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T-cell leukemia were described who had developed KS,
from the Kyushu region and the southern island of
Okinawa, but very few classic cases of KS were reported
from other areas of Japan [Kamada et al., 1992]. After
1980, cases of AIDS-KS increased dramatically in Japan
because of the rapid spread of AIDS. The introduction of
highly active anti-retroviral therapy (HAART) reduced
the number of KS cases in Western countries [Jones
et al., 1999]. However, KS cases still increased in Japan
after 2000 because of the dissemination of HIV infection
within the homosexual male community. As well as
AIDS-KS, other KSHV-associated diseases, such as
AIDS-PEL and AIDS-MCD, also increased during the
past 10 years in Japan [Katano et al., 1999a; Hasegawa
et al., 2004; Abe et al., 2006]. Therefore, to prevent
the spread of AIDS-KS, it is important to determine
the clinicopathological features of KSHV-associated
diseases in Japan. To date, reports describing the
clinicopathological features of Japanese AIDS-KS have
all involved only small sample sizes [Fujii et al., 1986;
Kamada et al., 1992; Kondo et al., 2000; Yamada et al.,
2000; Meng et al., 2001; Sato-Matsumura et al., 2001;
Kamiyama et al., 2004; Minoda et al., 2006; Yoshii et al.,
2006; Ueno et al., 2007].

The association of KSHV infection with KS patho-
genesis has already been well investigated. A latency-
associated nuclear antigen 1 (LANA-1) encoded by
KSHYV is detected in almost all KS cells, indicating that
KS cells are infected with KSHV [Dupin et al., 1999;
Katano et al., 1999b]. The genome of KSHYV is a double-
stranded linear DNA of about 170 kbp, flanked by GC-
rich terminal repeats [Russoet al., 1996]. The K1 genein
KSHYV contains highly variable regions 1 and 2 (VR1,
VR2) and phylogenetic analysis of the K1 gene classified
KSHYV into genotypes A-F [Zong et al., 1997, 1999;
Meng et al., 1999; Hayward and Zong, 2007]. These
genotypes are differently distributed throughout the
world: KSHV genotype A is predominant in North
America, B in Africa, C in Eurasia and the Mediterra-
nean, D in the Pacific islands, E in Brazilian Amer-
indians, and F in the Ugandan Bantu tribe [Zong et al.,
1999; Biggar et al., 2000; Kajumbula et al., 2006].
Previous studies involving a small number of cases
detected genotypes C and A in cases of KS, and genotype
Din some cases of classic KSin Japan [Menget al., 2001;
Kamiyama et al.,, 2004]. However, it is unknown
whether these genotypes are associated with any of
the clinical features or pathogenesis of KS or other
diseases.

In the present study, the clinicopathological features
and genotypes of KSHV-associated diseases were inves-
tigated in 75 samples originating from all over Japan.
The aim was to determine the characteristics of KSHV-
associated diseases in Japan.

MATERIALS AND METHODS
Tissue Specimens

Studies using human tissue were performed with
the approval of the Institutional Review Board of the
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National Institute of Infectious Diseases (Approval No.
158). Seventy-five cases of KSHV-associated disease
were filed in the Department of Pathology, National
Institute of Infectious Diseases, Japan, from 1995 to
April 2009 as consultation cases. They include 68 KS
cases, 5 PEL cases, and 5 MCD cases. Two MCD patients
and a PEL patient had KS lesions. Frozen tissue
samples were available for 21 of these cases. For some
other cases, only formalin-fixed paraffin-embedded
tissue sections were available. The samples were sent
from all over Japan, from the northern island of
Hokkaido to Okinawa, the southern island of Japan.

Histological Grading and
Immunohistochemistry

Paraffin sections were hematoxylin and eosin stained
and subjected to immunohistochemical staining to
detect LANA-1, as described previously [Katano et al.,
1999b]. Samples were categorized into three clinical
stages of KS (patchy, plaque, or nodular stage) according
to the clinical data and the histological findings.

