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Identification of previously unrecognized viral agents in serum or
plasma samples is of great medical interest but remains a major
challenge, primarily because of abundant host DNA. The current
methods, library screening or representational difference analysis
(RDA), are very laborious and require selected sample sets. We
have developed a simple and reproducible method for discovering
viruses in single serum samples that is based on DNase treatment
of the serum followed by restriction enzyme digestion and se-
quence-independent single primer amplification (SISPA) of the
fragments, and have evaluated its performance on known viruses.
Both DNA viruses and RNA viruses at a concentration of '106

genome equivalents per ml were reproducibly identified in 50 ml of
serum. While evaluating the method, two previously unknown
parvoviruses were discovered in the bovine sera used as diluent.
The near complete genome sequence of each virus was deter-
mined; their classification as two species (provisionally named
bovine parvoviruses 2 and 3) was confirmed by phylogenetic
analysis. Both viruses were found to be frequent contaminants of
commercial bovine serum. DNase treatment of serum samples may
prove to be a very useful tool for virus discovery. The DNase-SISPA
method is suitable for screening of a large number of samples and
also enables rapid sequence determination of high-titer viruses.

Many human diseases of unknown etiology may be caused by
unrecognized viruses. Frozen serum and plasma samples

are widely available, which makes such samples a prime target
for virus discovery efforts. The successful cloning of hepatitis C
virus in 1989 triggered the use of molecular methods to search
for unknown viral agents (in particular, additional hepatitis
agents) in serum samples (1).

The main obstacle to the identification of viruses in serum and
plasma is the extremely small quantity of viral nucleic acids
present, in combination with a relatively high level of host
genomic DNA. Therefore, molecular virus discovery methods
generally need to have two components: amplification and
selection (2). Nucleic acids of unknown sequence can be ampli-
fied with sequence-independent PCR methods, in which a
primer-binding sequence is ligated to both ends of a cDNA
fragment that can then be PCR amplified with a single primer.
Several variants of this procedure have been described under
different names (2), but it is probably most well known as
sequence-independent single primer amplification (SISPA; ref.
3). A slightly different approach is random PCR (4), in which the
primer-binding sequence is introduced during cDNA synthesis
by using a primer-binding extension sequence on random prim-
ers. Both methods are efficient but nonselectively amplify es-
sentially all DNA present in the sample. For selection of viral
sequences, library construction followed by colony screening
[immunoscreening (1) or differential hybridization (5)] has been
the most commonly used approach. SISPA followed by immu-
noscreening enabled cloning of the Norwalk agent genome from
stool (6) and ‘‘hepatitis G virus’’ (identical to GB virus C) from
plasma (7). It is notable that hepatitis C virus and hepatitis E
virus, two medically important viruses, were identified by screen-

ing of libraries constructed without any of the amplification
techniques (1, 5). Instead, experimentally infected animals pro-
vided optimized cloning sources. Regardless of amplification
method, the low relative abundance of viral nucleic acids gen-
erally requires screening of a very large number of clones.

Recently, representational difference analysis (RDA; ref. 8)
has been widely used in the search for new viruses. RDA
combines sequence-independent PCR amplification with sub-
tractive hybridization, and thereby addresses the need for both
amplification and selection, without library screening. RDA has
been applied to identify the tamarin GB viruses and the human
TT virus in plasma and serum, respectively (9, 10). However,
RDA was originally designed for comparison of two cellular
genomes, and its suitability for identifying viruses in serum
samples is questionable. First, the original RDA as described by
Lisitsyn et al. (8) uses a set of restriction enzymes that cut
relatively infrequently, and small virus genomes are likely to
have too few restriction sites for these enzymes. This problem has
been overcome by using an enzyme that recognizes a four-base
pair sequence (9). However, this solution leads to an increased
DNA complexity and the risk of inefficient subtractive hybrid-
ization (8). Second, serum and plasma samples contain variable
amounts of host DNA. Serum in particular may contain high and
variable levels of DNA released during clotting (11). If the serum
DNA is to be removed by subtractive hybridization, this requires
that the DNA composition be similar in the tester and driver
samples, which is unlikely. These limitations may explain why
RDA has yielded limited results for virus discovery despite its
impressive performance in model systems (8). Thus, available
molecular methods for virus discovery are labor-intensive, ap-
plicable only to selected samples, and not very reproducible.

