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Drug Users Infected with Human Immunodeficiency
Virus and Human T Lymphotropic Virus Type II
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1Viral Epidemiology Branch and 2Biostatistics Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, and 3National
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Coinfection of hepatitis C virus (HCV) and human immunodeficiency virus (HIV) and/or human T-lympho-
tropic virus type II (HTLV-II) is common among drug users. We compared HCV RNA detection and load in
a cohort of 6570 injection drug users from 9 US cities during 1987-1991. Of 385 subjects selected from 16
strata by sex, race (black or nonblack), and HIV/HTLV-II group (HIV positive [HIV+]/HTLV-II+, HIV+/HTLV-
II negative [HTLV-II�], HIV�/HTLV-II+, and HIV�/HTLV-II�), 376 had HCV antibodies, of whom 305 had
detectable HCV load. HCV RNA detection was unrelated to sex, race, and virus groups, but differed by study
site. The mean HCV load was 5.4 log10 IU/mL and was 0.24 log10 higher in men than in women. Virus load
increment with HIV or HTLV-II infection was higher among white subjects than among other subjects.
Compared with HIV�/HTLV-II� subjects, virus load was 0.50, 0.22, and 0.56 log10 higher in HIV+/HTLV-II�,
HIV�/HTLV-II+, and HIV+/HTLV-II+ subjects, respectively. HTLV-II infection significantly increased HCV load
in white subjects but not in other racial groups.

Persons with long-term hepatitis C virus (HCV) infec-

tion are at increased risk of liver cirrhosis and hepa-

tocellular carcinoma [1]. Although the overall preva-

lence is low (!2%) in the general population, the

infection is common (180%) among persons with high

risk of parenteral exposure, including those with he-

mophilia or those with a history of injection drug use

(IDU). Many of these individuals also are coinfected

with human immunodeficiency virus (HIV) [1–3]. Be-

cause HIV impairs the host’s immune response, the

natural course of HCV infection may be affected by the

presence of HIV infection. A number of studies to date

have shown that HCV load is elevated among persons

with HIV infection [3–5]. Furthermore, risk of end-
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stage liver disease is elevated among HCV carriers who

are coinfected with HIV [6–11], which raises concerns

that HCV infection presents a significant burden of

disease among HIV-infected persons. To complicate the

natural history of HCV infection still more, many IDUs

also are infected with human T lymphotropic virus type

II (HTLV-II) [2, 12], a retroviral infection of uncertain

consesequences. HCV can infect and replicate in an

HTLV-I–infected cell line [13], raising the possibility

that, if coinfected, HCV may also interact with HTLV-

II in vivo. In the present study, we analyzed the in-

dependent and joint associations of HIV and HTLV-II

infections on HCV load in a well-characterized pop-

ulation of US IDUs.

SUBJECTS, MATERIALS, AND METHODS

Study population. The subjects of the present in-

vestigation were participants of the National Institute

on Drug Abuse (NIDA) Study, which investigates risk

factors and trends in HIV seroprevalence among IDUs

from methadone maintenance and detoxification clin-

ics in 9 US cities [12, 14, 15]. Participating treatment
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centers were located in Baltimore, Chicago, Los Angeles, San

Antonio, New York City, Asbury Park (New Jersey), Trenton

(New Jersey), Philadelphia, and Miami, enrolling ∼9000 par-

ticipants aged �18 years who were admitted for treatment

between March 1987 and December 1991. Sixty-six percent of

enrolled participants were men. Thirty-eight percent were non-

Hispanic black (hereafter “black”), 30% were non-Hispanic

white (hereafter “white”), 30% were Hispanic, and !2% were

Asian/Pacific Islanders or Native Americans. Three percent were

coinfected with HIV and HTLV-II, 10% were infected with HIV

alone, 15% were infected with HTLV-II alone, and 72% were

negative for both infections [12]. Blood samples were collected

at the time of study enrollment. Specimens were stored at

�70�C in a central repository until used. Informed consent

was obtained from all study participants. Study protocol fol-

lowed the human experimentation guidelines of the US De-

partment of Health and Human Services and institutional re-

view boards of the National Cancer Institute and the National

Institute on Drug Abuse.