Preparation of DNA

Total DNA was extracted from fresh-frozen clinical
materials or formalin-fixed paraffin-embedded sections
as described previously [Asahi-Ozaki et al., 2006]. For
the isolation of DNA from formalin-fixed paraffin-
embedded biopsies, three or four 5pm-sections were
placed into sterile eppendorf tubes, deparaffinized with
xylene, digested with proteinase K, then extracted using
the phenol/chloroform method. For fresh-frozen sam-
ples, DNA was extracted using the DNeasy Blood &
Tissue kit according to the manufacturer’s protocol
(Qiagen GmbH, Hilden, Germany).

PCR Amplification and DNA Sequencing

A 160 bp fragment containing VR1 of the KI gene was
amplified by PCR from DNA samples as described
previously [Dilnur et al., 2001]. The primer set used
was as follows: forward primer 5'-TTG CCA ATA TCC
TGG TAT TGC-3'; reverse primer 5-CAA GGT TTG
TAA GAC AGG TTG-3'. PCR amplification was carried
out at 94°C for 2 min (one cycle); 94°C for 1 min, 58°C for
1min, and 72°C for 2min (35 cycles); and 72°C for 5 min
(one cycle) using the GeneAmp PCR System 9700
(Applied Biosystems, Foster City, CA). PCR products
were purified using the QIAquick PCR purification kit
(Qiagen), followed by direct sequencing with an ABI
sequencer 3130 (Applied Biosystems) using a Big-Dye
terminator ready reaction kit (Applied Biosystems)
according to the manufacturer’s instructions.

Phylogenetic Tree Analysis

Nucleotide sequences, excluding primer sequences,
were multiple aligned with CLUSTAL W version 1.83
[Jeanmougin et al., 1998], and a phylogenetic tree was
constructed using the neighbor-joining-plot method and
Genetyx software (Genetyx, Tokyo, Japan). In addition
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to our samples, 20 previously reported K1 gene sequen-
ces were obtained from the GenBank database and
used as reference sequences for comparison [Dilnur
et al., 2001]. The genotypes of KSHV samples and
the GenBank accession numbers of the reference strains
are as follows: BCBL-R (genotype A, accession no.
AF133038), BCBL-B (A, AF133039), 431KAP (B,
AF133040), ASM72 (C, AF133041), BC2 (C, AF133042),
TKS10 (D, AF133043), ZKS3 (D, AF133044), US3 (A,
AF151688), Ug3 (A, AF151690), US6 (C, AF151686),
Aul (D, AF151687), Ugl (B, AF151689), 78/48 (C,
AF201851), 75/10T (A, AF201848), 80/56 (A, AF2-
1853), KS-F (C, U93872), Tupi-1 (E, AF220292), Tupi-2
(AF220293), Wagul28 (E, AY940426), and BCBL-1 (A,
U86667) [Meng et al., 1999; Zong et al., 1999; Lacoste
et al., 2000; Kazanji et al., 2005]. BCBL-R was used as a
consensus sequence.

GenBank Accession Numbers

GenBank accession numbers of Japanese KSHV
sequences are AF278837 (J1), AF278842 (J2),
AF278847-AF278849 (J3-J5), AF278850—AF278852
(J7-J9), AF278838 (J14), AF278839 (J16), AF278840
(J17), AF278841 (J19), AF278843 (J21), AF278844—
AF278846 (J24-J26), and GQ848990-GQ849006
(J27-J43).

Statistical Analysis

Analysis of statistical significance was carried out
using the Chi-squared test or Fisher’s extract for
bivariate tabular analysis and the Mann—Whitney test
for comparison of two independent groups of sampled
data.

