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Individuals infected with human immunodeficiency virus type 1 (HIV-1) are frequently coinfected with hepatitis

C virus (HCV). Acute HCV infection is often asymptomatic and poorly understood. We conducted a historical

prospective study of HCV antibody and viremia in plasma samples obtained during 1994–1999 from a cohort

of initially HIV-1–infected, HCV-uninfected women and from HIV-1–HCV–uninfected women. Twenty-two

(1.5%) of 1517 experienced seroconversion. Of these, 14 (64%) truly acquired a new infection as assessed by

enzyme immunoassay response and new-onset viremia. The incidence rate in HIV-1–infected women was 2.7

cases per 1000 person-years; it was 3.3 cases per 1000 person-years in HIV-1–seronegative women (relative

risk, 1.21; ). Acquisition of HCV was associated with any history of drug use ( ). Five of 12P p .75 P ! .01

viremic, seroconverting individuals cleared viremia. Incident HCV infection among HIV-1–infected and HIV-

1–uninfected women was low. It was linked to drug use and commonly resolved.

An estimated 4 million people in the United States are

infected with hepatitis C virus (HCV) [1]. Although

the incidence of new infections has decreased as a result

of improved screening of the blood supply, it can be

anticipated that clinical manifestations of infection (i.e.,

cirrhosis and hepatocellular carcinoma) in chronically
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infected persons will become more common during the

next 2 decades [2].

Because most people who acquire HCV are asymp-

tomatic, it has been difficult to characterize some of

the features of acute infection. These and other aspects

of HCV infection may be further complicated by fre-

quent coinfection with HIV-1 [3]. We studied reposi-

toried blood specimens obtained from a large cohort

of HIV-1–infected women observed prospectively since

1994 to identify and describe cases of newly acquired

HCV infection.

PATIENTS AND METHODS

The Women’s Interagency HIV Study (WIHS) is a pro-

spective multicenter study of the natural history of HIV

infection in women. The WIHS comprises 6 consortia:

New York City Consortium (Bronx); State University

of New York at Brooklyn; Washington, D.C., Consor-

tium; Los Angeles, Southern California Consortium;

San Francisco/Bay Area Consortium; and the Chicago

Consortium. The WIHS methods and baseline cohort
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characteristics have been described elsewhere [4]. From Oc-

tober 1994 through November 1995, 2059 women with HIV-

1 infection and 569 HIV-1–seronegative women were enrolled

in the WIHS. Women were recruited through HIV primary

care sites, drug treatment facilities, and community-based out-

reach facilities. Women were interviewed and examined at en-

rollment and at 6-month intervals thereafter. Laboratory studies

were also performed at each visit. Data regarding risk factors

for HCV acquisition (e.g., injection drug use and sexual history)

were collected through a standardized questionnaire adminis-

tered by study personnel. Risk factors for HIV acquisition in

HIV-1–seropositive and HIV-1–seronegative women include

injection drug use (34% and 28% of women, respectively),

heterosexual exposure (42% and 26%, respectively), and receipt

of a transfusion (4% and 3%, respectively). No risk was iden-

tified in 20% and 43% of women, respectively. The research

protocol was reviewed and approved by the institutional review

boards at each facility. At enrollment, all participants (HIV-1–

seropositive and HIV-1–seronegative women) were screened for

the presence of antibodies to HCV by a second-generation EIA

(HCV EIA 2.0; Abbott Laboratories).

Plasma samples from each study visit were stored at �70�C.

In 1999, the last plasma study specimen placed in repository

for each of the initially HCV-seronegative women was tested

for antibody to HCV by a third-generation EIA (HCV EIA 3.0;

Ortho-Diagnostic Systems), in accordance with the manufac-

turer’s directions. For women with discordant results between

this last specimen and that of the enrollment specimen, anti-

body testing was repeated (serial HCV EIA 3.0, followed by

recombinant immunosorbent assay [RIBA; RIBA HCV 3.0;

Chiron]) using specimens in the study repository from all in-

tervening semiannual study visits between the 2. In this way,

a study visit within 6 months of apparent HCV seroconversion

could be identified. The original negative enrollment specimens

were confirmed by HCV EIA 3.0.

