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Abstract

  Using transmission electron microscopy (TEM), a specimen can be ready for examination within 10 minutes, and an experienced 
virologist, pathologist, or technologist can identify a pathogen morphologically. There is paucity of literature with respect to study 
of TEM as a tool for the detection of foot-and-mouth disease (FMD) virus in suspension in diagnostic pathology. The current study 
aimed to optimize and develop the process of detection of foot-and-mouth disease virus and its capsid in TEM by negative staining 
methods. FMD virus infected BHK-21 cell and mock infected cells were centrifuged for 5 minutes at 12000 rpm, and the supernatant 
was used for negative staining. The supernatant was placed on the TEM grid using either single droplet touch methods or direct 
application of a single drop to the TEM grid and washed three times with water. After washing, the TEM grid was stained with 1% 
aq. Phosphotungstic acid, PTA (negative stain), then air dried and observed under TEM for imaging. The image was captured with 
a Jeol 1400 Plus TEM at 120 kV and 15000X magnification. The positive cell suspension was found positive for FMD virus under 
TEM in which virion capsid appears to be icosahedral, whereas in mock infected cell suspension samples no FMD virus particles 
were observed. The current study describes the process of demonstration of FMD virion in cell suspension using a negative staining 
method. This method can also be used to detect FMD virus in vesicular fluid, other fluids suspected for FMD virus, and other viruses. 
 Keywords: Cell Suspension; Foot-and-Mouth Disease Virus; Negative Staining; Phosphotungstic Acid; Transmission Electron Micro-
scope
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Transmission electron microscopy (TEM) continues to play 
a significant role in discovery of new organisms, particularly vi-
ruses, and helped in diagnostic pathology and research. Among 
these, the first electron micrograph of poxvirus and immunologic 
procedures of tobacco mosaic virus was published in 1938 and 
1941, respectively [1]. Electron microscopy was introduced suc-
cessfully in the differential diagnosis of smallpox and chickenpox 
infections in the late 1940s [2,3]. With the introduction of negative 
staining in the late 1950s [4] and the wider availability of electron 
microscopes, electron microscopy (as a catchall method) became 
essential in characterisation of many new virus isolates detected 
in diagnostic cell cultures and clinical samples, e.g., stool, urine, 
and biopsied specimens etc [5-9].

TEM has been instrumental in identification of the coronavi-
rus that causes SARS; a new respiratory virus, NL-63, that infects 
children; and an antigen-positive intracytoplasmic inclusion in the 
ciliated bronchial epithelium of children with Kawasaki disease 
[10-12]. Earlier worker reported success in identification of her-
pesvirus and Orthopoxvirus by drop method preparation [5,13,14] 
of vesicle aspirates to the tune of 62% to 80%, by electron micros-
copy. Establishment of persistent infection with foot and mouth 
disease virus in BHK-Op48 cells has been established by electron 
microscopy assays [15].

The Foot and mouth disease (FMD) is a vesicular, contagious and 
infectious viral disease of cloven-hooved domestic animals as well 
as more than 70 wildlife species [16,17]. It is caused by FMD virus 
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(FMDV), an Aphthovirus of the family Picornaviridae [18]. Aphtho-
virus is positive sense single stranded, non-enveloped RNA virus. 
During active phase of replication FMDV is present in vesicular 
fluids of epithelium of tongue, mouth, feet, teat etc [19]. Confirma-
tory diagnosis of FMD is based on detection of FMDV or its genome 
using virus isolation technique or molecular tools like PCR, respec-
tively in clinical samples particularly tissue samples collected from 
FMD suspected animal. Detection time of FMDV or its genome var-
ies from 8 hrs (molecular diagnosis) to 72- 96 hrs (virus isolation).

