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Background. Human immunodeficiency virus (HIV) infection leads to lower rates of hepatitis C virus (HCV)
clearance after acute infection, higher HCV viremia, and accelerated progression of HCV-related fibrosis. The mech-
anisms underlying this acceleration of HCV progression by HIV are poorly understood, but HIV-induced dysfunc-
tion in the anti-HCV humoral immune response may play a role.

Methods. To define the effect of HIV coinfection on the anti-HCV antibody response, we measured anti-HCV
envelope binding antibody titers, neutralizing antibody (nAb) titers, and nAb breadth of serum from HCV-infected
subjects isolated longitudinally before and after incident HIV infection.

Results. A significant reduction in HCV envelope-specific binding antibody and nAb titers was detected in sub-
jects with CD4+ T-cell counts <350/mm3 after HIV infection, and subjects with CD4+ T-cell counts <200/mm3 also
showed a reduction in nAb breadth. Subjects who maintained CD4+ T-cell counts ≥350/mm3 displayed little to no
decline in antibody levels.

Conclusions. Depletion of CD4+ T cells by HIV infection results in a global decline in the anti-HCV envelope
antibody response, including binding antibody titers, nAb titers, and nAb breadth.
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Approximately 170 million persons are infected with hep-
atitis C virus (HCV) worldwide [1]. In the United States
and other developed countries, transmission of HCV oc-
curs primarily through injection drug use. Because this is
also a common mode of human immunodeficiency virus
(HIV) acquisition, approximately 16% of HIV-infected
persons in the United States and Europe also have HCV
infection [2], and HCV-related liver disease is a major
cause of death in persons with HIV infection [3, 4].

HIV infection leads to lower rates of HCV clearance
after acute infection, higher HCV viremia, accelerated
progression of HCV-related fibrosis, and decreased
rates of sustained virologic response after HCV treat-
ment with pegylated interferon and ribavirin [5–10].
The mechanisms underlying this acceleration of HCV
progression by HIV are poorly understood, but HIV
infection leads to destruction and functional im-
pairment of helper CD4+ T cells, which may lead to
dysfunction in the HCV-specific humoral immune re-
sponse [11–14].

In a longitudinal study by Netski et al [15] of HCV-
infected subjects with incident HIV infection, antibody
titers against nonstructural HCV proteins fell after HIV
infection, and this decrease was greatest in individuals
with more CD4+ T-cell loss. This confirms an associa-
tion between HIV-induced CD4+ T-cell loss and a re-
duction in some antibody responses against HCV, but
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it remains unclear whether antibodies against nonstructural
proteins influence HCV disease progression, because these an-
tibodies do not block HCV infection [16].

Antibodies against HCV envelope (E1E2) may have a more
direct effect on viral replication, because E1E2 is exposed on
the surface of HCV virions, and some antibodies against
HCV E1E2, known as neutralizing antibodies (nAbs), can
block HCV infection [17–19]. A subset of these nAbs, known
as broadly neutralizing antibodies, can block infection by mul-
tiple diverse HCV variants [20–22]. Numerous studies have
shown that nAbs against HCV exert immune pressure driving
evolution in HCV E1E2, and more recent studies have demon-
strated that early high-titer and broad nAb responses against
HCV are associated with HCV clearance [23–28]. Therefore,
measurement of antibody responses against HCV E1E2, partic-
ularly nAb responses, in HIV/HCV-coinfected individuals may
be particularly relevant for understanding the impact of HIV on
HCV disease progression.

We used multiple assays to measure anti-E1E2 binding anti-
body titers, nAb titers, and nAb breadth in serum from chron-
ically HCV-infected subjects, isolated before and after incident
HIV coinfection, to determine the effect of HIV infection on
levels of these HCV E1E2-specific antibodies. Previously, testing
of anti-HCV nAb breadth was limited by the lack of a diverse,
representative panel of HCV isolates for use in neutralization
assays. However, a diverse panel of genotype 1 HCV pseudopar-
ticles (HCVpp) was recently developed [26], allowing us to mea-
sure the effect of incident HIV coinfection on the breadth as well
as the titer of the anti-HCV nAb response. Changes in antibody
levels were correlated with CD4+ T-cell counts after HIV infec-
tion to define the relationship between CD4+ T-cell depletion
and impairment of the anti-HCV humoral immune response.