Study subjects. After excluding Asian/Pacific Islanders and

Native Americans, the 6570 participants [12, 14, 15] previously

evaluated for HIV/HTLV-II infection status were classified into

16 groups, according to HIV/HTLV-II infection status (HIV pos-

itive [HIV+]/HTLV-II positive [HTLV-II+], HIV+/HTLV-II neg-

ative [HTLV-II�], HIV�/HIV+, and HIV�/HTLV-II�), sex (male

vs. female), and race (black vs. white and Hispanic combined).

Thirty-five individuals who were HTLV-I positive and 16 others

who were HTLV-I and HTLV-II dually positive were excluded.

We sought 25 subjects in each of these 16 sex-, race-, and virus-

specific strata. Selection was random whenever 125 persons in

a category were available. Of the 400 sought, we found and tested

stored serum samples from 385 subjects (96.3%) for HCV an-

tibody detection and HCV RNA level (virus “load”). For non-

black, female, HIV+/HTLV-II+ subjects, there were only 15 sub-

jects available.

Laboratory methods. Serum samples were screened for

antibodies to HIV by use of a whole-virus EIA (Du Pont NEN),

with a confirmatory Western blot (Du Pont NEN). Detection

of bands for gp120/160 and to p24 or gp41 defined the HIV

positivity. Serum samples also were screened for HTLV-I/II an-

tibodies by recombinant p21e EIA (Cambridge Biotech) or

whole-virus EIA (DuPont NEN or Genetic Systems). Reactive

sera in either EIA were confirmed by Western blot (Biotech

Research Laboratories). Reactivity to both p24 and rp21e were

defined as HTLV-I/II+. Infection with HTLV-II was confirmed

by synthetic peptide EIA (United Biomedical/Olympus), re-

combinant protein-enhanced Western blot (Diagnostic Bio-

technology), or an algorithm comparing Western blot p24 and

p19 band strength [12, 16]. HCV antibody was detected by

RIBA3.0 (Chiron). The presence of at least 2 of the 4 bands

(C22, C33, C100, or NS5) with the intensity of 11 on the 0–

10 gray scale was defined as positive [17]. Plasma HCV load

was measured by a branch DNA assay (HCV bDNA version

3.0; Bayer), which has a quantitation limit of 2500– 640 � 10

copies/mL. Virus loads were converted to international units

(IU)/mL, using the lot-specific conversion factor, according to

the manufacturer’s specification.

Statistical analysis. After excluding 7 HCV antibody neg-

ative and 2 indeterminate subjects, a total of 376 HCV-sero-

positive subjects were included in the main analyses. Age and

HCV load were treated as continuous variables. HCV load was

log10 transformed. Proportions of subjects with detectable HCV

load were compared across 3 stratifying variables (sex, race,

and HIV/HTLV-II virus groups), as well as study site. Mean

ages of subjects also were compared across these strata sepa-

rately for those with and without detectable HCV RNA. To

obtain population-based estimates of the means and propor-

tions from the stratified random sample of subjects, we

weighted subjects by the inverse of the sampling fraction of

their sex, race, and virus-specific strata [18]. For example, in

the stratum of black male subjects who were HIV�/HTLV-II�,

we selected 25 of a total of 1088 subjects (sampling fraction,

0.023). In contrast, in the stratum of white female subjects who

were HIV+/HTLV-II+, all 17 subjects who were available were

selected (sampling fraction, 1.0). In the weighted analysis ap-

proach, each subject in the former stratum was weighted by

, and each subject in the latter stratum was1/0.023 p 44

weighted by . Thus, a stratum with a low sampling1/1 p 1.0

fraction was overweighed, so that its contribution was pro-

portional to its fraction in the population.

Standard multiple regression analysis was used to associate

log10 HCV load to age, sex, race, HIV/HTLV-II infection status,

study site, and time since first drug use. Exploratory analysis,

using kernel smoothing regression [19], suggested a more rapid

increase in HCV load with years of drug use among subjects

whose first drug use was !10 years before study entry in 1987–

1991. This shift in trend was modeled by use of change point

linear regression analysis [20], with a node at 10 years. Because

the exploratory analysis suggested significant interactions be-

tween race and some of the covariates, race-specific estimates

from the regression analysis are presented, with white subjects

separated a posteriori from Hispanic subjects. We checked the

adequacy of the fitted regression models by residual-based re-

gression diagnostics methods. These explorations suggested that

variances of log10 (HCV RNA) were unequal across virus status.

