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Abstract

Background: Crimean-Congo hemorrhagic fever virus (CCHFV)is a highly lethal virus that causes hemorrhagic feverin humans and
is endemic in many countries, including Iran. Therefore, fast, accurate, and reliable diagnosis is crucial for patient management and
outbreak control.

Objectives: This study aims to optimize a TagMan multiplex real-time RT-PCR for the rapid and specific diagnosis of CCHFV.
Methods: In this study, the L (NC_005301.3) and S (NC_005302.1) fragments were used as reference sequences for blast analysis.
The L and S sequence segments of CCHFV with more than 90% identity from different areas were downloaded from the Genbank
database. Primers and probes were designed based on the best-conserved regions of CCHFV L and S sequence segments. To construct
the plasmid, a 1751 bp fragment from the MS2 phage that was previously amplified using cloning primers was inserted into the
pET-32a plasmid. The S and L segments of the CCHFV, which were 110 bp and 135 bp, respectively, were inserted downstream of the
MS2 phage sequence from HindllII to Notl. The Viral-like particles (VLPs) were produced in Escherichia coli, strain BL-21(DE3), in the
presence of 1 mM Isopropyl 3-D-I-thiogalactopyranoside (IPTG). The stability of VLP particles was confirmed in the presence of the
ribonuclease enzyme. The fabrication of VLPs was approved by transmission electron microscopy (TEM) with negative staining (1%
phosphotungstic acid). To validate the specificity of the primers and probes sequences, we compared them to the NCBI database
and tested them experimentally using extracted DNA and RNA samples from healthy subjects and an infectious panel.

Results: The VLPs showed complete resistance in the presence of the ribonuclease enzyme, and the TEM results confirmed that
the VLPs were correctly produced. The TagMan multiplex real-time RT-PCR confirmed that the primers and probes were designed
correctly and were completely specific to the CCHFV. The limit of detection (LOD) of the multiplex assay for the L and S genes was
one copy of the VLPs per pL.

Conclusions: This TagMan assay is reliable for amplifying CCHFV due to its design on conserved regions of the CCHFV sequences,
which have minimal variability and high specificity.
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1. Background

Crimean-Congo hemorrhagic fever virus (CCHFV) is a
zoonotic virus that belongs to the Orthonairovirus genus in
the Nairoviridae family and can cause severe hemorrhagic
fever with a high fatality rate (1, 2). The virus undergoes
maturation and evolution in Hyalomma ticks and is trans-
mitted to animals through tick bites in domestic animal
settings (3-6). While the virus typically does not cause
disease in animals except ostriches, humans can develop
symptoms one to three days after being bitten by an in-

fected tick or five to six days after contact with an infected
animal (7). The disease progresses to a bleeding episode af-
ter a few days (8). Given the high mortality rate associated
with CCHFV, rapid identification of patients is crucial for
starting supportive therapy and controlling outbreaks (9,
10).

The CCHFV genome is a single-stranded negative-sense
RNA consisting of three segments: Small (S), medium (M),
and large (L). The L segment encodes RNA-dependent RNA
polymerase, while the S segment encodes nucleocapsid
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protein (NP), which forms the main structure of the virus,
and the M segment encodes envelope glycoproteins Gn
(G1) and Gc (G2) (11). The virus has spread to 30 countries
in Asia, Africa, parts of Europe, and the Middle East and has
been identified by the World Health Organization (WHO)
as a significant disease requiring investigation, diagnosis,
prediction, and management (12, 13).

Several laboratory methods can be used to diagnose
CCHEFV infection, including enzyme-linked immunosor-
bent assay (ELISA), antigen detection, serum neutraliza-
tion, reverse transcriptase polymerase chain reaction (RT-
PCR) assay, and virus isolation by cell culture (9, 14). In the
acute phase of the illness, isolation of the virus or antigen
detection ELISA from the patient is also performed (15). Fa-
tal cases rarely show significant antibody responses, while
in those destined to survive, IgM and IgG antibodies are
frequently detectable after about a week of illness (16, 17).
Therefore, identifying the virus with molecular techniques
plays a vital role in identifying people who are infected or
suspected of infection (18, 19). The incubation period for
CCHFV infections is commonly 3 to 7 days, but it varies de-
pending on the type of exposure. Hemorrhagic fever typ-
ically appears 3 to 6 days post-onset of illness, with a pe-
techial rash observable on the trunk and limbs.

