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Abstract

Background: Individuals with HIV infection exhibit high cytomegalovirus (CMV) IgG levels, but there are few data regarding
the association of hepatitis C virus (HCV) with the immune response against CMV.

Methods: Associations of HCV with CMV seropositivity and CMV IgG levels were studied in 635 HIV-infected women, 187 of
whom were HCV-seropositive, with adjustment in multivariable models for age, race/ethnicity, and HIV disease
characteristics. Eighty one percent of the women reported receipt of highly active antiretroviral therapy (HAART) prior to
or at CMV testing.

Results: In adjusted models women with chronic HCV had higher CMV IgG levels than those without HCV RNA (b= 2.86,
95% CI:0.89 – 4.83; P = 0.004). The association of HCV RNA with CMV IgG differed by age (Pinteraction = 0.0007), with a strong
association observed among women in the low and middle age tertiles (#45.3 years of age; b= 6.21, 95% CI:3.30 – 9.11,
P,0.0001) but not among women in the high age tertile. CMV IgG levels were not associated with non-invasive measures of
liver disease, APRI and FIB-4, or with HCV RNA level and adjustment for Epstein-Barr virus (EBV) IgG levels did not affect the
association between HCV and CMV.

Conclusions: CMV IgG levels are higher in HCV/HIV co-infected women than in HIV mono-infected women. Further research
on the association of HCV with CMV IgG is indicated because prior studies have found CMV IgG to be associated with
morbidity and mortality in the general population and subclinical carotid artery disease in HIV-infected patients.
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Introduction

Cytomegalovirus (CMV) is a human b herpesvirus with tropism

for a wide range of cell types that establishes a life-long, persistent

infection [1]. Primary infection with CMV in immunocompetent

individuals induces strong innate and adaptive immune responses

which control viral replication and prevent CMV-associated

morbidity and mortality [2]. Control of CMV replication,

however, requires significant investment of immune resources

and a large fraction of the circulating T-cell population is CMV-

specific in CMV-infected individuals [3,4]. Individuals with defects

in immune function, such as the elderly and individuals with HIV

infection, invest an even greater proportion of immune resources

to control CMV viremia. Specifically, the CMV-specific T-cell

population is significantly expanded in these populations [5,6],

and the elderly and individuals with HIV infection also show
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higher CMV IgG antibody levels as compared to younger and

HIV-uninfected individuals, respectively [7–9].

Chronic infection with hepatitis C virus (HCV) leads to

exhaustion and death of HCV-specific T-cells (reviewed in [10])

but may also cause defects in overall immune function. For

example, peripheral blood dendritic and naı̈ve CD4+ T-cells are

reduced in number and function in individuals with chronic HCV

[11,12], and peripheral blood CD4+ T-cell levels are also reduced

in individuals with HCV-associated cirrhosis, perhaps because

CD4+ T-cells are sequestered in the tissues of these individuals

[13]. Given these data, we hypothesized that chronic HCV

infection may influence the immune response against CMV in a

similar fashion to old age and HIV infection.

The association of HCV infection with CMV pathogenesis has

been extensively studied in liver transplant patients (reviewed in

[14]), and more recently in patients receiving HCV antiviral

therapy [15]. We are aware of only one small study that examined

the association of HCV infection with measures of the immune

response against CMV [16]. The results of that study showed that

both CMV seroprevalence and CMV IgG levels differed by HCV

infection status [16]. An important limitation of that study,

though, aside from its small sample size was that age and other

potentially confounding factors were not accounted for in the

analysis.

In the current study we examined the relationship of HCV

infection with CMV seropositivity and IgG antibody levels in a

large cross-sectional population of HIV-infected women with a

high prevalence of HCV co-infection. First, we studied age- and

HIV treatment group-specific associations and used multivariable

models to account for potentially confounding effects of age, race/

ethnicity, decade of participant recruitment, and HIV disease

characteristics. Second, we added interaction terms to our fully

adjusted multivariable models to assess if associations of HCV with

CMV IgG levels were similar between strata of age and among

HIV treatment groups. Third, we examined whether CMV IgG

levels were associated with non-invasive measures of liver disease,

APRI and FIB-4, and with HCV RNA level in women with

chronic HCV infection. Fourth, we assessed whether HCV

infection might also be associated with the humoral immune

response against another herpesvirus, Epstein-Barr virus (EBV), by

studying the relationship between HCV infection and EBV IgG

levels in these same women. Lastly, we added EBV IgG to our

multivariable models to evaluate the independence of associations

of HCV and EBV with CMV.

Materials and Methods

Study population
The Women’s Interagency HIV Study (WIHS) is a prospective,

multicenter cohort study of 2,791 HIV-seropositive and 975 at-risk

HIV-seronegative women enrolled through similar sources at six

clinical sites. The initial enrollment was conducted during 1994 –

1995 and a second recruitment occurred during 2001 – 2002.

WIHS women are followed semi-annually with physical exams,

specimen collection including blood, and detailed questionnaires

regarding health and behavior [17].

In April 2004 all WIHS women were invited to participate in a

carotid artery disease substudy [18], and this substudy was

completed by 75% of both HIV-infected and HIV-uninfected

women. CMV and EBV IgG antibodies were measured in plasma

collected in 2004 – 2005 in the first 650 HIV-infected women who

were enrolled in the carotid artery substudy to investigate

associations between these antibody levels and subclinical cardio-

vascular disease and other outcomes, as described previously [9].

