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Summary

Increasing clinical evidence is emerging that other persistent viral infections can act as
important co-factors affecting the progression of human immunodeficiency virus-1 (HIV-1).
It appears that hepatitis C (HCV) and cytomegalovirus (CMV) have a deleterious effect
on HIV progression, whereas hepatitis G (GBV-C) benefits HIV-1 progression. At the
same time, the aggressive nature of HCV infection in HIV is clearly recognized. Here we
discuss this clinical evidence and go on to review scientific work pertaining to these inter-
actions in the context of the known and theoretical immunological effects of these virus-
es. This is discussed at the level of the generation of adaptive immune responses and their
effector functions. It is clear that co-infection with persistent viral infections may pose spe-
cial problems for the human immune system, as pathogenic effects may not be specific to
the actual eliciting virus and can therefore multiply the difficulties faced by host defens-
es. We also highlight the need for further therapies for HIV/HCV co-infected persons, as
this is currently a complex and severe syndrome.
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INTRODUCTION: THE CLINICAL PROBLEM

Human immunodeficiency virus (HIV) and hepatitis
C virus (HCV) co-infection is common, with HCV
infection affecting up to 80% of intravenous drug
users, 98% of hemophiliacs, and 2.6–15.2% of homo-
sexual men who have HIV-146. Progression of HCV-
-related liver disease is more rapid and HCV viral
load is higher in those with HIV-144, 46. With the rel-
ative success of highly active anti-retroviral therapy
(HAART), HCV may now account for up to 50% of
the deaths in co-infected subjects. Clearance of HCV
following acute infection (which usually occurs in
20% of mono-infected individuals) could be impaired
in HIV-1-infected individuals69, and HIV-1 infection
also favors vertical transmission of HCV from moth-
er to child.

HCV may adversely affect the progression of HIV

There is some evidence that HCV may in turn
adversely affect the prognosis of HIV. However,
detection of such an effect is difficult because of con-
founding factors, such as differences in treatment for
HIV because of compliance and hepatotoxicity issues
in co-infected individuals. The Swiss Cohort Study
(SCGS) enrolled 3655 HIV-infected subjects com-
mencing HAART (37.2% of whom were also co-
infected with HCV) and the relative risk of an AIDS-
defining illness or death was 1.7 (CI 1.26-2.3) in
HCV+ persons compared with HCV– persons26.
Importantly, this effect was independent of HIV viral
load during HAART, active continuation of intra-
venous drug abuse (which may be related to poor
compliance with therapy), and the number of
changes to HAART during follow-up, suggesting that
compliance and hepatotoxicity issues did not con-
found the result of this study. The SCGS eclipsed
a large study from Spain that corroborated its find-
ings. This, however, was published only in the form of
a letter64. In a further study of co-infection in persons
with hemophilia16, a “dose-response” relationship for
burden of HCV infection and HIV progression was
found. With each ten-fold increase in HCV viral load,
a relative risk of progression to AIDS of 1.66 (95%
CI 1.10-2.51) was seen. Importantly, this was report-
ed to be independent of HIV viral load and CD4+ T
cell count. Further evidence suggests that HCV infec-
tion induces a defect in immune reconstitution in
response to HAART, as the rise in CD4+ count in
response to HAART is blunted in co-infected sub-
jects26, 43, 64.

These findings were not corroborated by several
other studies, notably a US-based study by Sulkowski
et al.68, which recruited 1955 HIV-infected individu-

als, 44.6% of whom were also HCV infected. Unlike
the SCGS study, however, the median duration of
follow-up was shorter and 72% of patients were not
receiving HAART. Subsequently, only 208 patients
attained undetectable viral load, 25% of patients
developed AIDS, and approximately 16% of patients
died, compared with a 6% risk of progression to
AIDS and 5% risk of death in the SCGS. Thus the
progression to AIDS was rapid and therefore this
study may have been unable to detect a late and sub-
tle influence of HCV. Finally, the demographics of
the two populations were quite different in the two
studies as most patients were of African-American
origin in the US study, and it is plausible that the
effect of HCV may be determined to some extent by
underlying factors such as tissue type. Rancinan et
al.53 also failed to find an effect of HCV on HIV pro-
gression, although this study only enrolled 600 HCV+

