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ABSTRACT
Background: Indonesia is currently experiencing a foot-and-mouth disease (FMD) outbreak in livestock, caused by 
the FMD virus (FMDV). FMDV is easily spread to cause outbreaks in new geographical locations. Identifying FMDV 
infection through early diagnostic testing is important to track and prevent the spread of FMD in Indonesia. The use of 
appropriate samples is a crucial step in a study or survey to provide accurate results for diagnosis.
Aim: The aim of our study was to evaluate the sensitivity of relevant oral mucosal epithelial swabs, hypersalivation 
swabs, and blood plasma specimen samples for FMDV diagnosis using one-step real time PCR (3D).
Methods: Sampling was carried out by judgment or purposive, namely selecting animals that showed symptoms of 
the disease. A total of 109 samples were collected consisting of 3 types of oral mucosal epithelial swab specimens, 
hypersalivation swabs, and blood plasma collected from each cow reported as suspected FMDs in 8 districts in South 
Sulawesi were tested for FMDV using one-step RT-PCR (3D).
Results: FMDV infection in oral mucosal epithelial swabs (ct = 28.9), saliva (ct = 30.62), and blood plasma (ct = 
37.17) compared to controls used from the Farma Veterinary Center (ct = 29.10) using RT PCR (3D gene). These 
results indicate that the sensitivity value of oral mucosal epithelial swab specimens is the same as positive controls, 
even more sensitive, than when compared to saliva or blood plasma specimens. Sensitivity depends on the cycle 
threshold (CT) value for each RT PCR test and should be preferred in crucial situations if possible. 
Conclusion: These findings indicate that using oral mucosal epithelial swab specimens is more sensitive to be used as 
superior samples for FMDV detection using RT-PCR (3D) as a powerful tool for early detection to enable faster and 
effective treatment. 
Keywords: FMDV, RT-PCR, South Sulawesi, Specimen. 

Introduction
Foot-and-mouth disease (FMD) is a highly infectious 
viral disease spread by animals with open fork legs that 
affects up to 70 species of cloven-hoofed mammals 
including cattle, sheep, goats, and pigs (Jamal and 
Belsham, 2013; Knight-Jones and Rushton, 2013; 
Sameer and Jarullah, 2014). It is one of the leading 
causes of economic and cow losses and affects up 
to 70 species of cloven-hoofed mammals including 
cattle, sheep, goats, and pigs. It is one of the most 
serious illnesses impacting the international trade of 
animals and their products, according to the Office of 

International des Epizooties (World Organization for 
Animal Health, 2009). The FMD virus (FMDV) is 
the cause of FMD, and it is a member of the family 
Picornaviridae and genus Aphthovirus. FMDV is a 
tiny, non-enveloped, positive-sense, single-stranded 
RNA virus with a genome of roughly 8,500 nucleotides 
that is encased in an icosahedral capsid made up of 
four structural proteins. The FMDV virus has seven 
immunologically diverse serotypes (O, A, C, Asia 1, 
Southern African Territories 1, 2, and 3), each of which 
has a variety of antigenically and epidemiologically 
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distinct subtypes (Jamal et al., 2012; Knowles et al., 
2012).
Clinical signs of FMD include fever and the 
development of vesicles in and around the mouth, 
foot, and mammary glands. These vesicles frequently 
quickly rupture and develop into erosive lesions. The 
additional signs include excessive salivation, anorexia, 
sadness, lameness, and resistance to rising or moving. 
Chronic lameness, a temporary or permanent drop in 
milk output, weight loss, mastitis, and condition loss 
are all potential complications. Multifocal myocarditis 
typically only causes death in young animals (Diab 
et al., 2019).
FMD is a strategically contagious animal disease and 
is still exotic in Indonesia, and evidence of five of 
the seven FMDV serotypes has been reported in the 
country by several research publications (Adjid, 2020; 
Zainuddin et al., 2023). Even though there are routine 
programs to control and eradicate FMD, sometimes 
this disease still appears in several regions in Indonesia. 
South Sulawesi is one of the areas that is a priority for 
developing beef cattle farming in Indonesia (Eldiana 
et  al., 2015). As the spread of FMD disease and the 
control that has been carried out, it is necessary to 
know information about the current incidence of FMD 
in South Sulawesi.
Due to the economic implications and the public 
health hazards of FMD, the disease has commanded 
international attention for its control and prevention, 
which depends on early diagnosis, vaccination, and 
strict quarantine measures in addition to good animal 
care (El-Rahman et al., 2020; Firman et al., 2022). To 
anticipate the emergence of this disease, a quick and 
accurate diagnostic test is required. Real time PCR 
(RT-PCR) is a diagnostic test that is recommended 
by the World Animal Health Organization (OIE) 
(EL-Shehawy et  al., 2012; Olabode et  al., 2014; 
Tesfaye et al., 2020). FMDV molecular identification 
(fast and accurate) to detect coding region 3D in the 
FMDV genome. This research aims to evaluate the 
sensitivity of relevant oral mucosal epithelial swabs, 
hypersalivation swabs, and blood plasma specimen 
samples for FMDV diagnosis using one-step RT-
PCR (3D). RT-PCR could be easily deployed for 
routine surveillance hence improving disease control 
measures.

