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Abstract

Objective: Foot and mouth disease (FMD) is a highly infectious and economically important
disease affecting cloven-hoofed domestic and wild animals. Early diagnosis and serotyping of
the agent are very important to effectively design and implement the control approach. This
study was conducted on serum samples collected from Amhara, Tigray, Oromia and Addis Ababa
between October 2018 to February 2020. The animals were kept under a semi-intensive to an
extensive system of rearing. Serum samples with low OD values (positive) using competition
NSP-ELISA were subjected to serotyping ELISA.

Results: In the present study, three serotypes were identified from 186 NSP ELISA positive
sera of which 156 serotype O, 40 serotypes A and 28 serotype SAT2. In this analysis, multiple
serotype infection was observed which is why the number of serotypes was beyond the samples
analyzed. Among 23 samples from Addis Ababa 10, 3 and 5 were O, A and SAT2 serotypes
respectively, while in samples from the Oromia region 12 were O and 3 were SAT2 serotypes.
From the Amhara region, 99 samples analyzed were found to be serotype O and SAT2 in 7 of
the serum samples. From the Tigray region, 30 samples were seen to have Serotype O infection,
whereas 13 of them were SAT2. The proportion of serotypes identified based on the production
system practices was also found that semi-intensive production takes the largest share in all
three serotypes followed by extensive production. Generally, early determination of the serotype
from past infection helps to aware of the epidemiology as well as the infection immunity of the
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herd/individual animals.

Introduction

Foot-and-mouth disease is a highly infectious economically
important disease affecting cloven-hoofed domestic and wild
animals. It is caused by Foot and mouth diseases virus of the
genus Apthovirus, family picornaviridae. This virus has seven
immunologically distinct serotypes namely O, A, SAT1, 2, 3,
Asia 1 and C. These serotypes again have sub-groups in their
geographic presence as topotypes. So far there are over 60
topotypes [1,2].

As these serotypes or topotypes have the distinct
immunological appearance, infection with one of them does
not guarantee future protection. Similarly, vaccination also
works within the serotype limit. Multiple infections with one
or more serotypes at the same time can also happen [3,4].

https://doi.org/10.29328/journal.abse.1001017

In most of sub-Saharan Africa, the disease is endemic with
five serotypes (O, A, SAT1, SAT2, SAT3) known to circulate
[5]. Foot-and-mouth disease outbreak in Ethiopia occurs an
average of 35 times a year. Most outbreaks occur from October
to March in the dry period of the year. This outbreak number
is underestimated because of a lack of proper reporting. Even
the reported outbreaks are communicated to the responsible
body but no control or prevention measures are in place [6].

Outbreak investigation and characterization using
viral isolation and molecular technique is a crucial step in
identifying the serotype responsible for the outbreak [7].
Serological survey methods are also very important to identify
whether the animal had previous exposure or not. The most
commonly used method is the non-structural protein-based
detection of infected animals by discriminating from vaccine-
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induced antibody response. This method of diagnosis is the
best method and helps to determine the prevalence of the
diseases based on previous exposure but not the current
status and the serotype. Serotyping of FMDV from either
the serum or the isolated virus can be done by LPBE, SPCE
and Virus neutralization methods. Virus neutralization also
works by titrating a known antibody or antigen against a
known antibody or antigen on a cell monolayer. In both cases
inhibition of the cytopathic effect as a result of the presence
of protective or matched antibody is indicative of the specific
serotype. Solid phase blocking ELISA is a method by which
serotyping of a specific virus from the serum of actively
diseased animals or previously infected animals was done.
This is the best method that avoids all the hurdles of virus
isolation, molecular characterization, and Virus neutralization
(VN) methods which all needs a high confinement facility.

Therefore the aim of this study was to serotype NSP ELISA
positive serum samples using SPCE from previously identified
naturally infected animals.

Materials and methods
Study area and sampling strategy

This study was conducted on serum samples collected from
Ambhara, Tigray, Oromia and Addis Ababa regions between
October 2018 to February 2020. The production system
in which the animals were kept was from semi-intensive to
extensive system. Serum samples with high OD values Using
NSP-ELISA were subjected to stereotyping ELISA. Regions,
Zones and districts were selected purposively and individual
farms/herds and animals were selected based on systematic
random sampling. Serum from cattle, swine and goats was
used in the analysis. Animals below six months of age were
not included in the sampling during the initial screening.