persons. In a further study by Tedaldi et al.72, HCV
was discounted as a risk factor for progression of
HIV once correction for baseline CD4+ count was
performed, but HCV+/HIV+ co-infected persons had
lower CD4+ counts at baseline than HIV mono-
infected persons at the initiation of the study, as has
been reported elsewhere64, 68. Adjustment for base-
line CD4+ count could be misleading as, paradoxical-
ly, it might adjust for the presence of HCV itself.
Also this study excluded persons who had acquired
HCV prior to 1996, and followed cases up for only 3
years or less.

The overall balance of evidence is therefore consis-
tent with at least a mild effect of HCV on HIV pro-
gression. The possible immunological basis for this
will be reviewed here.

Other important co-infections – CMV and GBV-C

There is also evidence that cytomegalovirus (CMV)
accelerates HIV replication and increases the rate of
progression to AIDS (see later). An intriguing rela-
tionship between HIV-1 and hepatitis G virus (GBV-
-C) has also been recognized86. GBV-C virus is close-
ly related to HCV but is not associated with any mor-
bidity itself. It replicates in lymphocytes and not
hepatocytes, and chronic viremia may persist for
many years. Active infection with GBV-C is protec-
tive in HIV and is associated with a reduced risk of
death. However, paradoxically, clearance of GBV-C
RNA and seroconversion is associated with a worse
prognosis for HIV than in those with no evidence of
past or present infection with GBV-C, and as yet
there is no explanation for this phenomenon. GBV-C
virus infection may be more common in HIV/HCV
co-infected persons14, and this may also result in
a detrimental influence of HCV being underestimat-
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ed. Thus there are clear interactions between HIV
and HCV, HIV and CMV, and HIV and GBV-C in
terms of clinical outcome. It is likely that immuno-
logical mechanisms underlie these observations and
a discussion of these underlies the purpose of this
review.

HOW DOES HIV WORSEN THE PROGNOSIS OF HCV?

Impairment of immune responses to HCV in HIV-
-infected subjects is suggested by the finding of ele-
vated HCV viral load in HIV+ persons2. The most
important defect induced by HIV is likely to be loss
of T helper (Th) cells, the hallmark of HIV-mediated
immuno-suppression, although other mechanisms
may play their part.

Role of loss of CD4+ Th cells

Wide-ranging observations suggest that CD4+ T cells
are important in controlling HCV infection: 

in a chimpanzee model of HCV, selective deple-
tion of CD4+ T cells resulted in increased suscep-
tibility to re-infection25,
in man, particular MHC class II genes have been
strongly associated with spontaneous resolution of
disease12, 73, and possession of one of these alleles
is linked to possession of a broader, functional
antiviral T cell response28, 
functional studies have linked CD4+ T cell prolif-
erative responses with disease outcome46,
HCV-specific CD4+ T cells have been isolated ex
vivo, using MHC class II tetramers, in persons who
have resolved infection with HCV but not in
chronically infected persons17, suggesting that suc-
cessful evolution and maintenance of CD4+ T cell
responses may play a role in determining outcome
in HCV,
a role for CD4+ cells in HIV/HCV co-infected
persons is supported by the finding that CD4
count is positively correlated with immune
responses to the HCV peptide and negatively cor-
related with HCV viral load76, 
the magnitude and breadth of HCV-specific CD8+

T cell responses, but not those to EBV and HIV
itself, has been recently shown to depend on
absolute CD4+ T cell count in co-infected individ-
uals35.

Role of non-classical T cells

Other elements of the immune system, such as γδ T
cells, may also interact in co-infection2. γδT cells are
a defined group of T cells that do not respond to clas-
sical MHC-restricted elements, but may respond to
cellular markers of stress, such as MICA and MICB,

or non-peptide-derived products of pathogens and
show evidence of “memory”, with increased respons-
es after second exposure to a pathogen. A subtype of
γδ cells, Vδ1 cells, are specifically recruited to the
liver in HCV, where they are not seen in other liver
diseases. Increased hepatic Vδ1 cell numbers, and
increased interferon (IFN)-γ secretion in response to
activation by PMA, were associated with greater
necro-inflammatory changes in liver biopsies2. 