Because “heteroscedastic” variance may influence the SE esti-

mates (confidence intervals) obtained from standard software,

we also obtained bootstrap standard errors [21]. We found these

robust variance estimates to be very similar to the standard

variance estimates and chose to report the latter. Statistical

significance was based on 2-sided tests at .a p 0.05
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Table 1. Hepatitis C virus (HCV) RNA detection among 376 HCV
antibody–positive US injection drug users in the National Institute
on Drug Abuse Study, stratified by sex, race, human immunode-
ficiency virus (HIV)/human T lymphotropic virus type II (HTLV-II)
status, and study site.

Characteristic Total
Detectable
(n p 305)

Undetectable
(n p 71) Pa

Sex

Male 195 162 (82) 33 (18) .52

Female 181 143 (78) 38 (22) Referent

Race/ethnicity

Black 197 157 (80) 40 (20) .63

Hispanic 106 88 (83) 18 (17) .92

White 73 60 (82) 13 (18) Referent

HIV/HTLV-II status

HIV+/HTLV-II+ 85 70 (84) 15 (16) .49

HIV+/HTLV-II� 98 84 (87) 14 (13) .30

HIV�/HTLV-II+ 99 77 (77) 22 (23) .80

HIV�/HTLV-II� 94 74 (80) 20 (20) Referent

Study site

Los Angeles 78 60 (78) 18 (22) .03

Trenton/Asbury Park 22 16 (51) 6 (49)

Baltimore 58 50 (84) 8 (16)

New York City 67 61 (94) 6 (6)

San Antonio 34 26 (76) 8 (24)

Chicago 104 83 (85) 21 (15)

Philadelphia 13 9 (46) 4 (54)

NOTE. Data are no. (%) of subjects with detectable HCV RNA but ex-
cludes 7 negative for HCV antibody and 2 with indeterminate infection status.
Proportions are adjusted for the sampling fraction per sex, race/ethnicity, and
virus category. +, Positive; �, negative

a P values compare sampling-adjusted proportion of subjects with and with-
out detectable HCV RNA. The referent groups are female, white, HIV�/HTLV-
II�. P value for study site is derived by test for heterogeneity.

RESULTS

Characteristics of the 376 HCV-positive study subjects are pre-

sented in table 1. The mean age of the 376 subjects was 37.6

years (range, 20–74 years), which was similar to the mean age

of the whole sample (36.9 years). The mean age was higher in

men than in women, in Hispanics and blacks than in whites,

and in HTLV-II+ subjects than in HTLV-II� subjects. Three-

hundred five (81.1%) of the 376 HCV-seropositive subjects had

detectable HCV RNA. The sampling-adjusted proportion with

detectable HCV RNA for the underlying population was 80.9%.

Probability of detection did not differ significantly by race, sex,

or virus group (table 1), but did differ by study site ( ),P p .03

being lowest in Philadelphia (46%) and Trenton/Asbury Park

(51%), and highest in New York (94%). Mean age was similar

for those with and without detectable HCV RNA (37.7 vs. 36.7

years; ).P p .48

Among subjects with detectable HCV loads, the unadjusted

and sampling-adjusted mean HCV load was 5.5 and 5.4 (range,

2.7–6.9) log10 IU/mL, respectively. The adjusted mean HCV

load was 5.5 log10 IU/mL among men and 5.4 log10 IU/mL

among women. The adjusted mean HCV loads for white, black,

and Hispanic subjects were 5.8, 5.5, and 5.4 log10 IU/mL, re-

spectively. The adjusted mean HCV load was 5.4 log10 IU/mL

among subjects with neither infection, 5.6 log10 IU/mL among

subjects with HIV infection alone, 5.5 log10 IU/mL among sub-

jects with HTLV-II infection alone, and 5.8 log10 IU/mL among

subjects with both infections.

