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ABSTRACT

Background: Viral hemorrhagic fevers are caused by viru-
ses from four viral families and develop diseases with high
fatality rates. However, no commercial diagnostic assay for
these pathogens is available.

Findings: We developed real-time RT-PCR assays for viruses
Ebola, Marburg, Lassa, Guanarito, Machupo, Junin, Sabig,
Seoul, Puumala, Hantaan, Crimean-Congo hemorrhagic
fever virus and Rift Valley fever virus. The assays were
optimized for identical reaction conditions and can be per-
formed using several types of real-time PCR instruments,
both capillary and plate, including a portable Ruggedized

SOUHRN

Fajfr M., Neubauerova V., Pajer P., Kubi¢kova P., Rizek
D.: Real time RT-PCR panel pro identifikaci dvanacti virQ
hemoragickych horecek

Uvod: Virové hemoragické horecky jsou zplisobovany zastupci
Ctyr virovych celedf a patfi mezi choroby s velmi vysokou smrt-
nosti. Pro jejich diagnostiku nenf dostupny zadny komeréni kit.
Vysledky: Vytvorili jsme real time RT-PCR panel pro detekci
a identifikaci vir( Ebola, Marburg, Lassa, Guanarito, Machupo,
Sabid, Seoul, Puumala, Hantaan, virus krymsko-konzské he-
moragické horecky a horecky Rift Valley. Protokol funguje na
principu jednotnych reakénich podminek a byl testovan na
rliznych PCR pristrojich jak kapilarnich, tak i destickovych vcet-

INTRODUCTION

Viral hemorrhagic fevers (VHFs) represent a wide group of
diseases caused by viral pathogens, which belong to four dif-
ferent viral families - Filoviridae, Arenaviridae, Flaviviridae,
and Bunyaviridae [1]. VHFs are serious diseases with high
mortality, which mostly occur near the equatorial belt in the
African or American continents. However, viruses causing
VHFs can be imported into non-endemic countries, and have
also a potential to be misused as aerobiological weapons.
Also units potentially dispatched in endemic areas during
UN, EU or NATO missions could be at risk.

Real-time RT-PCR assays for detection of various VHF species,
and corresponding strains of Ebola virus [2-6], Marburg virus
[2, 3, 6], Lassa virus [6, 7], Junin virus [8], hemorrhagic bu-
nyaviruses [9-11] and other VHFs were developed. However,
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Advanced Pathogen Identification Device (R.A.P.I.D.) (Idaho
Technology, Inc.).

Conclusions: In combination with primers and probes from
previously published studies, we present a simple system for
rapid identification of hemorrhagic filoviruses, arenaviruses
and bunyaviruses with sufficient sensitivity for first contact
laboratory and diagnosis under field conditions.

KEYWORDS

hemorrhagic fever - filovirus - arenavirus - real-time
RT-PCR - detection

né polni verze termocykleru Ruggedized Advanced Pathogen
Identification Device (R.A.P.1.D.) (Idaho Technology, Inc.).
Zavér: V kombinaci s adaptovanymi protokoly z jiz publiko-
vanych praci predstavujeme jednoduchy detekéni systém pro
rychlou identifikaci plivodct virovych hemoragickych horecek
z ¢eledi filoviru, arenavir a bunyavird s dostate¢nou senziti-
vitou a specificitou pro pouziti laboratofich prvniho kontaktu
a pro diagnostiku v polnich podminkach.
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comprehensive panels of real-time RT-PCR assays for VHF
detection are rare. Trombley et al. [12] developed a detection
system for specific and absolute quantification of multiple
hemorrhagic filoviruses, arenaviruses, and New World
Hantaviruses based on a panel of 48 TagMan-based PCR assa-
ys. Amuch simpler system is, however, needed for use under
field conditions in mobile labs or fields hospitals. Drosten et
al. [6] presented a principle of universal cycling profiles used
in panels for detection of 7 different hemorrhagic viruses.