Materials and Methods
Study period and location
Samples were collected from eight districts in South 
Sulawesi Province, Indonesia, throughout 2023. 
This location was selected because it had the highest 
cattle population in South Sulawesi. The location of 
these areas is shown in Figure 1. The average annual 
temperature is 26°C.
Sample collection
A total of 109 samples were collected purposefully 
from cattle exhibiting clinical FMD signs, including 

cows with lesions in the mouth, gums, or foot and 
hypersalivation. The samples taken from each cow 
consisted of three types of specimens, namely oral 
mucosal swabs, saliva, and blood plasma (Fig. 2) and 
then placed into viral transport media (VTM).
Research sample size
Disease detection samples are usually used to detect 
the presence of disease in the population being 
investigated. The calculation of disease detection 
samples requires estimates of sampling confidence 
levels, disease prevalence, and the number of 
animals in the population. The disease detection 
sample formula is as follows(Martin et  al., 1987): 
n = [1−(1−a)1/D] [N−(D1)/2], where the prevalence 
of the disease is estimated to be 5%, the sampling 
confidence level (a) = 95%, so that the number of 
samples that must be taken is obtained, namely as 
many as 57 individuals (minimum sample). The 
method of sampling to detect disease is by judgment 
or purposive, namely selecting animals that show 
symptoms of disease.
Sample preparation
Specimens include oral mucosal epithelial swabs, 
hypersalivation swabs, and blood plasma as well as 
other samples originating from animals suspected 
of being infected with FMD. The specimen was 
homogenized and added with VTM and then centrifuged 
at 4,000 G for 10 minutes to obtain the supernatant as 
a sample for RNA extraction. The positive control used 
isolates from the Pharma Veterinary Center Pusvetma, 
Directorate General of Animal Husbandry and Animal 
Health, Ministry of Agriculture.
RNA extraction 
The extraction was performed using the QiAmp Viral 
RNA Mini Kit (Qiagen) procedure. A total of 140 μl 
sample was added with 560 μl of a viral lysis buffer 
(AVL) buffer. The mixture was then homogenized 
using vortex and spindown. Furthermore, incubation 
was carried out for 10 minutes at room temperature. 
Centrifuge for 1 minute at 8,000 rpm (6,000 g) at 4°C. 
Add 560 μl of absolute ethanol and vortex. Centrifuge 
for 1 minute at 8,000 rpm (6,000 g) at 4°C. Transfer 
630 μl of the solution into the Qiamp Spin Column. 
Centrifuge for 1 minute at 8,000 rpm (6,000 g) at 
4°C. Discard all liquid in the collection tube. Transfer 
the remaining solution into the Qiamp Spin Column. 
Centrifuge for 1 minute at 8,000 rpm (6,000 g) at 4°C. 
Discard all liquid in the collection tube. Add 500 μl 
Buffer AW1. Centrifuge for 1 minute at 8,000 rpm 
(6,000 g) at 4°C. Discard all liquid in the collection 
tube. Replace the collection tube with a new one. Add 
500 μl Buffer AW2, then centrifuge for 3 minutes at 
14,000 rpm (20,000 g) at 4°C. Discard all liquid in the 
collection tube, then centrifuge for 1 minute at 8,000 
rpm (6000 g) at 4°C. Transfer the Qiamp spin column 
to a new collection tube (1.5 ml), then add 50 μl 
buffer AVE and incubate for 1 minute. Centrifuge for 
1 minute at 8,000 rpm (6,000 g) at 4°C. Discard the 
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Fig. 1. Maps showing the Sulawesi islands in Indonesia and the locations of examined 
regency (Sumber: makassar.bpk.go.id).

