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S u m m a r y .  - O c u l o n a s a l  s w a b s  a n d  t i s sue  s a m p l e s  col lected f r o m  p e s t e  d e s  petits  ruminants  (PPR) suspected  

s h e e p  a n d  g o a t s  w e r e  tes ted  f o r  p r e s e n c e  o f  the  v i r u s  o f  p e s t e  d e s  petits  r u m i n a n t s  ( P P R V )  o r  its  R N A  b y  

r e v e r s e  t ranscr ip t ion-PCR (RT-PCR) a n d  v i r u s  i solat ion (VI).  O f  4 4  s a m p l e s  3 1  8 %  a n d  4 0 . 9 %  w e r e  p o s i t i v e  

b y  V I  a n d  RT-PCR. respect ive ly .  T h e  RT-PCR-posit ive s a m p l e s  w e r e  s u b j e c t e d  to  t h e  n e s t e d  P C R .  T h r e e  o f  s i x  

s a m p l e s  p o s i t i v e  b y  RT-PCR b u t  n e g a t i v e  b y  V I  w e r e  n e g a t i v e  b y  t h e  n e s t e d  P C R .  T h e  s p e c i f i c i t y  a n d  a c c u r a c y  

o f  t h e  nes ted  P C R  w e r e  h i g h e r  than t h o s e  o f  the  RT-PCR a l though  the  sens i t iv i ty  o f  both tes ts  w e r e  s imilar.  
Nucleot ide  s e q u e n c i n g  o f  o n e  n e s t e d  P C R  p r o d u c t  r e v e a l e d  a 9 2 %  h o m o l o g y  w i t h  t h e  s e q u e n c e  a v a i l a b l e  in 

the  G e n B a n k  ( A c c .  N o .  Z 3 7 0 1 7 ) .  

K e y  w o r d s :  p e s t e  d e s  pet i t s  ruminants ;  r e v e r s e  t r a n s c n p t i o n - p o l y m e r a s e  chain  react ion;  v i r u s  i solat ion;  

n e s t e d  P C R  

I n t r o d u c t i o n  

PPR is an acute, highly contagious and fatal disease of 
small ruminants. The causative agent, PPRV (genus 
Morbillivirus, subfami ly  Paramyxovirinae, family  
Paramyxoviridae), is closely related to its counterpart - the 
rinderpest virus (RPV) (Saliki etal., 1993). Generally, RPV 
causes the disease in large ruminants, such as cattle and 
buffalo, while PPRV in small ruminants such as goats and 
sheep. However, in India, RPV causes clinical and subclinical 
infection in small ruminants too (Taylor, 1986), which can 
then be transmitted to cattle causing a more severe disease 
(Anderson et al., 1990) while PPRV is known to cause only 
a subclinical infection in cattle (Diallo et al., 1989). 

' C o r r e s p o n d i n g  author.  E - m a i l :  d h i n a k a r r a j @ y a h o o . c o m ,  f a x :  

+ 9 1 4 4 - 5 3 8 9 4 4 5 .  

A b b r e v i a t i o n s :  C P E  = c y t o p a t h i c  e f f e c t ,  p . i  = p o s t  i n f e c t i o n ;  

P P R  = p e s t e  d e s  p e t i t s  r u m i n a n t s ;  P P R V  = P P R  v i r u s ,  

R P V  = r i n d e r p e s t  v i r u s ,  RT-PCR = r e v e r s e  t r a n s c r i p t i o n - P C R ;  

V I  = v i r u s  i so lat ion 

Shaila et al. (1989) first reported PPRV in India and 
several PPR outbreaks have been reported since then in 
almost all the states of the country (Chandran Choudhary et 
al., 1995; Kulkami et al., 1996; Nanda et al., 1996). A s  
differential diagnosis of rinderpest and PPR by host species 
and clinical signs is not always correct, laboratory diagnosis 
is necessary, especially when small ruminants may be a 
source of infection of cattle. The laboratory techniques 
available to differentiate these diseases include virus 
neutralization (Taylor, 1979; Chandran et al., 1995), 
hybridization with cDNA probes (Diallo et al., 1989; Pandey 
et al., 1992), immunocapture enzyme-linked immuno­
sorbent assay (ELISA) (Libeau et al., 1994), immuno­
fluorescence (IF) test (Sumption et al., 1998) and RT-PCR 
(Forsyth and Barrett, 1995). RT-PCR can also produce a 
DNA product which can be sequenced. 

