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Chronic hepatitis C virus (HCV) infection is characterized by exhaus-
tion of virus-specific T-cells and stable viremia. Pregnancy is an ex-
ception. Viremia gradually climbs during gestation but sometimes
declines sharply in the months following delivery. Here, we dem-
onstrated that postpartum HCV control was associated with
enhanced virus-specific T-cell immunity. Women with viral load
declines of at least 1 log10 between the third trimester and 3-mo
postpartum exhibited HCV-specific T-cell responses of greater
breadth (P = 0.0052) and magnitude (P = 0.026) at 3-mo postpartum
than women who failed to control viremia. Moreover, viral dynam-
ics were consistent in women after consecutive pregnancies, sug-
gesting genetic underpinnings. We therefore searched for genetic
associations with human leukocyte antigen (HLA) alleles and IFN-λ3
gene (IFNL3) polymorphisms that influence HCV infection outcome.
Postpartum viral control was associated with the IFNL3 rs12979860
genotype CC (P = 0.045 at 6 mo) that predicts a positive response to
IFN-based therapy. Suppression of virus replication after pregnancy
was also strongly influenced by the HLA class II DPB1 locus. HLA-
DPB1 alleles are classified by high and low patterns of expression.
Carriage of at least one high-expression HLA-DPB1 allele predicted
resurgent virus-specific T-cell immunity and viral control at 3-mo
postpartum (P = 0.0002). When considered together in multivariable
analysis, IFNL3 and HLA-DPB1 independently affected viral control at
3- and 6-mo postpartum. Together, these findings support a model
where spontaneous control of HCV such as sometimes follows preg-
nancy is governed by genetic polymorphisms that affect type III IFN
signaling and virus-specific cellular immune responses.
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Nearly 75% of hepatitis C virus (HCV) infections persist long-
term, predisposing to complications such as hepatic cirrhosis

and carcinoma. The HCV-specific T-cell response is a major de-
terminant of whether an infection will resolve or persist (1). In re-
solving infections, CD8+ cytotoxic and CD4+ helper T cells target a
broad array of viral epitopes and maintain antiviral activity until vi-
remia is no longer detectable (1, 2). Persisting infections may simi-
larly begin with robust HCV-specific T-cell responses that transiently
reduce viremia, but viral control is ultimately lost (1, 2). In the
chronic phase of infection CD8+ T-cells typically exhibit impaired
cytotoxicity and antiviral cytokine secretion or fail to recognize cir-
culating viruses because of escape mutations in viral class I epitopes
(1–3). At the same time, virus-specific CD4+ T cells lack proliferative
capacity and often become undetectable (4). With the onset of im-
mune exhaustion, stable high-level viremia becomes the norm (5).
A unique exception to this pattern of stable high-level viremia

during chronic infection has been described in pregnancy. HCV
replication tends to increase with gestation and then sometimes
falls markedly 1–3 mo after delivery (6–8). The physiologic basis
for this phenomenon is uncertain, but resurgence of antiviral

immunity may be important. A recent retrospective analysis of
banked serum samples from HCV-infected pregnant women
found that serum IL-12 and IFN-γ levels were higher in the
postpartum period in women whose viral load declined after de-
livery compared with aviremic women who had previously resolved
infection (9). We recently noted in two women with large declines in
viremia after pregnancy that circulating viral genomes lost escape
mutations in several human leukocyte antigen (HLA) class I epi-
topes during late gestation and then regained escape mutations by
3-mo postpartum (10). These findings pointed to a reduction of
CD8+ T-cell pressure on HCV during pregnancy, presumably as a
result of the regulatory mechanisms that mediate maternofetal
tolerance. These findings also suggested that postpartum declines in
viremia might be caused by restoration of functional HCV-specific
cellular immunity, an intriguing hypothesis given the exhausted state
of cellular immunity in chronic HCV infection.
Genome-wide association studies have highlighted the im-

