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Construction of Newcastle disease virus LaSota strain-based

internal sample for rabies diagnosis with RT-PCR
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ABSTRACT

Introduction. The following factors can impact the reliability of polymerase chain reaction results: operator errors, amplifier malfunction, presence of reaction
inhibitors in the sample, poor reagent quality and others. All this can lead to the so-called false negative results.

Objective. Construction of the internal control based on heterologous Newcastle disease virus for detection of rabies virus by polymerase chain reaction.
Materials and methods. Freeze-dried live vaccine against Newcastle disease based on LaSota strain produced by the Federal Centre for Animal Health (Russia)
was used as an internal control. RNA extraction from samples was performed with “Ribosorb” reagent kit (Central Research Institute for Epidemiology of the
Rospotrebnadzor, Russia). Promega Corporation reagents (USA) and oligonucleotides manufactured by the Syntol Company (Russia) were used for the reverse
transcription polymerase chain reaction.

Results. LaSota strain of Newcastle disease virus was selected as the target for the internal control. The corresponding primers were designed. Experiments showed
that the PCR system for the internal control did not compete with the PCR system for the rabies virus when they were used together. The main parameters of reverse
transcription and polymerase chain reaction were optimized. The developed method was validated using several key parameters: correctness, specificity, sensitivity,
repeatability (intermediate precision under same conditions), and reproducibility (intermediate precision under different conditions). Validation results have shown
that the method characteristics comply with the required ones.

Conclusion. Newcastle disease virus LaSota strain-based internal control system has been constructed for use together with reverse transcription polymerase chain
reaction assay for rabies virus detection that allows control of the assay stages in each reaction tube. This internal control after its proper optimization can be also
used in experimental studies carried out at relevant research institutions for PCR diagnosis of the diseases caused by other RNA-viruses.
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Pa3paboTka cuctembl BHYTPEHHEr0 KOHTPOAA Ha 0CHOBe
ltamma «J1a-Cota» BUpYca HbHOKACNCKOi HonesHM
npu anardoctuke bewwencrea merogom OT-MLIP

C.A. Yynuu
OIBY «DeepanbHblii LieHTp oxpaHbl 30poBbA XuBOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. Ha 1ocToBepHOCTb pe3ynbTaTos, nonyyaemblx npu npoBefeHun MLUP-gnarHocTku, moryT BAMATH Takue GakTopbl, kak owmnbku onepatopa,
Henonazky B pabote amnnudukaropa, Hanuuue B 06pasLie MHUOUTOPOB peaKLiMy, HU3KOE KaueCTBO PeaKTUBOB U Apyroe. Bee 3T0 MOXeT NPUBOAUTL K NOABAEHMIO
TaK Ha3bIBaeMbIX NIXHOOTPULIATENbHbIX Pe3yNbTaToB.

Lienb uccnepoBanmsa. Paspabotka cucteMbl BHYTPEHHEro KOHTPONA Ha 0CHOBE reTepoiornyHoro BUpYca Hblokacnckoil 6onesHn npu AeTeKuum Bupyca
feLueHcTBa METOOM NONMMEpPA3HOi LieMHOM peakLum.

Marepuanb! n meTofbl. B kauecTBe BHyTPeHHero KOHTPONbHOTO 06pa3La Ucnonb3oBanach «BakwLMHa NPOTUB HblOKACICKOI 6one3Hu u3 wramma «la-Cota»
cyxas xuBas» nponssoactea OrbY «BHUN3M» (Poccua). PHK n3 06pa3wios Bbigenanm ¢ nomoLLbio Habopa pearenTos «PYIB0-cop6» (DBYH «LleHTpanbHbiit HayuHo-
UCCNEn0BATENbCKII UHCTUTYT Inuaemuonorum» PocnotpebHaasopa, Poccua). [1na nonumepasHoii LienHoii peakuyi ¢ 06paTHOil TpaHCKpURLMel Mcnonb3oBau
peakTusbl pupmbl Promega (CLUIA) u onuroxykneotuasl npoussopactsa 000 «Cunton» (Poccus).

