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ABSTRACT

Hemorrhagic fever with renal syndrome (HFRS) is an acute zoonotic disease caused by orthohantaviruses. Reliable mo-
lecular diagnostics are essential for early detection and epizootiological surveillance. This study aimed to develop and vali-
date a reverse transcription quantitative real-time PCR (RT-qPCR) assay for detection of HFRS-associated orthohantavirus
RNA . Species-specific primers (HV P1-F and HV P1-R) and a TagMan probe (HV P1) targeting the nucleocapsid protein (N)
gene within the S segment were designed. A plasmid positive control containing a 242-bp target fragment was constructed.
Analytical sensitivity, specificity, reproducibility, and repeatability were evaluated. Field testing included samples from 343
small mammals collected in endemic areas of the West Kazakhstan Region. The assay consistently detected the plasmid con-
trol from 1 ng/pL to 1 fg/pL, with Ct values of 37.35 and 37.73 at 1 fg/puL. No specific amplification was observed at 100 ag/
pL. A strong linear relationship between Ct values and template concentration was obtained (R? = 0.998). No false-positive
reactions occurred with tick-borne encephalitis virus or Crimean-Congo hemorrhagic fever virus RNA. Reproducibility and
repeatability showed 100% concordance of qualitative results. HFRS-associated orthohantavirus RNA was detected in 45 of
123 pooled field samples. The minimum infection prevalence was 13.1%, reaching 15.3% in Myodes glareolus and 13.3% in
Apodemus uralensis and Microtus arvalis. The developed one-step RT-qPCR assay demonstrated high sensitivity, specificity,

and reproducibility and is suitable for routine diagnostics and surveillance of natural HFRS foci.
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INTRODUCTION

Hemorrhagic fever with renal syndrome (HFRS) remains
one of the most significant natural focal viral infections in
Eurasia, causing tens of thousands of cases annually, partic-
ularly in Asian and Eastern European countries [1-6]. Con-
temporary climate change, anthropogenic transformation of
ecosystems, rodent migration, and urbanization contribute to
the expansion of reservoir species ranges, thereby increas-
ing the risk of the emergence of new natural foci of the in-
fection [7-10].

Hemorrhagic fever with renal syndrome (HFRS) is a viral
zoonotic natural focal disease characterized by pronounced in-
toxication, fever, specific vasculitis accompanied by hemor-
rhagic manifestations, and the development of renal inflam-
mation with damage to the renal tubules and interstitium,
resulting in impaired renal filtration and disruption of fluid
and electrolyte homeostasis [11]. HFRS is caused by ortho-
hantaviruses belonging to the family Hantaviridae and genus
Orthohantavirus [12]. Ortho hantaviruses exhibit consider-
able ecological plasticity, a broad range of natural reservoir
hosts, and complex patterns of circulation within small-mam-
mal populations [13-15].

The genome of orthohantaviruses consists of three seg-
ments of negative-sense single-stranded RNA: S, M, and L.
The S segment encodes the nucleocapsid (N) protein, which
binds viral RNA and participates in the formation of the ribo-
nucleoprotein complex. N-gene sequences are widely used in
the development of molecular assays for the detection of or-
thohantaviruses [16—18].

In the Republic of Kazakhstan, official surveillance and
registration of HFRS cases have been conducted since 2000,
with 302 cases recorded during the period from 2000 to 2024.
The disease occurs both as sporadic cases and outbreaks, with
pronounced seasonality and a predominance among rural pop-
ulations [17, 19-21]. The seasonal peak in hospitalizations oc-
curs from November to January, accounting for up to 87.6%
of cases, with the highest incidence observed in November.
This pattern is associated with the mass migration of rodents
into human dwellings and agricultural structures during the
cold season. In natural foci, the pathogen is maintained pre-
dominantly through circulation within rodent populations, in-
cluding Microtus arvalis, Myodes glareolus, Apodemus ural-
ensis, and other species [22, 23].