The kernel smoothing regression plot of the nonparametric

relationship between the time since first injection drug use and

the mean HCV load is shown in figure 1. The mean HCV RNA

increased with time since the initial injection drug use, but only

during the first 10 years. There was little association with time

since first drug use thereafter. Accounting for this change in

trend, we estimated the differences in the mean HCV load

across groups by a change point multiple linear regression

analysis with a node at 10 years (table 2).

With adjustment for age, sex, race, and study site, HCV load

was significantly elevated in the HIV+/HTLV-II+, HIV+/HTLV-

II�, and HIV�/HTLV-II+ subjects, compared with that in the

HIV�/HTLV-II� subjects. HCV loads in men were 0.24 log10

higher, on average, than those in women. HCV loads in His-

panic subjects were significantly lower, compared with those in

white subjects ( ); HCV loads also were lower in blacksP p .05

than in whites, but this was not statistically significant (P p

). HCV load was 0.56, 0.50, and 0.22 log10 IU/mL higher.50

among the HIV+/HTLV-II+, HIV+/HTLV-II�, and HIV�/HTLV-

II+ subjects, respectively, compared with that in the HIV�/

HTLV-II� subjects. Although the joint association of HIV and

HTLV-II was smaller than the sum of the association by each

virus alone, there was no statistically significant interaction be-

tween HIV and HTLV-II on HCV load ( ).P p .45

The associations of HIV and HTLV-II coinfection with HCV

load varied by racial group. Among whites, the log10 IU/mL

increase in HCV RNA among the HIV+/HTLV-II+, HIV+/HTLV-

II�, and /HTLV-II+ subjects, compared with that in the HIV�/

HTLV-II� subjects, was 1.08, 0.87, and 1.05, respectively (table

2). The associations were much smaller among black subjects,

with only HIV+ subjects having significantly elevated HCV

loads. There was no significant elevation of HCV loads in any

of the virus groups among Hispanics. In addition, the associ-

ation of male sex with increased HCV loads was much larger

among whites (0.72 log10 IU/mL) than among Hispanics or

blacks (0.17 and 0.15 log10 IU/mL, respectively).

DISCUSSION

To compare the detection of HCV RNA between subjects with

HIV or HTLV-II infection and to estimate the independent and

joint associations of these infections on HCV load in serum,
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Figure. 1. Association of hepatitis C virus (HCV) loads (log10 IU/mL) with years since first injection drug use in 305 subjects in the National Institute
on Drug Abuse Study. Percentage of distribution of subjects by years since first injection drug use is shown on top axis. Those who first used injection
drugs within 10 years of enrollment (1987–1991) were likely to have acquired HCV infection during the human immunodeficiency virus epidemic in
the US. Slope of the association between HCV load and time since infection is flat (p0) for subjects who were likely to have acquired HCV infection
before the AIDS era. Figure is generated by the loess function of S-plus 6.1 software [19], with the default parameter options that include the tri-
cube weight (Kernel) function and a span parameter of .a p 0.75

we evaluated stratified random samples of IDUs who were en-

rolled during 1987–1991. Coinfection with HIV, with HTLV-

II, or with both of these retroviruses was associated with sig-

nificant elevation of HCV load but not with mere detection of

HCV RNA. Being white, male, and an IDU for !10 years also

were associated with a higher HCV load.

The association of HIV coinfection with higher HCV load

has been described elsewhere [22] and is not surprising, given

the devastating effect of HIV infection on cellular immunity.

In contrast, a potential relationship between HTLV-II and HCV

load has not been evaluated previously and may be surprising,

given the paucity of clinical disease associated with HTLV-II

[15, 23]. No previous studies of interactions between HTLV-II

and HCV have been published, but the plausibility of a rela-

tionship is supported by 3 studies of the closely related virus,

HTLV-I. First, the HTLV-I–infected T cell line, MT-2, appears

to be capable of supporting low-level replication of HCV, which

implies that intracellular interactions could occur [13]. Second,

in a prospective cohort study of HCV-seropositive persons in

Japan, HTLV-I coinfection was associated with a 6-fold in-

creased risk of liver disease and a 2.6-fold increased risk of liver

cancer mortality [24], which suggests that HTLV-I–induced im-

mune perturbation and inflammatory cytokine dysregulation

could affect HCV persistence and progression to disease [25].

