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Javier Salmerón2,4,7

1 Paediatric Unit, San Cecilio University Hospital, Granada, Spain, 2 Centro de Investigación Biomédica en Red de Enfermedades Hepáticas y Digestivas, Ciberehd, Granada,
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Abstract

This study analyses the evolution of liver disease in women with chronic hepatitis C during the third trimester of pregnancy
and the post-partum period, as a natural model of immune modulation and reconstitution. Of the 122 mothers recruited to
this study, 89 were HCV-RNA+ve/HIV-ve and 33 were HCV-RNA-ve/HIV-ve/HCVantibody+ve and all were tested during the
third trimester of pregnancy, at delivery and post-delivery. The HCV-RNA+ve mothers were categorized as either Type-A
(66%), with an increase in ALT levels in the post-partum period (.40 U/L; P,0.001) or as Type-B (34%), with no variation in
ALT values. The Type-A mothers also presented a significant decrease in serum HCV-RNA levels in the post-delivery period
(P,0.001) and this event was concomitant with an increase in Th1 cytokine levels (INFc, P = 0.04; IL12, P = 0.01 and IL2,
P = 0.01). On the other hand, the Type-B mothers and the HCV-RNA-ve women presented no variations in either of these
parameters. However, they did present higher Th1 cytokine levels in the partum period (INFc and IL2, P,0.05) than both the
Type-A and the HCV-RNA-ve women. Cytokine levels at the moment of delivery do not constitute a risk factor associated
with HCV vertical transmission. It is concluded that differences in the ALT and HCV-RNA values observed in HCV-RNA+ve
women in the postpartum period might be due to different ratios of Th1 cytokine production. In the Type-B women, the
high partum levels of Th1 cytokines and the absence of post-partum variation in ALT and HCV-RNA levels may be related to
permanent Th1 cytokine stimulation.
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Introduction

Infection with hepatitis C virus (HCV) is a worldwide health

problem, affecting over 170 million persons, and is the most

common cause of cirrhosis, hepatocellular carcinoma and liver

transplantation [1,2]. Its prevalence in pregnant women is similar

to that found among the general population. In Spain, the

incidence of HCV infection among pregnant women is estimated

at 0.53–1.4% [3–5], which is in line with values reported for other

industrialized countries [6–8]. Although HCV affects a significant

number of pregnant women, few studies have actually examined

the role of chronic HCV infection on pregnancy outcomes, and

the results presented are contradictory. Some studies have

reported obstetrical complications in HCV-infected pregnant

women (premature rupture of membranes, preterm delivery, low

new-born weight, cholestasis) [9–12], but others have concluded

that, in the absence of cirrhosis and portal hypertension, most

HCV-infected pregnant women do not experience obstetric

complications [6,13,14]. During pregnancy, the treatment of

HCV is contraindicated, and therefore there are no antiviral

treatment recommendations for HCV-infected women during

pregnancy, or guidelines for the prevention of vertical transmis-

sion, even though perinatal transmission is associated with a higher

incidence of chronic liver disease [15]. Parity, hormone replace-

ment therapy for postmenopausal women and the female sex have

all been reported as protection factors against the progression of

liver disease to cirrhosis, because the female hormones (oestrogen,

progesterone) might play a role in delaying the onset of hepatic

fibrosis [16–19]. Nonetheless, the natural history of chronic HCV

infection during pregnancy and the puerperium has not been

clearly established. In this period, the maternal immune system

must develop a tolerance to paternal alloantigens in order to
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prevent maternal immune aggressions against the foetus and

maintain active immunity against infectious agents to protect both

the mother and foetus [20] For this reason, during pregnancy, the

T helper 1 (Th1) associated cellular immune response is repressed

and Th2-type immunity is stimulated in response to pathogens

[21,22]. These data suggest that the reduced hepatic damage

detected in chronic HCV pregnant women (measured as low ALT

levels) may be mediated by a modified Th1 immune response

during pregnancy [8]; however, it should be noted that very few

data have been reported and that many unanswered questions

remain in this respect.

The vertical transmission of HCV (HCV-VT) is the major cause

of paediatric HCV infection, and in industrialized countries it is

the most common cause of chronic liver disease in children.

