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Abstract 

Normal pregnancy and allergy are both characterized by a T helper (Th) 2 deviation. In the 

current study, we hypothesized that paternal antigen-induced cytokine responses during 

pregnancy would be deviated towards Th2 and an anti-inflammatory profile, and that the Th2 

deviation would be more pronounced in allergic pregnant women. Blood samples were 

collected longitudinally on three occasions during pregnancy and two occasions post partum 

(pp). Of the 86 women initially included, 54 women had a normal pregnancy and completed 

the sampling procedures. Twelve women fulfilled the criteria for allergy (allergic symptoms 

and circulating immunoglobulin (Ig) E antibodies to inhalant allergens) and 20 were non-

allergic (nonsensitized without symptoms). The levels of Th1 and Th2 associated cytokines 

and chemokines, the Th17 cytokine IL-17 and the anti-inflammatory cytokine IL-10 were 

compared between the groups. Paternal antigen induced IL-4 and IL-10 responses increased 

from the first to the third trimester. Allergy was associated with a decreased paternal antigen-

induced IFN-γ and CXCL10 secretion in the non-pregnant state (one year post partum) and 

also decreased IFN-γ/IL-4 and IFN-γ/IL-13 ratios during pregnancy. We also observed a 

decreased paternal antigen induced IL-10 response in allergic compared with non-allergic 

women during pregnancy, along with a decreased IL-10/IL-13 ratio. In conclusion, our 

findings support the hypothesis of lower Th1 responses towards paternal antigens in allergic 

than in non-allergic women but also indicate that allergy is associated with a lower capacity to 

induce anti-inflammatory IL-10 responses after paternal antigen stimulation during 

pregnancy.  

 
Key words: Allergy, Th1/Th2, pregnancy 
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Abbreviations 

 

Immunoglobulin   Ig 

Mixed leukocyte culture  MLC 

Mixed leukocyte reaction  MLR 

Post partum   pp 

Regulatory T cells  Treg cells 

T helper   Th 



	   	  

4	  

	  

1.	  Introduction 

A redirection of Th1/Th2 immune responses towards Th2-type immune responses has been 

suggested during normal pregnancy (Wegmann et al. 1993; Ekerfelt et al. 1997; Raghupathy 

et al. 2000; Persson et al. 2008). Previously, we have observed higher numbers of both IFN-γ- 

and IL-4-secreting peripheral blood mononuclear cells (PBMC) in pregnant than in non-

pregnant women (Matthiesen et al. 1998) and increased numbers of IL-4-secreting PBMC in 

pregnant women in response to paternal allo-antigens, indicating a Th2-response directed 

against the fetus during pregnancy (Ekerfelt et al. 1997). 

 Increased IFN-γ levels have been found in women with unexplained recurrent 

spontaneous abortions after stimulation of maternal PBMC with irradiated autologous 

placental cells (Raghupathy et al. 1999). Furthermore, women with pregnancy losses show 

increased Th1-like and decreased Th2-like responses after stimulation of maternal PBMC 

with strong unspecific stimuli, whereas women with successful pregnancies seem to have 

increased Th2-like responses (Raghupathy et al. 2000; Makhseed et al. 2001; Kwak-Kim et al. 

2003; Guo et al. 2010). Also, high levels of the anti-inflammatory cytokine IL-10 have been 

associated with improved pregnancy outcomes, both spontaneously and after stimulation with 

trophoblast cell line extracts (Wu et al. 2001; Ginsburg et al. 2005), whereas low serum IL-10 

levels and high serum levels of the proinflammatory cytokines IL-6, TNF and IFN-γ were 

associated with symptoms of threatened spontaneous abortion (Hudic and Fatusic 2009).    

 The Th1/Th2 paradigm has now been expanded into the Th1/Th2/Th17 and regulatory T 

(Treg) cell paradigm. Th17 cells secrete the pro-inflammatory cytokine IL-17 and thus play 

an important role in the induction of inflammation (Milner 2011). Treg cells induce tolerance 

by several mechanisms (Peterson 2012) including IL-10 secretion. Decreased numbers of 

Treg cells and increased numbers of Th17 cells have been observed after stimulation with 

decidual lymphocytes or PMA/ionomycin in women with unexplained recurrent miscarriage 
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(Wang et al. 2010b; Ernerudh et al. 2011). Following stimulation with PMA/ionomycin, 

higher IL-17 expression levels and a decreased suppressive ability by Tregs on IL-17 

secretion in women with unexplained early recurrent miscarriage have also been found (Wang 

et al. 2010a). In summary, the results of previous studies suggest that a Th2 deviation and an 

anti-inflammatory profile are beneficial for pregnancy while Th1 and Th17 responses may be 

detrimental. 

 Strong mitogenic stimuli such as PMA/ionomycin (Kwak-Kim et al. 2003; Wang et al. 

2010a), PHA (Raghupathy et al. 2000; Makhseed et al. 2001) as well as trophoblast cell line 

extracts (Raghupathy et al. 1999; Ginsburg et al. 2005) have previously been used as stimuli, 

whereas we here wanted to investigate paternal antigen-induced responses during pregnancy. 