Third, also in Japan, HTLV-I coinfection was associated with a

higher prevalence of HCV RNA detection and with a lower rate

of clearance of HCV RNA with human lymphoblastoid inter-

feron-a therapy, as well as with an elevated HCV load [26].

In our data, detection of HCV RNA was not associated with

race/ethnicity, which is consistent with a study of patients re-

ceiving dialysis in Los Angeles [27], but is seemingly inconsis-

tent with a higher likelihood of chronic HCV viremia among

blacks in a study of HIV-infected patients in New Orleans and

a cohort of IDUs in Baltimore [28, 29]. Differences in labo-

ratory techniques, specimen integrity, and definitions probably

account for some of the inconsistencies. The Baltimore cohort

was evaluated for viral clearance, using a sensitive polymerase

chain reaction (PCR) technique and a stringent definition—

that is, inability to detect HCV RNA on 2 specimens collected

15 months apart [29]. In contrast, we measured HCV RNA

with a less-sensitive technique, bDNA, on a single specimen

per subject that had been stored frozen for ∼10 years. All these
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Table 2. Estimates of differences in hepatitis C virus (HCV) load by time since first injection drug use, age, sex, race, and
virus group in 305 injection drug users in the United States.

Variable All racial groups White Hispanic Black

Intercept 4.69 (3.87 to 5.51) 5.50 (3.89 to 7.10) 3.83 (2.27 to 5.40) 4.33 (2.95 to 5.72)

Years since first drug use

�10 0.02 (�0.05 to 0.09) �0.14 (�0.29 to 0.005) 0.02 (�0.09 to 0.14) 0.06 (�0.04 to 0.16)

110 �0.02 (�0.10 to 0.05) 0.14 (�0.04 to 0.33) �0.003 (�0.14 to 0.13) �0.07 (�0.18 to 0.05)

Age, per 10 years 0.04 (�0.18 to 0.27) 0.08 (�0.43 to 0.59) �0.17 (�0.65 to 0.32) 0.11 (�0.19 to 0.42)

Male sex 0.24 (0.03 to 0.46) 0.72 (0.22 to 1.21) 0.17 (�0.30 to 0.65) 0.15 (�0.13 to 0.43)

Race/ethnicity

Hispanic �0.28 (�0.63 to �0.06) … … …

Black �0.10 (�0.40 to 0.20) … … …

HIV/HTLV-II status

HIV+/HTLV-II+ 0.56 (0.26 to 0.87) 1.08 (0.35 to 1.81) 0.43 (�0.33 to 1.21) 0.38 (�0.02 to 0.79)

HIV+/HTLV-II� 0.50 (0.20 to 0.81) 0.87 (0.17 to 1.58) 0.21 (�0.60 to 1.03) 0.60 (0.21 to 0.99)

HIV�/HTLV-II+ 0.22 (�0.09 to 0.52) 1.05 (0.31 to 1.78) �0.15 (�0.84 to 0.53) 0.20 (�0.21 to 0.61)

NOTE. Data are log10 international units (IU)/mL difference (95% confidence interval). Reference groups for the overall model are 20 years old for
age, female for sex, white for race, and human immunodeficiency virus (HIV)�/human T lymphotropic virus type II (HTLV-II)� for virus group. Estimates
for age are per 10-year increase in level. Models were adjusted for all variables shown, as well as for study site. Change-point multiple linear regression
models with the node at 10 years since first drug use were used. Positive value for each variable indicates increment in HCV load associated with the
variable. The negative estimate for “110 years since first drug use” indicates the change in slope from “10 years since first drug use.” Thus, the estimate
of trend after the 10-year node is given by . +, Positive; �, negative.0.02�0.02 p 0

differences could have contributed to the higher proportion of

specimens (19%) that were negative for HCV RNA in our study,

compared with the 10% HCV clearance reported for the Bal-

timore cohort [29]. The composition of the study population

also could determine the magnitude of the association of race/

ethnicity, because differential distribution of the human leu-

kocyte antigen (HLA) and other polymorphic genes across eth-

nic groups may affect the likelihood of HCV clearance [30–

32]. The varying HCV detection by study site in the present

study may have, in part, resulted from differential genetic char-

acteristics and/or risk behaviors of individuals in these areas.

