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Immunologic dynamics in hemophiliac patients infected with hepatitis C virus
and human immunodeficiency virus: influence of antiretroviral therapy

Shouichi Yokozaki, Junki Takamatsu, Isao Nakano, Yoshiaki Katano, Hidenori Toyoda, Kazuhiko Hayashi,

Tetsuo Hayakawa, and Yoshihide Fukuda

Infection with hepatitis C virus (HCV) or
human immunodeficiency virus (HIV) or
both is common in hemophiliac patients

due to putative transmission through clot-

ting factor concentrates. Recently, highly

active antiretroviral therapy (HAART) has
been found to markedly improve viremia
and immunologic parameters in patients
infected with HIV. This report considers
interactions between these viral infec-
tions, the immune system, and antiretro-
viral therapy. A total of 130 male hemo-
philiac patients were grouped according

neither). Along with 30 healthy men age-
matched to viremic patients, these groups
were compared with respect to viral load
and immunologic parameters. Thirty-five
patients treated as above for HIV were
serially followed up. HCV infection was
associated with reduced peripheral B-cell
and CD4 *-cell counts and with increased
serum IgG and IgM levels, whereas HIV
infection was associated with reduced
peripheral CD4 *-cell counts and in-
creased serum IgG and IgA levels. In
patients with both viruses, HCV and HIV
RNA load correlated inversely with periph-

eral B-cell and CD4 *-cell counts, respec-
tively. HAART reduced levels of both vi-
ruses in the blood. Of the 25 patients with
both viruses, HAART eliminated HCVin 2. In
conclusion, immunologic dynamics differed
between hemophiliac patients infected with
HCV, HIV, or both. The relative dynamics of
HCYV viral load, peripheral B-cell count, and
serum IgM level were similar to those of HIV
viral load, CD4 *-cell count, and serum
IgA. (Blood. 2000;96:4293-4299)
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to type of viremia (HCV, HIV, both, or

Introduction
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Clotting factor concentrates such as factor VIII and factor IX havienmature, and human herpes simplex virus becomes latent wigwin
been used as replacement therapy in hemophiliac patientsn&rve cells, so that immune cells cannot detect it. However, §1e
control hemorrhagic episodes. Because of viral contamination miechanism permitting persistent infection with HCV is incon%
clotting factor concentrates with such viruses as hepatitis C virpietely understood. This report describes 3 informative setszof
(HCV) and human immunodeficiency virus (HIV), many hemoobservations in hemophiliac patients: differing immunologic dynaﬁl-
philiac patients were infected with the viruses in Japan befoies between patients infected with HCV, HIV, or both; beneficigl
blood product screening tests for both viruses were implementecgfiects of HAART on HCV in coinfected patients, which contrasts
1986 for HIV and in 1989 for HCV. As a result, infection with HCV, With previous reports; and an account of 2 patients whose HEV
HIV, or both is common among hemophiliac patients. viremia was resolved with HAART. In general, the host immumze
Previous studiéshave shown that in patients coinfected witiSyStem interferes with viral infection of the target organ in @
HCV and HIV, HIV infection accelerates the clinical and histologi©oMplex manner, obscuring the basic interaction between the vBus
course of chronic hepatitis C. Recently, combination antiretrovirand its cellular target. Inmune impairment, as in HIV infection, cah

therapy including a protease inhibitor, termed highly active antiref@tly unmask this interaction. From this viewpoint, the presegt
roviral therapy (HAART), has been found to markedly imprové)bserva‘uons may shed light on the mechanism of HCV persstergpe.

prognosis for patients with HIV infectioh® The consequent

dramatic improvement in immune status may result in significant

survival benefit. As a result, the relative importance of HCV-relatddatients, materials, and methods

liver disease as a cause of morbidity and mortality in individuall§atients

coinfected with HCV and HIV is increasing. Unfortunately,

accumulated data indicate that antiretroviral therapy for HIWlale hemophiliac patients treated at our hospital were screened for segim

infection cannot alter replication of HCV in patients with bothntibody to HIV, and presence of HIV was confirmed in antibody-positie

viruses even when immunologic improvement is achievéd. pat?ents by_ the dgtection of HIV RNA in serum, as described below._ All
Certain kinds of viruses can achieve persistent infection inPguients with anti-HIV antibody also had detectable HIV RNA with

