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Abstract: 

VIDISCA-454 is a sequence independent virus discovery tool to amplify nucleic acid sequences from 

RNA and DNA virus directly in patient material. Recently, we increased the utility of the method by 

adding antibody capture to facilitate detection of immunogenic viruses. However it is unknown how 

much of the relevant virus present in the sample is lost during antibody capture. To this end, using a 

clinical sample from a patient with upper respiratory tract infection containing human rhinovirus A 

(HRV-A), the sensitivity of VIDISCA-454 method in a dilution series was determined with and without 

antibody capture. The results of this study showed that the virus detection rate of antibody capture 

on the clinical sample was approximately 5 times lower than standard VIDISCA-454, however it does 

provide more viral sequence reads in samples with high viral loads.  
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Introduction 

Molecular virus discovery techniques have been improved by the novel development of sequencing 

technologies. Several new viruses have been identified by high-throughput sequencing methods. 

These methods form the basis for improved virus discovery processes capable of generating 10E5-

10E7 sequence reads directly from a clinical sample. The VIDISCA-454 virus discovery method to 

amplify RNA and DNA virus sequences directly in patient material without prior knowledge of the 

viral genome sequence has been developed by us [1]. The resulting DNA library is subjected to 

Roche-454 next generation sequencing and this method has been successfully used to identify 

human coronavirus NL63 [2], a novel HIV-1 subtype [3], two novel parvoviruses in bats [4] and a 

novel torque teno mini virus [5].  

Applying the high-throughput sequencing methods on clinical samples to find new viral pathogens 

has some limitations. One limitation of the current technique is that a substantial amount of non-

viral RNA and DNA derived from the host or from other agents in the sample can dominate the 

resulting sequences. Especially in respiratory samples ribosomal RNA is massively present, over 80% 

of all sequence reads derived from a clinical sample originate from this material [6]. Sequence reads 

from fecal samples can be dominated by bacterial or dietary components. Another limitation of the 

current techniques is that detection of reads derived from a known virus does not necessarily 

indicate that this virus is a pathogen. Recently, many new viruses have been identified in human 

samples without clear association with disease, necessitating further detailed investigations to 

determine the pathogenicity of the virus [7-10].  

To overcome these limitations we have introduced antibody capture in combination with VIDISCA 

and next generation sequencing approach [11]. The essence of the method is that antibodies elicited 

by the infection, present in serum one month after the respiratory illness, are used to extract the 

causative viral agent from the respiratory material that was collected during the acute phase. 

This additional step decreases the amount of rRNA in respiratory samples considerably. Furthermore, 

it restricts the virus search to those microbes that elicit an immune response, thus raising the 

likelihood of identifying a disease-causing pathogen [11]. However, it is not known how many viruses 

will be lost during antibody capture. If a substantial fraction of viruses that can be present are not 

captured by antibodies of the infected individual, the modified method may be far less sensitive than 

normal VIDISCA-454. To determine if the viral harvest is affected in antibody capture VIDISCA-454, 

we determined the sensitivity of this method. A clinical respiratory sample was collected from a 

patient with upper respiratory tract infection and a serum sample was obtained one month later 
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(convalescent serum). The sensitivity of VIDISCA-454 was determined in a dilution series with and 

without antibody capture.  

Materials and methods 

Clinical material 

A clinical sample was obtained from an adult with an upper respiratory tract infection who fully 

recovery 4 days after sample collection. A nasopharyngeal swab (Copan) in universal transport 

medium (UTM) was obtained at the Academic Medical Center. In addition, serum of the patient 1 

month after recovery from the acute infection was collected. Written informed consent of the 

patient was obtained.   

 

Real time RT-PCR  

Nucleic acids were extracted from the respiratory sample using the Boom method [12]. Reverse 

transcription was performed at 37 °C for 90 min using Superscript II (Invitrogen) and non-ribosomal 

hexamers [13]. Multiplex real time PCR was used to diagnose the HRV-A. In addition, absolute 

quantification of viral cDNA was achieved using a real-time PCR as previously described [14]. 

