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Abstract
IFNL4-ΔG/TT (rs368234815) genotype is associated with hepatitis C virus clearance and

may play a role in other infections. IFN-λ4 protein is generated only in individuals who carry

the IFNL4-ΔG allele. The IFNL4 rs12979860-T allele, which is in strong linkage disequilib-

rium with IFNL4-ΔG, was recently reported to be associated with more frequent and severe

oral herpes episodes. We investigated the association of IFNL4-ΔG/TT with herpes simplex

virus (HSV)-related outcomes among 2,192 African American and European American par-

ticipants in the Women’s Interagency HIV Study (WIHS). WIHS is a prospective cohort

study of human immunodeficiency virus (HIV)–infected and at-risk women that began in

1994. This report includes follow-up through 2013. Available data included: HSV–1 and

HSV–2 antibodies at study entry; bi-annually ascertained episodes of (self-reported) oral

herpes, (self-reported) genital sores and (clinician-observed) genital ulcers; HSV–2 DNA in

cervicovaginal lavage (CVL) specimens. IFNL4-ΔG/TT genotyping was determined by Taq-

Man. We compared women with IFNL4-ΔG/ΔG or IFNL4-TT/ΔG genotypes (i.e., IFNL4-ΔG
carriers) to those with the IFNL4-TT/TT genotype, adjusting for age, race and HIV status.
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For outcomes with repeated measurements, the adjusted odds ratio (aOR), 95% confi-

dence interval [CI] and p-value were determined using a generalized estimating equations

approach. Median participant age at enrollment was 36 years; 81% were African American,

74% were HIV-infected. Among 1,431 participants tested for antibodies, 72.8% were posi-

tive for HSV–1 and 79.0% were positive for HSV–2. We observed no association between

IFNL4-ΔG/TT genotype and any outcome: HSV–1 or HSV–2 antibody prevalence (p>0.1,

all comparisons); oral herpes (aOR, 1.2; p = 0.35); genital sores (aOR, 1.0; p = 0.71); genital

ulcers (aOR, 1.1; p = 0.53); detectable HSV–2 DNA in CVL (N = 322; aOR, 0.71; p = 0.49);

HSV–2 DNA level (p = 0.68). In this large prospective study, IFNL4-ΔG/TT genotype was

not associated with HSV-related outcomes, including episodes of oral or genital herpes.

Introduction
Genome-wide association studies (GWAS) have identified variants within the interferon lambda
(IFN-λ) region that are strongly associated with both spontaneous clearance of hepatitis C virus
(HCV) and response to treatment for chronic hepatitis C [1–5]. A recently discovered common
variant (rs368234815, previously ss469415590) within the novel interferon lambda 4 gene (sym-
bol: IFNL4) appears to account for these associations through control of the IFN-λ4 protein [6]
(Fig 1). We here refer to the rs368234815 polymorphism as IFNL4-ΔG/TT. The IFN-λ4 protein
is only produced by individuals who carry at least one copy of the IFNL4-ΔG allele, which is asso-
ciated with impaired HCV clearance. The alternative IFNL4-TT allele creates a frameshift in
exon 1; individuals who are homozygous for IFNL4-TT do not generate IFN-λ4 and have
enhanced HCV clearance. Previously, we demonstrated that IFNL4-ΔG/TT genotype is a stronger
predictor of HCV clearance than genotype for rs12979860, a single nucleotide polymorphism
(SNP) marker used in GWAS. Although it is commonly called an ‘IL28B’ variant, rs12979860
actually lies within the first intron of IFNL4. The unfavorable rs12979860-T allele is in strong
linkage disequilibrium with the IFNL4-ΔG allele; therefore, it is likely that rs12979860-T acts
only as a marker for IFNL4-ΔG. Thus, IFNL4-ΔG/TT is the leading candidate for the primary
functional variant underlying the observed genetic associations with HCV clearance [6–8].

There is strong evidence that genotype for IFNL4-ΔG/TT may play a role in other infections
[9, 10] and, given that expression of the interferon lambda receptor (IFN-λR1) is largely
restricted to cells of epithelial origin [11, 12], it is plausible that this genetic variant could affect
viral infections of the epithelium. A recent report implicated IFNL4-ΔG as a possible risk factor
for recurrent herpes episodes [13]. Griffiths et al demonstrated that the anti-viral effects of
Med23 on HSV–1 replication were mediated through upregulated mRNA and protein expres-
sion of interferon lambda family members. Griffiths et al also reported in a case-control analy-
sis of 56 Italian subjects that the rs12979860-T allele was associated with more frequent and
severe oral herpes simplex virus (HSV) episodes. [6]. The goal of our study was to investigate
the association of IFNL4-ΔG/TT genotype with the frequency of oral and genital herpes epi-
sodes within the large prospective Women’s Interagency HIV Study (WIHS).