Rapid laboratory diagnosis of CCHFV can be achieved
through RT-PCR (20, 21). Since RT-PCR detects the virus’s ge-
netic material and can be designed to be highly specific,
a probable diagnosis of CCHFV can be made without the
need to culture the virus, which requires a specialized labo-
ratory and a significant amount of time. The high sensitiv-
ity of RT-PCR means that positive results can be obtained
even from samples that are negative for virus culture (15,
22). However, molecular methods require positive control,
as in other diagnostic tests (23).

CCHFV is an RNA virus, and RNA is unstable in harsh
conditions such as high pH and temperatures. RNase is
alsoabundantin the environment; even minor contamina-
tion can completely degrade RNA molecules (24). Armed
RNA technology allows almost any exogenous RNA of an
appropriate size to be integrated downstream of the MS2
phage packaging site and non-specifically assembled into
expressed MS2 phage capsid. Furthermore, in this tech-
nique, Armed RNA is stable and resistant in the presence of
the ribonuclease enzyme and has natural virus-like prop-
erties (25,26). The geographic distribution of the Crimean-
Congo hemorrhagic fever virus is widespread, with genetic
variations among the viruses in different areas exceeding
20 percent(18,27). The Middle East, Iran, Pakistan, Iraq, and
Turkey are areas where the virus is prevalent, and rapid de-
tection of infection plays a critical role in preventing and
controlling the disease (28).

2. Objectives

This study aims to establish a TagMan multiplex real-
time RT-PCR assay based on the highly conserved L and S
segments regions of the CCHFV and to develop a positive
control for CCHFV using Armed RNA technology.

3. Methods

3.1. Design Specific Primers and TagMan Probes

The NCBI nucleotide database
(www.ncbi.nlm.nih.gov/nucleotide) was used to ob-
tain CCHFV sequences with more than 90% identity. We
then aligned 239 L and 351 S segments using CCHFV and
MEGA6 software. Using AlleleID7 software, we designed
and validated a set of primers and TagMan probes based
on the most conserved regions of CCHFV L and S genome
segments. These primers and probes have the potential
to detect the virus at the lowest limit of detection (LOD)
and can identify both segments simultaneously (29). We
also synthesized the 135 bp and 110 bp conserved regions
of the CCHFV (Figure 1), which contain the sequence for
constructing a standard for TagMan real-time PCR through
Metabion company (Germany). The primers and probes
used in the study are listed in Table 1.

3.2. Vectors and Bacterial Strain

In this study, we used pET-32a (Novagen company, Ger-
many) as a vector, which contains an ampicillin selec-
tion marker, a T7 promoter for potent transcription in Es-
cherichia coli BL21 (DE3), and can be induced by isopropyl-
[-d-thiogalactoside (IPTG). The IPTG-inducible promoter is
inserted in the E. coli BL21 (DE3) genome. It expresses a high
T7 transcription factor protein level after induction, allow-
ing for the expression of the exogenous fragment cloned
in pET-32a.

3.3. Positive Control Preparation

In this study, we utilized a plasmid that contained a
1751bp fragment of MS2 phage (maturase) previously fab-
ricated in pET-32a (30). To join the S and L overlap DNA
segments, we used SOEing PCR (Splicing Overlap Exten-
sion), a fast and effective PCR method for simultaneously
joining multiple DNA fragments via designed overlap seg-
ments (31). Initially, we designed one-strand DNAs with
Notl and HindIII restriction sites. Subsequently, we mixed,
annealed, and extended the second strand of DNAs (as
shown in Figure 1). These two-stranded DNAs were puri-
fied using Michael R. Green and Joseph Sambrook’s proto-
col (32) and then cloned in a designed pET-32a with MS2
maturase, a coat protein gene (positions 1765 to 1787). The
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Name One strand DNA Denaturation Annealing Amplification
S left BEEAAGETTTCTCAAAGAAACACGTGCCGCTTACGCCCACAGTGTT
segment CTCTTGAGTGTTGGCAAAATGGAAAACAAAATCG 94 °C 61 °C 72 °C
4 min 30 sec 3 min
S right - EEENIGCGGCCGECCTCAAACCACTTGTTCATCTCATCTTTGC
segment TGTCACCTCGATTTTGTTTTCCATTTTGCCAACA
L left BEEAAGETTGGACTACTCAAATGATAGCAAATAGCAACTTTAATG
TITTGCAAGAGATTGACTGGAAGGAGCACCGGAGAAAGGCTTCCA
segment 94 °C 61 °C 72°C
L right GGCCGCCTGTCTCACCTACTAGTTTTACCATCTCAT 4 min 30 sec 3 min
AAATGACCTTGCTTCTGACACTTCTIGGAAGCCTTTCTCCGGTGC
segment
Overlaped Start (0) End (80)
S’ CCCAAGCTTTCTCAAAGAAACACGTGCCGCTTACGCCCACAGTGTTCTCTTGAGTGTTGECAAAATGGAAAACAAAATCE 3
S segments bbb ] o
3 ACAACCGTTTTACCTTTTGTTTTAGCTCCACTGTCETTTCTACTCTACTTGTTCACCAAACTCCCGCCGECGTAAGAATA L
Overlaped CCCAAGCTTGEACTACTCAAATGATAGCAAATAGCAACTTTAATGTTTGCAAGAGATTGACTGGAAGGAGCACCGEAGAAAGELTTCCA
Lsegments [ississsdustutucteesdioseteeeeimumimmmmuumntitutditdimmmimmsmosion]