Although the persistent transmission of HCV from infected

mothers to their infants is reported in 4–8% of cases (chronically

HCV-infected children), transient HCV perinatal infection also

occurs, with an incidence of about 14–17% [23,24].

Our clinical experience with pregnant women has shown that

not all HCV-RNA+ve mothers have the same ALT pattern; some

women appear to be ‘‘immune-tolerant’’ to HCV during

pregnancy and the puerperium, presenting non-significant differ-

ences in viral load values together with persistently normal ALT

levels. This finding led us to analyse the evolution of transami-

nases, HCV-RNA serum levels and Th1/Th2 cytokine produc-

tion. Our study provides new insights into changes in ALT and

HCV-RNA levels and a better understanding of the modulation of

Th1/Th2 cytokine production in pregnant women with chronic

hepatitis C.

Materials and Methods

Subjects
A prospective cohort study was conducted at San Cecilio

University Hospital in Granada (Spain) from 1991 until 2009,

where mothers were routinely tested for HCV during prenatal

care (by the same doctors and with the same protocols). All

patients included in this study were Caucasian race. The exclusion

criteria were evidence of hepatitis B virus, HIV, alcoholism or

autoimmune disease. The 122 mothers recruited to this study were

classified into two groups: HCV-RNA+ve/HIV-ve (referred to as

HCV-RNA+ve, n = 89) and HCV-RNA-ve/HIV-ve/HCVanti-

body+ve (control group, referred to as HCV-RNA-ve, n = 33). No

obstetric complications were detected. The mothers were followed

up in the Hepatology Unit of our Hospital and during the study

period did not receive any immunomodulatory treatment (direct

or indirect), such as steroids, IFN therapy, anti-inflammatory

therapy, antibiotics or hormonal therapy. The mothers were tested

for the study parameters during the third trimester of pregnancy

(from week 28 of gestation to the end of the pregnancy), at delivery

and during the post-partum period. Of the ALT determinations

obtained for each post-partum group, the highest one in each case

was used to categorize the women as Type-A or Type–B. The

infants were examined by paediatricians and tested for HCV-RNA

at birth and at 2, 4, 6, 8, 10, 12, 18 and 24 months, and thereafter

at 3, 4, 5 and 6 years. IL28B (IFNL3) polymorphism (rs12979860)

was determined in the infants and in their mothers. The HCV-

RNA+ve women were then classified according to their ALT

values in the post-partum period (3-6 months post-delivery) as

either Type-A: with raised ALT levels in the postpartum period

(ALTPostpartum.40 U/L) or as Type-B: with unchanged ALT

values (ALTPostpartum#40 U/L). The normal range of values for

ALT was 10–40 U/L. To account for these differences, we studied

the levels of HCV-RNA and of Th1 cytokines (INFc, IL12 and

IL2) and of Th2 cytokines (IL10 and IL4). The diagnosis of HCV-

VT was based on detectable HCV-RNA in the peripheral blood

by the polymerase chain reaction (PCR), defined as infants who

presented HCV-RNA+ve in at least two subsequent blood

samples. This criterion was established to minimize the risk of

false positives. The persistent infection group of chronically HCV-

infected children was defined as those children with persistent

HCV-RNA+ve with HCV serum-conversion (detectable anti-

HCV). Informed written consent was obtained in all cases (from

each mother and by them on behalf of their children), and the

study protocol conformed to the ethical guidelines of the 1975

Helsinki Declaration, as reflected in the a priori approval granted

by the ethics committee of the San Cecilio University Hospital

(Granada, Spain).

ALT determination
The Clinical Biochemistry Laboratory at the San Cecilio

University Hospital performed serum ALT measurements during

the three months before delivery, at delivery and at 3–6 and 7–12

months post-partum.

Virologic assays
HCV genotyping was determined by reverse hybridization

(Inno-LIPA II HCV Innogenetics SA Ghent, Belgium) by the

Clinical Biochemistry Laboratory of the San Cecilio University

Hospital. Quantitative measurement of viral load (cut-off

,15 IU/mL) was carried out using the HCV Ampliprep Taq-

Man, Roche Molecular System, at the same time as ALT

determination.