Materials and Methods

Study Population
WIHS is a cohort study of human immunodeficiency virus (HIV)–infected and at-risk HIV-
seronegative women who were enrolled at 6 clinical sites [14]. Initial enrollment was conducted
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during 1994–1995, a second recruitment occurred during 2001–2002, and a third recruitment
period started in 2011 (women enrolled in 2011- cohort are not included in this analysis).
Every 6 months women were administered a detailed health questionnaire and underwent a
clinical examination with collection of blood specimens. This analysis is based on data collected
through 2013. This study focused on the 2,192 women who were successfully genotyped for
IFNL4-ΔG/TT and who, on the basis of self-reported information on race/ethnicity, were of
African American or European American ancestry, but not of Hispanic ethnicity. The WIHS
protocol was approved by each local institutional review board (IRB), and all participants
included in this analysis provided written informed consent for genetic testing.

Fig 1. Depiction of IFNL4within the interferon lambda region on chromosome 19, as well as the exonic structure of the gene and the location of the
rs12979860 and IFNL4-ΔG/TT genetic variants.Only carriers of the IFNL4-ΔG allele, which has been associated with poorer clearance of HCV infection,
are able to produce the IFN-λ4 protein.

doi:10.1371/journal.pone.0138827.g001
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Ethics Statement
The National Institutes of Health (NIH) Office of Human Subjects Research (OHSR) deemed
this study excluded from IRB review per 45 CFR 46.102. All human samples and data were ana-
lyzed anonymously. All data used in the present analysis are contained within previously pub-
lished studies [8, 15, 16].

Ascertainment of Herpes Episodes
Information regarding oral herpes episodes that occurred since the previous study visit was col-
lected by interview in the women who were enrolled in 1994–1995 (information was collected
up to and including bi-annual visit 14). Self-reported episodes of genital herpes between study
visits were ascertained at all visits for both the 1994–1995 and 2001–2002 enrollees. As part of
each 6 month study visit, clinicians assessed the presence of genital herpes based on visualiza-
tion of ulcers or vesicles during gynecological examination [15].

Laboratory
HSV–1 and HSV–2 Antibodies. Testing for HSV type-specific antibodies was performed

on samples collected from women in the 1994–1995 enrollment cohort only [17] using a type 1
and type 2 glycoprotein G-based enzyme immunoassay (Gull Laboratories, Salt Lake City,
Utah, USA). Sera with negative or equivocal results were tested by Western blot.

HSV–2 DNA Viral Titer Testing. In a subset of HIV-infected women, cervicovaginal
lavage (CVL) specimens collected at enrollment were tested for HSV–2 DNA as previously
described [16]. CVL specimens were collected by flushing the cervix with 10 mL sterile normal
saline; 200μL of each specimen was tested for HSV–2 DNA using duplex quantitative realtime
TaqMan polymerase chain reaction (qPCR).

IFNL4-ΔG/TT and IFLN4 rs12979860 Genotyping. Genotyping for IFNL4-ΔG/TT
(rs368234815) and rs12979860 was performed at the Laboratory of Translational Genomics,
National Cancer Institute with custom TaqMan allelic discrimination genotyping assays, as
previously described [6]. For quality control, blinded duplicate specimens were included in the
panel.