C6TGECCTCTTTCCGAAGETTCTTCACAGTCTTCGTTCCAGTAAATACTCTACCATTTTGATCATCCACTCTGTCCGCCEECETAAGAATA

Figure 1. Single-strand overlap-extension of L and S segments using the SOEing PCR method. Red: Restriction enzyme linker, Green: Restriction enzyme site, Yellow: Primers

site, Blue: Probe site, Grey: Overlap DNA segment.

Table 1. Sequence of Primers and Probes Used in the Study

Primer Name

Sequence

MS2 forward cloning primer
MS2 reverse cloning primer
S segment, forward primer
S segment, reverse primer

S segment, probe

L segment, forward primer
L segment, reverse primer

L segment, probe

RNase P, forward primer
RNase P, reverse primer

RNase P, probe

ATGGATCCCCTTTCGGGGTCCT
GCAAGCTTAGTTGAACTTCTITTGTTGTIC
3-TCTCAAAGAAACACGTGC-5
37-CYTCAAACCAYTTGTTCATCTC-5’
FAM-TACGCCCACAGTGTTCTCTTGAGTG-BHQ1
3-GGACTACTCAAATGATAGCAAATAG-5
3-CTGTCTCACCTACTAGTTTTACC-5
FAM-TGCTCCTCCGACCAGACA-BHQ1
3-CTTGCTGTTTGGGCTCTC-5
37°-AATCTTCATCTCCTTCTGATGG-5’

HEX-TGCGGTGTCCACCAACTGCC-BHQ1

primer set and one-strand DNA sequences for amplifying
each genome for cloning purposes are shown in Figure
1 and Table 1. Notably, MS2 was cloned in the BamHI to
the HindlIII site of pET-32a, and the CCHFV pET-32a, located
downstream, was cloned between HindIIl and NotI of the
MS2 fragment.

3.4. Construction of Recombinant BL21 (DE3)/pET32a-MS2-CCHF
Strain

The plasmid that was fabricated was validated using
the Sanger sequencing method. Once the plasmid was con-
firmed, it was transformed into E. coli BL21(DE3) (Institute
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Pasteur, Iran) under selection conditions of ampicillin on
a solid LB plate.

3.5. Expression of pET32a-MS2-CCHF

A single recombinant E. coli BL21 (DE3) colony was
picked and cultured in a 5 mL LB medium, then incubated
for 18 hours. Next, the culture was transferred into 1L of LB
medium containing 50 mg/L ampicillin and incubated at
37°C with 250 rpm agitation for 12 hours until the optimal
cell density was reached. Then, 1 mM final concentration
IPTG was added, and the culture was kept for 16 hours to al-
low for protein expression and viral-like particle assembly
(30).
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3.6. Release of Expressed Viral-like Particles from Recombinant
BL21(DE3)

The bacterial culture was precipitated by centrifuga-
tion at 12000 rpm for 10 minutes. The bacterial pellet was
then suspended in a sonication buffer and disrupted by ul-
trasonication to release viral-like particles. Finally, 200 uL
of MS2 RNA genome of phages was extracted using an RNA
extraction kit based on the instruction manual (GeneAll
Biotechnology, Korea).

3.7. Internal Control Preparation

This study used a fragment of RNase P in the human
genome (as an internal control) to evaluate the RNA extrac-
tion from samples and the cDNA synthesis procedure. The
set of primers was designed based on the exon-exon junc-
tion.