Pe3ynbratbl. B kauectBe 06bekTa Ans BHYTPEHHEro KOHTPONbHOro 06pasua BblbpaH Wwramm «/la-Cota» BUpYca HbloKacnckoi boneswu. MposeneH au3aiiH
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npaiimepos. B cepun 3kcnepumenToB ycTaHoBneHo, uTo [LIP-cucTema ana BHyTpeHHero KOHTPONbHOTO 06pa3ua He KoHKypupyer ¢ MLIP-cuctemoli ana Bupyca
0eLweHCTBa NPy UX COBMECTHOM UCMONb30BaHUM. ONTUMM3MPOBaHbI OCHOBHbIE NapameTpbl 00paTHOI TPAHCKPUNLIMM 11 NOAUMEpa3Hoii peakumy. poBedeHa
BaNuMAaLmA pa3paboTaHHol METOAMKY, B X0fie KOTOPOIA onpeaenanuch Takue XapakTepucTUKK, Kak NpaBUAbHOCTb, CNELMUUHOCTb, YyBCTBUTENBHOCTD,
MPOMeXyTOYHaA MPELN3NOHHOCTb B YCNOBUAX NOBTOPAEMOCTH (CXOAUMOCTb) U NPOMEXYTOUHAA MPELM3NOHHOCTb B YCNOBUAX BOCNPON3BOAUMOCTH
(BocnponzsogumocTb). o pesynbratam BanuaaLum NoyyeHHbIe XapakTepucTiKIA MeTosia COOTBETCTBYIOT TpebyembiM.

3aknioueHue. Ha ocHoBe Tamma «/1a-Cota» Bupyca HbloKacNCkoil GonesHu paspaboTaHa cuctema BHYTPEHHET0 KOHTPONbHOro 06pasLia And UCnob3oBaHuA
COBMECTHO C METOAMKOI BbIABNEHMA BUPYCa OeLeHCTBa METOAOM NONIMMepa3HoIi LIENHON peakLyui ¢ 06paTHOIA TpaHCKpUNLMeiA, N03BONAIOLLAA KOHTPONMPOBATL
XO[ BCEX 3TanoB aHanu3a B Kaxzoil peakumoHHoii npobupke. [laHHas cucTema nNpu Hapnexalleil ONTUMU3ALMN NOTEHLMANLHO MOXKET NPUMEHATBCA
TaKe B IKCMepUMEHTANbHBIX HayUHbIX UCCNIEA0BAHUAX B COOTBETCTBYIOLUMX NPOGUNbHBIX HayuHbIX oprau3aumax npu MLIP-anarHocTuke 3aboneBaHuii,
Bbi3biBaemblx Apyrumu PHK-conepxaLummu Bupycamu.

KnioueBbie cnosa: nonumepasHas LenHas peakums ¢ 06paTHoiA TpaHCKpUNLMeN, BUpYC 6elLeHCTBa, BHYTPEHHUIA KOHTPONbHbIA 06pa3eLl, BUPYC HbIoKaCNCKOI
6onesHu, AUarHoCTUKa

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3M» B pamkax TeMaTuKi HayuHo-UcCneioBaTeNbCKuX paboT «BetepuHapHoe 6narononyunes.

[ina yutuposanus: Yynuw C. A. Pa3paboTka cucTeMbl BHYTPEHHETO KOHTPONA Ha 0CHOBE LuTamma «/a-CoTa» BUpyca HblKacCKoii 60ne3HN Npu AMarHocTuke
6ewenctaa metopom OT-NLIP. Bemepurapus ce2o0Hs. 2025; 14 (3): 249—254. https://doi.org/10.29326/2304-196X-2025-14-3-249-254

KoHnukT MHTEpecoB: ABTOp 3aABAAET 06 OTCYTCTBIN KOHQNNKTA UHTEPECOB.

[insa koppecnongexumu: Yynun Cepreii AnekcanapoBnY, KaHa. 61on. Hayk, Befyluil HayuHblii COTPYAHUK pedepeHTHOI nabopatopun no 6eweHCTBY

1 BSE OTBY «BHUWU3X», yn. [Bapaeiickas, 6, MKp. Opbesel, . Bnagumup, 600901, Poccus, chupin@arriah.ru

INTRODUCTION

The following factors can impact the reliability of poly-
merase chain reaction (PCR) results: operator errors, ampli-
fier malfunction, presence of PCR inhibitors in the sample,
poor reagent quality and others [1]. This can produce false
negative results, where the test reads negative despite the
presence of the target agent in the sample. Use of internal
controls is one of the most effective approaches aimed at
making PCR assays more reliable [2]. Internal control is a nu-
cleic acid that is added to the tested sample and undergoes
all or some assay stages alongside the tested sample. In this
case, specific amplification of the internal control nucleic
acid fragment is observed, confirming that the entire PCR
process functioned correctly.