Conventional diagnostic methods for HFRS have substan-
tial limitations. Classical virological investigations require
propagation of the pathogen in specialized cell lines under
BSL-3 containment conditions, which are available only in
specialized virological laboratories. This process is labor-in-
tensive and does not always yield successful results [24-26].
Serological methods may have insufficient specificity due to
cross-reactivity with other orthohantaviruses and tick-borne
pathogens and are also predominantly retrospective in nature.
IgM antibodies against HFRS-associated viruses generally be-
come detectable from 3—4 days after disease onset, whereas
IgG antibodies typically appear by days 10-14 [11, 26-28].

In this context, RT-qPCR methods are considered a
gold-standard approach for early diagnosis, providing high
sensitivity, specificity, and rapid detection of viral RNA [29,
30]. International recommendations from the World Health
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Organization (WHO), the United States Centers for Disease
Control and Prevention (CDC), and the MIQE (Minimum In-
formation for Publication of Quantitative Real-Time PCR
Experiments) guidelines emphasize the need for validated
RT-gPCR-based molecular platforms adapted to the genetic
diversity and regional characteristics of circulating orthohan-
tavirus strains [31-33]. Such approaches provide high ana-
lytical sensitivity, specificity, and reproducibility under the
specific epidemiological and ecological conditions of indi-
vidual natural foci.

The closest analogue to the proposed test system is the
“OM-HFRS-RV” assay (Registration Certificate No. P3H
2021/15205, dated March 23, 2021, Russian Federation;
“OM?” product line developed by Syntol) for the detection of
hantavirus RNA in biological specimens using real-time PCR.
However, this assay has a limitation in that it requires a two-
step reaction consisting of reverse transcription followed by
amplification of the target RNA fragment. This increases the
overall analysis time and reagent consumption [34].

The present study describes the design, development, and
comprehensive validation of a novel one-step RT-qPCR test
system for the molecular diagnosis of HFRS, including its ap-
plication in field studies for the epizootiological surveillance
of natural foci in Kazakhstan.

The technical outcome of the study is the development of
specific oligonucleotides, establishment of positive controls,
and detection of HFRS-associated viral RNA using real-time
reverse transcription PCR.

MATERIALS AND METHODS

Oligonucleotide Design and Synthesis

An important step in the development of the PCR-based
test system was the selection of an appropriate genetic tar-
get. A fragment of the N gene located within the S segment
of the negative-sense single-stranded RNA genome was se-
lected as the target. The target region was selected based on a
comparative analysis of S-segment sequences of HFRS-asso-
ciated orthohantaviruses available in the GenBank/NCBI da-
tabases, taking into account its suitability for primer and hy-
drolysis probe design [16, 35].

During oligonucleotide design, multiple sequence align-
ment of the N gene was performed. Sequence conservation
within the proposed primer- and probe-binding regions, am-
plicon length, melting temperatures (Tm), GC content, and
the potential for secondary structure formation were evalu-
ated. The design process followed the recommendations of
the MIQE (Minimum Information for Publication of Quanti-
tative Real-Time PCR Experiments) guidelines and aimed to
minimize the risk of nonspecific amplification [33, 36, 37].

The specificity of the selected primer and probe sequences
was assessed in silico using BLAST and Primer-BLAST by
comparison against sequences available in the NCBI Gen-
Bank database. Potential homology with non-target viral and
bacterial genomes was also evaluated. The analysis revealed
no significant sequence matches that could potentially result
in nonspecific amplification of the target fragment.

The self-complementarity of the oligonucleotides and the
potential formation of hairpin structures, homodimers, and
heterodimers were additionally assessed using OligoAnalyzer
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and AutoDimer software. Sequences with unfavorable pre-
dicted characteristics were excluded from further experimen-
tal evaluation [38, 39].

The following oligonucleotide sequences were selected for
the detection of the N gene fragment within the S segment and
are presented in Table 1.

Table 1. Oligonucleotide sequences for the detection of the
HFRS-associated orthohantavirus N gene

Primer/ . Tm,
Probe Nucleotide sequence Length oC
GATTGAAGATATT-
HV PI-F GAGTCACC 21 52
GTTGTATCCCCATT-
HV PI-R GATTGTG 21 52
FAM- ATATGG-
HV PI probe | GTTTTTGCTGGAG- 23 52
CACC-BHQI1

Oligonucleotide synthesis was performed at the National
scientific center for especially dangerous infections (NSCEDI)
using standard phosphoramidite chemistry on an H6 auto-
mated DNA/RNA synthesizer (K&A Laborgeraete GbR, Ger-
many). Phosphoramidites from Glen Research Corporation
(USA) and reagents from emp BIOTECH (Germany) were
used. Purification of the aqueous primer solutions from syn-
thesis by-products was performed using Centri*Pure N10 col-
umns (emp BIOTECH GmbH, Germany).