SUBJECTS, MATERIALS, AND METHODS

Subjects
The AIDS Linked to the Intravenous Experience (ALIVE)
Cohort
Between 1988 and 1989, 2921 persons who inject drugs from
Baltimore, Maryland, were recruited into the AIDS Linked to
the Intravenous Experience (ALIVE) cohort to study the natural
history of HIV infection [29].At enrollment, HCV antibody was
detected in 89% of subjects. By March 2002, a total of 309 pre-
viously HIV-seronegative persons had acquired HIV-1 infec-
tion. For a previous study, 29 of these 309 subjects were
selected who had detectable HCV RNA before and after HIV
infection, ≥1 visit before HIV infection and 2 visits after HIV
infection, and adequate serum volumes for multiple antibody
assays [15]. For the current study, 28 of the original 29 subjects
were used, based on serum sample availability. If multiple pre-
HIV samples were available, the sample collected closest to HIV
infection was used.

All subjects were antiretroviral naive at enrollment. Only 1 re-
ceived highly active antiretroviral therapy (HAART) during the
course of the study, because collection of most samples predated
HAART availability. Post-HIV samples were chosen based on
sample availability and longest duration from initial HIV infec-
tion. Ten additional chronically HCV-infected control subjects
from the ALIVE cohort, who did not acquire HIV infection,
were selected based on availability of serum with a time between
samples that would result in a median for the control group that
was at least the median time between samples for the test subjects.
Based on self-report, none of the test or control subjects received
HCV treatment during the study. Informed consent was obtained
from all subjects and this research was approved by the Johns
Hopkins Institutional Review Board.

HCV E1E2 Enzyme-Linked Immunosorbent Assay
HCV E1E2–specific antibodies were detected with an enzyme-
linked immunosorbent assay (ELISA), as described elsewhere
[30]. Only 27 of the 28 study subjects were assessed owing to
lack of adequate serum samples from 1 subject. Briefly, cells
were transfected with an H77 envelope expression construct ex-
pressing the E1 and E2 proteins, and cell lysates were harvested
at 48–72 hours. Plates were coated with 500 ng of Galanthus
nivalis lectin (Sigma) and blocked with phosphate-buffered sa-
line containing 0.5% Tween 20 and 5% nonfat dry milk, and
H77 E1E2–containing cell lysates were added. Serum samples
were assayed at 2-fold serial dilutions, starting at 1:50 and binding
detected with horseradish peroxidase–conjugated anti-human
immunoglobulin G secondary antibody (BD-Pharmingen).
Twice the mean optical density of normal human serum wells
on the same plate was used as a cutoff for positivity. Reported titers
are the highest dilution still positive by ELISA. Samples from both
time points for each subject were tested in the same batch.

HCV Neutralization Assays
HCVpp were generated by cotransfection of pNL4-3.Luc.R−E−

plasmid and an expression plasmid containing the H77 HCV
E1E2, as described elsewhere [16, 31]. Virus-containing medi-
um was collected at 48 and 72 hours, pooled, and stored in
aliquots at −80°C. For nAb titer experiments, 2- or 3-fold dilu-
tions of heat inactivated serum, starting at 1:50, were incubated
with HCVpp for 1 hour at 37°C and added to Hep3B hepatoma
cells (American Type Culture Collection) for 5 hours, after
which the virus-containing medium was removed. After 72
hours, cells were lysed, and luciferase activity, measured in rel-
ative light units (RLUs), was detected in a luminometer (Bert-
hold Technologies). Pseudoparticle infection was measured in
the presence of test serum (HCVppRLUtest) or HCV-negative
normal human serum (HCVppRLUcontrol) at the same dilution.
The percentage of neutralization was calculated as 100%� ½1�
ðHCVppRLUtest=HCVppRLUcontrolÞ�. End point neutralization
titers are reported as the dilution of plasma that resulted in