All WIHS women were tested for HCV antibody upon

enrollment, and most HCV antibody positive samples were tested

for HCV RNA. Women who were tested for CMV IgG and were

HCV antibody positive but lacked HCV RNA data [N = 10] were

excluded from the current study, as were women with only a single

HIV RNA measurement [N = 5], because these limited data

precluded us from accurately characterizing the HIV viremia

status of these women (see Statistical Methods). Two women who

were HCV antibody positive and HCV RNA negative, and who

were enrolled in 1994 – 1995, reported receipt of interferon alpha

monotherapy prior to enrollment. It is unknown whether this

interferon therapy was prescribed as treatment for chronic HCV

infection, or to treat other conditions (e.g, AIDS- related Kaposi’s

sarcoma).

Ethics Statement
Ethics approval for this study was provided by the institutional

review board of the Albert Einstein College of Medicine. The

WIHS protocol was approved by each local institutional review

board, and all participants provided written informed consent.

Laboratory testing
CMV Testing. CMV IgG antibody levels were determined

using the CMV ELISA Quantitation Kit (GenWay Biotech, Inc.,

San Diego, CA). A 2.5 mL volume of each serum sample was

diluted 1:80 to obtain samples within the readable range of the

assay. Binding of CMV-specific IgG antibodies to the antigen-

coated wells was detected by horse radish peroxidase-conjugated

goat anti-human IgG followed by addition of enzyme substrate

3,39,5,59-tetramethybenzidine (TMB). Manufacturer-provided

positive and negative controls were included on each plate, and

the optical density (OD) of the colored product was read at

450 nm using a DuPont Kinetic Microplate Reader (Molecular

Devices, Sunnyvale, CA). CMV seropositivity was defined by the

manufacturer as .1.1 IU/mL and we used this cut-off for the

current study because this assay format has undergone extensive

validation [19,20]. Kits from the same lot number were used for all

of the samples. The intra-assay coefficient of variation (CV) for

CMV IgG levels ranged from 2.4%–8.0% and the inter-assay CV

ranged from 5.2%–9.9%.

EBV Testing. EBV IgG antibody levels were determined

using the EBV VCA ELISA Kit (GenWay Biotech, Inc., San

Diego, CA). A 5 mL volume of each serum sample was diluted

1:100. The procedure for detection of EBV-specific IgG antibodies

was the same as that described above for CMV IgG, and EBV

seropositivity was defined as suggested by the manufacturer. The

intra-assay CV was 9.4% and the inter-assay CV ranged from 1.6–

14.0%.

HCV Testing. HCV serostatus was determined at enrollment

using a commercial second- or third-generation enzyme immu-

noassay, and HCV viremia was determined in HCV-seropositive

women using either the COBAS Amplicor Monitor 2.0, which has

a linear range of 600–5.0 6 105 IU/ml, as previously described

[21], or the COBAS Taqman assay, which has a linear range of

10–2.0 6108 IU/ml (both from Roche Diagnostics, Branchburg,

NJ). Follow-up HCV RNA testing was conducted on most but not

all women who were HCV RNA positive at enrollment using the

Amplicor or Taqman assay.

HIV Testing. Plasma HIV RNA levels were assessed by PCR

with assays that have lower levels of detection of 80 copies/mL

and CD4+ T-cell counts were determined by flow cytometry in

laboratories participating in the DAIDS Quality Assurance

Program.

HCV Viremia and CMV IgG
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Liver Disease Assays. Aspartate and alanine aminotrans-

ferase (AST and ALT) levels and platelet counts were determined

using standard laboratory protocols at the six clinical sites. We

calculated the APRI index (100*[AST/AST ULN]/platelet count

[109/L]) and the FIB-4 index ([Age*AST]/[platelet count (109/

L)*ALTK]) as described previously [22,23]. In keeping with prior

papers [22,23], an APRI#0.5 was defined as the threshold

indicating no significant liver fibrosis, whereas an APRI.1.5 was

considered evidence of significant fibrosis. For FIB-4 these

thresholds were ,1.45 and .3.25, respectively.

Statistical methods
Initial analyses examined differences in clinical characteristics

by HIV treatment status - we defined women as: a) untreated – if

they reported never having received highly active antiretroviral

therapy (HAART), b) treated and aviremic – if they reported

receipt of HAART at or prior to the visit at which CMV was

measured and had HIV RNA levels at or below the lower level of

detection for $50% of study visits following first reported

HAART, and c) treated and viremic – if they reported receipt

of HAART and had HIV RNA levels above the lower level of

detection for .50% of visits following first reported HAART.

Tenofovir, Lamivudine and FTC Emtriva were the most

commonly used antiretroviral therapies at the CMV testing visit,

used by 273, 235and 186 women, respectively.

To facilitate interpretation, we defined HCV infection status as

chronic HCV (HCVAb+/HCV RNA+), cleared HCV

(HCVAb+/HCV RNA-), or HCV-uninfected (HCVAb-) based

on testing of plasma collected at WIHS enrollment. Women with

chronic HCV were assumed to be HCV RNA positive while other

women were assumed to be HCV RNA negative, with the

acknowledgement that there could be some misclassification of

HCV RNA status at the time of CMV and EBV testing in 2004–

2005. Specifically, some women [N = 11] were tested for HCV

RNA only once at enrollment while other women [N = 9] were

HCV RNA positive at enrollment but HCV RNA negative during

follow-up HCV RNA testing in 2006–2007 (see Discussion).

