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Abstract

The filoviruses, Marburg virus (MARV) and Ebola virus (EBOV), are causative agents of

severe hemorrhagic fever with high mortality rates in humans and non-human primates. Sporadic

outbreaks of filovirus infection have occurred in Central Africa and parts of Asia. Identification

of the natural reservoir animals that are unknown yet and epidemiological investigations are

current challenges to forestall outbreaks of filovirus diseases. The filovirus species identified

currently include one in the MARV group and five in the EBOV group, with large genetic

variations found among the species. Therefore, it has been difficult to develop a single sensitive

assay to detect all filovirus species, which would advance laboratory diagnosis greatly in endemic

areas. In this study, a highly sensitive universal RT-PCR assay targeting the nucleoprotein (NP)

gene of filoviruses was developed. The genomic RNAs of all known MARV and EBOV species

were detected by using an NP-specific primer set. In addition, this RT-PCR procedure was

verified further for its application to detect viral RNAs in tissue samples of animals infected

experimentally and blood specimens of infected patients. This assay will be a useful method for

diagnostics and epidemiological studies of filovirus infections.
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Marburg virus (MARV) and Ebola virus (EBOV) are enveloped, single-stranded,

negative-sense RNA viruses classified into two genera, Marburgvirus and Ebolavirus, in the

family Filoviridae, order Mononegavirales (Feldmann et al., 2004). These viruses are causative

agents of severe hemorrhagic fever with high mortality rates in humans and non-human primates

(Feldmann et al., 2003). There is a single Marburgvirus species, Lake Victoria marburgvirus

(LVMARYV), whereas there are four known Ebolavirus species, Zaire ebolavirus (ZEBOV),

Sudan ebolavirus (SEBOV), Reston ebolavirus (REBOV) and Cote d’Ivoire ebolavirus

(CIEBOV) (Feldmann et al., 2004). The genomic structures of filoviruses are very similar and

approximately 19 kilobases in length, containing seven genes arranged sequentially in the order

nucleoprotein (NP)-viral protein (VP) 35-VP40-glycoprotein-VP30-VP24-RNA polymerase (L)

(Sanchez et al., 2006).

Since the discovery of Marburg hemorrhagic fever in Germany in 1967, sporadic outbreaks

of Marburg and Ebola hemorrhagic fever have been reported from different countries in Central

Africa (Feldmann et al., 2003). Incidences have increased in Central Africa since the beginning of

the new millennium (Centers for Disease Control and Prevention, 2010a; Centers for Disease

Control and Prevention, 2010b), and Bundibugyo ebolavirus (BEBOV) which has been proposed

as a fifth species of EBOV was discovered recently in Uganda (Towner et al., 2008). Furthermore,

two imported cases of Marburg hemorrhagic fever (in the Netherlands and the United States)

(Centers for Disease Control and Prevention, 2009; Timen et al., 2009) and one of Ebola

hemorrhagic fever (in South Africa) (World Health Organization, 1997) in travelers, have been
3
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reported, emphasizing the risk of filovirus infection in non-endemic countries.

Real-time RT-PCR (Drosten et al., 2002; Gibb et al., 2001; Weidmann et al., 2004) and

reverse transcription-loop-mediated isothermal amplification (RT-LAMP) methods (Kurosaki et

al., 2010; Kurosaki et al., 2007) have been published recently for the diagnosis of filovirus

infections. However, the real-time RT-PCR requires expensive, sophisticated equipment and thus

does not seem to be practical for routine use in endemic areas such as Africa, and false-positive

reactions in RT-LAMP cannot be discriminated since it does not provide valuable nucleotide

sequence information on its products. More importantly, these methods established previously are

relatively species-specific and cannot be applied reliably in diagnostics and field studies for the

broad detection of filoviruses, including potential new species. For example, this was the case for

BEBOV infections, which were not detected initially by using real-time RT-PCR specific for the

filoviruses species known previously, ZEBOV, SEBOV, and MARV (Towner et al., 2008). In fact,

only one sample out of 20 human blood specimens suspected was positive in conventional

RT-PCR using the currently available universal filovirus primers, FILO-A and FILO-B (Sanchez

et al., 1999; Towner et al., 2008). Therefore, it is important to design new primers for RT-PCR

allowing the broad detection of filovirus genomic RNA. In this study, nucleotide sequences of all

known filovirus species were compared and a new assay for the detection of all known filoviruses

using a primer set targeting a highly conserved region in the NP gene was evaluated.

One-step RT-PCR was carried out using a QIAGEN OneStep RT-PCR Kit (QIAGEN

GmbH, Hilden, Germany) according to the manufacturer’s instructions. A total volume of 25 pl
4
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of reaction mixture containing 0.2 uM of each primer and 1ul of template RNA was used. Four

primers targeting MARV and EBOV NP genes (FiloNP primers) were designed (Table 1). The

one-step RT-PCR program consisted of reverse transcription at 50°C for 30 min, initial PCR

activation at 95°C for 15 min, followed by 50 cycles of denaturation at 94°C for 15 s, annealing

at 53°C for 30 s, extension at 72°C for 30 s, and final extension at 72°C for 7 min (\Veriti 200

thermal cycler; Life Technologies Co., Carlsbad, CA). For comparison, the primers published

previously, FILO-A and FILO-B, were used under the same conditions.