The host DNA in serum or plasma is present in the form of
DNA–histone complexes (oligonucleosomes), which are likely
also associated with serum proteins (12, 13). Pharmacodynamic
studies suggest that most of the serum DNA can, despite its
protein association, be degraded by DNaseI under the proper
conditions (14). Viral nucleic acids will generally be protected
from DNase degradation by the more stable protein capsids and
sometimes also by a lipid envelope.

We developed a method for virus discovery based on DNase
treatment of serum, followed by nucleic acid extraction, restric-
tion enzyme digestion, and SISPA of the restriction fragments.
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The amplification method is derived from the RDA protocol and
takes advantage of the fact that virus genomes are numerous,
small, and have a low complexity compared with the host
genome, and are thus more likely to produce multiple copies of
the same fragments, leading to visible bands on gels. Here we
describe the performance of this method, called DNase-SISPA,
and the characterization of two unknown parvoviruses discov-
ered while evaluating the method.

Methods
Pretreatment of Serum and Extraction of Nucleic Acids. For each
sample analyzed, two 50 ml of serum aliquots (for DNA and
RNA virus detection, respectively) were each diluted with 150 ml
of H2O and filtered through a 0.22 mm filter (Ultrafree MC,
Millipore) at 2,000 3 g in a microcentrifuge. DNaseI (100 units;
Stratagene) was added to each aliquot, and samples were
incubated for 2 h at 37°C. DNA was extracted from one aliquot
with a QIAamp blood mini kit (Qiagen, Valencia, CA). RNA
was extracted from the other aliquot with Trizol reagent (Life
Technologies, Rockville, MD).

Restriction Enzyme-Defined SISPA. Extracted DNA and RNA were
processed separately. For DNA virus detection, a second strand
of DNA was synthesized from all extracted DNA with 10 pmol
of random hexamers and 5 units of 39-59 exo2 Klenow fragment
of DNA polymerase (New England Biolabs) for 1h at 37°C in 60
ml of a buffer containing 80 nM each dNTP, 10 mM TriszHCl,
pH 7.5, 5 mM MgCl2, and 7.5 mM DTT. For RNA detection, all
extracted RNA was converted to double-stranded cDNA (cDNA
synthesis module, Amersham Pharmacia Biotech). First-strand
synthesis was carried out in a 20 ml reaction containing 50 mM
TriszHCl, pH 8.3, 50 mM KCl, 10 mM MgCl2, 4 mM sodium
pyrophosphate, 1 mM each dNTP, 10 pmol of random hexamers,
20 units of RNase inhibitor, and 6 units of avian myeloblastosis
virus (AMV) reverse transcriptase at 42°C for 1 h. The second-
strand cDNA synthesis reaction mix (40 mM TriszHCl (pH
7.5)y100 mM KCly5 mM MgCl2y0.06 mgyml BSAy0.16 units
RNaseHy4 units Escherichia coli DNA polymerase I) of 80 ml
was added to the first-strand reaction mix and incubated for 1 h
at 12°C followed by 1 h at 22°C.

After the second-strand DNA synthesis (DNA protocol) or
the complete cDNA synthesis (RNA protocol), the reaction
mixtures were heat-inactivated at 72°C for 10 min, and 10 units
of Csp6.I (Fermentas, Hanover, MD) was added and incubated
for 1 h at 37°C. Then the DNA fragments were extracted,
precipitated, dissolved in H2O, and ligated to the adaptor NCsp
[hybridized oligonucleotides NBam24 (8), AGG CAA CTG
TGC TAT CCG AGG GAG; and NCsp11, TAC TCC CTC GG)
in a 10 ml reaction containing 20 pmol of adaptor and 6 units of
T4 DNA ligase (New England Biolabs) in a standard ligation
buffer at 4°C for 1 h followed by 16°C for 4 h. Two microliters
of the ligation reaction was used as a template for PCR, using the
oligonucleotide NBam24 as a primer (8). The 50 ml PCR reaction
contained 10 mM TriszHCl, pH 8.3, 5 mM KCl, 2.5 mM MgCl2,
0.2 mM each dNTP, and 50 pmol of NBam24. The reaction
mixture was heated to 72°C for 3 min before 2.5 units of Taq
DNA polymerase (Applied Biosystems) was added. After an
additional 5 min at 72°C to extend the DNA and generate the
primer-binding sites, 40 cycles of amplification (94°C 1 min, 72°C
3 min) were performed.

