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Abstract

:

Cell cultures derived from ticks have become a commonly used tool for the isolation and study of tick-borne pathogens and tick biology. The IRE/CTVM19 cell line, originating from embryos of Ixodes ricinus, is one such line. Previously, reovirus-like particles, as well as sequences with similarity to rhabdoviruses and iflaviruses, were detected in the IRE/CTVM19 cell line, suggesting the presence of multiple persisting viruses. Subsequently, the full genome of an IRE/CTVM19-associated rhabdovirus was recovered from a cell culture during the isolation of the Alongshan virus. In the current work, we used high-throughput sequencing to describe a virome of the IRE/CTVM19 cell line. In addition to the previously detected IRE/CTVM19-associated rhabdovirus, two rhabdoviruses were detected: Chimay rhabdovirus and Norway mononegavirus 1. In the follow-up experiments, we were able to detect both positive and negative RNA strands of the IRE/CTVM19-associated rhabdovirus and Norway mononegavirus 1 in the IRE/CTVM19 cells, suggesting their active replication in the cell line. Passaging attempts in cell lines of mammalian origin failed for all three discovered rhabdoviruses.






Keywords:


tick cell line; IRE/CTVM19; Rhabdoviridae; endogenous virus; persistence; IRE/CTVM19-associated rhabdovirus; Norway mononegavirus 1; Chimay rhabdovirus












1. Introduction


Ticks are hosts to a wide variety of bacteria and viruses [1,2], some of which can infect humans via tick bites and can cause disease. For example, thousands of tick-borne encephalitis cases and hundreds of thousands of Lyme borreliosis cases (caused by some Borrelia species) are reported annually worldwide [3,4,5].



Cell cultures derived from tick cells are an essential tool for research on tick-related pathogens. They are used for the isolation, reproduction, and study of tick-infecting viruses and bacteria [6]. A vast number of tick-borne pathogens have been studied using tick cell lines, including various flaviviruses [7], Uukuniemi virus [8], Crimean–Congo hemorrhagic fever virus (CCHFV) [9], Rickettsia raoultii [10], Spiroplasma sp., Rickettsia slovaca, and Mycobacterium sp. [11]. Recently, the scope of tick cell cultures has broadened to include studies focused on tick biology [6,12]. The IRE/CTVM19 cell line is derived from the embryos of Ixodes ricinus ticks [6]—the most abundant tick species in Europe [2]. This cell line has become a common tool for the study of both various tick-borne pathogens and tick biology [8,12,13,14].



Some tick cell lines have been proven to be hosts for persisting viruses. For example, an orbivirus, St. Croix River virus (SCRV), was detected in an IDE2 cell line derived from Ixodes scapularis [15] and in RA243 and RA257 derived from Rhipicephalus appendiculatus [16]. The screening of multiple tick cell lines with pan-nairovirus oligonucleotides showed a positive yield of PCR products with similarities to CCHFV; however, it was not clear whether this amplification was specific [16].



Bacterial DNA sequences have been detected in multiple tick cell lines. Sequences of the genus Rickettsia were detected in the Amblyomma-variegatum-derived AVL/CTVM13 and AVL/CTVM17 cell lines, and sequences of the genus Francisella were detected in the Dermacentor albipictus DALBE3, Dermacentor nitens ANE58, and Dermacentor variabilis DVE1 cell lines [16]. However, the presence of intracellular bacteria was not detected via transmission electron microscopy.



Endogenous and persistent viruses can affect the properties of viruses grown in a cell line and can alter the results of studies focused on tick biology. Thus, knowledge of the virome of tick cell lines is necessary for more accurate interpretation in further studies. There have also been several reports about the presence of viruses in the IRE/CTVM19 cell line. First, reovirus-like particles were identified via electron microscopy [16]. At the same time, attempts to obtain viral sequences using pan-flavivirus, SCRV, pan-nairovirus, and CCHFV-specific oligonucleotides failed [16]. It was also reported that sequences with similarity to rhabdoviruses and iflaviruses were identified in the IRE/CTVM19 cell line; however, no genome sequences were assembled [17]. The full genome of one rhabdovirus, subsequently named IRE/CTVM19-associated rhabdovirus (IARV), was later obtained during the isolation and sequencing of the Alongshan virus [18].