Statistical Analysis
IFNL4-ΔG/TT genotype frequency varies markedly by racial ancestry [6]; therefore, all analyses
were either stratified by self-reported race/ethnicity or adjusted for that variable. Analyses
compared IFNL4-ΔG carriers (i.e., women with either the IFNL4-ΔG/ΔG or IFNL4-ΔG/TT
genotype) to those with the IFNL4-TT/TT genotype. Seroprevalence of antibodies to HSV–1
and HSV–2 was compared by IFNL4-ΔG/TT genotype on the basis of p-values that were calcu-
lated by the Mantel-Haenszel chi-square test. The frequency of self-reported and clinically
observed herpes episodes were calculated as the proportion of total visits. To calculate unad-
justed and adjusted odds ratio (aOR) and 95% confidence intervals (CIs) for the frequency of
herpes episodes by IFNL4-ΔG/TT genotype, we used logistic regression to separately model
each outcome using a binary variable, Yij, which equaled one if the ith woman reported having
had the outcome at the jth visit and otherwise equaled zero. To accommodate correlations of
observations for the same woman in the variance of the estimates, we used a generalized esti-
mating equation (GEE) approach [18] with an independent working correlation matrix. The
adjusted GEE models included age and HIV status as covariates because these variables have
been associated with the frequency of herpes recurrence; models that combined both racial
ancestry groups also controlled for race. We performed several sensitivity analyses: i)
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restricting the oral herpes analysis to women who were positive for HSV–1 antibodies; ii)
restricting analyses of genital sores and genital ulcers to women who were positive for HSV–2
antibodies; iii) stratifying by HIV status; iv) substituting rs12979860 genotype for IFNL4-ΔG/
TT genotype in the analysis of oral herpes episodes.

To compare the proportions of women with viral shedding (defined as detectable HSV–2
DNA in the CVL specimen) by IFNL4-ΔG/TT genotype, we calculated aORs, 95% CIs and p-
values by logistic regression. Adjusted models included HIV status and race as covariates as
these variables were associated with viral shedding previously [16]. Among the subset of
women shedding virus, p-values for differences in the distribution of HSV–2 DNA levels titers
by genotype were determined with the Kruskal-Wallis test.

Results

Demographic and Clinical Characteristics of the Study Population
The baseline demographic and clinical characteristics of the participants are presented in
Table 1. A total of 2,192 participants were included in this analysis; 1,511 participants were
enrolled in the 1994–95 cohort (1,169 [77.4%] African American, 342 [22.6%] European
American) and 681 were enrolled in 2001–2002 cohort (598 [87.8%] African American, 83
[12.2%] European American). Overall, the median age at enrollment was 36 years, the majority
(74.2%) was HIV positive and the median lifetime number of sex partners was 12 (IQR: 6–50).

Table 1. Participant characteristics at enrollment.

Cohorts Combined 1994–1995 Cohort

N = 2,192 N = 1,511

Characteristics

Age (years)

Median 36 37

IQR 30–41 31–42

Race

African American 80.6% 77.4%

European American 19.4% 22.6%

HSV Serostatus

HSV–1 — 72.8%

HSV–2 — 79.0%

HSV–1 or HSV–2 — 94.5%

HIV Status

Seropositive 74.2% 79.2%

Seronegative 25.8% 20.8%

CD4 Nadir1

<200 40.4% 46.0%

�200 59.6% 54.0%

Lifetime Male Partners

Median (IQR) 12 15

IQR 6–50 6–50

History of Injection Drug Use

Yes 32.0% 41.5%

No 68.0% 58.5%

1Among HIV-infected individuals

doi:10.1371/journal.pone.0138827.t001
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HSV Seroprevalence by IFNL4-ΔG/TT Genotype
HSV antibody data were available for 1,431 (94.7%) of the 1,511 women enrolled in 1994–1995,
representing 65.3% of our full analytic cohort. In this group, 72.8% of women were HSV–1 sero-
positive (77.3% of African Americans and 57.3% of European Americans) and 79.0% were HSV–2
seropositive (83.9% of African Americans and 62.2% of European Americans). The vast majority
of women was seropositive for either HSV–1 or HSV–2 (94.5% overall; 97.4% of African Ameri-
cans and 84.5% of European Americans); 57.4% were seropositive for both HSV–1 and HSV–2.

The prevalence of antibodies to HSV–1 and HSV–2 did not vary significantly by IFNL4-ΔG/
TT genotype among either African American or European American participants (Table 2).
Among African American women, the proportion positive for either HSV–1 or HSV–2 was
97.0% in those with the IFNL4-TT/TT genotype and 97.4% in the IFNL4-ΔG allele carriers
(P = 0.75). Among European American participants, those proportions were 86.6% and 83.1%,
respectively (p = 0.39). Similar results were seen for genotype comparisons for HSV–1 and
HSV–2 separately. Thus, the data provide no evidence that IFNL4-ΔG/TT genotype affects sus-
ceptibility to HSV infections.