HIV Reduces Anti-HCVAntibody Levels • JID 2015:212 (15 September) • 915



50% inhibition of HCVpp infectivity (50% inhibitory dose
[ID50]), as calculated by nonlinear regression (Graphpad Prism
6, version 6.05). Negative control pseudoparticles expressing no
envelope protein produced RLU values ≥5-fold lower than
HCVpp. Samples from both time points for each subject were
tested in the same batch.

Assessment of nAb Breadth Against Library HCVpp
Development of a library of genotype 1 E1E2-expressing lenti-
viral pseudoparticles for measurement of nAb breadth was

described elsewhere [26]. Of the 19 HCVpp described in the ini-
tial panel, 11 (1b34, 1a31, 1a53, 1b09, 1b38, 1a154, 1a157, 1b20,
1a80, 1a129, and 1b58) were selected for this study, based on
reproducible infectivity and maximization of E1E2 sequence di-
versity among clones and to represent a range of neutralization
sensitivity based on prior testing with HCV-positive plasma
samples [26]. Owing to limitations in available serum from
some subjects, neutralizing breadth was measured at 2 time
points in 15 of the 28 study subjects, chosen to represent a
range of CD4+ T-cell counts. Infection with HCVpp was measured

Table 1. Demographic and Viral Characteristics of Study Subjectsa

Characteristic
Coinfected

Subjects (n = 28)
Monoinfected

Subjects (n = 10)

Race
African American 27 (96) 8 (80)

Other 1 (4) 2 (20)

Sex
Male 18 (64) 6 (60)

Female 10 (36) 4 (40)

Age at HIV seroconversion or 1st sample,b median (range), y 36 (26–51) 40 (35–51)
Time between ALIVE study entry and pre-HIV sample, median (range), mo 41.9 (0.6–137.7) . . .

Time between pre-HIV sample and HIV seroconversion, median (range), mo 8.9 (2.9–14.1) . . .
Time between HIV seroconversion and post-HIV sample, median (range), mo 72.0 (16.6–141.1) . . .

Time between 1st and 2nd samples, median (range), mo 80.5 (22.6–153.5) 124.3 (72.4–128.2)

CD4+ T-cell count at 2nd sample, median (range), cells/mm3 284 (7–725) 1105 (663–1137)c

CD4+ T-cell countc at 2nd sample, cells/mm3

0–199 10 (36) . . .

200–349 8 (29) . . .
≥350 10 (36) . . .

HIV RNA at 2nd sample, median (range), copies/mL 54796 (542–759 003) . . .

Any antiretroviral therapy 7 (25) . . .
HAART 1 (4) . . .

HCV genotyped

1 25 (96) 7 (100)
2 1 (4) 0 (0)

Injection drug usee

1st samplef

None 6 (22) 4 (40)

<1/d 8 (30) 4 (40)

≥1/d 13 (48) 2 (20)
2nd sample

None 14 (50) 8 (80)

<1/d 3 (11) 1 (10)
≥1/d 11 (39) 1 (10)

Abbreviations: ALIVE, AIDS Linked to the Intravenous Experience; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; HIV, human immunodeficiency
virus.
a Unless otherwise indicated, data represent No. (%) of subjects.
b Age at HIV seroconversion for HIV/HCV coinfected subjects and age at first sample for HCV monoinfected subjects.
c The CD4+ T-cell count was not measured for all monoinfected subjects (n = 3).
d The HCV genotype was unavailable for 2 coinfected subjects (n = 26) and 3 monoinfected subjects (n = 7).
e Injection drug use in the 6 months before the clinic visit.
f Information unavailable for 1 coinfected subject (n = 27).
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in the presence of test serum (HCVppRLUtest) or HCV-negative
normal human serum (HCVppRLUcontrol) at a 1:100 dilution.
Nonspecific neutralization or enhancement of pseudoparticle
infection by each serum sample was also measured by quantitat-
ing infection of pseudoparticles with MLV envelope in the pres-
ence of test serum (MLVppRLUtest) or HCV-negative normal
human serum (MLVppRLUcontrol) at a 1:100 dilution. The per-
centage neutralization for each HCVpp was calculated and ad-
justed for nonspecific neutralization or enhancement, using
the following formula:

