Tournal of Animal and Veterinary Advances 11 (16): 3011-3018, 2012

ISSN: 1680-5593
© Medwell Journals, 2012

Tissue Distribution and Relative Quantitation of Experimental
Infection with Peste Des Petits Ruminant Virus in Goats Using
Real-Time PCR (TaqMan®)

Xuehan Meng, Yongxi Dou, Junjun Zhai, Xiaoni Shi, Fengchao Yan,
Hairui Zhang, Xuenong Luo and Xuepeng Cai
State Key Laboratory of Veterinary Etiological Biology,
Key Laboratory of Veterinary Parasitology of Gansu Province,
Chinese Academy of Agricultural Sciences,
Engineering Research Center of Biological Detection of Gansu Province,
Lanzhou Veterinary Research Institute, Xujiaping 1, Yanchangpu,

Chengguan District, 730046 Lanzhou, China

Abstract: Peste des Petits Ruminants (PPR) is an acute, highly contagious and economically important viral
disease of small ruminants, especially goats and sheep. Given the contagious nature of the disease, speed of
diagnosis 1s essential in order to quarantine infected animals and mitiate appropriate prophylactic measures.
Here researchers reported the distribution of PPRV RNA i various tissues of goats experimentally mfected
subcutaneously with a vaccine virus (Nigeria 75/1) strain in relation to the time post inoculation (pi) by real-time
PCR (rt RT-PCR) based on TagMan® and was quantified as a fold change (27%* values) compared with that
of blood at 3 dp1. PPRV levels at 3, 5 and 28 dp1 were hugher than those at the other time points, especially at
5 dpi. The PPRV level in thymus, tonsil, hilar lymph node and turbinate bone was higher than that of other
tissues. The result suggested that the distribution of PPRV in goats were similar to that of viral antigens and
1t RT-PCR was useful for the detection of PPRV in field samples. The higher levels of RNA detected at 28 dpi
may suggest some level of persistent infection. Furthermore, 1t was shown that blood sample was the most

valuable diagnostic material for use in an epidemic situation.
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INTRODUCTION

Peste des Petits Ruminants (PPR) 1s an acute, highly
contagious and economically important viral disease
of small rummants, especially goats and sheep. It is
considered as a rapidly spreading, transboundary disease
and has a high economic impact on trade. Morbidity and
mortality are variable but can reach 90-100% when the
disease occurs in naive populations of small ruminants
(Diallo et al., 2007). PPR was first reported 1n the Ivory
Coast in thel 940s and it can now be detected in a broad
belt of sub-Saharan Africa, the Arab Peninsula, the
Middle East, Asia and Europe (Dhar et al., 2002;
Singh et al., 2009, Banyard ef al., 2010). PPR Virus
(PPRV) belongs to the genus Morbillivirus, family
Paramyxoviridae along with Rinderpest Virus (RPV),

Camne Distemper Virus (CDV), Measles Virus (MV) and
Phocine Distemper Virus (PDV). PPRV has a single-
stranded, negative-sense RNA genome that encodes
eight proteins in the order: 3'-N-P/C/V-M-F-H-1.-5'
(Bailey et al., 2005). The molecular epidemiology of PPRV
based on the F gene sequence has defined the presence
of four different lineages of the virus worldwide: PPRV
isolated from Senegal, Sudan and Nigeria were grouped as
lineage I, those from the Ivory Coast and New Guinea as
lineage II, those from Oman, Sudan and India (TN/92) as
lineage TIT and the other strains circulating across Asia
as lineage TV (Dhar et al., 2002; Shaila et al., 1996;
Wang et al., 2009). PPRV mfection has emerged in goats
and sheep and was officially reported n the Ngari region
of Southwestern Tibet, People’s Republic of China in July
2007. The PPRV strain from Tibet is classified in lineage TV
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and it is closely related to viruses circulating currently in
neighboring countries of Southem Asia (Wang ef al.,
2009).

Given the contagious nature of the disease, speed of
diagnosis is essential in order to quarantine infected
animals and mmtiate appropriate prophylactic measures.
PPRV, like other morbillivirus infections, requires close
contact between mfected and susceptible ammals to
spread (Lefevre and Diallo, 1990). The discharges from
eyes, nose and mouth and fecal material are the sources
of virus infection (Singh ef al., 2004a). The infectious
materials can also temporarily contaminate water and
feed troughs, bedding materials, ete. turning them mnto
additional sources of infection (Singh et al., 2004b).

In the last two decades, the structure and biology of
PPRV has become well known which has permitted
the development of specific and sensitive tests for
rapid diagnosis. Immunohistochemical (IHC) test and
Enzyme-Linked Tmmunosorbent Assays (ELISAs) using
monoclonal antibodies have been used for serological
diaghosis in the competitive format and for specific
antigen detection by immunocapture (Singh ef af., 2004a;
Anderson and McKay, 1994; Libeau et al, 1994,
Zhang et al., 2012; Forsyth and Barrett, 1995). Several
Reverse Transcription-PCR (RT-PCR) Methods based on
different genes have been developed for the rapid and
specific detection of PPRV (Couacy-Hymann et af., 2002;
Balamurugan et al., 2006; Bao et al., 2008). In the
past few years, real-time RT-PCR and Loop-mediated
1sothermal Amplification (LAMP) have been developed to
detect PPRV with higher specificity and selectivity
(Balamurugen et al., 2010, Kwiatek et al., 2010; Li et al,,
2010, Couacy-Hymann et al., 1995).