Oral Herpes Episodes
A total of 1,511 women enrolled in the 1994–95 cohort contributed 9,322 visits to this analysis.
An episode of oral herpes was reported at 5.3% of these visits, 3.7% of visits among African
Americans and 10.7% of visits among European Americans. There was no evidence that
IFNL4-ΔG/TT was associated with recurrent oral herpes (Table 3). Comparing women with
the IFNL4-ΔG/ΔG or IFNL4-ΔG/TT genotype (i.e., women who can generate IFN-λ4 protein)
to those with the IFNL4-TT/TT genotype (i.e., women who cannot generate IFN-λ4) yielded
an aOR of 1.1 (95% CI: 0.7–1.7; p = 0.58) in African American women and a similar result
in the European American women (aOR, 1.2; 95% CI: 0.8–1.9; p = 0.44). When results for Afri-
can Americans and European American individuals were combined in an analysis that was
adjusted for age, HIV status and race, the aOR was 1.2 (95% CI: 0.8–1.6; p = 0.35).

Linkage disequilibrium (r2) between IFNL4-ΔG and rs12979860-T, the variant examined in
the previous study of genetic associations with oral herpes [13], was 0.99 in European Ameri-
cans and 0.87 in African Americans, therefore, we observed similar results (aOR, 1.1; 95% CI:

Table 2. Prevalence of antibodies to HSV–1 and HSV–2 at enrollment, WIHS 1994–95 cohort, by race and IFNL4 genotype (N = 1,431).

African Americans

IFNL4-ΔG/TT Genotype Total HSV–1 Positive p-value HSV–2 Positive p-value HSV–1 or HSV–2 Positive p-value

N (%) N (%)

Overall 1108 857 (77.3) 930 (83.9) - 1079 (97.4)

TT/TT 168 124 (73.8) 137 (81.5) 163 (97.0)

ΔG/TT 505 393 (77.8) 418 (82.8) 488 (96.6)

ΔG/ΔG 435 340 (78.2) 375 (86.2) 428 (98.4)

ΔG/ΔG+ΔG/TT 940 733 (78.0) 0.23 793 (84.4) 0.36 916 (97.4) 0.75

European Americans

IFNL4-ΔG/TT Genotype Total HSV–1 Positive p-value HSV–2 Positive p-value HSV–1 or HSV–2 Positive p-value

N (%) N (%) N (%)

Overall 323 185 (57.3) 201 (62.2) - 273 (84.5)

TT/TT 134 73 (54.5) 90 (67.2) 116 (86.6)

ΔG/TT 151 87 (57.6) 86 (57.0) 121 (80.1)

ΔG/ΔG 38 25 (65.8) 25 (65.8) 36 (94.7)

ΔG/ΔG+ΔG/TT 189 112 (59.3) 0.39 111 (58.7) 0.12 157 (83.1) 0.39

doi:10.1371/journal.pone.0138827.t002
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0.8–1.6) for rs12979860 genotype. Likewise, sensitivity analyses that were stratified by HIV sta-
tus or restricted to women who were HSV–1 seropositive yielded similarly non-significant
results (S1 Table). In contrast to the null genotype findings for the IFNL4-ΔG/TT variant,
women who were infected with HIV reported oral herpes episodes much more frequently than
HIV-uninfected women (aOR, 4.31; 95% CI: 2.84–6.55; p<0.0001), thus verifying the validity
of the self-reported data. Our results, therefore, provide no support for the hypothesis that the
IFNL4-ΔG allele increases the risk of recurrent oral herpes.

Genital Herpes Episodes
A total of 2,192 women contributed 44,828 visits for the analysis of genital herpes (Table 4). At
7.5% of visits, a woman reported that she had suffered an episode of genital herpes during the
previous 6 months. Genital herpes was reported at 8.2% of visits by African American women
and 8.7% of visits by European Americans. IFNL4-ΔG/TT genotype was not associated with
frequency of self-reported genital herpes episodes (Table 4) with an aOR of 1.1 (95% CI: 0.9–
1.4; p = 0.55) for African Americans and 1.0 (95% CI: 0.7–1.4; p = 0.99) for European Ameri-
cans comparing IFNL4-ΔG/ΔG or IFNL4-ΔG/TT genotype to IFNL4-TT/TT genotype; results
for African and European Americans combined were: aOR 1.0 (95% CI: 0.9–1.3; p = 0.71).