LVMARYV (Popp, Ozolin, Musoke, Ravn, and Angola #368), ZEBOV (Mayinga and Kikwit),

SEBOV (Boniface), CIEBOV (Cote d’Ivoire), BEBOV, and REBOV (Pennsylvania) strains were

used in this study. These viruses were propagated in Vero E6 cells, and viral RNAs were

extracted from 250 ul aliquots of culture supernatants using TRIzol-LS reagent (Invitrogen Co.,

Carlsbad, CA) according to the manufacturer’s instructions. The extracted RNA was dissolved in

20 pl of nuclease-free distilled water. All infectious materials were handled in the biosafety level

4 facility of the National Microbiology Laboratory, Public Health Agency of Canada. Lassa virus,

hantavirus, dengue 2 virus, and leptospira interrogans RNAs were used as specificity controls

because of the similarity of disease symptoms and/or potential endemic area shared with

filoviruses.

As shown in Fig. 1A, NP gene fragments of 5 MARYV strains and 6 EBOV strains were

amplified similarly as 594 bp products by the NP primer combination designed in this study.

Nucleotide sequences of all the products were determined and identified as those derived from
5
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the respective template strains (data not shown). There was no nonspecific amplification of the
Lassa virus and hantavirus RNAs tested. Furthermore, assays using FiloNP-Fm and FiloNP-Rm
or FiloNP-Fe and FiloNP-Re primer combinations amplified separately MARV and EBOV RNAs,
respectively (Fig. 1B), demonstrating the usefulness of these primer sets in differentiating
between MARV and EBOV strains. In contrast, the primers published previously, FILO-A and
FILO-B, failed to detect LVMARV Ravn, CIEBOV Cote d’Ivoire, and REBOV Pennsylvania
strains (Fig. 1A). The lower stability of the primer match of FILO-A and FILO-B than NP
primers, as seen in the alignments between primers and virus genomes, likely influenced the
efficiency of amplification (Fig. 2).

To determine the sensitivity of the RT-PCR assay using NP primers, viral RNAs derived
from supernatants of samples infected LVMARV strain Angola #368 (approximately 10’
plague-forming units (PFU)/ml) (Geisbert et al., 2007), and ZEBOV strain Mayinga
(approximately 107 focus forming units (FFU)/ml), were diluted serially 10-fold in nuclease-free
distilled water, and used as templates for amplification. The detection limits for LVMARYV strain
Angola #368, and ZEBOV strain Mayinga were approximately 102-10 PFU or FFU/reaction
(Fig. 1C) and thus equivalent to the reported sensitivity for the universal primers designed
previously (i.e. FILO-A and FILO-B). Although the RT-PCR may not be more sensitive than the
TagMan RT-PCR (Weidmann et al., 2004) and RT-LAMP (Kurosaki et al., 2010; Kurosaki et al.,
2007) established previously, the simplicity and cross-reactivity among all known filovirus

strains provides an advantage for rapid diagnostics in reference centers and field settings.
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Finally, the applicability of RT-PCR using NP primers to in vivo diagnostics was studied.
Total RNA was extracted from 100 ul of a 10% (w/v) spleen homogenate derived from mice
infected with mouse-adapted ZEBOV (titer approximately 10” FFU/g) (Ebihara et al., 2006) by
using TRIzol-LS reagent (Invitrogen Co.) according to the manufacturer’s instructions. The
extracted RNA, dissolved in 30 ul of nuclease-free distilled water, was diluted serially 10-fold in
nuclease-free distilled water and used as a template. Viral gene fragments were amplified
successfully with the detection limit of approximately 10~ FFU/reaction (Fig. 3A), demonstrating
that the sensitivity of the RT-PCR assay using NP primers was equivalent to that of the RT-PCR
using FILO-A and FILO-B reported previously (Sanchez et al., 1999). Subsequently, whole-blood
samples from Marburg hemorrhagic fever cases in Angola in 2004/05 (World Health
Organization, 2005) were analyzed. Total RNA was extracted from 100 ul of patient blood
samples and dissolved in 10 ul of nuclease-free distilled water. Specific amplification of MARV
NP gene sequences by the NP primer set was confirmed in all the samples tested, as with the
primer set of FILO-A and FILO-B reported previously (Fig. 3B), demonstrating the applicability
of this assay to human diagnostics.