Among the genes of morbilliviruses, the
Nucleoprotein () gene is the most abundant gene
transcribed in virus-infected cells; there 1s a steep
gradient from the 3'-5' end of the genome. Given that it
1s also a well-conserved gene within the Paramyxoviridae
family, the N gene is probably one of the best targets for
the development of a lughly sensitive real-tine RT-PCR.
The N protein has proved to be a good candidate for
developing differential diagnosis tests for RPV and PPRV.

In the present study, the aim was to investigate the
distribution of viral RNA to different organs i relation to
the day post infection (dpi) and to assess the diagnostic
values of a TagMan 1t RT-PCR techmques and different
field samples in the diagnosis of PPR infections. In order
to detect the distribution, goats were euthanized and
necropsied at predetermined days after subcutaneous
moculation with the PPR vaccine virus (Nigeria 75/1)
strain and the PPRV RNA was detected by a real-time
RT-PCR (it RT-PCR) based on the N gene using the
TagMan® technology.

MATERIALS AND METHODS

Viruses and cells: The attenuated PPR vaccine virus
(Nigeria 75/1) (Worrall et al, 2000, Livak and
Schmittgen, 2001) was used in the study. The virus was
obtained from the virus bank of the China Institute of
Vetermmary Drugs Control. Vero cells were grown in
DMEM medium (Sigma-Aldrich, St. Louis, MO, USA)
supplemented with 10% fetal bovine calf serum and a
confluent Vero cell monolayer was used for propagation
of the virus.

Animals and experimental infection: Twenty one healthy
goats aged between 6 and 8 months and weighing
between 13 and 15 kg were obtamned from an experimental
livestock provider. They tested negative for the presence
of antibodies against PPRV by the virus-neutralization
test. Researchers divided the 21 goats randomly into two
groups: one experimental group of 18 goats and one
control group of 3 goats. Each ammal in the
experimental group was infected subcutaneously with
1 mL of the challenge viral suspension at a concentration
of 10° TCID50 mL ™" Each group of animals was kept
separately m a specific cage in the laboratory-animal
house. Each cage was identified with a specific number
and had a separate attendant who was assigned blindly,
to feed and water the ammals. The ammals were exammed
daily and the rectal temperature was recorded daily. Three
goats in the experimental group were euthanized at 1, 3, 5,
7, 14 and 28 dpi. All animal experiments were performed
according to the protocols approved by the institutional
committee for the use and care of animals.

With the exception of blood samples which were
stored 1n 3.8% citrate sodium solution, 44 fresh samples of
various tissues were rinsed in Phosphate Puffered Saline
(PBS; pH 7.2), placed in RNALater (Qiagen, Germany)
and stored at -80°C until use. The samples included
abomasum, abdominal muscles, adrenal gland, blood,
cecum, cerebrumn, cerebellum, celon, dorsal muscles,
duodenum, esophagus, feces, gallbladder, gluteus, gonad,
gum, heart, hilar lymph nodes (1n.), ileum, mguinal l.n.,
iyjected muscle, jejunum, kidney, larynx, lip, liver, lung,
mandibular 1.n., mesenteric l.n., nasal mucoesa, omasum,
pancreas, rectum, reticulum, rumen, soft palate, spinal
cord, spleen, superficial cervical 1ln., thymus, tongue,
tonsil, trachea, turbinate bone and urinary bladder.

Design of primers and probe: Using multiple sequence
alignments, the oligonucleotide primers and probe used
for real-time PCR amplification of PPRV were designed
with Primer Express 2.0 Software using the N gene
sequence of the Nigena 75/1 PPR vaccine strain as

3012



J. Anim. Vet. Adv., 11 (16): 3011-3018, 2012

Table 1: Fold difference in level of N in different tissues of goats infected experimentally with Nigeria 75/1, by AACt Method