 

Antibody capture 

Dilutions of the respiratory sample were centrifuged (10,000 g) and 150 µl of the supernatant was 

mixed with 50 µl Dynabeads protein A and G (1:1, Invitrogen). After 20 minutes incubation, 10 µl of 

autologous serum of the patient was added to the mixture. After a 20 minutes incubation with 

continuous shaking at room temperature, samples were washed six times with PBS using a magnetic 

particle concentrator. Universal transport medium with TURBOTM DNase (2U/µl, Ambion) was added 

to the antibody-antigen complex and samples were incubated at 37 °C for 30 minutes. The 

complexes were lysed with Boom-lysis buffer L6 and the lysate was used as input for Boom 

extraction [12], to isolate the nucleic acids of the captured material.  

VIDISCA and Roche Titanium-454 sequencing 

VIDISCA-454 was performed on the input and on the antibody capture material. The pretreatment of 

the input was performed as previously described [15]. In short, samples were centrifuged for 10 

minutes at 10,000 g and the supernatant was treated with DNase. Subsequently, nucleic acids were 

extracted by the Boom extraction method [12], with rRNA-blocking oligonucleotides added to 

prevent amplification of ribosomal RNA. The nucleic acids from the input and captured material were 
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reverse transcribed into cDNA with Superscript II (Invitrogen) using non-ribosomal random hexamers 

[13]. Second strand DNA synthesis was performed with 5 U of Klenow fragment (Westburg) and 

double-stranded DNA was purified by phenol/chloroform extraction and ethanol precipitation. The 

duble stranded DNA was digested with Mse I restriction enzyme (New England Biolabs). Adaptors 

were ligated to the digested fragments and a PCR with adaptor-binding primers was performed (28 

cycles). After purification of the PCR products (Agencourt AMPure XP PCR, Beckman Coulter), the 

DNA was quantified with the Quant-it dsDNA HS Qubit kit (Invitrogen) and diluted to 107 ng/µl. The 

Kapa PCR (Kapa Biosystems) was performed to determine the quantity of DNA. Subsequently, the 

Bioanalyser (hsDNA chip, Agencourt) was used to determine the average nucleotide length of the 

libraries and the pools were diluted until 106 copies/µl to be used for a titration (DNA:beads ratio of 

0.5:1, 1:1, 2:1 and 4:1) in an emulsion PCR according to the suppliers’ protocol (LIB- A SV emPCR kit). 

Sequencing was done on a GS FLX Titanium PicoTiterPlate (70675) with the GS FLX Titanium XLR 70 

Sequencing kit (Roche). 

Sequence analysis 

Primer, MID and ribosomal RNA sequences were trimmed or removed from the reads. Sequences 

were assembled with Codon Code Aligner software version 3.5.6. The consensus sequences (contigs) 

and the unassembled reads were compared with a rhinovirus reference sequence [16]. 

 

Results 

The clinical sample that is used in this study was obtained from a patient with upper respiratory tract 

infection. Results from multiplex real time PCR revealed that the clinical sample contained HRV-A 

with a viral load of 4.7E+7 copies/ml. Ten dilutions were prepared by 5 fold serial dilutions in UTM. 

The viral load for each dilution is listed in table 1 and the dilutions were subjected to VIDISCA-454 

with and without antibody capture.  

Table 1 

Dilution Viral load copies/ml 

1 4.7E+07 
2 9.4E+06 
3 1.9E+06 
4 3.8E+05 
5 7.5E+04 
6 1.5E+04 
7 3.0E+03 
8 6.0E+02 
9 1.2E+02 
10 2.4E+01 
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In short, of each dilution 300 µl was prepared. Half of the dilution was used in antibody capture 

(“capture”) and in parallel, nucleic acid were extracted from the remaining 150 µl without 

performing antibody capture (“input”).  