In HIV infection, Vδ1 cells are found at increased
frequencies in peripheral blood, suggesting that in
the context of HCV infection, increased recruitment
to the liver could occur2. γδCells may be important in
linking immune responses to liver fibrosis, as they
produce connective tissue growth factor (CTGF)87,
a fibrogenic stimulus that could be important in liver
fibrosis29. Importantly, alterations in Vδ1 frequencies
were not reversed by HAART, which casts doubt on
the ability of HAART to benefit HCV progression
with respect to components of the immune system
such as γδcells2.

Role of loss of neutralizing antibodies

Antibody responses to HCV may be impaired in per-
sons with HIV69, but the overall in vivo influence of
HCV antibodies is not clear, as good measures of
neutralization are not yet available. Specific antibod-
ies will select for mutations in specific areas of the
viral genome, particularly the hypervariable region
HVR1. 

Our group as well as others have observed a strong
selection pressure on the viral envelope glycoprotein
E2 protein, which includes sites targeted by antibody.
Greater selection during acute infection is associated
with increased progression rate of HCV21, 63.
Interestingly, treatment with HAART did not lead to
significant increases in selection pressure in this
region12, but did lead to selection of mutated sites in
the core. One possible interpretation of this is that
immune reconstitution has a greater effect on cellu-
lar immune responses to HCV (which target the
core), than on antibody. 

Other potentially important interactions

Recently it has been reported that the HIV envelope
protein can induce apoptosis of hepatocytes79. This
may be an important mechanism for additional
hepatic injury. Finally, dendritic cells (DCs) are
major antigen-presenting cells that might be the focal
point of important interactions between HIV and
HCV. This is discussed in the section entitled “How
might HCV affect progression of HIV”.
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HAART AND PROGRESSION OF HCV INFECTION

HAART is now the cornerstone of the management
of HIV infection. It restores the immune system,
reduces the risk of opportunistic infections, and
therefore delays progression to AIDS. It is unclear,
however, if HAART necessarily reduces the progres-
sion of liver disease to the levels seen in HCV+HIV–

persons. Indeed one study has failed to report a ben-
efit of HAART on liver disease in people with
HCV66. A rise in HCV viral load on commencing
HAART is common9, 12, suggesting that HAART
may not necessarily improve the course of HCV
infection, and might actually worsen it in some cases.
Some immune defects induced by HIV may not be
readily reversed by HAART. These may include
effects of HIV on γ/δ cells and on immunoglobulin
production, as discussed. In some instances, immune
reconstitution following HAART may aggravate
HCV-related immunopathology, as a HAART-
-induced rise in CD4+ T cell count by 50 or more has
been independently associated with severe HAART-
-related hepatotoxicity70. 

Some drugs used as part of HAART may have direct
effects on the immune system. For example the pro-
tease inhibitor ritonavir has inhibitory effects on T
cells responses5. Such effects are of theoretical ben-
efit in HIV, by reducing excessive immune activa-
tion and immunopathology, but could be deleterious
for the more modest and potentially fragile respons-
es seen to HCV (see below). Such an effect could
explain, in part, the hepatoxicity of ritonavir in
HCV-infected persons. HAART may also play
a direct role in aggravating liver disease, as it con-
sists of chronic treatment with a combination of
potentially hepatotoxic drugs. Infection with HCV
or hepatitis B is an independent risk factor for
HAART-induced hepatotoxicity60. However, in
a recent study44 multi-variate analysis showed
receipt of HAART was not independently associat-
ed with progression of HCV, and most people
(88%) did not experience noticeable hepatotoxici-
ty70. Therapeutic responses to IFN-α, used to treat
HCV, appear to be blunted in HCV+ persons with
HIV, a finding that underlies the need for further
treatment options in these persons50.