Tissues™ Times lday 3days Sdays 7days lddays 28 days  Tissuesh\Times 1day 3 days 5 days Tdays 14 days 28 days
Abdominal muscles 0.000 0.000  0.000  0.000 0.000 0.000 Lip 0.318 0.069 0.032 0.017 0.021 0.031
Abomasum 0.009 0017 0.021 0.100 0.011 0.010 Liver 2140  23.710 5.910 0.000 0.000 1.970
Adrenal gland 0.789 0943 1320 0459 0.089 0.191 Lung 2.560 1.870 0.904 0.218 0.057 1.170
Blood 0.900 1.000 1.400  0.250 0.240 0.000 Mandibular Ln.  0.050 3.970 43330 0.330 0.000 1.250
Cecum 0.000 7.150 2190 1.110  0.000 0.371 Mesenteric Ln.  0.000 1.329 25180 0.406 0.309 0.670
Cerebellum 0.385 3.950 18700 2570 1.920 1.790  Nasalmucosa 0.192 0480  25.600 0.536 0.247  19.000
Cerebrum 0.000 0.000 0750  0.000 0.000 0.000  Neck muscles  0.058 0.025 0.014 0.000 0.000 0.000
Colon 0.000 0.000 2570  0.000 0.000 0.670 Omasum 0.109 0.163 0.040 0.002 0.002 0.005
Dorsal muscles 0.000 0.000 0.000  0.000 0.000 0.000 Pancreas 0.000 0.000 0.000 0.000 0.000 0.000
Duodenum 0.020 0076 1.270 0.022 0.012 0.011 Rectum 0.870 0.000 0.000 0.000 0.000 0.000
Esophagus 1.580 2.860 11.500  0.804 0.252 7.830 Reticulum 0.032 0.051 0.054 0.066 0.012 0.098
Feces 0.000 0.000 0.000 0.000 3.000 1.830 Rumen 0.005 0.016 0.029 0.020 0.007 0.048
Gallbladder 0.000 2200 0.893 3,520 3.240 0.498 Soft palate 0.014 6.920 0.053 0.086 0.005 0.002
Gluteus 0.000 0.000 0.000  0.000 0.000 0.000 Spinal cord 0.000 3.140 5.370 4.358 0.000 1.348
Gonad 1.335 9875 14.075 0.420 0.000 1.805 Spleen 0.335 1.200 2.650 0.394 0.170 0.204
Gum 0.047 0.082 0.076 0.013 0.001 0.009 Submandibular 0.024 0.620 1.230 0.163 0.059 0.080
gland
Heart 1.910 7.75  30.800  0.606 0.248 0.391 Superficial 0.934 7.850 7.580 0.388 0.572 0.796
cervical L.n.
Hilar L.n. 1.020 86.00 207.000 18.000 5.420 29.00 Thymus 7.270 247.000  83.300 5.230 0.626 1.310
Ileum 0.020 0336 0378 0.010 0.020 0.027 Tongue 0.056 5176 6.040 0.000 0.000 1.866
Inguinal L.n. 0.000 1.450 4.110  0.131 0.557 0.959 Tonsil 2.720 2120 225.000 0.438 0.127 1.040
Jejunum 0.020 0106 0329  0.058 0.009 0.014 Trachea 2.630 0.79 0.644 0.106 0.048 0.563
Kidney 0.359 0826 1.280 0.137 0.066 1.580 Turbinate bone 49.200 124.000 43300 39500 18.800 41.300
Larynx 0.125 0123 0.317  0.050 0.053 0.064 Urinary bladder 0.703 7.350 5.400 1.850 0.290 0.532

template (Accession No. X74443). P-actin was used as
an endogenous control the primers and probe were
developed using caprine P-actin sequences available in
GenBank (Accession No. AF481159). Primers and probes
were synthesized and purified by TaKaRa (TaKaRa Dalian
Biotechnology Co., Ltd Dalian, China). The position and
sequence of the primers and probes are reported in
Table 1. The reporter dye (FAM) was measured against
the internal reference dye (ROX) to normalize the signals
for differences in non-PCR related fluorescence that
oceurred from well to well.

Preparation of RNA: Total RNA was extracted from
samples (25 mg) with the RNeasy kit (Qiagen GmbH,
Hilden, Germany) and digested with RNase-free DNase 1
(Promega) to eliminate the genomic contammation. PCR of
treated RNAs was carried out by special primers and
samples with negative results were used in the following
procedure. To rule out carryover contamination, negative
controls included the RNA extracted from biological
samples from healthy goats and the No-Template Control
(NTC) used nuclease-free water as template. The quality
and concentration of RNA were determied using the
OD260/280 ratio measured by a NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific Inc.,
Wilmington, DE, USA) and stored at -80°C prior to use.

Reverse transcription: Reverse Transcription (RT) was
carried out using a PrimeScriptTM RT Reagent kit
(TaKaRa, Japan). About 1 pg of template RNA was
reverse transcribed in a reaction volume of 20 pL

containing PrimeScript™ buffer 2 ul. (5x), PrimeScriptTM
RT Enzyme Mix T 0.5 pl, Oligo dT 25pM and random
6-mers 200 pM. Synthesis of ¢cDNA was carried out at
37°C for 15 min and 85°C for 5 sec.

Quantitative real-time PCR: Real-time PCR was
performed on Mx3000P™ real-time PCR machine (Agilent
Stratagene, California, USA) using the Premix Ex Taq™ kit
(TaKaRa, Tapan). The PCR was carried out using optical
96 well reaction plates covered with plate sealers. Each
tube of TagMan reaction mix contamed 2 pL. of RT cDNA,
12.5 uL of 2xPremix Ex Taq™, 1.25 pL of 3 pM Tagman
probe, 0.6 uL of 10 puM forward, 0.6 uL. of 10 pM reverse
primers and 0.5 pl. of 50xROX Reference Dye I1. Each
reaction was prepared mn triplicate. The program was run
using the following umversal cycling conditions: one
cycle at 95°C for 30 sec followed by 45 cycles at 95°C for
5 sec and 60°C for 20 sec. The N gene in blood samples at
3 dp1 was used as a calibrator. A No-Template Control
(NTC) was prepared using only water. The calibrator and
NTC were tested along with the unknown samples in each
un.