Both extracted nucleic acids from inputs and captures were subjected to VIDISCA-454 as described in 

the materials and methods. Retrieved reads were analysed and the percentages of viral reads were 

calculated for each dilution (table 2).  

 

Table 2 Viral sequence reads in input and capture 

total capture 
viral 

reads % 
total      
input viral reads % 

1 6655 525 7,89% 9885 238 2,41% 
2 11122 266 2,39% 6151 66 1,07% 
3 10813 38 0,35% 8089 43 0,53% 
4 0 0 0,00% 14162 76 0,54% 
5 10707 1 0,01% 8757 15 0,17% 
6 6665 0 0,00% 8049 6 0,07% 
7 6468 0 0,00% 3726 0 0,00% 
8 9863 0 0,00% 12358 0 0,00% 
9 8018 0 0,00% 8909 0 0,00% 

10 5316 0 0,00% 3852 0 0,00% 
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Fig. 1 Percentage viral sequence reads in input (red) and capture (blue) 
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In total, 83939 input reads and 75675 capture reads were obtained. The amount of HRV-A reads in 

the captures was 830 and for the inputs it was 444. A high number of viral reads is observed 

especially in the first and second dilutions of the antibody capture (viral loads 4.7E+07 and 9.4E+06 

copies/ml) with viral sequence reads in the captures more than two to three times that of the input 

sample (Figure 1). With a viral load of 1.9E+06, the amount of viral reads in capture was slightly less 

than that of the input (Figure 1 and Table 2). The sequencing of the fourth antibody capture dilution 

was unsuccessful (no sequence reads), but there were 43 sequences of HRV-A among the input. In 

the fifth dilution more viral sequence reads in the input was present: a single HRV-A fragment in the 

capture versus 15 sequences in the input. Thus, a viral load of 7.5E+04 copies/ml in a clinical sample 

can be sufficient for virus detection by antibody capture VIDISCA-454. The input even showed several 

viral sequences at a higher dilution: 6 virus sequences at a concentration of 1.5E4 cDNA copies/ml.  

 

Discussion 

The antibody capture method enriches viral sequences [11]. To evaluate the effect of viral quantity in 

clinical samples on the outcome and to measure the viral detection efficiency we designed the 

present study to determine the sensitivity of antibody capture VIDISCA-454. To this end an antibody 

capture VIDISCA-454 library was compared with the traditional VIDISCA-454 library. The detection 

rate of normal VIDISCA 454 on the respiratory sample containing HRV-A was 1.5+E4 copies per ml, 

comparable with the previous study, which was between 1.4E+03 and 7.4E+05 copies/ml [15]. 

The virus detection efficiency of antibody capture on the clinical sample containing HRV-A was 

7.5E+04 copies/ml, which is 5 times lower than standard VIDISCA-454. The essence of antibody 

capture is binding of immunogenic viruses to magnetic beads coated by the antibodies present in 

convalescent serum of the same patient. This binding is not 100% efficient, explaining lower 

sensitivity. Indeed, several factors may influence the binding efficacy, for instance the immune status 

of the patient, the immunogenicity of the particular virus to be discovered, and possible saturation of 

the beads with non-specific antibodies. 

Although the antibody capture VIDISCA-454 is less sensitive, it does provide more viral sequence 

reads in samples with high viral loads. This is probably due to the drop in background rRNA signal in 

the protocol using antibody capture. We previously showed that rRNA is effectively removed in the 

washing steps during antibody capture (with an average decrease of 1,000 fold) [11]. 

It should be noted that in this study we only measured the dilutions once, therefore the difference in 

sensitivity between capture and input is not statically significant. The experiment should be repeated 
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several times to get significance. Furthermore, in this study the sensitivity of the antibody capture 

VIDISCA-454 was determined for HRV-A and it may differ significantly for other viruses.  
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