In women who demonstrated HCV seroconversion, specimens

obtained at each study visit were then tested for the presence of

HCV RNA by HCV branched DNA (bDNA) (Quantiplex 2.0

branched chain DNA–enhanced label amplification assay; Chi-

ron). Data from the bDNA testing were converted to interna-

tional units (IU/mL) by using kit-specific conversion factors pro-

vided by the manufacturer. To screen for virus loads of less than

the level of detection of the bDNA test, plasma specimens from

before and after the initial detection of HCV by bDNA were

tested via qualitative RT-PCR (COBAS Amplicor HCV Detection

Kit; Roche Diagnostic Systems). Genotyping of HCV isolates was

performed using E1 sequences, as described elsewhere [5].

Acute HCV infection was defined as an HCV EIA 3.0 sero-

reactive test result (confirmed as positive by RIBA) after �1

seronegative test result, combined with HCV viremia measur-

able by bDNA or RT-PCR also preceded by a negative test

result. Acute infection was also considered to have occurred

only if both the HCV EIA 3.0 and the RIBA result became

reactive after negative test results (�2 negative test results sep-

arated by 6 months), even if viremia could not be demonstrated.

For the purpose of some analyses, the date of seroconversion

was considered the first study visit with a reactive HCV EIA

3.0 result. Women who acquired HCV antibody during study

follow-up were informed and counseled by study personnel.

To examine changes in CD4 cell count and HIV-1 RNA level

around the time of HCV seroconversion, we used a matched,

nested, case-control approach in which each HCV seroconverter

was matched with 4 patients who did not have seroconversion

to HCV by HIV-1 status, age (within �1 year), and frequency

of study visits at the time of seroconversion. Seroincidence rates

over time were estimated by using person-years of observation.

Potential confounders were examined by stratification using exact

Poisson models. Homogeneity was tested to determine whether

there was a common relative risk across strata. If there was no

significant heterogeneity, then relative risk was pooled across the

strata using StatXact 4 for Windows (Cytel Software). Risk factors

presumed to be associated with HCV acquisition included drug

use, sexual behavior, and age. Analysis of the case-control data

was by conditional logistic regression analysis (EGRET; Cytel

Software) or by repeated-measures analysis of variance.

RESULTS

Seroconversion. A total of 2628 women enrolled in the

WIHS; 2059 were HIV-1 seropositive (78%), and 569 were HIV-

1 seronegative (22%). At enrollment, HCV EIA 2.0 results were

nonreactive for 1127 HIV-1–infected women (55%) and 390

HIV-1–uninfected women (69%). Among HCV-seronegative

women, at enrollment, the mean age of those who were HIV-

1 infected was slightly greater than that for women who were

HIV-1 uninfected (34.7 vs. 33.0 years). The rate of drug use

of any sort, before or after enrollment, was higher among HIV-

1–seronegative women (30% vs. 19%). There were no differ-

ences in the rates of injection drug use.

Over a mean of 3.5 years (range, 0.2–59 months), 22 of all

women at risk (1.5%) experienced seroconversion, as assessed

by HCV EIA 3.0, during follow-up. Of the 22 HCV serocon-

vertors, 12 (55%) developed a reactive EIA result after sero-

negative results of a test or tests, as well as newly measurable

viremia, within 6–12 months before or after the date of sero-

conversion. Six women (27%) experienced seroconversion (as

determined by HCV EIA 3.0) during study follow-up but did

not demonstrate viremia either concomitant with or during the

study visits preceding or after the seroconversion. Two of these

6 women had seroconversion with strongly positive HCV EIA

3.0 test results along with concomitant RIBA reactivity, sug-

gesting true acute infection, despite the absence of HCV vi-
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Figure 1. Hepatitis C virus (HCV) antibody acquisition, as determined by HCV EIA 3.0 (Ortho-Diagnostic Systems). RIBA, recombinant immunosorbent
assay (RIBA HCV 3.0; Chiron); +, positive; �, negative.

remia. HCV seroconversion occurred at the last study visit, so

determination of subsequent new-onset viremia was not pos-

sible. The other 4 had weakly positive HCV EIA 3.0 results

with negative or indeterminate RIBA results; these were likely

false-positive test results.