Further investigation is needed to confirm or refute an asso-

ciation between race/ethnicity and likelihood of recovery from

HCV infection.

Among our IDUs who had detectable HCV viremia, the

associations of HIV and HTLV-II infections with increased

HCV load were profound among whites, intermediate among

blacks, and least evident among Hispanics. Adjusted for the

prevalence of HIV and HTLV-II in each group, as well as for

age, sex, study site, and time since first injection drug use, HCV

load was similar among blacks and whites ( ) but wasP p .50

significantly lower among Hispanics versus whites. Why His-

panics should have a lower HCV load is not readily apparent.

In some oncogenic virus infections, virus load differs by sex.

In a cohort of HTLV-I carriers in Japan, HTLV-I provirus de-

tection and load were significantly higher in men than in

women [33]. In a cohort of HIV-infected patients in Italy, the

mean HIV RNA level was 0.29 log10 higher in men, compared

with that in women, after adjustment for duration of infection

[34]. Detection and persistence of hepatitis B virus also have

been shown to be higher in men than in women [35]. A higher

HCV load in men in our study is consistent with these obser-

vations, but it does not agree with other studies on HCV that

found no difference based on sex [27, 28].

The trend between HCV load and years since first injection

drug use is noteworthy. Virus load was directly related to time

among subjects who began to use injection drugs and probably

acquired HCV infection within 10 years of the study entry

through 1991, but was not related to time among those who

had used injection drugs before the early 1980s (figure 1). The

former group represents IDUs who acquired HCV infection

during the AIDS epidemic. Therefore, one may speculate that

concurrent HIV infection and resulting immune suppression

might contribute to a significant increase in HCV load. An

alternative explanation for our finding is a rapid increase of

HCV load during the early years of HCV infection, regardless

of HIV infection. Because of the limited number of subjects in

our study, the results of kernel smoothing regression analysis

stratified by HIV status could not conclusively distinguish be-

tween these possibilities (data not shown).

Older age was associated with a higher HCV load in patients

with hemophilia [7]. Among our IDUs, after adjustment for

HIV, HTLV-II, race, study site, and time since first injection

drug use, HCV load was strongly associated with age, albeit

not significantly. The association of age with HCV load was

more evident among blacks than among other racial groups.

The lack of significant association between age and HCV load

in our study may in part be attributable to highly variable
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duration of HCV infection among older study subjects, as well

as oversampling of some subgroups, particularly white and His-

panic subjects with HTLV-II infection.

There were other limitations in our study. We relied on self-

report to indicate when injection drug use began and assumed

that HCV infection occurred shortly after initiation of injection

drug use. Although this assumption is supported by a pro-

spective study of IDUs [36], enrollment of participants before

acquiring HCV infection would accurately estimate the date of

infection and enable direct evaluation of the association be-

tween HCV load and duration of infection. Such a prospective

study design also would have allowed for evaluation of lon-

gitudinal samples drawn from the same individual over time.

As noted previously, use of a more sensitive PCR-based assay

for the detection of HCV RNA, other than bDNA, would have

reduced the misclassification of subjects with virus clearance.

Lack of information on therapies for HCV infection is a con-

cern. However, because all subjects had been enrolled by De-

cember 1991, which was before or immediately after the dis-

covery of HCV, very few, if any, would have received any

treatment that would have affected our results. Finally, although

a priori sampling combined white and Hispanic subjects into

a single group, unanticipated differences between Hispanic and

white subjects during the preliminary analysis forced us to an-

alyze a posteriori these 2 racial groups separately. Although our

point estimates are valid, the confidence intervals were wide

because of further stratification.

In summary, white male subjects with HIV and HTLV-II

infections had the highest HCV loads. Because infection with

retroviruses is relatively common among HCV-infected IDUs,

HIV and HTLV-II may contribute substantially to the propa-

gation of HCV transmission and to what is already a large

public health problem. Ultimately, understanding the interac-

tions among these viruses may be critical in developing policies

and programs for the control of HCV in the population and

for the assessment and care of those who have been infected.

Acknowledgments

We thank Myhanh Dotrang for preparing data for analysis

and Thomas O’Brien for discussion.

References

1. International Agency for Research on Cancer (IARC). Hepatitis C virus.
In: Monographs on the evaluation of carcinogenic risks to humans.
Vol. 59. Hepatitis viruses. Lyon, France: IARC, 1994:165–221.

