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25).

In contrast, several other studies have found no bene-
ficial effect of the GBV-C co-infection and one that
showed that an increased mortality rate was observed in
GBV-C co-infected individuals (8, 18, 19).

We conducted the present study to clarify the com-
plex status of the effect of GBV-C co-infection on HIV-
I-infected patients.

Materials and Methods

FPatients. HIV-1-infected patients (n=182) who
underwent medical examinations at Nagoya Medical
Center, Japan, and from whom informed consent was
obtained, were enrolled in the study. Of the 182, 151
were male. One hundred forty-three patients were
infected with HIV-1 through sexual contacts (78 homo-
sexuals, 53 heterosexuals, and 12 bisexuals). Other
routes included via blood or blood products in 13
patients, and IVDU and accidental needle-stick in 1
patient each. One hundred forty-seven patients were
Japanese, 19 were from Brazil, 5 from Thailand, 2 each
from Peru, America, and Korea, and 1 each from
China, Bangladesh, Uganda, Myanmar, and Ukraine.

Samples. Plasma samples of the individuals men-
tioned above were collected, and stored at —80 C until
analyzed. In addition, approximately 1 year after the
date of the sample collection, plasma samples were
obtained again from the same patients to conduct a fol-
low-up study.

Detection of GBV-C RNA. Purification of RNA from
the plasma samples and the reverse transcription-poly-
merase chain reaction (RT-PCR) method to amplify
GBV-C RNA were performed as described in our previ-
ous report (6). Briefly, RNA was extracted from the
thawed samples using a QIlAamp Viral RNA Mini Kit
(QIAGEN, Tokyo). The extracted RNA was used in a
RT reaction followed by a first-round PCR (RT-PCR)
using a Superscript One-Step RT-PCR for long tem-
plates (Invitrogen, Tokyo). Subsequently, cDNA was
further amplified in a second-round PCR using a
TaKaRa LA Tag (TaKaRa Shuzo, Tokyo). The same
primers and the parameter settings as in our previous
report were used for the RT/nested PCR. The PCR
products were detected on a 1.2% agarose gel contain-
ing ethidium bromide. The expected size of the PCR
product was 252 base pairs.

Determination of nucleotide sequences. PCR prod-
ucts of approximately 250 base pairs in size were puri-
fied from the agarose gel using a QIAquick Gel Extrac-
tion Kit (QIAGEN), and labeled using a BigDye termi-
nator cycle sequencing ready reaction kit (Applied
Biosystems, Tokyo). The nucleotide sequences were
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determined using an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems).

Determination of GBV-C genotypes. The obtained
nucleotide sequences were compared against the refer-
ence sequences of 5 GBV-C genotypes: genotype 1
(accession #U36380), genotype 2 (U44402), genotype 3
(D90601), genotype 4 (AB(013188), and genotype 5
(AF131112) in the GenBank of NCBI. The genotype
for each GBV-C-positive sample was determined with
an UPGMA method using Genetyx-Mac (version 10.1)
system (Software Development, Tokyo).

Quantification of plasma GBV-C load. Total RNA
from each GBV-C-positive patient was purified from
200 pl plasma samples using Trizol LS Reagent (Gibco
BRL Life Technologies, Md., U.S.A.) according to the
manufacturer’s instructions. The obtained RNA was
dissolved in 10 pl DEPC-treated water, and a half of
the volume was reverse transcribed by Superscript 11
RNase H— Reverse Transcriptase (Invitrogen) at 42 C
for 50 min. Subsequently, 2 pl of the 20 pl RT reaction
mixture was applied to quantify the GBV-C copy num-
bers in triplicate by real-time PCR using a TagMan
probe. The same primer/probe set was used as in our
previous report (6).

Determination of plasma RANTES concentrations.
Concentrations of regulated upon activation, normal T-
cell expressed and secreted (RANTES) in the plasma
samples were measured using the Human RANTES
enzyme-linked immunosorbent assay (ELISA) Kit
(Biosource, Calif., U.S.A.) according to the manufac-
turer’s protocol.

Measurement of plasma HIV-1 viral loads and CD4
cell counts. Plasma HIV-1 viral loads were measured
using an Amplicor HIV-1 monitor version 1.5 system
(Roche, Tokyo). CD4 cell counts were flow-cytometri-
cally measured by FACSCalibur (Becton Dickinson,
Tokyo).

Statistical analysis. The means of GBV-C VL
among 3 GBV-C genotypes were compared by the
Kruskal-Wallis test. The Mann-Whitney U test was
used to compare the means of HIV-1 VL, or RANTES
concentration between GBV-C co-infected group and
uninfected group. Linear regression analysis was used
to evaluate the relationship between GBV-C VL and
HIV-1 VL. The significance level was set at 0.05, and
all P values were two-sided.