Four women who demonstrated HCV EIA 3.0 seroconver-

sion during study follow-up were noted to have viremia at and

then after the enrollment visit. In these cases, HCV EIA 3.0

seroconversion did not occur until long after the enrollment

visit (range, 18–42 months). All 4 of these women were infected

with HIV-1. In sum, 14 of these 22 women with HCV EIA 3.0

seroconversion can be confidently said to have acquired HCV

infection during study follow-up (figure 1). These 14 cases form

the basis for calculating the incidence of HCV. The incidence

rate of new HCV infection for HIV-1–infected women was 2.7

cases per 1000 person-years. For HIV-1–uninfected women, the

incidence rate was 3.3 cases per 1000 person-years (table 1).

There was no statistical difference between the rates ( ),P p .76

with an overall estimated incidence rate of 2.8 cases per 1000

person-years (95% CI, 1.5–4.7 cases per 1000 person-years).

In all but 2 of the patients with seroconversions who had

new-onset viremia, RIBA test results became positive at the

same visit as the HCV EIA 3.0 test result (i.e., within 0–6

months). In one case, RIBA test results became positive at the

visit after the EIA 3.0 seroconversion (i.e., within 6–12 months);

in the other case, RIBA test reactivity was detected only 1.5

years later (i.e., within 8–24 months).

Transmission factors. Women with a history of any drug

use, either before enrollment or during study follow-up, were

more likely to acquire HCV infection than were women who

gave no such history (5.3 cases per 1000 person-years vs. 0.7

cases per 1000 person-years; ). There was no significantP p .01

heterogeneity in drug use between HIV-1–infected and HIV-

1–uninfected women ( ). The overall relative risk wasP p .29

7.3 (95% CI, 1.8–48.4; ). Among the 14 women whoP ! .01

acquired a new HCV infection, 6 had a reported history of use

of crack, cocaine, or heroin during the study follow-up period.

Six other women reported a history of crack, cocaine, or heroin

use before but not during the study period. Eighty-six percent

of the women who acquired HCV infection reported a history

of or current drug use, compared with 22% of 1517 HCV-

seronegative women at enrollment ( ). Birth in PuertoP ! .01

Rico was also associated with HCV acquisition ( ).P p .02

There was no greater association between acute HCV infec-

tion and lifetime number of sexual partners, frequency of con-

dom use, or history of sexually transmitted diseases at enroll-

ment, either in comparison with all HCV-seronegative women

or with the matched control subjects. Rates of acute HCV in-

fection for these and other demographic characteristics are out-

lined in table 1.

In the matched-control study, the mean absolute CD4 cell

count of all HIV-1–infected women with newly acquired HCV

infection at the time of the first reactive HCV EIA 3.0 result

was 433 cells/mm3 (range, 89–1355 cells/mm3; median, 344

cells/mm3). For all HIV-1–infected women who did not acquire

HCV infection, the mean CD4 count was 385 cells/mm3 (range,

14–1880 cells/mm3; median, 348 cells/mm3; table 2). In women

with acute HCV infection, the CD4 cell count increased be-

tween the visit preceding and the visit of seroconversion, com-

pared with a decrease in the matched control subjects during

the same study visits, whether HIV-1 infected or uninfected

( ). In a comparison of the same groups, log HIV-1 RNAP ! .05

levels (as determined by PCR) were found to have decreased

in both (HCV-seronegative patients, from 4.11 to 3.81 log10
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Table 1. Rates of acute hepatitis C virus (HCV) infection in women, by demographic characteristics.

Characteristic
No. of HCV

seroconverters
No. of

person-years Incidence Rate ratio (95% CI) P

Race .76

African American 6 2669 2.2 1.0 (referent)

White 3 831 3.6 1.6 (0.3–7.5)

Hispanic 4 1292 3.1 1.4 (0.3–5.8)

Other 1 152 6.6 2.9 (0.1–24.1)

Education .46

Less than high school 3 1627 1.8 1.0 (referent)

High school 7 1493 4.7 2.5 (0.6–15.2)

Some college 3 1343 2.2 1.2 (0.2–9.0)

College or more 1 490 2.0 1.1 (0.02–13.8)

Any drug use .01

No 2 2684 0.7 1.0 (referent)

Yes 12 2277 5.3 7.1 (1.6–65.1)

Ever injected drugs .20

Yes 2 293 6.8 2.7 (0.3–11.9)

No 12 4668 2.6 1.0 (referent)