RESULTS

Clinical and Pathological Characteristics
of KS in Japan

Table I provides a summary of the clinical data. All of
the cases were positive for LANA-1 by immunohisto-
chemistry. The 68 pathological samples of KS were
taken from various anatomical sites: the skin (84%),
the gastrointestinal tract (7%), the lymph node (4%), the
lungs (1%), the oral cavity (1%), and the conjunctive (1%)
(Fig. 1A). Non-AIDS-KS cases were all presented in the
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skin. Among the 68 KS cases, 52 were AIDS-KS (76.4%)
and 13 were non-AIDS-KS (19.1%). HIV-1 seropositive
data were not available for three KS cases (4.4%). AIDS-
KS cases were all from male patients with a mean age of
45.8 years (range: 23—82). By contrast, only six non-
AIDS-KS cases were male (46%) and the proportion of
female in non-AIDS-KS cases was high (54%). The mean
age of non-AIDS-KS cases was 71.8 years (range: 52—
87), which was statistically higher than that of AIDS-KS
cases (Mann—Whitney test, P < 0.01). In addition, the
mean age of non-AlDS-associated PEL cases was
97.5 years (range: 94—101), indicating occurrence of
PEL in predominantly very elderly patients. Among the
non-AIDS-KS cases, nine cases were regarded as classic
KS and four cases were iatrogenic KS in immunosup-
pressed patients. Seven out of 13 non-AIDS-KS cases
were in females, including 4 cases of iatrogenic KS.
Histologically, the skin lesions of KS were categorized
into stages: patchy (27%), plaque (36%), and nodular
(84%) (Fig. 1B,C). Among the 13 non-AIDS-KS
lesions, 6 lesions (46.2%) were at the plaque stage.
However, AIDS-KS lesions represented all three stages,
patchy, plaque, and nodular, almost equally. No histo-
logical difference was found between AIDS-KS and
non-AIDS-KS.

Phylogenetic Tree Analysis of VR1 of the
K1 Gene From KSHV Genotypes

KSHYV genotypes were determined in 33 cases based
on the sequence of VR1in the K1 gene [Menget al., 1999;
Zonget al., 1999]. Thirty strains were obtained from KS
samples, three from each of the PEL and MCD samples
(Fig. 2A). Sixteen strains (J1-J5, J7—J9, J14, J16, J17,
J19, J21, and J24—-J26) have been described previously
(14 KS, one PEL and one MCD case) [Meng et al., 2001].
Construction of a phylogenetic tree revealed that the
Japanese cases were categorized into genotypes A, C,
and D (Fig. 2B). Genotypes A and C were observed in the
ATIDS-KS subjects, whereas genotypes A, C, and D were
observed in non-AIDS-KS subjects (Fig. 3A). Thus,
genotype D was observed only in non-AIDS-KS subjects.
All three cases of PEL, including one case of non-AIDS-
PEL, were genotype C. Two genotype C and one
genotype A sequences were detected in three cases of
AIDS-MCD. Genotype A was detected more frequently

TABLE I. Summary of the Clinical Data of All Disease Cases Used in This Study

n Mean age Age range No. of males (%) HIV(+)

KS 68 50.7 23-87 61 (89.7%) 52/65 (80.0%)
AIDS-KS 52 45.8 23-82 52 (100%) —
Non-AIDS-KS 13 71.8 52-87 6 (46.1%) —
Unknown 3 46.0 33-53 3 (100%) —

PEL 5% 64.0 42-101 5% (100%) 3%/5 (60%)
AIDS-PEL 3% 45.5 42-49 3* (100%) —
Non-AIDS-PEL 2 97.5 94-101 2 (100%) —
AIDS-MCD 5% 38.8 27-56 5%* (100%) 5**/5 (100%)
All 75 51.2 23-101 68 (90.7%) 57/72 (79.2%)

*Including one case having KS. **Including two cases having KS. Bold indicates large categories.
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Fig. 1. Site and histology of Japanese Kaposi’s sarcoma (KS) cases. Pie chartsindicating (A) the site of KS
and (B) the histological stage of KS in the skin, in the cases studied. GI: gastrointestinal, LN: lymph node.
C: Hematoxylin and eosin (HE) staining (left) and latency-associated nuclear antigen 1 (LANA-1)
immunohistochemistry (right) of patchy stage (upper), plaque (middle), and nodular stage (lower) of KS.
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in AIDS-associated cases than non-AIDS-associated
cases, but the difference was not statistically significant
(P=0.28, Chi-square test with Yate’s correction)
(Fig. 3B). Genotype C was common in both groups. The
mean ages associated with genotypes A, C, and D were
48, 56, and 77, respectively. Genotype D was detected in
more elderly patients than genotypes A and C (P < 0.05,
Mann—Whitney test). These data indicated that geno-
type D was associated with non-AIDS-associated cases,
not with AIDS-associated cases. The findings also
suggest that genotype C is broadly distributed in Japan,
and genotype A spreads among AIDS patients. There
was no detectable histological difference among geno-

types.

