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Abstract. The article is devoted to the development of a method for detection of viral RNA of two highly pathogenic zoonotic
viruses from the genus Henipavirus — Hendra and Nipah using real-time reverse transcription polymerase chain reaction. In the
natural environment, these viruses are carried by flying foxes in the family Preropodidae. Horses and pigs, respectively, are
susceptible to infection. The diseases are also transmitted to humans through contact with sick animals, their biological excreta
and from person to person. In infected humans and animals, clinical signs of infection may be asymptomatic, or may present
with flu-like symptoms at the onset of the disease and progress to neurologic disease and acute respiratory infection, followed
by death. In Australia, the subunit vaccine HeV-sG is used against Hendra virus in horses. There is no treatment or vaccine
for Hendra or Nipah viruses for humans. The need to develop new detection methods and search for new viral targets remains
an urgent task due to the large area of distribution of the described viruses, high contagiousness and mortality of animals and
humans. The study describes the original designed primers and probes for conserved regions of the genomes of two viruses:
the gene encoding the nucleocapsid protein of Hendra virus and the gene encoding the glycoprotein of Nipah virus. Synthetic
controls for the extraction and reverse transcription PCR stages have been created, confirming the quality of the developed
method. Biological samples from healthy people (blood plasma, swabs from oral and nasopharyngeal mucous membranes,
cerebrospinal fluid) with the addition of artificial controls passed the stages of sample extraction and real-time reverse
transcription PCR, thus confirming the quality of control samples. The detection limit of the described viral RNA identification
methods was determined as 100 copies/mL for Hendra virus and 1000 copies/mL for Nipah virus. The amplification transit time
is less than 90 minutes. The developed method will help in epidemiologic control of the spread of these infections, can be used
in the diagnosis of Hendra and Nipah viruses and for solving research tasks to study the properties of these pathogens.
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HOIl TpaHCKPUIIIIME B peaJlbHOM BpeMeHM. B ecTeCcTBEHHOI cpene 3TH BUPYCHI MTEPEHOCATCS JIETYYMMHU JTUCHIIA-
MU U3 ceMelicTBa Preropodidae. 3apaxxeHWIO MOABEPKEHBI JOIIAAM U CBUHbU COOTBETCTBEHHO. 3a001eBaHUS TaKKe
nepenalTcs YeJoBeKY Yepe3 KOHTAKT C OOJbHBIMU XK UBOTHBIMM, X OMOJOTMYECKMMHU BbIACACHUSIMU U OT YyeJoBeKa
K 4eJioBeKy. Y MHGUIIMPOBAHHBIX JIOAEH U XXMBOTHBIX KJIMHUYECKHME MPU3HAKM WHGEKIIMU MOTYT IIpOoTeKaTh Oec-
CHMIITOMHO, JTU0O TIPOSIBJASIIONIMMUCS TPUIITIOAOOHBIMM CUMIITOMAMU Ha HayaJbHOM 3Tarie 0OJE3HU U MePexosi-
II1¢ B HEBPOJOTHUECKIE 3a00JIeBAHNUSI 1 OCTPYIO PECIIUPATOPHYI0 MH(DEKIIUIO C TOCICAYIOUINM JIeTaTbHBIM NUCXOIOM.
Ha ceronnsgminmii neHp He pa3paboTaHo JeuyeHue MPOTUB 3TUX MHPekumnii. M3yyeHHY0 cyObeIMHUYHYIO BaKIIU-
Hy HeV-sG (Equivac®HeV, Zoetis Australia Pty Ltd.) ucroab3yioT B ABCTpaauu AJis Joliaaeii mpoTuB MHOEKLI
Xengpa. OgHako 3Ta BaKIMHA HE MCIIONB3YETCS IS JTIONEH, M B HACTOSIIICe BpeMsI HET KOMMEPUYECKH JTOCTYITHBIX
BaKIIMH IIPOTHB BUpyca Humax HU 11 YeaoBeKa, HU IS JKUBOTHHIX. HeoOXoaAMMOCTh pa3pabOTKM HOBBIX METOIOB
JMETEKIINY U TIOMCK HOBBIX BUPYCHBIX MUIICHEH ITO-ITPEXKHEMY OCTAI0TCS aKTyaIbHBIM 3aJJadaMU B CBS3U C OOJIBIITNM
apeaJioM pacrpoCTPaHEHU s OITMCAHHBIX BUPYCOB, BBICOKOI KOHTAarMO3HOCTBIO M CMEPTHOCTBIO JKMBOTHBIX U JIIOJIEH.
B uccnenoBaHuyM ONMKUCHIBAIOTCS OPUTHHAIbHBIE pa3paboTaHHBIE TIpaiiMephl U 30HIbI HA KOHCEPBATUBHBIE PETMOHbI
I€HOMOB JIByX BUPYCOB: F'eHa, KOAMPYIOLIETro HYKJIeOKaIICUAHBII OeJI0K BUpyca XeHIpa 1 reHa, KOAUPYIoLIEero rInKo-
npotenH Bupyca Humax. Co3gaHbl CMHHTETUYECKME KOHTPOIU MPOXOXKICHU S 3TaloB 3KCTPAKIIMK TTPOO ¥ MOCTAHOB-
ku ITL[P ¢ oOpaTHOIi TpaHCKpUIILIKEH B peaJbHOM BpeMEeHHU, TTOATBEPK Jal0IIMe KaueCTBO pa3pabOTaHHOIO MeToa.
buonornyeckue o06pasibl OT 3M0POBBIX JIOAEH (MJa3Ma KPOBU, Ma3KH CO CIM3UCTHIX POTO- U HOCOTJIOTKU, CITMH-
HOMO3ToBasl XKMAKOCTD) C 100aBJICHUEM MCKYCCTBEHHBIX KOHTPOJIEH MPOXOMMIN 3TAlbl BBIACACHUS U TOCTAHOBKY
II1IP c oOpaTHOIi TpaHCKPUITLMEN B pealbHOM BPeMEHU, TeM CaMbIM MOATBEPKaasi KaueCTBO KOHTPOJIbHBIX 00pa3-
1oB. [Ipemen o6HapyXEeHUS ONMMCAaHHBIX CII0c000B naeHTHGUKanun BupycHoit PHK ompenenen kak 100 kommii/mia
s Bupyca Xeaapa u 1000 kormmit/mo mist Bupyca Humax. Bpemst mpoxoxmeHusT aMIUITMGUKAIIAN COCTaBIsIeT MEHEe
90 MmuHyT. PazpaboTaHHEBI CITOCOO ITOMOXKET B MU IEMHUOJIOT MIECKOM KOHTPOJIE TIO PACIIPOCTPAHECHMUSIM JTaHHBIX MH-
(bex1mii, MOXET IPUMEHSATHCS B TUArHOCTUKE BUPYCOB XeHapa M Humax u 101s peleHns HayYHO-UCCIIEN0BATEeIb-