In the Czech Republic there are no methods available for
detection of hemorrhagic fever viruses. The problems of
VHF diagnosis in the Czech Republic are partially solved by
the National reference laboratory for arboviruses, which is
able to detect only a few members - dengue virus and han-
taviruses. Due to the fact that no commercial assays have
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been available, in house assays are only one possibility for
diagnosis of VHFs. Here, we present a simple, convenient,
and rapid detection system for identification of 12 hemorr-
hagic filoviruses, arenaviruses and bunyaviruses, which is
designed to be suitable especially for field applications. The
presented panel uses separate reverse transcription steps
and a panel of single-plex real-time PCR with universal
cycling profiles.

MATERIAL AND METHODS

Virus and RNA preparation

Purified viral RNA of Ebola Zaire virus (strain Gabon 2003),
Ebola Sudan virus (strain Gulu), Marburg virus (strain Popp),
Lassa virus (strain Josiah), Machupo virus (strain Carvallo),
Junin virus (strain XJ), Sabiad virus (strain SPH114202),
Guanarito virus (strain INH-95551) and Crimean-Congo he-

morrhagic fever virus (strain AFGN09-2990) were purchased
from the Bernhard Nocht Institute (Hamburg, Germany).
Purified viral RNAs of Seoul virus (strain R22), Puumala virus
(strain CG18-20), Hantaan virus (strain 76/118) and Rift Valley
fever virus (strain 1.48) were purchased from the National
Collection of Pathogenic Viruses (Health Protection Agency,
Porton Down, UK). RNA concentration was measured using
Qubit fluorometer (Invitrogen). cDNA was prepared using
a Transcriptor First Strand cDNA Synthesis Kit (Roche) accor-
ding to the manufacture’s manual. Nucleic acids from 24
viruses and 26 bacterial species were used as controls for
specificity evaluation.

Primers and probe design

Our approach combines the use of previously published
primer sequences, modified primer sequences, as well as
newly designed primers (Table 1). Conservative segments
of viral genomes suitable for primer and/or probe target

Table1. Sequences of primers and probes for real-time PCR assay for detection of hemorrhagic filoviruses, arenaviruses and bunyaviruses
Tabulka 1. Sekvence primer( a sond pouzitych v real time RT-PCR panelu pro detekci hemoragickych filovird, arenavirti a bunyavirt