Cytokine quantification
Th1 cytokine response (INFc, IL-12 and IL-2) and Th2 (IL-10,

IL-4) were quantified at delivery and at 3–6 months post-partum

in the serum of the mothers. These parameters were measured

simultaneously using multiple immunoassay kits (ProcartaH
Cytokine Assay Kit, Quantitative Biology, AffymetrixH), following

the manufacturer’s instructions and using the LuminexH Tech-

nology. Quantitative data were obtained using the Luminex-200

system (Luminex Corporation, Austin, TX), and the data were

analysed using Luminex 100 TM IS v2.3 software. The sensitivity

of the analytes tested was 0.12 pg/mL (High Sensitivity Human

Cytokine Panel). To increase the sensitivity of the kit to this value

(0.12 pg/mL), the manufacturer advised us to introduce a new

standard with a lower concentration of the analyte (they

recommended using 9 standards instead of 8). All the HCV-

RNA+ve mothers included in the study presented detectable and

quantifiable levels of these cytokines. Some of the HCV-RNA-ve

mothers presented detectable not quantifiable levels of some

cytokines. In these cases, the standard sensitivity of the kit was

used. The numbers of the HCV-RNA-ve mothers with unquan-

tifiable levels were: IL12: 6/33, IL2:5/33 and IL10: 2/33.

IL28B (INFL3) genotyping
Rs12979860 genotyping was performed by means of a Taqman

59 allelic discrimination assay (Custom Assay Service, Applied

Biosystems, Foster City, CA, USA) as described previously

[24,25].

Statistical Analysis
Data management and analysis were performed using SPSS

15.0 for Windows. The criterion for statistical significance was P-

value # 0.05. Qualitative variables are expressed as absolute

values with percentages, and quantitative variables are expressed
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as mean values 6 SEM (standard error of the mean). Comparisons

between groups for categorical variables were made by the x2 and

Fisher’s exact test. For differences in the quantitative variables, the

paired/unpaired Student’s t test for normally distributed variables

and the Mann-Whitney Test for variables with a non-normal

distribution were applied. The Kolmogorov-Smirnov test was used

to analyse the distribution of the quantitative variables. Pearson’s

correlation was employed to analyse the degree of linear

relationship between two variables.

Results

Study cohort
The characteristics of the mothers included in this study are

described in Table S1. There were no significant differences in

median age, gestational age (period of time between conception

and birth), type of birth, new-born weight, etc. However, of the 89

HCV-RNA+ve mothers, 21 (23%) had IL28B CC polymorphism

whereas among the 33 HCV-RNA-ve women (control group), 20

(61%) had IL28B CC polymorphism (P.0.01). Accordingly, the

mothers with non-CC IL28B polymorphism had a greater

probability of being HCV-RNA+ve than did those with CC

polymorphism (OR = 3.01; 95%CI: 1.3–5.7; P = 0.02). 74% of the

HCV-RNA+ve mothers had been infected by parenteral route.

The mean value of the viral load in the HCV-RNA+ve mothers

was 2,709,588 IU/mL and 75% of these mothers had viral

genotype 1. Moreover, 54% of the HCV-RNA+ve women had

high viral load (.600,000 UI/mL) at delivery.

ALT and cytokine evolution in HCV-RNA+ve vs. HCV-RNA-
ve mothers

The evolution of ALT in the HCV-RNA+ve and in the HCV-

RNA-ve women is shown in Figure 1A. Interestingly, non-

significant differences in ALT values were observed between these

groups during the third trimester of pregnancy (from week 28 of

gestation to the end of the pregnancy), and at delivery. However,

after delivery (3–6 months post-partum), the HCV-RNA+ve

mothers showed higher ALT levels than did the HCV-RNA-ve

mothers (98.3269.34 U/L vs. 17.4261.77 U/L; P,0.001).

