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Abstract

The cattle and sheep industry is economically important for sustainable growth. However,
the increasing demand for livestock products drives animal population growth and risks for infection
diseases. Lumpy skin disease (LSD) has recently expanded its historical range northward reaching
countries that were never affected before. Prior to 2015 the territory of the Russian Federation was
free of lumpy skin disease, whereas by 2017 Turkey, Serbia, Greece, Azerbaijan have reported incur-
sions of this virus. Not only lumpy skin disease but also sheep pox has increased in incidence. Given
this scenario, timely detection of these pathogens is key towards successful control and eradication.
Moreover, diagnostic tools should detect both LSDV genome in the face of the use of live vaccine
LSD virus strains and distinguish between the two. In this paper we report the development of a set
of one-run real-time PCR assays to detect and differentiate between Capripoxvirus genome, field and
vaccine LSD virus genomes. The assay for field LSD virus targets the 27 bp deletion in ORF126, the
assay for vaccine LSD virus targets genetic signatures unique to Neethling vaccine strains, and the
capripoxvirus assay targets the conserved P32 gene. The assays proved highly sensitive and specific.
The set of PCRs was validated against a panel of 596 samples collected in the field, including whole
blood, serum, skin lesions, nasal and ocular discharge, milk, lymph nodes, lungs, trachea, spleen and
aborted calves. Using the assays reported here some samples obtained as part of national surveillance
for LSD virus from animals exhibiting clinical signs consistent with LSDV turned out to be positive
for vaccine LSD virus genome in 2017. This vaccine strain is highly likely to have derived from
commercial live-attenuated vaccines against LSD virus. The way of introduction of a vaccine LSD
virus strain into Russian cattle remains to be investigated.
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Bovine lumpy skin disease (LSD) (nodular dermatitis) is a transborder
bovine infection manifested by fever and skin nodes (tubercles); generalized in-
fection demonstrates lymphadenitis, as well as conjunctival disorders and respira-
tory/digestive mucosa conditions [1-4]. LSD causative agent is a DNA-
containing enveloped virus (family Poxviridae, genus Capripoxvirus) involving
related sheep and goat pox causative agents [5]. The viral genome represents a
double-stranded DNA of 151 kb in length [6].

Cattle and buffaloes are susceptible to the disease [7]. Among them,
dairy cows are the most vulnerable. Along with this, morbidity can be 3-80% |[3,
8-10] indicating contribution of other potential non-investigated factors that in-
fluence on clinical sign severity. According to reported data, blood-sucking in-
sect [11, 12] and tick [13, 14] bites are considered the most common route of
infection. Nevertheless, a well-defined vector is not determined yet. All the LSD



outbreaks associated with the infection clinical signs must be notified in the In-
ternational Epizootic Bureau (IEB, Office International des Epizooties, OIE,
France). Nowadays, according to IEB, Turkey, Serbia, Greece, Albania, Bulgar-
ia and other countries have reported incursions of the disease [15-19]. For the
first time, Russia reported the infection in 2015 [20]. Then, 16 federal subjects
(mainly, the Central Federal District) reported 313 outbreaks in 2016 [21]. In
2017-2018, the Volga Federal District started to report several incursions near
the border of the Russian Federation [22].

Living homologous Neethling (i.e., an attenuated vaccine strain)-based
LSD vaccines are in active use in near-border countries (e.g., the Republic of
Kazakhstan, EU). Therefore, a complex of methods is required to detect and to
differentiate causative agents of capripoxvirus infections including identification
of Neethling vaccine strain that can induce clinical presentations of the disease
[23, 24]. Apart from LSD, sheep pox reported in the Far East sometimes also
jeopardizes the Russian Federation. The North Caucasus District and the Cen-
tral Federal District [22] reported several incursions of the disease in 2015 and
2016-2018, respectively. Considering unexampled LSD virus spread (including
subclinical recovery [25, 26], we need highly sensitive diagnostic methods that
enable monitoring of latent infected susceptible animals to detect the causative
agent’s genome rapidly, to combat the infection and to prevent its extension.

The paper proposes sensitive and specific RT-PCR test systems for a sin-
gle-mode sample testing characterized by a similar temperature profile for capri-
poxvirus genome (PCR-CAPR), lumpy skin disease virus field isolates (PCR-
LSDV) and vaccine strain (PCR-NEE) for the first time ever.