Sequences (5°-37) Position (5°) Gene segment
FIL Fw TAY TGY AYC CRW TGY TAY GG 13518
Filovirus famil gp7-Lgene
% FIL Rev GGR YTA TAA TAA TCA CTN ACA TG 13612 (for viral polymerase)
FIL-MGB fam-5"-TTY RAY TGG ATG CAY T-3'-MGB NFQ 13551
EBOg Fw ARG TWC AAM GRC AAA TYC A 969
gpl - NP gene
Ebola genus EBOg Rev TRT GTC CHA CYG ATT GCC A 1028 , ‘
(for viral nucleoprotein)
EBOg probe | FAM-5"- CAA GGD CTS ATW CAA TAY CCR AC -3 -BHQI 1001
LasL Fw1 GAC AGG TTC CCT ATA CTG A 4336 (L seq)
Lassa virus LasL Revl TGG TTC TAG GAT CTG GGC A 4472 LASVsLgp2 gene
(for L protein)
LasL probel | FAM-5-TCG CTT GCA CCT CCA TCG AGC A- 3°-BHQI 4398
Guas Fw2 AGT CTG ATR TTT TGT CCA TTC TT 2234 (S seq.)
Guanarito virus | GuaSRev2 | GTY TGT CYG GRG ARG GTT G 2383 GTOVsSgp2 gene
(for nucleocapsid protein)
GuaS probe2 | FAM-5"- CTC CCG AKT ATT TGT GAC CTT GAT - 3"~ BHQI 2321
MacS Fw2 GGY TGA TAT AGT GCC AAT TC 2192 (S seg.)
Machupo virus MacSRev2 | AAT CTA AGA CTA GCA AAC CTG 2331 MACVsSgp2 gene
(for nucleocapsid protein)
MacS probe2 | FAM-5- RAG CCA CAG TGT ATT WGT GGG R -3"-BHQ! 2042
Sabs Fw1 GGT TGG GGA ACT TAACTG T 2675 (S seg.)
Sabid virus Sabs Revl TTG GAT CTG TCC CTG CAC T 2794 SED PRI
(for nucleocapsid protein)
SabS probel | FAM-5"-ATG TTA GTG CCT GAA CAA CAT CCC-3"-BHQI 27m
JunS Fw2 AYC CTC ACC ACA CCA YTT CC 2856 (S seg.)
) JVsSgp2 gene
Junin virus JunS Rev2 GCT CTC ARG GGG TTT AYA TG 2976 : .
(for nucleocapsid protein)
JunS probe2 | FAM-5"- TGC TGT TGA AAY CCC AGT GTT CT -3°-BHQI 2888
Haal Fw TGG AGA TGG TGT AAR GCA A 4943 (L seg.)
Hantaan virus HaaL Revl TWC GTG GAA CYC CWA CYC T 5047 HTNVsLgp! gene
(for putative polymerase)
Haal probel | FAM-5'- AGA YTG GTT YCA RGC TCT MTG G-3"-BHQI 4978
Seol Fwi CTA CCA GGT CTT GGM TAY TT 3622 (L seg.)
Seoul virus Seol Rev] AAC CTT ACT CGT ACT AAG TG 3725 L gene (for RNA dependent
RNA polymerase)
Seol probe2 | FAM-5"- GAT CTT KCW GCT GCC CAG AC-3”-BHQ! 3646
PUUS Fw] CMM GRC AAC ARA CAG TGT CA 179 (S seg.)
Puumala virus PUUS Rev] ATC CCA GTY GGR TCA GYA G 275 PULVsSgp2 (for non-
structure protein gp2)
PUUS probel | FAM-5"- TGG ARG AYA AAC TYG CRG AYT-3"-BHQ 203
Crimean-Congo | CchL Fw2 GAC AAC ATT GCA AGR CTT TAC 4739 (L seq.)
hemorrhagic fever | Cchl Rev2 CAT GGA ATR GTT ACT TCA GG 4834 REROEEWS
) (for putative polyprotein)
virus CchL probe 2b | FAM-5"-ATW TAC TGY TCA GTY AGR GAT GTG G-3"-BHQI 4772
, RVS Fw] TTG CCA CGA GTY AGA GCC AG 1456 (S seq.)
RITEVEIRY T o es i GAG ATT GAA CAG TGG GTC C 1576 NP gene
virus (for nucleocapsid)
RVfS probel | FAM-5"-CCA CCA TAC TGC TTT AAG AGT TCG A-3-BHQI 1513
2014,63,¢.3 EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE

239



240

design were identified in alignments of all relevant sequen-
ces available in the GenBank database in BLAST software
(www.ncbi.nlm.nih.gov) and BioEdit (www.mbio.ncsu.
edu/BioEdit/bioedit/html). The search for target sequences
was performed either manually or using LightCycler Probe
Design Software, version 1.0 (Idaho Technologies). All
probes were conjugated with 6-carboxyfluorescein (FAM)
and Black Hole Quencher 1 (BHQ1). According to project
assignment were design protocols for Ebola, Marburg,
Lassa, Junin, Machupo, Guanarito, Sabia, Crimean-Congo
hemorrhagic fever, Rift Valley fever, Hantaan, Seoul and
Puumala viruses. Dobrava/Belgrade virus was not in assig-
nment of research project.

Real-time PCR

SYBR Creen I real-time PCR was performed using LightCycler
Fast Start DNA Master Plus SYBR Green I Kit (Roche). Briefly,
the reaction mixture contained 3 pl of the cDNA template,
1ulofeach primer (0.51uM), 4 pl of the master mix, and 11 pl
of PCR grade water. Reaction conditions were as follows:
95 °C for 10 minutes (1 cycle); 95 °C for 15 sec, 55 °C for 15 sec
and 72 °C for 25 sec (35-45 cycles); 40 °C for 30 sec (1 cycle).
For melting curve analysis, a temperature range from 95 °C
to 55 °C was chosen.