Moreover, the HCV-RNA+ve mothers presented a significant

increase in Th1 cytokines at 3–6 months post-partum (DINF-

c= INFcpost-partum–INFcpartum = 9.162.5rg/mL, P = 0.03; DI-

L12 = IL12post-partum–IL12partum = 0.8560.30rg/mL, P = 0.01

and DIL2 = IL2post-partum–IL2partum = 5.462.89rg/mL, P = 0.07)

whereas in the HCV-RNA-ve mothers the cytokine values in the

peripheral blood remained unchanged (however this does not

mean that such differences do not exist in the placenta, decidua

and umbilical cord). Furthermore, the HCV-RNA+ve mothers

had higher cytokine levels than the HCV-RNA-ve mothers, both

at delivery and 3–6 months post-partum. On the other hand, in

the HCV-RNA+ve mothers there was no significant association

between cytokine levels and IL28B polymorphism (CC vs non-CC)

or between cytokine levels and viral genotype [geno. 1 (1a vs 1b)

and vs geno. non-1 (3 and 4)].

Variations in ALT levels in HCV-RNA+ve mothers: Type-A
and Type-B women

Not all the HCV-RNA+ve mothers presented the same patterns

with respect to the parameters analysed. Therefore, and as

described in the Experimental Procedures section, these women

were categorized as either Type-A (59/89; 66%): raised serum ALT

levels in the post-partum period (ALT3–6 months post-partum.40 U/

L and an average increase in ALT level calculated as

DALT = ALT3–6 months post-partum–ALTpartum = 10067 U/L;

P,0.001), or Type-B (30/89; 34%): unchanged ALT values

(ALTpostpartum#40 U/L) (Figure 1A). The Type-A women, at 7–

12 months post-partum, presented a significant decrease in ALT

values (DALT = ALT3–6 months post-partum–ALT7–12 months post-

partum = 70.52610.49 U/L; P,0.01). Interestingly, the Type-B

mothers had a similar ALT pattern to that presented by the HCV-

RNA-ve women (Figure 1A).

Characteristics of the Type-A and Type-B mothers
The characteristics of the Type-A and B mothers are described

in Table 1. Some clinical characteristics, such as median age, viral

genotype, IL28B polymorphism, type of birth, breast-fed infants,

breast-feeding days, epidemiology, gestational age, etc., were

similar, but important features that might account for the

categorization in each case were also found; thus, 38/59 (64%)

of the Type-A mothers had high HCV viral load at delivery

(.600,000 IU/mL) in contrast to 10/30 (33%) of the Type-B

women (P = 0.01). Furthermore, the Type-A mothers presented a

significantly lower viral load after delivery than the Type-B

mothers (DVL = VL 3–6 months post-partum–VLpartum = -2.438.867

6643.942 IU/mL vs. 11.2886664.352 IU/mL respectively;

P = 0.031). Another interesting aspect is the relation between

cytokine levels and type of mother (Table 1 and Figure 1B). Thus,

the Type-A mothers at 3–6 months post-partum presented higher

values for INFc, IL12 and IL2 (Th1 cytokine), as well as for IL10

(Th2 and anti-inflammatory cytokine). The largest such increases

took place in the Th1 cytokines INFc and IL2. It is known that

before and during delivery, the levels of oestradiol and progester-

one may vary. In order to determine the possible effect on cytokine

production, we studied the Th1/Th2 cytokines in the control

group (HCV-RNA-ve mothers). No partum effect was detected

(Figure 1B), and therefore whatever change took place in the

female hormones during the intra-partum period had no effect on

cytokine production. On the other hand, the Type-B mothers did

not show this cytokine behaviour pattern and no statistically

significant data were obtained. These Type-B mothers had higher

INFc and IL2 levels at the moment of delivery than did the HCV-

RNA-ve and Type-A mothers (Th1 cytokines, Figure 1B, P.0.05).