Our purpose was to develop a complex of real-time PCR methods to de-
tect genomes and to differentiate all the capripoxviruses, LSDV field isolates and
Neethling vaccine strain in various biomaterials.

Techniques. Total DNA was extracted from 100 pl of the biomaterial
suspension with a DNA Nucleic Acid Extraction Mini Kit (Qiagen, Germany)
as per the manufacturer’s instructions.

To select amplification sites and probe annealing regions in PCR, we
evaluated several whole-genome sequences of LSDV field isolates (KX683219,
KSGP 0240, KY829023 Evros/GR/15, KY702007 SER-BIA/Bujanovac/2016,
AF409137 Neethling Warmbaths LW, AF325528 Neethling 2490), vaccine strains
(KX764643 SIS-Lumpyvax vaccine, KX764644 Neethling-Herbivac vaccine,
AF409138 Neethling vaccine LW 1959, KX764645 Neethling-LSD vaccine-OBP),
as well as those related to sheep and goat pox (KX576657 Gorgan, KC951854 FZ,
AY077836 G20-LKV, AY077835.1 Pellor, AY077833 Sheeppox virus A, AY(077832
Sheeppox virus 10700-99 strain TU-V02127, MG000156 Sheeppox virus strain
Jaipur, AY077834 Sheeppox virus NISKHI) available in the GenBank database
(https://www.ncbi.nlm.nih.gov/genbank/).

Primers and probes developed with Primer3 engine software
(http://bioinfo.ut.ee/primer3-0.4.0/) were synthesized by Syntol (Moscow).
FAM dye (5" -probe end) and BHQ1 (3" -probe end) were used as a source and a
quencher of fluorescence, respectively. Primers and the probe used to detect vi-
ral field isolates in PCR-LSDYV system we mentioned in the previous work [27].

Real-time PCR (RT-PCR, Rotor Gene Q 6 plex amplifier, Qiagen,
Germany) was performed as per the appropriate procedure (activation at 95 °C
for 10 min; 40 cycles: 95 °C 15 s, 60 °C 1 min). GoTaqg® MDx Hot Start Pol-
ymerase reagent kit (Promega Corp., USA) was applied. Reagent mixture (25 ul)
included 5 pl of 10x PCR buffer, 3 ul of 25 mM MgCl,, 0.5 ul of 10 nmol
dNTP, direct and reverse primers, 12.5 pmol each, and 7.5 pmol of the probe.



The results were interpreted depending on whether a fluorescence curve inter-
cepts a threshold line or not. This corresponds to presence/absence of Ct thresh-
old cycle value. If Ct < 40, a sample was considered to be positive (i.e., a viral
DNA was detected).

To assess RT-PCR test system specificity, it was tested with genetic mate-
rial of homologous and heterologous viruses. Specificity tests were performed ana-
lyzing each viral DNA individually and in presence of several viral DNAs. To test
and to improve developed methods, we used DNAs of reference strains of heterol-
ogous viruses (Microorganism Strain Collection, Federal State Budgetary Institu-
tion Federal Animal Health Care Center), as well as DNAs of homologous and
heterologous viral isolates obtained from various Russian regions. PCR-LSDV
specificity test we mentioned in the previous work [27].

Analytical sensitivity of the test system intended for detection of the vac-
cine strain genome (PCR-NEE) was evaluated by a series of 10-fold dilutions
(1:101-1:10% of Neethling LSD vaccine virus genome DNA. Initial titer was
5.21 Ig TCIDso/ml. To analyze the test system designed for capripoxvirus ge-
nome detection (PCR-CAPR), sheep pox virus (Afghan strain) was applied; titer
was 6.17 1g TCIDsy/ml. In view of statistical verification of the findings and lin-
ear regression plotting, 10-fold genome DNA dilution test was conducted in
triplicate. Amplification efficiency was calculated as per the formula:

E = (10slope — 1) x 100 %,
where 10slope js slope coefficient.
Using Ct values, reproducibility (Cv, %) of each dilution series was cal-
culated considering standard deviation (+SD). To assess threshold cycle variabil-
ity, each sample was tested for 3 times in pentaplicate (1 launch — 5 replicates)
for 3 days. Mean Ct values, standard deviations (+SD) and coefficient of varia-
tion (Cv, %) were calculated for each launch (5 replicates) and all the launches
(15 replicates).
Diagnostic sensitivity (DS) and diagnostic specificity (DSp) of test sys-
tems were tested on samples of blood and nasal discharge collected in naturally
infected animals. The results were calculated as per formulae as follows:
DS = TP/(TP + FN),

where TP is true-positive results, FN is false-negative results;
DSp = TN/(TN + FP),

where TN is true-negative results, FP is false-positive results.