We examined the cross-sectional relationship of HCV infection

status with CMV seropositivity using Fisher’s exact tests. Then,

among CMV-seropositives, we studied CMV IgG levels in relation

to HCV infection status. Because CMV IgG levels did not differ

significantly between women with cleared HCV as compared to

HCV-uninfected women, we combined the cleared HCV and

HCV-uninfected groups. All subsequent analyses compared those

women who were HCV RNA positive to those who were HCV

RNA negative.

The impact of age and HIV treatment group on associations of

HCV RNA status with CMV IgG levels in CMV-seropositives was

assessed by calculating age- and HIV treatment group-specific

median CMV IgG levels. We then studied associations of HCV

RNA status with CMV IgG levels using multivariable linear

regression models because CMV IgG levels were distributed

approximately normally (data not shown). In these models, we

adjusted for age (in tertiles), race/ethnicity, decade of participant

recruitment, HIV treatment group (defined above), current CD4+
T cell count (,200, 200 – 500, .500 cells/mL), and nadir CD4+
T cell count (,200, 200 – 500, .500 cells/mL). Tests for statistical

interaction were conducted by including product terms in the fully

adjusted models. Four women with missing CD4+ T-cell count

data at their CMV testing visit were excluded from these

multivariable analyses.

To study the association between non-invasive measures of liver

disease and CMV IgG levels we limited our analyses to women

with chronic HCV infection and to those without missing

concurrent AST, ALT and platelet measurements. Linear

regression models with adjustments as described above were used

to study APRI and FIB-4 in relation to CMV IgG levels. APRI

and FIB-4 were parameterized both as continuous variables and as

three categories – levels consistent with fibrosis, indeterminate

levels, and levels consistent with no fibrosis (see Laboratory

Methods).

The association between CMV IgG and HCV RNA levels was

also examined in the subset of women with chronic HCV

infection. For this analysis, we used HCV RNA levels measured at

the enrollment visit because very few of the studied women were

tested for HCV RNA and CMV IgG concurrently at the same

study visit. We calculated Pearson’s correlation coefficient to assess

the relationship between enrollment log10 HCV RNA and CMV

IgG levels. We then studied the association between HCV RNA

status and EBV IgG levels among women who were EBV-

seropositive. These analyses were also conducted using multivar-

iable linear regression models – because EBV IgG was distributed

approximately normally (data not shown) - with adjustment for the

factors listed above. Lastly, we included EBV IgG as a covariate in

the fully adjusted model of HCV RNA with CMV IgG to assess

the independence of associations of HCV and EBV with CMV.

Results

Demographic and clinical characteristics of the study
population

Selected characteristics of the 635 HIV-infected women in this

study are shown in Table 1. Study women were largely in their late

thirties to early forties at the time of CMV testing and were

majority Black, non-Hispanic. Eighty one percent of the women

reported receipt of HAART prior to or at CMV testing in 2004 –

2005. Among HAART-treated women, 42% had undetectable

HIV RNA levels at the majority of their post-HAART study visits

(designated the aviremic HIV subgroup). As expected, HAART-

treated women who were aviremic had higher current CD4+ T-

cell levels than both HAART-treated viremic and untreated

women (medians: 581, 314, 495 cells/mL; interquartile ranges

(IQRs): 443 – 728, 213 – 489, 345 – 668 for aviremic, viremic, and

untreated women, respectively: P,0.001 for both comparisons).

Women who were aviremic also had higher nadir CD4+ T-cell

levels as compared to viremic women (medians: 244, 181 cells/mL;

IQRs: 122 – 358, 90 – 290, for aviremic and viremic women,

respectively: P = 0.002), but nadir CD4+ T-cell level was lower for

both groups of HAART-treated women compared to untreated

women (median in untreated women: 401 cells/mL; IQR: 291 –

549: P,0.001 for both comparisons).

CMV seropositivity by HCV infection status
Among the 635 study women, 594 (94%) were CMV

seropositive. The prevalence of CMV seropositivity did not differ

significantly by HCV infection status - seropositivity was 93%,

93%, and 94%, among those with chronic HCV, cleared HCV,

and in HCV-uninfected women, respectively (P = 0.89).

CMV IgG antibody levels by HCV infection status
Among CMV-seropositives, those with chronic HCV infection

had higher CMV IgG levels (median: 27.5 IU/mL; IQR: 21.4 –

36.2) than those with cleared HCV (median: 26.2 IU/mL; IQR:

16.0 – 32.6) and HCV-uninfected women (median: 25.0 IU/mL;

IQR: 16.2 – 31.4). Differences between women with chronic HCV

vs. cleared HCV were marginally significant (P = 0.05), whereas

differences between women with chronic HCV vs. HCV-

uninfected women were highly significant (P = 0.0001). CMV

HCV Viremia and CMV IgG
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IgG levels did not differ significantly between women with cleared

HCV vs. HCV-uninfected women (P = 0.83).

