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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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Разработка системы внутреннего контроля на основе 
штамма «Ла-Сота» вируса ньюкаслской болезни  
при диагностике бешенства методом ОТ-ПЦР
С. А. Чупин
ФГБУ «Федеральный центр охраны здоровья животных» (ФГБУ «ВНИИЗЖ»), ул. Гвардейская, 6, мкр. Юрьевец, г. Владимир, 600901, Россия

РЕЗЮМЕ
Введение. На достоверность результатов, получаемых при проведении ПЦР-диагностики, могут влиять такие факторы, как ошибки оператора, 
неполадки в работе амплификатора, наличие в образце ингибиторов реакции, низкое качество реактивов и другое. Все это может приводить к появлению 
так называемых ложноотрицательных результатов. 
Цель исследования. Разработка системы внутреннего контроля на основе гетерологичного вируса ньюкаслской болезни при детекции вируса 
бешенства методом полимеразной цепной реакции.
Материалы и методы. В качестве внутреннего контрольного образца использовалась «Вакцина против ньюкаслской болезни из штамма «Ла-Сота» 
сухая живая» производства ФГБУ «ВНИИЗЖ» (Россия). РНК из образцов выделяли с помощью набора реагентов «РИБО-сорб» (ФБУН «Центральный научно-
исследовательский институт эпидемиологии» Роспотребнадзора, Россия). Для полимеразной цепной реакции с обратной транскрипцией использовали 
реактивы фирмы Promega (США) и олигонуклеотиды производства ООО «Синтол» (Россия). 
Результаты. В качестве объекта для внутреннего контрольного образца выбран штамм «Ла-Сота» вируса ньюкаслской болезни. Проведен дизайн 
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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 lg TCID50/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 × 109.7 EID50). 

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 

праймеров. В серии экспериментов установлено, что ПЦР-система для внутреннего контрольного образца не конкурирует с ПЦР-системой для вируса 
бешенства при их совместном использовании. Оптимизированы основные параметры обратной транскрипции и полимеразной реакции. Проведена 
валидация разработанной методики, в ходе которой определялись такие характеристики, как правильность, специфичность, чувствительность, 
промежуточная прецизионность в условиях повторяемости (сходимость) и промежуточная прецизионность в условиях воспроизводимости 
(воспроизводимость). По результатам валидации полученные характеристики метода соответствуют требуемым.
Заключение. На основе штамма «Ла-Сота» вируса ньюкаслской болезни разработана система внутреннего контрольного образца для использования 
совместно с методикой выявления вируса бешенства методом полимеразной цепной реакции с обратной транскрипцией, позволяющая контролировать 
ход всех этапов анализа в каждой реакционной пробирке. Данная система при надлежащей оптимизации потенциально может применяться 
также в экспериментальных научных исследованиях в соответствующих профильных научных организациях при ПЦР-диагностике заболеваний, 
вызываемых другими РНК-содержащими вирусами. 
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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)) × 100%,
where	 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)) × 100%, 
where	 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-

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 µL of the vaccine diluted to 1:1,000 with water) was 
added to the test sample (50 µL of brain suspension or  
100 µL 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 µL 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 
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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. М – 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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