Lifetime no. of sex partners .21

1–4 2 1248 1.6 1.0 (referent)

5–10 6 1458 4.1 2.6 (0.5–26.0)

11–100 4 1943 2.1 1.3 (0.2–14.2)

1100 2 250 8.0 5.0 (0.4–68.9)

Ever paid for sex .21

Yes 1 1205 0.8 0.2 (0.006–1.6)

No 13 3727 3.5 1.0 (referent)

Place of birth .03

United States 12 3803 3.2 1.0 (referent)

Puerto Rico 2 163 12.3 3.9 (0.4–17.5)

Other … 978 … … (0.0–1.1)

Age, years .80

!25 2 521 3.8 1.0 (referent)

25–29 2 1051 1.9 0.5 (0.04–6.8)

30–35 5 1309 3.8 1.0 (0.2–10.5)

135 5 2072 2.4 0.6 (0.1–6.6)

HIV-1 infected .76

Yes 10 3739 2.7 0.8 (0.2–3.6)

No 4 1222 3.3 1.0 (referent)

Total 14 4961 2.8 …

copies/mL; patients with acute HCV infection, from 4.74 to 3.8

log10 copies/mL; ). None of the 9 women infected withP p .12

HIV-1 were receiving HAART at the visit before seroconversion,

compared with 7 (18%) of 40 matched controls (exact P p

). Four women (44%) with new HCV infected and 4 control.02

subjects (10%) were receiving HAART at the time of the index

visit ( ), perhaps accounting for the decrease. There wereP p .18

no discernible trends in HIV-1 RNA level measurements by

PCR in the 2–3 visits after HCV seroconversion.

HCV viremia. In only 2 of the 12 cases of seroconversion

with new-onset HCV viremia did RT-PCR demonstrate HCV

viremia before detection by bDNA. Otherwise, positive test

results using these methods were concordant. The first ap-

pearance of measurable virus by bDNA or quantitative RT-PCR

coincided with HCV EIA 3.0 seroconversion for 9 (75%) of

these cases (i.e., within 0–6 months). In 1 case (8%), viremia

occurred before HCV EIA 3.0 seroconversion (i.e., 6–12

months). Surprisingly, in 2 cases (17%), HCV EIA 3.0 sero-



HIV/AIDS • CID 2003:37 (15 November) • 1361

Table 2. Mean CD4 cell count before and after acquisition of hepatitis C virus
(HCV) infection.

HIV-1 and HCV
infection status

No. of
patients

CD4 cell count
at visit before

seroconversion,
cells/mm3

CD4 cell count
at first visit after
seroconversion,

cells/mm3

Mean � SD Median Mean � SD Median

HIV-1 uninfected

HCV uninfected 16 1235 � 518 1094 1087 � 403 1101

Acute HCV infection 4 1294 � 502 1322 1578 � 315 1447

HIV-1 infecteda

HCV uninfected 40 402 � 362 328 385 � 328 348

Acute HCV infectionb 9 328 � 174 293 433 � 377 344

a .P ! .05
b Data are missing for 1 patient.

conversion preceded the demonstration of virus by either

bDNA or RT-PCR (i.e., a window of 6–12 months). Quanti-

tative virus measurements after first appearance varied widely

(table 3). Both the initially measurable HCV bDNA level and

the maximal HCV bDNA level for HIV-1–infected HCV ser-

oconvertors were significantly higher than the same measure-

ments for HIV-1–uninfected HCV seroconvertors (P p .048

and , respectively, by exact Mann-Whitney test).P p .008

The first measured bDNA HCV load in each of the patients

ranged from !42,000 IU/mL (i.e., the lower limit of detection)

to 19 million IU/mL. Eleven of the 12 women were infected

with genotypes 1a (8 women) or 1b (3 women). Five of the

12 women (2 HIV-1–seropositive women and 3 HIV-1–sero-

negative women) lost measurable virus over serial samplings

during follow-up, suggesting resolution of infection. No dif-

ferences in EIA optical density or RIBA pattern at the time of

seroconversion were noted between the women who lost virus

and those in whom virus persisted.