. . . uantitative assay. Given the possibility that HIV infection might alter the
host by mechanisms that permit them to evade the host imm i-HCV antibody responseboth anti-HCV antibody and serum HCV

system. For exgmple, HIV directly infeCtls. CD't.e”S' which are  RNA were measured in all patients. Although no anti-HCV-negative
central to host immune defenses, hepatitis B virus (HBV)-relatedtients were positive for HCV RNA, some anti-HCV—positive patients
chronic infection is established in infants whose immune systemvigre negative for HCV RNA. Because all of the latter patients repeatedly
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showed normal serum transaminase levels and remained negative for HCV

RNA for at least 3 years, we concluded that they had been infectﬁesults

transiently in the past and that the viremia had resolved. We considered

them to be free from HCV infection (ie, HCV negative). A total of 130Clinical characteristics of patients infected with hemophilia

hemophiliac patients were divided into 4 groups according to their HCV

and HIV viremia status (Table 1, groups Al, B, C, and D). Because HC\Ratients in the HCV- and HIV-negative group (A1) were signifi-
and HIV-negative patients (group Al) were significantly younger thaeantly younger® < .05) than those in the other 3 groups (groups
patients in the other groups, we also recruited 30 age-matched healthy rBsnC, and D) whose ages were similar. Healthy men who were
who were undergoing health screening at our hospital (group A2ige-matched to these 3 groups contributed an additional virus-free
Twenty-five of 29 HCV and HIV coinfected hemophiliac patients and all 1@gntro| group (group A2), which was used to confirm baseline
HCV-negative, HIV-positive patients were treated with HAART over 12,5)es in this study. Among the 130 patients, 110 (84.6%) and 39

months, and these patients were recruited for serial follow-up stu%o 0%) were positive for anti-HCV and anti-HIV antibody.
Treatment was performed according to a protocol modified from an .~ " . o . '

respectively. Of note, all the anti-HIV—positive patients were
international panel recommended by Carpenter and colledgnésrmed P Y ' P P

i S positive for anti-HCV antibody. Among anti-HCV—positive pa-
consent was obtained from all individuals. . . L
tients, 89 (80.9%) were positive for HCV RNA,; the remaining 21
(19.1%) were repeatedly negative. o
Methods Comparison among groups B, C, and D revealed that HGV

Serum antibodies to HCV and HIV were detected with asecond-generatféﬂ'nfeCt'On did not result in S!gnlfl(:_ant changes in t_he _HIV Ioaléj
HCV enzyme-linked immunosorbent assay (ELISA, Chiron, Emery\,i”&Flgure 1B), whereas HIV coinfection correlated with |ncreas§ﬂ
CA) and with an HIV chemiluminescent enzyme immunoassay (Lumipuls€€rum HCV load (Figure 1AP = .02) and ALT concentration 3
Ortho HIV-1/2, Ortho-Clinical Diagnostics, Tokyo, Japan), respectivelfFigure 1C,P = .005). Comparisons among groups A2, B, and ®
HCV and HIV viremia were quantified using the second version of eevealed that HCV infection was associated with a reduction@n
commercially available branched DNA probe (bDNA) assay (Quantiplaxumbers of peripheral B cells (Figure 18,= .0008) and CD#

HCV RNA, Chiron) and the Amplicore HIV monitor test (Roche Molecularce||s (Figure 1H,P = .01), and an increase in serum IgG lev
Systems, Somerville, NJ), which have detection limits of:0.50° genome (Figure 1D,P < .0001). These alterations were intensified furth
equivalents per milliliter (Eq/mL) and 400 RNA copies per miIIiIiterby coinfection with HIV @ = .002 for B cells,P < .0001 for

