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A method for extracting poliovirus (PV) from stool extracts was developed. Magnetic nanoparticles sensitized with soluble PV
receptor efficiently extracted PV pseudovirus (>99% extraction) or endogenous infectious PVs (>90% extraction) from stool
extracts. This method would be useful for extraction of PV from crude biological samples.

Laboratory diagnosis plays a critical role in the Global Polio
Eradication Initiative by isolating and identifying poliovirus

(PV) from the stool samples of acute flaccid paralysis (AFP) cases,
which include polio and other paralytic cases. In the World Health
Organization (WHO) Global Polio Laboratory Network, PV iso-
lation has been performed based on the cell culture system using a
human rhabdomyosarcoma cell line (RD cells) and a mouse L cell
line expressing PV receptor (PVR; L20B cells) (1, 2). The advan-
tages of cell culture-based procedure are (i) no requirement for
equipment for molecular diagnosis and (ii) high sensitivity (de-
tection limit of 1 infectious dose that contains 50 to 1,000 virions
in picornavirus infection) (3). The disadvantages are the require-
ment for expertise of responsible personnel for the cell culture
system and cytopathic effect (CPE) observation and speed of re-
porting: it takes 10 days to confirm the sample as PV negative (2).
To improve efficiency of detection in terms of speed, the develop-
ment of direct detection methods for PV strains, especially for
vaccine-derived PV (VDPV), from stool extracts and environ-
mental samples has been encouraged by WHO (http://www
.polioeradication.org/Research/Grantsandcollaboration.aspx).

The major challenge in current detection methods for PV is the
low sensitivity (e.g., 25,000 copies for detection of the Sabin 1
strain in the real-time reverse transcription-PCR [RT-PCR] sys-
tem) (4–6). To increase the amount of PV available for the detec-
tion assays, I attempted to develop a method for extraction of PV
from stool extracts by using soluble PV receptor (PVR) with mag-
netic nanoparticles. The utility of soluble PV receptor in a form of
immunoadhesin (PVR-IgG2a), which is an immunoadhesin mol-
ecule consisting of extracellular domains of PVR and Fc domains
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FIG 1 Schematic view of magnetic nanobead sensitized with soluble PV receptor. Original magnetic nanobead (FG bead; left), magnetic nanobead coated with
protein A/G (middle), and PVR-IgG2a-sensitized magnetic nanobead (right) are shown with protein A/G, PVR-IgG2a, and PV of actual size. Protein A/G is a
recombinant chimeric protein that consists of 4 Fc-binding domains of protein A and 2 Fc-binding domains of protein G. Bar, 200 nm. Approximately 1,600
molecules of protein A/G were immobilized on a magnetic nanobead. The concentration of the magnetic beads used in this study was 1.8 � 1012 beads per ml.
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of mouse IgG2a (7) (Fig. 1), for identification of PV isolates has
been shown in a particle agglutination assay (8). The magnetic
nanoparticles (FG beads; Tamagawa Seiki Co., Ltd.) have a diam-
eter of 200 nm, and their utility has been established for efficient

capture of ligands of small molecules (9, 10). Approximately 1,600
molecules of protein A/G (Thermo Scientific) were immobilized
per bead via activated N-hydroxysuccinimide ester on the beads
(visualized in Fig. 1, middle). The beads were sensitized with PVR-

FIG 2 Extraction of PVpv from cell culture medium by magnetic nanobeads. (A) Extraction of PV1pv or PV1(Sabin) from the cell culture medium by
mock-sensitized or PVR-IgG2a-sensitized magnetic nanobeads. (Left) The indicated amounts of the beads were added to the cell culture medium containing
PV1pv (1,000 IU in 100 �l) and were then incubated at 4°C for 1 h. The beads were collected with a magnetic separator, and then the titer of PV1pv remaining
in the supernatant was measured. The efficiency of extraction (%) by the beads is shown. (Right) The indicated amounts of the PVR-IgG2a-sensitized magnetic
beads were added to the cell culture medium containing PV1(Sabin) (1.0 � 105 50% cell culture infective doses [CCID50] in 100 �l) and were then incubated at
4°C for 1 h. The beads were collected with a magnetic separator, and then the numbers of copies of viral genome on the beads and in the supernatant were
determined by real-time RT-PCR. The numbers of copies of viral genome in supernatant without the beads were taken as 100%. (B) The indicated amounts of
PVR-IgG2a-sensitized magnetic nanobeads were added to the cell culture medium containing PVpv (1,000, 100, and 10 IU in 100 �l) and were then incubated
at 4°C for 1 h. The beads were collected with a magnetic separator, and then the titer of PVpv remaining in the supernatant was measured. The efficiency of
extraction (%) by the beads is shown.