Four women, all of whom were HIV-1 infected, whose HCV

EIA 3.0 result became reactive during the study period were

found to have had measurable HCV levels at enrollment. EIA

reactivity developed only after a considerable period of follow-

up (i.e., 18–42 months). No HCV genotype predominated

within this group. Although 1 of these 4 women had persistently

measurable virus in excess of 107 copies/mL, the others had

alternating periods of measurable and unmeasurable virus lev-

els, including 1 period in which no virus was detected at 25–

37 months. At the time of seroconversion, 3 of these women

were receiving HAART, and this had been initiated during the

study period in 2. From the time of enrollment to the time of

seroconversion, CD4 counts decreased in 2 of these women

(from 426 cells/mm3 to 19 cells/mm3 in one woman, and 500

cells/mm3 to 269 cells/mm3 in the other) and increased in the

other 2 (from 118 cells/mm3 to 399 cells/mm3 in one woman,

and from 541 cells/mm3 to 619 cells/mm3 in the other).

DISCUSSION

The incident rate of HCV infection in this large group of

women with and at risk for HIV-1 infection was low. Incidence

rates of HCV in populations at risk, like new injection drug

users, may be remarkably high [6–9]. It is likely that those in

the WIHS cohort at highest risk for HCV acquisition had al-

ready acquired infection before enrollment. Additionally, once

enrolled in the study, the WIHS participants were likely to

receive standard counseling regarding safe sex practices and

risk of ongoing drug use, although the impact of such messages

is unclear [10–12].

The majority of women in the WIHS who acquired HCV

infection had some history of drug use—distant or current,

injection or not—which was considerably out of proportion to

the WIHS study cohort overall, supporting the contention that,

with the screening of the blood supply, the use of drugs, pri-

marily via injection, is the single most important risk factor

for HCV acquisition [13]. Sexual transmission of HCV is plau-

sible, but the association is weak [14–16]. For the few women

acquiring HCV in this study who had no history of drug use,

we were unable to demonstrate any association with number

of sex partners or a history of sexually transmitted diseases.

One interesting observation from this small group of HCV

seroconvertors is the slight overrepresentation of women born

in Puerto Rico, when compared with matched control subjects.

Ethnic differences may imply genetic predisposition, cultural

practices, or geographic variations, none of which can be dem-

onstrated clearly in this small group but might warrant further

investigation.

To a degree, subject serologic and virologic presentations

varied. The National Institutes of Health consensus statement

on HCV infection states, “The very high sensitivity and spec-

ificity of the third generation of EIAs (sensitivity 99%, speci-

ficity 99%) obviate the need for confirmatory RIBA in the



Table 3. Serial hepatitis C virus (HCV) levels, measured by branched DNA
(bDNA), and qualitative RT-PCR results in seroconverters with viremia.

Patient, test

Study visit

1 2a 3b 4c 5d

1

bDNA, IU/mL 0e 22,378 0 ND ND

RT-PCR � + � � �

2

bDNA, IU/mL 0 0 0e ND ND

RT-PCR � + � � �

3f

bDNA, IU/mL 0 846,860e 4,257,978 ND ND

RT-PCR � + + + +

4f

bDNA, IU/mL 0 1,429,765e 0 ND ND

RT-PCR � + � � �

5

bDNA, IU/mL 0e 343,452 281,798 229,820 282,015

RT-PCR � + + + +

6f

bDNA, IU/mL 0 2,693,264e ND ND ND

RT-PCR � + � � ND

7f

bDNA, IU/mL 0 19,042,998e 1,068,908 226,747 2512

RT-PCR � + + + +

8f

bDNA, IU/mL 0 35,428e ND ND ND

RT-PCR � + + ND ND

9f

bDNA, IU/mL 0 5,406,453e 28,994,354 5,310,836 ND

RT-PCR � + ND ND ND

10f

bDNA, IU/mL 0 0e 4,546,904 ND ND

RT-PCR � + + ND ND

11f

bDNA, IU/mL 0 11,211,843e 1,476,077 1,327,547 1,482,405

RT-PCR � + ND ND ND

12

bDNA, IU/mL 0 0e ND ND ND

RT-PCR � + � � �

NOTE. Study visit 1 was the first study visit immediately before detectable viremia.
bDNA level determined using Quantiplex 2.0 branched chain DNA–enhanced label ampli-
fication assay (Chiron). COBAS Amplicor HCV Detection Kit (Roche Diagnostic Systems)
was used for RT-PCR. ND, test not performed; +, positive; �, negative.