Figure 1 and Table 2 show CMV IgG levels by HCV RNA

status stratified by tertiles of age (Figure 1) and by tertiles of age

and HIV treatment subgroup (Table 2). As shown in Figure 1,

women in the lowest age tertile (younger than 37.6 years old) and

middle age tertile (37.6 – 45.3 years old) with chronic HCV had

higher CMV IgG levels than HCV RNA negative women

(P = 0.08 and P = 0.003 for the lowest and middle age tertile

comparisons, respectively). In contrast, CMV IgG levels in women

in the highest age tertile (.45.3 years old) did not differ by HCV

RNA status (P = 0.92).

As shown in Table 2, HAART-treated women in the lowest and

middle age tertiles with chronic HCV had higher CMV IgG levels

than comparably-aged, HAART-treated, HCV RNA negative

women (P = 0.003 and P = 0.002 for the aviremic and viremic

women, respectively). CMV IgG levels did not differ, though, by

HCV RNA status among HAART-treated women in the highest

age tertile or among untreated women.

In multivariable models that adjusted for age, race/ethnicity,

decade of participant recruitment, HIV treatment group, current

CD4+ T-cell level, and nadir CD4+ T-cell level, women with

chronic HCV had higher CMV IgG levels than women without

HCV RNA (b= 2.86, 95% CI:0.89 – 4.83; P = 0.004). In

interaction models that included adjustment for the factors listed

above, the association of HCV RNA with CMV IgG level differed

significantly by age (low and middle tertiles vs. high age tertile:

Pinteraction = 0.0007) but not by HIV treatment status (HAART-

treated vs. untreated: Pinteraction = 0.57). Consistent with the

significant interaction by age, associations of HCV RNA with

CMV IgG level were highly significant in multivariable analyses

restricted to 394 women in the low and middle age tertiles

(b= 6.21, 95% CI: 3.30 – 9.11; P,0.0001) but not when restricted

to 196 women in the high age tertile (b= 0.67, 95% CI: 22.09 –

3.48; P = 0.63).

CMV IgG antibody levels by APRI and FIB-4 in HCV RNA
positives

Among 129 women with chronic HCV and available AST,

ALT and platelet measurements, 12% had APRI levels indicative

of fibrosis, 41% had indeterminate levels, and 47% had APRI

levels consistent with no fibrosis. For FIB-4 these percentages were

19%, 46%, and 35%. 128 of these women had complete data for

multivariable analysis, and among these women APRI and FIB-4

levels were not associated with CMV IgG levels (b= 1.69, 95% CI:

20.39 – 3.77; P = 0.11 and b= 0.76, 95% CI: 20.36 – 1.89;

P = 0.18, respectively) in models that adjusted for age, race/

ethnicity, decade of recruitment, HIV treatment group, current

CD4+ level, and nadir CD4+ level. When APRI and FIB-4 were

treated as categorical variables (i.e., two indicator variables for

APRI/FIB-4: i) levels consistent with fibrosis, ii) indeterminate

levels - APRI/FIB-4 consistent with no fibrosis was the reference)

the results in adjusted models were similarly null (b= 3.73, 95%

CI: 21.45 – 8.91; P = 0.16 and b= 21.42, 95% CI: 24.91 – 2.07;

P = 0.42 for APRI and b= 1.31, 95% CI: 23.60 – 6.21; P = 0.60

and b= 20.38, 95% CI: 24.12 – 3.36; P = 0.84 for FIB-4).

CMV IgG antibody levels by HCV RNA level in HCV RNA
positives

Among 144 women with chronic HCV infection, CMV IgG

level was positively associated with log10 HCV RNA level

measured at enrollment, but this association was not statistically

significant (r = 0.13, P = 0.14).

EBV IgG antibody levels by HCV RNA status
Among the 635 study women, 629 (99%) were EBV seropos-

itive. Among EBV-seropositive women, HCV RNA status was not

associated with level of EBV IgG (b= 24.94, 95% CI: 217.23 –

7.36; P = 0.43) in models that adjusted for age, race/ethnicity,

decade of participant recruitment, HIV treatment group, current

CD4+ T-cell level, and nadir CD4+ T-cell level.

Effect of EBV IgG on the association of HCV RNA with
CMV IgG antibody levels

Independent associations of EBV IgG, HCV RNA, and other

covariates with CMV IgG levels in 584 women who were both

CMV and EBV seropositive and had available CD4+ T-cell count

data are shown in Table 3. The association of HCV RNA status

with CMV IgG was essentially unchanged following adjustment

for EBV IgG in addition to the other covariates listed above

(b= 3.08; 95% CI:1.16 – 5.00; P = 0.002 with adjustment for EBV

Table 1. Characteristics of the study women (N = 635).