We analyzed 596 samples of biological materials, i.c. stabilized whole
blood, blood serum, skin scrapings (nodules), nasal and ocular discharge, milk,
Ilymph nodes, lungs, trachea, spleen and aborted calves, from animals with clini-
cal signs of the disease. Analyses were hosted by the Disease Reference Labora-
tory (Federal Animal Health Care Center, 2016-2017).

To assess Ct values, Passing-Bablok Regression was used and Bland-
Altman plots were constructed. Lin's concordance correlation coefficient was
used to examine agreement between PCR assays [28].

Results. See a brief description of used primers and probes in the Table 1.
See description of heterologous and homologous viruses (reference strains, Mi-
croorganism Strain Collection, Federal Animal Health Care Center), as well as
homologous and heterologous viral isolates obtained from various Russian re-
gions used to assess specificity of RT-PCR test systems in the Table 2.

In virtue of sequence alignment, we identified several sites, which were
the most conserved in field isolates only, in vaccine strains only and in all the
capripoxviruses. To amplify field isolate genome region, we selected a LSDV126
reading frame for FEV gene of nodular dermatitis virus where 27 bp region is
deleted in other Capripoxviridae and Neethling vaccine viruses, whereas the in-



sertion is observed in field isolates (Fig. 1, A). To amplify a vaccine strain ge-
nome fragment, we selected LSDV008 region where unique strain-specific sub-
stitutions are available (Fig. 1, B). To amplify the capripoxvirus genome, we se-

lected P32 gene, which is conserved for all the Capripoxviridae (Fig. 1, C).

1. Primers and probes used to detect capripoxviruses and to differentiate a genome
of the LSDYV vaccine strain and field isolates in RT-PCR

Agent (test Nucleotide sequence (5°—3") Primers, Gene |Amplicon, bp | Reference
system) probes
BLSD vaccine TGTTTCCATTCTCCACTGCT fnee3
virus (NEE) TACTTACTAAAAAATGGGCGCA rnee3 LSDV00S 185 The study
TCGCTGACATCGTTAGTCCACTC Probe
Capripoxvi- ATGAAACCAATGGATGGGATA Capr_f
ruses (CAPR) CGAAATGAAAAACGGTATATGGA Capr.r P32 92 The study
ATGAGCCATCCATTTTCCAA Probe
BLSD field AGAAAATGGATGTACCACAAATACAG 2
isolate (LSDV) TTGTTACAACTCAAATCGTTAGGTG r33 EEV 96 [27]
ACCACCTAATGATAGTGTTTATGATTTACC Isdv probe
N ote. BLSD is bovine lumpy skin disease.
2. Studied viral strains and isolates
Vi Strain/isolat Origin/collecti PCR
irus rain/isolate rigin/collection m
BLSD virus CNDV/Dagestan/2015  Russia/Federal State Budgetary Institu-
(diagnostic strain) tion Federal Animal Health Care Center + -
BLSD virus CNDV E-95 (D) Africa/Federal State Budgetary Institution
Federal Animal Health Care Center B
Attenuated LSD vaccine strain  Neethling RSA VRI Onderstepoort/Federal State
Budgetary Institution Federal Animal
Health Care Center + +
Sheep pox virus Afghan strain Afghanistan/Federal State Budgetary
Institution Federal Animal Health Care + -
Center
Sheep pox virus field isolate Russia (Yaroslavl' Region)/NA + -
Goat pox virus Primorye 2003 Russia/Federal State Budgetary Institu- i -
tion Federal Animal Health Care Center
Sheep ecthyma virus field isolate Russia/NA - -

N ote. BLSD is bovine lumpy skin disease, “+” and “-” are positive and negative RT-PCR.