Study design and sample size determination

The design of the study was cross-sectional and serum
samples were collected from Foot-and- mouth disease-
infected regions. The sample size for the serosurvey was
initially determined and NSP 3ABC ELISA was performed. The
aim of this particular study was to determine the serotype
of the NSP3ABC ELISA positive sera using the Solid phase
Competition ELISA. For this, representative sera samples with
low OD values with NSP ELISA were selected and subjected
to Solid phase competition ELISA. For this particular analysis
185 sera samples from cattle (Amhara = 99, Oromia = 34,
Addis Ababa = 22 and Tigray = 30) were used.

Ethics approval and consent to participate

The study obtained research ethical clearance approved
by the institutional animal research ethics committee at
the Addis Ababa University, College of veterinary medicine
and agriculture (Certificates Reference number: VM/ERC/
18/03/13/2020 and the approval Date is 11/03/2020. All
the methods were performed according to the guideline and
regulations set by the university.

https://doi.org/10.29328/journal.abse.1001017

5,

Laboratory analysis

Solid phase competition ELISA (Screening protocol):
All serum samples collected from those mentioned regions
were screened for the presence of NSP against Foot-and-
mouth disease infection first. For this purpose, a total of
1421 serum samples were analyzed and found that 357
sera-positive animals were. A commercially available test kit
(PrioCHECK® FMDV NSP, Netherlands) was used. This test is
having specificity and sensitivity of 95% and 98% respectively
according to the manufacturer’s instructions. Test plates
of the kit contain FMDV NSP captured by the coated 3ABC
specific mAb. This test is designed in such a way that it can
identify antibodies of natural infection from the vaccinal
antibody. The assay was performed according to the
manufacturer’s instructions/protocol. The results were
analyzed and interpreted using the Percentage Inhibition
(PI) value of each sample. This test was validated by the
manufacturer and marketed to be used as a diagnostic kit that
identifies infected from vaccinated.

Serotyping using solid-phase competition ELISA:
Those samples with low OD value (positive for 3ABC FMD)
were selected and subjected to SPCE (solid phase competitive).
The uniqueness of this study is that serotypes are identified
from the serum of infected animals or positive 3ABC ELISA
samples.

Principles of the solid-phase competition ELISA:
ELISA microplates are supplied pre-coated with the FMDV
serotypes inactivated antigens captured by the homologous
MADb. Approximately diluted test sera are incubated with the
trapped inactivated antigen, enabling the specific antibodies
eventually present in the sample to bind to the respective
antigen. Then, the anti-FMDV serotypes MADb, conjugated with
peroxidase, are dispensed: its reaction with the homologous
antigen will be inhibited by antibodies of positive sera
previously bound to the virus, while in the case of negative
sera the conjugated MAb can bind to the FMDV inactivated
antigen. After incubation, the unbound conjugate is removed
by washing and the TMB substrate/chromogen is delivered
into wells. A calorimetric reaction develops if the conjugated
MAD has bound to the virus, i.e. if test serum is negative, while
color development is inhibited by positive sera. Inactivated
antigen and conjugate concentrations are pre-calibrated to
give a suitable reaction value (OD). After the addition of a stop
solution, the optical density of the developed color is read by a
microplate photometer at 459 nm.

Interpretation: The percentage inhibition produced
by the positive control and by the test sera is calculated as
follows:

% inhibition OD = 100-(serum OD/reference OD) x100

Reference OD = mean OD of four wells processed with the
Negative Control Screening test - test sera are considered:
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e Positive when producing an inhibition 270% at the
1/10 dilution.

¢ Negative when producing an inhibition <70% at the
1/10 dilution.

Data analysis

Microsoft Excel spreadsheet was used to record and
code the data generated from laboratory investigation and
analyzed using the STATA version14 [8]. Sero-prevalence and
stereotyping were analyzed by descriptive statistics.

Results

In this particular study, a total of 186 FMDV naturally
infected animals with positive serum were analyzed for
identifying FMDV antibody serotypes that are representing
four regions of the country. The geographic distribution of
the FMDV was indicated in the following Map where all three
serotypes were found from the central to Northern part of the
country. The northern part of the country harbors all three
serotypes (Figure 1).