Age, median (IQR) 41 (36–47)

Race/Ethnicity

Black, non-Hispanic 396 (62%)

White, non-Hispanic 57 (9%)

Hispanic 171 (27%)

Other 11 (2%)

Recruitment cycle

1994–95 382 (60%)

2001–02 253 (40%)

HCV statusa

HCV antibody- 448 (70%)

HCV antibody+/HCV RNA- 43 (7%)

HCV antibody+/HCV RNA+ 144 (23%)

Current CD4+ T-cell count (cells/mL)b

,200 81 (13%)

200–500 285 (45%)

.500 265 (42%)

Nadir CD4+ T-cell count (cells/mL)

,200 260 (41%)

200–500 297 (47%)

.500 78 (12%)

HIV subgroupc

Untreated 122 (19%)

Receipt of HAART and aviremic 218 (34%)

Receipt of HAART and viremic 295 (47%)

IQR, interquartile range; HAART, highly active antiretroviral therapy.
aHCV status was determined at enrollment. Follow-up HCV RNA testing was
conducted on all women who were HCVAb+ at enrollment and HCV RNA status
was 100% concordant between enrollment and follow-up testing (see
Laboratory Methods).
bFour women had missing CD4+ data at their CMV testing visit.
cUntreated: no receipt of HAART; Treated and aviremic: undetectable HIV RNA
for $50% of study visits following first reported receipt of HAART; Treated and
viremic: HIV RNA levels above the lower level of detection for .50% of study
visits following first reported receipt of HAART.
doi:10.1371/journal.pone.0061973.t001

HCV Viremia and CMV IgG
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IgG vs. b= 2.86, 95% CI:0.89 – 4.83; P = 0.004 without

adjustment for EBV).

Discussion

Our results show that HIV-infected women with chronic HCV

have significantly higher CMV IgG levels than HIV-infected

women without HCV RNA. Specifically, women with chronic

HCV infection had, in adjusted models, CMV IgG levels that were

3.08 IU/mL higher than those of women without HCV RNA.

Although the relationship between CMV IgG and CMV

replication in tissues is not well understood, high CMV IgG levels

are associated with increased incidence of subclinical atheroscle-

rosis [24], coronary heart disease [25] and with cardiovascular and

all-cause mortality [26–28] in the general population and also with

subclinical carotid artery disease in HIV-infected individuals [9].

There is also growing evidence that the immune response against

CMV contributes to immunosenescence and the pathogenesis of

other diseases [29]. The association of chronic HCV infection with

high CMV IgG levels is therefore interesting because it suggests a

biologic mechanism through which HCV could contribute to the

pathogenesis of a variety of chronic diseases. HCV contributes to

liver disease and insulin resistance through well described

pathways (reviewed in [30]), but to date it is unclear if and how

HCV contributes to all-cause [31,32] and cardiovascular mortality

[32] through other mechanisms.

The association of chronic HCV with high CMV IgG levels was

significant only among women younger than 46 years of age in our

investigation. CMV IgG levels are on average higher in older as

compared to younger individuals [8,26] and are also elevated in

HIV-positives [7,9]. It is therefore possible that the CMV-specific

immune response is maximally committed in older HIV-positive

individuals, and that the additional impact of chronic HCV is

negligible in these individuals. Other explanations for the observed

Figure 1. Median CMV IgG (IU/mL) by HCV RNA status and age tertile in CMV-seropositive women (N = 594).
doi:10.1371/journal.pone.0061973.g001

Table 2. Median CMV IgG levels (IU/mL) stratified by HCV RNA status, age tertile, and HIV treatment status among CMV-
seropositive women.

HAART-treated/aviremic (N = 205) HAART-treated/viremic (N = 273) Untreated (N = 116)

HCV RNA+a HCV RNA- HCV RNA+a HCV RNA- HCV RNA+a HCV RNA-

N
Median
(IQR) N

Median
(IQR) P b N

Median
(IQR) N

Median
(IQR) P b N

Median
(IQR) N

Median
(IQR) P b

Low and middle
age tertilesc, d

14 34.0 125 21.0 0.003 22 33.6 161 27.1 0.002 10 23.4 64 22.1 0.39

(21.1–38.1) (14.3–28.9) (26.7–37.6) (19.9–32.0) (21.6–28.1) (11.5–28.4)

High age tertilec 32 26.9 34 27.8 0.76 39 26.8 51 27.4 0.90 17 24.7 25 28.8 0.74

(19.9–35.3) (19.1–33.9) (19.8–34.2) (21.0–34.6) (22.9–31.3) (17.3–36.7)

aWomen who were HCVAb+/HCV RNA+ at enrollment were defined to be HCV RNA+ while those who were HCV Ab+/HCV RNA- and HCVAb- at enrollment were defined
to be HCV RNA-. Follow-up HCV RNA testing was conducted on all women who were HCVAb+ at enrollment and HCV RNA status was 100% concordant between
enrollment and follow-up testing. Follow-up testing of HCVAb- women was not conducted (see Laboratory Methods and Discussion).
bP values calculated using Mann-Whitney tests.
cAge tertiles. Low: ,37.6; Middle: 37.6–45.3; High: .45.3. The low and middle age tertiles were combined because of the small number of HCV RNA positive women in
the low age tertile.
doi:10.1371/journal.pone.0061973.t002
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interaction by age may also exist, but larger studies involving both

HIV-infected and HIV-uninfected individuals with a wide range of

ages will be needed to more completely characterize differences in

HCV associations with CMV IgG by age.

In contrast to the results of a prior study [16], we found no

evidence that CMV seropositivity differs by HCV infection status.

CMV seropositivity was very common in the women studied in

our investigation, consistent with data showing that CMV

seroprevalence is high among racial/ethnic minorities and low-

income individuals in the US [33,34]. We also did not observe

differences in the association of HCV with CMV IgG level by HIV

treatment group in multivariable analysis, despite a suggestion that

such a difference might exist in the unadjusted data (Table 2). We

note, though, that 81% of our study population was HAART-

treated and so populations with larger proportions of HAART-

naı̈ve participants may have greater power to examine this

question.