HOW MIGHT HCV AFFECT PROGRESSION OF HIV?

There are several potential mechanisms by which
HCV could influence the progression of HIV. These
are not mutually exclusive and may actually reflect
consequences of HCV infection from proximal
points of the immune cascade, such as antigen pre-
sentation.

Impaired antigen presentation in HCV infection

DCs are key antigen-presenting cells in the evolution
and regulation of immune responses to HIV and
HCV. Given that HCV may infect DCs24, 75, and HCV
proteins themselves may be able to interfere with DC
functions19, 58, 59, it is possible that impaired antigen
presentation is the main reasons underlying the poor
development and maintenance of immune responses
to HCV. There are data to suggest that DC function in
HCV-infected individuals is impaired10, but this is con-
troversial as it has not been confirmed in other stud-
ies41. HCV may induce defects in specific sets of DCs,
such as plasmacytoid DCs, rather than cause a uniform
defect6. Most studies infer DC function in vivo from
the function of DCs derived from monocytes in vitro.
Techniques now exist to isolate and study DCs direct-
ly ex vivo. Work from several groups that used blood-
-derived DCs have now shown impaired function in
HCV47, 75, although further studies are required. 

HIV also interferes with DCs20, probably with a dif-
ferent “profile” to HCV in terms of the subsets
affected. This could partly explain the observed dif-
ferences in immune response to these viruses6. HIV-
-induced impairment of DCs may not be reversed by
HAART, even when HIV viral replication is sup-
pressed15, suggesting that this might be a further rea-
son why HAART may have limited capacity to bene-
fit HCV.

A recent study showed that HIV infection of mono-
cytes may augment the capacity of HCV to replicate
within them38. This suggests that HIV infection could
potentiate a mild effect of HCV on antigen presenta-
tion. However, monocyte-derived DCs from co-
-infected persons have not shown additional impair-
ment compared with HIV mono-infected persons65.

A pervasive effect of HCV on CD8+ T cell function?

Analysis of CD8+ T cell responses in mono- and co-
infection is important given their importance in anti-
viral immune responses36, 81. The CD8+ memory T cell
phenotype, for example the expression of the co-stim-
ulatory molecules CD27 and CD28, varies for differ-
ent viral infections7. This may occur because of accu-
mulation of CD8+ T cells at different stage of matu-
ration. Thus in HCV infection, CD8+ T cells are char-
acteristic of a “central memory” (CM) phenotype,
with expression of CCR7 and co-expression of both
CD27 and CD28 (CD27/CD28++). In contrast, CMV-
-specific CD8+ T cells are mainly of an “effector
memory” (EM) phenotype, with loss of CCR7, CD27,
and CD28 (CD27/CD28– –), and acquisition of effec-
tor molecules such as perforin. It is not clear what
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determines this pattern, but increased maturity of
responses is not directly related to a greater burden of
antigen, as viral replication with high levels of viremia
occurs in HCV, whereas in latent CMV cellular
expression of viral products continues only at low lev-
els, if at all. It is therefore tempting to speculate that
persistent viremia with HCV results from a failure to
maintain appropriate numbers of effector T cells.
This could occur through premature loss of EM cells,
or defective maturation of CM cells (see Fig. 1). 

We found that HCV infection not only affects the
phenotype of HCV-specific T cells, but also has
a pervasive influence on memory T cell responses to
other pathogens89. CMV-specific T cells in HCV-
-infected persons show increased expression of CCR7,
CD27, and CD28 and loss of typical markers of effec-
tor function such as perforin, compared with their
expression in non-HCV-infected healthy controls.
Theoretically, changes in such factors as cytokine lev-
els (in tissues and in blood) may underlie this perva-
sive effect78, given that cytokines such as interleukin
(IL)-15, and the supernatant of CMV-infected cells55

can alter T cell phenotype4, 22. 