(copies/mL), respectively. When the values obtained by bDNA assays Wy 4+ cells, P = .01 for IgG level). HCV infection was also

less than the detection limit, a qualitative nested reverse transcriptioé‘s-sociated with increased serum IgM level (FigureRLF; .001)
polymerase chain reaction (RT-PCR) for HCV was performed according&v%ich was not significantly increased in association, with ,HI%’
Okamoto and associat&sGenotype of HCV was also determined by a :

RT-PCR method according to Okamoto and coworké&erum concentra coinfection. Comparisons among groups A2, C, and D showed %at

tions of alanine aminotransferase (ALT) and immunoglobulins (IgG, IgP!T”V Infecltlon was related to a redUCt'on. in peripheral CBeell
IgM) as well as peripheral lymphocyte counts were measured by routif@UNt (Figure 1H,P <.0001), and an increase of serum Ig
clinical laboratory methods. The distributions of B-cell and cisell  (Figure 1D,P <.0001) and IgA levels (Figure 1E? < .0001),
markers among lymphocytes were determined with indirectimmunofluoreghereas coinfection with HCV was not related to a significagt
cence followed by flow cytometric analysis, and the corresponding celccentuation of these changes. §
counts were calculated based on total lymphocyte counts. Whole blood wasIn patients infected with HCV and HIV (group D), HCV RNAZ
sampled serially from the patients treated with HAART before and after thigvels correlated inversely with B-cell counts (Figure 2;%
therapy was started. r = —0.445,P = .02) but not with CD4-cell counts (Figure 2C, 8
Data are expressed as the mearSE. The Student test was used to | — —0.340, P = .07). In contrast, HIV RNA levels correlate g

compare the means of normally distributed values, and the Wilcox‘?ﬁverselywith CD4-cell counts (Figure 2D, = —0.536,P = .005)
2-sample test was used to analyze variables that were not norma|| ' o o

T o ) ?J/t not with B-cell counts (Figure 2B,+ —0.220,P = .24). No
distributed such as changes in viral RNA levels. In the comparisons 8| nificant correlation was evident between perioheral B-cell ahd
time-dependent values after initiation of HAART, a paired-sarhtgst was 9 perip

+_ 1 —
used. Correlations between values were tested with the Spearman rg:r];lz4 cell counts (Figure 2E, + 0.204,P =.28) or between

correlation coefficientP values less than .05 were considered statisticall§erum HCV and HIV RNA levels (Figure 2F 0.108,P = .57).

significant. A statistical software package, Statview 5.0 (SAS Institute, N HCV—pqsitive, HIV-negative patients (group B), no signifig
Cary, NC), was used. cant correlation between B-cell count and HCV RNA load was

noted (data not shown).
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HAART for HIV infection alters replication of HCV

Table 1. Profiles of hemophiliac patients and healthy individuals studied

Hemophilia Anti-HCV  Irrespective of HCV infection, the peripheral CD4ell count was

Group (HCV/HIVRNA)  No. Age ) AB (%) increased after HAART (Figure 3D), and this increase was

Hemophiliac patients accompanied by a marked decline in HIV RNAload (Figure 3B). In
AL(=/-) 31 17.3+24f 2714 11355  HCV coinfected patients but not in others, HAART was associated
B (+/-) 60 329+14 50/10 60 (100.0)

with an increase in peripheral B-cell counts (Figure 3C) accompa-

c(=r) 10 292mad I 10(1000)  hiay py a decrease in the HCV RNA load (Figure 3A); in

D (+/+) 29 29.6 = 1.8 19/10 29 (100.0) . . . . L. .