%HCVpp neutralization

¼ 100%� 1� ðHCVppRLUtest=HCVppRLUcontrolÞ
ðMLVppRLUtest=MLVppRLUcontrolÞ

� �� �
:

Positive neutralization of each of the HCVpp was noted when
neutralization was >25%, which was >2 standard deviations
above the mean neutralization of negative control MLV pseudo-
particles by all 25 serum samples tested.

Statistical Analysis
ELISA titers below the level of detection were assigned a titer of
1:25 and serum samples still ELISA positive at a 1:51 200 dilu-
tion were assigned that value for analysis. The nAb titers below
the level of detection were assigned an ID50 value of 1:25 for
analysis. Wilcoxon signed rank test was used to calculate
significance of changes in binding antibody titer, nAb titer,
and number of HCVpp neutralized; when normality was satis-
fied, paired t tests were used. Rank sum tests were used to com-
pare change in binding titer, nAb titer, and nAb breadth
between study groups; when normality was satisfied, t tests
were used.

RESULTS

Subjects
Longitudinal analyses of antibody responses against HCV E1E2
proteins were performed for 10 HCV-monoinfected controls
and 28 HCV-infected subjects before and after they acquired
HIV. Longitudinal serum samples were tested in an HCV
E1E2 ELISA to assess the total anti-HCV E1E2 antibody re-
sponse, as well as in HCVpp neutralization assays to measure
nAb titers and nAb breadth. Characteristics of the 28 coinfected
and 10 monoinfected subjects are shown in Table 1. All subjects
were HCV seropositive at the time of entry into the ALIVE
study. The median time between the pre- and post-HIV visits
was 80.5 months (range, 22.6–153.5 months). For monoin-
fected controls, the median time between serum samples was
124.3 months (range, 72.4–128.2 months). The median CD4+

T-cell count at the time of the second serum sample was 284/
mm3 (range, 7–725/mm3) for the coinfected subjects and 1105/
mm3 (663–1137/mm3) for the monoinfected controls.

Anti-HCV E1E2 Binding Antibody Titer Stability During
Chronic HCV Monoinfection Versus Decline After Incident HIV
Coinfection
The stability of HCV E1E2 binding antibody titers was mea-
sured in 10 subjects who were chronically infected with HCV
and never acquired HIV and in 27 HCV-infected subjects
with incident HIV coinfection. For each HCV-monoinfected
subject, binding antibody titers were assessed in 2 serum sam-
ples collected approximately 124 months apart (median, 124.3
months; range, 72.4–128.2 months). As shown in Figure 1,
binding antibody titers remained stable over this time period
(median log10 reciprocal titer, 3.7 vs 3.8; P = .44). In contrast,
in 27 subjects who acquired HIV, anti-E1E2 binding titers de-
clined significantly (median log10 reciprocal titer, 3.5 pre-HIV
vs 2.9 post-HIV; P = .002)