A specimen can be ready for examination and an experienced 
virologist, pathologist or technologist can identify, by electron mi-
croscopy, a viral pathogen morphologically within 10 minutes of 
arrival in the electron microscopy laboratory [20]. There is paucity 
of literature with respect to study of TEM as a tool for the detection 
of FMD virus in suspension in diagnostic pathology. The technique 
can be made more specific if combined with immuno-electron 
microscopy using suitable monoclonal and polyclonal antibodies 
specific to FMDV serotypes. Considering these backgrounds, pres-
ent study was taken to optimize the process of detection foot-and-
mouth disease virus in TEM by negative staining methods and sub-
sequently this process can be applied for detection of other viruses 
in cell suspension or vesicular fluid.

Materials and Methods
Materials

Equipments and reagents like transmission electron micro-
scope, table top centrifuge, fume hood, TEM grade tweezer (fine 
point), parafilm, Whatman filter paper, petri dish, carbon coated 
copper grid of 400 mesh, grid storage box, FMD virus cell suspen-
sion (supernatant), micropipette, distilled water (DW), 1% aq. 
phosphotungstic acid (PTA) as a negative stain, and discards were 
required to perform negative staining.

Samples
FMD virus cell suspension of BHK-21 was used for the optimiza-

tion and detection of FMD viruses by negative staining technique. 
Known FMDV positive cell suspension was used in this study while 
mock infected cell culture of BHK-21 was used as a negative con-
trol. Confirmation of positivity of cell suspension was carried out 
by cytopathic effect (CPE) on BHK-21 cell line, RT-mPCR [21] and 
RT-qPCR [22]. 

Nucleic acid extraction
The QIAamp total RNA mini kit (QIAGEN, Hilden, Germany) was 

used to extract total RNA from all tissue suspensions according to 
the manufacturer’s instructions. The extracted RNA was purified 
and DNaseI-treated with the RNeasy kit before being quantified 
with a NanoDropTM 1000 spectrophotometer using the OD260/
OD280 ratio, which was 1.8–2.0 for all samples. Total RNA prepara-
tions were stored at -80°C until needed.

Detection of FMD Viral genome
Using total RNA extracted from the above suspensions, RT-

mPCR was used to confirm the FMDV serotype [21]. In brief, the 
RT-mPCR mix included three serotype-specific forward primers, 
DHP13, DHP15, and DHP 9, against FMDV serotypes O, A, and Asia 
1, respectively, and one FMDV-specific reverse primer, NK 61. FMDV 
serotypes were classified based on amplicon size (249 bp, 376 bp 
and 537 bp specific for serotype O, A, and Asia 1, respectively). RT-
mPCR amplified products were electrophoretically separated and 
stained with ethidium bromide on a 2% agarose gel.

Virus isolation
Rescue of infectious FMDV was performed by chemical transfec-

tion of the extracted total RNA from each tissue collected on BHK-
21 cells as previously described [23]. In brief, 1 μg of extracted RNA 
and 2 μl lipofectamine 2000 (Invitrogen, Carls-bad, USA) diluted 
in OPTI-MEM®I (Gibco, Life Technologies, NY, USA) were mixed 
and kept at room temperature for 20 min. These mixtures were 
transferred to monolayer BHK-21cells in 24-well plates overlaid 
with 200 μl of GMEM and incubated for 4 h. After 4 h of incubation, 
700 μl of GMEM was added and again incubated at 37oC for 48 h. 
Then the whole contents in the wells were harvested and stored at 
-800C. 200 μl of harvest aliquot was subjected to further passage in 
BHK-21cells in order to amplify the virus rescued by transfection 
for further use.

Preparation of sample
Cell suspension was centrifuged at 12000 rpm for 5 minutes 

and supernatant were used for further study. 

Negative staining methods
Protocol for negative staining of FMD virus cell suspension (su-

pernatant) on TEM grids was carried out either by single droplet 
touch methods or single droplet on TEM grid application method 
(Figure 1).