CMV IgG levels were not associated with concurrently

measured markers of liver disease, APRI and FIB-4, or with

HCV RNA level at the enrollment visit in the women with chronic

HCV infection. These data, therefore, do not provide support for

the hypothesis that high CMV IgG levels accelerate the

progression of liver disease in individuals with chronic HCV

infection. It is possible, though, that CMV IgG levels are

associated with progression of cardiovascular or other extrahepatic

diseases in individuals with chronic HCV. Future studies that

include large numbers of HCV-positive individuals will be needed

to more completely characterize the pathogenesis of CMV in

HCV-infected populations.

Chronic HCV infection was not associated with EBV IgG levels

in HIV-infected WIHS women, nor did adjustment for EBV IgG

affect the observed association between HCV and CMV IgG.

These data suggest that chronic HCV infection may not be

associated with the humoral immune response against other

herpesviruses. Further studies in other populations will be

required, though, to more fully address the specificity of the

HCV-CMV relationship.

An important limitation of the current study is that it is cross-

sectional. We are therefore unable to exclude the possibility that

high CMV IgG levels influence the likelihood of HCV clearance,

even though we believe that this possibility is less likely than an

effect of chronic HCV infection on CMV IgG levels. It is also

possible that the same host genetic factors influence both HCV

clearance and CMV IgG levels. Genetic associations with HCV

clearance have been extensively studied (reviewed in [35]), but we

are not aware of any strong genetic associations with CMV IgG

[36].

A second limitation is that there could be some misclassification

of HCV status, as we defined chronic HCV infection based on the

presence of HCV RNA at the enrollment visit. Eleven women who

were HCV RNA positive at enrollment did not have follow-up

HCV RNA testing and it is possible that some of these women

cleared HCV RNA spontaneously during follow-up. Another 9

women were found to be HCV RNA negative after the date of

CMV testing, meaning they cleared HCV RNA spontaneously

sometime before or after CMV testing was conducted. We also

note that follow-up HCV testing of women who were HCV-

seronegative at WIHS enrollment has not been conducted.

Injection drug use (IDU) declined dramatically among WIHS

women following enrollment, but even if many WIHS women

acquired new HCV infections after enrollment, or if a small

number of women classified as having chronic HCV infection

were actually HCV RNA negative at the CMV testing visit, the

study results would still be biased toward rather than away from

the null (i.e., increasing the probability of a type II rather than a

type I error). Another limitation of this study is that we did not

have data related to CMV DNA or CMV-specific T cell responses.

A large study of HIV patients with low CD4+ T cell levels

Table 3. Independent associations of HCV RNA status and covariates with CMV IgG (IU/mL)a.

b Lower 95% CI Upper 95% CI P value

HCV RNA+ (vs. HCV RNA-)b 3.08 1.16 5.00 0.002

EBV IgG (continuous) 0.04 0.02 0.05 ,0.001

High age tertile (vs. low age tertile)c 3.46 1.25 5.67 0.002

Middle age tertile (vs. low age tertile)c 2.90 0.96 4.84 0.003

Hispanic (vs. Black) 21.54 23.27 0.20 0.08

Other (vs. Black) 3.55 22.43 9.52 0.24

White (vs. Black) 21.80 24.66 1.06 0.22

2001–2002 recruit (vs. 1994–1995) 1.43 20.33 3.18 0.11

Untreated (vs. treated and viremic)c 22.53 24.70 20.36 0.02

Treated and aviremic (vs. treated and viremic)d 22.26 24.09 20.42 0.02

Current CD4+ count 200–500 (vs. $500) 20.16 22.00 1.68 0.86

Current CD4+ count ,200 (vs. $500) 21.96 24.88 0.97 0.19

Nadir CD4+ count 200–500 (vs. $500) 1.30 21.38 3.98 0.34

Nadir CD4+ count ,200 (vs. $500) 3.51 0.39 6.63 0.03

aResults from a single multivariable linear regression model of N = 584 women who were both CMV and EBV seropositive and had CD4+ T-cell data at their CMV testing
visit.
bWomen who were HCVAb+/HCV RNA+ at enrollment were defined to be HCV RNA+ while those who were HCV Ab+/HCV RNA- and HCVAb- at enrollment were defined
to be HCV RNA-. Follow-up HCV RNA testing was conducted on all women who were HCVAb+ at enrollment and HCV RNA status was 100% concordant between
enrollment and follow-up testing. Follow-up testing of HCVAb- women was not conducted (see Laboratory Methods and Discussion).
cAge tertiles. Low: ,37.6; Middle: 37.6–45.3; High: .45.3.
dUntreated: no receipt of HAART; Treated and aviremic: undetectable HIV RNA for $50% of study visits following first reported receipt of HAART; Treated and viremic:
HIV RNA levels above the lower level of detection for .50% of study visits following first reported receipt of HAART.
doi:10.1371/journal.pone.0061973.t003

HCV Viremia and CMV IgG

PLOS ONE | www.plosone.org 6 April 2013 | Volume 8 | Issue 4 | e61973



(median: 80 cells per mL) detected CMV DNA in the blood of only

16% of participants [37] suggesting that CMV DNA in the blood

is unlikely to be a good biomarker of CMV pathogenesis in

populations with less pronounced immune suppression. CMV

DNA extracted from purified monocytes could prove to be a useful

epidemiologic biomarker, though, because CMV DNA could be

detected in 58% of community-dwelling older adults using this

method [38]. Large studies that incorporate CMV IgG, CMV-

specific T cell response and CMV DNA data are clearly needed to

more completely understand the complex interactions between

CMV, HCV and HIV and to relate these biomarkers to clinically

important phenotypes.