CKUX 3aaga4 110 U3y4YCHUIO CBOMCTB JaHHBIX ITATOTEHOB.

Karuesvie caosa: RT-qPCR, TagMan probes, Hendra virus, Nipah virus, Henipavirus, diagnostics.

Introduction

The Henipavirus hendraense (HeV) and Henipavirus
nipahense (NiV) viruses belong to the family
Paramyxoviridae, subfamily Paramyxovirinae [27].
The genus Henipavirus includes three species non-
pathogenic to humans (H. cedarense, H. ghanaense,
H. angavokelyense) and two highly pathogenic spe-
cies (H. hendraense, H. nipahense) [16]. HeV and NiV
are enveloped single-stranded, negative-sense RNA
viruses. The genomes are represented by six genes
encoding the main structural proteins, located in the
following order from the 3' end: nucleocapsid protein
(N); phosphoprotein (P); matrix protein (M); fu-
sion protein (F); glycoprotein (G); and large protein
(RNA polymerase (L)) [12]. The Hendra virus ge-
nome is 18 243 nucleotides in length [11], with several
genotypes: HeV-gl (discovered in 1994) and HeV-g2
(described in 2013) [2, 36]. There are several Nipah
strains: the Malaysia strain (described in 1999) and
the Bangladesh strain (identified in 2001) [19].
The genome sizes of these Nipah strains vary and are
approximately 18 246 and 18 252 nucleotides, respec-
tively [7, 29].