19

Optimization and Development of Protocol for Detection of Foot-And-Mouth Disease Virus by Negative Staining Using Transmission Electron 
Microscopy

Citation: Rajeev Ranjan., et al. “Optimization and Development of Protocol for Detection of Foot-And-Mouth Disease Virus by Negative Staining Using 
Transmission Electron Microscopy". Acta Scientific Veterinary Sciences 5.2 (2023): 18-23. 



Figure 1: The procedures of negative staining technique for detec-
tion of foot-and-mouth virus in the cell suspension. a) single drop-
let touch method, 5-6 drops on clean parafilm sheet, among these 
drops, first drop- cell suspension containing test sample; next 03 
drop- water drops for washing; last drop- 1% aq. phosphotungstic 
acid (PTA) as negative stain, b) single droplet on TEM grid applica-
tion method, test sample, washing and negative stain were place 
directly on single TEM grid in sequential manner with appropriate 
time interval in following sequence like test sample, three consecu-
tive washing with water, application of 1% aq. PTA as negative stain 

followed by air dried.

Single droplet touch method
In this method, 5-6 drops were used, in which first drop was 

FMD virus cell suspension (supernatant), 3-4 drops of distilled wa-
ter, DW (number of DW drops depending upon concentration of 
samples) and last drop was negative stain (1% aq. PTA). All drops, 
as mentioned above, were place on parafilm strip in linear fashion 
(drop 1- sample, drops 2,3,4- DW and drop 5- 1% aq. PTA negative 
stain). Hold a fresh new carbon coated copper grid of 400 mesh 
in tweezer. After proper holding of TEM grid, carbon coated side 
of grid was touched to the sample drop up to 10 second (s) for 
adsorption of samples. After 10 s, removed liquid adhered to grid 
by using Whatman filter by touching the edge of grid followed by 
washing. Washing of grid were carried out by touching the TEM 
grid sample side with DW drops three time, each washing was for 
10 s. After washing with DW, TEM grid was stained with 1% aq. 
PTA as negative stain for 10 s followed air drying at room tem-
perature. After air drying, negatively stain TEM grid was stored in 
suitable grid storage box for TEM imaging and study in a TEM was 
carried out within 24hours.

Single droplet on TEM grid application method
In this method, single drop, 3 μl, of liquid samples was directly 

applied on carbon coated copper grid of 400 mesh weight for 60 
second for proper adsorption. After 60 s, removed liquid adhered 
to grid by using Whatman filter by touching the edge of grid fol-
lowed by washing. Washing of grid were carried out by application 
of 10 μl of DW directly on TEM grid sample side three times, each 
washing was for 10 s. After washing with DW, TEM grid was stained 
with 1% aq. PTA as negative stain for 10 second followed air drying 
at room temperature. After air drying, negatively stained TEM grid 
was stored in suitable grid storage box for TEM imaging and study 
in a TEM were carried out within 24hours.

TEM imaging of stained grid
Negatively stained TEM grid was screened by Jeol 1400 Plus 

TEM at 120 kV, using various magnifications and images were cap-
tured.

Results
Confirmation of positivity of FMDV cell suspension

Cell suspension used in the current study were confirmed for its 
positivity of FMD virus by showing CPE on BHK-21 cell line (Figure 
2), and FMDV specific genome detection by RT-mPCR (Figure 3a) 
and RT-qPCR (Figure 3b).

Figure 2: Photograph showing, a) normal healthy BHK-21 cell line 
morphology, b) FMD virus on BHK-21 cells line showed cytopathic 
effect (CPE) like cell swelling, rounding, and detachment of affected 

cells from the surface on which they cultured.