DISCUSSION

In this study, the clinicopathological features and
genotypes of Japanese cases of KSHV-associated dis-
eases were demonstrated. These data confirmed that
non-AIDS-KSHV-associated diseases occurred predom-
inantly in elderly patients. Genotype analyses sug-
gested the broad distribution of genotype C, association
of genotype D with non-AIDS-KS and spread of genotype
A among AIDS patients in Japan.

There were few reports describing KS in Japan before
1986, and only 14 cases of classic KS were reported
between 1917 and 1982 [Fujii et al., 1986]. A group in
Okinawa reported six KS cases, including one adult
T-cell leukemia-associated and two AIDS-associated
cases in 1992 [Kamada et al., 1992]. After the discovery
of KSHV in 1994, the association of KSHV infection
in Japanese KS cases was proposed [Tachikawa et al.,
1996]. Serological assays revealed that the seropreva-
lence of KSHV was 1.4% among the general population
in Japan [Katano et al., 2000]. Almost all patients with

AIDS-KS and non-AIDS-KS had serum antibody to
KSHV, and 64% of Japanese AIDS patients, infected
with HIV via sexual transmission were positive for
anti-KSHV antibody [Katano et al., 2000]. KSHV was
detected in all KS cases in Japan with positive
immunohistochemical results for LANA-1 [Katano
et al., 1999b]. Thus, the correlation between KSHV
infection and KS pathogenesis has already been dem-
onstrated in many Japanese cases. However, to date
clinical information on Japanese KS cases was rarely
reported [Fujii et al., 1986; Kamada et al., 1992; Kondo
etal., 2000; Yamada et al., 2000; Kamiyama et al., 2004;
Minodaet al., 2006; Yoshii et al., 2006; Ueno et al., 2007].
The difference in the mean age of patients affected by
AIDS-KS and non-AIDS-KS was demonstrated in the
present study. These results may reflect the population
of origin for these patients. Several case studies reported
that non-AIDS-KS in Japan is associated with immu-
nosuppression, old age, or iatrogenic factors [Kondo
etal., 2000; Yamada et al., 2000; Sato-Matsumuraet al.,
2001; Yoshii et al.,, 2006]. Regarding AIDS-KS, an
epidemiological survey revealed that 70% of newly-
HIV-infected individuals were infected via homosexual
behavior (AIDS Surveillance Committee Japan, 2008).
HAART decreased the incidence of KS in HIV-infected
patients, but the increase of HIV-infection in homo-
sexual men resulted in an increase of AIDS-KS cases in
Japan. Although it is suggested that KSHV may be
spread among homosexual men in Japan, further
epidemiological studies on HIV-infected and uninfected
males would be required to clarify the association of
KSHYV infection with the increase of KS in Japan.
KSHV genotypes are determined based on the
sequence of VRI1 in the KI gene sequence of KSHV
[Meng et al., 1999; Zong et al., 1999]. Several variable
regions were identified in the KSHV genome [Poole
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Fig. 2. K1 gene sequences in Japanese cases. A: Alignment of K1
gene sequences. One hundred twenty basepair fragments containing
VR1 of the K1 gene are shown. Case J33 had not only MCD, but also KS.
HIV-1 seropositive data were not available for J29 and J30 cases.
B: Radial unrooted phylogenetic tree generated by the NJ method on
120 bp segments of the K1 gene. The numbers at some nodes (boot strap
values) indicate frequencies of occurrence for 100 trees. Scale bar