To date, various PCR-based methods for rabies virus
genome detection, using both classical PCR [3, 4, 5, 6, 7,
8, 9], and real-time PCR [10, 11, 12, 13, 14, 15, 16, 17, 18],
have been described in the literature. However, only some
of them include internal control use.

In general, internal controls are widely used in PCR diag-
nostics of various pathogens. There are various strategies
for designing internal controls. Thus, J. Coertse et al. used
artificially synthesized RNA, the sequence of which corre-
sponded to a fragment of the rabies virus CVS strain ge-
nome [19]. Smith J. et al. used ribosomal RNA as an internal
control, which, according to them, has degradation kinetics
similar to viral RNA [20]. Some studies have described the
internal control constructed from MS2 bacteriophage [21,
22, 23, 24]. Genetically engineered virus-like particles were
also used [25, 26, 27]. Plasmids containing an insert with

sequences complementary to the target PCR primers are
a common and effective tool for constructing internal con-
trols [28, 29, 30, 31]. Also, internal controls based heterolo-
gous viruses are described [32, 33].

Polymerase chain reaction assay developed and
described by A. E. Metlin et al. [34] having high sensitivity
and specificity and providing reliable results have been
used together with other methods at the Reference Lab-
oratory for Rabies and BSE of the Federal Centre for Ani-
mal Health (Vladimir) for several years. However, modern
quality standards mandate higher reliability of test results.
Therefore, the study was aimed at construction of internal
control system and subsequent its use in PCR diagnosis of
rabies for the purpose of testing quality improvement.

MATERIALS AND METHODS

Animal brain samples submitted at the Reference Labo-
ratory for Rabies and BSE of the Federal Centre for Animal
Health (Vladimir) for testing for rabies virus were used.

ARRIAH strain of rabies virus (infectious activity in cell
culture - 6.0 Ig TCID, /mL) from the Federal Centre for An-
imal Health Collection of Microorganism Strains was used
for optimization of reverse transcription polymerase chain
reaction (RT-PCR) and as a positive control.

Freeze-dried live vaccine against Newcastle disease
based on Newcastle disease virus LaSota strain manufac-
tured by the Federal Centre for Animal Health (Vladimir)
was used as an internal control: the vaccine filling vol-
ume —4,000 doses, Newcastle disease virus (NDV) content -
4 x 10°7 EID, ).
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RNA was extracted from the samples with RIBO-sorb
reagent kit (Central Research Institute of Epidemiology of
the Rospotrebnadzor, Russia) according to manufacturer’s
instruction.

RT-PCR was performed as described by A. E. Metlin
et al. [34].

Amplicon software tool (version b08) [35] and the se-
quence of NDV LaSota strain (GenBank accession num-
ber — JF950510) were used for the designing primers.

Promega reagents (USA) were used for RT-PCR.

The primers were synthesized at the LLC Syntol (Russia).

PCR products were analysed by electrophoresis in
2% agarose gel with ethidium bromide staining. GelDoc
gel-documenting system (Bio-Rad Laboratories, Inc., USA)
was used for electrophoregram capturing.

Resulting amplicons were sequenced with the primers
used for RT-PCR and BigDye Terminator Cycle Sequencing
kit (Applied Biosystems, USA) on ABI Prism 3100 capillary
DNA sequencer (Applied Biosystems, USA).

For validation, rabies virus RV-97 strain (obtained from
the Federal Centre for Animal Health Collection of Micro-
organism Strains) was used as a positive standard control
sample and distilled water was used as a negative standard
control sample. Brain samples from various animals that
tested positive for rabies virus with immunofluorescence
assay (IFA) served as positive controls. Brain samples from
various animals that tested negative for rabies virus with
IFA served as negative control samples.

The method was assessed for its accuracy by testing the
positive standard control sample in ten repeats and the
negative standard control sample in ten repeats.

Ten brain samples confirmed negative for rabies virus
with IFA were tested to determine the method specificity.
Specificity was calculated as the percentage of true neg-
ative results to the total number of tests according to the
following formula:

Sp=(TN/ (TN + FP)) x 100%,
TN - true negative result;
FP - false positive result.

Ten brain samples confirmed positive for rabies virus
with IFA were tested to determine the method sensitivity.
Sensitivity was calculated as the percentage of true pos-
itive results to the total number of tests according to the
following formula:

Se = (TP/ (TP + FN)) x 100%,
TP - true positive result;
FN - false negative result.

To assess the intermediate precision under same condi-
tions (repeatability), single positive sample was analysed
in triplicate under the same measurement conditions
using the same equipment, operator, laboratory, and with-
in a short time period.