Figure 1. Anti–hepatitis C virus (HCV) envelope binding antibody titers
are stable during chronic HCV monoinfection but decline after incident
human immunodeficiency virus (HIV) infection. Titers of anti-HCV envelope
(E1E2) antibody were measured in serum samples isolated from 27 HCV-
infected subjects before and after incident HIV infection. Titers were also
measured in 10 HCV-monoinfected control subjects at 2 longitudinal time
points. Gray line represents titers for individual subjects measured at 2
time points; black lines, medians. Enzyme-linked immunosorbent assay
(ELISA) titers below the level of detection were assigned a titer of 1:25,
and serum samples still ELISA positive at a 1:51 200 dilution were as-
signed that value for comparison analysis. Wilcoxon signed rank test
was used to calculate significance of changes; when normality was satis-
fied, paired t tests were used.
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Decline in Anti-HCV Envelope Binding Antibody Titers After
Incident HIV Infection in Subjects With CD4+ T-Cell Loss
To define the role of CD4+ T-cell depletion in the decline in
binding antibody titers, we divided subjects with incident
HIV infection into 3 groups of 9 subjects: those with post-
HIV CD4+ T-cell counts >350/mm3, 200–350/mm3, or <200
cells/mm3. As shown in Figure 2A, binding antibody titers
were relatively stable in those who maintained CD4+ T-cell
counts >350/mm3 (median log10 reciprocal binding titer, 3.2
pre-HIV vs 2.9 post-HIV; P = .53). Subjects with CD4+ T-cell
counts of 200–350/mm3 or <200/mm3 both experienced signif-
icant declines in binding antibody titers (median log10 recipro-
cal binding titer, 3.5 pre-HIV vs 3.2 post-HIV [P = .04] and
3.5 pre-HIV vs 2.9 post-HIV [P = .03], respectively; Figure 2B
and 2C). As shown in Figure 2D, the longitudinal change in
anti-E1E2 binding antibody titer was similar between HCV-
monoinfected and HIV/HCV-coinfected subjects who maintained

CD4+ T-cell counts >350/mm3 (median change in log10 recip-
rocal binding titer, 0 vs 0; P = .28), whereas those with counts of
200–350/mm3 or <200 /mm3 showed a greater decline in bind-
ing antibody titers than monoinfected controls (median change
in log10 reciprocal binding titer, 0 vs −0.6 [P = .03] and 0 vs
−0.9 [P = .04], respectively). Together, these data suggest that
anti-E1E2 binding antibody titers decline more in subjects
who acquire HIV and that the decline covaries with CD4+

T-cell loss.

Anti-HCV nAb Titer Stability During Chronic HCV Monoinfection
Versus Decline After Incident HIV Infection

The nAb titers were measured in the same longitudinal serum
samples from 10 HCV-monoinfected subjects and 28 HCV-
infected subjects with incident HIV infection. As shown in
Figure 3, nAb titers in HCV-monoinfected subjects remained
generally stable over this time period (median log10 reciprocal

Figure 2. Decline in anti–hepatitis C virus (HCV) envelope binding antibody titers after incident human immunodeficiency virus (HIV) infection occurs in
subjects with CD4+ T-cell loss. A–C, Anti-HCV envelope titers were stable after incident HIV infection in subjects with CD4+ T-cell counts >350/mm3 but
declined significantly in subjects with CD4+ T-cell counts of 200–350/mm3 or <200/mm3. Gray line represent titers for individual subjects measured at 2
time points; black lines, medians. Enzyme-linked immunosorbent assay (ELISA) titers below the level of detection were assigned a titer of 1:25, and serum
samples still ELISA positive at a 1:51 200 dilution were assigned that value for comparison analysis. Wilcoxon signed rank test was used to calculate
significance of changes; when normality was satisfied, paired t tests were used. D, Comparison of the change in binding antibody titers over time in
HCV-monoinfected controls and HIV/HCV-coinfected subjects stratified by post-HIV CD4+ T-cell count. Symbols represent changes for individual subjects;
black lines, medians. Rank sum tests were used to calculate significance; when normality was satisfied, t tests were used.
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ID50 titer, 2.6 vs 2.8; P = .43). However, in 28 subjects who
acquired HIV, nAb titers declined significantly (median
log10 reciprocal ID50 titer, 2.7 pre-HIV vs 2.2 post-HIV;
P = .004).