Evaluating the method specificity, we studied material containing DNA
of heterologous viruses (PPR, vesicular stomatitis, sheep ecthyma and cow pox).
Finally, we did not reveal any false-positive results of the diagnostic system test-
ing using individual DNA of each virus or mixture of several viral DNAs.
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Fig. 1. Probe annealing area to detect bovine lumpy skin disease field isolates (A), vaccine strains of the
virus (B) and capripoxviruses (C) in RT-PCR (also see the journal website: http://www.agrobiology.ru).

A B
7 55
[y =310 ¥ 0.279%"x; ¥ = 0.9998 | [y = -4013 + 0.2904; © = 0.9983] P
] 5.0 e
6 e
e 46 e
- e
p |
5 e 40 A
e

§ 35 A
g4 7 )
E - 3.0 S
= e
32, / p
;? P 2 25 p A
=4 ’,

5 o 20 ,

g L5 -
d ~
1 e g
e Lof - A
>
0 0.5
14 16 18 20 22 24 26 28 30 32 34 16 18 20 2 24 26 28 30 32

Threshold Ct value

Fig. 2. Linear regressions of Ct values based on RT-PCR testing of 10-fold dilutions of capripoxvirus
DNA (A) and lumpy skin disease vaccine strain (B) confirm linearity of the results.

To evaluate sensitivity of the PCR-CAPR test system, we used DNA of
sheep pox virus (Afghan strain) whose infectious activity titer is 6.17 Ig
TCIDsy/ml. The PCR-CAPR test system (Fig. 2, A) detected viral DNA at
0.17 Ig TCIDsy/ml. To assess amplification efficiency, we conducted three repli-
cate tests and obtained Ct values applicable to the efficiency calculation. In vir-
tue of the slope coefficient value resulted from linearity regression (Fig. 2, A),
amplification efficiency is E = 90.2%. Reproducibility test (6 successive 10-fold
dilutions) demonstrated a standard deviation (SD) of 0.12-0.32.

PCR-NEE test system sensitivity was assessed using DNA of Neethling
LSDV vaccine strain whose infectious activity titer is 5.21 lg TCIDsy/ml. The
test system detected viral DNA at 0.21 lg TCID5y/ml. Amplification efficiency
(Fig. 2, B) was E = 95.16%. The PCR-NEE test system (5 successive 10-fold
dilutions) demonstrated a standard deviation (SD) of 0.03-0.60.

Primary quantitative characteristics of developed test systems are summa-
rized in the Table 3.

3. Efficiency, standard deviation (SD) and determination coefficient (r2) of RT-PCR
test systems to detect and to differentiate bovine lumpy skin disease field isolates,
the virus vaccine strains and capripoxviruses

Test system | Efficiency, % | SD (min-max) | r?
PCR-CAPR 90.20 0.12-0.32 0.999
PCR-LSDV 98.60 0.11-0.33 0.990
PCR-NEE 95.16 0.03-0.60 0.998

N ote. Test systems are described in the Techniques section. Reported data of prior PCR-LSDV study are pre-
sented [27].

See Ct value variations associated with parameter measurements in the

Table 4.
See PCR-CAPR and PCR-LSDV DS and DSp comparison results on


http://www.agrobiology.ru/articles/2-2019sprygin-ris-eng.pdf

the Figure 3. As per the reported data, there were no any significant differences
between Ct values of PCR-CAPR and PCR-LSDV (p > 0.05). In virtue of Ct
values of two test systems, Lin’s concordance correlation coefficient between
PCR CAPR and PCR-LSDV tests was 91.3%.

4. Ct variability associated with 1-3 launches of a RT-PCR test system

Test system, launch | Mean Ct value | 1SD \ Cv, %
PCR-CAPR (n = 5):
Ist 28.80 0.23 0.79
2nd 29.05 0.54 1.85
3d 29.15 0.32 1.09
PCR-LSDV (n = 35):
Ist 30.01 0.43 1.43
2nd 30.76 0.41 1.33
3d 29.93 0.16 0.53
PCR-NEE (n = 5):
Ist 29.56 0.37 1.20
2nd 29.53 0.36 1.20
3d 30.15 0.25 0.80
Three launches, mean (n = 15):
PCR-CAPR 29.00 0.39 1.34
PCR-LSDV 30.27 0.52 1.71
PCR-NEE 29.76 0.50 1.60
N ote. Test systems are described in the Techniques section. Each launch was performed in pentaplicate.
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Fig. 3. Passing-Bablok regression (A) and Bland-Altman scatter diagram (B) for Ct values (PCR-
CAPR and PCR-LSDV test systems) at 95% CI. Test systems are described in the Techniques section.