The purified aqueous primer solutions were concentrated
to dryness using a CentriVap concentrator (Labconco, USA)
and subsequently resuspended in deionized water to a final
concentration of 100 uM. Primer concentrations were deter-
mined using a NanoPhotometer® P-300 spectrophotometer
(Implen, Germany). The probes were synthesized by BIGL
(Novosibirsk, Russia). The lyophilized probes were reconsti-
tuted to a concentration of 100 pM.

To assess the diagnostic performance of the assay based on
the developed oligonucleotide system, a positive control was
constructed using a recombinant plasmid containing the syn-
thesized target fragment of the NV gene from the S segment of
an HFRS-associated orthohantavirus. The nucleotide sequence
of the target insert is presented below:

GATTGAAGATATTGAGTCACCATCATCGATAT-
GGGTTTTTGCTGGAGCACCTGACCGTTGTCCAC-
CAACATGCCTATTCATTGCAGGGATTGCTGAACTTG-
GAGCATTCTTTTCTATCCTGCAGGACATGCGGAATA-
CAATTATGGCCTCAAAGACAGTGGGAACATCT-
GAAGAAAAGTTACGAAAGAAATCATCATTCTAT-
CAGTCTTATCTCAGGCGAACACAATCAATGGGGA-
TACAAC (242 bp).

RT-qPCR optimization and amplification conditions

RT-qPCR conditions were optimized using the plasmid
positive control and a negative control containing deionized
water instead of the template. The annealing temperature was
determined empirically based on the intensity of the specific
amplification signal and the absence of amplification in the
negative control. The amplification program is presented in
Table 2.
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Table 2. RT-qPCR amplification conditions

Ne Stage Temperature Time Number of Cycles
1 Temperature hold 50°C 10 min 1
2 Initial denaturation 95°C 2 min 1
Denaturation 95°C 15 sec
30 sec
3 Annealing 60°C 5
Extension 72 °C 15 sec
Denaturation 95°C 15 sec
4 Annealing 60°C 45 sec (fluorescence detection: Green, Yellow) 40
Extension 72 °C sec

RT-qPCR was performed using a Rotor-Gene 6000 re-
al-time PCR cycler (Corbett Research, Australia), with fluo-
rescence generated by the FAM reporter dye detected in the
Green channel. The total reaction volume was 25 uL and con-
sisted of 5.0 uL of 5x qPCR reaction mix, 1.0 pL of forward
primer (20 pmol/uL), 1.0 pL of reverse primer (20 pmol/uL),
0.5 uL of probe (10 pmol/uL), 5.0 uL of sample RNA, and
sterile deionized water to the final volume. The final concen-
trations of the primers and probe were 0.8 uM and 0.2 pM,
respectively. A run was considered valid when a typical sig-
moidal amplification curve was observed for the positive con-
trol and no increase in fluorescence signal was detected for the
negative control. A sample was considered positive when the
amplification curve crossed the predefined threshold within
45 cycles; in the absence of such a curve, the result was in-
terpreted as negative.

PCR validation

To confirm the analytical performance characteristics of
the developed reagent kit for the detection of HFRS-asso-
ciated orthohantavirus RNA by reverse transcription quan-
titative real-time PCR (RT-qPCR), a validation study was
performed. The validation study was designed to assess the
analytical sensitivity, analytical specificity, reproducibility,
and repeatability of the assay.

A preliminary assessment of the analytical sensitivity of
the PCR component of the test system was performed using
serial tenfold dilutions of the plasmid positive control in ac-
cordance with established general approaches to the analyti-
cal validation of molecular diagnostic methods [40, 41]. The
lowest concentration consistently detected across replicates
was determined, and the linearity of the relationship between
Ct values and the logarithm of template concentration was as-
sessed. A statistically validated limit of detection (LoD) for
the complete RT-qPCR method was not established within the
scope of the present study.