Decline in nAb Titers After Incident HIV Infection in Subjects
With CD4+ T-Cell Loss
To determine whether decline in nAb titers covaries with CD4+

T-cell counts, subjects with incident HIV infection were again
divided into 3 groups by post-HIV CD4+ T-cell count: >350/
mm3 (n = 9), 200–350/mm3 (n = 9), and <200/mm3 (n = 10).
As shown in Figure 4A, nAb titers were stable in those who
maintained CD4+ T-cell counts >350/mm3 (median log10

reciprocal nAb titer, 2.2 pre-HIV vs 2.2 post-HIV; P = .38).
Subjects with post-HIV CD4+ T-cell counts of 200–350/mm3

experienced significant declines in nAb titer (median log10 re-
ciprocal ID50 titer, 3.3 pre-HIV vs 3.0 post-HIV; P = .05; Fig-
ure 4B). Subjects with CD4+ T-cell counts <200/mm3 also
showed a trend toward declining nAb titer (median log10 recip-
rocal ID50 titer, 2.7 pre-HIV vs 2.2 post-HIV; P = .06; Fig-
ure 4C), although this did not achieve statistical significance,
most likely owing to small sample size and 1 subject with a
rise in ID50 titer from 1:25 to 1:587. As shown in Figure 4D,
the change in anti-E1E2 nAb titers did not differ significantly
between HCV-monoinfected and HIV/HCV-coinfected sub-
jects who maintained CD4+ T-cell counts >350/mm3 (median
change in log10 reciprocal ID50 titer, 0.10 vs −0.17; P = .15),
whereas subjects with CD4+ T-cell counts of 200–350/mm3 or
<200/mm3 showed a greater decline in nAb titers than mono-
infected controls (median change in log10 reciprocal ID50 titer,
0.10 vs −0.34 [P = .03] and 0.10 vs −0.74 [P = .05], respective-
ly). Overall, these data suggest that E1E2 nAb titers decline
more in subjects who acquire HIV and that the decline covaries
with CD4+ T-cell loss.

Decline in Breadth of the nAb Response After Incident HIV
Infection
Because HCV varies within an individual at any instant (qua-
sispecies diversity) and over time within an infected individual
(divergence), an effective nAb response should neutralize mul-
tiple antigenically diverse HCV variants [32, 33]. This ability
can be estimated by nAb breadth, the ability of serum to neu-
tralize multiple diverse heterologous HCV isolates [19]. To
measure nAb breadth, 2 longitudinal serum samples from the
10 HCV-monoinfected controls and 15 of the 28 HIV/HCV-
coinfected subjects were tested for their ability to neutralized
11 clonal heterologous genotype 1 HCVpp. Interestingly, despite
stable E1E2 binding titers, HCV-monoinfected controls showed
a trend toward decreasing nAb breadth over time, although 4 of
5 subjects with the greatest nAb breadth maintained those re-
sponses (Figure 5). Subjects with incident HIV infection
showed a significant decline in nAb breadth after HIV infection
(median number of HCVpp neutralized, 9 pre-HIV vs 6 post-
HIV; P = .005).

Decrease in nAb Breadth After Incident HIV Infection in
Subjects With CD4+ T-Cell Loss
To define the role of CD4+ T-cell depletion in decreasing nAb
breadth, subjects with incident HIV infection were divided into
3 groups of 5 subjects according to post-HIV CD4+ T-cell
counts: ≥350/mm3, 200–349/mm3, and <200/mm3. As shown
in Figure 6A, nAb breadth was relatively stable in those who
maintained CD4+ T-cell counts >350/mm3 (median number
of HCVpp neutralized, 7 pre-HIV vs 6 post-HIV; P = .23). Sub-
jects with CD4+ T-cell counts of 200–350/mm3 also did not