The natural hosts of the Hendra and Nipah vi-
ruses in nature are fruit bats belonging to the genus
Pteropus, family Pteropodidae. The distribution area
of these animals is wide: the east coast of Africa,
the Indian subcontinent, Southeast Asia, north
to Okinawa and south to Australia [11]. The viruses
are transmitted to humans, in most cases, through

intermediate hosts. For NiV, the intermediate host
is pigs. For HeV, it is horses. NiV can be transmitted
from bats to humans and from humans to humans.
HeV is transmitted from bats to horses and from hors-
es to humans through direct contact with the excreta
of infected horses. Human-to-human transmission
of HeV has not yet been recorded [12].

Outbreaks of Hendra virus have been recorded
in northeastern Australia since 1994. To date, 105
cases of equine infection with Hendra virus are
known, 88 of which have been fatal. Another 20
fatal cases remain with an unconfirmed diagnosis,
but with symptoms similar to HeV infection [6].
Among humans during the same period of viral
circulation, seven people were infected. Four died,
and three recovered, albeit with various complica-
tions [6, 21, 23, 40]. The case fatality rates in horses
and humans are approximately 80% and 60%, re-
spectively [6, 40].

The main Nipah virus outbreak regions are
Malaysia (43%), Bangladesh (42%), and India
(15%) [31]. Since 2001, outbreaks have been regis-
tered in Bangladesh and nearby regions almost annu-
ally. According to the WHO, the last epidemiological
cases in Bangladesh were recorded on January 30 and
February 7, 2024 [4, 22, 25]. Nipah virus is apparent-
ly transmitted through direct contact with contami-
nated tissues/body fluids of infected pigs.

The incubation period of Nipah encephalitis
ranges from 4 to 45 days [34, 38], while Hendra en-
cephalitis averages 3 to 16 days, both in horses and
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humans [40]. The main target organs of these viruses
are the brain, lungs, heart, kidneys, and spleen [31].
Initial flu-like symptoms, fever, headache, and
drowsiness very quickly develop into an encephalitis
syndrome, including neurological symptoms [33].

As of 2022, the most studied vaccine against
Hendra infection is the HeV-sG subunit vaccine
(Equivac®HeV, Zoetis Australia Pty Ltd.) based
on soluble recombinant glycoprotein HeV [15, 28].
However, this vaccine is not used for humans, and
there are currently no commercially available vac-
cines against Nipah virus.

The development of effective and affordable meth-
ods for diagnosing infections caused by Hendra and
Nipah viruses is relevant and important for several
reasons. These include: poor knowledge of their vi-
ral pathogenesis; their highly contagious nature; and
the large area of distribution involved (hosts, vectors,
cases, etc.). Existing isothermal detection meth-
ods, such as LAMP, RPA, and NASBA, are inferior
in sensitivity to classic RT-PCR methods [17, 18, 24,
32]. Variants of the latter aimed at detecting HeV and
NiV have only been described in a few articles [8, 14,
20, 30, 37]. This study describes the development and
evaluation of one-step real-time RT-PCR assays with
original primers and probes for Hendra and Nipah
virus detection.

Materials and methods

Identification of conserved genomic regions.
Complete viral genomic sequences (19 Hendra, 83
Nipah) were aligned to identify conserved sites.
Alignment was performed using the MEGA v.11 pro-
gram (Oxford University, Great Britain). Figure 1
shows alignments of selected genomic segments
of all Hendra virus isolates and 20 Nipah virus iso-
lates, collected from different locations and in differ-
ent years. A conserved region of the gene (RNA se-
quence) encoding nucleocapsid protein N was chosen
as the target for oligonucleotide primers and a probe
for Hendra virus. The gene encoding glycoprotein G
was chosen for Nipah virus.

