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Abstract Counter immnuo-electrophoresis (CIEP) and
Competitive ELISA (C-ELISA) tests were employed for
seroprevalence of Peste des Petits Ruminants (PPR)
infection in Sudan. The result of both tests showed
high prevalence of PPRV antibodies in sheep and goats
sera collected from six different regions of Sudan. Of
the 519 serum samples examined for the presence of
PPRV antibodies 307(59.15%) were positive by CIEP
while 263(50.67%) were positive by C-ELISA. CIEP
technique was shown to be more sensitive than C-
ELISA technique for detection of PPRV antibodies

(Kappa statistics 0.259). C-ELISA allowed rapid,
simple, specific, sensitive and differential sero-
diagnosis of PPRV and RPV in sheep, goats and cattle.
CIEP is, unlike competitive ELISA, is group-specific
test and can not differentiate between PPR and RP
infections. Despite its low specificity CIEP can be a
useful indicative screening test for PPRV antibodies in
flocks that neither been vaccinated nor otherwise
exposed to PPR or RP virus. Results obtained suggest
that CIEP, like the HI test, could be a useful screening
test where it is not possible to use C-ELISA.
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Abbreviations
PPRV Peste des Petits Ruminants Virus
CIEP Counter immnuo-electrophoresis
C-ELISA Competitive ELISA
RPV Rinderpest Virus
HI Haemagglutination inhibition
MAb Monoclonal antibodies
SUD 72/1 Sudan 72/1
BKC. P.4 Bovine kidney cells passage 4
LTC. P.2 Lamb testis cells passage 2
TCID50 Tissue culture infective dose50
AGPT Agar Gel Precipitation Test
EEO Electroendosmosis
PI Percentage inhibition
VNT Virus neutralization test
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Introduction

Peste des petits ruminants (PPR) is an acute and
highly contagious viral disease of small ruminants
with high rates of morbidity and sometimes high rates
of mortality. Goats are usually more severely affected
than sheep (Roeder et al. 1994; Diallo 2000).
Economically, it has been the most important disease
of these species in sub-Saharan Africa, the Middle
East, and southwest Asia.

Severe outbreaks of PPR continued to occur in small
ruminants in Sudan causing significant economic
losses. In Sudan, detection of antibodies against PPRV
has also been reported in several species including
sheep, goats, cattle and camels (Anderson and McKay
1994; El Amin and Hassan 1999, Haroun et al. 2002).
Rapid detection of infected animals is very important
for PPR controls to be effective. Severe cases in
which animals show clinical signs in the field can
easily be detected through clinical surveillance and
the detection of antigen in clinical samples, while the
diagnosis of PPRV infection in subclinically infected
animals can be achieved by serological surveillance.

In an attempt to investigate the prevalence of PPR
in sheep and goats in Sudan, a study based on
serosurveillance was conducted in different parts of
Sudan. The aim of this study is to provide a simple,
rapid and cheap serological test that can be used for
routine diagnosis of PPR in Sudan.

Materials and methods

Test sera

A total of 519 serum samples were collected from
sheep and goats during the period 2001-2003 to study
the seroprevalence of PPR in six different states of
Sudan (Table 1). None of the animals was known to

have been vaccinated against PPR before or at the
time of sampling.

Reference PPR virus (Sinnar Strain)

The reference strain of PPRV was the Sudanese
isolate SUD 72/1 PPRV Sinnar (BKC. P.4. LTC P.2)
Nussieba et al. (2008). The reference virus was used
as positive control antigen in CIEP.

Preparation of hyper-immune Serum

Hyper-immune antiserum to PPRV SUD 72/1 (Sinnar
105.4 TCID50/ml) was produced in goats (Nussieba et
al. 2008).

Counter immnuo-electrophoresis (CIEP)

The gel used was agarose (Sigma, medium EEO, type
II). The tank buffer was a barbitone acetate buffer pH
8.6, 0.1 M containing 2 g sodium azide per litre. A
1% (w/v) agar was prepared by boiling 1 g of agarose
in 100 ml of barbitone acetate buffer. The CIEP
protocol was essentially as described previously by
Elhag Ali and Lees (1979), Majiyagbe et al. (1984)
and Obi and Patrick (1984).

Competitive ELISA (C-ELISA)

All reagents were obtained in pre-titrated kit form
prepared by BDSL, Flow Laboratories Ltd. & the
Institute for Animal Health, Pirbright, Surrey, U.K.
(BDSL 2000), in collaboration with the Animal
Production Unit, Agriculture Laboratory, Agency's
Laboratory Division, Seibersdrof, Austria. All proce-
dures were carried out according to the instructions in
the manual included with the kit.

Region Total No. of Sera No. of Goat Sera No. of Sheep Sera

River Nile State (Northern Sudan) 53 ─ 53

Darfur State/Nyala (Western Sudan) 63 ─ 63

Blue Nile State/Sinnar (Central Sudan) 81 50 31

Khartoum State (Central Sudan) 136 63 73

Southern States (Southern Sudan) 106 53 53

Kordofan State (Western Sudan) 80 40 40

Table 1 Number of sheep
and goat sera collected from
six different States of Sudan
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Statistical analysis

The results of both tests were analyzed using Micro-
soft Office Excel and SPSS software. The statistical
significance between groups of data was determined
using the chi-square (δ2) test.

Results

Of the 519 serum samples examined for the presence
of PPRV antibodies by CIEP, 307 serum samples
(59.15%) were positive and 212 serum samples
(40.85%) were negative (Table 2). Positive results
were indicated by presence of 1-2 precipitin lines
which formed between PPR antigen and suspected
sera. The precipitation lines were seen after 70-90
minutes of connecting the electrophoresis apparatus to
the electricity supply. The prevalence of PPRV anti-
bodies in different States of Sudan detected by CIEP
is shown in Table 3. The highest incidence of PPRV
antibodies detected by CIEP was in River Nile State
(69.81%) and the lowest incidence was in Kordofan
State (42.50%).