portance of both innate and adaptive immunity in the control of
HCV infection. The polymorphisms most strongly linked to
spontaneous resolution cluster on chromosome 19 near the
type III IFN gene encoding IFN-λ3 (IFNL3) and on chromosome
6 near class II HLA genes (11). Favorable IFNL3 genotypes, such
as rs12979860 CC, predict both spontaneous resolution of acute
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infection and resolution of chronic infection upon treatment with
pegylated-IFN-α and ribavirin (11–13). Specific class II HLA al-
leles, such as HLA-DQB1*03 and -DRB1*11, and several class I
alleles, such as HLA-B*27, -B*57, and -C*01, have been linked to
spontaneous resolution of acute HCV infection, although effects
vary between populations (14–18). Whether IFNL3 or HLA
genotypes influence late spontaneous control of chronic infection
after pregnancy is unknown. Here we examined effects of HCV-
specific cellular immune responses, IFNL3 and HLA genotypes,
and other host factors on viral dynamics in a cohort of HCV-
monoinfected women. Postpartum viral control was associated
with a rebound of virus-specific T-cell immunity and was pre-
dicted by maternal IFNL3 genotype, and unexpectedly, ma-
ternal HLA-DPB1 (HLA-DP β-chain) genotype.

Results and Discussion
To identify determinants of postpartumHCV control, we obtained
serial blood samples from 34 HCV-infected women from the third

trimester of pregnancy through 3- to 24-mo postpartum (de-
mographic data provided in Table 1 and Table S1). Consistent
with prior reports (6–8), median viral load fell from a peak of 5.96
log10 IU/mL in the third trimester of pregnancy to a nadir of 5.15
log10 IU/mL 3 mo after delivery (P < 0.0001, Wilcoxon matched-
pairs signed-rank test), with individual changes in viremia ranging
from a 0.2 log10 increase to a 4.1 log10 reduction during this
timeframe (Fig. 1A). Subjects were first parsed based on whether
(n = 13) or not (n = 21) they achieved a 1 log10 IU/mL drop in
viral load from the third trimester of pregnancy to 3-mo post-
partum (Fig. 1A). The 1 log10 threshold was selected because this
magnitude of viral load change is unusual in nonpregnant chron-
ically infected adults, where viral load typically fluctuates by less
than 0.5 log10 (5). Viremia in the two groups was similar in late
pregnancy (P = 0.8) but remained substantially lower through at
least 1-y postpartum in the group of women whose viral load had
fallen at least 1 log10 by 3-mo postpartum (Fig. 1B). Among five
women in whom viremia was tracked through consecutive preg-
nancies, patterns of viral load decline after the first and second
deliveries were remarkably consistent (Fig. 1C). Four women had
viral load declines in excess of 1 log10 with each pregnancy,
whereas one subject (M024) had minimal viral load reduction after
each pregnancy, suggesting that the capacity to control viremia
postpartum may be governed by stable host or viral factors.
We first tested our primary hypothesis that a restoration of

cellular immunity contributes to postpartum viral control by com-
paring longitudinal peripheral blood HCV-specific T-cell responses
of women with and without postpartum viral load declines. Nine
pools of genotype-matched overlapping peptides spanning the
HCV polyprotein were used to stimulate peripheral blood mono-
nuclear cells (PBMCs) in an IFN-γ ELISpot assay (Fig. S1). We
found that the HCV-specific T-cell responses of the two groups of
women were of similar breadth (number of peptide pools targeted)
and magnitude (sum of responses) in late pregnancy and at 1-mo
postpartum. However, by 3-mo postpartum the breadth (P =
0.0052) and magnitude (P = 0.026) of the antigen-specific T-cell
responses were significantly greater in women with viral control,
and remained so through more than 1 y of follow-up (Fig. 2),
targeting both structural and nonstructural viral proteins (Fig. S2).
The finding of restored T-cell immunity in subjects with a signifi-
cant viral load decline is consistent with our earlier study of HCV
genome evolution in two of these subjects (M001 and M003) that
provided indirect virologic evidence for restored T-cell immunity
after pregnancy. In that study, we noted emergence of viral variants
with escape mutations in class I epitopes after delivery, suggesting a
postpartum resurgence of CD8+ T-cell selection pressure (10).
Alanine aminotransferase (ALT) levels are known to rise in

some HCV-infected women after delivery (7–9, 19), presumably
because of immune-mediated hepatocyte injury (1, 2). Postpartum
ALT elevations in our cohort were generally mild, with median