PCR control samples. The control sample set
is similar to that already described [9, 13]. It includes
internal extraction control (IC), armored RNA con-
trol (ARC), negative control of extraction (NEC), and
PCR controls (C+, C—). To create DNA and RNA
controls, fragments corresponding to target regions
in the respective viral genomes (160 bp HeV, 174 bp
NiV) were synthesized de novo by the previously de-
scribed two-step PCR method [3] from the primers
listed in Table 1.

Primer and probe design. Primer and probe se-
quences were by synthesized by Genterra (Moscow,
Russia) as listed in Table 2. Primer melting tem-
perature was estimated using the Integrated DNA
Technologies OligoAnalyzer software (https://www.
idtdna.com/calc/analyzer). Virus-specific probes

were covalently modified with adducts: the fluo-
rescent reporter dye rhodamine 6G (R6G) at the 5'
end; and black hole quencher (BHQI1) at the 3' end.
FAM was used as a fluorophore at the 5' end of the
internal control, and BHQI1 was used as a quencher
at the 3' end.

Reaction mixture and amplification conditions.
Reactions were carried out in a volume of 25 uL in-
cluding: 1 pl of BioMaster Mix (Biolabmix, Russia),
12.5 pul 2X reaction buffer (Biolabmix, Russia), and
1.5 pl specific primer and probe mixture. Forward
and reverse primer concentrations were 10.5 pmol/ul
for all three amplicon types (HeV, NiV, IC). Probe
concentrations were 7.5 pmol/ul. Ten microliters
of sample were used, and reactions were brought
to 25 uL with H,O (Milli-Q, Merck Millipore, USA).
Reactions were performed using the “CFX96 C1000
Touch” (Bio-Rad, USA). The amplification condi-
tions are listed in Tables 3 and 4.

Limit of detection. Limit of detection (LOD) val-
ues were determined using a series of 10-fold dilu-
tions of armored RNA particles (same as armored
ARC) at known concentrations. Concentrations were
measured by droplet digital PCR (ddPCR). The con-
centrations used to determine the detection limit
were 106, 10°, 104, 10, 102, and 10 copies of armored
RNA particles per mL (20 000—0.2 copies/reaction,
respectively). Samples from each dilution (100 pL)
were extracted in triplicate using the RIBO-prep kit
(AmpliSens®, Russia) according to manufacturer in-
structions (elution volume 60 puL), followed by test-
ing in the developed HeV and NiV Amp RT-PCR
methods.

Analytical specificity. Analytical specificity was
tested on a panel of samples (viral RNA/DNA)
representing heterologous viral strains, as obtained
from the St. Petersburg Pasteur Institute collection
(Table 5)

Samples with added armored RNA control. Due
to a lack of available clinical samples contain-
ing HeV and NiV viruses, three types of biologi-
cal samples with the addition of armored genetic
constructs (ARC) were used in the study. These
were blood plasma samples, mucosal swabs (naso-
pharyngeal or oropharyngeal), and cerebrospinal
fluid (CSF) samples obtained from healthy indi-
viduals. The same biologcal samples were also used
as negative controls without the addition of artificial
sequences. There were 25 samples in each biologi-
cal group with three replicates. The average value
of three replicates was used for analysis. The results
are presented in Table 6.