Overall, our study indicates for the first time to our knowledge

that individuals with HCV/HIV co-infection have higher CMV

IgG antibody levels as compared to HIV mono-infected individ-

uals. Further research on the association of HCV with CMV IgG

is indicated because of the strong associations of high CMV IgG

levels with morbidity and mortality. In particular, it is not known if

our findings will replicate in HCV mono-infected populations, or

in populations with a wide distribution of ages. As many as 5.2

million individuals in the US are living with chronic HCV [39],

and the majority of these individuals are also likely to be infected

with CMV. A better understanding of the interaction of these two

chronic viral infections could lead to better management strategies

for HCV-infected individuals.

Author Contributions

Acquisition of funding, collection of data: KA MA MP MN MP ETG

RCK. Performed laboratory testing: NL ALL. Critical review of the

manuscript for important intellectual content: MHK CMP KA MA MP

MN MP ETG NL ALL HDS RCK. Analyzed the data: MHK CMP.

Wrote the paper: MHK HDS RCK.

References

1. Sinzger C, Digel M, Jahn G (2008) Cytomegalovirus cell tropism. Curr Top

Microbiol Immunol 325: 63–83.

2. Jackson SE, Mason GM, Wills MR (2011) Human cytomegalovirus immunity

and immune evasion. Virus Res 157: 151–160.

3. Sylwester AW, Mitchell BL, Edgar JB, Taormina C, Pelte C, et al. (2005)

Broadly targeted human cytomegalovirus-specific CD4+ and CD8+ T cells
dominate the memory compartments of exposed subjects. J Exp Med 202: 673–

685.

4. Lachmann R, Bajwa M, Vita S, Smith H, Cheek E, et al. (2012) Polyfunctional

T cells accumulate in large human cytomegalovirus-specific T cell responses.

J Virol 86: 1001–1009.

5. Naeger DM, Martin JN, Sinclair E, Hunt PW, Bangsberg DR, et al. (2010)

Cytomegalovirus-specific T cells persist at very high levels during long-term

antiretroviral treatment of HIV disease. PLoS One 5: e8886.

6. Vescovini R, Biasini C, Fagnoni FF, Telera AR, Zanlari L, et al. (2007) Massive
load of functional effector CD4+ and CD8+ T cells against cytomegalovirus in

very old subjects. J Immunol 179: 4283–4291.

7. Converse PJ, Fehniger TE, Ehrnst A, Strannegard O, Britton S (1990) Immune

responses to fractionated cytomegalovirus (CMV) antigens after HIV infection.

Loss of cellular and humoral reactivity to antigens recognized by HIV-, CMV+
individuals. Clin Exp Immunol 82: 559–566.

8. Musiani M, Zerbini M, Zauli D, Cometti G, La PM (1988) Impairment of

cytomegalovirus and host balance in elderly subjects. J Clin Pathol 41: 722–725.

9. Parrinello CM, Sinclair E, Landay AL, Lurain N, Sharrett AR, et al. (2012)
Cytomegalovirus immunoglobulin G antibody is associated with subclinical

carotid artery disease among HIV-infected women. J Infect Dis 205: 1788–1796.

10. Thimme R, Binder M, Bartenschlager R (2011) Failure of innate and adaptive

immune responses in controlling hepatitis C virus infection. FEMS Microbiol

Rev.

11. Ryan EJ, O’Farrelly C (2011) The affect of chronic hepatitis C infection on

dendritic cell function: a summary of the experimental evidence. J Viral Hepat

18: 601–607.

12. Yonkers NL, Sieg S, Rodriguez B, Anthony DD (2011) Reduced naive CD4 T
cell numbers and impaired induction of CD27 in response to T cell receptor

stimulation reflect a state of immune activation in chronic hepatitis C virus

infection. J Infect Dis 203: 635–645.

13. McGovern BH, Golan Y, Lopez M, Pratt D, Lawton A, et al. (2007) The impact

of cirrhosis on CD4+ T cell counts in HIV-seronegative patients. Clin Infect Dis
44: 431–437.

14. Razonable RR (2008) Cytomegalovirus infection after liver transplantation:

current concepts and challenges. World J Gastroenterol 14: 4849–4860.

15. Bader el-Din NG, Abd el-Meguid M, Tabll AA, Anany MA, Esmat G, et al.
(2011) Human cytomegalovirus infection inhibits response of chronic hepatitis-

C-virus-infected patients to interferon-based therapy. J Gastroenterol Hepatol

26: 55–62.

16. Tabll A, Shoman S, Ghanem H, Nabil M, El Din NG, et al. (2011) Assessment

of human cytomegalovirus co-infection in Egyptian chronic HCV patients.
Virol J 8: 343.

17. Barkan SE, Melnick SL, Preston-Martin S, Weber K, Kalish LA, et al. (1998)

The Women’s Interagency HIV Study. WIHS Collaborative Study Group.