Analysis of SISPA Products. PCR products were analyzed on a 1.5%
agarose gel. Intense bands were cut out directly, extracted from
the gel, and cloned. To analyze faint bands, a piece of the gel was
punched out with a pipette tip, transferred to a PCR reaction
tube, and the fragment was reamplified in a second PCR, using
the same primer NBam24. This procedure facilitated cloning of
barely visible bands. Because each fragment had the same primer

sequence at both ends, it could not be used for direct sequencing,
and the fragments had to be cloned into a vector. However, to
avoid DNA structure-related sequencing problems, the primers
were removed by digesting the PCR product with RsaI (in the
PCR reaction mix) before gel purification and cloning. The
RsaI-digested fragments were cloned in the vector pCR-Blunt
(Invitrogen) and introduced into chemically competent E. coli
TOP-10 (Invitrogen). Single colonies were cultured and se-
quenced by using standard techniques. Usually two clones were
sequenced for each DNA band.

Sequence Analysis. The sequences obtained were subjected to
homology search with BLAST (http:yywww.ncbi.nlm.nih.govy
blasty) (15). Each sequence was analyzed for nucleotide se-
quence homology (blastn) by searching the standard nonredun-
dant databases as well as the high throughput genomic sequences
database. Deduced amino acid sequence homology was analyzed
with the translated BLAST search (blastx).

Phylogenetic Analysis. The published sequences included in the
phylogenetic analysis of parvoviruses have been described previ-
ously in detail (16), and aligned sequences were kindly provided by
V. Lukashov (University of Amsterdam, The Netherlands; see table
1 in ref. 16). Multiple sequence alignments were obtained by
CLUSTAL X (version 1.81) or PILEUP (version 10.2). For ORF2 amino
acid alignments, heterogeneity and uncertainty about splicing and
location of the N terminus of the actual proteins prompted us to
exclude the N-terminal part of the multiple alignment from the
phylogenetic analysis [amino acids 1–435 in bovine parvovirus 2
(BPV-2) ORF2 and amino acids 1–364 in BPV-3 ORF2, corre-
sponding to amino acids 1–229 in B19 ORF2]. Trees were con-
structed with the aid of PAUP (version 4.0.0d55, created by D. L.
Swafford, Laboratory of Molecular Systematics, Smithsonian In-
stitution) by means of the Sequence Analysis Suite (version 10.2;
GCG). Bootstrap 70% majority rule consensus trees (midpoint
rooting) were obtained by performing heuristic searches (optimal-
ity criterion, maximum parsimony; all characters equal weight; 100
replicates). Trees were displayed with the aid of TREEVIEW (version
1.6.5; ref. 17).

Results
The Effect of DNase Treatment. A serum sample derived from an
infant with acute hepatitis B virus (HBV) infection [strain HT,
complete virus sequence determined (18)] was used for the
initial experiments. A 1022 dilution in bovine serum, previously
stored for chimpanzee challenge experiments, was used. The
HBV genome titer in this sample was, in the present study,
repeatedly found to be 108 genome equivalents (GE) per ml by
nested PCR, which was 5-fold higher than reported when tested
by another method (18).