Figure 3. Anti–hepatitis C virus (HCV) neutralizing antibody (nAb) titers
are stable during chronic HCV monoinfection but decline after incident
human immunodeficiency virus (HIV) infection. The 50% inhibitory dose
(ID50) titers of nAb against a heterologous HCV isolate (H77) were mea-
sured in serum samples isolated from 28 HCV-infected subjects before
and after incident HIV infection. Titers were also measured in 10 HCV-
monoinfected control subjects at 2 longitudinal time points. Gray lines rep-
resent titers for individual subjects measured at 2 time points; black lines,
medians. Any nAb titers below the level of detection were assigned an
ID50 value of 1:25 for comparison analysis. Wilcoxon signed rank test
was used to calculate significance of changes; when normality was satis-
fied, paired t tests were used.
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show a statistically significant decline in nAb breadth. Interest-
ingly, despite the small sample size, subjects with CD4+ T-cell
counts <200/mm3 showed a significant decline in nAb breadth
after HIV infection (median number of HCVpp neutralized, 9
pre-HIV vs 5 post-HIV; P = .05). As shown in Figure 6D, the
change in anti-E1E2 nAb breadth did not differ significantly be-
tween HCV-monoinfected and HIV/HCV-coinfected subjects,
although there was a trend toward greater loss of breadth in co-
infected subjects with post-HIV CD4+ T-cell counts <200/mm3

(median change in number neutralized, −1 for HCV-monoin-
fected vs −4 for coinfected subjects with CD4+ T-cell counts
<200/mm3; P = .24). Overall, these results suggest that that de-
cline in nAb breadth, like declines in anti-E1E2 binding anti-
body titer and nAb titer, covaries with CD4+ T-cell loss.

DISCUSSION

In this investigation, we demonstrated a reduction in anti-HCV
E1E2-specific binding antibody titers, nAb titers, and nAb
breadth after HIV infection and showed that this decrease is as-
sociated with a loss of CD4+ T cells. By using a longitudinal
study design, we showed that reductions in antibody levels oc-
curred in individual subjects over time, reducing any bias asso-
ciated with interpersonal differences in baseline antibody levels.
The loss of HCV-specific nAbs has important implications for
understanding the disease interactions that occur during coin-
fection with HIV and HCV.

Our results extend earlier work demonstrating a reduction in
HCV-specific antibody responses after HIV infection. Using the

Figure 4. Decline in anti–hepatitis C virus (HCV) neutralizing antibody (nAb) titers after incident human immunodeficiency virus (HIV) infection occurs in
subjects with CD4+ T-cell loss. A–C, Anti-HCV nAb titers were stable after incident HIV infection in subjects with CD4+ T-cell counts >350/mm3, declined
significantly in those with counts of 200–350/mm3, and trended downward in those with counts <200/mm3. Gray lines represents titers for individual
subjects measured at 2 time points; black lines, medians. Any nAb titers below the level of detection were assigned a 50% inhibitory dose (ID50)
value of 1:25 for comparison analysis. Wilcoxon signed rank test was used to calculate significance of changes; when normality was satisfied, paired
t tests were used. D, Comparison of the change in nAb titers over time in HCV-monoinfected controls and HIV/HCV-coinfected subjects stratified by
post-HIV CD4+ T-cell counts. Symbols represent changes for individual subjects; black lines indicate medians. Rank sum tests were used to calculate
significance; when normality was satisfied, t tests were used.

920 • JID 2015:212 (15 September) • Bailey et al



same subjects presented in the current study, we previously
showed that HIV infection was associated with a reduction in
antibodies specific for HCV nonstructural proteins [15]. By
measuring levels of HCV E1E2-specific antibodies, particularly
nAbs, as well as nAb breadth, the present study reinforces our
previous findings and also provides results of more functional
relevance, because nAbs can block HCV infection in vitro
and in vivo, are associated with clearance of acute HCV infec-
tion, and potentially modulate chronic HCV infection [13, 14,
20, 23, 24, 26–28, 34–36].Therefore, the decline in the anti-HCV

nAb response in the setting of HIV/HCV coinfection may
provide a mechanistic explanation for the acceleration of
HCV progression by HIV.

