers, RT-PCR revealed that out of 600 samples, tongue epithelium tissues from Gazipur (n=150) and 

Mymensingh (n=150) affected 97 (64.67%) and 79 (52.67%), respectively, where foot samples [Gazipur 

(n=150) and Mymensingh (n=150)]  affected 46 (30.67%) and 25 (16.67%) respectively FMDV 

serotype  'O'  (Table 4). 

 

 
 

Figure 4. RT-PCR products in 2% agarose gel electrophoresis: Image: Lane 1-2 ( positive control), Lane 

3-4 (samples), Lane 5-6 (other samples), Lane 7 (negative control), Lane 8 (1000 bp DNA marker) where 

only Lane 3, 4 = positive PCR product of FMD virus serotype type O which showed the light band at 1301 

bp. 

 

Table 4. Detection of FMDV serotypes ‘O’ by one-step RT-PCR. 

 

Location Sources No. of positive sample  Percentages (%) 

Gazipur 

Tongue epithelium 

(n=150) 
97 64.67 

Foot samples 

(n=150) 
46 30.67 

Mymensingh 

Tongue epithelium 

(n=150) 
79 52.67 

Foot samples 

(n=150) 
25 16.67 
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By analyzing all of the specimens collected from the two districts of Gazipur and Mymensingh, it was 

discovered that, in terms of positive RT-PCR results, Gazipur was more vulnerable to FMD Serotype O' than 

Mymensingh. The highest percentage of FMDV serotype O was detected in the BHK-21 cell line between the 

two types of field samples. The occurrence at Gazipur was 64.67% from tongue epithelia, which can be 

compared to earlier results (Islam et al., 2001), who found that tongue epithelia samples tested positive for the 

virus in 51.43% of cases while foot tissue samples tested positive in only 30.67% of cases. In the case of the 

FMDV sample from Mymensingh, a similar variance was observed.  The system for collecting samples, the area 

where samples were collected, and the seasons might all contribute to this difference. Reduced amounts of viral 

antigens may result from sample being exposed to higher temperatures, an inappropriate pH, or rancidity of the 

material (Saeed et al., 2015). The present findings are comparable to those of Marupanthorn et al. (2013), who 

isolated viral RNA. For FMDVserotypes O, A, and Asia 1, the component lengths were verified and exhibited at 

molecular weights of 1301, 866, and 911 bp, respectively. Thus, using an RT-PCR-based molecular approach, 

we identified FMDV type O' from the collected viral sample. Moreover, this research also investigated tongue 

epithelia tissue more prominent for FMD type O' exposure than foot tissue. 

 

4. Conclusions  

The present research confirmed the type of FMDV currently circulating in the Gazipur and Mymensingh 

districts of Bangladesh as confirmed by RT-PCR. The RT-PCR methodology, accompanied by viral adaption in 

BHK-21 cells a very precise technique for FMDV isolation and detection that may be used to detect FMD 

viral serotype O'. In the future, the latest findings might be utilized to develop a vaccination against FMD 

serotype O' and determine the efficiency of a vaccine at the field level. 
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