Table 1. Viral genotype, IFNL3 genotype, and demographic
characteristics of 34 HCV-infected mothers

Characteristics Median (range) or n (%)*

Age at delivery (y) 27 (17–36)
Estimated duration of HCV infection

at delivery (y)
2.8 (0.5–29)

Route of HCV acquisition
Injection drug use 26 (76)
Vertical 2 (6)
Needle stick 1 (3)
Unknown/multiple 5 (15)

HCV genotype
1a/1b 21 (62)
2a/2b 7 (21)
3a 6 (18)

IFNL3 rs12979860 genotype
CC 14 (41)
CT 16 (47)
TT 4 (12)

Gravida 3 (1–7)
Gestational age at delivery (wk) 39 (27.9–40.1)
Cesarean delivery
Yes 9 (26)

Breastfeeding
Yes 13 (38)
Duration (wk) 9 (2–17)

*n (%) is in boldface.
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Fig. 1. Postpartum dynamics of hepatitis C viremia. (A) Individual viral loads of 34 HCV monoinfected women at pregnancy and 3-mo postpartum.
(B) Longitudinal viral load differences of women with (gray shaded) and without (white) a postpartum viral load decline of 1 log10 or more by 3-mo post-
partum (Mann–Whitney U test). Boxes indicate median and interquartile range (IQR); whiskers indicate range. (C) Third trimester and 3-mo postpartum viral
load in five subjects followed through first (solid line) and second (dashed line) pregnancies. P value summary: ns, P ≥ 0.05; *P < 0.05; ****P < 0.0001.
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levels peaking at 75 U/L at 3-mo postpartum (Fig. S3A). ALT
elevation was not associated with viral control (Fig. S3B). In fact,
ALT levels were normal (<40 U/L) at 3- and 6-mo postpartum in
over half of the women who achieved viral control. This finding
suggests that noncytolytic immune mechanisms, such as IFN-γ
production by HCV-specific T-cells, may be important for con-
trolling HCV replication after pregnancy. A similar phenomenon
has been described in acute HCV infections where viral control is
not always associated with ALT elevation even when HCV-specific
T-cells are found to infiltrate the liver (20).
Because of the very consistent pattern of viremia in women

followed through two consecutive pregnancies (Fig. 1C), we
considered the possibility that HCV control in the postpartum
period is genetically regulated. We first examined effects of ma-
ternal IFNL3 genotype and other host and viral factors on ability to
achieve a ≥1 log10 drop in viremia at 3 or 6 mo after delivery. In
addition to strong and broad T-cell responses, postpartum viral
control was found to be associated with maternal IFNL3 rs12979860
genotype CC (P = 0.045 at 6-mo postpartum) (Table S2). No sig-
nificant effects were found for maternal age, estimated duration of
maternal infection, number of prior pregnancies, gestational age at
delivery, mode of delivery, breastfeeding, ALT, viral genotype, or
third-trimester viral load in these univariable analyses (Table S2).
The potential association of rs12979860 genotype CC with

postpartum viral control is congruent with its associations with
resolution of acute HCV infection and response to interferon
treatment (11–13). Although a significant effect of IFNL3 ge-
notype CC was seen across the cohort (Table S2), it was espe-
cially pronounced in subjects with genotype 1 infection (Fig. 3A),
the most prevalent HCV genotype in our cohort and globally
(21). Among genotype 1-infected subjects, 86% (6 of 7) with