TagMan real-time PCR was done using LightCycler FastStart
DNA Master Plus HybProbe Kit (Roche). Briefly, the reaction
mix contained 1-3 pl of cDNA template, 1 pl of each primer
and probe (0.5 uM), 4 ul of master mix, and PCR grade wa-
ter made up to a total volume of 20 pl. Reaction conditions
were: 95 °C for 10 minutes (1 cycle); 95 °C for 15 sec, 55 °C for
15 sec (52 °C for 20 sec for primers/probes sets from Panning
et al., 2007) and 72 °C for 25 sec (45 cycles); 40 °C for 30 sec
(1cycle). A single fluorescence was taken at the end of each
annealing step.

All reactions were performed using LightCycler 1.5 (Roche)
and the data were analysed by LightCycler software, ver. 3.5
(Roche). The universality of the optimized reaction protocols
was also tested using R.A.P.1.D. (Idaho Technology) and
Chromo4 (Bio-Rad), real-time PCR thermocyclers at three
workplaces. To test the detection limit, 10-fold dilutions of
RNA template were analyzed. For each dilution at least 15
repeating reactions were used for average detection limit
determination.

RESULTS

The published primers and probes were adapted to our filo-
viral family-specific real-time RT-PCR protocol. This reac-
tion was based on the use of a previously published primer
combination (FiloA2.2, 2.3, 2.4, FiloB, Filo B-Ra) with SYBR
GCreen I marking [13], as well as a newly designed in-house
assay (primers FIL Fw and FIL Rev combined with a probe
FIL-MGB with minor groove binding (MGB)). The in-house
protocol was optimized for use with SYBR Creen I as well as
TagMan probe. Both protocols showed comparable results,
the detection limit were 1-2 pg/1 pl. Due to the use of MCB
probes in our in-house assay, the annealing temperature
was decreased (48 °C) unlike all other protocols used in this
study. With the purpose of keeping the reaction conditi-
ons the same in all reactions in our workflow, we prefer
the use of primers by Panning et al. [13] with SYBR Green
I as the method of choice. Marburg virus-specific assay is
based on a previously published protocol by Panning et al.
[13]. This method uses probe (FAMMBG) in combination
with three primers (FiloA2.2, 2.3, 2.4, FiloB, Filo B-Ra).
For detection of Ebola virus, a new combination of primers
(EBOg Fw; EBOg Rev) and probe (EBOg probe) (see Table 1)
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was designed enabling the detection of major human Ebola
viruses (Zaire and Sudan) and theoretically also the newly
emerged Bundibugyo Ebola virus (tested only in silico).
Detection limits were 80 fg RNA/1 pl of Ebola Zaire and 1,3
pg RNA/1 pl of Ebola Sudan.

For hemorrhagic bunyaviruses, new primer-probe sets
for all chosen five members were designed. During the
bio-analytic study it was shown that it was not possible
to design a family specific assay. The detection limits
for Seoul, Hantaan, Puumala viruses, causative agents
of hemorrhagic fever with renal syndrome, were 60-100
fg/1 pl using SYBR GCreen I or 6-10 fg/1 pl with TagMan
probes. For Crimean-Congo hemorrhagic virus (CCHEV),
the detection limit was 33 fg/1 ul for TagMan and 100 fg/ul
for SYBR Creen I. For Rift Valley fever virus the detection
limit was 80 fg/1 pul. No cross reactivity was observed with
any of the tested control viral or bacterial pathogens. In all
SYBR Creen I assays worse detection limits were obtained
in comparison with TagMan probe use. Although highly
degenerate primers were used, the melting curves were
possible to evaluate (Figure 1).

Arenaviridae family specific assay is based on a previously
published protocol by Vieth et al. [14, 15]. Arenaviruses
are divided into two genetically very different groups, Old
World arenaviruses and New World arenaviruses. Family
specific primers are designed to discriminate these two
groups. Both primer combinations exhibited nonspecific
fluorescence in negative controls starting from cycle No.
34-36 in reactions with SYBR Green I, which is in accordance
with the initial publication [14, 15]. Therefore, the number
of cycles in our reactions was decreased to 35. The detection
limit for reaction with standard results was 50-100 fg RNA/1
pl. The reactions were highly specific, no amplification was
observed if nucleic acids from control viruses or bacteria
were used. For detection of hemorrhagic arenaviruses, we
designed assay for Lassa, Guanarito, Machupo, Junin, and
Sabia viruses (see Table 1). These assays were developed for
use with SYBR Green I or TagMan probes. In reactions with
SYBR Creen I, the detection limit was 70-100 fg RNA/1 pl.
If TagMan probes were used, the detection limit was 7-10
fg RNA/L pl.