Because the HBV genome is a partially double-stranded DNA
molecule, second-strand DNA synthesis was not performed.
First, 50 ml of the sample containing 108 GEyml was subjected
to DNA extraction, without DNase treatment, followed by
digestion with Csp6.I, adaptor ligation, and PCR, using a single
adaptor-specific primer. This protocol repeatedly resulted in a
smear of heterogeneous PCR products, with two faint bands
visible (Fig. 1). The more intense band was found to contain 326
bp of bovine satellite DNA, whereas the fainter band contained
a 462-bp fragment of HBV strain HT, a fragment expected from
the Csp6.I digest. When the serum was treated with DNase
before extraction, results improved dramatically, because the
PCR product was dominated by a number of distinct bands (Fig.
1). The bands appeared to be more intense when the serum was
filtered through a 0.22 mm filter before DNase treatment (Fig.
1), and filtering was routinely included in all of the following
experiments. All bands were confirmed by sequencing to be
derived from HBV strain HT. In fact, the entire HBV HT
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genome (3,212 bp), except for a 23-bp fragment, was repre-
sented. All predicted Csp6.I restriction products were identified,
and there was also one additional band representing a minor
sequence variant with a mutated restriction site. It is notable that
virtually the complete genome was represented, because HBV
DNA in virus particles is partially single-stranded and the
second-strand synthesis was not performed. It is likely that a
fraction of the HBV genomes had two complete strands. Ac-
cordingly, the most efficiently amplified fragment (462 bp) was
located in the part of the genome that is always double-stranded.

Detection Levels of Different Virus Genomes. The sensitivity of virus
detection was determined by diluting further the HBV HT
sample in nonirradiated commercial donor calf serum. Fifty
microliters of each dilution was subjected to filtering, DNase
treatment, and SISPA as above. Most HBV-derived bands were
visible down to the 106 GEyml dilution, and a single HBV-
specific band (462 bp) was visible also at the 105 GEyml dilution
(Fig. 2). A faint bovine satellite DNA band of 326 bp was visible
at most dilutions. The experiment was repeated with normal
human serum as diluent instead of bovine serum. Results were
similar, and the 462-bp HBV fragment was again visible at the
the105 GEyml dilution. Host DNA bands were not visible.

The ability to detect single-stranded DNA viruses was inves-
tigated by subjecting bacteriophage M13 (VCSM13, Stratagene)
to the DNase-SISPA procedure. Phage were purified by using
standard precipitation methods, and the genome titer of the
phage preparation was determined by measuring the optical
density of extracted DNA. Phage were diluted in bovine serum
and subjected to filtration, DNase treatment, and DNA extrac-
tion. Double-stranded DNA was produced by using 39-59 exo2

Klenow fragment of DNA polymerase and random hexamers,
before applying the Csp6.I digest and SISPA protocol, as for
HBV. A control without the polymerase was tested to exclude
the possibility that results were obtained from contaminating
double-stranded phage DNA. At least six phage-derived bands
were visible in the sample containing as few as 106 genomes per
ml (Fig. 2). The diluent-derived bovine satellite band was visible
in some of the lanes in which M13 bands were absent.

The ability to detect RNA viruses was evaluated with an acute
phase serum from a tamarin experimentally infected with GB
virus B (GBV-B). The titer of GBV-B was determined to be 108

GEyml by reverse transcription (RT)-nested PCR (19). Because
of limited availability of the serum, a 1:5 dilution followed by
serial 10-fold dilutions in the same bovine serum as above was
tested. The samples were filtered, treated with DNase, and RNA
was extracted. First- and second-strand cDNA was synthesized
and subjected to Csp6.I digest and SISPA. At the lowest dilution
tested (1:5 or '2 3 107 GEyml), 7 GBV-B bands (predicted
restriction digest fragments and specificity confirmed by sequenc-
ing) were found, representing 3,162 bp (34%) of the GBV-B
genome. Three of these GBV-B bands (confirmed by sequencing)
were also visible at a dilution of 2 3 106 GEyml (Fig. 2).

Cloning of BPV-2. The seven bands seen in the lowest dilution in
the GBV-B titration experiment were cloned and sequenced. Of
the 12 clones, 10 had GBV-B sequence. The two other clones had
approximately the correct cloned insert size of a GBV-B band
but did not have GBV-B sequence. A BLAST search of the
deduced amino acid sequence indicated that one clone could be
derived from a parvovirus. Both fragments were amplified from
the bovine serum used as diluent but not from the tamarin serum
when specific primers were used for PCR. The two fragments
could be bridged by PCR when combining primers specific for
each fragment. The resulting product of 874 bp apparently
overlapped the upstream terminus of a parvovirus genome. The
genome titer of the virus in the source serum was determined to
be 105 GEyml by nested PCR of serially diluted DNA with two
specific primer sets (Table 1). A combination of methods was

Fig. 2. Detection levels of different virus genomes by DNase-SISPA. HBV, bacteriophage M13, and GBV-B were diluted in 10-fold increments in bovine serum
and subjected to the DNase-SISPA procedure. Products were separated on an agarose gel. The virus titer (GEyml) is shown above each lane. M, molecular weight
marker PhiX 174 (HaeIII fragments).