Epidemiology 9: 117–125.

18. Kaplan RC, Kingsley LA, Gange SJ, Benning L, Jacobson LP, et al. (2008) Low

CD4+ T-cell count as a major atherosclerosis risk factor in HIV-infected women

and men. AIDS 22: 1615–1624.

19. Gupta CK, Leszczynski J, Gupta RK, Siber GR (1996) An enzyme

immunoassay based micro-neutralization test for titration of antibodies to
human cytomegalovirus (CMV) and its correlation with direct ELISA measuring

CMV IgG antibodies. Biologicals 24: 41–49.

20. Gutierrez J, Maroto MC (1997) A comparison of two ELISA methods for the

investigation of anti-cytomegalovirus IgG antibodies. Microbios 90: 151–154.
21. Al-Harthi L, Voris J, Du W, Wright D, Nowicki M, et al. (2006) Evaluating the

impact of hepatitis C virus (HCV) on highly active antiretroviral therapy-

mediated immune responses in HCV/HIV-coinfected women: role of HCV on
expression of primed/memory T cells. J Infect Dis 193: 1202–1210.

22. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, et al. (2003) A
simple noninvasive index can predict both significant fibrosis and cirrhosis in

patients with chronic hepatitis C. Hepatology 38: 518–526.

23. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, et al. (2006)
Development of a simple noninvasive index to predict significant fibrosis in

patients with HIV/HCV coinfection. Hepatology 43: 1317–1325.
24. Nieto FJ, Adam E, Sorlie P, Farzadegan H, Melnick JL, et al. (1996) Cohort

study of cytomegalovirus infection as a risk factor for carotid intimal-medial

thickening, a measure of subclinical atherosclerosis. Circulation 94: 922–927.
25. Sorlie PD, Nieto FJ, Adam E, Folsom AR, Shahar E, et al. (2000) A prospective

study of cytomegalovirus, herpes simplex virus 1, and coronary heart disease: the
atherosclerosis risk in communities (ARIC) study. Arch Intern Med 160: 2027–

2032.
26. Roberts ET, Haan MN, Dowd JB, Aiello AE (2010) Cytomegalovirus antibody

levels, inflammation, and mortality among elderly Latinos over 9 years of follow-

up. Am J Epidemiol 172: 363–371.
27. Strandberg TE, Pitkala KH, Tilvis RS (2009) Cytomegalovirus antibody level

and mortality among community-dwelling older adults with stable cardiovascu-
lar disease. JAMA 301: 380–382.

28. Simanek AM, Dowd JB, Pawelec G, Melzer D, Dutta A, et al. (2011)

Seropositivity to cytomegalovirus, inflammation, all-cause and cardiovascular
disease-related mortality in the United States. PLoS One 6: e16103.

29. Pawelec G, Derhovanessian E, Larbi A, Strindhall J, Wikby A (2009)
Cytomegalovirus and human immunosenescence. Rev Med Virol 19: 47–56.

30. Bugianesi E, Salamone F, Negro F (2012) The interaction of metabolic factors
with HCV infection: Does it matter? J Hepatol 56 Suppl: S56–S65.

31. El-Kamary SS, Jhaveri R, Shardell MD (2011) All-cause, liver-related, and non-

liver-related mortality among HCV-infected individuals in the general US
population. Clin Infect Dis 53: 150–157.

32. Guiltinan AM, Kaidarova Z, Custer B, Orland J, Strollo A, et al. (2008)
Increased all-cause, liver, and cardiac mortality among hepatitis C virus-

seropositive blood donors. Am J Epidemiol 167: 743–750.

33. Cannon MJ, Schmid DS, Hyde TB (2010) Review of cytomegalovirus
seroprevalence and demographic characteristics associated with infection. Rev

Med Virol 20: 202–213.
34. Bate SL, Dollard SC, Cannon MJ (2010) Cytomegalovirus seroprevalence in the

United States: the national health and nutrition examination surveys, 1988-
2004. Clin Infect Dis 50: 1439–1447.

35. Thursz M, Yee L, Khakoo S (2011) Understanding the host genetics of chronic

hepatitis B and C. Semin Liver Dis 31: 115–127.
36. Kuparinen T, Seppala I, Jylhava J, Marttila S, Aittoniemi J, et al. (2012)

Genome-wide association study does not reveal major genetic determinants for
anti-cytomegalovirus antibody response. Genes Immun 13: 184–190.

37. Deayton JR, Sabin CA, Johnson MA, Emery VC, Wilson P, et al. (2004)

Importance of cytomegalovirus viraemia in risk of disease progression and death
in HIV-infected patients receiving highly active antiretroviral therapy. Lancet

363: 2116–2121.
38. Leng SX, Li H, Xue QL, Tian J, Yang X, et al. (2011) Association of detectable

cytomegalovirus (CMV) DNA in monocytes rather than positive CMV IgG
serology with elevated neopterin levels in community-dwelling older adults. Exp

Gerontol 46: 679–684.

39. Chak E, Talal AH, Sherman KE, Schiff ER, Saab S (2011) Hepatitis C virus
infection in USA: an estimate of true prevalence. Liver Int 31: 1090–1101.

HCV Viremia and CMV IgG

PLOS ONE | www.plosone.org 7 April 2013 | Volume 8 | Issue 4 | e61973