All assays designed in this study or adapted from previously
published protocols were optimized to identical reaction
conditions to simplify the overall three-step procedure
of hemorrhagic filovirus, arenavirus and bunyavirus de-
tection (Diagram 1): reverse transcription - viral family
specific Real time PCR (available only for filoviruses and
arenaviruses) - virus specific Real time PCR. The suitability
of our assays was tested using real-time PCR cyclers from
different companies. Comparable results were obtained
from all tested PCR cyclers.

DISCUSSION

The presented assay represents a compact real-time reverse
transcription-PCR panel for detection of hemorrhagic filo-
viruses, arenaviruses and bunyaviruses designed especially
for field conditions. Our system consisted of adopted and
newly designed protocols which were able to detect on the
first level the viral family (using SYBR Green I, not appli-
cable for bunyaviruses) and on the second the pathogen
itself (using SYBR Green I or TagMan probes). For the high
genetic variability of Bunyaviridae members our research
team was not able to develop a family specific assay. The
same problems with bunyavirus sequence variability have
been published in previous studies. The principle of identi-
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Assay for detection of Machupo, Junin, Sabia, Guanarito viruses and Lassa viruses (TagMan protocol on the left side - both reactions in

double, melting curves analysis of SYBR Green | protocol with Machupo, Sabia and Junin viruses on the right side)

Protokol pro detekci viri Machupo, Junin, Sabia, Guanarito a Lassa (TagMan protokol na levé strané; na pravé strané kfivky tani protokolu se
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Assay for detection of Puumala, Seoul, Hantaan viruses, Crimean-Congo hemorrhagic fever viruses and Rift Valley fever viruses (TagMan
protocol on the left side - all reactions in double, melting curves analysis of SYBR Green | protocol with Puumala, Seoul, Hantaan and

Crimean-Congo hemorrhagic fever viruses on the right side).

Protokol pro detekci virGi Puumala, Seoul, Hantaan, krymsko-konZské hemoragické hore¢ky a horeéky Rift Valley (na levé strané TagMan proto-
kol; na pravé strané pak kfivky tani protokolu se SYBR Green | znacenim pfi reakci s viry Puumala, Seoul, Hantaan a krymsko-konzské hemora-

gické horecky).

Fig. 1.  Representative graphic results of newly designed assays (on the left side with TagMan probes use and on the right side are

shown melting curves with SYBR Green | use):

Obr. 1. Reprezentativni grafické vysledky prezentovaného protokolu (na levé strané s vyuzitim TagMan sond a na pravé strané znazorné-

né kivky tani pfi pouziti znaceni SYBR Green I)
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Diagram1. Diagram 1. Presented assay in diagramatic form: Ist step - reverse transcription after viral RNA isolation (common step

for all reactions); 2nd step - viral family-specific reaction (only for filoviruses and arenaviruses, allow differentiation for follow-up
virus-specific reaction); 3th step - virus-specific reactions (allow virus determination, possible to use without 2nd step)

Schéma 1.

Schéma prezentovaného protokolu: 1. krok - reverzni transkripce po izolaci virové RNA (spolecny krok pro vSechny

reakce); 2. krok - reakce specifické pro virovou ¢eled (pouze pro filoviry a arenaviry, dovoluje diferenciaci pro nasledné virus
specifické reakce); 3. krok - virus specifické reakce (umoziuje identifikaci viru, mozno pouzit i bez 2. kroku).

cal reaction condition was preferred, as was recommended
by Drosten et al. [6]. The ideal method for VHF detection
should be multiplex PCR reactions with high sensitivity
and the possibility of multiple pathogen detection during
one reaction run. However, it is quite difficult to design
and optimize such an assay [16, 17]. Also the perspective
method MassTaq PCR (combinations of Mass spectrometry
and PCR) had the same drawbacks for widely routine use
even though it theoretically allows the detection of 32 dif-
ferent pathogens [18]. On the contrary, presented protocols
were very simple. The presented assay based on multiple
single-plex PCR reactions allows adaptation of the method
according to the actual conditions, for one sample or for
multiple unknown samples. Analogous principles have
been used in various commercial kits (like Bio threats screen
kits (Idaho Technologies®). The assay modular principle
(according to viral family) allows also the using of suitable
protocols according to actual situations, like epidemiologi-
cal data (place of stay, e.g .a patient infected during a stay
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in Africa - the protocols for New World arenaviruses should
be removed from the assay used) or patient symptoms (type
of bleeding, severity of case, etc.).