Before using RT-PCR in routine diagnostic testing of field 
samples, it has to be compared with the "gold standard", 
the VI  The latter cannot always be done as a routine 
diagnostic assay owing to its time-consuming, cumbersome 
procedure and requirement of cell culture facilities. Forsyth 
and Barrett (1995) have successfully used RT-PCR to 
diagnose PPRV and differentiate it from RPV in samples 
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from natural and experimental infections. However, they 
have not compared the RT-PCR assay with the VI test. This 
study was primarily undertaken to compare the sensitivity 
and specificity of the RT-PCR assay with those of the VI  
test using samples of tissues or swabs collected from PPRV-
suspected sheep and goats. 

Mater ia l s  a n d  M e t h o d s  

Field samples c o l l e c t e d  in a n d  a r o u n d  C h e n n a i .  India,  f r o m  

P P R - s u s p e c t e d  s h e e p  a n d  g o a t s  inc luded  t h e  l y m p h  n o d e ,  sp leen  

a n d  l u n g s  f r o m  d e a d  a n i m a l s  o r  ocu lonasa l  s w a b s  f r o m  l i v e  ones .  

Fie ld  s a m p l e s  w e r e  p r o c e s s e d  m d u p l i c a t e . O n e  h a l f  o f  s w a b s  w a s  

s t r ipped o f f  into a b a r r e l  o f  s y r i n g e  w i t h  1 m l  o f  p h o s p h a t e  b u f f e r e d  

s a l i n e  p H  7 . 2  ( P B S )  a n d  s q u e e z e d  b y  a p l u n g e r  to  co l lec t  t h e  e luted  

v i r u s .  T h e  e luate  w a s  c e n t r i f u g e d  a t  3 0 0 0  r p m  f o r  10  m i n s  a n d  the 

supernatant  c o m p l e m e n t e d  w i t h  ant ib iot ics  w a s  s t o r e d  at -70°C.  

A n o t h e r  h a l f  o f  s w a b s  w a s  s u b j e c t e d  t o  v o r t e x i n g  i n  t h e  D s o l u t i o n  

a n d  u s e d  f o r  R N A  e x t r a c t i o n  f o l l o w i n g  t h e  m e t h o d  o f  C h o m c y z n s k i  

a n d  S a c c h i  ( 1 9 8 7 ) .  T i s s u e  s p e c i m e n s  w e r e  w a s h e d  i n  P B S ,  m i n c e d  

w i t h  s c i s s o r s  a n d  g r o u n d  in  l i q u i d  n i t r o g e n  w i t h  a p e s t l e  in m o r t a r  

t o  a f i n e  s u s p e n s i o n .  T h e  l a t t e r  w e r e  c e n t r i f u g e d  a n d  t h e  

s u p e r n a t a n t s  w e r e  u s e d  f o r  V I  a n d  R T - P C R .  

RT-PCR. R N A  ex t r ac t i on ,  c D N A  s y n t h e s i s  a n d  P C R  w e r e  d o n e  

a c c o r d i n g  t o  t h e  m e t h o d s  d e s c r i b e d  b y  F o r s y t h  a n d  B a r r e t t  ( 1 9 9 5 ) .  

c D N A  w a s  s y n t h e s i z e d  u s i n g  t h e  T h e r m o s c r i p t  R T - P C R  k i t  ( L i f e  

T e c h n o l o g i e s ,  U S A )  f r o m  to ta l  R N A  e x t r a c t e d .  F o r  t h e  P C R ,  t w o  

s e t s  o f  F g e n e - s p e c i f i c  p r i m e r s  w e r e  u s e d ,  F 1  a n d  F 2 ,  w h i c h  w e r e  

s h o w n  t o  a m p l i f y  a 3 7 2  b p  P C R  p r o d u c t .  F o r  t h e  n e s t e d  P C R ,  t h e  

p r i m e r s  F 3  a n d  F 4  a m p l i f y i n g  a 3 0 8  b p  p r o d u c t  w e r e  u s e d  T h e  

p r i m e r  s e q u e n c e s  a r e  g i v e n  i n  F o r s y t h  a n d  B a r r e t t  ( 1 9 9 5 ) .  T h e  