ALT and HCV viral load evolution in both types of HCV-
RNA+ve pregnant women

Analysis of ALT and HCV viral load revealed a temporal

correlation among the Type-A mothers (Figure 2); ALT levels had

increased and the viral load had decreased at 3–6 months post-

partum (Figure S1; P,0.0001; Pearson’s R = 20.740). However,

the Type-B women did not present this correlation (Figure S1;

P = 0.234; Pearson’s R = 0.234) Furthermore, analysis of the HCV

viral load in the Type-A women (Figure S2) showed that both in

the mothers with high HCV-RNA viral load (.600,000 IU/mL)

and in those with low HCV-RNA levels at delivery

(#600,000 IU/mL), there was a significant decrease in the HCV

viral load. This post-partum decrease was independent of the

HCV-RNA values at delivery. However, the Type-A women,

whether with high or low viral load at delivery, presented raised

INFc, IL12 and IL2 levels post-partum (compared with the

partum values, Th1 cytokines, Figure S3) and higher levels of IL10

(Th2 and anti-inflammatory cytokines). These data suggest that

the cytokine behaviour pattern has a stronger influence on ALT

evolution at delivery and 3–6 months post-partum than does the

viral load at the same times. On the other hand, the Type-B

women classified according to viral load at delivery did not present

this behaviour pattern with respect to the evolution of cytokine

levels in the peripheral blood.

Influence of Pregnancy on HCV Evolution
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Figure 1. Evolution of ALT (A) and cytokine serum levels (B) in HCV-RNA-ve and HCV-RNA+ve pregnant women (categorized into
Type-A and Type-B mothers). Statistical analysis was performed using the paired/unpaired Student’s t test for normally distributed quantitative
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HCV vertical transmission
The analysis of cytokine levels at delivery did not reveal any

statistically significant association with HCV vertical transmission

(HCV-VT). The categorization of mothers into Types-A and B

showed that of the 15 infants suffering vertically transmitted HCV,

12 were born of Type-A mothers and only 3 of Type-B mothers;

nevertheless, the difference was not statistically significant (Table 1

and Figure 3). Interestingly, when we categorized the Type-A and

Type-B mothers in accordance with their viral load values (high or

low), the Type-B mothers with low viral load had the lowest

probability of HCV vertical transmission (5% in comparison to

20% in the rest of the HCV-RNA+ve women, Figure 3). In

relation to chronically HCV-infected children, only two infants

were HCV-RNA+ve at the end of the study (2 of the 89 children

were born of HCV-RNA+ve mothers, 2.2%) and no statistically

significant data were obtained. It is noteworthy that the IL28B

genotype observed in the two chronically HCV-infected infants

was non-CC.

HCV-RNA spontaneous clearance in pregnant mothers
In our study cohort, several spontaneous HCV clearances [4 of

the 89 women (4.4%)] were observed, at 3–6 months after delivery

(Table S2), but the factors involved are unknown. Three of these

four women had low viral load and IL28B genotype non-TT (two

women were CC and one was CT). In this respect, no differences

were detected between Type-A and Type-B mothers. One mother

suffered a relapse some months after the spontaneous clearance.

Discussion

The aim of this study was to determine ALT evolution in

women with chronic hepatitis C during the third trimester of

gestation, at delivery and in the post-partum period, as a natural

model of immune modulation and reconstitution; accordingly, we

analysed the relations between serum ALT levels, the HCV-RNA

viral load and Th1/Th2 cytokine production.

To date, only a few studies, with small sample populations, have

considered the evolution of HCV during both pregnancy and the

post-delivery period. Therefore, much remains unknown in this

respect. Our study addresses this issue using a representative

cohort of HCV-RNA+ve and HCV-RNA-ve pregnant women.

The cohort was monitored in regular follow-ups, from the third

trimester of gestation until one year after delivery. In the HCV-

RNA+ve mothers, during the third trimester of gestation and at

delivery, non-significant differences in ALT values were observed.

Moreover, the ALT values presented were analogous with those

variables and the Mann-Whitney Test for quantitative variables with a non-normal distribution. The Kolmogorov-Smirnov test was used to analyse the
distribution of quantitative variables. 1P,0.01 comparing HCV-RNA+ve and HCV-RNA-ve mothers. 11P,0.01 comparing HCV-RNA+ve mothers, 3–6
months post-partum, at delivery and at 7–12 months post-delivery.*P,0.01 comparing Type-A and Type-B HCV-RNA+ve mothers. **P,0.001
comparing Type-A mothers at 3-6 months post-partum, at delivery and at 7–12 months post-partum.
doi:10.1371/journal.pone.0075613.g001

Table 1. Characteristics of the Type-A and Type-B mothers.