Results

New primers and probes for identification of HeV
and NiV viruses were developed based on the ana-
lyzed sequences of viral isolates from the GenBank
database. In addition to definition of amplification
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Table 1. Oligonucleotide sequences for de novo cDNA synthesis by two-step PCR

Name Sequence (5'-3’) Fragment size, bp
HeV_1 AGGAAAGTGAGACCAGAAGATGGGCAAAGTATGTTCAACAAAAGAGGGTC
HeV_2 TGTCAGCCATTGCTGGGTTAAGGCAAAGAATGGATTGACCCTCTTTTGTTGAACATACTT 160
HeV_3 ACCCAGCAATGGCTGACAGAGATGAGGAATCTCCTCTCACAAAGTCTCTCAGTCAGAAAA
HeV_4 TTCTTTACCTCCATCAGAATTTCCACCATGAATTTTCTGACTGAGAGACTTTGTG
NiV_1 AGGGCCCAAAGTATCACTGATTGACACATCCAGTACCATTACTATCCCAGCTAACAT
NiV_2 TGCAGTCGACTGGCTGATCTTTGAACCTAACAGCCCAATGTTAGCTGGGATAGTAATGGT 174
NivV_3 TCAGCCAGTCGACTGCAAGTATAAATGAGAATGTGAATGAAAAATGCAAATTCACACTGC
NiV_4 GGACAAGAAATGTTACATTCGTGGATTTTCAAGGGAGGCAGTGTGAATTTGCATTTTTCA
Table 2. Primers and probes used in the study
“orobe. Sequence 53’ g | target | type |79 | fragmentsize, bp
NiV_f1 AGT ATC ACT GAT TGA YAC ATC CAG - AttachmentGl - 24
NiV_ri TGT TACATT CGT GGATTT TCAAGG - glycoprotein - 24 155
NiV_prb1 | ATT GGG CTG TTAGGT TCAAAGATCAGCC R6g — BHQ1 gene TagMan| 28
HeV_f1 ACCAGAAGATGG GCAAAGTATG - Nucleocapsid - 22
HeV_r1 TCAGAATTTCCACCATGAATTTTC TG - (N) protein - 26 133
HeV_prb1 | AGGGTC AAT CCATTCTTTGCCTTAACC CAG | R6g — BHQ1 gene TagMan 30
IC_f CCGGATTGC GTATCTCCGGACT - o - 22
IC_r CAC GGC GGC ATC TCT ATC ACG A - Atgfé‘;'f' B 22 122
IC_prb TAG CTG GGC GTC AGG AAT CCC AGG FAM — BHQ1 TagMan| 24
Table 3. Hendra virus RNA amplification conditions
Step Temperature, °C Time The number of cycles
Reverse transcription 50 15 min 1
Pre-denaturation 95 5 min 1
Denaturation 95 10 sec 40
Primer elongation and annealing + detection 55 30 sec
Table 4. Nipah virus RNA amplification conditions
Step Temperature, °C Time The number of cycles
Reverse transcription 50 15 min 1
Pre-denaturation 95 5 min 1
Denaturation 95 10 sec 40
Primer elongation and annealing + detection 60 20 sec

Table 5. Viruses used in the assay to evaluate the analytical specificity of the method

Virus Family Genus Nucleic acid type
Human parainfluenza virus type 3 Paramyxoviridae Respirovirus RNA
Influenza A virus (A/Puerto Rico/8/34 (H1N1)) Orthomyxoviridae Alphainfluenzavirus RNA
Influenza B virus (B/Florida/04/06) Orthomyxoviridae Betainfluenzavirus RNA
Human adenovirus type 5 Adenoviridae Mastadenovirus DNA
Human rhinovirus type 1 Picornaviridae Enterovirus RNA
Tick-borne encephalitis virus Flaviviridae Flavivirus RNA
Rabies virus Rhabdoviridae Lyssavirus RNA
Measles virus Paramyxoviridae Morbillivirus RNA
Human respiratory syncytial virus Pneumoviridae Orthopneumovirus RNA
SARS-CoV-2 Coronaviridae Betacoronavirus RNA
Human coronavirus 0C43 Coronaviridae Betacoronavirus RNA
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Table 6. Average Ct values (three replicates) for three biological sample types with addition of HeV ARC
and NiV ARC