J. Med. Virol. DOI 10.1002/jmv

represents 0.1 substitutions per site. Genotypes A—E are indicated by
circles. Japanese cases are indicated by J-numbers. J-numbers with
boxes are non-AIDS cases of KS or PEL. J5 and J38 are AIDS-PEL cases
(circled). J39 is a non-AIDS-PEL case (circled and boxed). J2, J33, and
J41 are AIDS-MCD cases (underlined). All other sequences are
included for reference. See text.
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Fig. 3. Graphs indicating the association between: A: Kaposi’s
sarcoma-associated herpesvirus (KSHV) genotypes and diseases (each
bar indicates the number of cases). B: Genotypes in AIDS-associated
and non-AIDS-associated cases.

et al., 1999]. However, since frequent variations were
detected in the K1 gene among strains, the K1 gene was
well investigated and used as a standard for genotype
determination [Meng et al., 1999; Zong et al., 1999;
Hayward and Zong, 2007]. Genotypes A and C of KSHV
are broadly distributed throughout the world. A pre-
vious study had already shown that genotype C was
predominant not only in Japan, but also in Asian
countries, such as Taiwan, Korea, and China [Zong
et al.,2002]. Genotype C was detected in Uygur people in
Xinjiang, west of China, that was located at the middle
point of the Silk Road from Rome to Xian, China [Dilnur
et al, 2001]. The virus may therefore have been
transmitted via the migration of people from Europe,
and the genotype C virus spread in Asian countries.
Genotype D, found in the Oceania region, had already
been detected in three cases of non-AIDS-KS in Japan in
aprevious study [Meng et al., 2001]. One additional case
of genotype D was found in a non-AIDS-KS case in the
present study, supporting the association of genotype D
with non-AIDS-KS. Genotype A was detected in both
AIDS-KS and non-AIDS-KS cases in the present study.
To date, there has been no report of genotype A in
non-AIDS-KS cases in Japan. Genotype A was more
frequently found in AIDS-KS cases, suggesting that
genotype A came from the USA via homosexual activity.
However, detection of genotype A in non-AIDS-KS cases
at a low rate suggests that genotype A is also a common
virus in the general population in Japan, along with
genotype C.

PEL and MCD are very rare diseases associated with
KSHYV infection. A previous study demonstrated that
only AIDS-MCD is associated with KSHV infection, not
non-AIDS-MCD in Japan [Suda et al., 2001]. All three
cases of PEL investigated in this study were genotype C
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virus, while two genotype C and one genotype A were
detected in three cases of MCD. There was no correlation
between KSHV genotype and disease, suggesting that
any genotype in Japan may induce any type of KSHV-
associated disease. Considering 1.4% of KSHV seropre-
valence in the general population in Japan, there may
be many KSHV-infected individuals without symptoms
[Katano et al.,, 2000]. Although genotype analysis
suggests transmission routes of the virus from other
countries, further studies using a large number of
KSHV-infected patients are needed to clarify the route
of KSHV infection among individuals.
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SUMMARY: Intentional contamination of beverages with microbes is one type of bioterrorist threat. While
bacteria and fungus can be easily collected by a centrifuge, viruses are difficult to collect from virus-contaminated
beverages. In this study, we demonstrated that Viro-Adembeads, a rapid-capture system for viruses using anionic
polymer-coated magnetic beads, collected viruses from beverages contaminated intentionally with vaccinia virus
and human herpesvirus 8. Real-time PCR showed that the recovery rates of the contaminated viruses in green tea
and orange juice were lower than those in milk and water. Plaque assay showed that green tea and orange juice
cut the efficiency of vaccinia virus infection in CV-1 cells. These results suggest that the efficiency of virus
detection depends on the kind of beverage being tested. Viro-Adembeads would be a useful tool for detecting
viruses rapidly in virus-contaminated beverages used in a bioterrorist attack.

Intentional contamination of beverages with microbes is a
relatively easy way for terrorists to transmit microbes to
anonymous persons and to induce a public panic. Although
the few incidents of intentional viral contamination of drinks
in Japan to date have not been real bioterrorist attacks, a simi-
lar act as a form of terrorism could be devastating. Therefore,
an efficient and rapid detection system to detect microbes
in contaminated drinks should be developed as an anti-
bioterrorism tool. While bacteria and fungi can be easily col-
lected by a centrifuge, viruses are difficult to collect from
virus-contaminated beverages. An ultracentrifuge is a useful
tool for virus collection in liquid samples, but not every
laboratory is equipped with an ultracentrifuge. In addition,
virus concentration with an ultracentrifuge usually takes more
than 3 h.