Total 130 282+ 11 103/27 110 HCV-negative patients, HAART did not regult in variation in B-celll
Healthy individuals counts (Figure 3C). HAART was associated with a decrease in

A2 (—1-) 30 293+08 0/0 0(0.0) serum IgM level in HCV-positive patients but not in HCV-negative

HCV indicates hepatitis C virus: HIV. h ] defic ] patients (Figure 3G). In patients coinfected with HCV and HIV,
*Reprlzsfri:; bj"mi;fi;";s - numanimmunodeticiency virus. HAART appeared to alter HCV replication, peripheral B-cell
+P < .05 versus groups B, C, and D. counts, and serum IgM levels, but not serum ALT (Figure 3H). At 6
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A B HAART was not as dramatic in this patient as it was in patient 1;
1 —t— 20000 . serum HIV RNA level decreased less markedly and recovery of
2 3 1emmo B-cell and CD4-cell counts was slow and limited. However, the
2 - serum HCV RNA level had decreased from X410’ Eq/mL to
g s g‘;’:zﬁ below the sensitivity threshold of the bDNA assay at 15 months,
g : g o and a nested RT-PCR was negative at 18 months.
C < D Discussion
W‘ ,ﬁ?{%l—w The finding that the younger hemophiliac patients whom we
o 250 —t— studied were negative for both HCV and HIV (data not shown)
- reflects the rarity of viral infection after initiation of viral screening
g i of clotting factor concentrates. In contrast, almost all patients born
5 él before availability of such testing were positive for antibody to at
) T - least one of these viruses, indicating that viral transmission cleasly
v S —— = occurred via clotting factor concentrates. Accordingly, when vge
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Figure 1. Serum viral RNA levels and immunologic parameters of patients E F %

infected with HCV or HIV or both.  Four groups of 130 hemophiliac patients, defined 500 ) 45 - 3

according to HCV and HIV viremia, as well as a group of 30 healthy individuals 700 el . §
. . . . . . . = 3% 4

age-matched to patients with viremia, were studied. The letter designations of the Z:: ¥ - . B

. . < w

groups represented by the columns are defined in the left column of Table 1. In panels 400 X ® e 4 . 5
. . g . 20

A and B, HCV and HIV viremia was quantified using a bDNA probe assay and the 300 E 51 o ° N =

Amplicore HIV monitor test. When the HCV RNA level measured by bDNA assay was -] 519, o o -
. L . 5

below the detection limit (0.5 X 10% Eq/mL), the value was taken as equal to it. Serum P R . = PO A oA Sl é

levels of ALT (C), immunoglobulin (D, IgG; E, IgA; F, IgM), and peripheral lymphocyte LR A PP T , o

. . @ 100 200 300 400 SO0 600 700 8§00 10 10 10 10 10 10 =]

counts were measured by routine ordinary methods. Percentages of B cells and HIV RNA (copiesfint) o

. . . . CD4+ cell (Jul) “ N

CD4* cells were determined by indirect immunofluorescence followed by flow G <

: . . =

cytometric analysis, and respective cell c?ounts (G_,H)_ were calculated from total HAART for 6 months ]

lymphocyte counts. The columns and vertical bars indicate mean values and SEs, 500 N

respectively. No significant variations between group Al and A2 were noted for any w0 e N

immunologic parameter. 600 s

B cell (ul)

months after initiation of HAART, HCV RNA levels no longer
correlated inversely with B-cell counts (Figure 2G). o

e e e am m e s p e e
9 5 10 15 20 25 30 35 40 45

HAART for HIV infection achieved HCV clearance in 2 cases HOY RNA (X 10%qmt)

Patient 1 (Figure 4A) was a 16-year-o|d boy with hemophilia Bigure 2. Correlations between serum viral RNA levels and peripheral B-cell
and CD4 *-cell counts in patients with both HCV and HIV infections. These

who was connf_ec_:t_ed_ with HCV genotype 2a and HIV. Two monthg‘atients compose group D in Table 1. Viral levels and cell numbers were measured as
after HAART initiation, the serum HIV RNA had decreased t@escribed in Figure 1. When the HCV RNA level measured by bDNA assay was below
quan’[ita’[ive|y undetectable levels. Accompanied by an increasettigdetection limit (0.5 x 10° Eq/mL), the value was taken as equal to it. Correlations