This work provides an important clue as to how HCV
may alter HIV progression: HIV-specific CD8+ T

cells are of an “intermediate phenotype”, and HCV
co-infection could skew this towards a CM and away
from an EM phenotype. This could have conse-
quences on the ability of HIV-specific T cells to sup-
press infection and lyse infected targets. In support of
this hypothesis as a theoretical possibility is the find-
ing that HIV-specific T cell responses tending
towards an EM phenotype are associated with
delayed progression of HIV77. 

An intra-individual comparison of CD8+ T cell
responses in co-infected subjects showed higher
responses in terms of IFN-γ to HIV than to HCV39,
reflecting the situation in mono-infected individuals.
However, this study did not include HIV mono-
infected persons as controls, and a subtle functional
effect may therefore have been missed. 

It is also possible, however, that the T cell response to
HCV is impaired through persistent exposure to high
levels of antigen as opposed to being a cause of per-
sistent viraemia. This could occur because of
“escape” mutations of HCV or simple exhaustion of
the immune system (see Fig. 1). 

Does HCV enhance immune activation
and progression of HIV?

Excessive immune activation is increasingly being
seen as an important pathogenic link between HIV
progression and AIDS8, 27, 30. Underlying this hypoth-
esis is the observation that HIV infection results in
huge and sustained increases in T cell turnover,
which may result in eventual exhaustion of naïve
CD4+ and CD8+ T cell reservoirs. The finding of
lack of mature effector cells in HCV-infected indi-
viduals could readily be explained by excess turnover
of this compartment with premature loss of EM T
cells. This hypothesis is supported by the finding of
elevated β-2 microglobulin levels, suggestive of high
T cell turnover, in co-infected persons compared
with HIV mono-infected controls43. The high inci-
dence of auto-immune phenomena such as cryoglob-
ulinemia and vasculitis occurring in hepatitis C also
suggests immune dysregulation brought about by
excessive immune activation. The HCV protein E2
on circulating virus complexes may directly mediate
excessive immune activation as it lowers the thresh-
old for T cell activation80 following stimulation
via the T cell receptor complex, and augments
cytokine secretion, and proliferation (but not cyto-
toxicity).

Studies of T cell turnover in HCV compared with
that seen in HIV in mono- and co-infection will be
a key line of inquiry for future investigation.
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Figure 1. Possible reasons for presence of “stunted” HCV specific
T cell responses. 1 – maturation may be impaired through, for
example the presence of regulatory T cell populations; 2 – exces-
sive death may occur because of migration to liver and apoptosis
induced by infected hepatocytes. Exhaustion may occur because
of an overwhelmed immune system, and finally 3 – stimulation of T
cells in vivo may be impaired through generation of escape
mutants. All three of these mechanisms may interplay. Many of the
mechanisms involved may not be HCV-specific, and may therefore
reduce the potency of HIV specific T cell responses resulting in
impaired control of HIV viral infection.
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Liver inflammation may modulate immune responses

Previously we proposed that the HCV-infected liver
could provide a unique environment for T cells85.
Exposure to infected hepatocytes may result in T cell
death through apoptosis31. T cell recruitment to the
HCV-infected-liver is not specific to T cells targeting
HCV, as substantial recruitment of CMV-specific
T cells to the liver is seen82. Data from an animal model
of HIV (simian immunodeficiency virus, or SIV) have
shown that SIV-specific T cells are concentrated in the
liver61. With its large size and blood supply, and sinu-
soidal endothelium that is highly permeable to lym-
phocytes, the liver may serve as a “sink”, and ultimate-
ly a “graveyard”, for HIV-specific T cells. An immune
system already over-activated by HIV may not be able
to keep up with this additional drainage of its reserves.

Role of regulatory T cells in co-infection

Regulatory T cells are a subset of CD4+ T cells that
may modulate the immune system in both health and
disease. An effect of HCV on regulatory T cells
(CD25hi/CD4+ T cells) may underlie an effect of
HCV in inducing immune tolerance. Recent data
have suggested that the CD4+CD25+ subset is active
in HCV-infected persons67, and they have been
shown to modulate CD8+ T cell function in HIV
mono-infected persons1. The non-specific action of
T-regs marks them out as being of potential impor-
tance in co-infection, as an effect of HCV infection
may be transferable to HIV-specific responses, and
vice versa. Interestingly, persons with HCV-associat-
ed auto-immune vasculitis have lower levels of T-regs
than HCV-infected persons without vasculitis13, sug-
gesting that T-regs may counter the deleterious con-
sequences of chronic immune activation.