In this study, NP-gene-specific primers were designed. NP transcripts were detected in vitro
as early as 7 hours after infection and the number of NP transcript copies was abundant, in
contrast to the much lower copy numbers of RNA transcripts derived from the L gene (Sanchez
and Kiley, 1987). Thus, this RT-PCR assay using primer sets targeting the NP gene is expected to

be more sensitive than those based on L-gene-specific primers to detect cell-associated filovirus
7
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RNA transcripts in infected primary target cells such as peripheral monocytes in the early stage of

infection. The broad cross-reactivity of RT-PCR with the NP primers designed in this study

compared to the ones reported previously will enhance filovirus PCR diagnostics and thus

provide a novel tool for public health and biodefense. This combined with its simplicity will also

improve ecological and epidemiological field studies in regions with poor infrastructure in

Central Africa.
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Figure legends

Figure 1. Specificity and sensitivity of RT-PCR for the detection of MARV and EBOV. (A)

Filovirus NP gene fragments were amplified by RT-PCR using a mixture of 4 primers,

FiloNP-Fm, FiloNP-Rm, FiloNP-Fe, and FiloNP-Re (upper panel), or FILO-A and FILO-B

(lower panel). Lassa virus (strains Pinneo and Josiah), hantavirus (species Dobraba, strain

Slovenia), dengue 2 virus (strain VNHCM18-C/02), and leptospira interrogans (serovar Manilae,

strain UP-MMC-NIID) RNAs were used to verify the specificity of the RT-PCR. Amplification of

these control RNAs by RT-PCR was confirmed by using specific primers for the respective

pathogens (data not shown). Nuclease-free distilled water (DW) was used as a negative control.

Data are representative of two independent experiments. (B) MARV and EBOV NP genes were

detected by FiloNP-Fm and FiloNP-Rm (upper panel) and FiloNP-Fe and FiloNP-Re (lower

panel) primer sets, respectively. Lassa virus and hantavirus RNAs were used to verify the

specificity of the RT-PCR. Data are representative of two independent experiments. (C) Tenfold

serial dilutions of RNA derived from LVMARY, strain Angola (Left) and ZEBOV, strain Mayinga

(Right) were analyzed; approximate virus titers (PFU for strain Angola and FFU for strain

Mayinga) are shown at the top of the panel. Primers FiloNP-Fm, FiloNP-Rm, FiloNP-Fe, and

FiloNP-Re (upper panel) and FILO-A and FILO-B (lower panel) were used for amplification.

Data are representative of three independent experiments. Lane M: 100-bp DNA ladder.

Figure 2. Alignment of filovirus NP and L gene sequences and primer sequences used in this

study. Reverse primers are shown as complementary sequences. Dots indicate the positions
13
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identical to LVMARYV strain Popp, or ZEBOV strain Mayinga sequences. The numbers on the left

and right indicate the respective nucleotide positions in the Popp and Mayinga strain genome

sequences. Asterisks indicate the positions matching the primer sequences. Genbank accession

numbers of the nucleotide sequences used in this study are 229337 (Popp), AY 358025 (Ozolin),

NC 001608 (Musoke), EF446131 (Ravn), DQ447656 (Angola), NC_ 002549 (Mayinga),

AY354458 (Kikwit), FJ968794 (Boniface), FJ217162 (Cote d’Ivoire), FJ217161 (Bundibugyo),

and AY 769362 (Pennsylvania).

Figure 3. Detection of EBOV and MARYV in experimental animal and human specimens. The NP

gene fragments were amplified by RT-PCR using a combination of 4 primers, FiloNP-Fm,

FiloNP-Rm, FiloNP-Fe, and FiloNP-Re (upper panels), or FILO-A and FILO-B (lower panels).

(A) Tenfold serial dilutions of RNA extracted from ZEBOV-infected mouse spleen were used as

templates; approximate virus titers (FFU) used in each reaction are shown at the top of the panel.

Data are representative of three independent experiments. (B) MARV-infected human blood

specimens obtained during the 2004/05 Marburg hemorrhagic fever outbreak in Angola were

analyzed for the presence of MARV RNA. Blood collection from humans during the outbreak in

Angola was approved under a special response protocol established between the World Health

Organization and national authorities. Lane M: 100-bp DNA ladder.

14
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TABLE 1. Primers used in this study

Primer Sequence (5°-3) Target gene (Position) Product size  Reference strain (Accession No. %) Reference
FiloNP-Fm  TGGCTTACYACAGGYCACATGAAAGT MARV NP (620-645) 594 bp MARV Musoke (NC_001608) This study
FiloNP-Rm GTGTGTGATTTCAGTTTTYTGGAGGTGGAA MARV NP (1213-1184)

FiloONP-Fe ~ TGGCAATCAGTDGGACACATGATGGT EBOV NP (1040-1065) 594 bp EBOV Mayinga (NC_002549) This study
FiloNP-Re GAAGCTGATTTCRTTCTTYTTCTGATGGAA EBOV NP (1633-1604)

FILO-A ATCGGAATTTTTCTTTCTCATT Filovirus L (13123-13144) 419 bp MARYV Musoke (NC_001608) Sanchez et al., 1999
FILO-B ATGTGGTGGGTTATAATAATCACTGACATG Filovirus L (13541-13512)

& Accession No. indicates Genbank accession number of reference sequence.

15
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