Recently, thousands of novel viruses have been discovered in various arthropods using a metagenomic approach [19,20], including many tick-related viruses [21,22]. This process has led to major changes in the virus taxonomy. In the Rhabdoviridae family, which consists of viruses with single-stranded negative-sense RNA genomes with an N–P–M–G–L genome organization, five new genera of tick-infecting viruses have been established: Lostrhavirus, Zarhavirus, Sawgrhavirus, Alpharicinrhavirus, and Betaricinrhavirus.



Here, we used such an approach to describe the virome of the IRE/CTVM19 cell line. We identified three viruses in the cell line, obtained the full-genome sequences of two of them, and studied their ability to reproduce in mammalian cell lines.




2. Materials and Methods


2.1. IRE/CTVM19 Cell Line Maintenance


Uninfected tick cell line IRE/CTVM19 [6] provided by the Tick Cell Biobank (University of Liverpool, UK) was used in this study. The cell line was maintained at 28 °C in L-15 medium (FSASI Chumakov FSC R&D IBP RAS, Moscow, Russia) supplemented with 10% tryptose phosphate broth (Difco, Detroit, MI, USA), 20% fetal bovine serum (FBS, Gibco, Paisley, UK), 2 mM L-glutamine (FSASI Chumakov FSC R&D IBP RAS, Moscow, Russia), and antibiotics (ciprofloxacin). Cell culture supernatant was collected weekly and used as material for further work.




2.2. High-Throughput Sequencing


Sample preparation and high-throughput sequencing were performed as described previously [18]. Spent medium (supernatant) of the IRE/CTVM19 cell culture was used. It was clarified by centrifugation using an SW-28 rotor in an Optima L-90K Ultracentrifuge (Beckman Coulter, Brea, CA, USA) at 17,984× g for 30 min at 4 °C, and then, it was ultracentrifuged at 112,398× g for 6 h at 4 °C using the same rotor.



The total RNA was isolated from the ultracentrifugation pellet using an RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol. It was fragmented and reverse-transcribed into cDNA with random hexamer primers using RevertAid reverse transcriptase (ThermoFisher Scientific, Waltham, MA, USA), followed by second-strand synthesis with the NEBNext Ultra II Non-Directional RNA Second-Strand Synthesis Module (NEB, Ipswich, MA, USA). The resulting double-stranded DNA was purified using Ampure XP (Beckman Coulter, Brea, CA, USA) and used as an input for the library preparation process using the NEBNext® Fast DNA Library Prep Set for Ion Torrent™ (NEB, Ipswich, MA, USA) following the manufacturer’s instructions. The DNA library obtained was quantified with an Ion Library TaqMan™ Quantitation Kit, followed by templating on an Ion Chef (ThermoFisher Scientific, Waltham) instrument and sequencing on an Ion S5XL instrument, with the viral library constituting part of an Ion 530 Chip. The reads obtained were deposited in the sequence read archive database under accession number PRJNA879987.




2.3. Virus Genome Assembly


Raw reads were quality-controlled using FaQCs v2.09 [23] and assembled into contigs using SPAdes v3.13.0 [24] with iontorrent flag. Contigs containing homologies with known viruses were identified by comparison with an nt database using the BLAST v.2.12.0 program.



Using only a SPAdes assembly, we were unable to obtain contigs corresponding to the full-length virus genomes. Since all of the detected viruses had very close homologs in the GenBank database, we mapped the reads on sequences from the GenBank database. Either raw reads or reads filtered by length (more than 34 nt) and quality (Q20) with Trimmomatic v. 0.39 [25] were used for mapping. Mapping was performed using UGENE v.40.0 software [26] with up to a 10% mismatch per read allowed and “align reverse complement reads” enabled. A consensus sequence was extracted from the assembly with the “extract consensus” option in the UGENE program; this consensus sequence was considered the full-genome sequence of the virus.



The percentage of virus-containing reads in the data was estimated using the Bowtie program [27]. The percentage of reads aligned exactly once on the full virus genome was considered the percentage of virus-containing reads.




2.4. RNA Isolation and Virus Detection


The total RNA was isolated from the cell culture supernatant using TRI Reagent LS (Sigma-Aldrich, St. Louis, MO, USA), according to the manufacturer’s protocol.