A genital ulcer was noted during clinical exam at 2.2% of visits, 2.4% and 1.4% of visits for
African Americans and European Americans, respectively (Table 4). Similar to the results for
self-reported genital herpes, the frequency of clinician-observed genital ulcers did not vary by
genotype, with an aOR of 1.2 (95% CI: 0.9–1.6; p = 0.31) for African Americans and 0.8 (95%
CI: 0.5–1.4; p = 0.50) for European Americans comparing IFNL4-ΔG/ΔG or IFNL4-ΔG/TT
genotype to IFNL4-TT/TT genotype; results for African and European Americans combined
were: aOR 1.1 (95% CI: 0.8–1.4; p = 0.53). Similar to the results for oral herpes, we found no
evidence that the frequency of genital herpes varies by IFNL4-ΔG/TT genotype.

HSV–2 DNA in CVL Specimens
We also examined the relationship between IFNL4-ΔG/TT genotype and results of HSV–2
DNAmeasurements in CVL samples taken from a subset of 322 women (Table 5). In these
participants, 27 (8.4%) individuals had detectable HSV–2 viral DNA (i.e., viral shedding). The
proportion of women shedding HSV–2 virus did not differ by IFNL4-ΔG/TT genotype (aOR,
0.7; 95% CI: 0.3–1.9; p = 0.49, comparing IFNL4-ΔG/ΔG or IFNL4-ΔG/TT genotype to IFNL4-
TT/TT genotype). Among the women with detectable HSV–2 DNA, the median viral level was

Table 3. Self-reported episodes of oral herpes among women enrolled in WIHS (1994–1995 cohort only), by race and IFNL4 genotype.

African Americans (N = 1,169) European Americans (N = 342)

IFNL4 Genotype IFNL4 Genotype

TT/TT ΔG/TT ΔG/ΔG ΔG/TT + ΔG/ΔG TT/TT ΔG/TT ΔG/ΔG ΔG/TT + ΔG/ΔG

Oral Herpes1

Episodes (No.) 37 113 120 233 83 97 42 139

Visits (No.) 1094 3285 2872 6157 869 978 224 1202

Episodes/visits 0.034 0.034 0.042 0.038 0.096 0.099 0.188 0.116

Adjusted Odds Ratio (95% CI)2 ref 1.1 (0.7–1.7) ref 1.2 (0.8–1.9)

p-value - 0.58 - 0.44

1Study visits 1–14; bi-annual visits from 1994 to 2013
2Adjusted for age and HIV status

doi:10.1371/journal.pone.0138827.t003
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4.4 log10 DNA copies/mL for IFNL4-ΔG carriers and 3.2 log10 DNA copies/mL for those with
the IFNL4-TT/TT genotype (p = 0.6831). These results provide no evidence that IFNL4-ΔG/
TT genotype affects shedding of HSV–2 DNA.

Discussion
In this study of more than 2,000 women who were followed prospectively in the WIHS cohort,
no associations were observed between IFNL4-ΔG/TT genotype and the frequency of self-
reported oral herpes, self-reported genital herpes or clinician-observed genital ulcers.

Table 4. Self-reported and clinician-observed episodes of genital herpes among women enrolled in WIHS (both cohorts), by IFNL4 genotype and
race.

African Americans (N = 1767) European Americans (N = 425)

IFNL4 Genotype IFNL4 Genotype

TT/TT ΔG/TT ΔG/ΔG ΔG/TT + ΔG/ΔG TT/TT ΔG/TT ΔG/ΔG ΔG/TT + ΔG/ΔG

Genital Sores (Self Reported)

Episodes (No.) 354 1205 1105 2310 316 343 59 402

Visits (No.) 4979 16621 15019 31640 3618 3754 837 4591

Episodes/visits 0.071 0.073 0.074 0.073 0.087 0.091 0.071 0.088

Adjusted Odds Ratio (95% CI)1 ref 1.1 (0.9–1.4) ref 1.0 (0.7–1.4)

p-value - 0.55 - 0.99

Genital Ulcers2 (Clinician Observed)

Episodes (No.) 104 370 370 740 51 47 8 55

Visits (No.) 4699 15743 14283 30026 3314 3436 759 4195

Episodes/visits 0.022 0.024 0.026 0.025 0.015 0.014 0.011 0.013

Adjusted Odds Ratio (95% CI)1 ref 1.2 (0.9–1.6) ref 0.8 (0.5–1.4)

p-value - 0.31 - 0.50

1Adjusted for age and HIV status
2Missing participants: African Americans, 6; European American, 1

doi:10.1371/journal.pone.0138827.t004

Table 5. Presence of HSV–2 DNA and HSV–2 DNA levels in cervical lavage specimens from HIV-infected and uninfected women enrolled in WIHS,
by IFNL4-ΔG/TT genotype (N = 322).