2. International Agency for Research on Cancer (IARC). Human immu-
nodeficiency viruses. In: Monographs on the evaluation of carcinogenic
risks to humans. Vol. 67. Human immunodeficiency viruses and human
T-cell lymphotropic viruses. Lyon, France: IARC, 1996:1–390.

3. Eyster ME, Diamondstone LS, Lien JM, Ehmann WC, Quan S, Goedert
JJ. Natural history of hepatitis C virus infection in multitransfused
hemophiliacs: effect of coinfection with human immunodeficiency vi-

rus. Multicenter Hemophilia Cohort Study. J Acquir Immune Defic
Syndr 1993; 6:602–10.

4. Hisada M, O’Brien TR, Rosenberg PS, Goedert JJ. Virus load and risk
of heterosexual transmission of human immunodeficiency virus and
hepatitis C virus by men with hemophilia. Multicenter Hemophilia
Cohort Study. J Infect Dis 2000; 181:1475–8.

5. Daar ES, Lynn H, Donfield S, et al. Relation between HIV-1 and hepatitis
C viral load in patients with hemophilia. Hemophilia Growth and De-
velopment Study. J Acquir Immune Defic Syndr 2001; 26:466–72.

6. Di Martino V, Rufat P, Boyer N, et al. The influence of human im-
munodeficienvy virus coinfection on chronic hepatitis C in injection
drug users: a long-term retrospective cohort study. Hepatology 2001;
34:1193–9.

7. Goedert JJ, Hatzakis A, Sherman KE, Eyster ME. Lack of association
of hepatitis C virus load and genotype with risk of end-stage liver
disease in patients with human immunodeficiency virus coinfection.
Multicenter Hemophilia Cohort Study. J Infect Dis 2001; 184:1202–5.

8. Graham CS, Baden LR, Yu E, et al. Influence of human immunode-
ficiency virus infection on the course of hepatitis C virus infection: a
meta-analysis. Clin Infect Dis 2001; 33:562–9.

9. Garcia-Samaniego J, Rodriguez M, Berenguer J, et al. Hepatocellular
carcinoma in HIV-infected patients with chronic hepatitis C. Am J
Gastroenterol 2001; 96:179–83.

10. Monga HK, Rodriguez-Barradas MC, Breaux K, et al. Hepatitis C virus
infection–related morbidity and mortality among patients with human
immunodeficiency virus infection. Clin Infect Dis 2001; 33:240–7.

11. Goedert JJ, Eyster ME, Lederman MM, et al. End-stage liver disease in
persons with hemophilia and transfusion-associated infections. Blood
2002; 100:1584–9.

12. Briggs NC, Battjes RJ, Cantor KP, et al. Seroprevalence of human T
cell lymphotropic virus type II infection, with or without human im-
munodeficiency virus type 1 coinfection, among US intravenous drug
users. J Infect Dis 1995; 172:51–8.

13. Kato N, Nakazawa T, Mizutani T, Shimotohno K. Susceptibility of
human T-lymphotropic virus type I infected cell line MT-2 to hepatitis
C virus infection. Biochem Biophys Res Commun 1995; 206:863–9.

14. Goedert JJ, Fung MW, Felton S, Battjes RJ, Engels EA. Cause-specific
mortality associated with HIV and HTLV-II infections among injection
drug users in the USA. AIDS 2001; 15:1295–302.

15. Battjes RJ, Pickens RW, Brown LS Jr. HIV infection and AIDS risk be-
haviors among injecting drug users entering methadone treatment: an
update. J Acquir Immune Defic Syndr Hum Retrovirol 1995; 10:90–6.

16. Wiktor SZ, Alexander SS, Shaw GM, et al. Distinguishing between
HTLV-I and HTLV-II by western blot. Lancet 1990; 335:1533.

17. Goedert JJ, Hatzakis A, Maloney EM, Eyster EM. Increased liver de-
compensation risk with atypical hepatitis C virus antibody levels. Multi-
center Hemophilia Cohort Study. J Infect Dis 2000; 182:590–4.