Of the 519 serum samples examined for the
presence of PPRV antibodies by C-ELISA, 263 serum

samples (50.67%) were positive and 256 serum
samples (49.33%) were negative (Table 2). The
prevalence of PPRV antibodies in different States of
Sudan detected by C-ELISA is shown in Table 3. The
highest incidence of PPRV antibodies detected by C-
ELISA was in Blue Nile State (60.49%) and the
lowest incidence was in River Nile State (33.96%).

Out of the 519 sera examined for prevalence of
PPRV antibodies by both CIEP and C-ELISA, 195
sera (37.57%) were positive and 133 sera (25.63%)
were negative by both (Table 2). It was generally
observed that more sera samples were positive with
CIEP (59.15%) than with C-ELISA (50.67%). The
results of both tests revealed that CIEP was more
sensitive than C-ELISA for detection of PPRV anti-
bodies (Kappa statistics 0.259).

Discussion

In this study, CIEP and C-ELISA were applied to the
serosurveillance of PPR in sheep and goats in Sudan.
The result of the CIEP could be obtained within 70-90
minutes of connecting the electrophoresis apparatus to
the electricity supply. It was previously confirmed
that the rapidity, simplicity and sensitivity of the CIEP
made it a suitable technique in serological studies of
PPR (Durojaiye and Taylor 1984; Majiyagbe et al.
1984). Elhag Ali and Lees (1979) indicated that CIEP
was around 4-16 times more sensitive than the AGPT
for detecting RP antigen and antibodies. However,
Majiyagbe et al. (1984) indicated that it was 8-16
times more sensitive. In general most test samples
gave a single line of precipitation in the CIEP assays
while some samples gave two precipitation lines. For
conducting the CIEP a very small volume of antigen
and antiserum was required for performing the test

Table 2 CIEP and C-ELISA for detection of PPRV antibodies
in serum samples

Result Test

CIEP C-ELISA Both

Positive 307 263 195

Negative 212 256 133

Total 519 519 —

Region CIEP C-ELISA

Percentage Percentage Percentage Percentage
Positive Negative Positive Negative

River Nile State 69.81% 30.19% 33.96% 66.04%

Darfur State 68.25% 31.75% 49.21% 50.79%

Blue Nile State 67.90% 32.10% 60.49% 39.51%

Khartoum State 58.10% 41.90% 55.88% 44.12%

Southern States 55.66% 44.33% 52.83% 47.17%

Kordofan State 42.50% 57.50% 41.25% 58.75%

Table 3 Prevalence of
PPRVantibodies in sheep
and in goat sera in six differ-
ent States when examined by
both CIEP and C-ELISA
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and a large number of samples could be tested
simultaneously. In this study, the test was performed
at room temperature. When we used both PPR antigen
and RP antigen in CIEP test the developed lines were
clear with PPR antigen than with RP antigen. That is
as confirmed by Majiyagbe et al. (1984) who
observed that the number and intensity of the
precipitin arcs were more for the homologous than
the heterologous virus.

Monoclonal antibody-based C-ELISAwas used for
the specific detection of antibodies to PPRV in sera of
sheep and goats. C-ELISA is simple, rapid, specific
and sensitive and preferred over VNT for intensive
surveillance (Singh et al. 2004). The test could clearly
differentiate infected from uninfected population
(Libeau et al. 1995; Singh et al., 2004). This test
may be a useful tool for a standardized and accurate
determination of the immune status of animals
because of its superior sensitivity to conventional
tests (Libeau et al. 1992).

Examination of 519 sera for PPRV antibodies from
six different States of Sudan revealed 307(59.15%)
positive and 212(40.85%) negative by CIEP and 263
(50.67%) positive and 256(49.33%) negative by C-
ELISA. In this study, it was clear that more positive
serum samples were obtained by CIEP test than by C-
ELISAwhen these tests were employed for detection of
antibodies against PPRV (Kappa statistics 0.259). This
result may be due to the fact that CIEP is group-specific
test and can detect PPRV antibodies as well as some
cross-reactive antibodies against RPV in sera of sheep
and goats. This finding substantiated that of Obi and
Patrick (1984) who reported that CIEP is group-specific
test and may not distinguish between PPR and RP
infections in small ruminants. Also it may be due to the
different factors that affect the CIEP run compared with
the optimized conditions of the C-ELISA. Despite its
low specificity CIEP can be a useful indicative
screening test for PPRVantibodies in flocks that neither
been vaccinated nor otherwise exposed to PPR or RP
virus. Results obtained suggest that CIEP, like the HI
test, could be a useful screening test where it is not
possible to use C-ELISA. One of the main advantages of
the CIEP is its rapidity in producing results as precipitin
lines were often visible after the test was run for 30-45
minutes. The CIEP, which can be performed under field
conditions, is considered suitable for use for diagnosis
and sero-epidemiological surveillance due to its sim-
plicity and rapidity.

The detection of a high prevalence of antibodies
against PPRV in sera collected from field samples of
sheep and goats in this study indicated the exposure
of these animals to the field virus. No vaccination
with PPR vaccine was carried out previously. The
prevalence of PPR antibodies in the six States under
study indicated the wide spread of the disease in
Northern, Southern, Western and Central Sudan. It
was observed that the prevalence of PPR antibodies
detected by both CIEP and C-ELISA was higher in
States near the borders of the country. These would be
attributed to animal movement between Sudan and
neighbouring countries.
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