. _ of B-cell counts with HCV RNA (A, r= —0.445, P=.02) and HIV RNA (B,
perlpheral B-cell and CD#4cell counts, serum HCV RNA_l_e\_/eI r=—0.220, P = .24), and correlations of CD4*-cell counts with HCV RNA (C,
had decreased from 4% 10° Eq/mL to below the sensitivity ;= —0340, p=.07) and HIV RNA (D, r = —0.535, P = .005) in HCV- and
threshold of the bDNA assay at 11 months. No serum HCV RNAIV-positive patients (group D in Table 1) were analyzed before HAART was started.

could be detected by nested RT-PCR at 17 months We further investigated correlations between B-cell and CD4*-cell counts (E,
) = 0.204, P = .28), and between HCV and HIV RNA load (F, r = 0.108, P = .57).

Patient 2_(Figure 4B) was a 14-year-old boy with hemophilia éorrelation between B-cell counts and HCV RNA at 6 months after initiation of
who was coinfected with HCV genotype 1a and HIV. The effect ¢faART (G, r = —0.335, P = .10) is also indicated.



4296  YOKOZAKI etal BLOOD, 15 DECEMBER 2000 « VOLUME 96, NUMBER 13

,__ﬁ——“u.,:"‘""" load (Figure 2F), which suggests that HCV replication is indepen-
P
“ EI—‘ . dent of the level of HIV viremia. Recently developed HAART
i g 0 regimens can improve T-cell immune responses of HIV-infected
X, £ individuals to a clinically relevant degree by improving CDdnd
- £ CD8" cell counts and functioning. This immunologic improve
g S ment has been reported to result in a reduction or resolution of
10 . . . .. .
3 coinfections with HBV!® and hepatitis G viru’ as well as human
2 10
o S B beore Gments 12 ments herpes virus 881°which has been implicated in the pathogenesis
< oot pe-00z of Kaposi sarcoma associated with acquired immunodeficiency
C }—;;—| D I —
p=.001 = . . .. .

o :’: syndrome?® Despite these observations, much clinical evidence
e s concerning the HCV status of patients coinfected with HCV and
R ER HIV unexpectedly has indicated that antiretroviral therapy does not
g < 400 . . . . .

e 8 . decrease HCV viremia even after immunologic improvement.
oot Recently, Fialaie and coworkétsdescribed 2 exceptional HCV-
betoe | Gmoums 13 mouths beore Gmomks 12 months —infected hemophiliac patients whose viremia resolve

. . HIV-infected h hil tients wh HCV I C'd

during HAART. Even in that report, other HCV-HIV—infected
E - F patients showed no significant reduction of HCV viremia. AIthou@ﬁ

2000 ss0 HAART has been considered by many to be ineffective agaiist

1500 " HCV viremia, our observations strongly contradict this opinion. fn
.. 1850 = . . . .