Generation of standard RNA: In order to validate the
TagMan assay, a series of 5 fold dilutions of the total
RNA from blood samples was prepared to generate a
standard curve. A 5 fold dilution series of 20 and 4 ng,
800, 160, 32 and 6.4 pg total RNA from blood
samples in 2 ul. medium was used as the template in one
tube. The serial dilutions were made using EASY dilution
(TeKaRa, Japan). The reaction volume was 2 pL of each
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dilution in 25 pl. of final volume for PCR. Three replicates
of each dilution were amplified following the conditions
described m the study.

Analysis of real-time PCR data: The PCR data were
analyzed using the Comparative Ct Method (AACY)
(Choi et al., 2005). The Ct was recorded for the expression
of each gene assayed in the real-time PCR system using
the TagMan probe. All the Ct values were the means of
triplicate samples tested. Caprine PB-actin was chosen as
the reference gene for the internal control. The difference
between the Ct values of the target gene and the internal
control gene (ACt = Ct target-Ct internal control) were
calculated to normalize the differences in the amount of
total cDNA added to each reaction and the efficiency of
the RT-PCR. The blood sample was used as the calibrator
for each comparison to be made. Differences between
the ACt of each sample and calibrator: AACt = ((Ct
target-Ct intemnal control) sample (Ct target-Ct internal
control) blood) were calculated. The change m the gene
expression was calculated as 27**% and the value
represented an n fold difference relative to the blood
sample at 3 dpi.

RESULTS

Standard curve for real-time PCR: Serial 5 fold dilutions
of total RNA were reversed transcribed. The cDNAs were
used to determine the detection rate and the linearity of

S

the assay (Fig. 1 and 2). The standard curve generated
covered a linear range of six orders of magnitude and
showed lmearity over the entire quantitation range
(Fig. 1a and b, N, slope = -3.333; Fig. lc and d, B-actin,
slope = -3.383), providing an accurate measurement over
a range of initial target concentrations. The coefficient of
linear regression (R”) was equal to 0.999 and 0.996 and the
PCR efficiency was 99.5 and 99.1%, respectively.

The cDNA fragments with the expected size for N
gene and P-actin were amplified and no primer dimers
were visible. To confirm their specificity, the real-time PCR
products were sequenced and showed 100% identity with
the N gene of PPRV. No detectable fluorescence signal
was obtained in NTC tubes which confirmed that the
assay was specific for the detection of the N gene.

Tissue distribution and relative quantitation of PPRV in
various tissues of goats: With the exception of edematous
lymph nodes, the climcal and necropsy findings showed
that all ammals were clinically normal. The cDNA
fragments with the expected size for viral RNA and p-actin
were amplified and no primer dimers were visible. This
analysis showed that PPRV RNA was detected, albeit at
varying levels, in the 45 tissue samples. The PPRV RNA
of blood at 3 dpi was set equal to 1 and all other tissues
were quantified as a fold change (27%*% values) compared
with PPRV RN A in blood at 3 dpi (Table 1). A it RT-PCR
for the detection of PPRV i tissue samples was
developed. To confirm the specificity, the PCR products
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Fig. 1: Amplification plots and standard curve of the real-tine PCR assay for gene N of a, b) PPRV and ¢, d) B-actin. The
5 fold dilutions of standard RNA prior to amplification were used as indicated on the y-axis and the
corresponding Cycle threshold (Ct) values are presented on the y-axis. Each dot represents the result of triplicate
amplification of each dilution. The ceefficient of determination (R*) and the slope value (s) of the regression curve

were calculated and are indicated
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Fig. 2. Sensitivity of real-time RT-PCR based on the N
gene of PPRV and B-actin. Lane M, GeneRuler™
Lower Range DNA Ladder (Fermentas, GmbH, St.
Leon-Rot., Germany); Lanes 1-6, 5 fold dilutions of
blood sample at 3 dpi

were sequenced and they showed 100% 1dentity with the
N gene sequence of the Nigeria 75/1 PPR vaccine strain.
The results showed that PPRV RNA levels at 3, 5and
28 dpi were higher than those of the other time points,
especially at 5 dpi. The higher levels of RNA detected at
28 dp1 may suggest some level of persistent mfection.
Tt remains to be studied further. PPRV RNA was not
detected in the pancreas, gluteus, dorsal muscle or
abdominal muscle at different time points during the
experiment. PPRV nucleic acid was detected at high levels
in cecum, cerebellum, esophagus, gonad, heart, liver,
lymph nodes (lular Lo, mandibular L.n., mesenteric Ln. and
superficial cervical Ln.,), nasal mucosa, soft palate, spinal
cord, thymus, tongue, tonsil and turbinate bone. The
profiles of PPRV in adrenal gland, abomasum, colon,
duodenum, gum, ileum, inguinal Ln., injected muscle,
jejunum, kidney, larynx, lip, omasum, rectum, reticulum,
rumen and spleen were similar except that in lung and
trachea: PPRV in these tissues was detected at 5 fold
lower levels than that in blood at 3 dpi. The RNA level of
virus in urine was not investigated. The level in different
tissues was increased slightly at 28 dpi after the lowest
level was detected at 14 dpi. PPRV was not detected in
any tissues of the control group.