HSV–2 Viral Shedding

IFNL4-ΔG/TT Genotype Total Shedding HSV–2, N(%) Adjusted Odds Ratio1 (95% CI) p-value

TT/TT 61 6 (9.8) Ref -

ΔG/TT 161 15 (9.3)

ΔG/ΔG 100 6 (6.0)

ΔG/ΔG+ΔG/TT 261 21 (8.0) 0.7 (0.3–1.9) 0.49

HSV–2 DNA Level2

IFNL4-ΔG/TT Genotype Total Median HSV–2 Level (log10 DNA copies/mL) p-value3

TT/TT 6 3.2 -

ΔG/TT 15 4.4

ΔG/ΔG 6 3.3

ΔG/ΔG+ΔG/TT 21 4.4 0.6831

1Adjusted for: HIV status and race
2Analysis of HSV–2 DNA levels are limited to women with detectable virus
3Kruskal-Wallis test (IFNL4-TT/TT was used as the reference group)

doi:10.1371/journal.pone.0138827.t005
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Additionally, no associations were observed between IFNL4-ΔG/TT genotype and HSV sero-
prevalence (either HSV–1 or HSV–2); HSV–2 viral shedding or HSV–2 DNA levels in cervical
lavage specimens. On the basis of these results, it does not appear that the IFN-λ4 protein plays
a role in susceptibility to herpes virus infections or the frequency of recurrence.

We believe ours is the first study to examine the potential association between genetic vari-
ants in the IFN-λ region and genital herpes, however, a previous study found rs12979860-T,
which is in strong linkage disequilibrium with the IFNL4-ΔG allele, to be associated with more
frequent and severe episodes of oral herpes [13]. Some differences in the two studies should be
noted. Our analysis was based on prospective observation of 1511 women with 15,592 person-
visits and, therefore, had considerably greater statistical power than the previous study of 56
subjects. WIHS investigators asked subjects whether they had experienced an episode of oral
herpes in the past six months, whereas Griffiths et al [13] categorized patients based on param-
eters that included the number of episodes/year, the size of the lesion and whether a patient
had long lasting symptoms that required antiviral therapy. Therefore, while our large study
provides strong evidence that IFN-λ region genetic variants are not associated with the fre-
quency of recurrent oral herpes, it is possible that IFNL4-ΔG/TT genotype could play a role in
controlling the severity of HSV infection. Given that that IFNL4-ΔG is a common allele, this
genetic variant might require the presence of other, less common, factors to promote severe
recurrent HSV infection. Thus, further investigation of the potential relationship between
IFNL4-ΔG/TT genotype and severe oral herpes is warranted.

There were several strengths of this study. Our study included more than 2,000 participants
with up to 18 years of follow-up time; therefore we were well powered to observe an association
between herpes recurrence and IFNL4-ΔG/TT genotype if one existed. Additionally, our study
was nested within an established cohort with standardized sample collection and procedures as
well as reliable clinical ascertainment of genital herpes.

This study provides no evidence that the IFNL4-ΔG allele plays a role in oral or genital her-
pes; however, this variant could influence the pathogenesis of viral infections beyond HCV.
The IFNL4-ΔG allele, which generates IFN-λ4 protein and is unfavorable for HCV clearance,
underwent very strong negative genetic selection with replacement of the ancestral IFNL4–ΔG
allele by the derived IFNL4-TT variant in non-African populations [10]. It seems unlikely that
this selection was driven by HCV because the risk factors accounting for the bulk of HCV
transmission (blood transfusions, contaminated medical injections and injection drug use)
arose primarily in the 20th century and because HCV usually causes a slowly progressive
chronic infection that is unlikely to markedly impair host reproduction. It seems likely, there-
fore, that this selection was driven by one or more other infectious agents. Future studies
should focus on the potential role of IFNL4-ΔG/TT genotype in other infections.

Supporting Information
S1 Table. Sensitivity analyses for episodes of self-reported oral herpes, self-reported genital
sores and clinician-observed genital ulcers among women enrolled in WIHS, by IFNL4-ΔG/
TT genotype.
(DOC)

Author Contributions
Conceived and designed the experiments: KALK TROMHK RMP HDS RMG. Performed the
experiments: SJG LPO RMG. Analyzed the data: KALK TRO SC RMPMHK. Contributed

IFNL4-ΔG/TT and Herpes Recurrence

PLOS ONE | DOI:10.1371/journal.pone.0138827 October 2, 2015 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0138827.s001


reagents/materials/analysis tools: SC SD BREMGPMP GBS MCV TCQ SJG LPO RMG.
Wrote the paper: KALK TRO.