For the passaging experiment, reverse transcription was carried out using a random hexamer oligonucleotide with the MMLV Reverse Transcriptase (Evrogen, Moscow, Russia), according to the manufacturer’s instructions. For the strand-specific PCR, reverse transcription was carried out using Chimay_L_R, Norway_L_R2, and Rhabdo_Miass_L_1R (Table S1) to target the genome (negative strand), and Chimay_L_F, Norway_L_F2 and Rhabdo_Miass_L_1F (Table S1) to target the replicative form (positive strand), using the MMLV Reverse Transcriptase (Evrogen, Moscow, Russia). A subsequent PCR was carried out with virus-specific oligonucleotides (Table S1) using the DreamTaq DNA Polymerase (Thermo Fisher Scientific, Vilnius, Lithuania) according to the manufacturer’s instructions, with DEPC-treated water used as a negative control. Oligonucleotide pairs’ annealing temperatures used are shown in Table S1. The PCR was performing using a T100 Thermal Cycler (Bio-Rad, Hercules, CA, USA). The results were analyzed using gel electrophoresis with a GeneRuler 100 bp Plus DNA Ladder (Thermo Fisher Scientific, Vilnius, Lithuania) as a reference.



Every PCR-positive result was confirmed with Sanger sequencing. Briefly, putative positive PCR products were gel-purified using a QIAquick Gel Extraction Kit (QIAGEN, Hilden, Germany) and sequenced using virus-specific oligonucleotides (Table S1). Sequencing was carried out with an ABI PRISM 3500 (Applied Biosystems, Foster City, CA, USA) sequencer using ABI PRISM® BigDye™ Terminator v. 3.1. The sequences were assembled using the SeqMan software v.7.0.0 (DNASTAR Inc., Madison, WI, USA). The sequence origin was determined using the BLAST program [28]. The PCR probe was considered positive only if the virus’ presence was confirmed through sequencing.




2.5. Phylogenetic Tree Construction


From the full-genome sequences obtained, RNA-dependent RNA polymerase amino acid sequences were extracted. These sequences, along with their homologs, were aligned in MAFFT v7.3.10 [29] using 1000 cycles of iterative refinement with the FFT-NS-i method and then processed with the TrimAL v1.4. rev 15 program [30] with the default parameters to remove poorly aligned regions. Using these data, maximum-likelihood phylogenetic trees were constructed in the phyML 3.3.20200621 program [31] with 1000 bootstrap replications using the default parameters and default model (LG). The phylogenetic trees obtained were processed in FigTree v.1.4.4. Genomes of the viruses were drawn using a custom Python script. All postprocessing of the images was performed with the GNU Image manipulation program v.2.10.24.




2.6. Virus Passages


To assess the ability of rhabdoviruses to replicate in mammalian cells, five cell cultures were used: a human epithelial (HEP-2) cell line, a baby hamster kidney (BHK) cell line, a human embryo kidney (HEK293T) cell line, a porcine embryo kidney (PEK) cell line, and a mouse fibroblast (NIH) cell line. The PEK cell line was maintained in Medium 199: Earle’s Salts (FSASI Chumakov FSC R&D IBP RAS, Moscow, Russia) supplemented with 5% FBS (Gibco, Paisley, UK) and antibiotics (100 U/mL penicillin, 100 µg/mL streptomycin). Other mammalian cell lines were maintained in DMEM (FSASI Chumakov FSC R&D IBP RAS, Moscow, Russia) supplemented with 10% fetal bovine serum (Gibco, Paisley, UK).



For the experiment, cells were seeded in flat-sided cell culture tubes (NUNC, ThermoFisher Scientific, Roskilde, Denmark) and cultivated at 37 °C until a count of 0.5–2 × 106 cells per tube was reached (usually for one or two days). Then, supernatant was discarded and the cells were infected with either 150 µL of IRE/CTVM19 culture supernatant or with 150 µL of culture supernatant from the previous passage. After adsorption under the experimental conditions (either 32 °C or 28 °C) for 30 min, 2 mL of the maintenance medium (for PEK cells) or 5% FBS maintenance medium (for HEP-2, BHK, HEK293T, and NIH cells) was added with 0.1% penicillin/streptomycin. The experimental tubes were incubated for the observation period (7 to 14 days) in a thermostat at 32 °C or 28 °C.