DISCUSSION

PPR is an acute and highly contagious viral disease
of small ruminants which is characterized by high fever,
ocular and nasal discharge, pneumonia, necrosis and

ulceration of the mucous membranes and inflammation of
the gastrointestinal tract leading to severe diarrhea. PPR
infection has been recognized in many Asian countries
(Banyard et al,, 2010). Almost all viruses 1solated recently
from Southwest Asia and the Middle East belong to PPRV
lineage 4 (Wang et al., 2009).

Given the recent outbreaks of PPR in new areas of the
world, it 1s essential to develop an efficient protocol for
surveillance of PPRV in developing countries. Currently,
the diagnosis of PPRV infection from clinical samples is
based on the detection of specific immunoglobulin, virus
1solation or genomic detection (Bao ef af, 2008,
Batten et al., 2011). The detection and quantitation of
target genes with high sensitivity, offers great advantages
over the classical nucleic acid methods. Tn recent years,
several nucleic acid amplification techniques have been
developed for the rapid, specific and sensitive detection
and identification of PPRV such as RT-PCR, nested PCR,
1t RT-PCR and RT-LAMP (Balamurugan et al, 2006;
Bao et al., 2008; Balamurugan et al., 2010, Kwiatek ef af .,
2010; Ta et al, 2010, Couacy-Hymann et al., 1995;
Brown et al., 1991). Bao reported the sensitivity of art
RT-PCR based on mnucleocapsid (&) gene which
allowed quantification and detection of a viral RNA
concentration of 8.1 RNA copies per reaction mixture
(Balamurugan et al., 2010). Li reported that the detection
limit of the RT-LAMP assay for PPRV developed was
10-fold lugher than that for RT-PCR and similar to that of
the 1t RT-PCR assay (Couacy-Hymann et al., 1995). Tn this
study, a two-step 1t RT-PCR assay was developed and
evaluated for the detection of PPRYV in field samples. The
result showed that the two-step rt RT-PCR had a high
diagnostic efficacy for the detection of PPRV nucleic acid
1n the experimental samples as early as 1st dp1.

It is emphasized that the detection of PPRV nucleic
acid mn clinical samples such as blood, nasal swab and
conjunctival swab and in necropsy materials such as
lymph node, spleen and lung is of great value in the
diagnosis of PPRV mfection by RT-PCR. Earlier studies
showed that lymphoid tissues were found to be the main
target for virus replication (Eligulashvili et al., 1999,
Kumar et al, 2004, Saliki et al., 1994, Kul et o,
2007). The typical tissue distribution has been shown
by immunolabeling of the viral antigen. Antigen was
observed m the kidney, brain, rumen, abomasum, heart
and myocytes of the tongue, besides its more typical
locations (FAOUN, 1999).

In this study, different materials at different
stages of infection, such as blood, swab samples (nasal,
conjunctival and oral) and tissue samples were used to
detect the distribution and quantify the level of PPRV
RINA m experimentally infected goats. The results showed
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that PPRV levels at 3, 5 and 28 dpi were higher than those
at other times, especially at 5 dpi. The tissue distribution
of viral nucleic acid was similar to that of viral antigens
(Saliki et al., 1994; Galbraith et al., 2002; Toplu, 2004,
FAOQUN, 1999; Wohlsein et ai., 1993). Viral nucleic acid
was detected at high levels in the tongue, soft palate,
nasal mucosa, turbmate bone, esophagus, cecum, lymph
nodes (superficial cervical Ln., mandibular l.n., hilar L.n.
and mesenteric 1.n.), heart, liver, tonsil, thymus, gonad and
spinal cord Forsyth and Barrett reported that viral
nucleic acid was detected mn samples of blood,
conjunctival swab, lymph node and spleen by RT-PCR
(Couacy-Hymann et al., 2002). However, they did not
detect viral nucleic acid in samples of lung, oral swab and
nasal swab so, their results were inconsistent with those
of this study. In addition, this study revealed a novel
distribution of the viral nucleic acid in abomasum, adrenal
gland, colon, ducdenum, gums, ileum, injected muscle,
Jejumum, kidney, larynx, omasum, rectum, reticulum, rumen
and spleen. This may have been due to the differing
sensitivity of different methods. The findings from the
study suggest that blood and lymph nodes are of
great value in the diagnosis of PPRV infection by 1t
RT-PCR. Earlier research showed that the lung was an
important target organ for most morbillivirus infections
(Cosby et al., 2002). PPRV antigen was detected
particularly in alveolar macrophages and in syneytial and
bronchial epithelial cells of the lungs in the oral mucosa
and in reticular cells and sinusoidal macrophages of
lymphoid tissues (Eligulashvili et al., 1999; Saliki ef al.,
1994, Wohlsem et al., 1993). This study revealed viral
nucleic acid in the lung from 1-14 dpi with the amount
decreasing over time. At 1 and 3 dpi, viral nucleic acid was
detected in the lung at 2.56 and 1.87 fold higher levels
than in blood at 3 dpi at other times the amount was less
than in bloed at 3 dpi. This result suggested further that
blood is the most valuable diagnostic material for use in
the epidemic situation.