Results

Prevalence of GBV-C Infection among HIV-1-Infected
Patients

RT/nested PCR was performed to detect GBV-C
RNA from the plasma samples of HIV-1-infected
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patients. PCR products of approximately 250 bp were
detected in 37 of the 182 samples (20.3%) by agarose
gel electrophoresis.  The characteristics of these
patients are summarized in Table 1.

GBV-C Genotypes

Following the determination of the GBV-C preva-
lence, the nucleotide sequences of the PCR products
were analyzed to classify the 37 samples into the 5
GBV-C genotypes. Of the 37 samples, 22 samples
were GBV-C genotype 3, which is abundant in Asia.
Twelve were classified as genotype 2 found in Europe
and the U.S., and the remaining 3 were genotype 1
found in Africa. None were classified as either geno-
type 4 or 5 (Fig. 1).

Plasma GBV-C RNA Load

The GBV-C copy number in each of the 37 plasma
samples was quantified with a real-time PCR method
using a Roche LightCycler. Viral loads ranged from
7.8X10° to 3.3X10° copies/ml. The distribution of the
viral loads among GBV-C genotypes 1, 2 and 3 were
7.3X10°-3.3X10° copies/ml (2.4X10° copies/ml av.),
7.8X10°-1.4X10° copies/ml (3.4X10° copies/ml av.),

Table 1. Characteristics of 182 patients with HIV-1 infection,

grouped by GBV-C status
n=182
GBV-C status + -
37 145
Mean CD4+ cell count (cells/ml) 376.8 412.3
HAART received 18 80
Mode of HIV-1 transmission
Sexual contact 31 112
Homosexual 22 56
Heterosexual 7 46
Bisexual 2 10
Blood or blood products 3 10
VDU 0 1
Needle-stick 0 1
Unknown 3 21
Sex
Male 34 117
Female 3 28
Nationality
Japan 33 114
South America 2 19
East Asia 0 7
South/Southeast Asia 2 1
North America 0 2
Africa 0 1
Easterm Europe 0 1

HAART, highly active antiretroviral therapy; IVDU, intra-
venous drug use.

and 2.1X10-2.3X10° copies/ml (3.0X10° copies/ml
av.), respectively (Fig. 2). The average viral loads of the
3 genotypes were compared, and it was found that the
viral loads among genotype 1 were significantly higher
than for the remaining genotypes (P=0.04). However,
in the follow-up study, the GBV-C viral loads, which
ranged from 2.4X10" to 5.1 X 10° copies/ml, did not dif-
fer among the 3 genotypes (P=0.57) (data not shown).
Thus, a difference in viral load among genotypes may
not exist.

HIV-1 VL among HAART-Naive Patients and Its Corre-
lation with GBV-C VL

To evaluate the effect of GBV-C co-infection on
HIV-1-infected patients, we analyzed the HIV-1 viral
load of highly active antiretroviral therapy (HAART)-
naive patients. The HIV-1 viral load for 19 GBV-C-
infected and 65 GBV-C-uninfected patients ranged
from 7.8X10° to 3.2X 10° copies/ml, and from 4.7X10°
to 1.1X10° copies/ml, respectively, and there was a sta-
tistically significant difference between the two groups
(P=0.01) (Fig. 3). In addition, a weakly inverse corre-
lation was observed between the GBV-C viral load and
HIV-1 viral load in 19 HAART-naive GBV-C-co-infect-
ed patients (Fig. 4).

Plasma RANTES Concentrations

Plasma RANTES concentrations of the HAART-
nafve HIV-1-infected patients with or without GBV-C
viremia were measured using a commercially available
ELISA kit. The RANTES concentrations of those who
showed a GBV-C viremia ranged from 190 to 9,959
pg/ml (3,856 pg/ml av.). Unexpectedly, in those without
GBV-C viremia, the RANTES concentration ranged
from 264 to 31,038 pg/ml (9,233 pg/ml av.), which was
significantly higher than in those with viremia (P=
0.004) (Fig. 5A).

In the follow-up study, the number of the patients
decreased to 47 (11 GBV-C-co-infected, and 36 GBV-C-
uninfected patients) since approximately half of the
patients had started receiving HAART. The RANTES
concentration in those with GBV-C viremia ranged
from 72 to 14,007 pg/ml (5,369 pg/ml av.), and in those
without viremia ranged from 241 to 22,670 pg/ml
(5,973 pg/ml av.). The RANTES levels of the 2 groups
were not significantly different (P=0.86) (Fig. 5B).