g e o our study, a marked reduction of HCV viremia was associated with

1750 ~ hd
2 g

1600 300 -E

1550 %

100 before 6 months 12 months 0 before & months 12 months A |Dv[ . %

Patient T q47 60 mgday | E
G H st 300 mgiday ] g
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Figure 3. Mean serum viral RNA levels and immunologic parameters in serial 10% 24 é‘
determinations in 35 HIV-infected patients treated with HAART. Twenty-five of 29 N 00 20 5
hemophiliac patients infected with both HCV and HIV (@) and all 10 HCV-negative, BN O ——— & g
HIV-positive patients (O) were treated with HAART, and underwent follow-up 10254 o M X %% f (><) (><) (x) (><) Lo Lo g
examinations before and at 6 and 12 months after initiation of HAART. Serum viral r EZCVRNART'P?::( ) - - 1, S
RNA levels and various immunologic parameters were measured as described in ’ months g
Figure 1. When the viral RNA level was below the detection limit of the quantitative _‘g’
assays (0.5 X 106 Eg/mL for HCV; 400 copies/mL for HIV), the value was taken to be B =3
equal to the limit. Serial changes of serum HCV and HIV RNA levels (A,B), peripheral Patient 2 — 2100 sy E
B-cell and CD4*-cell counts (C,D), serum immunoglobulin levels (E, I1gG; F, IgA; G, :}“i‘ - mm;mvmm” | s
IgM), and serum ALT levels (H) are indicated as means and SE. stel W i g—
=)
| N T s 8
grouped patients according to viremia, the mean age differed sol { £
significantly between the infection-free group Al and the virally ope N
. . T 234 N
infected groups B to D (Table 1). Because the age difference could S i
affect baseline values of immunologic parameters such as B-cell 1 o
and CD4 -cell counts, and immunoglobulin levels, we recruited a 10  + oo
. . S
healthy control group age-matched to virally infected groups. N "
. . . . b 40
However, we did not detect an immunologic difference between the,: | . 100
younger hemophiliac patients (group Al) and the healthy subjects N w [
who were age-matched with infected patients (group A2). For |
. . . 10 0
confirmation, we used both groups A1 and A2 as control groups in ‘ . HOVRNARTFCR®) ) O O O ’
each comparison study with groups B to D, and we obtained very ¢ ’ " monps 2“ .
similar results (data for group A1 not shown). Figure 4. Laboratory course of 2 patients coinfected with HCV and HIV whose

The HCV RNA load was higher in HIV-coinfected patients thaiCV viremia was resolved after immune improvement with HAART. Serum viral

f 2 : : : . 3 RNAlevels and various immunologic values were measured as described in Figure 1.
in HIV: negatlve patlents (Flgure 1A)’ as reported prewo@élﬁﬁ « and X indicate that the viral RNA level was below the respective detection limit

This finding is consistent with a report of Eyster and coworKers(g s x 105 Eg/mL for HCV; 400 copies/mL for HIV). When the HCV RNA level was
indicating that HCV RNA levels increased 8 times faster ihelow the limit, nested RT-PCR was performed. Serial changes in serum HCV and
HIV—positive patients than in HIV—negative patients, which Sugljlv RNA levels (_. and O, respectively), periphgral B-cell arjd _CD4+—ceII_count§