All morbilliviruses can infect the Central Nervous
Systermn but some morbilliviruses are eliminated easily by
the developing host immunity and temporary central
nervous system infection occurs (Toplu, 2004; Reuter and
Schneider-Schaulies, 2010, Stimmer et ai., 2010, Park et af.,
2011; Wolfson et al., 1991). However, the neurovirulence
of PPRV still remain obscure because there are insufficient
data available. Galbraith reported that PPRV (Nigeria 75/1)
and RPV (Saudi/81) showed neurovirulence when the
viruses were inoculated experimentally into the brains of
mice (Toplu, 2004). In the study, researchers detected viral
nucleic acid in the cerebellum during the experiment. This
may indicate the potential of the virus to pass into the
cerebrospinal flud.

The molecular basis of persistent infection was
characterized by alterations of viral gene expression on
the transcriptional and translational levels. Earlier reports
demonstrated that the persistent infection of murine
neuroblastoma cells with MV resulted in a spectrum of
changes in the expression of cellular genes and elevated
level of MHC class I glycoproteins on plasma membrane
(Wolfson et al., 1991; Gopas et al, 1992). Subacute
Sclerosing  Panencephalitis  (SSPE)
Inclusion Body Encephalitis (MIBE) were caused by a
persistent Measles Virus (MV) infection (Reuter and
Schneider-Schaulies, 2010, Woelk et al, 2002;
Baczko et al., 1993; Abdullah et ai., 2009, Schubert ef al.,
2006). MV can lead to a persistent infection in BALB/c
mice for about 21 days (Schubert et al., 2006). In present
study, the lugher levels of PPRV RINA detected at 28 dp1
may suggest some level of persistent mfection. Further
research 1s needed to confirm this supposition.

and Measles

CONCLUSION

This study is thought to be a detailed report of the
distribution of PPRV nucleic acid in cases of experimental
infection. The findings in the respiratory, digestive and
immune systems were similar to those of studies
investigating the distribution of viral antigen in PPRV
infection. The result showed that PPRV might lead to a
persistent infection mn goat for about 28 days. This study
suggested that two-step rt RT-PCR had a high diagnostic
efficacy for the detection of PPRV nucleic acid m tissue
samples and blood sample was the most valuable
diagnostic material for use in an epidemic situation.

ACKNOWLEDGEMENTS

This research was supported partly by the earmarked
fund for Modern Agro-industry Technology Research
System (nycytx-40-10), the International Cooperation
Project (0BOAWCGAIL33) and Special Fund for Agro-
scientific Research in the Public Interest (201103008).

REFERENCES

Abdullah, H., TA. Earle, T.A. Gardiner, F. Tangy and
S.IL. Cosby, 2009. Persistent measles virus infection
of mouse neural cells lacking known human entry
receptors. Neuropathol. Appl. Neurobiol., 35: 473-486.

Anderson, J. and JA. McKay, 1994, The detection of
antibodies against PPR virus in cattle, sheep and
goats and the possible mnplications to rinderpest
control program. Epideniol. Infect., 112: 225-231.

3016



J. Anim. Vet. Adv., 11 (16): 3011-3018, 2012

Baczko, K., J. Lampe, 1].G. Liebert, UJ. Brinckmann and
V. Ter Meulen et al., 1993. Clonal expansion of
hypermutated measles virus in a SSPE brain.
Virology, 197: 188-195.

BRailey, D., A. Banyard, P. Dash, A. Ozkul and T. Barrett,
2005. Full genome sequence of peste des petits
ruminants virus, a member of the Morbillivirus genus.
Vet. Res., 110: 119-124.

Balamurugan, V., A. Sen, G. Venkatesan, V. Yadav,
V. Bhanot, V. Bhanuprakash and R.K. Singh, 2010.
Application of Semi-Quantitative M Gene-Based
Hydrolysis Probe (TagMan) Real-Time RT-PCR
Assay for the Detection of Peste Des Petits
Ruminants Virus in the Clinical Samples for
Investigation into Clinical Prevalence Of Disease.
Transbound. Emerg. Dis., 57: 383-305.

Balamurugan, V., A. Sen, P. Saravanan, T.J. Rasool,
M.P. Yadav, SK. Bandyopadhyay and R.K. Singh,
2006. Development and characterization of a stable
vero cell line constitutively expressing peste des
petits ruminants virus (PPRV) hemagglutinin protein
and 1its potential use as antigen n enzyme-linked
immunosorbent assay for serosurveillance of PPRV”.
Clim. Vaccine. Immunol., 13: 1367-1372.