Effect of therapy with IFN-α 
and ribavirin on HIV progression

Therapy for HCV with IFN-α and ribavirin is only
sustained for a period of 6 months to a year, in con-
trast to HAART, which is destined to be life-long.
However, there is some evidence that it may be asso-
ciated with reduced Th cell responses to CMV, HIV,
and tuberculin3, 40. It is uncertain if this has any impor-
tant sustained negative consequences. HIV viral load
actually drops during IFN-α therapy71, suggesting that
IFN-α treatment may actually be beneficial for HIV.

DOES LATENT INFECTION WITH CMV WORSEN
THE PROGNOSIS OF HIV?

Given that latent CMV will occur in more than 50%
of HIV-infected persons, it is important to address if

it is a co-factor for progression. This question has
been debated for some time. Several studies have
reported that CMV-seropositive persons show evi-
dence of increased HIV viral replication, and more
rapid progression to AIDS56, 57, 83, 84. But this has not
been confirmed in other studies11, 51, 74. Several
immunological mechanisms could, theoretically,
allow CMV to be a co-factor for progression of HIV.
In cases of CMV reactivation (which occurs in
markedly immunosuppressed persons), even if this
occurs at sub-clinical levels, there may be an addi-
tional stress on an already over-activated immune
system. However, it has recently become clear that, in
the era of HAART, a history of active CMV replica-
tion at presentation, as opposed to ongoing CMV
replication per se, is an adverse prognostic factor for
HIV, even when stratified for baseline CD4+ T cell
count and HIV viral load18. This raises the possibility
that even with full suppression of CMV, on reconsti-
tution of the immune system with HAART, CMV
can result in adverse consequences for the immune
system.

CMV has marked effects on the overall differentia-
tion status of T cell pools. For example in children,
CMV seropositivity was associated with an expansion
of CD45RA+CD27– cells (i.e. an EM phenotype)37.
This was not seen with other common childhood
infections (such as EBV, VZV, and MMR vaccine).
In elderly subjects the influence of CMV is more
marked, as it is associated with an inverted CD4/CD8
ratio and a high-risk immune phenotype, with
increased risk of morbidity49. CD8+ T cell responses
to CMV increase with time, and in elderly persons
may reach frequencies up to 30% of all CD8+ T cells
even for a single epitope. The memory responses may
also be multi-specific34 and therefore may place large
demands on the immune system even in younger per-
sons – when it could have telling effects on the capac-
ity of the immune system to combat HIV. 

A study in mice of heterologous immunity, that is the
influence of a prior infection of a virus to influence
the course of a second, different pathogen, show that
protection may occur33. This study demonstrated pro-
tection to vaccinia virus following infection with lym-
phoid choriomeningitis virus (LCMV), a rapidly
replicating RNA virus. However, unlike LCMV,
CMV is a large β herpes virus, can establish latent
infection, and has cumulative effects on the immune
system over many years following acute infection.
Therefore, theoretically at least, it could impair the
emergence of HIV-specific immunity.

It is also possible that, like HCV, CMV has a perva-
sive effect on CD8+ T cells regardless of their speci-
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ficity, leading to increased T cell differentiation and
maturity. As stated earlier, more mature CD8+ T cell
responses may be of benefit in HIV77, but may lead to
increased turnover, which could be detrimental, even
if CMV infection is fully suppressed (see Fig. 2).
Activation of T cells by CMV is likely to be a 2-edged
sword in HIV infection: by promoting the generation
of mature effector T cells it could in theory lead to
better control of the virus (barring the emergence of
virus escape mutants). However, if excess cell
death/turnover is a major contributor to AIDS pro-
gression, the overall influence is likely to be negative.
Although overtly unobtrusive, CMV may be a ghost-
-like ally of HIV infection in its assault on the im-
mune system. 