To assess intermediate precision under different con-
ditions (reproducibility), single positive sample was ana-
lysed under varying conditions. This included testing the
sample in triplicate on three different days by the same
operator, and in triplicate on the same day by two different
operators.

RESULTS AND DISCUSSION

Heterologous viruses with similar genome structure
(DNA/RNA, one/two strands) are one of the most optimal
types of internal controls for detection of viruses with mo-
lecular diagnostic methods. This strategy provides end-to-

where

where

end control over the assay workflow, from nucleic acid ex-
traction through reverse transcription to PCR. In this case,
the control is designed to be as similar as possible to the
test sample and is processed through all analytical stages
in the same reaction vessel (tube).

LaSota strain of NDV included in freeze-dried live vac-
cine against this disease, was selected as an internal control.
The reason was that NDV, being a member of Paramyxo-
viridae family, has single-stranded negative-sense RNA
genome similar to the rabies virus. Moreover, the vaccine
can be served as a ready-to-use internal control requiring
only dilution with water. This eliminates time-consuming
steps such as virus cultivation and titration.

Six different pairs of primers were designed. The prim-
ers corresponded to the region of genes encoding nucleo-
protein, phosphoprotein, and matrix protein, as well as
to the 3'-non-coding region of NDV LaSota strain genome.
The primers have been designed taking into account the
annealing temperature at which the target reaction takes
place (55 °C).The internal control amplicon (approximately
700 bp) was deliberately designed to be longer than the
target fragment (384 bp). This ensured that the target frag-
ment was amplified with a competitive advantage over the
internal control during PCR assay [36]. The primer design
was tested for its specificity using the Primer-BLAST Inter-
net service (www.ncbi.nlm.nih.gov/tools/primer-blast).

The synthesized primer pairs were tested for their
functionality with anti-ND vaccine based on NDV LaSota
strain (Fig. 1).

Three best combinations of primers were selected
based on the test results: LASF107 - LASR800, LASF2086 -
LASR2793, LASF2318 - LASR3026. Each primer pair was
tested in conjunction with the target PCR for rabies virus
to assess potential interference between the two amplifi-
cation systems. The combined use of the two systems, in
all three variants, was shown to produce no undesirable
effects. In addition, a ten-fold serial dilution of the vaccine
was used to assess the analytical sensitivity of the internal
control detection with the selected primer pairs. The pair
of LASF107 — LASR800 primers showed the highest sen-
sitivity (dilution of the initial vaccine - 1:10,000) so they
were finally selected for the internal control. This pair of
primers enabled amplification of a 693 nt-fragment of NDV
genome. The specificity of the amplified internal control
fragment was confirmed by nucleotide sequencing.

A series of experiments demonstrated that the sensi-
tivity of the internal control detection system decreases
as the concentration of rabies virus increases. In contrast,
the sensitivity of the rabies virus detection system remains
unchanged with increasing the internal control concentra-
tion. Thus, the internal control system does not compete
with the rabies virus detection system. This is particularly
important for diagnostic accuracy when the viral load in
the sample is low. However, to increase the reliability of
the target PCR, it was decided to use the internal control
at working concentration slightly above the minimum -
1:1,000 dilution of the original vaccine. Figure 2 demon-
strates the operation of both primer systems in the pres-
ence of the internal control.

A series of experiments was performed to optimize the
key parameters of reverse transcription and polymerase
chain reaction. The optimal PCR parameters were found
as follows: concentration of magnesium ions - 3 mM,
concentration of primers — 40 mM. The internal control
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(10 pL of the vaccine diluted to 1:1,000 with water) was
added to the test sample (50 pL of brain suspension or
100 pL of culture fluid) at the stage of RNA extraction.

Thus, the method enabling rabies virus detection in the
samples with simultaneous monitoring of the assay work-
flow quality in each reaction tube has been developed.
During the assay, known rabies virus-positive and known
rabies virus-negative samples (external positive and neg-
ative controls) were also tested along with test samples.
Internal control was also added to the external positive
and negative controls, 10 pL per each. The presence of a
693 bp DNA fragment and the absence of a 384 bp frag-
ment in the PCR products confirmed that the assay had
been performed correctly.