3. Results


3.1. Viruses Found in the IRE/CTVM19 Cell Line


In the first part of the study, we performed high-throughput sequencing on the supernatant of the uninfected IRE/CTVM19 cell line to reveal the viruses present in the culture. After filtering the reads by quality and length, a total of 2.169 million sequencing reads were obtained. Subsequent data processing allowed us to identify the genome sequences of three previously described rhabdoviruses: Norway mononegavirus 1 (NMV-1), Chimay rhabdovirus (CRV), and IARV. To obtain the full genomes of these viruses from our data, filtered reads were mapped to the known genomes of these rhabdoviruses, downloaded from the GenBank database (Table 1).



The full coding genomes of NMV-1 and IARV were obtained, as well as the near-complete sequence of the CRV genome (Figure 1). Previously, we reported the presence of IARV (strain BSLab) in the IRE/CTVM19 cell line [18]. In the current work, we also recovered the full IARV genome from the supernatant of the IRE/CTVM19 cell line. To avoid confusion in the naming, the virus variant recovered here was named substrain BSLab1. Despite these variants being separated by 3 years in terms of the passaging history (Figure S1), they are very close and have only 16 substitutions between them (Table 1).



In the case of CRV, the resulting assembly had several regions of the genome with no mapped reads, which was probably due to the much lower presence of CRV reads in the sample (Table 1). Subsequently, we attempted to use raw reads to assemble the full CRV genome; however, one region (166 nt in length) with no mapped reads remained. Attempts to bridge the gap using RT-PCR and subsequent Sanger sequencing failed, leading to the partial CRV genome (Figure 1).



The genomes obtained showed high similarity with previously deposited sequences of the same viruses in the GenBank database (less than 2% nucleotide divergence in the polymerase sequence). The sample contained fairly large amounts of NMV-1 and IARV: 5.55% and 3.78% of the total obtained reads. The abundance of CRV was low: 0.12% of the total obtained reads.



Using virus-specific oligonucleotides, we tested IRE/CTVM19 cells, as well as the supernatant’s ultracentrifugation pellet, for the presence of the virus RNA. A strand-specific PCR was performed for each sample, in order to distinguish the genome (RT-PCR targeting negative RNA strand) and replicative form (RT-PCR targeting positive RNA strand). For NMV-1 and IARV, both strands could be detected in the cells and ultracentrifugation pellet (Figure 1), suggesting the virus’ presence and active replication in the IRE/CTVM19 cell line. For CRV, only the negative strand of the genome could be found in the ultracentrifugation pellet, and no PCR amplification was detected in the IRE/CTVM19 cells.




3.2. Phylogenetic Analysis


Phylogenetically, CRV from the IRE/CTVM19 cell line clustered with a previously discovered CRV strain. Along with blacklegged tick rhabdovirus 1, CRV forms the genus Betaricinrhavirus (Figure 2A). IARV is close to the genus Betaricinrhavirus, forming a monophyletic branch (Figure 2A) together with Fairlight virus and Quarantine Head virus (related to genus Betaricinrhavirus, but unclassified in the genus thus far, according to the International Committee on Taxonomy of Viruses (ICTV)). However, IARV is highly divergent from its closest relatives. It shares only a 48% identity with its closest relative (Fairlight virus) in the L protein and 32% in the G protein. Moreover, the most similar virus is Apis rhabdovirus 4 in the N protein sequence (28%), and it is significantly different in terms of the overall genome structure from typical Betaricinrhavirus members, such as CRV, because it lacks the Nx and Px open reading frames (Figure 1).



The third virus found in the current study was NMV-1. Phylogenetically, NMV-1 is close to the recently formed genus Alpharicinrhavirus (Figure 2B) and is currently considered to be a related unclassified virus.




3.3. Passaging Experiment


Tick cell cultures are often used for the isolation and propagation of known and novel pathogens. Afterward, the culture supernatant of tick cells can be used for experiments on mammals and mammalian cell cultures. In such a case, if the viruses revealed were able to multiply in mammalian cell cultures, they could impact the experimental results. Accordingly, we decided to test if these viruses were able to multiply in five mammalian cell cultures: HEP-2, BHK, NIH, HEK293T, and PEK. The results obtained are presented in Table 2.



Three to four passages were performed at temperatures of 32 °C and 28 °C, with monitoring of the virus’ presence in the culture supernatant at 7 and 14 days post-infection using virus-specific oligonucleotides. No virus RNA was detected in the cell cultures cultivated at 32 °C at the second and following passages (Table 2).