HeV [ Niv HeV | Niv HeV | Niv
Sample name Ctindicator Sample name Ctindicator Sample name Ctindicator
blood 1 33.6 30.1 swab 1 317 29.2 CSF1 32.9 29.1
blood 2 33.8 30 swab 2 31.6 29.9 CSF2 34 30.1
blood 3 32.9 30.1 swab 3 31.7 31.1 CSF3 33.1 314
blood 4 33.9 29.4 swab 4 31.7 29.2 CSF4 34.3 29.6
blood 5 33.8 30 swab 5 317 29.2 CSF5 33.5 311
blood 6 33.2 30 swab 6 31.6 29.2 CSF6 33.5 31.2
blood 7 33.4 30.1 swab 7 31.7 31.3 CSF7 33.6 31.3
blood 8 33.8 30 swab 8 31.8 29.7 CSF8 34 29.1
blood 9 32.8 29.9 swab 9 315 29.2 CSF9 33.6 29.5
blood 10 32.4 30.1 swab 10 32 29.3 CSF 10 33.5 30.8
blood 11 324 30 swab 11 31.8 29.2 CSF 11 32.9 29.1
blood 12 33.3 30 swab 12 32.2 29 CSF12 32.5 29.2
blood 13 33.9 30 swab 13 317 29.1 CSF 13 33.7 29.8
blood 14 32.7 29.5 swab 14 30.9 29.2 CSF 14 32.3 30.1
blood 15 33.6 30.1 swab 15 31.8 29 CSF 15 34.1 29.4
blood 16 34 30.1 swab 16 31.2 30.1 CSF 16 33.2 30.2
blood 17 34 29.5 swab 17 31.1 29.3 CSF 17 33.4 29.5
blood 18 324 30.2 swab 18 30.6 29.3 CSF 18 33.7 29.3
blood 19 32.9 29.9 swab 19 31.3 29.7 CSF19 34.1 29.8
blood 20 32.5 29.5 swab 20 32.1 29.2 CSF 20 33.9 29.2
blood 21 32.5 29.8 swab 21 311 29.2 CSF 21 33 29.3
blood 22 32.6 30.7 swab 22 315 31 CSF 22 33.9 29.9
blood 23 32.6 29.9 swab 23 31.6 29.2 CSF 23 32.1 29.9
blood 24 33.3 30.3 swab 24 31.8 29.2 CSF24 33.4 30
blood 25 33.4 29.4 swab 25 311 31 CSF 25 32.4 29.6
m‘ - ‘ Ampllf!catlon ]
2500
2000
2 1500 +
1000 +
500 +
0 = — Er——— E———— )
0 10 20 30 40
Cycles
Amplification
L5 (B) | 4000 +
3000 - ]
2 2000 +
1000 4 .
0 — — = ——
0 10 20
Cycles

Figure 2. HEX fluorescence curves of Hendra (A) and Nipah (B) virus control samples

Note. Samples: black — C+, dark blue — ARC 10° copies/mL, pink — ARC 10° copies/mL, violet — ARC 10* copies/mL,
blue — ARC 10° copies/mL, yellow — ARC 102 copies/mL. The ARC 10 copies/mL, negative control, and C — samples
are negative. A plate type instrument, CFX96 C1000 Touch (Bio-Rad, USA), was used.

564



2025, T. 15, Ne 3

RT-PCR for Hendra & Nipah detection

protocols, positive (ARC, C+) and negative (NEC,
C—) controls were used at each stage of the study.
These confirm the reliability of the obtained data.

Limit of detection (LOD) assessed using ARC di-
lutions was measured as the minimum dilution found
in all replicates. Values were 1 x 10> RNA copies/mL
and 1 x 10> RNA copies/mL for Hendra and Nipah
virus, respectively (Table 7, Fig. 2).

Threshold (Ct) values for biological samples with
the addition of ARC are presented in Table 6. The ob-
tained results are within the LOD ranges for the cor-
responding virus. These data indicate: good repro-
ducibility of the method; efficient ARC recovery dur-
ing co-extraction and amplification with biological
samples; and suitable sensitivity of the developed ap-
proach for the detection of viral RNA. The potential
for cross-reactivity was assessed using RNA/DNA
from 11 viral species (Table 5). None of them showed
a positive reaction with the HeV or NiV real-time RT-
PCR assays. The evaluated analytical specificity was
100% (data not shown).