Fig. 2. Sampling of oral mucosa, saliva, and blood plasma specimens from cows showing clinical symptoms of FMD affected cattle 
(Animal Diseases Investigation Maros documentation).
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Qiamp spin column and label the tube. RNA products 
should be stored in a freezer at −20oC or −80oC. The 
commercial extraction kits were used according to the 
manufacturer’s instructions.
Real-time PCR FMDV 3D
The t-RNA amplification process for extracted 
specimens used the AgPath-ID One-step RT-PCR Kit 
(Ambion-ABI P/N AM1005) (manual-based procedure) 
and 1 µl of each primer. The primers/probe used in RT-
PCR PMK testing 3D are Primer 3D 6769 F (5′-ACT 
GGG TTT TAC AAA CCT GTG A-3′); Primer 3D 
6875 R (5′-GCG AGT CCT GCC ACG GA-3′); and 3D 
Primer 6820 P (5′-TCCTTTGCACGCCGTGGGAC′-
BHQ1-3′). The FMDV 3D rRT-PCR was a modified 
version of the assay described by Callahan et al. (2002). 
The thermal cycling parameters for DNA amplification 
on the settings in the Applied Biosystems® 7,500 real-
time PCR machine with thermal cycling conditions 
are as follows: (1 ×) 50°C for 2 minutes, 95°C for 10 
minutes, (50 ×) 95°C for 15 seconds, and 60°C for 
60 seconds. A positive control FMDV sample was 
included in each run as well as a negative water sample. 
The cutoff of the assay was set at a Ct-value of 45.
Data analysis
The data obtained were analyzed descriptively with 
Microsoft Excel and using the analysis of variance 
(ANOVA) statistical program on SPSS version 17.0 
statistical software package (SPSS Inc., Chicago, IL) 
using one-way between subjects. Differences were 
considered statistically significant at p-value of less 
than 0.05 (p value <0.05).

Ethical approval
This study was approved by Hasanuddin University 
Research Ethics Committee, University Faculty of 
Medicine (Approval No. 346/UN4.6-4.5.3L/ PP36 / 
2023).

Results
Clinically positive 109 samples with different kinds 
of specimens (oral mucosal epithelial swabs, saliva, 
and blood plasma) were evaluated by RT-PCR for the 
diagnosis of FMD using specific primers 3D. Samples 
producing a curve above the threshold value (ct) 
were considered positive. A graphic quantification of 
amplification showing the result, and melting curve on 
the PCR product is shown in Figure 3.
The significant advantages of qPCR include its 
ability to measure DNA concentrations over a 
large range, sensitivity, ability to process multiple 
samples simultaneously, and ability to provide 
immediate information (Ekawasti et  al., 2024). 
Unlike conventional PCR, real-time PCR uses 
fluorescence so that every time amplification occurs, 
a fluorescence signal will be formed, which will be 
captured by the detector throughout the PCR process. 
The amplification process is repeated in several 
cycles, and the resulting fluorescence signal will be 
directly proportional to the amplification that occurs. 
At one point, the number of fluorescence signals in 
the amplification process reaches a minimum value to 
be interpreted as a positive result. This point is called 
the cycle threshold (CT) value (Callahan et al., 2002). 
The amplification program settings, namely using 

Fig. 3. (a) Real-time RT-PCR amplification by serotype-specific primers and probes 3D gene (b) Melting curve analysis optimization 
reaction.
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passive reference, are selected NONE, reporter dye 
fluorescein amidine (FAM), and quencher NONE. 
The interpretation of the amplification results is 
seen from the CT value, namely if <40, then it is 
declared positive; between 40 and 45 is considered 
intermediate, and ≥45 is negative, and the PCR 
machine lists undetermined.

Our results showed that the mean Ct value of samples 
from 8 districts in South Sulawesi Province were 
28.90; 30.62; and 37.17 of FMD PCR positive for the 
oral mucosal epithelial swabs, saliva, and blood plasma 
specimens, respectively. Almost similar and sensitive 
results observed compared to positive controls from 
the Farma Veterinary Center used (ct = 29.10) were 
oral mucosal epithelial swabs. These results indicate 

Table 1. Specimens sample in RT-PCR.