Detection of FMD virus particle in cell suspension
Positive confirmed cell suspension for FMDV by genome de-

tection were subjected for negative staining as described in MM 
using 1% PTA as negative stain. Negatively stained TEM grid was 
screened for detection of FMDV particle by using Jeol 1400 Plus 
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Figure 3: Confirmation of FMD virus infection BHK-21 cell suspen-
sion by multiplex PCR (RT-mPCR) and RT-qPCR molecular tool. a) 
agarose gel electrophoresis of RT-mPCR products showing pres-
ence of FMD serotype ‘O’ specific bands in test sample, 100 bp 
molecular weight marker, negative control and positive control in 
column 1 (T), column 2 (M), column 3 (NC) and column 4 (PC), re-
spectively. Column 4 showing positive control for FMDV serotype 
‘O’, ‘A’ and ‘Asia 1’ specific band of 249 bp, 376 bp, and 537 bp, re-
spectively. b) Showing threshold cycle value in RT-qPCR amplifica-
tion curve of foot-and-mouth disease serotype ‘O’ virus in cell sus-

pension (red colour) and no template control (violet colour).

TEM, 120 kV, 100 nm scale and viral capsid appears as icosahedral 
shape while in negative control samples FMD virus particle were 
not seen (Figure 4).

Figure 4: Showing FMD virus particle by negative staining tech-
nique using 1% aq. phosphotungstic acid (PTA) as negative stain 
under transmission electron microscope (TEM) in which viral 
capsid appears as icosahedral shape (black arrow), a) detection of 
FMD virus particle in BHK-21 cell suspension, b) showing detec-
tion of FMD virus, 146 s particle under TEM (black arrow).  (Jeol 

1400 Plus TEM, 120 kV, 100 nm scale).

Discussion
Negative staining is widely practiced technique for detection of 

virus isolates, virus like particle, protein molecules etc. A positive 
staining method for diagnosis of pathogens may vary from 4-5 days 
before samples was ready for examination under TEM. In contrast, 
negative staining technique is simple, rapid, and easy to perform 
for study of small particulate samples like vesicular fluid, cell sus-
pensions etc. Use of negative staining technique in biological sci-
ence is useful in diagnostic virology/pathology in which a virolo-
gist or pathologist can diagnose or discover new pathogen within 
10 minutes through electron microscopy [20]. Negative staining 
protocol was optimized for detection of FMD virus particle in cell 
suspension in the present study and was performed on FMDV posi-
tive cell suspension. FMD virus particle was detected under TEM 
and identified on the basis of its shape and capsid morphology very 
quickly as reported by Gelderblom and Hazelton [20]. This icosa-
hedral shape virion particle varies between 27- 32 nm in diameter 
and do not exhibit any fine structure. Present study described the 
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process of demonstration of FMD virus by negative staining meth-
od in cell suspension and this technique can also be used in detec-
tion of FMD virus in vesicular fluid, other fluid suspected for the 
presence of FMD virus. The technique has the further scope to be 
combined using serological methods such as immune-electron mi-
croscopy, which can further help to identify the virus serotypes of 
FMDV. Such an effort is in progress using serotype specific mono-
clonal antibodies and monospecific serum against FMDV. It is un-
biased technique against nucleic acid detection because it mainly 
targets proteins, viral capsid or ribonucleoprotein complex [24]. 
Further, if the morpho diagnosis is combined and correlated with 
clinical findings it could be an important tool for providing provi-
sional diagnosis and to start preventive measures and treatment 
without waiting the other test results.

Conclusions 
Although TEM is thought be an old-fashioned technique but still 

it can play an important role in early detection of discovered or un-
discovered viruses. For the diagnosis of FMD, a positive staining 
method may take 4-5 days before samples are ready for examina-
tion under TEM, while negative staining technique provides detec-
tion of FMD virus within 10 minutes through electron microscopy 
in laboratory. Present study described the process of demonstra-
tion of FMD virus by negative staining method in cell suspension 
and this technique can also be used in detection of FMD virus in 
vesicular fluid, other fluid suspected for the presence of FMD virus. 
If the morpho diagnosis is combined and correlated with clinical 
findings then it could be an important tool for providing provi-
sional diagnosis and to start preventive measures and treatment 
without waiting the other test results.
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