Banyard, A.C., S. Parida, C. Batten, C. Oura, Q. Kwiaktek
and G. Libeau, 2010. Global distribution of peste des
petits ruminants virus and prospects for improved
diagnosis and control. J. Gen. Virol,, 91: 2885-2897.

Bao, T, L. Li, 7. Wang, T. Barrett and I.. Suo et ai., 2008.
Development of one-step real-time RT-PCR assay for
detection and quantitation of peste des petits
rurminants virus. J. Virol. Methods, 148: 232-236.

Batten, C.A., A.C. Banyard, D.P. King, M.R. Henstock and
L. Edwards et al., 2011. A real time RT-PCR assay for
the specific detection of peste des petits ruminants
virus. J. Virol. Methods, 171: 401-404.

Brown, C.C., J.C. Mariner and H.J. Olander, 1991. An
immunohistochemical study of the pneumonia
caused by peste des petits ruminants virus. Vet.
Pathol., 28: 166-170.

Choi, K.S., I.J. Nah, Y.T. Ko, S.Y. Kang and N.I. Jo, 2005.
Rapid competitive enzyme-linked immunosorbent
assay for detection of antibodies to peste des petits
ruminants virus. Clin. Vaceime Immunol., 12: 542-547.

Cosby, S.I., WP. Duprex, L..A. Hamill, M. Ludlow and
3. McQuaid, 2002. Approaches m the understanding
of morbillivirus neurovirulence. J. Neurovirol.,
8: 85-90.

Couacy-Hymann, E., F. Roger, C. Hurard, I.P. Guillou,
(. Libeau and A. Diallo, 2002. Rapid and sensitive
detection of Peste-des-petits-ruminants virus by a
polymerase chain reaction assay. J. Virol. Methods,
100: 17-25.

Couacy-Hymann, E., K. Bidjeh, A. Angba, I. Domenech
and A. Diallo, 1995. Protection of goats agamst
rinderpest by vaccmation with attenuated peste des
petits ruminants virus. Res. Vet Sci., 59: 106-109.

Dhar, P., B.P. Sreeruvasa, T. Barrett M. Corteyn R.P. Singh
and S.K. Bandyopadhyay, 2002. Recent epidemiology
of Peste des Petits Rumimants Virus (PPRV). Vet.
Microbiol., 88: 153-159.

Diallo, A., C. Minet, CL. Goff, G. Berhe, E. Albina,
(. Libeau and T. Barrett, 2007. The threat of peste des
petits ruminants: Progress in vaccine development
for disease control. Vaccine, 25: 5591-5597.

Eligulashvili, R, S. Perl, Y. Stram, O. Friedgut,
N. Scheichat, I. Samina and Z. Traimn, 1999.
Immunchistochemical detection of peste des petits
ruminants viral antigen m formalin-fixed, paraffin-
embedded tissues from cases of naturally occurring
mfection. J. Vet. Diagn. Invest., 11: 286-288.

FAOUN, 1999. Recognizing Peste Des Ptits Ruminant: A
Field Manual. FAOUN, New York.

Forsyth, M.A. and T. Barrett, 1995. Evaluation of
polymerase chain reaction for the detection and
characterisation of rinderpest and peste des petits
ruminants viruses for epidemiological studies. Virus
Res., 39: 151-163.

Galbraith, S.E., 3. McQuaid, L. Hamill, L. Pullen, T. Barrett
and S.L. Cosby, 2002. Rinderpest and peste des petits
ruminants viruses exhibit neurovirulence m mice. J.
Neurovirel., 8: 45-52.

Gopes, I, D. Itzhaky, Y. Segev, 3. Salzberg, B. Trink,
N. Isakov and B. Rager-Zisman, 1992. Persistent

enhances  major
histocompatibility complex class I expression and
mmunogenicity of murine neuroblastoma cells. Can.
Immunoel. Immunother, 34: 313-320.

Kul, O., N. Kabakei, HT. Atmaca and A. Ozkul, 2007.
Natural peste des petits ruminants virus infection:
Novel pathologic findings resembling other
morbillivirus infections. Vet. Pathol., 44: 479-486.

Kumar, P., BN. Tripathi, A K. Sharma, R. Kumar and
BP. Sreemivasa et af, 2004. Pathological and
immunohistochemical study of experimental Peste
Des Petits Ruminants virus infection in goats. J. Vet.
Med. B, 51: 153-159.

Kwiatek, O., D. Keita, P. Gil, J. Fernandez-Pinero,
M.AJ. Clavero, E. Albma and G. Libeau, 2010.
Quantitative one-step real-time RT-PCR for the fast
detection of the four genotypes of PPRV. I. Virol.
Methods, 165: 168-177.

Lefevre, P.C. and A. Diallo, 1990. Peste des petits
ruminants. Rev. Sci. Tech., 9: 935-981.

measles virus infection

3017



J. Anim. Vet. Adv., 11 (16): 3011-3018, 2012

Li, L., I. Bao, X. Wu, 7. Wang and I. Wang et al., 2010.
Rapid detection of peste des petits ruminants virus
by a reverse transcription loop-mediated isothermal
amplification assay. J. Virol. Methods, 170: 37-41.