Discussion

We have performed RT/nested PCR to detect GBV-C
RNA in the plasma samples of 182 HIV-Il-infected
patients, who were seen at the Nagoya Medical Center.
The prevalence rate was determined to be 20.3%, and
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Fig. 1. Phylogenetic tree of GBV-C co-infected patients. The 37 GBV-C-infected patients (Pt.) are numbered 1
through 37. The reference sequences of the 5 GBV-C genotypes are shown in bold letters.
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Fig. 3. Distribution of HIV-1 viral load among HAART-naive GBV-C-co-infected (@) and GBV-C-uninfected (O)

patients. The bars indicate the mean viral load.

was similar to the results of HIV-1-infected patients
obtained by others (3, 21, 22). This fairly high value
‘seems reasonable as the prevalence seen among homo-
sexual men (12.5%) in our previous report was higher
than that of healthy blood donors, and the majority of
subjects in this study were infected with HIV-1 through
homosexual contacts.

GBV-C genotypic analysis showed that 59.5%
(22/37) of the GBV-C-infected individuals were classi-
fied as genotype 3, 32.4% (12/37) as genotype 2, and
8.1% (3/37) as genotype 1. None were classified as
genotype 4 or 5. Our results agreed with reports by

others in that genotype 3 is prevalent in Japan (1, 14).
Two of the 3 individuals with GBV-C genotype 1 were
hemophiliacs, agreeing with a previous report by Liu et
al. (13). '

To study the effect of GBV-C co-infection on HIV-1-
infected patients, plasma HIV-1 viral loads of antiretro-
viral therapy-naive GBV-C-infected and -uninfected
groups were compared. Statistical analysis showed that
the HIV-1 viral loads of the GBV-C co-infected group
were significantly lower than those of the singly-infect-
ed group (P=0.01). Consequently, we looked into the
relationship between GBV-C viral load and HIV-1 viral
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load of the same study groups, and observed an inverse
correlation in that individuals with higher GBV-C viral
loads tended to have lower HIV-1 viral loads
(R*=0.34). Although the suppression level shown here
was weak and partial, it is clear that the GBV-C infec-
tion is associated with the suppression of HIV-1 replica-
tion. Our results do not directly support the findings by
Xiang et al. (26) or Tillmann et al. (22), but we believe
that the HIV-1 replication suppressive effect by GBV-C
possibly leads to a better prognosis and a low mortality
rate. The question of why some research groups found
a beneficial effect of GBV-C co-infection while others
did not still remains. The discrepancy may occur from
the differences in race, HIV-1 clade, or GBV-C geno-
type. However, divergent results were observed even
when the studies were composed of mostly Caucasian
subjects who were presumably infected with HIV-1
subtype B (18, 19, 22, 26). In addition, the differences
in GBV-C genotype do not seem to account for the con-
trasting findings since the HIV-1 VLs between GBV-C
genotypes 2 and 3 were similar as observed in the pres-
ent study. Thus, other reasons may exist for the con-
flicting observations.

One possible mechanism of the suppression of HIV-1
replication is the inhibition of HIV-1 entry into target
cells. As Xiang et al. reported that the co-infection of
GBV-C suppressed the HIV-1 replication through up-
regulation of RANTES, a natural CCRS ligand, and
also known as CCLS, in an in vitro study (25), we
assessed the scenario by measuring the RANTES con-
centration in patients’ plasma. In contrast to the in vitro
study, however, much higher RANTES concentrations
were observed in GBV-C-uninfected individuals. In
addition, a mean RANTES level of 3,856 pg/ml in
HAART-naive GBV-C-infected patients at the first
medical examination increased to 5,369 pg/ml after 1
year, whereas that of 9,233 pg/ml in HAART-naive
GBV-C-uninfected patients decreased to 5,973 pg/ml.
This increase in the RANTES level in the GBV-C co-
infected group, and in contrast, the decrease in the un-
infected group, was unexpected and is inexplicable.
Kwofie et al. reported a transient decrease in RANTES
level at the early stage of HIV-1 infection in macaques
(9). A similar fluctuation in RANTES level might
occur in humans as well. Regrettably, we were unable
to conclude that the HIV-1 replication was suppressed
by up-regulation of RANTES by GBV-C, and the inhi-
bition of HIV-1 replication might be supported through
other mechanisms induced by GBV-C co-infection.