Fig. 1. The effect of DNase treatment and filtering of serum on detection of
HBV by SISPA. An HBV-containing serum sample diluted to 108 GEyml was
pretreated in different ways before DNA extraction and SISPA. Products were
separated on an agarose gel. The six bands in lane 3 were verified to have HBV
sequence. Lane 1, no treatment; Lane 2, DNase treatment only; Lane 3,
filtering (0.22 mm) and DNase treatment; Lane 4, negative PCR control (no
template); M, molecular weight marker PhiX 174 (HaeIII fragments).
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applied to obtain additional fragments covering the virus ge-
nome: PCR walking according to Sørensen et al. (20), subse-
quent identification of one additional clone by RDA (see
Discussion), and bridging of the fragments by PCR, as well as
deoxycytidine tailing followed by PCR [59 rapid amplification of
cDNA ends kit Life Technologies]. The near complete consensus
sequence (5,610 bp) was determined, including the two ORFs
and a putative downstream terminus (Fig. 3A). We failed to
extend the upstream 305-bp noncoding sequence further than
the Csp6.I restriction fragment derived from SISPA. The virus
was classified as a parvovirus, because the sequence recovered
was of DNA origin and had the size of a parvovirus genome, and
it had two large ORFs, of which the first encoded a conserved
parvovirus NS-1 domain and the second encoded a conserved
parvovirus capsid domain. Thus, the deduced amino acid se-
quence of both ORF1 and ORF2 had significant homology with
a wide range of parvoviruses. However, at the nucleotide level,
a BLAST search found no significant sequence homology with
other viruses, including parvoviruses. The virus was provision-
ally named bovine parvovirus 2, because one bovine parvovirus
has been already identified (21).

Cloning of BPV-3. In a search for higher sensitivity of virus
detection, we applied DNase treatment followed by random
PCR (4) to the serially diluted HBV sample. In brief, this was
done by first-round PCR with the primer N4G4 (AGG CAA
CTG TGC TAT CCG AGG GAG CTC NNN NGG GG) and
45°C annealing temperature, followed by second round PCR
with the primer NBam24 as described for the SISPA, and
subsequent random cloning and sequencing of the products. In
this experiment, the detection limit for HBV was greater than 106

GEyml and thus the procedure was not as sensitive as SISPA.
However, at the lower dilutions we recovered not only HBV
sequence, but also a number of clones having a deduced amino

acid sequence homologous to parvoviruses. Interestingly, they
did not share the sequence of the recently discovered BPV-2.
This virus was not found by PCR with specific primers (Table 1)
in the bovine serum used as diluent in the titration, but it was
detected in the bovine serum used many years earlier to produce
the HBV challenge pool (18). It had not been detected in the
SISPA experiments with HBV, because the second-strand DNA
synthesis step was not included in those experiments. This fact
confirmed the single-stranded nature of the virus genome. By
nested PCR, the virus was detected in 5 of 8 commercial bovine
sera tested (Table 2). The titer seemed to be high in most of the
positive sera and was determined to be 108 GEyml by 10-fold
dilutions and nested PCR in one serum (calf serum-1). This lot
of bovine serum was used for determining the sequence of the
virus. Because of the high titer, DNase-SISPA facilitated se-
quencing of the entire genome. Two 50 ml aliquots were filtered,
DNase-treated, and subjected to DNA extraction. The SISPA
procedure for single-stranded DNA was applied as described
above; however, Csp6.I was used for digesting the DNA of one
aliquot, and TaqI and a corresponding adaptor (hybridized
oligonucleotides NTaq24, AGG CAA CTG TGC TAT CCG
AGG GAT; and NTaq11,: CGA TCC CTC GG) were used for
the other aliquot (Fig. 4). The purpose was to obtain overlapping
clones for assembly of the whole sequence. However, the Csp6.I
fragments were never analyzed; from the sequence of the 8 bands
of the TaqI reaction (Fig. 4), the genome was easily assembled
by homology search. PCR experiments were carried out to
confirm the sequence and identified only 8 additional nucleo-
tides at the junction of two TaqI fragments. The resulting
consensus sequence of 5,276 bp included two ORFs plus over 200
bp of flanking noncoding sequence at both ends (Fig. 3B). The
virus was classified as a parvovirus based on the same criteria as
described above for BPV-2 and was provisionally named bovine
parvovirus 3.