The detection limits of our protocols 50-100 fg RNA/1 pl for
family specific assay and tens fg RNA/1 pl for species spe-
cific reactions are sensitive enough in the first step (field)
diagnosis of clinical or environmental samples. Previously
published protocols worked with similar sensitivity 10-100
fg/1 ul[16]. The sensitivity of our protocols matched appro-
ximately from 102 to 104 copy/ml. The viral load in patients
sera during the acute phase of viral hemorrhagic fever
caused for example by Ebolavirus was measured 105-107/ml
in surviving patients and 108-1010/ml in dead patients [19].
Other viruses causing hemorrhagic fevers should be found
in serum with a quantity near 106/ml - for CCHFV 7,7 x 105/
ml or for Lassa virus 106/ml [16]. As follows from previous
data, the most used clinical material for PCR diagnosis of
VHF was serum/plasma (majority of VHF) or cerebrospinal
fluid (arenaviruses) [16]. Our SYBR Green I protocols for
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virus-specific reactions had lower specificity in compa-
rison with TagMan probe protocols, which is generally
known [6, 16], but with the advantage of markedly lower
cost. Based on these findings, SYBR Creen I procedure was
recommended only in viral family specific assays (adopted
protocols), in accordance with other data [13,15]. For virus
specific reaction, we used more specific TagMan probes.
A novel method for detection of 9 viral pathogens from
a VHF group with high sensitivity (from 10-5 to 10-1 PFU/
PCR) and specificity with the ability of product quantifica-
tion was recently published [12]. Our protocols have worse
detection limits, but we use strictly only one primers/probe
set for one pathogen. Sensitivity of the assay is decreased
by the use of high degenerate bases in the primers/probes.
Trombley et al. chose high sensitivity with results in using
of 48 sets of primers/probe (TagMan and TagMan-MGB)
for detection of 9 pathogens [12]. Using of this amount of
primers/probe sets could be highly inconvenient in routine
diagnosis especially in field conditions as was mentioned
by the authors themselves. Such an assay is more suitable
for application in epidemiological studies or for antiviral
treatment effectiveness studies.

In the Czech Republic there were presented from VHF only
sporadic cases of HFRS (hemorrhagic fever with renal syn-
drome) caused by Dobrava/Belgrade virus [20]. During the
serological survey were also found seropositivity against
Hantaan, Puumala and Seoul [21]. Very similar results were
also published from other European countries, where han-
taviruses were detected annually with seroprevalence from 1
% t0 9 % in North parts of Europe [22]. In European countries
were also sporadically detected other VHF members, like
Crimean-Congo hemorrhagic fever virus [23, 24] or some
cases of dengue fever from Madeira [25]. But the risk of im-
portation of some other VHF from Africa or South America
is still real and the health care system must be prepared for
its identification [16].

CONCLUSION

Our method was designed as a simple protocol suitable espe-
cially for field conditions even though of lower sensitivity.
The assay can be used for first examination in areas of VHF
presence. The protocol optimizations for R.A.P.1.D. cycler
(Idaho Technology, Inc.) allow its use by mobile research or
counter-epidemic teams. The sensitivity of the presented
assay is sufficient for initial rapid examination. The assay
design also allows two modifications according to actual
demand: using one sample-multiple pathogens or multiple
sample-one pathogen. As is recommended in WHO or CDC
manuals, the confirmation tests in certificated laboratories
are required for final evaluation of viral hemorrhagic fever
cases.

The whole PCR VHF assay (with PCR assay for VHF flavivi-
ruses, data not published) was in 2013 authorised for use in
the Czech Army.
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