Analytical specificity was evaluated using a panel of het-
erologous viruses circulating in Kazakhstan, including tick-
borne encephalitis virus and Crimean-Congo hemorrhagic fe-
ver virus, in accordance with the requirements for differential
diagnosis of natural focal infections.

Interlaboratory testing was performed in three structural
divisions of the NSCEDI: the Molecular Genetic Research
Laboratory, the Laboratory of Natural Focal Viral Infections,
and the OBTC-IL. Testing was conducted by different opera-
tors on different days using Rotor-Gene 6000 and QuantStu-
dio 5 real-time PCR instruments, as well as auxiliary reagents

and consumables from different production lots.
RNA extraction and field study design

RNA was extracted from viral samples and field-mate-
rial suspensions using the QIAamp RNA Mini Kit for 250
tests (QIAGEN, Germany), according to the manufacturer’s
instructions. The extracted RNA samples were subsequently
used as templates to assess the specificity of the developed
primer set.

The field study employed an observational descriptive-an-
alytical design. Small mammals were trapped in August—Sep-
tember 2025 in HFRS-endemic districts of the West Kazakh-
stan Region, including Burlinsky, Shyngyrlau, Terektinsky,
and Baiterek districts. Trapping was performed using “Gero”
traps baited with standard bread bait and placed at 2-m inter-
vals. Species identification was based on morphological char-
acteristics.

Lung tissue samples were pooled by species and trapping
location, resulting in 123 pooled samples derived from 343
individual animals. The minimum infection rate (MIR) was
calculated as the number of positive pools divided by the total
number of individuals tested and expressed as a percentage.

RESULTS

Analytical sensitivity of the test system

A preliminary assessment of the analytical sensitivity of
the amplification component of the developed RT-qPCR test
system was performed using serial tenfold dilutions of the
positive plasmid control containing the target N gene frag-
ment of the S segment of the orthohantavirus. Positive con-
trol concentrations ranging from 1 ng/uL to 100 ag/pL were
tested. The plasmid DNA concentration was determined us-
ing the Quant-iT dsDNA HS Kit (Invitrogen, USA) on a Qu-
bit fluorometer (Invitrogen, USA).

Each concentration was tested in duplicate. Serial tenfold
dilution of the positive plasmid control resulted in a consis-
tent increase in Ct values in the Green/FAM channel. Stable
detection of the target fragment in both replicates was ob-
served over the concentration range from 1 ng/uL to 1 fg/uL.

At a concentration of 1 fg/uL, a specific signal was de-
tected in both replicates, with Ct values of 37.35 and 37.73,
respectively, meeting the predefined criterion for a positive
result (Ct <38). The mean Ct value was 37.54 + 0.27. At a
concentration of 100 ag/pL, no specific signal was detected
in either replicate.

Thus, the lowest concentration of the positive plasmid
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Table 3. Results of the analytical sensitivity assessment of the HV P1-F/HV P1-R primer system and HV P1 probe

Concentration Green/FAM, Ct repeat 1 Green/FAM, Ct repeat 2 Mean Ct £ SD Result
1 ng/pL 12,55 12,48 12,52 + 0,05 2/2 positive
100 pg/pL 15,51 15,33 15,42 +0,13 2/2 positive
10 pg/ulL 20,43 20,97 20,70 £ 0,38 2/2 positive
1 pg/pL 25,48 25,12 25,30 £ 0,25 2/2 positive
100 fg/puL 28,83 29,25 29,04 + 0,30 2/2 positive
10 fg/uL 33,86 33,01 33,44 + 0,60 2/2 positive
1 fg/uL 37,35 37,73 37,54 £ 0,27 2/2 positive

100 ag/uL negative negative — 0/2
K- negative — — negative
K+ 29,13 — — positive
Table 4. Results of the analytical specificity assessment
No. Sample Type Green/FAM, Ct <38 Yellow/R6G