Table 1. Primers used for detection of BPV-2 and BPV-3

Target 59 Position Sequence

BPV-2 NS 528F TAC TTT ATA CAG CTA GAG CAA G
BPV-2 NS 872R GTC TAT GTC CGG TCT AAC TG
BPV-2 NS 559F ACA AGA GGC GGC ACA TAC
BPV-2 NS 828R TTA AAC AAG CGT CTC CTA TCT T
BPV-2 UTR 19F GTA GTT CCG GGT CAA GTG
BPV-2 UTR 299R CTC ACC AAG AGA CGT CCT C
BPV-2 UTR 38F CGT AGT TCC GGT GAC GTG TC
BPV-2 UTR 279R CTC TCT GAC AGC TGG GAG AAG
BPV-3 capsid 4411F CGG AAC CGC TAA GGC ATC AG
BPV-3 capsid 4829R ACT GGT GCA GGT AAT GCT CTG A
BPV-3 capsid 4692F AGC GAC CAG CAT TGG GTG GAT
BPV-3 capsid 4826R GGT GCA GGT AAT GCT CTG AG

NS, nonstructural gene; UTR, untranslated region.

Fig. 3. Overview of the BPV-2 (A) and BPV-3 (B) genomes as deposited in
GenBank. The actual sizes and sequences of the transcripts and proteins of the
indicated ORFs have not been investigated. NS, nonstructural gene.

Table 2. Detection of BPV-2 and BPV-3 in eight lots of
commercial bovine serum

FCS1 FCS2 FCS3 FCS4 NBCS CS1 CS2 CS3

BPV-2 2 2 2 2 1 1 1 2

BPV-3 2 2 1 1 1 1 1 2

NBCS, newborn calf serum; CS, calf serum.

Fig. 4. The use of DNase-SISPA for obtaining the sequence of unknown
viruses, illustrated by SISPA products of a serum containing 108 GEyml of
BPV-3. (Left) Marker. (Center) SISPA based on digestion with Csp6.I. (Right)
SISPA based on digestion with TaqI.
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Phylogenetic Analysis of BPV-2 and BPV-3. Lukashov and Goudsmit
(16) have recently published a comprehensive phylogenetic
analysis of full-length sequences of the known parvoviruses.
We aligned BPV-2 and BPV-3 to these sequences and con-
structed phylogenetic trees based on multiple sequence align-
ments of the full-length nucleotide sequence (Fig. 5A) as well
as the amino acid sequences of ORF1 (not shown) and most
of ORF2 (Fig. 5B). All trees were consistent with the analysis
of Lukashov and Goudsmit (16) and correctly identified the
three major phylogenetic groups: (i) adeno-associated viruses
and avian parvoviruses, (ii) primate and chipmunk parvovi-
ruses, and (iii) parvoviruses from rodents, carnivores, and pigs.
Lukashov and Goudsmit (16) included the bovine parvovirus
as an outlier with the primate and chipmunk parvoviruses.
With BPV-2 and BPV-3 added to the analysis, this grouping is
questionable. BPV-3 was the bovine virus most closely related
to the chipmunk and primate parvoviruses. However, bovine
parvovirus as well as BPV-2 branched off variably in the
different analyses, near the center of the tree. Because of
considerable sequence heterogeneity, the variable results for
these viruses may have resulted from alignment difficulties.
Therefore, the most conserved fragment of about 500 nucle-
otides located in ORF1 (corresponding to nucleotides 1,147–
1,670 in BPV-2 and nucleotides 1,096–1,616 in BPV-3) was
selected to make an additional tree that was based on a precise
alignment. In the resulting tree, the branching points for
bovine parvovirus, BPV-2, and BPV-3 became insignificant
(bootstrap value ,70%), and they all branched off separately
from a common node in the center of the tree (data not
shown). In conclusion, BPV-2 and BPV-3 clearly constitute
two parvovirus species that are not closely related to each
other or to any other known parvovirus. Our data suggest that
BPV-3 may group with the primate and chipmunk parvovi-
ruses, but neither bovine parvovirus nor BPV-2 can be readily
included in any of the three major phylogenetic groups previously
recognized.