Viro-Adembeads (Ademtech, Pessac, France) are recently
developed magnetic beads intended for capturing viruses in
liquid samples. They are specifically designed to function in
virus-containing cell culture media (1,2). An anionic poly-
mer coating on the magnetic beads binds to the surface of
virus particles electrically; the complex of virus and beads
can then be collected using a magnet. In the present study,
we examined the capacity of Viro-Adembeads to collect
viruses in virus-contaminated beverages. We also investigated
whether the kind of beverage tested affected the efficiency of
virus detection in this manner.

To represent intentional contamination of beverages with
viruses, we mixed a solution containing two viruses with bev-
erages. Human herpesvirus 8 (HHV-8) and vaccinia virus
(LC16m8) were collected as reported previously (3,4). Milk,
green tea, water, orange juice, and barley tea were purchased
from a convenience store in Tokyo. To create virus-contami-
nated beverages, we added 0.1 mL of virus solution containing
1 X 107 copies of HHV-8 or vaccinia virus into 0.9 mL of
beverages in 1.5-mL tubes. Each virus-contaminated bever-
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Shinjuku-ku, Tokyo 162-8640, Japan. Tel: +81-3-5285-1111 ext.
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age was serially diluted X10 with the beverage at each stage,
to X10,000. If a terrorist was to contaminate beverages with
viruses in a food store, the period of incubation would prob-
ably be from 5 min to several days; for our sample incuba-
tion time, we incubated the contaminated beverages for 1 h.
To collect viruses from virus-contaminated beverage samples,
we then used Viro-Adembeads according to the manufacturer’s
instructions. Briefly, 25 1L of washed Viro-Adembeads solu-
tion was added to each 1-mL aliquot of a virus-contaminated
beverage sample. After 20 min of agitation at room tempera-
ture, the Viro-Adembeads were collected with a magnet. The
beads were then washed with PBS twice. DNA was directly
extracted from the beads with a DNA extraction kit (DNeasy;
Qiagen, Hilden, Germany). The DNA was dissolved in 100
1L of water. Virus copy numbers were measured with a
TagMan Real-Time PCR (Applied Biosystems, Foster City,
Calif., USA) as previously described (5). To detect HHV-8,
we amplified ORF-26 using a previously reported probe and
primer set (6). To detect vaccinia virus, we used a consensus
probe and primer set targeting the F2R region of orthopoxvirus
as follows: forward primer 5'-gatctagttttcagcacggtggta-3',
reverse primer 5'-cagatatatgattggatgtagaacaccat-3’, and probe
5-FAM-agaggtggaggaatttatagatgatggaagacaagit- TAMRA-3".
The recovery rate was calculated by the retrieved virus copy
number with Viro-Adembeads, divided by the input virus copy
number in 1 mL of each sample. The results of real-time PCR
showed that the amount of collected virus was proportion-
ally reduced as the sample was diluted (Figure 1A and 1B).
Copies of HHV-8 and vaccinia virus were reduced almost
one-tenth per dilution. However, copies of HHV-8 in X 100,
X 1,000, and X 10,000 dilutions of green tea, and vaccinia
virus in the X 10 dilution of green tea were extremely reduced.
Although 34% of input HHV-8 was detected in the water
sample, other beverages such as milk, orange juice, and green
tea demonstrated lower recovery rates (Figure 1C). The
recovery rate of HHV-8 with Viro-Adembeads was 39% in
culture media (RPMI 1640 medium supplemented with 10%
fatal bovine serum) containing the same amount of HHV-8
to the X10 dilution, suggesting similar efficacy of virus col-
lection with Viro-Adembeads between water and culture
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Fig. 1. HHV-8 and vaccinia virus detection using Viro-Adembeads. (A) Copies of HHV-8. (B) Copies of vaccinia virus. The y-
axis indicates copy numbers of the virus in 1% of the extracted DNA. ‘UL’ indicates ‘under limitation’. *Dilution’ and ‘Input’
under the x-axis indicate dilution factors and 1% of the virus copy numbers in | mL of each sample, respectively. (C) Recovery
rates. Virus solutions were diluted X 10 with beverages; viruses were then recovered with Viro-Adembeads. Recovery rates
were calculated based on the results of real-time PCR. Error bars indicate standard deviations.
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Fig. 2. Green tea and orange juice reduce the efficiency of vaccinia virus infection. (A) Microscopic view of plaques. (B)
Numbers of plaque by vaccinia virus. Error bars indicate standard deviations.