18. Korn EL, Graubard BI. Basic survey methodology. In: Korn EL, Grau-
bard BI, eds. Analysis of health surveys. New York, NY: John Wiley &
Sons, 1999:8–60.

19. Cleveland WS, Grosse E, Shyu WM. Local regression models. In: Cham-
bers JM, Hastie TJ, eds. Statistical models in S. Pacific Grove, CA: Wads-
worth & Brooks/Cole Advanced Books and Software, 1992:309–76.

20. Luwel K, Beem AL, Onghena P, Verschaffel L. Using segmented linear
regression models with unknown change points to analyze strategy
shifts in cognitive tasks. Behav Res Methods Instrum Comput 2001;
33:470–8.

21. Eforn B, Tibshirani RJ. An introduction fo the bootstrap. In: Cox DR,
Hinkley DV, Reid, N, Rubin DB, Silverman BW, eds. Monographs on
statistics and applied probability. Vol 57. London: Chapman & Hall,
1998:1–425.

22. Eyster ME, Fried MW, Di Bisceglie AM, Goedert JJ. Increasing hepatitis
C virus RNA levels in hemophiliacs: relationship to human immu-
nodeficiency virus infection and liver disease. Blood 1994; 84:1020–3.

23. Murphy EL, Glynn SA, Fridey J, et al. Increased incidence of infectious
diseases during prospective follow-up of human T-lymphotropic virus



HCV Load in IDUs with HIV and HTLV-II • JID 2003:188 (15 September) • 897

type II– and I–infected blood donors. Retrovirus Epidemiology Donor
Study. Arch Intern Med 1999; 159:1485–91.

24. Boschi-Pinto C, Stuver S, Okayama A, et al. A follow-up study of
morbidity and mortality associated with hepatitis C virus infection and
its interaction with human T lymphotropic virus type I in Miyazaki,
Japan. J Infect Dis 2000; 181:35–41.

25. Casseb J. Possible mechanism for positive interaction of human T cell
leukemia type I on liver disease. J Infect Dis 2000; 181:379–80.

26. Kishihara Y, Furusyo N, Kashiwagi K, Mitsutake A, Kashiwagi S, Ha-
yashi J. Human T lymphotropic virus type 1 infection influences hep-
atitis C virus clearance. J Infect Dis 2001; 184:1114–9.

27. Fabrizi F, Martin P, Dixit V, et al. Quantitative assessment of HCV
load in chronic hemodialysis patients: a cross-sectional survey. Neph-
ron 1998; 80:428–33.

28. Matthews-Greer JM, Caldito GC, Adley SD, et al. Comparison of hepatitis
C viral loads in patients with or without human immunodeficiency virus.
Clin Diagn Lab Immunol 2001; 8:690–4.

29. Thomas DL, Astemborski J, Rai RM, et al. The natural history of
hepatitis C virus infection. JAMA 2000; 284:450–6.

30. Thio CL, Thomas DL, Goedert JJ, et al. Racial differences in HLA class
II associations with hepatitis C virus outcomes. J Infect Dis 2001; 184:
16–21.

31. Thio CL, Gao X, Goedert JJ, et al. HLA-Cw*04 and hepatitis C virus
persistence. J Virol 2002; 76:4792–7.

32. Mehta SH, Cox A, Hoover DR, et al. Protection against persistence of
hepatitis C. Lancet 2002; 359:1478–83.

33. Tachibana N, Okayama A, Ishihara S, et al. High HTLV-I proviral DNA
level associated with abnormal lymphocytes in peripheral blood from
asymptomatic carriers. Int J Cancer 1992; 51:593–5.

34. Gandhi M, Bacchetti P, Miotti P, Guinn TC, Veronese F, Greenblatt
RM. Does patient sex affect human immunodeficiency virus levels?
Clin Infect Dis 2002; 35:313–22.

35. Kozik CA, Vaughn DW, Snitbhan R, Innis BL. Hepatitis B virus in-
fection in Thai children. Trop Med Int Health 2000; 5:633–9.

36. Beld M, Penning M, van Putten M, et al. Low levels of hepatitis C
virus RNA in serum, plasma, and peripheral blood mononuclear cells
of injecting drug users during long antibody-undetectable periods be-
fore seroconversion. Blood 1999; 94:1183–91.