1 SARS-CoV-2 No. KA310 Sample negatively negatively
2 | SARS-CoV-2 No. KA310 Sample negatively negatively
3 Tick-borne encephalitis virus No. 22 Sample negatively negatively
4 Tick-borne encephalitis virus No. 22 Sample negatively negatively
5 CCHF virus No. 20 Sample negatively negatively
6 CCHF virus No. 20 Sample negatively negatively
7 | Rickettsia spp. No. 24 Sample negatively negatively
8 Rickettsia spp. No. 24 Sample negatively negatively
9 K- Negative control negatively negatively

10 | K+ (HFRS) Positive control 15,63 16,35

control consistently detected in both replicates under the con-
ditions of this experimental series was 1 fg/uL. Over the con-
centration range from 1 ng/uL to 1 fg/pL, a linear relation-
ship was observed between the Ct value and the logarithm of
the template concentration, with a coefficient of determina-
tion of R2=0.998.

Since the positive control consisted of plasmid DNA and
did not undergo the reverse transcription step, the obtained
data primarily characterize the analytical sensitivity of the
developed RT-qPCR test system. A statistically supported de-
termination of the limit of detection (LoD) for the complete
method requires additional studies using an RNA control and
an increased number of replicates around the borderline con-
centrations. The results are presented in Table 3.

Analytical Specificity of the Test System

The analytical specificity of the developed test system was
assessed based on the absence of cross-amplification when
testing nucleic acids from heterologous pathogens. The test
panel included SARS-CoV-2, tick-borne encephalitis virus,
Crimean-Congo hemorrhagic fever virus, and Rickettsia spp.
A positive specific signal in the Green/FAM channel was ex-
pected in the presence of the target N gene fragment of the S
segment of the HFRS-associated orthohantavirus.

No specific amplification in the Green/FAM channel was
detected for any of the heterologous samples included in the
test panel. The HFRS positive control demonstrated a spe-
cific signal with a Ct value of 15.63. No amplification was
observed in the negative control.
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Thus, no cross-reactivity of the developed primer and
probe system was detected within the tested panel of heter-
ologous pathogens. These findings demonstrate the analyti-
cal specificity of the test system with respect to the non-tar-
get pathogens included in the study. The results are presented
in Table 4.

Reproducibility and repeatability

To assess reproducibility, different concentrations of
the positive plasmid control (10 pg, 1 pg, and 100 fg) from
the developed HFRS diagnostic kit were tested. The assays
were performed in three different laboratories by three dif-
ferent researchers on different days, using Rotor-Gene 6000
and QuantStudio 5 real-time PCR instruments, as well as re-
agents and consumables from different lots. The results are
presented in Table 5.

Table 5. Reproducibility control of PCR results obtained
using the HV P1-F/HV P1-R primer system and HV P1
probe

Date, device, operator 10 pg 1 pg 100 fg
June 4, 2025, Rotor-Gene 6000, + 4 n
Operator 1
June 5, 2025, QuantStudio 5, . N N
Operator 2
June 6, 2025, Rotor-Gene 6000, N N N
Operator 3
3/3 3/3 3/3
Overall result (100%) | (100%) | (100%)
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The study demonstrated that RT-qPCR performed using
the developed reagent kit for HFRS diagnosis in three differ-
ent laboratories, by different researchers, and on different re-
al-time PCR instruments produced identical amplification re-
sults. A consistent specific fluorescent signal was detected at
all three concentrations tested.

Repeatability assessment. When PCR was performed us-
ing three concentrations of the positive plasmid control (10
pg, 1 pg, and 100 fg) under identical conditions by the same
operator in duplicate, complete agreement of the results was
observed. These findings confirm the high repeatability of the
method when using the developed reagent kit for HFRS di-
agnosis.

Field study results

The performance of the developed system was addition-
ally evaluated by RT-qPCR using rodent organ suspensions
collected in the West Kazakhstan Region during the summer—
autumn period of 2025. The material had previously been ex-
amined at the laboratory of natural focal viral infections of the
NSCEDIL. Testing of the samples using the developed PCR test
system was performed in triplicate.