Variable Type-A mothers n = 59 (66%) Type-B mothers n = 30 (34%) P-Value

Mother characteristic Age1 2960.7 3060.9 ns

Gestational age1 (weeks) 38.8460.3 38.8060.4 ns

IL28B genotype2 (CC) 15 (25) 6 (20) ns

Epidemiology2 (Parenteral) 42 (71) 24 (80) ns

Viral characteristic Viral Genotype2 (Geno. 1) 45 (76) 22 (73) ns

Viral Genotype2 (Geno. 3) 12 (20) 7 (23) ns

Viral Genotype2 (Geno. 4) 2 (0.3) 1 (0.3) ns

Delivery viral load2 (.600,000 IU/mL) 38 (64) 10 (33) 0,01

VLdelivery –VLpost-childbirth (3–6 months)1 22.438.8676643.942 11.2886664.352 0.031

HCV-RNA spontaneous clearance2 2 (3) 2 (6) ns

Child characteristic Weight (g)1 3216668 30256105 ns

Vertically transmitted2 (yes) 12 (20) 3 (10) ns

Type of birth2 (Caesarean) 11 (19) 8 (27) ns

Breast-fed2 (yes) 42 (71) 23 (77) ns

Breast-feeding days1 5068 60615 ns

Cytokine values3 INFc 14.066.6 0.9161.45 0.06

IL12 1.4160.51 20.0960.16 0.008

IL2 10.6963.98 23.3863.00 0.016

IL10 1.6260.72 20.5960.57 0.037

IL4 2.6261.60 21.0360.96 ns

1Mean 6 the standard error of the mean (SEM) ns = non-significant
2Values are absolute with percentages in parentheses VL = Viral Load
33–6 months post-partum-delivery; rg/mL
Bivariate analysis: P-value by chi-squared test for qualitative variables and Student’s t test for normally distributed quantitative variables and the Mann-Whitney Test for
quantitative variables with a non-normal distribution.
doi:10.1371/journal.pone.0075613.t001
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for the HCV-RNA-ve mothers (ALT#40 U/L). These data are in

accordance with the findings of Gervais et al. [26] and Paternoster

et al. [27], who reported decreased ALT levels in serum during the

second and third trimesters of pregnancy until normal ALT values

(ALT#40 U/L), together with a corresponding increase in HCV-

RNA levels. We show that not all HCV-RNA+ve mothers present

the same behaviour patterns in the puerperium for the parameters

analysed (essentially, the ALT levels). For this reason, the women

were classified into two groups: Type-A (66%) with increased ALT

levels in the post-partum period, and Type-B (34%), with no

Figure 2. Relation between ALT levels and HCV viral load in the serum of Type-A and Type-B mothers. Statistical analysis was
performed using the paired/unpaired Student’s t test for normally distributed quantitative variables and the Mann-Whitney Test for quantitative
variables with a non-normal distribution. The Kolmogorov-Smirnov test was used to analyse the distribution of quantitative variables. *, 1 P,0.001,
comparing the third trimester of pregnancy, delivery and 7–12 months post-partum.
doi:10.1371/journal.pone.0075613.g002
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variation in these ALT values. To account for these differences, we

evaluated HCV-RNA and Th1/Th2 cytokine levels in the

peripheral blood. The Type-A mothers presented a significant

decrease in serum HCV-RNA levels in the post-partum period,

and this event was concomitant with an increase in Th1 cytokine

levels. Moreover, in the HCV-RNA+ve mothers as well as in each

of the two subgroups (Types A and B), there was no significant

association between the HCV viral genotype vs. the ALT and vs.

cytokine levels. On the other hand, Lin et al. [28], in a study of ten

pregnant women, and Hattori [29], who studied 22 pregnant

women, found that HCV-RNA levels tend to decrease in the post-

partum period. However, neither of these studies provided a

definitive immune interpretation of these events. It has been

widely reported that in the general population (but not among

pregnant women with chronic HCV), the Th1 response is related

to viral clearance and treatment response, while that of Th2 is

related to HCV chronicity [30]. Thus, in the Th1 immune

response against HCV, the IL12 released from dendritic cells

promotes a cell-mediated response, eliciting a secretion of INF-

gamma by NK and T cells. This event favours neutrophil and

macrophage recruitment and provokes an inflammatory response.