IFNL3 CC experienced a postpartum viral load decline of at
least 1 log10 IU/mL at 6 mo, compared with only 13% (1 of 8)
with IFNL3 CT or TT (Fig. 3A). We did not observe an effect of
IFNL3 genotype on viral control in the smaller subset of mothers
with viral genotypes 2 and 3 (Fig. 3A), but effects of IFNL3
polymorphisms are also known to be less apparent for IFN
treatment response rates in genotype 2 and 3 infections (22).
Although the CC genotype favors spontaneous resolution of
acute HCV infection, it is also associated with higher viral loads
in nonpregnant adults who develop persistent infection (13, 23).
The same seems to hold true in late pregnancy, where individuals
with CC genotype and virus genotype 1 had significantly higher
viral loads than CT/TT mothers (Fig. 3 C and D and Fig. S4A).
This finding could be clinically relevant because high viral loads
in pregnancy have been linked to an increased risk of mother-to-
child transmission of HCV in some studies (24, 25). Nevertheless,
by 6-mo postpartum a greater proportion of CC mothers experi-
enced a substantial drop in viremia, shifting the median viral load of
CC mothers below that of CT/TT mothers at that time point (Fig. 3
B–D and Fig. S4A). The mechanism by which polymorphisms at
rs12979860 might contribute to control of HCV after pregnancy is
not clear. The rs12979860 SNP itself may not be functional; rather,
its effect appears to be mediated by other closely linked IFN-λ
polymorphisms, including the IFNL4 ΔG/TT variant rs368234815
(26, 27). The ΔG frameshift variant permits production of the novel
protein IFN-λ4, which is paradoxically associated with impaired
resolution of HCV infection (26, 27). In our cohort, the favorable
IFNL3 rs12979860 C allele was in 100% linkage disequilibrium with
the favorable IFNL4 rs368234815 TT allele (Table S1). The fa-
vorable IFNL3/4 genotype did not appear to be associated with
HCV-specific T-cell IFN-γ responses, even for the subset with
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genotype 1 infection (Fig. S4 B and C), suggesting that it might act
independently of T-cells to mediate postpartum viral control. Out-
side of pregnancy, studies of chronically infected individuals have
also failed to detect an effect of IFNL3 polymorphisms on HCV-
specific T-cell responses (28, 29).
Given the apparent association of HCV-specific T-cell re-

sponses with viral control after pregnancy, we extended the search
for genetic determinants of postpartum viral control to include HLA
class I and II genes. Among 46 class I and 62 class II allelic variants
in our cohort, HLA-C*07:02, -DPB1*03:01, and -DPB1*04:01 ex-
hibited associations with a 1 log10 reduction in viral load at 3- or
6-mo postpartum. The HLA-C*07:02 and -DPB1*03:01 associa-
tions were not significant after permutation-resampling adjust-
ment for multiple comparisons. Importantly, a negative association
of HLA-DPB1*04:01 remained significant; subjects with expres-
sion of this class II HLA allele were less likely to control HCV
replication at 3-mo postpartum (unadjusted P = 0.0014, adjusted P =
0.013) (Tables S3 and S4).
HLA-DPB1 alleles can be grouped by high or low patterns of

expression (30, 31) that influence organ rejection after trans-
plantation (31) and the outcome of hepatitis B virus infection
(30, 32). HLA-DPB1*04:01 is classified as a low-expression allele.
We therefore assessed whether the HLA-DPB1 locus had a more
pervasive influence on virus control based on known allelic
expression patterns. Thirteen subjects were homozygous for
low-expression DPB1 alleles, one subject was homozygous for
high-expression alleles, and the remaining 20 were heterozygous
(Fig. 4A). Thirteen (62%) of 21 individuals with at least one
high-expression HLA-DPB1 allele achieved a 1 log10 decline in
viremia by 3-mo postpartum, whereas none of the 13 individuals
who lacked high-expression HLA-DPB1 alleles met this thresh-
old (P = 0.0002, Fisher’s exact test). This association of DP ex-
pression with viral control was stronger than the association for
HLA-DPB1*04:01 (unadjusted P = 0.0014). Unlike IFNL3, high
DP expression did not affect median viral load during pregnancy,
but rather was associated with substantially lower absolute viral
loads at 3-, 6-, and 12- to 24-mo postpartum (Fig. 4B).
Importantly, women with high-expression HLA-DPB1 alleles