CRV was found after the first passage in all tested cell cultures except for BHK. However, no CRV RNA was found in the second and third passages in any of the cell cultures. IARV was found in all tested cultures after the first passage; in HEP-2, BHK, and PEK after the second passage; and in HEP-2 and BHK after the third passage. NMV-1 was detected in all tested cultures after the first passage, in HEP-2 and BHK after the second passage, and in HEP-2 after the third passage.



However, no virus RNA was detected in the culture supernatant after four passages. These data indicate that it is unlikely that the viruses detected in IRE/CTVM19 cells can replicate in the mammalian cell cultures that were tested.





4. Discussion


In the current work, we used high-throughput sequencing to uncover viruses persisting in an IRE/CTVM19 cell culture. We were able to identify three viruses (CRV, NMV-1, and IARV) and to obtain the full-genome sequences of two of them (NMV-1 and IARV). Phylogenetically, all viruses that we found were close to other tick-infecting rhabdoviruses of the genera Alpharicinrhavirus and Betaricinrhavirus. CRV is a member of the Betaricinrhavirus genus [32,33], detected in Belgium in I. ricinus ticks [32]. IARV is close to Fairlight virus and Quarantine Head virus, which are considered to be related to the genus Betaricinrhavirus, but are still unclassified [33]. IARV has more than 15% divergence in the N, L, and G proteins, as well as differences in genome organization, compared to the typical Betaricinrhavirus members. Thus, it satisfies at least four criteria determined by the ICTV for a new species of the genus Betaricinrhavirus [33]. The NMV-1 sequences formed a separate but relatively close branch of the recently formed genus Alpharicinrhavirus (Figure 2B). When first discovered, there was doubt about whether NMV-1 was a tick virus [22]. Later, it was found in I. ricinus pools from Belgium, and the assumption that NMV-1 was a low-abundance tick virus was made [32].



Previously, data have indicated the presence of reovirus virions, iflavivirus, and rhabdovirus RNA in IRE/CTVM19 cells [16,17]. In the current work, we searched for viruses in the ultracentrifuged supernatant of an IRE/CTVM19 cell culture. Here, we found no sequences with similarities to the members of Reoviridae or Iflaviridae. It is possible that these viruses were not released from the cells; were lost during laboratory maintenance throughout the years; or could persist with relatively low RNA amounts, making them challenging to detect, even with high-throughput sequencing.



For novel viruses, especially those detected using the high-throughput sequencing approach, it is often difficult to determine whether a virus is incorporated into the host genome without performing additional experiments. Classic endogenous virus elements are incorporated into a host genome and are mostly defective [34,35], either because they were originally inserted as a partial sequence of the virus genome or because they acquired stop-codon mutations after the insertion event [34].



We were able to obtain the full-genome sequences of NMV-1 and IARV and obtained a PCR product while targeting the positive strand of RNA. Taken together, our findings imply that these two viruses are likely to be fully functional, with the ability to replicate in the IRE/CTVM19 cell line.



However, a clear conclusion cannot be made in the case of CRV. Its presence in the sample was low (0.12% of the reads), and our attempts to obtain the full virus genome (including one using Sanger sequencing) were unsuccessful. However, ultracentrifugation was used prior to sequencing to clear the culture supernatant from the cell debris, making it less likely that the host DNA was sequenced. Additionally, we were unable to detect a signal while targeting the positive strand of the RNA. This might be explained by the overall low level of CRV replication in the IRE/CTVM19 cell line; however, it is also possible that two partial CRV sequences were inserted in the IRE/CTVM19 cell line genome. Further work is needed to clarify this.



In the passaging experiments, we tested the ability of the discovered rhabdoviruses to reproduce in several mammalian-derived cell lines: HEP-2, BHK, NIH, PEK, and HEK-293T. No CRV RNA was found in the second, third, or fourth passages in any of the cell cultures. IARV and NMV-1 were detected in some mammalian-derived cell lines cultivated at 28 °C up to the third passage (Table 2), but they were not detected in the fourth passage. This suggests that the discovered rhabdoviruses are unable to reproduce in these cell lines, or that their reproduction level was below our detection limit. However, we cannot rule out the possibility that these viruses are able to reproduce in different cells of vertebrate origin.