Therefore, the post-delivery stimulation of Th1 immune-response

observed in the Type-A women may explain the decrease in

HCV-RNA viral load and the increase in the ALT levels as the

result of a hepatic injury. In our opinion, this period may be an

optimal time to initiate antiviral treatment in Type-A women who

failed to respond to previous treatment, because this Th1 re-

stimulation might augment their natural defence mechanisms.

IL10 is a potent anti-inflammatory Th2 cytokine, mainly produced

by monocytes, macrophages and T cells, and it is capable of

inhibiting the synthesis of pro-inflammatory cytokines such as

IFN-c and IL-2. Moreover, it has been reported that increased

levels of IL-4 can promote the conversion of macrophages into an

M2 phenotype (also termed repair macrophages or anti-inflam-

matory M2 macrophages) and inhibit the activation of M1

macrophages (inflammatory M1 macrophages). Increased levels of

repair macrophages (M2) are associated with the secretion of IL-10

and TGF-b, which reduce pathological inflammation [31].

Consequently, we consider that the slight increase in IL10

(P = 0.03) and in IL4 (non-significant, P.0.05), might be an

Figure 3. Description of HCV vertical transmission in the study cohort, showing the data for the 89 HCV-RNA+ve women
(categorized into Type-A and Type-B mothers).
doi:10.1371/journal.pone.0075613.g003
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attempt to reduce the intense inflammatory response triggered by

Th1 cytokines. These data suggest that treatment with Th1

cytokines might have beneficial results in HCV therapy. Current-

ly, only INF-alpha is used in the treatment of chronic viral

hepatitis because the effectiveness of the exogenous administration

of IL12, IL2 and IL10 is unclear [30]. On the other hand, in the

HCV-RNA-ve mothers the cytokine values in the peripheral blood

remained unchanged because the mothers’ immunity was not

stimulated in response to HCV.

In the present study, the Type-B mothers were studied in detail.

These women presented no variations in any of the parameters

analysed and appeared to react as ‘‘immune-tolerant’’ to HCV

(women with non-significant differences in their viral load values,

together with persistently normal ALT levels). However, when we

analysed the Th1/Th2 cytokine production, our initial opinion

was modified, because surprisingly, the Type-B women were

found to have a stimulated immune system with high levels of INF-

c and IL-2 (Th1 cytokines) both before and after delivery.

Interestingly, several studies of the general population of

chronically HCV infected persons have reported high baseline

levels of Th1 cytokines (IL-2, INF-c and TNF-a) and the

expression of interferon-stimulated genes, together with an

absence of post-treatment variation in the serum of patients

without sustained viral response (non-SVR) [32–35]. We consider

that in the Type-B mothers, as in non-SVR patients, the activation

of the endogenous Th1 system is unable to reduce the levels of the

HCV infection and that this may be associated with an ineffective

or exhausted antiviral response. However, the biological mecha-

nism responsible for the high baseline expression remains unclear.

Recent studies have suggested that baseline expression is

associated with IL28B polymorphism [36,37], although others

have concurred with us in finding no such association [38,39].

In relation to the vertical transmission of HCV, no relation was

observed with Th1/Th2 cytokine levels in the peripheral blood.

These data are in accordance with the findings of Paternoster et

al., who reported that the levels of endogenous interferon-alpha

during pregnancy were not related to the vertical transmission of

HCV [40]. However, it was recently reported that the placenta

constitutes an active innate immunological organ that provides

antiviral protection against HCV transmission [41]. These authors

described several locally acting mechanisms in HCV-exposed

placenta, such as the increased production of cytokines by NK

cells (IFN-b, SLPI, etc.) and the cytotoxicity triggered by NK T

cells [41], which protect the foetus against HCV. These data might

complement those observed at the systemic level (modulation in

the Th1 immune response). Further studies are needed to better

understand the complexities of the immune system during the

pregnancy and its relation with the vertical transmission of HCV.