P C R  w a s  p e r f o r m e d  in a t h e r m a l  c y c l e r  ( M I  R e s e a r c h  I n c  , U S A )  

u s i n g  t h e  T a q  P C R  C o r e  k i t  ( Q i a g e n ,  U S A )  a n d  t h e  f o l l o w i n g  

p r o g r a m :  s t e p  1, 1 c y c l e ,  9 4 ° C  f o r  5 m i n s ;  s t e p  2 ,  3 5  c y c l e s ,  9 4 " C  

f o r  1 m m ,  5 5 ° C  f o r  1 m m ,  7 2 " C  f o r  1 m i n ;  s t e p  3 ,  1 c y c l e ,  7 2 " C  f o r  

7 m i n s .  A 10  n l  s a m p l e  o f  t h e  P C R  p r o d u c t  w a s  e l e c t r o p h o r e s e d  

o n  a 1 . 5 %  a g a r o s e  g e l  c o n t a i n i n g  2 5 | i g / m l  o f  e t h i d i u m  b r o m i d e  

a n d  D N A  b a n d s  w e r e  v i s u a l i z e d  u n d e r  U V  l igh t .  C o n t r o l s  i n c l u d e d  

( i )  c D N A  r e p l a c e d  w i t h  R N A  t o  r u l e  o u t  D N A  c o n t a m i n a t i o n  in  

t h e  e x t r a c t e d  R N A  a n d  (11) c D N A  r e p l a c e d  w i t h  n u c l e a s e - f r e e  w a t e r  

t o  t e s t  t h e  re l iabi l i ty  o f  t h e  P C R  r e a g e n t s  A s a m p l e  w a s  c o n s i d e r e d  

p o s i t i v e  i f  a b a n d  o f  s p e c i f i c  s i z e  a n d  n o  b a n d s  i n  t h e  c o n t r o l s  

w e r e  s e e n .  A f e w  s a m p l e s  w e r e  t e s t e d  w i t h  t h e  ň actin g e n e  p r i m e r s  

to c h e c k  the  q u a l i t y  o f  t h e  R N A  i so la ted  (Forsyth  a n d  Barret t ,  

1 9 9 5 ) .  

Nested PCR T h e  PCR-pos i t ive  s a m p l e s  o n l y  w e r e  s u b j e c t e d  to 

the  n e s t e d  P C R .  T h e  p r o d u c t s  w e r e  p u r i f i e d  u s i n g  t h e  m i c r o s p i n  

S H - 4 0 0 R  c o l u m n s  (Pharmacia ,  U S A )  a n d  then u s e d  a s  t e m p l a t e s  

f o r  the  n e s t e d  PCR.  O n e  n e s t e d  P C R  product  w a s  s e q u e n c e d  u s i n g  

the a u t o m a t e d  A B I  P r i s m  m o d u l e  a t  B a n g a l o r e  Genei .  B a n g a l o r e ,  

India T h e  s e q u e n c e  obta ined  w a s  c o m p a r e d  w i t h  t h e  P P R V  F g e n e  

s e q u e n c e  a v a i l a b l e  at the  G e n B a n k  ( A c c .  N o  Z 3 7 0 1 7 ) .  