References
1. Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, et al. Genetic variation in IL28B pre-

dicts hepatitis C treatment-induced viral clearance. Nature. 2009; 461(7262):399–401. Epub 2009/08/
18. doi: 10.1038/nature08309 PMID: 19684573

2. Suppiah V, Moldovan M, Ahlenstiel G, Berg T, Weltman M, Abate ML, et al. IL28B is associated with
response to chronic hepatitis C interferon-alpha and ribavirin therapy. Nat Genet. 2009; 41(10):1100–4.
Epub 2009/09/15. doi: 10.1038/ng.447 PMID: 19749758

3. Tanaka Y, Nishida N, SugiyamaM, Kurosaki M, Matsuura K, Sakamoto N, et al. Genome-wide associa-
tion of IL28B with response to pegylated interferon-alpha and ribavirin therapy for chronic hepatitis C.
Nat Genet. 2009; 41(10):1105–9. Epub 2009/09/15. doi: 10.1038/ng.449 PMID: 19749757

4. Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O'Huigin C, et al. Genetic variation in IL28B and sponta-
neous clearance of hepatitis C virus. Nature. 2009; 461(7265):798–801. Epub 2009/09/18. doi: 10.
1038/nature08463 PMID: 19759533

5. Rauch A, Kutalik Z, Descombes P, Cai T, Di Iulio J, Mueller T, et al. Genetic variation in IL28B is associ-
ated with chronic hepatitis C and treatment failure: a genome-wide association study. Gastroenterol-
ogy. 2010; 138(4):1338–45, 45 e1-7. Epub 2010/01/12. doi: 10.1053/j.gastro.2009.12.056 PMID:
20060832

6. Prokunina-Olsson L, Muchmore B, TangW, Pfeiffer RM, Park H, Dickensheets H, et al. A variant
upstream of IFNL3 (IL28B) creating a new interferon gene IFNL4 is associated with impaired clearance
of hepatitis C virus. Nat Genet. 2013; 45(2):164–71. Epub 2013/01/08. doi: 10.1038/ng.2521 PMID:
23291588

7. Bibert S, Roger T, Calandra T, Bochud M, Cerny A, Semmo N, et al. IL28B expression depends on a
novel TT/-G polymorphism which improves HCV clearance prediction. J Exp Med. 2013; 210(6):1109–
16. Epub 2013/05/29. doi: 10.1084/jem.20130012 PMID: 23712427

8. Aka PV, KuniholmMH, Pfeiffer RM, Wang AS, TangW, Chen S, et al. Association of the IFNL4-DeltaG
Allele With Impaired Spontaneous Clearance of Hepatitis C Virus. J Infect Dis. 2014; 209(3):350–4.
Epub 2013/08/21. doi: 10.1093/infdis/jit433 PMID: 23956438

9. O'Brien TR, Prokunina-Olsson L, Donnelly RP. IFN-lambda4: The Paradoxical NewMember of the
Interferon Lambda Family. J Interferon Cytokine Res. 2014; 34(11):829–38. Epub 2014/05/03. doi: 10.
1089/jir.2013.0136 PMID: 24786669

10. Key FM, Peter B, Dennis MY, Huerta-Sanchez E, TangW, Prokunina-Olsson L, et al. Selection on a
variant associated with improved viral clearance drives local, adaptive pseudogenization of interferon
lambda 4 (IFNL4). PLoS Genet. 2014; 10(10):e1004681. Epub 2014/10/21. doi: 10.1371/journal.pgen.
1004681 PMID: 25329461

11. Kotenko SV, Gallagher G, Baurin VV, Lewis-Antes A, Shen M, Shah NK, et al. IFN-lambdas mediate
antiviral protection through a distinct class II cytokine receptor complex. Nat Immunol. 2003; 4(1):69–
77. Epub 2002/12/17. PMID: 12483210

12. Sheppard P, Kindsvogel W, XuW, Henderson K, Schlutsmeyer S, Whitmore TE, et al. IL–28, IL–29
and their class II cytokine receptor IL-28R. Nat Immunol. 2003; 4(1):63–8. Epub 2002/12/07. PMID:
12469119

