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SUMMARY

Foot and Mouth Disease virus typed and characterized from field suspected cases was confirmed
using RT-PCR, antigen detection ELISA and Cell culture. Total of 54 samples comprising of 12
epithelial tissues and 42 oral swabs were obtained from clinical and recovering cases reported in
Abia, Cross- River and Taraba States. Positive samples for RT-PCR were tested on tissue culture.
Out of 19 RT-PCR positive samples, 4 grew on cell culture and 15 were negative. Of thesel5
negative specimen on cell culture 12 were tested with Antigen-detection ELISA and 3 positives
were FMDV serotype A, SAT-1 and SAT-2. Positive samples of FMD virus serotypes A and O
were grown on tissue culture using IB-RS-2 commercial cell line. On RT-PCR only serotype A
was identified, viral genome was extracted and amplified then amplicon submitted for sequencing.
Four FMD viruses were isolated and characterized using percentage identity matrix (alignments
Clustal W2). They were closely related to one another to the range of 53- 99 % but could not be
termed identical viruses. The phylogenetic analysis revealed relatedness to historical isolates from
Nigeria (2006), Cameroon 2000, Sudan and Egypt Viruses. This finding reaffirms the nomadic
cattle movements in disease transmission and the need for countries to jointly coordinate efforts
in FMD control. Non identical virus isolates reveal the diversification of FMD virus types and
topotypes in circulation and the complexity of FMD situation. This may be an indication for a
more frequent update of the vaccine strains used in local FMD vaccine and adoption of multiple
and different strain vaccine in specific areas to progressively reduce the types of circulating
viruses.
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INTRODUCTION Saharan Africa in the 1990s raised much concern
to a number of countries. Strains isolated in major
outbreaks were serotypes A, O and SAT2 (Ferris
and Donaldson, 1992,). Foot-and-Mouth Disease

The re-emergence of Foot-and-Mouth Disease
(FMD) as a major transboundary disease in sub-
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(FMD) which comes after African Swine Fever
(ASF) and Contagious Bovine Pleuropneumonia
(CBPP) as the third major transboundary animal
disease (TAD) (OIE, 2008) undermines food
security and economic development, both at the
level of village smallholders (Abubakar et al.,
2017) and the more organised production systems
supplying urban and export markets. Continuous
inputs on control efforts have been implemented
by many countries to attain disease free status
without vaccination as scaled on the Progressive
control Pathway for FMD control (FAO- EuFMD,
2018). Some African countries have efficiently
controlled FMD and have had the status of
disease-free country but the threat remains very
viable especially when others are found to be
overwhelmed in endemicity with the disease
agents and its variants (Lazarus et al., 2012;
Fasina et al., 2013). Foot-and-Mouth Disease
virus occurs in seven serotypes and various
subtypes that are immunologically distinct. The
uncontrolled movement of animals across borders
in nomadic activity or in search of a more
profitable market for their animals remains an
important epidemiological factor leading to
spread of different FMDV types and subtypes.
Central and West African Economic regions had
been found to harbour five (serotypes A, O, C,
SAT1 and SAT2) of the seven existing FMD virus
serotypes Sangare et al., 2004, and are at the step
0 or step 1 of the progressive control pathway for
FMD which implies that the epidemiology of
FMD in those areas is not well understood. In
Nigeria there has been an increased effort to
continually reduce disease occurrence by
vaccination using indigenous vaccine and
adopting constant isolation and characterization of
FMD virus from outbreaks (Olabode et al., 2014,
Nielsen et al., 2021). However, FMD burden
remains viable. A progressive elimination of
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specific strain may substantially result to a gradual
reduction of number of circulating viruses and
improve cattle production in given areas. As FMD
appears to be seven diseases in one, a constant
isolation of circulating strains remains necessary
and the most effective basic step in the approach
to control and contain the virus (Ehizibolo et al.,
2014). Considering that FMD control measures,
whether used for control, eradication or
prevention, have to be adapted to local
requirements it becomes impossible to give
precise recommendations on the practical use of a
specific programme or control strategy when data
on strategic areas are unavailable. This study was
carried out to evaluate genetic diversity of FMDV
serotypes causing infections through isolation and
typing of field viruses, determine molecular
characterisation, genetics of virus isolates and
compared with that of historical isolates from
other countries.

MATERIALS AND METHODS
Sample Collection

Prior to sampling, a 2-4 ml amount of 0.08 M
physiologic buffer containing 0.01% bovine
serum albumin, phenol red (0.002%) and
antibiotics (gentamycin) adjusted to pH 7.2 was
added to one sterile bijou bottle or similar sterile
container for each of the animals to be sampled.
Each bijou bottle was properly labelled. For the
probang samples, 2ml, which should contain some
visible cellular material, was then added to the
previously prepared bijou bottle containing an
equal volume of buffer and thoroughly mixed by
gentle shaking. The oropharyngeal and vesicular
swabs were collected from suspected clinical or
recovering field FMD cases. Samples were
collected as information of the clinical disease
was received from both sedentary and nomadic
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herds, and from cattle markets. They were
transported to the National Veterinary Research
Institute, Vom laboratory in ice packs and
preserved at —70°c prior to examination. Sample
collection and storage was done using standard
procedures as described by Kitching and
Donaldson, 1987.