Presence of BPV-2 and BPV-3 in Commercial Bovine Serum. Eight lots
of commercial bovine serum from three suppliers were inves-
tigated for the presence of BPV-2 and BPV-3 DNA by nested
PCR (Table 1). Four lots of FCS, one lot of newborn calf serum
(animals 0–10 days old) and three lots of calf serum (animals

10 days to 6 months old) were tested (Table 2). BPV-2 was
absent in FCS but present in 3 of 4 nonfetal sera. BPV-3 was
present in 5 of 8 sera, including two fetal sera. The identity of
the PCR products was confirmed by sequencing, and a high
degree of conservation was seen among the various isolates of
BPV-2 and BPV-3, respectively. This limited investigation
suggests that both viruses are frequently present in commercial
bovine sera. BPV-3 generally gave an intense band in the first
PCR, suggesting a high titer, consistent with the titer of 108

GEyml found in calf serum-1. Because BPV-3 was found in an
HBV challenge pool, which had been used to inoculate chim-
panzees (18), we tested four sera (weeks 1–4 after inoculation)
from one of the inoculated chimpanzees by PCR. BPV-3 DNA
was not detected.

Discussion
Great efforts have been made to identify new etiologic agents in
serum samples. New powerful molecular techniques such as
screening of expression libraries and subtractive hybridization
methods (RDA) have proven very useful in this search (2).
However, these methods are labor-intensive and require weeks
to analyze each sample. Access to a preinfection as well as an
acute phase sample may also be required. These are important
limitations that inhibit analysis of multiple serum samples and
thereby reduce the chance of identifying viral agents.

The DNase-SISPA method offers reproducible detection of
viruses having a titer of '106 GEyml or higher. The detection
level is an obvious limitation to this method. However, it is not
unusual that the known human pathogens found in blood (e.g.,
HIV and hepatitis C virus) reach titers higher than 106 GEyml,
particularly during acute infection. Moreover, RDA may not
have a greater sensitivity than this for use with serum. Of the
viruses discovered in serum using RDA, the GB viruses
regularly reach titers of '108 GEyml (19), and TTV often
reaches 106–107 GEyml (22). Because the DNase method
allows for simultaneous screening of a large number of sam-
ples, the limited sensitivity can, at least in part, be overcome
by analysis of consecutive samples from a potentially infected
individual or samples from many individuals with the same
disease. A virus with a lower titer may also occasionally be
detected, as illustrated by the discovery of BPV-2 at a titer of
105 GEyml.

Fig. 5. Phylogenetic trees of full-length nucleotide sequences (A) and truncated ORF2 amino acid sequences (B) of parvoviruses (Parvovirinae subfamily),
including BPV-2 and BPV-3. Bootstrap values .70% are indicated.
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Identification of new viral sequences requires both ampli-
fication and selection. In the DNase-SISPA method, the
selection is based on the physical properties of virus particles:
they consist of small filterable particles, in which the nucleic
acid is protected from DNase, and they are present in multiple
copies, resulting in visible bands after amplification of restric-
tion enzyme fragments. The final discovery step is the data-
base search. The current explosion in the accumulation of
sequence data has made this an effective strategy. The ma-
jority of nonviral sequences could be identified as either
mammalian or bacterial. In fact, the majority of such sequences
were not host-derived but bacterial, and we found that a
majority of the nonviral DNA was derived from the reagents.
Enzymes and reagents for molecular biology do contain DNA
from the bacteria in which they are produced and possibly from
other sources (23). Indeed, not all cDNA synthesis reagents we
tested were suitable for the DNase-SISPA procedure because
they had a high content of bacterial or plasmid DNA that gave
‘‘false positive’’ bands.