FIG 3 Extraction of PVpv and endogenous PV from the stool extracts by PVR-IgG2a-sensitized magnetic nanobeads. (A) Extraction of PV1pv exogenously
added to the stool extracts derived from polio cases. The indicated amounts of the beads were added to the stool extracts containing PV1pv (10,000 IU in 100 �l)
and were then incubated at 4°C for 1 h. The beads were collected with a magnetic separator, and then the titer of PV1pv remaining in the supernatant was
measured. Infectivity of PV1pv in the stool extracts without the beads is also shown (black bars). The efficiency of extraction (%) by the beads and PV1pv
infection (%) in the stool extracts (the final concentration of the stool extracts was 5% [vol/vol]) are shown. The infectivity of PV1pv in the cell culture medium
without the stool extracts was taken as 100%. (B) Extraction of endogenous PVs from the stool extracts derived from polio cases. PV-positive stool extracts were
treated with or without the indicated amounts of the beads, and then the residual infectivity of the extracts was analyzed in L20B cells. The cells were observed
for CPE for 5 days after inoculation. CPE scores of �1, �2, �3, and �4 indicate the appearance of CPE in approximately 25, 50, 75, and 100% of the cells,
respectively. PV1(Sabin) of the indicated titer was inoculated into the cells as a control. p.i., postinfection. (C) Extraction of PV3pv exogenously added to the stool
extracts derived from AFP cases. Four microliters of the beads was added to the stool extracts containing PV3pv (20,000 IU in 100 �l) and was then incubated at
4°C for 1 h. The beads were collected with a magnetic separator, and then the titer of PV3pv remaining in the supernatant was measured. Infectivity of PV3pv in
the stool extracts without the beads is also shown. The efficiency of extraction (%) by the beads and PV3pv infection (%) in the stool extracts without the beads
(the final concentration of the stool extracts was 5% [vol/vol]) are shown. The infectivity of PV3pv in the cell culture medium without the stool extracts was taken
as 100%. The numbers of the samples above or below 90% extraction are shown.
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IgG2a by noncovalent binding via protein A/G. The concentration
of the beads was 10 mg/ml (1.8 � 1012 beads per ml). The activities
of PVR-IgG2a and protein A/G-immobilized beads were stable for
�6 months and �4 months at 4°C, respectively. Experiments
were performed with 3 different lots of the beads.

The specificity and efficiency of extraction from cell culture
medium (Dulbecco’s modified Eagle’s medium) were evaluated
with PV pseudoviruses (PVpv) prepared in HEK293 cells and
titrated in HEp-2c cells, which encapsidated luciferase-encoding
PV replicon in capsid proteins derived from type 1 PV(Mahoney),
type 2 PV(MEF-1), or type 3 PV(Saukett A) (11, 12). Type 1 PVpv
(PV1pv, 1,000 infectious units [IU] in 100 �l cell culture medium)
was efficiently extracted by PVR-IgG2a-sensitized beads with 0.13
�l (2.3 � 105 beads, �90% extraction) or 0.25 �l (4.5 � 105

beads) of the bead solution (�99% extraction) (Fig. 2A, left).
Viral genomes were associated with the beads, indicating that PV
was extracted by the beads rather than inactivated in the superna-
tant (Fig. 2A, right). Mock-sensitized beads showed nonspecific
extraction of PV1pv (11% to 23% extraction) in a dose-indepen-
dent manner. Extraction of PV3pv was less efficient than those of
PV1pv and PV2pv. To achieve �90% extraction for 1,000 IU
of PV3pv, 0.25 �l of the bead solution was required. For 10 IU of
PVpv, efficient extraction (�95% extraction) was observed with
only 0.13 �l of the bead solution.

The efficiency of extraction of PV1pv exogenously added to the
stool extracts (approximately 2% [wt/vol] extract in phosphate-
buffered saline, derived from polio cases; total of 7 samples, in-
cluding 5 PV-positive samples) was evaluated (Fig. 3A). Extrac-
tion of PV1pv from the stool extracts was less efficient than that
from cell culture medium, and 4.0 �l of the bead solution was
required for �90% extraction of PV1pv from the stool extracts
(100 �l). Next, the efficiency of extraction of endogenous PV
strains (all of them were previously identified as Sabin-like strains)
from the stool extracts that were positive for PV by the cell culture
method (samples 2, 3, 4, 5, and 6) was examined (Fig. 3B). Extrac-
tion efficiency was evaluated by the appearance of CPE of L20B
cells after inoculation of the stool extract with or without treat-