Virus extraction from field samples:

Epithelial tissues were washed in PBS (pH 7.2-
7.4) before removing 1.0 g for sample processing.
The tissues were homogenized using a sterile
pestle and mortar, sand and tissue culture medium
containing penicillin, streptomycin, gentamycin
and amphotericin-B (5 X-PSGA). The tissue
homogenates were added to 10 ml of medium and
centrifuged at 1500g for 10 min. Probang and
swab samples were also centrifuged at 1500g for
10min. 500 pl of the filtered supernatant (0.22 pm
pore size, Millipore) was inoculated onto
commercial cell line using IB-RS-2 (Institute of
Infectology Friedrich-Loffler- Institute,
Germany). The cell line was identified as CCLV-
RIE 103. CCLV (Collection of Cell Line in
Veterinary Medicine), a pig kidney cell line grown
in 25cm?tissue culture flask G1 1640 as described
by Brehm et al., (2009). Cells were passage with
1:1 mixture of MEM (Minimal Essential Medium)
in Hank’s Balanced Salt Solution (BSS) and
MEM in Earle’s BSS supplemented with
1.25¢g/liter NaHCO3, non-essential amino acids,
120g/liter Sodium-pyruvate (NA-pyruvate) and
10% Fetal Calf Serum (FCS) at pH 7.2-7.4 for
incubation in CO2. D-MEN suitable at a split ratio
of 1:4- 1:6. The cell line was incubated for 56-72
hours in 4-6% CO; for a continuous monolayer to
be formed.

Cells were incubated at 37°C for 48 hours and
checked for cytopathic effect (CPE). Samples
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were considered negative if no CPE was observed
after 72 hours on the second passage. For the
samples where CPE was observed, the supernatant
was clarified (1125 x g for 5 min) and then tested
with an antigen detection ELISA kit for FMDV
serotypes O, A, SAT1 and SAT2 (IZSLER
Biotech Laboratory, Brescia, Italy).

Stocking and replication

Virus isolates from swabs and epithelial tissue
samples of positive animals by PCR were
passaged at least twice. Incubation was made after
splitting the cells to have multiple monolayers.
More than two passaging were done if no
cytopathic effect was observed on primary
cultures. The cell monolayer was washed with
10mls pre-warmed phosphate buffered saline
(PBS) and inoculated with 240pl of the stock virus
sample obtained from supernatant fluid of
epithelial tissue homogenate, oral/oropharyngeal
swab. 2mls medium without fetal calf serum
(maintenance medium) was added and the
12.5cm? flask incubated at 37°C for lhour. The
supernatant was removed at the end of incubation
and the monolayers rinsed gently for 5 sec with
phosphate buffer saline and the fluid discarded.
Maintenance medium (5mls) was added to the
cells and the flask incubated at 37°C. After 2 days
of incubation, monolayers, which show 90-100%
cytopathic effect, were harvested. Virus
suspension was centrifuged at 15000g for 10min
to remove cell debris. 10ml of each suspension
was collected by syringe aspiration. Glycerol was
added to the virus suspension to make a final
concentration of 20% glycerol, this suspension
was aliquoted in 2mls cryotubes and stored at —
70°C till further use. This procedure was carried
out on all types and subtypes of FMDV obtained
from the field. The specificity of the CPE was
confirmed by RT-PCR.
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Amplification by PCR of Reverse Transcribed
RNA

A total volume of 276ul was used which
contained the following: cDNA (2.5ul), 12ul of
10 X buffer (DynaZyme), 12ul of 2.5 mM dNTPs,
9ul of 10pmol of each primer (Primer IF and
Primer IR), a serotype-specific sense-strand
primer of one of the isolates, an antisense primer
(universal antisense primer was used ie (5 GAA
GGG CCC AGG GTT GGA CTC 3’) (Beck and
Strohmaier, 1987)), 174ul of double distilled
water (ddH.0), 1U/pl of Taq polymerase. E.g. of
serotype specific strand primer:

Serotype O: (5° GAT TTG TGA AGG TGA
CACC 3’) (Rodriguez et al, 1994).

Serotype SAT 2: (5> CCA CNT TCG AGG TCA
ACT TGA T 3°) (Bastos et al., 2001).