Libeau, G., A. Diallo, F. Colas and L. Guerre, 1994. Rapid
differential diagnosis of Rinderpest and Peste des
Petitis Ruminants using an immunocapture ELTISA.
Vet. Rec., 134: 300-304.

Livalk, K.I. and T.D. Schmittgen, 2001. Analysis of relative
gene expression data using Real-time quantitative
PCR and the 2 (delta delta C ( T ) method. Methods,
25: 402-408.

Park, SR.S., M. Widness, A.D. Levine and C E. Patterson,
2011. T cell-, mnterleukin-12- and gamma interferon-
driven viral clearance in measles virus-infected brain
tissue. I. Virol., 85: 3664-3676.

Reuter, D. and I. Schneider-Schaulies, 201 0. Measles virus
infection of the CNS: human disease, amimal models
and approaches to therapy. Med. Microbiol.
Immunol., 199: 261-271.

Saliki, I.T., C.C. Brown, J.A. House and E.J. Dubovi, 1994.
Differential immunohistochemical staining of peste
des petits ruminants and rinderpest antigens in
formalin-fixed, paraffin-embedded tissues using
monoclonal and polyclonal antibodies. J. Vet. Diagn.
Invest., 6: 96-98.

Schubert, S., K. Moller-Ehrlich, K. Singethan, S. Wiese
and W.P. Duprex et al., 2006. A mouse model of
persistent brain infection with recombinant Measles
virus. I. Gen. Virol., 87: 2011-2019.

Shaila, M.S., D. Shamaki, M.A. Forsyth, A. Diallo,
L. Goatley, R.P. Kitching and T. Barrett, 1996.
Geographic distribution and epidemiology of peste
des petits ruminants viruses. Virus Res., 43: 149-153.

Singh, RK., V. Balamurugan, V. Bhanuprakash, A. Sen,
P. Saravanan and M. Pal Yadav, 2009. Possible
control and eradication of peste des petits ruminants
from India: Techmical aspects. Vet. Ital., 45: 449-462.

Singh, RP., BP  Sreemvasa, P. Dhar and
3.K. Bandyopadhyay, 2004b. A sandwich-ELISA for
the diagnosis of peste des petits ruminants (PPR)
infection in small ruminants using antinucleocapsid
protein  monoclonal antibody.  Arch.  Virol,
148: 2155-2170.

Singh, R.P., P. Saravanan, B.P. Sreenivasa, RK. Singh
and S.K. Bandyopadhyay, 2004a. Prevalence and
distribution of Peste des petits ruminants virus
infection in small ruminants in India. Rev. Sci
Technol., 23: 807-819.

Stimmer, L., U. Siebert, P. Wohlsein, J.J. Fontaine,
W. Baumgartner and A. Beineke, 2010. Viral protein
expression and phenotyping of inflammatory
responses in the central nervous system of phocine
distemper virus-nfected harbor (Phoca
vituling). Vet. Microbiol., 145: 23-33.

Toplu, N., 2004, Characteristic and Non-characteristic
pathological findings in Peste des Petits Ruminants
(PPR) of sheep in the ege district of Turkey. I. Comp.
Path, 131: 135-141.

Wang, 7., I. Bao, X. Wu, Y. Liuand L. 1i et al., 2009.
Peste des petits ruminants virus in tibet, China.
Emerg. Infect. Dis., 2009: 299-301.

Woelk, CH,, O.G. Pybus, L. Jin, DW. Brown and
E.C. Holmes, 2002. Increased positive selection
pressure in persistent (SSPE) versus acute measles
virus infections. J. Gen. Virol., 83: 1419-1430.

Wohlsein, P., G. Trautwein, T.C. Harder, B. Liess and
T. Barrett, 1993. Viral antigen distribution mn organs of
cattle experimentally infected with rinderpest virus.
Vet. Pathol., 30: 544-554.

Wolfson, M., J. Gopas, A. Katorza, S.A. Udem and
S. Segal, 1991. Regulatory effects of persistent
measles virus infecton on tumorigenicity and
protooncogene expression in neuroblastoma cells.
Can. Detect. Prev., 15: 171-176.

Worrall, E.E. I.K. Litamoi, B.M. Seck and G. Ayelet, 2000.
Kerovac: An ultra rapid method for the dehydration
and preservation of live attenuated rinderpest and
peste des petits ruminants vaccines. Vaccine,
19: 834-839.

Zhang, GR., 1Y. Zeng, YM Zhu SJ. Dong and
S. Zhuet al., 2012. Development of an indirect ELTSA
with artificially synthesized N protein of PPR virus.
Intervirology, 55 12-20.

seals

3018



	3011-3018_Page_1
	3011-3018_Page_2
	3011-3018_Page_3
	3011-3018_Page_4
	3011-3018_Page_5
	3011-3018_Page_6
	3011-3018_Page_7
	3011-3018_Page_8