We identified a group of pregnant women with the lowest HCV-

VT rate. These mothers were characterized by low viral load and

by the absence of any increase in ALT levels after delivery. These

findings are in accordance with those of previous studies, which

have identified the main risk factors for perinatal mother-to-child

transmission of HCV as the high concentration of HCV-RNA in

maternal blood and HIV co-infection [25]. Two studies have

shown that high ALT levels in the serum during pregnancy and at

delivery are associated with higher rates of HCV-VT [42,43]. Due

to the low number of chronically HCV-infected children in our

study cohort, no statistically significant data in this respect were

obtained; nevertheless, an interesting point was that the IL28B

genotype observed in the two chronically HCV-infected infants

was non-CC, a finding that is in accordance with our own

previously published data [24].

All retrospective analyses have inherent limitations, but we have

tried to minimize these effects. The standard method of HCV

determination was modified during the patient inclusion period,

but this factor was controlled by using the same PCR technique

(HCV Ampliprep TaqMan, Roche Molecular System) on all the

patients studied, using a stored blood sample. The standard care

procedure for HIV and HCV patients was also modified during

the patient inclusion period; however, in this study the risk factors

for the HIV-ve mothers (Study Cohort) were identified. According

to standard protocols for HCV-RNA+ve pregnant women, no

HCV treatment should be applied during pregnancy, and thus the

changes in standard care for HCV patients do not affect our study.

In conclusion, the different values for ALT (in the post-partum

period) and HCV-RNA (at delivery and in the post-partum period)

observed in the HCV-RNA+ve women might be due to different

ratios of Th1 cytokine production. Thus, the Type-A mothers

presented a significant decrease in serum HCV-RNA levels in the

post-partum period and this event was concomitant with an

increase in Th1 cytokine levels. On the other hand, in the Type B

women, the high levels of Th1 cytokines observed at delivery,

together with the unchanged levels of ALT and HCV-RNA post-

partum, may be related to the existence of permanent Th1

cytokine stimulation. Finally, the cytokine values in the HCV-

RNA-ve mothers did not change, because their immunity was not

stimulated against HCV. The findings of this study could enhance

our understanding of the natural history of chronic hepatitis C

infection during pregnancy and the puerperium, and help identify

mothers at low risk of vertical HCV infection, which would be

useful for the development of prevention strategies.

Supporting Information

Figure S1 Measure of the association between DALT and

DViral load. The HCV-RNA+ve mothers exhibited a significant

correlation between ALT levels and viral load, while the Type-B

women did not present this association. DViralLoad = VL3–6 months

post-partum–VLpartum, DALT: ALT3-6 months post-partum–ALTpartum.

Statistical analysis was performed using Pearson’s r to measure

the correlation (linear dependence) between the two variables.

(TIF)

Figure S2 HCV-RNA+ve women classified according to their

viral load. Mothers with high viral load: .600,000 IU/mL;

mothers with low viral load: #600,000 IU/mL. Statistical analysis

was performed using the paired/unpaired Student’s t test for

normally distributed quantitative variables and the Mann-Whitney

Test for quantitative variables with a non-normal distribution. The

Kolmogorov-Smirnov test was used to analyse the distribution of

quantitative variables.

(TIF)

Figure S3 The evolution of the cytokine serum levels in HCV-

RNA+ve pregnant women (Type-A vs. Type-B) categorized into

high viral load and low viral load according to the serum HCV-

RNA levels in the intra-partum period. Mothers with high viral

load: .600,000 IU/mL; mothers with low viral load:

#600,000 IU/mL. Statistical analysis was performed using the

paired/unpaired Student’s t test for normally distributed quanti-

tative variables and the Mann-Whitney Test for quantitative

variables with a non-normal distribution.

(TIF)

Table S1 Characteristics of HCV-RNA-ve and HCV-RNA+ve

mothers.

(TIF)
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Table S2 Characteristics of the mothers with HCV-RNA

spontaneous clearance during pregnancy and/or puerperium.

(TIF)
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