. . . . . (M and [, respectively), and serum ALT concentrations (A) are indicated. Antiretrovi-
gests a correlation between HCV repllcatlon and HIV infectio al drugs are abbreviated as follows: IDV, indinavir; d4T, stavudine; 3TC, lamivudine;
However, no correlation was seen between serum HCV and HPgv, zidovudine.
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increased CD%-cell counts, as one might expect from the correlathat with HIV and CD4 cells. If these hypotheses are correct,
tion between HCV replication and host immune condition. AIHCV could be considered a kind of immunodeficiency virus. As we
though the disparity between previous findihgand ours is as yet have described in a previous repdrtpatients with chronic
unexplained, 2 possible explanations can be suggested. With kiggpatitis C with cirrhosis who are in a terminal stage of persistent
advent of blood product screening, hemophiliac patients are RV infection have impaired immune function.
longer exposed to reinfection with the viruses, unlike many Serum gamma globulin elevation is a well-known phenomenon
parenteral drug users and homosexual men. Additionally, racial many cases of chronic HCV infection, and this elevation is
differences may be important. Reddy and colleagfuesported greatest in the cirrhotic stage. HCV infection may be associated
marked racial variation in virologic response to interferon (IFN) imvith a benign lymphoproliferative disorder, mixed cryoglobuline-
chronic hepatitis C. Long-term sustained responses to IFN arga3233Based on findings from bone marrow examinations, some
much more common among Asian patients than among patientsegearchers consider this disorder to be a variant of low-grade
African or Caucasian descent, which suggests that viral eliminati@cell non-Hodgkin lymphom&!35 Persistence of HCV may
might occur more readily in Asians such as our study subjects. chronically stimulate B cells to produce excessive amounts of
Infection with HCV was associated with reduced peripheralnmunoglobulin. This may cause clonal expansion of these immu-
B-cell counts, and HIV coinfection resulted in further B-celihoglobulin-secreting cells and may eventually result in malignant
reduction (Figure 1G). Moreover, in coinfected patients, seruBrcell lymphoproliferative disorders. Of note, B-cell expansion
HCV RNA load correlated inversely with peripheral B-cell countsissociated with HCV infection has been reported to frequergly
(Figure 2A). When we further investigated the possibility of thisnvolve IgG and IgM secretion. In our present study, chroric
correlation in HCV-positive, HIV-negative hemophiliac patientsnfection with HCV or HIV-related chronic infection was assoc&
(group B), and in outpatients with common forms of chroniated with increased serum IgG levels (Figure 1D), which would ge
hepatitis who did not have hemophilia (data not shown), sucheapected because viral antigen can continuously stimulate @G
correlation could not be detected in patients without HIV infectiorproduction. Even with ordinary viral infections, 1gG against virdl
These relations may occur only with immunosuppressive statastigen is produced for a long time afterward. Additionally, chrorﬁc
Even in HCV and HIV coinfected patients, this correlation waslCV or HIV infection is likely to result in specific persistenf
obscured after initiation of HAART (Figure 2G). After HAART excesses of IgM or IgA, respectively (Figure 1F or E). Afteor
was started in coinfected patients, low B-cell counts increaseddddinary viral infections, these immunoglobulins show elevati@n
nearly normal (Figure 3C), accompanied by a reduction of HCunly for a restricted period. Serum IgM levels were increased aﬁer
viremia (Figure 3A). This change was particularly dramatic in IAART in HCV-positive patients but not in HCV-negative patient%
patient whose HCV viremia was resolved with HAART (FigurgFigure 3G); this finding supports a specific correlation betwegn
4A). HIV infection was associated with B-cell counts much lesslCV infection and IgM elevation. Overall, chronic HCV infectiorg
than HCV infection was (Figure 1G), and neither HIV RNA loadappears to result in not only B-cell reduction in the peripheral blogd
nor CD4"-cell counts correlated with B-cell counts (Figure 2B,E)but also expansion of IgG or IgM-secreting B-cell populations §1
HCV, then, greatly affects peripheral B-cell counts, whereas Hlthe bone marrow. Thus, HCV infection affects B-cell dynamics irga

does not. host and may alter the characteristics of functioning B cells. Tﬁe
Hepatitis C virus RNA can be detected in peripheral bloodorrelation between HIV infection and IgA has been descrlbed
mononuclear cells (PBMCs) of patients with HCV infecti®8#>  elsewheré$ &