VI I solat ion o f  P P R V  f r o m  s a m p l e s  w a s  d o n e  in V e r o  c e l l s  

g r o w n  in 24-wel l  micropla tes  (Sal iki  etal, 1994).  T h e  supernatants  

obta ined  b y  p r o c e s s i n g  the  s w a b s  o r  t i s s u e s  (descr ibed  a b o v e )  w e r e  

u s e d  to  i n f e c t  o n e  day-old  cel l  m o n o l a y e r s  (0.1 m l  p e r  w e l l ) .  A f t e r  

Fig. 1 
Agarose  gel electrophoresis of RT-PCR products amplif ied f r o m  

field samples  
Samples of  swabs and tissues (lanes 2-7)  The samples in lanes 4 and 7 
are negative, others are positive. Negative control (lane 8) and positive 
control (lane 9) Products of  nested PCR from positive samples seen in 
lanes 2. 3, 5 and 6, respectively (lanes 10-13) DNA size markeis (22.130, 
9.416, 6,557 4.361, 2,322, 2,027, 1,353, 1,078, 872. 603 and 564 bp 
(lane 1) DNA size markers (21.226, 51,48, 4.973, 4.268, 3,530. 2,027, 
1,904. 1,584, 1.575 947. S31, 564 and 125 bp) 

v i r u s  adsorpt ion  f o r  2 hrs  at 37"C,  the inoculum w a s  r e m o v e d  a n d  

r e p l a c e d  w i t h  E a g l e ' s  M i n i m u m  Essent ia l  M e d i u m  w i t h o u t  s c r u m .  

T h e  p la tes  w e r e  e x a m i n e d  f o r  cytopathic  e f f e c t  (CPE)  a n d  f r o z e n  

o n  d a y  5 post- infect ion (p i ) A f t e r  r e p e a t e d  f r e e z i n g  a n d  t h a w i n g  

t h e y  w e r e  u s e d  f o r  inoculat ion o f  f r e s h  m o n o l a y e r s .  T w o  b l i n d  

p a s s a g e s  w e r e  d o n e  a n d  t h e  t h i r d  p a s s a g e  w a s  d o n e  in w e l l s  

conta in ing  cover s l ips .  T h e  c o v e r s l i p s  w e r e  f i x e d  in 7 0 ° o  acetone,  

b l o c k e d  in P B S  conta ining  2 %  b o v m e  s e r u m a l b u m i n ,  incubated  

w i t h  a P P R V - s p e c i f i c  m o n o c l o n a l  a n t i b o d y  a g a i n s t  t h e  v i r u s  

nucleoprotein (Dhinakar  R a j  et al., 2 0 0 1 )  f o l l o w e d  b y  f l u o r e s c e i n -

c o n j u g a t e d  ant i-mouse  I g G  ( S i g m a )  at p r e d e t e r m i n e d  di lut ions .  

T h e  V I  test  w a s  c o n s i d e r e d  pos i t ive  i f  the infected  ce l l s  s h o w e d  

c y t o p l a s m i c  f l u o r e s c e n c e .  

Resu l t s  

Samples were collected from sheep and goats showing 
symptoms of fever, ocular and nasal discharges, diarrhoea 
and oral lesions. A total of 44 samples were collected, 6 
f rom sheep and 38  f rom goats.  The most consistent 
symptoms seen in PPR-positive cases were oculo nasal 
discharges and necrotic stomatitis. In total, 31.8% and 40.9% 
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of the samples were positive by VI and RT-PCR, respectively 
(Table 1; Fig. 1). When the RT-PCR-positive samples (18 
samples) were tested by the nested PCR, 3 of the 6 samples, 
positive by PCR but negative by VI, were negative by the 
nested PCR. 

In the VI test, the CPE produced by the virus included 
cell rounding and clumping, clock-faced syncytia and cell 
death. To conf i rm the identity of  the causative agent 
producing the CPE, an immunofluoresence test using 
monoclonal antibody against the PPRV nucleoprotein was 
used. A clear cytoplasmic fluorescence was seen in positive 
cases (results not shown). 

The results obtained by the PCR and nested PCR were 
compared with those of VI, the "gold standard", and the 
results are summarized m Table 2. The nested PCR had a 
slightly higher specificity and accuracy than the PCR 
although the corresponding sensitivities were similar. 

One nested PCR-positive product was sequenced and 
upon comparison with the existing sequence in GenBank 
using the BLAST analysis produced a 92% homology. This 
further confirmed the identity of the PCR product amplified 
m the nested PCR. 