3.8. Product Stability Confirmation in the Presence of the Ri-
bonuclease Enzyme

After sonication, the bacteria were centrifuged at
14000 rpm for 20 min, and the supernatant was collected
in a 50 mL conical tube. The supernatant was treated with
100 U/mL RNaseA and 1 U/mL DNase I for 4 h at 37°C to di-
gest plasmid and bacterial RNA, respectively. Finally, the
VLPs were precipitated using Polyethylene glycol (PEG) in
Tris/Saline/EDTA (TSE) buffer (10 mM Tris, pH 7.5, 1mM EDTA,
and 100mM Nacl). The VLP genomes were extracted and
evaluated by agarose gel electrophoresis (1%) and stained
with gel-red dye. The integrity of the VLPs was confirmed
by transmission electron microscopy (TEM) after staining
with 1% phosphotungstic acid.

3.9. Analysis of the Specificity of the Primers and Probes

The specificity of the primers and probes was experi-
mentally determined and confirmed by blasting them in
the NCBI database. Additionally, the primers and probes
were assessed experimentally for specificity using 20 blood
samples as the negative control group and an infectious
panel consisting of 8 samples for each virus (COVID-19, in-
fluenza A and B, B19, HBV, HCV, HIV, HTLV-1, CMV, HSV1, VZV)
with three repetitions.

3.10. Tagman Real-time RT-PCR

The one-step CCHFV multiplex real-time RT-PCR was
developed and validated using the Biorabit one-step real-
time PCR mastermix. The S, L segments and RNase P inter-
nal control (IC) gene were checked in a multiplex reaction,
while the concentration of the extracted genome was mea-
sured using a Nanodrop (Thermo Fisher, USA). The number

of MS2 phage genomes was obtained by ng of RNA to cal-
culate the copy number. To determine the limit of detec-
tion (LOD) of positive controls (VLPs), serial dilutions (107,
102,103,10*, and 10® copy/mL) were prepared (30). Three
multiplex reactions were repeated for segments and gene
control with designed primers and probes (Table 1). The re-
peatability was assessed three times: Once a day and two
more times on different days with different users.

3.11. Amplification of the CCHFV by TagMan Real-time PCR Assay

The Viral-like particles containing CCHFV were ana-
lyzed using a multiplex TagMan real-time RT-PCR assay.
The monoplex and multiplex reactions were performed
using the Biorabit TagMan mastermix (4X CAPITAL" 1-Step
qRT-PCR Probe mastermix) with a final reaction volume of
20uL. The reaction mixture contained 5uL of buffer, 200
moles of each forward and reversed primer, 100 nmol of
each probe (as shown in Table 1), and 5 L of each Armored
RNA (a total of 10 uL). The reaction proceeded with an RT
step for 20 minutes at 50°C, followed by a denaturation
step for 2 min at 95°C, and 40 cycles of 10 s at 94°C, 40 s at
60°C for annealing, amplification, and fluorescent collec-
tion, respectively.

4. Results

4.1. Viral-like Particles Confirmation

The result of VLPs confirmation using TEM with
~30nm diameter shown in Figure 2, confirmed the suc-
cessful production of MS2.

4.2. Stability of Expressed Viral-like Particles Evaluation

The Viral-like particles were analyzed by 1% gel agarose
electrophoresis after treatment with the ribonuclease en-
zyme, and the results are shown in Figure 3. The gel was
stained with GelRed and demonstrated that the Viral-like
particles were completely resistant in the presence of the
ribonuclease enzyme.

4.3. PCR Amplification of MS2 + CCHFV Viral-like Particles

The PCR products were analyzed by 1% agarose gel elec-
trophoresis and stained with gel red (Figure 4). The results
showed that 135bp and 110bp fragments of CCHFV were in-
serted downstream of the MS2 packaging sequence and
successfully packaged in the viral-like particles. Addition-
ally, the particles were amplified correctly using specific
primers.
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Figure 2. The MS2 + phage particle, containing L and S fragments, from CCHFV stained with 1% PTA and imaged by TEM

4.4. Analytical Specificity of Primers and Probes

The analytical specificity of the assay was evaluated
with a concentration of 10pL. The results were negative for
20 healthy subjects and a panel of infectious agents (8 sam-
ples for each virus), including COVID-19, Influenza A and
B, B19, HBV, HCV, HIV, HTLV-1, CMV, HSV1, and VZV. The tests
were repeated three times and were performed at the AJA
University of Medical Sciences diagnostic laboratory. The
results showed a clinical and analytical specificity of 100%
for CCHFV.

