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The extraction of Peste Des Petits ruminants Virus RNA
from paraffin-embedded tissues using a modified extraction
method

ABSTRACT

Peste des petits ruminants (PPR) which is caused by small ruminant morbillivirus
(PPRV) has an important economic impact on small ruminant farming. Molecular
assays are commonly used in the diagnosis of the disease. Extraction of RNA from
formalin-fixed paraffin-embedded (FFPE) tissues is challenging because of the RNA is
often degraded by formalin fixation process. Although commercial Kits have been
developed for extraction of nucleic acids from FFPE tissues, they are expensive than
other extraction kits. In this study, a modified extraction method was evaluated for
detection of PPRV from FFPE tissues. A total of 20 FFPE tissue samples including 15
PPRV positive and 5 PPRV negative FFPE tissue samples were used. Two years ago,
these selected FFPE tissue samples were analysed by nucleoprotein gene based real
time RT-PCR method before they were fixed with formalin and embedded in paraffin.
FFPE tissue samples were extracted using modified extraction method and were tested
by fusion (F) gene based one step RT-PCR. PPRV specific RNA was detected in 12
FFPE tissue samples whereas 3 positive samples were found negative by one-step RT-
PCR. Furthermore, 5 negative FFPE tissue samples were also found negative. Three
false negative results were from samples with high real-time RT-PCR cycle threshold.
Therefore, false negative results could be related with lower viral loads which might be
lower than detection limit of the one-step RT-PCR. The results of the study show that
modified extraction method could be used for RNA extraction from FFPE tissues
which had been stored for 2 years.
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NTRODUCTION

Peste des petits ruminants (PPR) is an economically important

transboundary viral disease of sheep and goats characterized by

high fever (40°- 41.5°C), diarrhoea, necrotic stomatitis, muco-

purulent nasal discharge, enteritis and abortion (Couacy-Hymann,
2015; OIE, 2022; Sevik and Sait, 2015). Primary hosts of the disease are
sheep and goats. Although cattle, pigs and camels can also be infected,
clinical signs are not seen in these animals (Abraham et al., 2005; Fakri
et al., 2019). The disease has also been reported in wild ruminant species
including ibexes, gazelles, wild goats (Capra aegagrus) and sheep (Ovis
orientalis) (Abubakar et al., 2011; Dou et al., 2020; Li et al., 2017;
Mahapatra et al., 2015).

PPR causes high mortality rates in naive goat and sheep populations
(Couacy- Dou et al., 2020; Hymann et al., 2007; Sevik and Sait, 2015).
In endemic areas, mortality rates may be 20% or less, but it may reach
100% naive population (Mapaco et al., 2019). The disease is spread
through direct contact with infected animals or contact with infected
fomites (Parida et al., 2019).
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The disease has been reported in southern Asia,
Africa, the Arabian Peninsula and the Middle
East (Banyard et al., 2014; Kerur et al., 2008; Li
et al., 2017; OIE, 2022). Turkey first reported
PPR in 1999 (OIE, 1999). Due to its economic
impact, PPR has been declared as a notifiable
disease by the World Organization for Animal
Health (OIE) (OIE, 2022). The Food and
Agriculture Organization and OIE aim to
eradicate PPR until 2030 (Dou et al., 2020).

Peste des petits ruminants virus (PPRV),
renamed as small ruminant morbillivirus, is the
causative agent of the disease classified in the

genus  Morbillivirus  within  the family
Paramyxoviridae, and closely related with
rinderpest, measles and canine distemper

viruses (Gibbs et al., 1979; ICTV, 2022). Four
genetically distinct lineages of PPRV have been
identified based on molecular characterization
of the nucleoprotein (N) and fusion protein (F)
of PPRV (Bailey et al., 2005; Kerur et al.,
2008).

Virus isolation, immunocapture enzyme-
linked immunosorbent assay, agar gel
immunodiffusion, immunohistochemistry and
molecular detection methods are routinely used
for confirmation of the disease (OIE, 2022).
Molecular detection methods are highly specific
and sensitive. However, these methods require
high-quality RNA from the extracted samples.
Mostly, fresh tissues and swab specimens are
used for the detection of PPRV nucleic acid
(Sevik, 2014). However, it may not be possible
to find fresh tissue samples in some cases.
Therefore, in this study, a commercial kit which
developed for total nucleic acid isolation from
fresh tissues was modified, and it was evaluated
for detection of PPRV from formalin-fixed
paraffin-embedded (FFPE) tissues.

MATERIAL and METHOD
Samples

This study was conducted at Konya Veterinary
Control Institute in 2017. A total of twenty
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FFPE lung tissue samples that were fixed with
formalin and embedded in paraffin two years
ago were selected. Selected tissue samples were
analysed by N gene based one step real time
RT-PCR method before they were fixed with
formalin and embedded in paraffin. One step
real time RT-PCR method was performed using
primers and probe described by Batten et al.
(2011) with the One-Step RT-PCR Kit (Qiagen,
Hilden, Germany). Reaction mixture was
prepared containing 0.4 pM of each primer and
5 ul of the extracted RNA, in a final volume of
25 pl. Amplification protocol was performed
according to Batten et al. (2011) using a real
time PCR machine (Roche Applied Science,
Indiana, USA).