exhibited greater breadth and frequency of HCV-specific T-cell
responses at 6-mo postpartum (P = 0.0027, P = 0.0015), with at
least a trend toward stronger responses in late pregnancy, 3-mo
postpartum, and 12- to 24-mo postpartum (P < 0.1 at each
timepoint) (Fig. 4 C and D). Given this association, it is plausible
that high expression of class II HLA-DPB1 alleles contributes

directly to recovery of HCV-specific CD4+ T-cell immunity in
the postpartum period. The mechanisms by which high-expression
DPB1 alleles might mediate this effect are unknown. These alleles
may present a unique set of protective HCV class II epitopes, but
this seems unlikely as commonHLA-DPB1 alleles appear to bind a
similar repertoire of antigenic peptides regardless of high- or low-
expression pattern (33). It is possible that the level of HLA-DPB1
expression influences the expansion, differentiation status, or ef-
fector function of CD4+ T cells after pregnancy. Such a possibility
has been suggested for the impact of HLA-DPB1 on the outcome
of hepatitis B virus infection (30).
The HLA-DPB1 locus has not been previously linked to con-

trol of HCV replication or infection outcome. It is unknown
whether HLA-DP contributes to HCV control overall, or whether
HLA-DP is perhaps specially regulated during pregnancy or the
postpartum period. It will be important to confirm its effect in
other cohorts of HCV-infected pregnant women and also to assess
whether it affects the outcome of acute HCV infection in non-
pregnant individuals, where most prior HLA association studies
did not include HLA-DP typing (17, 34, 35). One recent study did
identify HLA-DP haplotypes linked to HCV outcomes in Han
Chinese populations, although the effect appeared to be driven
primarily by variation in HLA-DPA1 rather than HLA-DPB1 (36).
Prior studies of IFNL3 genotype and HLA class II alleles

(HLA-DR and HLA-DQ) in acute HCV infection found their
effects to be independent and additive (11, 35). IFNL3 and HLA-
DPB1 genotypes may have analogous effects in the postpartum
period (Fig. 5). Multivariable linear regression analysis incorpo-
rating both IFNL3 rs12979860 CC and presence of a high-
expression HLA-DPB1 allele identified independent effects of
each genetic variable on viral load decline at 3-mo (P = 0.046 and
P < 0.001, respectively) and 6-mo postpartum (P = 0.006 and P =
0.003, respectively) (model 1 in Table 2). IFNL3 effects on viral
control appeared most prominent in women possessing a high-
expression HLA-DPB1 allele (Fig. 5), suggesting a possible syn-
ergistic interaction, but an interaction variable added to the linear
regression model did not meet significance at 3- or 6-mo post-
partum. Because IFNL3 effects on viral control at 6-mo post-
partum had been most evident in the subset of women infected with
HCV genotype 1 (Fig. 3A), we examined a model incorporating
viral genotype, IFNL3, and HLA-DPB1 (model 2 in Table 2). In
this model, IFNL3 and HLA-DPB1 retained their effects on viral
control and viral genotype was not a significant factor.
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The study does have limitations. Our findings indicate that the
drop in virus load after pregnancy was associated with enhanced
T-cell immunity, a favorable IFNL3 genotype, and high HLA-
DPB1 expression. High antigen loads contribute to T-cell exhaus-
tion (37). It is therefore possible that reduced virus replication
after pregnancy caused or contributed to reversal of T-cell ex-
haustion. We do not favor this interpretation, given the association
of viral control with an HLA locus responsible for antigen pre-
sentation to T-cells (Fig. 4), our prior evidence for enhanced T-cell
selection pressure on viral genomes after delivery (10), and the
biological plausibility of postpartum T-cell recovery following
pregnancy (38). It should also be emphasized that women were
enrolled during late pregnancy, so it was not possible to formally
test whether postpartum viral loads were lower than baseline pre-
pregnancy values. Several findings do suggest, however, that the 3–
6 mo after delivery did in fact constitute a period of uniquely en-
hanced viral control and not just a return to baseline control.
Among six women in whom we were able to identify prepregnancy
viral loads, five of them had lower viral loads at 3-mo postpartum
than before pregnancy (P = 0.063) (Fig. S5), including all three
mothers who achieved a 1 log10 postpartum viral load reduction
(Fig. S5B). Viral loads in the postpartum period were also lower
than would be expected for “baseline” levels in chronic infection.
At 3- and 6-mo postpartum, nearly 45% of women had viral loads
below 105 IU/mL, whereas normally only 8–13% of chronically
infected individuals have such low-level viremia, although admit-
tedly the proportion with low-level viremia may be slightly greater
among young women (5, 39). Furthermore, the IFNL3 rs12979860
genotype CC is normally associated with higher viral loads in
chronic HCV infection (13, 23), but at 6-mo postpartum it was
associated with numerically lower viral loads (Fig. S3A).
In conclusion, we have found that HCV-specific T-cell re-