The field validation study included 343 small mammals
captured in four districts of the West Kazakhstan Region: Bur-
linsky, Shyngyrlau, Terektinsky, and Baiterek. In terms of spe-
cies composition, the Ural field mouse (4dpodemus uralensis)
predominated, accounting for 74.3% of all captured rodents.
The second most abundant species was the bank vole (Myo-
des glareolus), accounting for 17.2%. The remaining species
were captured less frequently: the common vole (Microtus
arvalis) accounted for 4.4%, the striped field mouse (4dpode-
mus agrarius) for 1.5%, while various species of shrews ac-
counted for the remainder. Table 6 presents information on the
captured animal species and the results of their PCR testing.

Table 6. Results of testing of field samples

Species Ing:;;d- Pools | PCR + (I\;I)R*
(]
Wood mouse (Apodemus
uralensis) 255 51 34 13.3
Bank vole (Myodes 59 53 9 153
glareolus) ’
Common vole (Microtus 15 1 ) 133
arvalis) ’
Other species 14 8 0 0
Total 343 123 45 13.1
*MIR (Minimum Infection Rate), % — minimum infection rate.

Table 7. PCR data from field material with the HV P1-F/
HV P1-R primer system and HV P1 probe.

Sa;;:)[.)le Sample Type Ct ValueN of Gene Result
1 Sample Nel 27.27 Positive
2 Sample Ne2 29.25 Positive
3 Sample Ne3 32.44 Positive
4 Negative control Negative Negative
5 Positive control 29.67 Positive

Figure 1. Results of PCR testing of field samples using the HV
P1-F/HV P1-R primer system and HV P1 probe

The HFRS virus target gene was detected in three rodent
species that were dominant among the captured animals:
wood mice, bank voles, and common voles.

Table 7 and figure 1 present the positive results obtained
from testing rodent organ suspensions by RT-qPCR using the
HV P1-F/HV P1-R primers and HV P1 probe. Typical ampli-
fication curves crossing the threshold line were detected in the
Green/FAM channel.

Analysis of the geographical distribution of infected ro-
dents revealed a focal pattern of virus circulation. The high-
est number of positive samples was recorded in the Terektin-
sky (16 samples), Baiterek (13 samples), and Shyngyrlau (14
samples) districts, whereas lower activity was observed in the
Burlinsky district (2 samples).

In 2025, 41 laboratory-confirmed HFRS cases were re-
ported in the West Kazakhstan Region. The highest incidence
was recorded in the Baiterek district (34.1%) and in the city
of Uralsk (39.0%), which is surrounded by the territory of the
Baiterek district.

DISCUSSION

The development and validation of molecular diagnostic
tools for HFRS represent a significant advancement in the lab-
oratory diagnosis of this important zoonotic infection [16, 42,
43]. Our study demonstrates the successful development of a
highly specific and sensitive PCR test system that addresses
the limitations of existing diagnostic approaches and provides
substantial improvements over two-step protocols [18, 44].

The proposed HV P1-F/HV P1-R primer system and HV
P1 hydrolysis probe are designed to detect a specific frag-
ment of the N gene within the S segment of the orthohantavi-
rus. A preliminary assessment of the analytical sensitivity of
the PCR component of the test system using a plasmid pos-
itive control demonstrated consistent detection of the target
sequence at concentrations down to and including 1 fg/pL.
These performance characteristics are comparable to those
reported for published RT-qPCR approaches for orthohanta-
virus detection [35, 45-47].

Statistical confirmation of the limit of detection (LoD) re-
quires testing a larger number of replicates across the bor-
derline concentration range. Since analytical sensitivity was
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assessed using plasmid DNA, the obtained results primarily
characterize the PCR component of the developed system and
do not account for the efficiency of RNA extraction and re-
verse transcription.

The analytical specificity of the test system was assessed
using nucleic acids from heterologous pathogens, including
SARS-CoV-2, tick-borne encephalitis virus, Crimean-Congo
hemorrhagic fever virus, and bacteria of the genus Rickettsia.
Each sample was tested in duplicate. No specific FAM sig-
nal was detected in any sample from the heterologous panel.
These findings demonstrate the absence of cross-amplification
within the tested panel and are consistent with the results of
the in silico specificity assessment of the primers and probe.

The one-step RT-qPCR format combines reverse transcrip-
tion and amplification in a single reaction tube, reducing the
overall assay time and the number of handling steps while
also decreasing the risk of contamination. These features fa-
cilitate the application of the test system in routine laboratory
and epizootiological investigations [45, 48].