We saw little effect of HIV infection on HCV antibody levels
in subjects who maintained CD4+ T-cell counts >350/mm3.
This is not surprising, given the established role of CD4+ T
cells in B-cell function. However, a previous cross-sectional
study that similarly showed lower HCV nAb titers in HIV/
HCV-coinfected subjects did not find an association with
CD4+ T-cell counts [37]. One explanation may be that the
longitudinal design of the current study better controls for
variables such as baseline nAb titers, which vary between sub-
jects. In addition, all the subjects in the cross-sectional study
were receiving HAART with well-controlled HIV viremia,
whereas few subjects in the current study received HIV treat-
ment. The ability of HAART to increase CD4+ T-cell numbers
is well established, but the effects of this reconstitution on anti-
body production are less well known.

It is noteworthy that binding titers, nAb titers, and nAb
breadth rose in a several subjects despite HIV infection, suggest-
ing that other factors in addition to absolute CD4+ T-cell count
may influence the development and maintenance of nAb re-
sponses. Of note, antibody titers and breadth rose in only 1 sub-
ject with a post-HIV CD4+ T-cell count <200/mm3. This subject
was unusual in that only 18 days separated his or her ALIVE en-
rollment and first documented HCV seropositivity from the first
time point used in this study, so it is possible that this subject was
still in the acute/early period of HCV infection at the pre-HIV
time point. Numerous studies have shown that nAb titers against
HCV tend to rise over time early in infection, so this may explain
the rise in anti-HCV antibody titers in this subject despite a de-
cline in CD4+ T-cell count [23, 24].

This work also raises additional questions that warrant fur-
ther investigation. To our knowledge, before this study, anti-
HCV nAb breadth had never been measured longitudinally
over >5 years of chronic HCV infection. Although we observed
a statistically significant reduction in nAb breadth in HIV/
HCV-coinfected subjects, we also observed an unexpected
trend toward declining breadth in HCV-monoinfected controls,
and the magnitude of the reduction did not differ significantly
between HIV/HCV-coinfected and HCV-monoinfected sub-
jects. Although the lack of statistical difference between groups
may be due to small sample sizes, the trend toward declining
nAb breadth in monoinfected subjects is interesting, given the
relative stability of binding and nAb titers in the same subjects.
The decline in breadth may reflect the CD4+ T-cell exhaustion
late in chronic HCV infection that has been well documented in
numerous studies [38–42].

In summary, this study demonstrates a CD4+ T-cell–dependent
decrease in anti-E1E2 binding antibody titers, nAb titers, and
nAb breadth after infection with HIV. Early high titer nAb re-
sponses have been associated with clearance of acute HCV

Figure 5. Breadth of the neutralizing antibody response declines after
incident human immunodeficiency virus (HIV) infection. Serum samples
isolated from 15 hepatitis C virus (HCV) –infected subjects before and
after incident HIV infection were tested for their ability to neutralize 11
clonal heterologous genotype 1 HCV pseudoparticles (HCVpp). Serum sam-
ples from 10 HCV-monoinfected control subjects at 2 longitudinal time
points were used as controls. Gray lines represents number of HCVpp neu-
tralized (neutralizing breadth) for individual subjects measured at 2 time
points; black lines, medians (overlapping lines are dithered for clarity). Pos-
itive neutralization of each of the HCVpp was noted when neutralization
was >25%, which was >2 standard deviations above the mean neutralization
of negative control murine leukemia virus pseudoparticles by all 25 serum
samples tested. Wilcoxon signed rank test was used to calculate significance
of the change in number of HCVpp neutralized; when normality was satisfied,
paired t tests were used.
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infection and probably also play a role in the control of chronic
HCV infection. Decline in the anti-HCV nAb response in the
setting of HIV/HCV coinfection may provide a mechanistic ex-
planation for the acceleration of HCV progression by HIV.
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