sponses and IFNL3 genotype, two factors governing spontaneous
resolution of acute HCV infection, are also determinants of
postpartum immune control in persistent HCV infection. Further-
more, we have identified an association of HLA-DPB1 expression
with postpartum viral control and T-cell recovery. These findings
support the notion that the postpartum period provides a unique
opportunity for understanding mechanisms of spontaneous recovery
of dysfunctional immune responses to chronic viral pathogens.

Materials and Methods
Participants and Samples. Pregnant women with hepatitis C viremia were
recruited from The Ohio State University Substance Treatment Education and
Prevention Program, which provides multidisciplinary prenatal care for
women with histories of substance abuse. Several additional subjects were
enrolled from other university prenatal clinics, the labor and delivery unit,
and a satellite site in Portsmouth, Ohio. All subjects provided informed
consent before participation in the study. Peripheral blood collection time
points included the third trimester (range: 27-wk gestation through the
delivery hospitalization) and 1, 3, 6, and 12–24 mo after delivery. When
available, pre-enrollment viral load and ALT data were collected from the
Ohio State University clinical laboratory to determine prepregnancy and
second-trimester values. Thirty-four HCV-monoinfected women (negative
for HIV antibody and hepatitis B surface antigen) with follow-up visits
through at least 3-mo postpartum were included in this analysis. One subject
was African American; the remaining 33 subjects were European American.
Other demographics are provided in Table 1 and Table S1. This study was
approved by the institutional review boards of The Ohio State University and
Nationwide Children’s Hospital and conducted in accordance with the Decla-
ration of Helsinki.
Viral load. Concentrations of HCV-RNA in EDTA plasma were measured by the
Roche Taqman COBAS RT-PCR. Logarithmic-10 transformed values of viral
load were used in statistical analyses.
Viral genotype. Viral genotype/subtypewas determinedby the line probe assay (LiPA
2.0 HCV Genotype, Siemens) or through RT-PCR and direct sequencing of the 5′UTR.

HCV Peptides and IFN-γ ELISpot. HCV-specific T-cell responses were quantified
using the IFN-γ enzyme-linked immunosorbent spot (ELISpot) assay. Briefly,
EDTA PBMCs isolated by Ficoll (Sigma-Aldrich) gradient centrifugation were
suspended in AIM-V lymphocyte medium (Invitrogen) supplemented with
2% (vol/vol) human AB serum (Gemini-BioScience) and plated at 200,000
cells per well in 96-well polyvinylidene fluoride plates (Millipore) precoated
with anti-human IFN-γ monoclonal antibody (U-Cytech). PBMCs were stim-
ulated with arrays of overlapping peptides divided into nine pools spanning
the entire HCV polyprotein (Fig. S1) at a concentration of 1 μg/mL per peptide.
HCV peptide arrays were selected to match the subject’s HCV genotype and
included sets corresponding to viral strains H77 and 1/910 (genotype 1a), J4/91
(genotype 1b), a genotype 2a consensus sequence (used for subjects with
genotype 2a or 2b viruses), and K3a/650 (genotype 3a). Peptides in these sets
were 15–20 amino acids in length and overlapped by 10–12 residues. Samples
were tested in duplicate along with phytohemagglutinin positive controls and
no-antigen negative controls. Plates were incubated for 36–44 h at 37 °C in

Table 2. Multivariable linear regression models of decline in log10-viral load by 3- and 6-mo postpartum