Fifty-two samples confirmed positive for rabies virus
with IFA and forty-eight samples confirmed negative with
IFA were tested with the developed method. In all cases,
the rabies virus detection results were identical to IFA re-
sults. A 693 bp fragment was always present in the PCR
products when negative samples were tested, which was
indicative of the internal control genome fragment am-
plification, i.e. the absence of a false positive result. When
rabies virus-positive samples were tested, a 693 bp frag-
ment was not always amplified. That was expected since
the target reaction had a competitive advantage over the
reaction with the internal control - all the resources in
the reaction tube were consumed for the target fragment
synthesizing. However, the 384 bp fragment was consis-
tently detected in PCR products when the rabies virus-pos-
itive samples were tested. That was indicative of the pres-
ence of the rabies virus in the sample.

The developed method was validated using several
key parameters: accuracy, specificity, sensitivity, repeat-
ability (intermediate precision under same conditions),
and reproducibility (intermediate precision under differ-
ent conditions) to confirm its reliability. When the method
was tested for its accuracy, the results consistent to the
sample statuses (positive or negative) were obtained for
all samples. Thus, the calculated accuracy of the valida-
ted method was 100%. When the method was tested for
its specificity, all known rabies virus-negative samples

were tested negative with the method under validation.
Therefore, the calculated specificity of the method under
validation was 100%. When the method was tested for its
sensitivity, all positive rabies virus-positive samples were
tested positive with the method under validation, so the
calculated sensitivity of the method under validation was
100%. The method demonstrated good repeatability in
triplicate tests. Thus, the method under validation was
shown to have absolute repeatability. The method demon-
strated good reproducibility in all cases. Thus, the method
under validation was shown to have absolute reproducibil-
ity. Validation results showed that defined characteristics
of the method comply with the required ones.

Despite the variety of internal control designs available,
each has its own advantages and disadvantages. Thus,
artificially synthesized RNA [19] is prone to degradation by
RNases, enzymes that are typically ubiquitous in samples.
The ribosomal RNA used by J. Smith et al. [20] is, in princi-
ple, more resistant to RNases due to its well-developed ter-
tiary structures. However, the reliability and effective range
of this resistance remain to be determined. MS2 bacterio-
phage, being a viral particle, lacks this disadvantage as it
has a protein shell that protects it from RNases. However,
phage cultivation is an additional stage of the work. Arti-
ficially created virus-like particles offer many advantages,
including presence of protective protein shell, customizing
the genome nucleotide sequence with tailored proper-
ties, and incorporation of the desired nucleic acid type.
However, the creation of such particles is technologically
complex and their maintaining is labour-intensive. The
development of plasmids serving as internal controls in
numerous domestically produced commercial diagnostic
kits requires minimal economic investment, as the produc-
tion processes are already well-established. However, this
plasmid-based strategy limits the type of nucleic acid to
DNA. When used for RNA virus diagnosis, it fails to con-
trol for critical steps such as reverse transcription. In our
opinion, the use of heterologous viruses is one of the most
successful strategies for designing internal controls, as it
combines the advantages offered by multiple alternative
approaches. Firstly, they possess a robust protein shell that

Fig. 1. Electropherogram of the PCR products using different combinations of primers for amplification Newcastle
disease virus LaSota strain genome fragment. Each combination is given in duplicate. The numbers indicate the lanes
with the following primer combinations: 1 - LASF815 - LASR1500; 2 - LASF1632 - LASR2337; 3 - LASF2086 — LASR2793;
4—LASF2318 - LASR3026; 5 - LASF2598 — LASR3296, 6 — LASF107 - LASR800. M — molecular weight marker

GeneRuler 100 bp Plus DNA Ladder (Thermo Fisher Scientific) fragment length is 100 bp
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provides protection against RNases. Secondly, a virus can
be selected whose nucleic acid type — whether DNA or
RNA, single-stranded or double-stranded-matches that of
the target virus. Thirdly, these are ready-made biological
objects that are relatively easily propagated in cell cultures.
When using a finished product such as a vaccine (as in our
case), even the cell culture cultivation and titration stages
are omitted.

It should be noted that the developed internal con-
trol based on LaSota strain of NDV can also be used
either directly or after optimization (e.g., if PCR parameters
of the internal control system mismatch the ones of the
target system) for diagnosing diseases caused by other
RNA viruses.

CONCLUSION

Newcastle disease virus LaSota strain-based internal
control has been constructed for use together with reverse
transcription-polymerase chain reaction assay for rabies vi-
rus detection that enables control of the assay workflow in
each reaction tube. This internal control system was tested
for its reliability using clinical samples containing and not
containing rabies virus. The constructed internal sample
was successfully validated. This internal control after pro-
per optimization can be also used in experimental studies
aimed at PCR diagnosis of the diseases caused by other
RNA viruses carried out at relevant research institutions.
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