5. Detection of LSD virus genome in field isolates We applied three
from cattle biomaterial (2015-2017) RT-PCR test systems to
Samples study 596 bovine biological
I total POSit‘i"e . material samples collected
Nodules % 7 %5 in 2015-2017. LSD virus
Whole blood 235 31 13 i
Blogdeser?l(;n 117 17 14.5 genome  was detected in
Nasal discharge 104 26 25 155 samples (26.0%) (Ta-

ble 5). Bovine LSD virus
was the most common in a nasal discharge (25.0%), serum (14.5%) and
whole blood (13.0%). As a result of pathological material testing, LSDV genome
was detected in 78% of affected skin (nodule) samples. LSDV genome was not
mentioned in trachea, spleen and aborted calves. Additionally, 3 milk samples (2
LSDV-positive ones) from cattle with clinical signs of LSD, 5 lymph node sam-
ples (2 LSDV-positive ones) and 4 lung samples (3 LSDV-positive ones) were
tested. PCR-CAPR and PCR-LSDV demonstrated 100% correspondent posi-
tive/negative results.
LSD laboratory diagnosis is of importance to confirm a suggested diag-
nosis and, in turn, to perform timely actions to prevent the viral spread. Also, we
note that LSDV biological and epizootological properties are still understudied,



and more comprehensive understanding is required. Lumpy skin disease and
sheep pox viruses are urgent threat to global livestock production (including the
Russian Federation) [21]. Since LSD was historically restricted by the Africa and
the Middle East, Russia was considered to be a LSD-free country before 2015
[25]. As for sheep pox, it was typically reported by the Far East and the North
Caucasus. Vaccination is the only way to combat capripoxviruses. In terms of
LSD, this is a vaccination with heterologous and homologous (attenuated) vac-
cines [25]. Sheep pox virus-based heterologous vaccine is safe for cattle whereas
living attenuated vaccines, e.g., Lumpyvax (RSA) and equivalent, can induce
clinical signs of the disease [26]. That is why the development of differential mo-
lecular diagnostic methods is a hot issue.

The paper presents a developed complex of RT-PCR test systems provid-
ing simultaneous detection of capripoxvirus genomes, LSDV field isolates and
Neethling vaccine strain for the first time ever. The advantage of the approach is
that reagent concentrations and temperature profile are similar in all the tests.
These test systems are validated successfully with a great number of samples col-
lected in experimentally infected animals or during the disease outbreak. The re-
sults are confirmed by sequencing and virus extraction in a cell culture (data are
not available). All the samples collected during notified LSD outbreaks in the
Russian Federation since 2015 were tested in PCR-CAPR and PCR-LSDV test
systems. As a result, 100% similar findings were reported.

PCR-CAPR and PCR-NEE test systems were developed as a part of the
trial, and PCR-LSDV test system dealing with field isolates was described [27].
To provide high specificity, all the amplification loci and probe annealing sites
were selected considering conservation (all the isolates whose data are available
in GenBank) and unicity (see Fig. 1). Unique genetic signatures provided detec-
tion of mentioned viruses by each developed RT-PCR test system.

During a launch amplification efficiency of all the test systems is > 90%
in a series of 5 10-fold dilutions of the viral material; sensitivity is 0.3 Ig
TCIDsy/cm? (see the Table 3). Moreover, highly sensitive and specific DNA
panel testing of homologous/heterologous viruses make the complex irreplacea-
ble to establish a diagnosis while dealing with field material samples. Comparison
between PCR-CAPR and PCR-LSDV demonstrated no significant differences
between Ct values while testing the same samples (p > 0.05); mean difference
between the values was 1.3 cycles (Lin’s concordance correlation coefficient is
91.3%) (see the Table 4). Unfortunately, it is impossible to compare PCR-
CAPR and PCR-NEE test systems because of too small sampling of biomaterial
containing vaccine LSDV genome.