Of the 20 FFPE tissue samples, 15 samples
were detected as positive whereas 5 samples
were detected as negative by one step real time
RT-PCR method. Samples that were positive by
real-time RT-PCR had cycle threshold (Ct)
values ranged from 24 to 39 (Figure 1). A FFPE
lung tissue sample that was border disease virus
positive was used as negative control for the
analyses.

RNA Extraction

Extraction of RNA was carried out from the
FFPE samples using a commercial kit which
developed for total nucleic acid isolation from
fresh tissues (Roche Applied Science, Indiana,
USA). However, extraction kit procedure was
modified to obtain enough quality RNA from
the FFPE tissue samples.

First, 5 um paraffin tissue sections were
collected from FFPE tissue samples, and were
put into the eppendorf tubes. Then, they were
deparaffinized by addition of xylene (1200 pl)
and were incubated for 15 min at 65°C,
followed by centrifugation for 5 min at 14000 x
rpm. Deparaffinization steps were repeated
three times. Then, samples were centrifuged for
5 min at 14000 % rpm with adding 80%, 90%
and 100% ethanol, respectively. After samples
washed with 100% ethanol, ethanol was
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PPRV RNA from FFPE tissues

aspirated for 30 min at 37°C. Proteinase K
(1:20) was added to tissue pellets which were
into eppendorf tubes, and they were incubated
at 56°C overnight. To inactivate proteinase K,
samples were incubated for 15 min at 100°C

before the RNA extraction procedure. After
proteinase K inactivation, RNA extraction was
performed according to the manufacturer's
instructions. RNA extracts were stored at -20°C
until analyses.

Amplification Curves

Fluorescence (530)
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Figure 1. Results of the one step real-time RT-PCR, before selected tissues were fixed with formalin.

RNA quality measurement

Quality of the extracted RNA was assessed
using a spectrophotometer (DeNovix Inc.,
Wilmington, USA). The absorbances of
samples were measured at 260 nm and 280 nm.
Purity of the samples was determined with ratio
of 260/280.

Detection of PPRV by one step RT-PCR

PPRV specific RNA was detected using one-
step RT-PCR kit (Qiagen, Hilden, Germany).
One step RT-PCR reaction mixture was
prepared containing, 0.4 uM of each primer and
2.6 pl of the extracted RNA, in a final volume
of 20 pl. One-step RT-PCR was performed with

primers described by Forsyth and Barrett (1995)
which amplify the 448 bp of the F gene of
PPRV.  Amplification  conditions  were
performed according to previous report (Sevik
and Sait, 2015) using a thermal cycler (Techne,
UK). PCR products were assessed in 1.5%
agarose gel stained with GelRed (Biotium,
Fremont, CA, USA).

RESULTS

PPRV-RNA was detected in 12 FFPE tissue
samples by one-step RT-PCR. However, three
FFPE tissue samples that had been found
positive by one step real time RT-PCR were
found negative by one-step RT-PCR.
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Additionally, five FFPE tissue samples that had  PCR. Detailed one-step real time RT-PCR and
been found negative by one step real time RT- RT-PCR results are shown in Table 1.
PCR were also found negative by one-step RT-

Table 1. Results of the one step RT-PCR with modified extraction method

One step Real time RT-PCR One step RT-PCR
Ct values Product

Sample Animal

i SPECIes before FFPE procedures Results intensity
1 Lamb 24.70 Positive Strong
2 Lamb 39.20 Negative

3 Lamb 32.40 Positive Weak
4 Kid 24.62 Positive Strong
5 Sheep 26.50 Positive Strong
6 Kid 39.55 Negative

7 Lamb 38.44 Negative

8 Lamb 25.45 Positive Strong
9 Lamb 27.54 Positive Strong
10 Lamb 28.33 Positive Strong
11 Lamb 31.85 Positive Weak
12 Sheep 26.98 Positive Strong
13 Lamb 30.96 Positive Weak
14 Lamb 27.23 Positive Strong
15 Lamb 32.96 Positive Weak
16 Lamb - Negative

17 Kid - Negative

18 Lamb - Negative

19 Lamb - Negative

20 Lamb - Negative

N.C Lamb - Negative

NC = Negative control
Purity of the extracted RNA analyses based Samples with Ct values between 24 and 28

on A260/280 ratio revealed that 8 samples had  had strong product intensity whereas samples

ratios around 2.0 whereas 4 samples had a with Ct values between 30 and 32 had weak

ration 1.8-1.9. Additionally, three samples had a  product intensity (Figure 2). However, samples

ration < 1.8. with Ct values between 38 and 39 had no PCR
product on one step RT-PCR.