An investigation involving the use of an in situ RT-PCR technique Persistence of HCV has been explained in terms of a dela?d
found that at most 8.1% of PBMCs become infected with HEV. antibody response against the N-terminal portion of the HGV
According to other previous repod?” negative-strand (interme envelope 2 protein (hypervariable region-1; HVR¥1}he main g
diate replicative) forms of HCV RNA can be detected in B cells buirget of neutralizing antibodies in patient sé&equences ofg
notin CD4' or CD8' cells. In addition, Nakajima and colleagées HVR-1 present at early time points during infection rapidf§
have established a long-term HCV replication system that hasdergo mutation during chronic infection, which is followed b§7
functioned for more than a year with the use of cultured Daudiew specific anti-HVR-1 antibody respon$é$iCV persistence g
cells, which are B cells. Recently, one of the receptors that bimould reflect failure of the neutralizing antibody response to keep
HCV has been identified as CD81, a protein with 4 membranpace with such viral mutations, possibly as a result of B-C§II
spanning domains that is expressed by various cells includiiigpairment caused by HCV infection. We were surprised %o
hepatocytes and B cef8These findings indicate that the B cell isdiscover that HCV infection was associated with a reduction in
one of the target cells to which HCV binds, then infects, an@D4" cells. This reduction was certainly less than that noted in
replicates, just as the CD4sell is a target for HIV. In the serum of HIV infection (Figure 1H). According to previous repoff&’ no
coinfected patients, HCV and HIV RNA levels correlated inverselyitermediate replicative form of HCV is detected in CDdells,
with B-cell and CD4-cell counts, respectively (Figure 2A,D).which suggests that this CD4ell reduction may have a cause
Considering that these cells are the target cells for the respectotber than direct viral cytopathic effect. Immunologic factors are
viruses, infection or replication by these viruses would progrebkely to be involved in this interesting phenomenon. Recently
sively reduce target cell numbers with increasing viral load. Orgroposed mechanisms for HCV persistence involve impaired
possible explanation of this reduction is that infected cells mdyinction of dendritic cell$? which are a type of antigen-presenting
undergo apoptotic cell death as a result of cytopathic effects of tbell (APC), and T helper 2 (Th2) dominance in the host Th1/Th2
virus3° Both persistent viruses considered here have target cdislance’® These mechanisms could favor viral evasion of specific
participating in host immune function. These sequences angtotoxic T lymphocytes (CTL) that play a crucial role in the
relations suggest 2 hypotheses. First, HCV infection alters hadéarance of viral infection. APCs are critical in induction of
B-cell function through direct infection of these cells. Second, theppropriate CTL. Th2 dominance implies diminished Th1 function,
abnormal B-cell function interferes with host immune statusiamely, reduced cell-mediated immune function including CTL
resulting in HCV persistence. This latter scenario is analogousdetivity. Thus, both factors could lead to viral persistence through
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CTL impairment. In addition to secretion, B cells can themselvgmtient 2 even though the peripheral Chéell count did not
act as APCs as well as influencing host Th1/Th2 balance yeatly improve; so, HCV elimination is possible, even with sub-
secreting interleukin-12, which acts to favor Thl dominanceptimal improvement in immune function. Both patients whose
B-cell impairment may be an important factor in the interferenddCV was resolved were considerably younger than the others;
with appropriate CTL induction in HCV-infected patients. thus, age-related factors may be important although we did not
When HBV infection of a healthy adult induces hepatitisdetect differences in immune function between our 2 control
clearance of the virus follows in almost all cases. In contrast, HCyfoups (Al and A2) that differed in age.
infection in a healthy adult leads to chronic infection with Highly active antiretroviral therapy has dramatically improved
continuous viremia in approximately 85% of cases. Among our 11B8e life expectancy of HIV-infected patients, resulting in a propor-
anti-HCV—positive hemophiliac patients, 89 (80.9%) were positivonal increase in HCV-related liver disease as an important cause
for HCV RNA (Table 1), and the rest (19.1%) were repeatedlgf morbidity and mortality in HIV-infected individuals. IFN
negative for HCV RNA and had normal transaminase concentrifterapy remains the main treatment to control HCV viremia;
tions. Even though hemophiliac patients typically had repeatbdwever, responsiveness to IFN is reportedly less in HIV-positive
exposures to the virus until blood products were screened, virentin in HIV-negative patientS. Our observation that HAART
was considered resolved in 19.1%. These features of infectimuuces a decline in HCV viremia is an encouraging finding for
suggest that HCV elimination is difficult even in patients wittcoinfected patients because responsiveness to IFN therapga is
normal immune function. However, they also suggest that HChelieved to correlate inversely with serum HCV RNA levétdd 5
can be eliminated under restricted conditions that probably depevdreover, a combination of IFN and the oral antiviral ageﬁt
on individual factors, as in our 2 patients whose HCV viremia wasbavirin recently has been shown to substantially increase Ehe
eliminated during HAART (Figure 4). The immune improvementesponse rat&*> Considering these points, coinfected patienis
associated with HAART apparently can help to reduce HC®hould be treated with HAART to improve host immune status,
viremia in HCV and HIV-coinfected patients, sometimes eliminafollowed by treatment with IFN and ribavirin. Such combineg

y

ing the virus. Interestingly, HCV viremia was eliminated in outherapy may improve outcomes in these hemophiliac patients. 2
=

Q
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