The validation results demonstrated excellent reproduc-
ibility and repeatability, which are critical characteristics for
routine diagnostic application. Complete (100%) agreement
of results obtained with different operators, instruments, and
reagent lots indicates high method stability under different
laboratory conditions.

The field study confirmed active circulation of HFRS-as-
sociated orthohantavirus in natural foci of the West Kazakh-
stan Region. The overall minimum infection rate (MIR) of
13.1% indicates moderate to high viral activity, with Ural field
mice (Apodemus uralensis) and bank voles (Myodes glareo-
lus) playing an important role in maintaining the infection.
The observed focal distribution pattern is consistent with the
ecology of hantavirus transmission and highlights the need for
targeted surveillance in areas at increased risk.

The one-step RT-qPCR format provides significant advan-
tages over two-step protocols, including reduced assay time,
lower contamination risk, and improved workflow efficiency
[18]. This addresses a key limitation of the closest analogue,
the OM-HFRS-RYV kit, which requires a two-stage reaction,
thereby increasing analysis time and reagent consumption.

Improved efficiency and analytical sensitivity in the mo-
lecular testing of field samples by RT-qPCR expand the infor-
mational capacity of laboratory surveillance while simplifying
and shortening the analytical process. The developed primer
set also provides a basis for local production of the test sys-
tem, enabling broader application of RT-qPCR for routine epi-
zootiological surveillance of HFRS-endemic areas while po-
tentially reducing diagnostic costs.

Global climate change and the associated overall warming
trend may contribute to further expansion of HFRS through
changes in the geographic ranges of vectors and viral res-
ervoirs. The developed test system may therefore be rec-
ommended not only for pathogen identification but also for
screening field samples during routine surveillance of en-
demic and potentially emerging natural foci [11, 50, 51].

The development of a domestic test system also has strate-
gic importance for strengthening the independence of regional
laboratory diagnostic services in Kazakhstan, reducing costs,
and enhancing the national biological safety system [52]. In
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the future, the system could be integrated into comprehensive
molecular surveillance programs, including the genotyping of
circulating orthohantavirus strains.

CONCLUSION

As a result of this study, a novel RT-qPCR test system,
“NSCEDI HFRS Virus RT-qPCR,” was developed and vali-
dated for the detection of orthohantavirus RNA, the causative
agent of hemorrhagic fever with renal syndrome (HFRS). The
HV P1-F/HV P1-R primer system and HV P1 probe provided
specific amplification of a fragment of the N gene within the
S segment of the orthohantavirus genome.

When serial dilutions of the plasmid positive control were
tested, the test system enabled detection of the target fragment
down to a concentration of 1 fg/uL. The lowest concentration
consistently detected in all replicates within the experimen-
tal series was 1 fg/uL.

No nonspecific amplification was observed within the
tested panel of heterologous viruses. Testing under different
laboratory conditions, by different operators, and using dif-
ferent real-time PCR instruments resulted in 100% qualita-
tive agreement of the results. Repeat testing performed by the
same operator under identical conditions also demonstrated
complete agreement of qualitative results.

The performance of the test system was further demon-
strated using field material, specifically organ suspensions
from small mammals collected in natural foci in the West Ka-
zakhstan Region. Testing of 343 animals represented by 123
pooled samples resulted in the detection of orthohantavirus
RNA in 45 pools. These findings indicate active circulation
of the HFRS-associated orthohantavirus among small-mam-
mal populations in the surveyed area and confirm the suitabil-
ity of the developed system for the epizootiological monitor-
ing of natural foci of infection.

The one-step RT-qPCR format reduces the overall assay
time and the number of manipulations involving the reaction
mixture, thereby contributing to a lower risk of contamina-
tion. The developed test system can be used for field-sample
screening, routine epizootiological investigations, and surveil-
lance of orthohantavirus circulation in endemic areas.

Thus, the developed RT-qPCR test system represents a
specific and practically relevant tool for the detection of or-
thohantavirus RNA in field material. Further studies using a
representative set of clinical specimens are required to sub-
stantiate its application in the clinical diagnosis of HFRS in
humans, including an expanded assessment of diagnostic sen-
sitivity and specificity.
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