Discuss ion  

The most consistent clinical symptoms of oculonasal 
discharges and oral lesions encountered in PPR-positive 
cases were similar to those reported by Kulkarni et al. (1996). 
The "gold standard" for any diagnostic test is the isolation 
and identification of the causal agent of the specific disease. 
In this study, the causative agent, namely PPRV, was isolated 
in Vero cells by three blind passages and identification was 
done by immunofluoresence using the monoclonal antibody 
which was specific for PPRV and did not cross react with 
RPV (Dhinakar Raj  et al., 2001). Sumption et al. (1998) 
have also used an immunofluoresence test on conjunctival 
smears for specific diagnosis of PPRV. 

RT-PCR assays using the F gene primers have been shown 
to be specific for PPRV by Forsyth and Barrett (1995) and 
have been used for PPR diagnosis from field samples (Shaila 

Table 1. Comparison of PPRV-positivitv obtained by v i r u s  isolation 
(VI) and RT-PCR 

Species V I  RT-PCR 

Sheep 16 7 %  (1,6) 33 3 %  (2/6) 

Goats 34 2 %  (13 38) 42 1% (16/38) 

Total 31.8% (14'44) 4 0  9 %  (18/44) 

et al, 1996; Diallo et al., 1995). The PCR test detects the 
presence of viral genome while VI  detects infectious virus 
particles. Hence, before using RT-PCR for routine diagnosis 
from field samples it needs to be compared to VI. This study 
revealed good agreement between the two tests. Presently 
an immunocapture ELISA is available for specific diagnosis 
of  PPR (Libeau  et al., 1994). However, in India, the 
necessary kits are not readily available and are exorbitantly 
priced. Thus RT-PCR could be the diagnostic test of choice 
due to its high sensitivity, specificity and rapidity. It also 
yields the product for further analysis of the genetic nature 
of the viruses involved in the outbreaks by  sequencing. 

A nested PCR is used for further confirmation of PCR 
products since it amplifies the PCR product using a set of 
internal primers. The mere appearance of a band of expected 
size does not always correlate with the presence of the virus 
genome. Hence confirmation of the PCR positivity needs 
to be performed by one of the several methods available 
such as nested PCR, southern blot and hybridization, 
sequencing and so on. The nested PCR increased the 
specificity of the diagnosis. Three samples found to be 
positive by PCR were negative by nested PCR. This could 
also be attributed to some change in the primer binding sites 
of the internal primers in these three viral genomes. This 
seems less likely since these samples were negative by VI 
although this theory cannot be  ruled out completely. 
Moreover, negative results in VI are not due to the poor 
quality of the samples since the tissues were properly stored 
and processed immediately for RNA isolation. The quality 
of the RNA isolated was also checked using B actin primers. 
Thus nested PCR can also be used for diagnosis and may be 

Table 2. Data analysis of the results  of v i r u s  isolation (VI), RT-PCR and nested PCR 

Test VI-positive Vl-negative Total Scnsitn itv Specificity Accuracy 

RT-PCR-positive 12 6 18 
8 0 %  RT-PCR-negative i 24 2 6  85 7 %  8 0 %  81.8% 

Total 14 30  4 4  

Nested PCR-positive 12 j 15 

Nested PCR-negative 0 27  2 9  85 7 %  90%, 88.6% 

Total 14 30  4 4  
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preferred over RT-PCR due to its higher specificity. However 
care should be taken for possible laboratory contamination 
of the cDNA while using such a highly sensitive test for 
routine diagnosis. A s  a further confirmation, one nested PCR 
product was sequenced and it also revealed a 92% homology. 
Although sequencing cannot be undertaken as a routine 
diagnostic method a f e w  positive PCR products can be 
sequenced every year to keep track of the molecular and 
genetic nature of the PPRV circulating m the field. 

The samples of swabs collected from live animals forms 
a non-invasive method of collection and they can be easily 
transported to the laboratory for further testing. The lower 
mortality rates caused b y  PPR do not facilitate easy 
availability of post mortem specimens for diagnosis. 

Thus, the RT-PCR test can be used as a routine diagnostic 
tool for PPR diagnosis, which is in good correlation with 
the VI test provided proper controls are included in the test. 
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