No. Location
Ct of RT-PCR result

Swab oral epitel 
mucous Saliva Plasma

1 Kota Palopo 12 22.68 ± 7.44Aa 25.15 ± 8.13Aa 26.36 ± 6.93Ab

2 Jeneponto 3 24.75 ± 0.00ABa 26.11 ± 0.00ABa 37.00 ± 0.00ABb

3 Maros 8 24.94 ± 6.45Aa 25.31 ± 3.36Aa 33.80 ± 12.01Ab

4 Bulukumba 21 28.09 ± 11.97Aa 29.55 ± 11.17Aa 30.13 ± 11.27Ab

5 Pinrang 15 31.56 ± 8.72Ba 34.52 ± 9.86Ba 45.00 ± 0.00Bb

6 Pangkajene 
Kepulauan 12 34.87 ± 8.74Ba 35.08 ± 7.41Ba 42.93 ± 4.14Bb

7 Gowa 6 35.09 ± 14.01Ba 38.63 ± 9.02Ba 45.00 ± 0.00Bb

8 Enrekang 32 45.00 ± 0.00Ba 45.00 ± 0.00Ba 45.00 ± 0.00Bb

  109 28.85 30.62 37.17

Note:Different superscript capital letters in the same column indicate significant differences (p <0.05);Different superscript 
small letters in the same row indicate significant differences.

Fig. 4. Mean value of Ct result from specimen sample using RT-PCR (3D).
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that the sensitivity value of oral mucosal epithelial 
swab specimens is the same as positive controls, even 
more sensitive, and also compared to saliva or blood 
plasma specimens. The ANOVA analysis showed 
significance (p > 0.05) between specimens (Table 1; 
Fig. 4).

Discussion
The virus called FMD is highly contagious. It is also 
a serious transboundary animal infection. Because 
of its severe impact on trade and manufacturing, 
FMD can have crippling socioeconomic impacts 
(Alexanderson, 2002; Callahan et  al., 2002). The 
livestock industry suffers significant losses from 
FMD due to the high costs of prevention or control 
methods, such as mass vaccination campaigns and/
or culling of infected animals, as well as the clinical 
impact of the disease on milk and beef production. 
Vesicular lesions, associated with fever, lameness, 
drooling, and anorexia in clinically ill cattle, can be 
found on the mouth, feet, and udder (Paixão et  al., 
2008; Directorate General of Livestock and Animal 
Health Service, 2022; Sutawi et  al., 2023). The 
cattle farming sector in South Sulawesi continues 
to grow, even sending superior cattle to many other 
provinces in Indonesia. South Sulawesi has been 
designated as a national cattle breeding center by the 
Ministry of Agriculture. This decision was not made 
lightly; many factors must be considered, including a 
supportive agro-climate and the farming traditions of 
the population, which have been passed down from 
generation to generation (Ministry of Agriculture of 
the Republic of Indonesia, 2022).
It is critical to do an early study and identify this disease 
using the appropriate detection technology in order 
to implement a speedy control approach. The correct 
identification procedure is employing the appropriate 
sample and method to produce accurate results. Cattle 
in South Sulawesi exhibiting FMD symptoms, as 
reported by farmers to the Maros Veterinary Center, 
were sampled using a sampling technique aiming at 
clinical symptoms of FMD in cattle. FMDV-infected 
animals typically develop lesions on the tongue, snout, 
oral cavity, coronary band, and teats. Other typical 
symptoms include fever, poor appetite, weight loss, 
hypersalivation, depression, growth retardation, and 
considerably decreased milk production, which may 
last even after recovery (OIE, 2018). On the other hand, 
diagnosis based on clinical symptoms is problematic 
because many diseases have similar symptoms; 
therefore, laboratory confirmation is required for each 
suspected FMD patient (Wong et  al., 2020). Several 
approaches can be used to confirm the presence of the 
FMDV, including RT-PCR, which is an accurate and 
sensitive FMD detection tool. The most appropriate 
sample usage may differ based on the type of target 
virus to be discovered and the characteristics of the 
person being tested. The FMD samples include oral 