Antisense primer Ser. O: (5° GAA GGG CCC
AGG GTT GGA CTC 3’) (Beck and Strohmaier,
1987). The amplification of a 581 bp DNA
fragment was performed using the following
programme: Heating 96°C for 1 min, 35 cycles of
denaturation at 96°C for 12sec, annealing at 55°c
for 20sec and extension at 70°C for 30sec.

Gel electrophoresis
amplified DNA

and purification of

The PCR products were analyzed on a 1.5%
agarose gel containing 0.5pg/ml of ethidium
bromide The DNA bands were visualized by UV
illumination and the expected band identified
against a DNA molecular weight marker (100bp).
Positive samples showed bands that were
compared with the band of the positive control.
This test is not conclusive, for samples positive by
PCR are then passed unto culture on cell line.60
ml of 2% agarose in 1x Tris/Borate/EDTA (TBE)
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buffer was prepared, heat in microwave for ~2 min
on full power or place in beaker of boiling water
until melted. Was allowed to cool to about 45°C
and 1 pl ethidium bromide (stock=5 mg/ul) per 10
ml added, giving a final concentration of 0.5
ug/ml. Gel was poured and well comb inserted.
The preparation was allowed to set on a flat
surface for 15 min. Buffer 1x TBE (containing 0.5
pg/ml ethidium bromide, i.e. 1 pl of 5 mg/ml stock
to every 10 ml of buffer) was poured into tank and
comb removed from gel. Samples were prepared
in tubes and put in multiwell plate. One pl loading
buffer, 5 ul PCR product, 5 pl molecular weight
marker VI (Boehringer), 4.5 ul H20 were loaded
into the wells formed in the gel and
electrophoresed at 100 volts for 20 min.
Photographs were viewed with a UV-
transilluminator. The DNA bands were visualized
and the expected bands identified against a DNA
molecular weight marker (100bp). The correct
DNA bands were cut from the gel and purified.

Statistical analysis

Results obtained in this study are presented in
percentages. The phylogenetic tree was
constructed using Neighbor-Joining method
(Kimura, 1980; Takuma and Keiko, 2019). The
evolutionary distances were computed using the
Maximum Composite Likelihood method and are
in the units of the number of base substitutions per
site.

RESULTS
Virus isolation and antigen detection ELISA

Foot-and-mouth disease virus was identified and
extracted from epithelial tissue and oral swab
samples. Positive samples for RT-PCR were
tested on tissue culture. Out of 19 RT-PCR
positive samples, 4 grew on cell culture and 15
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were negative. Of these 15 negative specimens on
cell culture 12 were tested with Antigen-detection
ELISA, 3 were positive and identified as FMDV
serotype A, serotype SAT-1 and SAT-2.

The RT-PCR was highly sensitive and could
detect even very low viral titer and a PCR positive
sample could then be passaged several times to
obtain a growth. Tablel: Antigen
ELISA/PCR/Cell-culture, shows that 19 out of 54
samples were positive with PCR but only 8
successfully grew on culture. Four FMD serotype
A was successfully isolated from field samples
obtained from Taraba State in Nigeria.
Comparison of sequences of isolates was made
with one another using Clustal W2 and with
historical virus sequences from other countries.
Isolates were closely related to one another with
percentage identity varying from 53.65% to
99.3% as seen in Table 2. Multiple sequence
alignment showed close identities at positions
459-401, 414-458 followed by 473-512, 533-562,
359-398 then 591-606. The highest similarity
involving 44 amino acids was found in positions
414-458. Alignment scores varied from 51.56-
97.55.

Evolutionary relationships of 13 taxa

The evolutionary history was inferred using the
Neighbor-Joining method. The optimal tree with
the sum of branch length = 0.75122580 is shown.
The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap
test (1000 replicates) is shown next to the
branches. The tree is drawn to scale, with branch
lengths in the same units as those of the
evolutionary distances used to infer the
phylogenetic tree (Figure 1). The evolutionary
distances were computed using the Maximum
Composite Likelihood method and are in the units
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of the number of base substitutions per site. All
positions containing gaps and missing data were
eliminated from the dataset (Complete deletion
option). There was a total of 628 positions in the
final dataset. Phylogenetic analyses were
conducted in MEGA4 (Tamura, 2013). Isolates
were in the same clade but not identical with one
another.
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TABLE I: RESULT OF RT-PCR, AG-ELISA, CELL- CULTURE OF FMD SUSPECTED SAMPLES.