Several data on methods to detect genomes of capripoxviruses, field or
vaccine LSDV strains are reported. Although the common Ireland and Binepal’s
method [29] based on a conventional PCR was used previously, it is non-
specific for a given virus detecting all the capripoxviruses [27]. At the same
time, a standard PCR associated with a cross-contamination risk is less sensi-
tive. As for R-T PCR types, there are several reported papers dealing with du-
plex studies of capripoxvirus genome [30], field isolates [31], vaccine and field
strains (Duplex PCR is a simultaneous detection of two target genes) [32]. It is
significant that our PCR-LSDV and PCR-NEE test systems were more effi-
cient (95.16% and 98.60%, respectively) than mentioned [32] duplex PCR
(91.3% and 90.7%, respectively).

To assess specificity, we used national isolates, whereas our foreign col-
leagues evaluated test specificity in foreign strains. To consider a method to be an
all-purpose one, a cross-validation must be conducted involving all the strains cur-
rently detected worldwide.



Potential differentiation of a field isolate from a vaccine strain in the
same tube is both an advantage and disadvantage of the method proposed by
Agianniotaki et al. [32]. As distinct from a duplex testing where simultaneous
presence of both viruses decreases sensitivity of the response, our test systems
can function independently in different tubes. The feature of a duplex PCR is
very critical in the beginning of a living vaccine immunization in areas of active
spread of field viral strains.

The developed complex of PCR test systems was tested on 596 bio-
material samples (i.e., various tissues and organ samples) collected in naturally
LSD-infected cattle in the Russian Federation in 2015-2017 [21] (see the Table
5). We emphasize that correlation between test results in PCR-LSDV and PCR-
CAPR is 100%. So, this confirms reliability of these diagnostic methods. It must
be noted that suspected LSD-associated sampling should consider clinically
healthy animals because they can be latent virus carriers without evident symp-
toms [24]. Due to the fact that bovine LSD epizootic situation is observed main-
ly intravitally, this has a special practical importance.

LSDV genome is the most common in nodules (78% samples). The fact
complies with other study findings and confirms an evident viral tropism to skin
epithelium [33]. Further, it was shown that PCR can detect LSDV genome in
blood after a nodule appearance [33]. In terms of our study, 13-25% of other
biomaterial samples demonstrated LSDV genome. Although the viral genetic
material was detected in lungs, lymph nodes and milk, a precise statistical pro-
cessing is still impossible due to restricted number of samples. It’s important to
stress that samples were collected at the onset of clinical signs that can influence
on efficiency of LSDV detection. For example, absence of the viral genome in
most of discharge samples, serum and whole blood may be associated with insuf-
ficient accumulation of the virus and its concentration is lower than a test sys-
tem sensitivity limit during excretion in biological fluids. Moreover, Babiuk et al.
[33] found that after experimental infection mucosal excretion of the virus can
be observed after a nodule appearance. Moreover, the low concentrated viral
DNA is detected in discharge within a short period (i.e., several days); transient
(9 days) viremia is associated with intermittent presence of the virus during the
test [33]. These properties may cause weak transmission of the virus between
animals without flying transmitters.

It is important to notice that the PCR-NEE test system to detect the
vaccine strain validated with the same volume of material revealed several cases
of potential illegal use of Neethling-based LSDV-vaccine in number of Russian
regions (data are not shown) despite Neethling genome was firstly found in
cows with clinical signs of LSD in the Bashkortostan [34]. Although living at-
tenuated LSDV vaccines are banned in the Russian Federation, they are ap-
proved in other countries of the Customs Union (e.g., the Republic of Ka-
zakhstan) that, in turn, can lead to LSDV spreading in near-border regions
[34]. Sequencing showed 100% homology of the appropriate RPO30 fragment
(data are not available) in the detected vaccine virus and vaccine strains used
in commercial attenuated living vaccines. Agreement of PCR-CAPR and PCR-
NEE results was 100%.

All the results obtained with proposed test systems are confirmed by virus
extraction in a susceptible cell culture (data are not available) indicating reliabil-
ity of R-T PCR methods used to differentiate the vaccine strain and the field
isolate. High-degree certification and validation of proposed test systems was
confirmed by the Russian Federation patent application. This is also an evidence
of the development novelty [35, 36].

Thus, we developed reliable RT-PCR test systems to perform a single-



mode testing for genome of capripoxviruses, lumpy skin disease virus field isolates
and LSDV vaccine strain. Methods demonstrated high specificity and sensitivity of
panel testing of biomaterial samples collected in naturally infected animals.
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