Figure 2. One step RT-PCR products based on F gene of PPRV. M: Marker (100 bp), Lane 1-11: Samples; Lane 3 and
Lane 11 were weak positive; Lane 2, 6 and 7 were false negative results. NC: Negative control.
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DISCUSSION

PPR is one of the notifiable viral diseases of
goats and sheep, and has been diagnosed in
different regions of Turkey (OIE, 1999; Ozkul
et al., 2002; Sevik and Sait, 2015). Different
techniques can be used for confirmation of
PPRV infection such as molecular techniques,
virus isolation, imunocapture ELISA and agar
gel immunodiffusion. Virus isolation is not
commonly used for diagnosis of PPR because it
is expensive and labour-intensive (Hudu et al.,
2016). Molecular diagnostic techniques are
commonly used currently to diagnose viral
diseases. They are more sensitive than virus
culture and provide a more rapid diagnosis of
viral infections (van Elden et al.,, 2002).
Furthermore,  molecular  techniques are
recommended for confirmation of PPR
suspected cases by OIE (OIE, 2022). Therefore,
RT-PCR assays are commonly wused in
diagnostic laboratories.

RT-PCR methods are dependent upon high-
quality nucleic acids extractions from samples
(Browne et al., 2020). Fresh tissues and swab
specimens are recommended for obtaining high
quality RNA (Sevik, 2014). FFPE processing is
an economical approach to storage of the
specimens for extended periods of time, and
widely used in research and diagnostics (Guo et
al., 2017). Also, in some cases, it may not be
possible to find fresh tissue samples. Therefore,
FFPE tissue samples can be used for RNA
isolation. However, extraction of amplifiable
RNA from FFPE tissues is challenging because
of nucleic acid degradation due to the fixation
process (von Ahlfen et al., 2007). Therefore,
special commercial kits have been developed
for detection of nucleic acids from FFPE
tissues. However, FFPE DNA/RNA purification
Kits are expensive than other extraction Kits. In
this study, a commercial kit which developed
for total nucleic acid isolation from fresh tissues
was modified, and it was evaluated for
detection of PPRV from FFPE tissues. To

improve RNA yields and purity and to degrade
cross-linked RNAs, overnight proteinase K
incubation period was added to the procedure of
modified extraction method.

In the current study, PPRV specific RNA
was detected in 12 of 15 lung tissue samples
which were previously found positive by N
gene based one step real time RT-PCR. Three
positive samples, had been found positive by
one step real time RT-PCR, were found
negative by one-step RT-PCR. Furthermore,
five FFPE tissue samples that had been found
negative by one step real time RT-PCR method
were also found negative by one-step RT-PCR.
The difference between results of one step RT-
PCR and one step real time RT-PCR can be
explained by extraction method, analytical
sensitivities of the methods and RNA quality of
the three samples that were found negative by
RT-PCR method. Because these three samples
that had been found positive by one step real
time RT-PCR had high Ct values when
compared other samples (Table 1). It has been
reported that viral load is inversely related with
Ct values, a high Ct value indicating a low viral
load (Bonacorsi et al., 2021). Furthermore,
these three samples that were found negative by
one step RT-PCR had an A260/280 ratio under
1.8. It has been reported that ratios under 1.8
could indicate the presence phenol, proteins and
other contaminants (Glasel, 1995). The purity
of the RNA is very important for RT-PCR
(Banko et al.,, 2021). Therefore, these false
negative results can be explained by low purity
of the samples.

Conventional RT-PCR has lower sensitivity
compared with real time RT-PCR. Therefore,
real time RT-PCR can detect lower viral loads
which were below the detection limit of the
one-step RT-PCR (Banko et al., 2021,
Ramamurthy et al., 2011). Furthermore, it has
been reported that formalin fixation causes
RNA degradation, poly-A tail damage and RNA
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modification by adding methylol groups
(-CH20H) which are reduce PCR efficiency
(Evers et al., 2011; Masuda et al., 1999).
Therefore, these modifications because of
formalin fixation may lead to false negative
results.

In this study, PPRV F gene sequences were
successfully amplified by one step RT-PCR
assay using extracted RNA from FFPE lung
tissues. Limited number of studies has been
performed for detection of morbillivirus RNA
from FFPE tissues (Liang et al., 2012; Seimon
et al., 2013). To detect canine distemper virus
RNA in FFPE tissues, Liang et al. (2012) used
in situ hybridization (ISH) whereas Seimon et
al. (2013) used RT-PCR and ISH. Furthermore,
detection of PPRV specific RNA in FFPE
tissues by real time RT-PCR has been reported
(Kihu et al., 2015). Detection of PPRV RNA in
FFPE samples allow to use FFPE tissues in the
confirmation of PPR in laboratories where fresh
tissues are not available for RNA extraction.

In this study, one step RT-PCR assay was
performed with primers targeting F gene of
PPRV. Primers targeting nucleoprotein (N)
gene of the PPRV were also chosen for
detection of PPRV in FFPE tissues (Kihu et al.,
2015). Therefore, results of the studies suggest
that both of the primers can be used for
detection of PPRV in FFPE tissues.

CONCLUSION

In conclusion, results of the current study show
that modified extraction method could be used
for PPRV RNA extraction from FFPE tissues
which had been stored for 2 years. However,
viral load in FFPE tissues should be considered
when using this modified extraction method.
This provides an opportunity to field veterinary
laboratories that may lack cold storage facilities
to keep fresh pathological samples for PPR
diagnoses.
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