Total | NVD | Pos | Neg | Type O | Type A | SAT-1 | SAT-2

PCR 54 14 19 |35 |2 4 - -
Cell-culture | 19 - 4 15 |- 4 - -
Ag- ELISA | 12 - 3 9 - 1 1 1

TABLE II: PERCENT IDENTITY MATRIX OF ISOLATES WITH ONE ANOTHER

SIN ISOLATES | PERCENTAGE IDENTITY WITH ONE ANOTHER

1 JW53 100.00 99.21 53.65 54.50
2 JW58 99.21 100.00 53.67 54.56
3 JW43 53.65 53.67 100.00 99.3

4 Jw48 54.50 54.56 99.30 100.00

Alignments < ClustalW2 < EMBL-EBI

FIGURE 1: PHYLOGENETIC TREE OF FMD VIRUS TYPE A ISOLATES
JWA43)NK72
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DISCUSSION

Clinical FMD is easily recognized on the field. In
this study there are little or no variations from the
disease as described by Kitching (1998), Knowles
et al.,, (2001). The difference in various FMD
clinical cases was based on the stage of disease at
which the animal was examined, the severity of
the infection which could be related to the type of
virus involved and may be concurrent disease
conditions. Cases were seldom confused with any
other condition because disease pattern is usually
specific and always recognized by animal owners,
handlers and traders. High mortality was observed
in younger animals. It was found that nomadic
herdsmen have a general concern for the disease
owing to management of sick animals as they
await healing, the duration of outbreak within the
herd and its aftermath. Definitive diagnosis
denotes a field situation where there are multiple
variants of circulating FMD virus serotypes and
the relatively unstable virus as revealed by
percentage identity matrix. This finding reaffirms
the complexity presented by pathogen factor in the
understanding of epidemiological dynamics of
FMD. It aligns with the understanding of the
progressive control pathway for FMD (PCP-
FMD) by FAO-EuFMD 2018, expected to form
the backbone for the global control of FMD,
advocating active monitoring for FMDV
circulation and understanding the epidemiology of
FMD as the foundation for any control strategy,
reduction of virus circulation and mitigation of
disease risk through improved information.
Relatedness to historical isolates in Nigeria,
Cameroon, Erithrea, Sudan, Kenya and Ethiopia
is an indication that FMD virus agents spreads
from East to West Africa as has previously been
reported by Ularamu et al., (2016, 2020). The role
of the pastoralist and transhumant system of cattle
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production and more importantly the trade of life
cattle from East and central Africa to Nigeria
through the lake Tchad basin on a single major
route by foot in search of a bigger market is
equally reflected in the phylogenetic analysis of
isolate. The presence of traces of specific viruses
of Antigen detection ELISA (A, O. SAT-1 and
SAT-2) could denote a level of biological
adaptation evidenced by the varied degree of
disease tolerance marked by the diverse severity
of lesions of FMD seen in some cattle on the field
and helping the animal to serve as carrier for the
virus (Woodbury 1995; Tchokote, 2016). This
also could be an indication of the possibility of
multiple infections from different FMD virus
strains in a single animal within a short period of
time.

CONCLUSION

It is evident from this study that multiple strains
and virus types constitute a constraint to the
effective control of FMD especially in endemic
regions. Exploration of possibility of using non
virus antigen through the development of FMD
vaccines that do not require infectious virus has
been made using the VP1 protein isolated from
purified virus or produced by recombinant DNA
technique; or chemically synthesized VP1
peptides, or live vectors expressing VP1 fusion
proteins has shown only limited protection in
challenged cattle and has predisposed to antigenic
variation (Wong et al., 2000). FMD control along
capital value chain in endemic areas will require
effective identification and understanding of
important risk factors which includes the
pathogen and disease dynamics, movement of
transhumant pastoralist cattle owners, interaction
of cattle with other animals, trade of life cattle, the
role of various stakeholders and governments. On
pathogen risk factor endemic areas will require a
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more frequent update of vaccine strains in a
polyvalent vaccine to match the different type of
viruses circulating in the area. A local
geographical mapping of FMD types and subtypes
to reflect the world mapping will be of importance
whereby there will be consistent vaccination using
a vaccine with local strains of FMDV to gradually
reduce the load of circulating viruses and the risk
of mutation. The optimization of resources used
for FMD control could be achieved by targeting
critical risk points where the impact on disease
control and or virus circulation will be greatest.
Practically, on the major cattle transit camp in
Laka Kousseri, Logone et Chari Division in the
Far-North Region of Cameroon where thousands
of cattle cross daily on foot from Cameroon,
Tchad, Central African Republic, Sudan and other
countries to Nigeria for a bigger market, a well-
structured quarantine and control post involving
concerned nations should be created to strengthen
and ameliorate existing efforts by the
Cameroonian government on specific control of
FMD, to train and educate various stakeholders in
the value chain on the importance of control and
eradication of FMD. However, there is need for
regional policies flexible enough to allow for a
transitional pastoralism and effective disease
control. The control of Foot-and-mouth disease in
Cattle remains paramount since outbreak in other
species of animals such as porcine, ovine and
caprine is seldom recorded and cattle (Tchokote,
2014), is the most important host and reservoir of
the disease in the country. Control of FMD in
cattle will be extremely necessary.
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