From 300 serum samples collected from Addis Ababa city,
53 serum samples were found to have antibodies against
the non-structural protein. Twenty-three serum samples
were further subjected to Solid phase competitive ELISA and
serotype O was found in 10 of the samples, serotype A in
3 samples, and serotype SAT2 in 5 of the samples. 300 serum
samples collected from the Oromia region were also analyzed
and found that 51 samples were positive for FMDV NSP
protein. Of those positive serum samples, 34 were subjected
to the SPCE test and found that 12 were serotype O and 3 were
serotype SAT2. Similarly, 435 serum samples originating from
the Amhara region were tested with FMDV NSP ELISA and
found that 104 of them were positive for natural infection
antibodies. Of these 99 of them were analyzed using SPCE and
all of them were serotype O and mixed infection was found
in 15 of them with serotype A and SAT2 in 7 of the serum
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Figure 1: Geographic distribution of the FMDV antibody serotypes identified.
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samples. From 386 serum samples collected from the Tigray
region, 149 were seen to have an antibody for 3ABC FMDV
NSP and all of them were seen to have Serotype O infection
by the solid phase competition ELISA, in addition, 25 and 13
of them showed mixed infection with A and SAT2 serotypes
(Table 1).

The serotype distribution was also analyzed based on
specific locations and found that serotype O was identified
in all locations with the highest and lowest prevalence in
Bahirdar and Ghinir, Adaba respectively. On the other hand
serotype A and SAT2 were identified from the Mekelle area
and Bahirdar with the highest proportion (Table 2). This
serotype distribution was statistically significant at p < 0.05.

The proportion of serotypes identified based on the
production system practices was also found that semi-
intensive production takes the largest share in all three
serotypes followed by intensive production (Table 3). There
was a statistically significant association between the serotype
identified and production system practices (p < 0.05).

Discussion

Past infection of the foot and mouth disease was confirmed
by the presence of NSP antibodies which stay longer than
Structural Protein (SP). In addition, studies have shown
that antibodies against the non-structural protein (NSP)
can persist for a longer duration than SP after infection [9].
Determination of serotype of foot-and-mouth disease virus
has been done using antigen ELISA, Serotyping PCR and Solid-
phase competitive ELISA.

In the present study three serotypes were identified
from 186 NSP ELISA positive sera of which 156 serotype O,
40 serotypes A and 28 serotypes SAT2, this agrees with the
reports of [4,10]. Another report by [10] also indicated that
these three serotypes are circulating in the country.

Table 1: Regional distribution of antibody serotyping of 3ABC FMD positive serum
samples.
SPCE
Location  No of Sample SABC .E.LISA Number of tested
positive O | A SAT2
Addis Ababa 300 53 23 10 3 5
Oromia 300 51 34 12 0 3
Amhara 435 104 99 99 15 7
Tigray 386 149 30 30 25 13

Table 2: Serotype distribution of FMDV in different areas of Ethiopia.

Serotype Bahirdar | Gonder | Mekelle | Addis Ababa A Ghinir = Adaba
(e} 72 27 30 10 6 6
A 15 0 25 3 0 0
SAT2 9 0 13 5 0 3

‘Table 3: Serotype distribution of FMDV with respect to the production system. ‘

Serotype intensive Semi-intensive extensive
(¢} 21 108 22
A 12 23 8
SAT2 10 13 7
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In the current study serotype O was the most circulating
serotypeinall four regions, which agreed with previous studies
[10,11] that reported serotype O was the dominant serotype
causing outbreaks in Ethiopia Other studies also indicated that
serotype O was the most common cause of outbreaks globally
followed by serotype A [12,13]. These frequent occurrences of
0 serotype in different outbreak might be due to the presence
of uncontrolled animal movement in the country. Additionally,
this was in line with the findings of [4,14-16] who reported
serotype O, A and SAT2 prevalence in order of dominancy.

The proportion of serotypes identified based on the
production system practices was also found that semi-
intensive production takes the largest share in all three
serotypes followed by intensive production. There was a
statistically significant association between the serotype
identified and production system practices (p < 0.05).

Conclusions and recommendations

Foot-and-mouth disease is one of the most contagious
diseasesin the world resultingin a highly devastating economic
impact mainly in developing countries. Early diagnosis and
typing of the agent are very important to effectively design
and implement the control approach. In this particular study,
it was found that serotypes O, A and SAT2 were identified
by serotyping from previously infected animal targeting
antibodies produced against the structural protein of the virus.
Contrary to the Antigen ELISA (sandwich ELISA) and serotype-
specific PCR which needs the antigen for the determination of
the serotype, this one is found to be an alternative diagnostic
technique with the comparative advantage which does not
need the antigen (fear of escape of antigen) as well as no need
of active outbreak. Early determination of the serotype from
past infection helps to be aware of the epidemiology as well
as the infection immunity of the herd/individual. This helps
the design and implementation of the best control approach.
Based on this the following recommendations are forwarded:-

» Large-scale sero-surveillance should be coupled with
serotype identification from serum found positive for
FMD past infection

» Previous infection immunity needs to be considered
while designing a control approach
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