Tick cell lines are often used for the isolation of viruses [6]. It is known that the presence of one virus can have an impact on the reproduction of other viruses [36,37,38]. The impacts of the rhabdoviruses described here on the replication of other viruses are yet to be studied. Thus, whenever possible, several tick cell cultures should be used when isolating novel viruses.



Other tick cell lines are suspected to contain viruses [16,17]. Here, we not only found two previously known viruses in IRE/CTVM19 but also confirmed the presence of a novel virus named IRE/CTVM19-associated rhabdovirus, which we found in our previous work [18]. This confirms that tick cell lines are an easily accessible resource for virus discovery [17] and that a metagenomic approach can both help to characterize tick cell lines and reveal valuable information about tick viruses and their evolution.
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Figure 1. The presence of the rhabdovirus RNA (left), as well as the genome scheme (right) of all detected viruses: (A) Norway mononegavirus 1, (B) IRE/CTVM19-associated rhabdovirus, (C) Chimay rhabdovirus. On the left: cells—IRE/CTVM19 cells; UC pellet—IRE/CTVM19 supernatant ultracentrifugation pellet; Mock—negative control; + and − mark target viral strand during RT-PCR; Ladder—DNA ladder (100–500) bp range; the red arrow points to the Chimay-rhabdovirus-positive band. On the right: the putative RNA-dependent RNA polymerase is marked in green; undetermined nucleotides in the Chimay rhabdovirus genome are shown as a gray box. 
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Figure 2. The phylogenetic relationships of the rhabdoviruses found in this study. The analysis was performed using the amino acid sequences of the L protein, with 1000 bootstrap replicates. The scale bar represents the number of amino acid substitutions per site. The viruses discovered in the IRE/CTVM19 cell line are marked in red. (A) Midpoint-rooted phylogenetic tree of the IRE/CTVM19-associated rhabdovirus and Chimay rhabdovirus 1. (B) The phylogenetic relationships of the Norway mononegavirus. Vesicular stomatitis virus is used as an outgroup. 
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Table 1. The identities of the viruses found in the IRE/CTVM19 cell culture, with the closest entries from GenBank.
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	Virus
	Percent of the

Virus-Containing Reads
	Closest Sequence
	Nucleotide Identity in Polymerase





	Chimay rhabdovirus strain BSLab
	0.12%
	[MF975531]
	99.21%



	IRE/CTVM19-associated rhabdovirus substrain BSLab1
	3.78%
	[MT181988]
	99.92%



	Norway mononegavirus 1

strain BSLab
	5.55%
	[MF141072]
	98.30%










 





Table 2. Replication of Norway mononegavirus 1, Chimay rhabdovirus, and IRE/CTVM19-associated rhabdovirus in mammalian cell cultures.
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Cell Line

	
Temperature

	
1st Passage

	
2nd Passage

	
3rd Passage

	
4th Passage




	
7 Days

	
14 Days

	
7 Days

	
14 Days

	
7 Days

	
14 Days

	
7 Days






	
HEP-2

	
28 °C

	
I N C

	
N

	
I N

	
I N

	
I N

	
-

	
-




	
32 °C

	
I N C

	
I N

	
-

	
-

	
-

	
-

	
nd




	
BHK

	
28 °C

	
I N

	
I N

	
I N

	
I N

	
I

	
-

	
-




	
32 °C

	
I

	
I N

	
-

	
cd

	
nd

	
nd

	
nd




	
NIH

	
28 °C

	
I N C

	
I N C

	
-

	
-

	
-

	
-

	
nd




	
32 °C

	
-

	
cd

	
-

	
-

	
-

	
-

	
nd




	
HEK-293T

	
28 °C

	
I N C

	
cd

	
-

	
cd

	
-

	
-

	
nd




	
32 °C

	
I N

	
N

	
-

	
-

	
-

	
cd

	
nd




	
PEK

	
28 °C

	
-

	
I N C

	
I

	
-

	
nd

	
nd

	
nd




	
32 °C

	
-

	
N

	
-

	
-

	
-

	
-

	
nd








I—IRE/CTVM19-associated rhabdovirus RNA was detected; N—Norway mononegavirus 1 RNA was detected; C—Chimay rhabdovirus RNA was detected; cd—probe not analyzed due to cell death on 7th day; -—RNA of the viruses not detected; nd—not done.
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