HIV AND GBV-C VIRUS

GBV-C was first described in 199532 and is found in
around 1% of normal blood donors62. It seems that
viremia can persist for years, but seroconversion
coincides with viral clearance, as the presence of IgG
antibody is very rarely seen in the many people who
are GBV-C RNA+. It is spread parenterally and by
sexual transmission52, 62. Not surprisingly, it is com-
monly found in people with HIV infection. In a study
of 138 HIV-infected persons23, 36% had evidence of
past infection (presence of IgG antibody). A higher
proportion were PCR+ compared with the number
seen in healthy persons, suggesting that seroconver-

sion may be delayed or prevented in persons who are
HIV+, possibly because of impaired immune res-
ponses. However, a cross-sectional analysis showed
that status of infection was independent of current
CD4 count at least42.

The recent study by Williams et al.86 showed that
GBV-C viremia has a beneficial effect on HIV prog-
nosis. This relationship does not appear to be con-
founded by immune status, as loss of GBV-V viremia,
and therefore a successful immune response to GBV-
-C, was associated with a worse prognosis than in
GBV-C uninfected persons. Persons with GBV-C
RNA in serum also seem to have improved virologi-
cal and immunological responses to HAART54. 

Three theories have been advanced to explain the
interaction of HIV and GBV-C (see Fig. 3).
Observations by Nunnari et al.23, 51 suggest that GBV-
-C may favor anti-HIV responses by shifting to a Th1
cytokine profile through an unknown mechanism.
A second hypothesis48 is that GBV-C E2 protein can
bind to CD81 on T cells. This in turn results in the
release of RANTES (regulated-upon-activation, nor-
mal T cell expressed and secreted), which binds to
and blocks the chemokine receptor CCR5. As CCR5
mediates HIV viral entry into T cells, through this
process, GBV-C could act to inhibit HIV viral repli-
cation. CCR5 downregulation would explain the
apparent protective role of GBV-C viremia, but would
not explain the HIV rebound that leads to a worse

J. W. Northfield et al. – Co-infections with HIV
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Figure 2. Diagram conceptualizing theoretical cross-influence in
the generation of HIV specific immune responses in co-infection
with HCV or CMV. If HCV is able to block maturation of T cells then
this might benefit HIV by reducing immune activation, but direct
control of HIV viral replication may be impaired. On the other hand
if CMV infection is able to cause greater maturity of HIV specific T
cells then this might lead to greater control of virus, but more dele-
terious immune activation.
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Figure 3. Possible mechanisms by which GBV-C might reduce HIV
replication. 1 – blockade of entry through down-regulation of
CCR5; 2 – inhibition of viral replication through eliciting production
of RANTES and MIP 1-α and MIP 1-β; 3 – stimulation of type-1
immune responses to HIV.
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HIV prognosis when seroconversion finally occurs. It
is also unclear why the hepatitis C protein HCV E2,
which also binds CD81, does not also cause downreg-
ulation of CCR580. HCV E2 can also stimulate lym-
phocytes. T cell activation by HGV E2 as occurs with
HCV E280 could benefit HIV by stimulating immune
responses, or could be deleterious by causing non-
specific immune activation and a general increase in
T cell turnover.

A recent study convincingly demonstrated the ability
of GBV-C to suppress HIV viral replication in vitro88.
Suppression of HIV replication was inhibited by anti-
bodies to RANTES, MIP 1-α and MIP 1-β, and abol-
ished completely when all these mediators were

blocked. CCR5 was shown to be upregulated on acti-
vation of lymphocyes, and this was prevented by
GBV-C, but the mechanism for this was not defined. 

CONCLUSIONS

This review has aimed to give an overview of the
emerging and important field of the immunology of
viral co-infection. Our understanding of co-infection is
generally hampered by a lack of insight into the strate-
gies each virus may employ to evade the immune
response and carve out its biological niche. In theory at
least, these strategies could have the potential to
antagonize or to synergize: disease from co-infection is
likely to be more than the sum of its parts. 
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