ment by PVR-IgG2a-sensitized beads. Ninety to 99% reduction of
the titer of PV1(Sabin) (control sample) caused delay in the ap-
pearance of CPE (4�) of the inoculated cells by 1 day. Appearance
of CPE of L20B cells inoculated with the stool extracts (100 �l) was
delayed 1 day by the treatment with 1 or 5 �l of PVR-IgG2a-
sensitized beads, suggesting �90% extraction of endogenous in-
fectious PV strains. The efficiency of extraction of endogenous PV
strains by PVR-IgG2a-sensitized beads was also evaluated by re-
cently developed Sabin strain-specific real-time reverse transcrip-
tion-PCR (RT-PCR) (13), with modifications (Table 1). Endoge-
nous PV was efficiently extracted from samples 3 and 4 (�60% to
almost 100%). However, for samples 1, 2, and 3, the extraction
efficiency was low (11% to 22%). These results suggested that
PVR-IgG2a-sensitized beads efficiently extract infectious virus
from the stool extracts and also that there are substantial amounts
of noninfectious virus in some stool extracts.

Finally, the efficiency of extraction of PV3pv exogenously
added to the stool extracts derived from nonpolio AFP cases was
examined (total of 150 samples, including 35 samples with NPV)
(Fig. 3C; see also Table S1 in the supplemental material). PV3pv
infectivity in some stool extracts was severely impaired. Twenty-
five stool extracts showed reduced PV3pv infectivity below 3�
standard deviation from the average (�42% reduction of the in-
fectivity) (25/150, 17% of samples), and there seems to be some
correlation between the infectivity and the extraction efficiency.
Nevertheless, PVR-IgG2a-sensitized beads efficiently extracted
PV3pv from most of the stool extracts (�90% extraction for 144/
150, 96% of samples).

These magnetic nanoparticles would be useful for concentrat-
ing PV from a large volume of stool extracts and environmental
water and helpful for the development of direct detection and
characterization of wild-type PV strains from biological samples.
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TABLE 1 Extraction of endogenous PV from the stool extractsa

Patient
Viral genomic RNA
source

Real-time PCR with primers for:
PV detected by
real-time PCR

PV isolated by cell culture
systemSabin 1 Sabin 2 Sabin 3

1 Sample 1 (11) 260 ND Sabin 2 Negative
Sample 2 (12) 560 ND Sabin 2 PV2-Sabin-like

2 Sample 3 80 8.6E�05 1.9E�05 Sabin 1, 2, and 3 PV2,3-Sabin-like
3 Sample 4 6.6E�04 5.3E�04 850 Sabin 1, 2, and 3 PV1,2-Sabin-like

Sample 5 5.3E�05 8.2E�05 3.5E�03 Sabin 1, 2, and 3 PV1,2-Sabin-like
4 Sample 6 170 46 (10) Sabin 1 and 2 PV1-Sabin-like

Sample 7 150 38 ND Sabin 1 and 2 NPV
1 Beads from sample 1 ND 37 ND Sabin 2 Negative

Beads from sample 2 ND 62 ND Sabin 2 PV2-Sabin-like
2 Beads from sample 3 ND 1.9E�05 3.0E�04 Sabin 2 and 3 PV2,3-Sabin-like
3 Beads from sample 4 4.3E�04 6.7E�04 410 Sabin 1, 2, and 3 PV1,2-Sabin-like

Beads from sample 5 3.1E�05 9.3E�05 2.3E�03 Sabin 1, 2, and 3 PV1,2-Sabin-like
4 Beads from sample 6 76 ND ND Sabin 1 PV1-Sabin-like

Beads from sample 7 (37) ND ND Negative NPV
a Viral genomic RNAs were purified from 100 �l of the stool extracts (samples 1 to 7) or from PVR-IgG2a-sensitized beads (5 �l) after incubation with 100 �l of the stool extracts
(beads from samples 1 to 7) and were subjected to real-time RT-PCR. Real-time RT-PCR was performed with redesigned primers for Sabin 1 (5=-CTCAGCTTCCACCAAGAATAA
GG-3= and 5=-TAAAAGATTGATGGATTTGATGAGG-3=) and Sabin 3 (sense primer, 5=-GGGAAAATTTTACTCCCAATTCAAC-3=) along with the original primers for Sabin 2
and Sabin 3 (antisense primer) by using the One Step SYBR PrimeScript Plus RT-PCR kit (TaKaRa) with an Applied Biosystems 7500 Fast real-time PCR system (Applied
Biosystems), a reverse transcription step at 42°C for 30 min, and 40 cycles of thermal cycling of 95°C for 3 s and 60°C for 60 s. The numbers of copies of viral genome are shown.
The numbers of copies below the quantification limit of the assay are shown in parentheses. ND, not detected; NPV, nonpoliovirus.
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