Model

Viral load decline third trimester
to 3-mo postpartum

Viral load decline third trimester
to 6-mo postpartum

Coefficient (95% CI) P Coefficient (95% CI) P

Model 1
IFNL3 rs12979860 genotype CC 0.73 (0.01, 1.45) 0.046 1.36 (0.44, 2.27) 0.006
≥1 high expression HLA-DPB1 allele 1.39 (0.66, 2.12) <0.001 1.55 (0.59, 2.51) 0.003

Model 2
IFNL3 rs12979860 genotype CC 0.73 (-0.01, 1.46) 0.053 1.35 (0.42, 2.29) 0.007
≥1 high-expression HLA-DPB1 allele 1.37 (0.61, 2.14) 0.001 1.61 (0.59, 2.65) 0.004
HCV genotype 1 −0.06 (−0.83, 0.71) 0.875 −0.22 (−0.77, 1.21) 0.649

CI, confidence interval.
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7.5% CO2 and developed according to manufacturer’s instructions [Human
IFN-γ ELISpot kit (black spots); U-Cytech]. Spot counts were determined by an
automated ELISpot plate reader using Immunospot 5.0 Professional software
with background-adjusted sensitivity settings (Cellular Technology). Duplicate
counts were averaged, and positive responses to HCV peptide pools were
defined as those having counts at least 10 spot-forming units per well above
the negative control. Assays with averaged negative control background
counts in excess of 10 spot-forming units per well were excluded.

IFNL3 rs12979860 and IFNL4 rs368234815 Genotype. Genomic DNA (gDNA) was
isolated from donor-derived B lymphoblastoid cell-lines using the Qiagen
REPLI-g mini kit (Qiagen). Genotypes were determined by Taqman allelic
discrimination assay using previously described primers and probes for IFNL3
rs12979860 (40) and the following primer/probe combination for IFNL4
rs368234815: forward primer 5′-TGCTGCAGAAGCAGAGATGC-3′, reverse primer
5′-GCTCCAGCGAGCGGTAGTG-3′; 5′-VIC-CACGGTGATCGCAGAAGGCC-3′ and
5′-FAM-ACGGTGATCGCAGCGGCC-3′ (Life Technologies). All samples were
run in duplicate using an Applied Biosystems 7500 Real-Time PCR instrument.
Genotypes were auto-called by SDS 1.2 software (Applied Biosystems) with a
0.900 minimum confidence value.

HLA typing. High-resolution HLA typing was performed at the University of
Oklahoma Health Science Center by sequence-based typing (SBT) as pre-
viously described (41).

Statistical Analyses. Differences between groups were determined by two-tailed
Mann–Whitney U tests or the Kruskall–Wallis test with Dunn’s test for multiple
comparisons for continuous variables, and χ2 or Fisher’s exact tests were used for
categorical variables. Changes over time within individuals were assessed using
Wilcoxon signed-rank tests. Differences were considered significant at P < 0.05. HLA

class I and class II associations with viral control at 3- and 6-mo postpartum were
determined by Fisher’s exact test with adjustment for multiple comparisons by
permutation-resampling. Permutation adjustment was selected as a nonparametric
procedure useful in cases with a large number of dependent comparisons such as
for HLA associations that is not as overly stringent as common adjustment proce-
dures, such as the Bonferroni correction. The data were resampled without re-
placement 100,000 times, and a P value was computed for each new sample. The P
values from the resampled datasets then formed the distribution of P values that
would be expected given no difference by viral control. The observed P value was
then compared with the estimated distribution to determine the chance for false
significance (Type 1 error), accounting for multiple testing as well as the correlation
among each of the different tests. A multiplicity adjusted P value <0.05 indicates
that there is less than a 5% chance that the differencewould occur by chance alone.
Multivariable linear regression was used to test for additive versus synergistic effects
of IFNL3 and HLA-DPB1 on degree of postpartum log10 viral load decline. For
mothers followed through two consecutive pregnancies (M001,M003,M016,M024,
andM040), the second pregnancy was used for statistical analysis. Calculations were
completed in GraphPad Prism 5 (GraphPad Software) and SAS 9.3 (SAS Institute).
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