a Mean time after study visit 1, 7.6 months (range, 5–13 months).
b Mean time after study visit 2, 13.5 months (range, 5–40 months).
c Mean time after study visit 3, 8.3 months (range, 5–15 months).
d Mean time after study visit 4, 6 months (range, 4–8 months).
e Visit with first detectable antibody by HCV EIA 3.0 (Ortho-Diagnostic Systems).
f HIV-1 seropositive.
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diagnosis of individual patients, particularly those with risk

factors for HCV” [17]. The entire WIHS cohort could be con-

sidered at risk for HCV infection. However, of 22 persons with

seroconversion, only 14 with antecedent negative HCV viremia

had a new, strongly reactive HCV EIA result with confirmatory

RIBA result, and of these persons, 12 subsequently had measur-

able levels of virus in plasma (positive predictive value, 64%).

Four seroconvertors (18%) with weakly reactive HCV EIA, neg-

ative RIBA, and repeatedly negative RT-PCR determinations

cannot definitively be said to have acquired HCV infection.

These may represent false-positive results, although a weak im-

mune response to true exposure cannot be absolutely ruled out.

False-positive results could be eliminated by increasing the cut-

off values for the EIA.

An additional 4 women (18%) had measurable levels of virus

in plasma at enrollment and many months to years before HCV

EIA 3.0 seroconversion occurred. These also cannot be de-

scribed as new infections. The interval between the detection

of HCV viremia and the development of HCV antibodies is

usually 6–8 weeks, with some cases taking up to 6–12 months

[18]. A number of studies have previously suggested that the

development of antibody to HCV may be significantly delayed

in immunocompromised individuals [18–21]. Beld et al. [22]

reported on 5 individuals, none of whom were HIV-1 infected,

who had low-grade HCV viremia without seroconversion for

a mean of 40.3 months. Although the virus load was low or

not detectable in some of the women with a delayed serocon-

version in our study, at least 1 of them had an HCV load

(determined by RT-PCR) of 40,000,000 copies/mL consistently

for �12 months, and probably for much longer, before mount-

ing an antibody response. In 2 of 4 instances, women with late

HCV seroconversion had decreasing CD4 cell counts before

the appearance of HCV antibody.

Serial HCV load measurements in our subjects showed no

clear patterns. It has been suggested that HCV RNA levels are

much higher in immunosuppressed patients than in immu-

nocompetent individuals [23, 24]. Although the number of

seroconversions was small, there was a suggestion that HIV-1–

infected women who acquired new HCV infections had higher

HCV loads. Clearance of infection was also high in our patients.

Current estimates suggest that, overall, ∼15% of exposed in-

dividuals will not have chronic infection [25, 26]. At least 5

(42%) of 12 patients with viremia (2 of whom were HIV-1

infected, and 3 of whom were HIV-1 uninfected), seroconver-

sion, and sufficient follow-up visits after seroconversion ap-

peared to lose virus over repeated 6-month visits. Messick et

al. [27] reported that ∼25% of a cohort of HIV-uninfected

patients with hemophilia lost virus during follow-up. In an-

other cohort, nearly 14% of HIV-uninfected individuals re-

solved HCV infection during follow-up, whereas rates of res-

olution in HIV-infected individuals were 5%–8.6%, depending

on the CD4 cell count [22]. Overall, the women here who

cleared viremia had lower peak HCV loads.

Conclusions about HCV acquisition and acute infection are

limited by the relatively few cases of seroconversion detected.

It should also be recognized that follow-up visits in the WIHS

were infrequent (i.e., every 6 months) and often offered few

time points, both before and after seroconversion, to charac-

terize changes over time with great confidence. Despite these

drawbacks, some important observations should be noted.

Acute HCV infection is now almost exclusively a problem of

individuals with a history of drug use. Although most exposed

individuals will predictably develop an antibody response, a

certain proportion may not do so for quite some time. Many

will also clear viremia, particularly if they are not immuno-

suppressed, and those who do will do so soon after infection.

Clinicians should maintain a high index of suspicion of HCV

infection for individuals at risk and consider repeated antibody

testing, as well as HCV RNA testing, when such individuals

have negative results of a single antibody study.
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