4.5. Reproducibility and LOD

The reproducibility and limit of detection (LOD) of the
multiplex RT-TagMan real-time PCR were evaluated in trip-
licate at each concentration for intra-assay and inter-assay

Jundishapur ] Microbiol. 2023;16(2):e134188.

variability. The results were as follows: The reproducibil-
ity of the assay was assessed by conducting three replicates
for each reaction. The LOD for CCHFV was determined to
be 10? copies/mL for the L segment, 10° copies/mL for the
S segment, and 10" copies/mL for the multiplex detection
of both L and S segments. Serial dilutions of VLP RNA sam-
ples were prepared and analyzed by real-time RT-PCR, con-
firming the specificity of the L and S segment primers for
CCHEFV.

5. Discussion

Real-time PCR is the most common method for diag-
nosing many viruses, including CCHFV. real-time RT-PCRs
are mainly designed to identify the highly conserved S re-
gion in the CCHFV genome. In one study, SybrGreen was
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Figure 3. Resistance of MS2 + CCHF viral-like particles in the presence of the ribonu-
clease enzyme. Lane A: Ladder 100bp (BIORON Gmbh), Lanes B and C: Mobility of
VLPs in 1% gel agarose between 800 and 900bp

used to obtain 100% specificity and five copies/uL sensitiv-
ity for CCHFV diagnosis (22). Another research study based
on this method was evaluated on Balkan CCHFV strains,
which was found to be more accurate than nested PCR
(33). Zahraei et al. also obtained 100% specificity and less
than 20 copies|reaction sensitivity using SybrGreen (34).
However, in a study by Kamboj et al., although they ob-
tained a LOD of 5 copies|reaction due to 3’ end primer mis-
matches, the real-time RT-PCR could not identify all 18 clin-
ical samples (35). On the other hand, another investiga-

Figure 4. Agarose gel electrophoresis of the RT-PCR amplification products of MS2
+ CCHFV, a VLP, using 1% agarose gel

tion on 6 CCHFV genotypes synthetic RNAs showed that
LOD for Afghanistan, Kosovo, DR Congo, and Greece are two
copies/uL; however, for Senegal and Mauritania, it was 200
copies/uL (36).

In several studies with probes, specificity was100%, and
sensitivity was high (37,38). Ina study conducted in Iran on
37suspected samples, 15 were positive, and the results were
confirmed by sequencing. Also, a sensitivity of 10 copies/uL
(or lower) was obtained (39). However, in this investiga-
tion, multiplex real-time RT-PCR results revealed that the
PCRreaction was correctly optimized, and the primers and
probes were appropriately designed. These primers and
probes were designed based on highly conserved regions
of the L and S sequence of the CCHFV, which is different
from other studies that used primers designed only on the
S sequence of the CCHFV (40, 41).

According to bioinformatical
(www.ncbi.nlm.nih.gov/nucleotide) and experimental
analysis on healthy controls, the primers and probes have
100% specificity for CCHFV (the specificity has been eval-
uated based on healthy subjects and a panel of infectious
agents). By designing multiplex real-time RT-PCR with FAM
reporters for both probes, viral genomes could be detected
at the lowest LOD (the same as human immunodeficiency
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virus (HIV) diagnostic multiplex real-time RT-PCR). The
SOEing-PCR (Splicing Overlap Extension) method was used
to prepare the control. The findings indicate that it is
possible to prepare a positive control for many infectious
agents at a low cost. Based on this investigation, it is the
first study in which CCHFV was optimized with Armored
RNA technology, and two target sites (S and L segments)
were employed for genome amplification. Moreover,
this method can detect the virus with the lowest LOD (1
copy/uL). It is suggested to validate the findings of this
study on clinical samples to ensure the efficiency of this
test.

5.1. Conclusions

Rapid diagnosis of infected patients is crucial for man-
aging and controlling viral diseases. This TagMan assay
reliably amplifies and diagnoses CCHFV due to the highly
conserved regions of the L and S segments with minimal
variability, thereby significantly reducing the probability
of mismatches affecting this multiplex real-time RT-PCR.
Using FAM for both probes in this TagMan multiplex real-
time RT-PCR, which has the lowest LOD and highest speci-
ficity, makes it an excellent choice for precise, specific, and
repeatable CCHFV detection. Therefore, we recommend
this assay for the accurate and rapid detection of CCHFV.
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