We can conclude that GBV-C co-infection affects the
clinical status of HIV-1-infected patients, and that the
co-infection confers a beneficial effect on the patient.
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SZHIVEBEOWREEN S 5 LFE S, HIV-2
BiEEHBEL, BERY UAEOSEEREDR,
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3 EH 2 OMHX-P, MIECTH

MR ZH E D, MAFR  HIV-1/2Ab
(+), HIV-1IRNA = 50 > copy/mL, CD4 =
241/uL, WBC 3,900, RBC 454 x 10*, Hb
12.3g/dL, Plts 34.6 x 104, IL-2R = 3,116
U/mL, AST/ALT =42/31, LDH=414, CRP=
5.77, TPHA = 80 >, HBsAg (-), HBsAbD
(=), HCV-Ab (=). HIV-2 ® Western Blot
(WB) Bk, ALY A HioAEM 2 KIE &
AL A & 1 O S IEMER A
IoThEwoh, B B RIEED S
N h o 7. Ziehl-Neelsen3eta l2 T E
2 ERERE N, V) Y HOREHPCRE £A G
PEX Y RBMY v oSEi L L B L . INH,
RFP, EBHR 52 TY v SHiERER L 72
HIVISHGERE Tk, Bk, WBICRBRT 5%
BIAWMATETWS., FhBMEBELVIDOT
2, R VBRI ERREEON B L
2 DAL,

REBI2 ¢ 4288, B EFR BB, RN
W BUREE  BERRNR, A0EIFEW (58kgh
548kg~). 39CDFEE L B2k L7
7=%, k. WBC 13,200, CRP=4.6.
MEGETY Y HFREBDLLEOZ LT, H
MmfpEEEEbh, HRMEANRBNZZ L 25,

254EOMSM (Men who have sex with men) &
Y. MDA WBC 12,300 (blast 0
%), RBC 322x 10", Hb 8.7 g/dL, Plts 53.4x
10", AST/ALT = 46/21, LDH = 472, RPR
(+), TPHA(+), HBsAg(—), HCV-Ab(-),
HIV-1/2Ab(+), HIV-1IRNA =1.9x10°, CD4
= 68/ul, f D-glucan = 503 pg/mL, HIV-1
WB(+), 793 VTIgA, IgG=(+). W5
2, WECTEZRYT (M3). =a2—FY AT 4
Afige L BW L, /N7 #12T +PSL60mg (3 H
M) PRz ST L7 7 A4 v AR
R RIS A ELH D, BN
HEHRETAZRAMKBEZEZONLA0d
B, Za—FVAF 4 AMBIZEHE AT
HEEBT (BN H ) = =ik & A TW),
UGN 158 % 380, CTTOZR LKA
5 CdhDH. [D-glucan M EE & 72 % O DR
ThbH.

FEBI 3 ¢ 37mk, BME. ERR B, A
BUREE @ BRIMICAT &, BESIC CHIVE T & H
4% (HIV-20 pool NAT). HIVHLfk (PAL)
et UBRRBAZBT A, TORMLVWE
BHBL, BENEZZLAKLL:S. 3K
¥ #& : WBC 3,500, RBC 423 x 10*, Hb
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BEWZ
Ef. 2—F 1R E2—F—2R
nyvtS—

CD4 2000l E7; S ERZBEHRE

CD4 200LLF. &HHELL
(BRENHDBEIL. TOABEED
HEEIET  BEOLIfeX2ALITEHET
BEAS. FREEFLBRNTD

BHREREE I EEERRE
BRI (HARTSAEZD)

4 FHIVEEEE TOHO

13.5g/dL, Plts 19.8 x 10, CRP 0.18,
AST/ALT = 22/29, HIV-1 RNA =1.4 x 10°,
CD4=210/uL, HIV-1/2Ab(+), HBsAg(-),
HBsAb (~),HCV-Ab(—), HIV-1(WB) i& &
PR TH o 7. PR CRIIBEL2,400 & B
BERBIN AR D b, BMWHIVY 4 v AP
kLB L AHEEREY 7 —OHMR
HIVEZ O CURNCH L W O - 0% %
T L, WREREA L B ST, ABREE
ZAF72A5, F ORHCHIVIESE D W TR
SNL Do TZEBBMBPRD HNT VD, §l
BEROERD 1 2ICHIVE BHICANRLRET
»H5.