13. Griffiths SJ, Koegl M, Boutell C, Zenner HL, Crump CM, Pica F, et al. A systematic analysis of host fac-
tors reveals a Med23-interferon-lambda regulatory axis against herpes simplex virus type 1 replication.
PLoS Pathog. 2013; 9(8):e1003514. Epub 2013/08/21. doi: 10.1371/journal.ppat.1003514 PMID:
23950709

14. Bacon MC, vonWyl V, Alden C, Sharp G, Robison E, Hessol N, et al. TheWomen's Interagency HIV
Study: an observational cohort brings clinical sciences to the bench. Clin Diagn Lab Immunol. 2005; 12
(9):1013–9. Epub 2005/09/09. PMID: 16148165

15. Greenblatt RM, Bacchetti P, Barkan S, Augenbraun M, Silver S, Delapenha R, et al. Lower genital tract
infections among HIV-infected and high-risk uninfected women: findings of theWomen's Interagency
HIV Study (WIHS). Sex Transm Dis. 1999; 26(3):143–51. Epub 1999/04/01. PMID: 10100771

16. Aumakhan B, Gange SJ, Beyrer C, Gaydos CA, Minkoff H, Merenstein DJ, et al. Quantitative and quali-
tative correlates of cervicovaginal herpes simplex virus type 2 shedding among HIV-infected women in
the Women's Interagency HIV Study. Int J STD AIDS. 2011; 22(5):273–7. Epub 2011/05/17. doi: 10.
1258/ijsa.2009.009296 PMID: 21571975

IFNL4-ΔG/TT and Herpes Recurrence

PLOS ONE | DOI:10.1371/journal.pone.0138827 October 2, 2015 10 / 11

http://dx.doi.org/10.1038/nature08309
http://www.ncbi.nlm.nih.gov/pubmed/19684573
http://dx.doi.org/10.1038/ng.447
http://www.ncbi.nlm.nih.gov/pubmed/19749758
http://dx.doi.org/10.1038/ng.449
http://www.ncbi.nlm.nih.gov/pubmed/19749757
http://dx.doi.org/10.1038/nature08463
http://dx.doi.org/10.1038/nature08463
http://www.ncbi.nlm.nih.gov/pubmed/19759533
http://dx.doi.org/10.1053/j.gastro.2009.12.056
http://www.ncbi.nlm.nih.gov/pubmed/20060832
http://dx.doi.org/10.1038/ng.2521
http://www.ncbi.nlm.nih.gov/pubmed/23291588
http://dx.doi.org/10.1084/jem.20130012
http://www.ncbi.nlm.nih.gov/pubmed/23712427
http://dx.doi.org/10.1093/infdis/jit433
http://www.ncbi.nlm.nih.gov/pubmed/23956438
http://dx.doi.org/10.1089/jir.2013.0136
http://dx.doi.org/10.1089/jir.2013.0136
http://www.ncbi.nlm.nih.gov/pubmed/24786669
http://dx.doi.org/10.1371/journal.pgen.1004681
http://dx.doi.org/10.1371/journal.pgen.1004681
http://www.ncbi.nlm.nih.gov/pubmed/25329461
http://www.ncbi.nlm.nih.gov/pubmed/12483210
http://www.ncbi.nlm.nih.gov/pubmed/12469119
http://dx.doi.org/10.1371/journal.ppat.1003514
http://www.ncbi.nlm.nih.gov/pubmed/23950709
http://www.ncbi.nlm.nih.gov/pubmed/16148165
http://www.ncbi.nlm.nih.gov/pubmed/10100771
http://dx.doi.org/10.1258/ijsa.2009.009296
http://dx.doi.org/10.1258/ijsa.2009.009296
http://www.ncbi.nlm.nih.gov/pubmed/21571975


17. Ameli N, Bacchetti P, Morrow RA, Hessol NA, Wilkin T, Young M, et al. Herpes simplex virus infection
in women in theWIHS: epidemiology and effect of antiretroviral therapy on clinical manifestations.
AIDS. 2006; 20(7):1051–8. Epub 2006/04/11. PMID: 16603858

18. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes. Biometrics.
1986; 42(1):121–30. Epub 1986/03/01. PMID: 3719049

IFNL4-ΔG/TT and Herpes Recurrence

PLOS ONE | DOI:10.1371/journal.pone.0138827 October 2, 2015 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/16603858
http://www.ncbi.nlm.nih.gov/pubmed/3719049