The important selective step of the method is the DNase
treatment. After this step, several approaches can be taken to
amplify the virus-enriched nucleic acids. For example, we tested
DNase treatment followed by random PCR (4) in an attempt to
minimize the use of enzymes, and this procedure identified the
first fragments of BPV-3. In another attempt to improve assay
sensitivity, DNase-treated serial dilutions of GBV-B were sub-
jected to RDA. This approach resulted in recovery of a GBV-B
sequence from a sample diluted to 2 3 105 GEyml. A fragment
of the BPV-2, having a titer of 105 GEyml in the diluent serum,
was also recovered by this procedure, although only in 1 of 4
samples. Thus, DNase treatment followed by RDA may provide
a more sensitive approach than DNase-SISPA. However, a large
number of false positive bands with bacterial sequence were also
generated, and therefore the increased sensitivity is gained at the
cost of more cloning and sequencing. The virus-enriched DNase-
SISPA products may of course also be subjected to cloning and
library screening.

In addition to its use for virus discovery, DNase treatment of
serum could prove to be a generally useful tool for virological
studies of serum samples whenever backgrounds derived from
host DNA is a problem, for example PCR with degenerate or
random primers or determination of terminal sequences by
anchored PCR. In the present study, DNase treatment of the
serum facilitated the various procedures involved in determining
the complete BPV-2 sequence. The DNase-SISPA method is not
only suitable for virus discovery, but also for generating frag-
ments suitable for sequencing the near complete genome of an
unknown high-titer virus, as illustrated by the sequencing of
BPV-3 in this report.

The viruses identified in the present report belong to the
Parvoviridae family (commonly referred to as parvoviruses). The

family has two subfamilies, Densovirinae, which infect arthro-
pods, and Parvovirinae, which infect vertebrates. The Parvoviri-
nae subfamily has three genera, Dependovirus (adeno-associated
viruses), Erythrovirus (B19 and other primate parvoviruses), and
Parvovirus (animal parvoviruses). The genus classification is
based on questionable phenotypic properties, among them
helper virus dependence in vitro. It is not necessarily consistent
with the phylogenetic relationships, and has therefore been
questioned (16). Because very little is known about the pheno-
types of BPV-2 and BPV-3, they cannot be currently classified
under this system. Until now, mainly one parvovirus per host
species has been described with the exception of humans, and
phylogenetic analysis suggests coevolution of virus and host in
many cases (16). It is therefore interesting that three phyloge-
netically very different parvoviruses have been found in cattle.
This finding suggests that the Parvovirinae subfamily may be
substantially larger than known today, with a number of virus
species per host animal.

The finding of two parvoviruses in commercial bovine serum
is yet another reminder that viruses can be present in any
biological material. Indeed, the serum in which BPV-2 was
detected was a cell culture reagent that was carefully selected to
be free of bovine viral diarrhea virus and other known viruses.
Because bovine sera are used for production of pharmaceuticals,
any virus in these reagents is a concern. However, we could not
detect BPV-3 in the serum of a chimpanzee inoculated with this
virus. It is worth noting that in particular, BPV-3 is frequently
found in common laboratory reagents at a high titer, but despite
this it has not been detected previously. Whether either of the
two viruses causes disease in cattle remains to be determined.
Our examination of commercial sera suggests that infection by
both viruses is frequent. BPV-2 occurs in calves soon after birth,
whereas BPV-3 may be transmitted in utero. It remains to be
investigated whether BPV-2 and BPV-3 viremia is transient or
persistent.

In conclusion, we have developed a relatively simple and
reproducible DNase-based method for detecting unknown
viruses in a small volume of serum. When evaluating the
sensitivity of this method with known viruses diluted in bovine
serum, two bovine parvovirus species commonly present in
commercial bovine sera were identified. DNase treatment may
prove to be a very useful tool for the discovery of viruses in
serum samples.
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