HIVEEZE DR BE

HIVEEHE - = 4 XBBEITH T 5 Y%
(HAART : highly active anti-retrovirus ther-
apy) WL FBLEAORFE - Mok S h, B
HIZL o TQOLOBE» L% LR
D0%H 5. VHIVHER, CTOHETKE L
HERF. TaF T —YHEERAOBRICL -
T, HAARTZSWRE L k07272 THAH. Th
¥ T, “Hit HIV early and hard” 2 & SHEICHE
W BB R EHECHIVO B E 2 Wik 5 5 J7 ik
PO, KREZIZ LD E LB ETERTIE
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19964 & A 70 5 AIDSIZ & BB T- 8 & AIDSH
HMHMALREEORBBEOE L wiRD 2 A
72, La L, BRINCHEBEZHRO THHIVERESE
WRBRETELZWI EDbrb EEBIT, HE
" AHRREREOETHREROTEI 5T
BETHBHI LW SN EN, BRFBELEZ
BoHELERELR > TS, Lo THEBER
vy =TI 4 1R TR THHIVIEHR % B
BLTW3,

HIVHB Lz 69 Cm#Er Ll s
BRVELDNTVWABEMD 724, KD
RS2 IR L CHELLEN DL, &5
2, AIDSIZR o TWABHEICH LTS,
EOHEDRBESEL SN, RIETHSRERR O
MERD Y, FLHIVEEZZN ORI SN D
I D 2 DAEE TH 5. |

HIVAHSEITIENRTT OB s 5 o i B 5 B
@3 AZT (L Fu¥n), 3TC (¥ ),
ABC (47 ¥Yx>), TDF (¥Y7—F) %
&), NNRTI (GE#%E R 300K 5 3% B s 3 -
NFV (€5+7bh), EFV (Abv 2y V) %
&), €L TPl (Fu7r7—EHlEE) (LPV/r
(AL 1), ATV(LA4 7% vY), RTV (/—
Y7), FAPV (L2 ¥ y) % E) @ 3TN
5.

Key drugé L CNNRTIZ 2 idPI» 5 1 #l %
IR (F: ATVE ZEFAPV 2 il IERTV
7 —AMELTEIMTS), €NIINRTIZHA]
EMAT3AHBEFERSIS TV 5.
AZT+3TC+EFV, ABC+3TC+EFV, TDF
+3TC+ATV/r, AZT+3TC+LPV/re &D
MEEPHEHING, BRIFAZTEITCOA
#l (COM: a ¥ EL) ABCE3TCOEH
(EPZ:x7val) REDEYL, #HO1H
RAEIBRCTEL L) TR o,

# U S EF OXFE

EHHEHFIT & - TEI USRI E R M
THh. Lo TI I8 LERBEO LTS
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x4 FHHELEHREOMIS

! BENREL S AEERSERF v— b

B RELUELTR TN ?
O#HL - PAFRTHMLIIETHE — [8RL - WEF v —F] ~ED.

OHilE ‘
Gy GBEBOHD) BHE [HEME - B F v — b ~ED.
OE# =B ~ TFHPRLERL

| $HEIL - IAIF v — B

BIR2Z2BEORE] 2UTOERMCRHLTL B,
DREEEZEOHIVIEEEIHERAIhTYS., — ZOBAIELTOClassl, Class2it KL TL 2,
Classl : [#ERMEAIVESER | ® [MAHIV-RNAEA15003 € —/mLKRH
Class2 : [AIDSTE#EE ] ® [BfEdd®]  [MPHIV-RNAR D HE]
QB EREBZOHIVHAO KRB 723 RIEE.
CRBEREOHERLEFTE (HEoBEr4H542v).
ORBEBEOHIVIABEI BRI TS,

Bragonl, EE] ERXHLTLES .

REFBRBLE, DTREOHTH 5.
- JErhZESHc X BV

BREFERLZ, UThroftchs.
CRGHRZESHC X AL
R CHREAEI R TE L8 - BRI AW - WA
M A SRS X AEHIL
CEWEHHIL

- ®5 %Z&E

l B BEF v — b

BEEEZCHLTE, EFTRLVERE (BR%E BEE FARERY) ~ORZBOHEDH,
FHRAROBEFLETHY, 740—T v THLETY.

BIREEEORE] 2UTOERAMPCRALTLZE .
DEBEBZOHIVAKAEENSRIASATVS, — ZOESIEMTOClass], Class2iKEH LT FE v,
Class] : [EEEWEHIVESyEE | 2 [MrPHEIV-RNARA15007 ¥ —/mLk#H
Class? : [AIDSHEH | * [StEREE | * [IHAHIV-RNAEN EE]
ORERBEOHIVIFDREIAHA F 7213 kiEE.
CREFEBREOHEBRENTHE GEOBREILH 542,
OREREBEOHIVIMEERENHR STV A,

BI2BRAEotE, SR 2RHIL TSN
REWRGERSPBR LW, [2 - 3WOKHE] 2E08ITH 5.
RERGEFISREE, HMEBLEE] 2808TH 5.
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