Discussion

Hendra and Nipah viruses are zoonotic pathogens
characterized by high pathogenicity and mortality,
both in animals and humans [39]. Both viruses are
classified as containment level 4 (CL4) pathogens.
Moreover, NiV infection is currently included in the
World Health Organization (WHO) list of priority
diseases [1]. Episodic outbreaks of disease caused
by HeV and NiV require highly sensitive diagnostic
tools to effectively identify infected individuals and
prevent further viral spread.

Proper selection of the target for molecular detec-
tion is an important factor in diagnostic tool develop-
ment. Both sensitivity and specificity of the system
depend on it. Viral genomes feature high mutation
rates, which lead to the emergence of different ge-
netic variants. In our research, we primarily selected
conserved regions covering the entire known spec-
trum of genetic variants. Accordingly, we selected
specific regions of the following genes for the anneal-
ing of primers and probes. For HeV, the gene encod-
ing nucleocapsid protein N was chosen. For NiV,
the gene encoding protein G was chosen. The N pro-
tein gene is a frequently used target for diagnostic
methods based on Henipavirus nucleic acid amplifi-
cation. For Hendra and Nipah virus, there are several
such studies [8, 14, 20, 26]. Other genomic regions
are used less frequently, for example genes encoding
proteins L [35], C, M [8, 30], or G [5].

In the previously cited studies, the average am-
plification reaction time for Hendra and Nipah vi-
ruses is from 2 to 3 hours [14, 20, 30, 35, 37], with
the exception of isothermal amplification in the
work of Pollak [26]. It should be noted, however,

Table 7. Threshold cycle values (Ct) of the HEX/
yellow channel (ARC dilution) for the HeV and NiV
virus protocols calculated from three replicates

Concentration, HeV replicates NiV replicates
copies/ml Ct Ct
10°¢ 24.3 27.8
10° 28.3 311
104 31.5 34.3
103 35.1 377
102 39.3 N/A
10 N/A N/A

that although isothermal amplification provides
a faster result, it is inferior in sensitivity to real-time
PCR, and sensitivity may be as low as 10° copies/
mL. In the methods developed and described here,
the overall processing times (reverse transcription
and amplification) are 86 minutes for the HeV virus
and 76 minutes for the NiV virus. Analytical sensi-
tivity was assessed to be high for both assays as well:
1 x 10? copies/mL for HeV and 1 x 10° copies/mL
for NiV.

Due to a lack of available clinical samples con-
taining HeV and NiV viruses, the system was tested
on three types of biological samples from healthy in-
dividuals with addition of specific genetic constructs
(armored RNA controls, ARC) simulating real vi-
ruses. These were blood plasma, mucosal swabs (na-
sopharyngeal or oropharyngeal), and cerebrospinal
fluid. In all cases, isolation and further RT-PCR de-
tection were successful.

Conclusion

This manuscript reportsthe development and eval-
uation of real-time RT-PCR assays for Henipavirus
hendraense (HeV) and Henipavirus nipahense (NiV)
detection. For detection, the HeV and NiV assays
target fragments of the N and G genes, respectively.
The distinctive feature of our system is the presence
of multiple controls, high sensitivity, and short re-
action times. Both assays contain all of the neces-
sary components to perform the analysis, including
internal extraction control (IC), positive control
for reverse transcription (ARC), negative control
of extraction (NEC), and PCR controls (C+, C—).
The advantage of this assay is that it allows the inter-
nal verification of all steps of the analysis, including
extraction, reverse transcription, and PCR. Our re-
sults revealed that the LOD values for the assays are:
1 x 10?2 copies/mL for HeV viral RNA and 1 x 10° cop-
ies/mL for NiV viral RNA. In addition, both assays
feature reaction times (one-step RT-PCR) less than
90 minutes.
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