media. Vaccinia virus was also recovered at low rates in all
beverages. In both viruses, the recovery rates differed among
beverages. For example, the recovery rates in milk, orange
juice, and green tea were significantly lower than that in
water. These results indicate that the efficiency of virus
detection depends on the kind of beverage being tested.

To know whether the beverage type affects viral infectiv-
ity, we examined a plaque assay using vaccinia virus in the
beverages, because it is difficult to perform a plaque assay in
HHV-8 (7). Virus solution containing 10,000 plaque-forming
units (pfu) was mixed with 1 mL of each beverage and incu-
bated with rotation for 20 min. From these solutions, 100-12L
samples were added to CV-1 cells with 1 mL of serum-free
medium per well in a 6-well plate. The plaque assay showed
that the number of plaques was dramatically reduced in green
tea and orange juice (Figure 2). The plaque number in barley
tea did not change from that of water and milk. These results
suggested that green tea and orange juice reduced the infec-
tivity of vaccinia virus. The pH conditions of the water, milk,
orange juice, and green tea used in this experiment were pH
7.2, 6.8, 4.0, and 6.2, respectively, suggesting that acidity is
not the only factor in reducing virus infectivity.

The results in the present study suggest that the type of

beverage affects virus detection in virus-contaminated bev-
erages and that Viro-Adembeads would be a useful tool for
virus detection in virus-contaminated beverages. Our results
clearly demonstrated that orange juice and green tea reduced
virus infectivity of vaccinia virus. One of the reasons could
be a low pH in orange juice, but other factors were unveiled.
We checked pH conditions of several kinds of orange juice
in a food store and found they ranged from pH 3.3 to pH 4.2,
suggesting that the orange juice used in the present study was
not special, at least with regard to its pH condition. Incuba-
tion of viruses with orange juice or green tea reduced not
only the number of plaques in a plaque assay but also the
copy numbers of the virus detected by a real-time PCR after
virus collection, suggesting that orange juice and green tea
affect the binding efficiency of viruses to Viro-Adembeads,
in addition to reducing virus infectivity. No plaque was ob-
served in any well of CV-1 cells with 10,000 pfu of vaccinia
virus incubated with orange juice or green tea. On the other
hand, we could detect the viruses from orange juice or green
tea containing the same amount of viruses by Viro-adembeads
and real-time PCR, although the recovery rate was low. These
data indicated that Viro-adembeads and real-time PCR was
more sensitive for detecting vaccinia virus in orange juice
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and green tea than was the plaque assay.

The use of Viro-Adembeads is an easy method for collect-
ing viruses from a virus-contaminated liquid. One of the merits
of this method is its rapidity. In our experiment, it took about
30 min to collect viruses from virus-contaminated beverages,
which is much quicker than the using the ultracentrifuge
method. Another merit is that Viro-Adembeads can be used
in liquid samples with some precipitation and turbidity, like
milk and orange juice. Such precipitation and turbidity inter-
fere with efficient isolation of viruses in any method using
an ultracentrifuge. In addition, the use of Viro-Adembeads
does not require any machine. Thus, although further studies
are required to determine optimal techniques and conditions,
Viro-Adembeads could be a useful tool for rapidly detecting
viruses in virus-contaminated beverages.
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Kaposi's sarcoma-associated herpesvirus (KSHV)