mucosal swabs, saliva, and blood plasma (Wong et al., 
2020).
Sampling was carried out at several locations in 
South Sulawesi with different geographical areas 
(Fig. 1). The increase in sensitivity in determining 
the diagnosis was reflected in the increase in the 
detection ability of sample types and the level of 
serotype determination of clinical samples from FMD 
outbreaks in the field (Lim et al., 2022). Comparison 
of the RT-PCR sensitivity across three types of FMD 
sample specimens from the same cattle using RT-
PCR. The 3D RT-PCR method is a method that has 
been validated by FAO, so researchers only compare 
the results of the types of sample specimens used. In 
this study, RT-PCR was carried out on 109 clinical 
samples. To detect FMDV RNA, this primer probe 
is used in several international studies (Jamal and 
Belsham, 2013; Reid et al., 2014; Jamal and Belsham, 
2015).
Based on the table, using a 5% level of significance, it 
can be interpreted as follows: There is no significant 
difference between oral mucosal epithelial swabs 
and saliva. There is a significant difference between 
oral mucosal epithelial swabs and plasma; there is a 
significant difference between saliva and plasma. 
Furthermore, categorization is carried out for the 
average value of each specimen and location, showing 
that with an average interval value of Ct value ≤ 22.5, 
22.6–44.9, and ≥ 45 indicates that the results are at high 
positive, low positive, and negative levels for FMDV, 
respectively.
Table 1 reveals that Palopo City has the most sensitive 
oral mucosal swab specimen samples and the highest 
positive FMD incidence rate, while Enrekang shows 
negative results for three sample specimens, despite 
the presence of clinical symptoms in the cows sampled. 
This is in accordance with the statement by Lim et al. 
(2022) that clinical symptoms of FMD in cattle at the 
location showed symptoms of FMD but needed to be 
supported by laboratory tests so that FMD could be 
diagnosed accurately.
DNA can also be identified from oral mucosal 
samples, although these samples are frequently 
harder to acquire than saliva and call for exacting 
methods. However, in cases where saliva samples 
are inadequate or tainted, this can be helpful. The 
sensitivity of FMD DNA detection in saliva and oral 
mucosal swab samples did not differ statistically 
significantly from one another, as indicated by the 
ANOVA p-value analysis results. This is in contrast 
to plasma samples, which are significantly different 
from saliva samples.
Plasma is more frequently employed in chemical 
analysis since it is a liquid component of blood that 
contains a variety of chemicals. The results of this 
study strengthen the statement of Estevez Garcia et al., 
(2022) that when identifying respiratory viruses, such 
as FMD, oral mucosal swabs and saliva are frequently 
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more sensitive than plasma. Saliva and oral mucosal 
swabs are sites where FMDV adhere or proliferate. The 
mouth and throat are two areas of the upper respiratory 
tract where respiratory viruses, including FMD, 
frequently proliferate and disseminate, making them 
possible infection sites. If the virus is present, even 
in trace amounts, this can improve the likelihood of 
finding it. Saliva and oral mucosal swabs serve to limit 
the possibility of contamination in plasma samples, 
which can lower the test’s specificity (Poonsuk et al., 
2018). 
Saliva collection is one example of a noninvasive 
sampling technique that may be a more affordable 
option or supplement to current survey techniques 
(Garner et  al., 2021). Saliva samples with low viral 
loads can still be identified using suitable enrichment 
techniques, suggesting that DNA-based molecular 
surveillance may be used (Mathijs et al., 2016). 
In the case of animal diseases such as FMD, it 
is crucial to remember that prompt and precise 
detection is necessary to stop the disease’s spread. In 
order to monitor and control this disease in animals, 
it is crucial to use the most suitable and sensitive 
sample technique. Furthermore, since the production 
of copious amounts of saliva is one of the clinical 
indications of FMD in cattle, it is possible to identify 
saliva that contains high levels of FMDV based on 
the results of the analysis of the huge amounts of 
DNA present in saliva. One of the potential ways 
that viruses might spread from animals to farms is 
through contaminated farm floors and contaminated 
farm equipment, such as animal feed, footwear, 
and equipment (Bravo de Rueda et  al., 2014). In 
the meantime, the study’s findings give a general 
overview of the 3D gene RT-PCR technique, 
particularly the kind of sample specimen that is used 
to produce precise FMD diagnosis results. Preventing 
the spread of FMD requires early, accurate diagnosis 
and, of course, biosecurity precautions. 

Conclusion
In summary, this research supports the idea that oral 
mucosal swabs and saliva samples can be used in the 
RT-PCR test. Oral mucosal epithelial swab specimens 
are samples that have high sensitivity for using one-
step real-time polymerase chain reaction (3D gene) 
test. This testing is to support early control decisions 
during disease outbreaks. Faster and better diagnostic 
methods can significantly improve control in both free 
and affected areas.
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