 Similar to normal pregnancy, allergy is characterized by a Th2 deviation. Allergic 

individuals have a predisposition to produce high IgE antibody levels and Th2 cytokines, such 

as IL-4, IL-5 and IL-13, in response to environmental allergens (Parronchi et al. 1992; 

Jenmalm et al. 2001; Machura et al. 2010). Furthermore, allergic patients have an enhanced 

ability to produce IL-4 not only in response to allergens, but also to other antigens (Parronchi 

et al. 1992). Allergic disease is associated with a generally lowered IFN-γ secretion following 

stimulation with vaccine antigens and allergens (Parronchi et al. 1991; Shimojo et al. 1996).  

 The Th2 deviation in allergic disease may be beneficial for a successful pregnancy 

outcome. In support of this hypothesis, mothers with allergic disease (i.e. hay fever, allergic 

rhinitis, asthma or dermatitis) were found to have more children than non-allergic mothers 

(Nilsson et al. 1997). Furthermore, mothers of premature very low birth weight infants had 

less allergic rhinitis than mothers of full-term normal weight infants (Savilahti et al. 2004) and 

maternal allergic rhinitis was associated with high birth weight and long gestational age in the 

offspring (Somoskovi et al. 2007). Also, women with allergic rhinitis had a shorter waiting 

time to pregnancy as compared with women not reporting allergic rhinitis (Westergaard et al. 
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2003) and women with eczema or hay fever had a possibly increased fertility rate (Tata et al. 

2007), further supporting the potential benefit of allergy for pregnancy outcome. However, an 

inverse relationship between maternal allergy and the number of offspring has also been 

reported (Karmaus and Eneli 2003; Sunyer et al. 2005). Furthermore, several other factors 

may influence the outcome of pregnancy. 

  While Th17 status in pregnancy has not previously been investigated in relation to 

allergy, the Th2 deviation associated with pregnancy has been shown to be intensified in 

allergic pregnant women, both in general terms measured by total IgE levels (Sandberg et al. 

2009b) and in relation to allergen responsiveness (Breckler et al 2010). Furthermore, a lower 

relative Th1/Th2 production was observed in allergic pregnant women by mixed leukocyte 

reactions (MLR) using irradiated cord blood cells as a proxy for fetal antigens (Breckler et al. 

2008; Prescott et al. 2009). We have previously developed an MLR using inactivated paternal 

cells as a proxy for allogeneic fetal cells (Ekerfelt et al. 1997).  

 We hypothesize that paternal antigen-induced cytokine responses during pregnancy are 

deviated towards Th2 and an anti-inflammatory profile, and that the Th2 deviation is more 

pronounced in allergic pregnant women. The aim of this study was to test this hypothesis and 

to explore the possible role of Th17 in Th subset balance in pregnancy by comparing the 

levels of Th1 (IFN-γ), Th2 (IL-4 and IL-13), Th17 (IL-17) and anti-inflammatory (IL-10) 

cytokines as well as Th1 (CXCL10) and Th2 (CCL17) associated chemokines secreted by 

maternal cells in response to paternal antigens in women with or without allergy. In 

supplement to previous studies, we also investigated immune status one year post partum, 

thereby representing a non-pregnant situation.
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2. Materials and methods 

2.1. Subjects 

The 86 pregnant women included in this study (Fig. 1) were all attending the Antenatal Clinic 

at the University Hospital in Linköping. All women accepted to participate after informed 

consent. The study was approved by the Human Research Ethics Committee at the Faculty of 

Health Sciences in Linköping.  

The allergic status was established by a typical clinical history, e.g. allergic 

rhinoconjunctivitis, allergic asthma or flexural itchy eczema. An experienced allergy research 

nurse used a structured questionnaire to interview the women. To further strengthen the 

diagnosis, an allergy screening was performed using the Phadiatop® system (Pharmacia 

Diagnostics, Uppsala, Sweden), detecting circulating IgE antibodies against common inhalant 

allergens; birch, mugwort, timothy, cat, dog, horse, house-dust mite and Cladosporium. 

Women who had both typical symptoms and a positive Phadiatop test were considered true 

allergic, while women with no symptoms and a negative Phadiatop test were considered true 

non-allergic. Twenty-seven women later declined to participate in the study, and five women 

miscarried. Fifty-four women gave birth to a healthy child and completed sampling 

procedures and 32 of these fulfilled either of the criteria for diagnosis of allergy (n=12, age 

26.0–37.2 years; median 30.4 years) or absence of allergy (n=20, age 26.2–39.7 years; median 

30.0 years) (Fig. 1). Corresponding paternal cells were not collected from 4 mothers and 

supernatants could not be collected from 4 mothers. Of the remaining 14 women, seven had 

allergic symptoms but were non-sensitized, six had no symptoms but were sensitized and one 

mother had allergic symptoms but the Phadiatop test could not be performed.  

 

2.2. Collection of samples 
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Heparinized blood samples were collected on three occasions during pregnancy (gestational 

weeks 10–12, 25 and 39), and 12 months pp. All blood samples were drawn between 8 a.m. 

and 2 p.m. and processed within 4 h. Corresponding paternal PBMC were collected on one 

occasion and blood from 18 unrelated donors was obtained from The Department of 

Transfusion Medicine at the University Hospital, Linköping. 

 

2.3. PBMC isolation 

PBMC were isolated from heparinized blood and frozen as previously described (Persson et 

al. 2008). The same procedure for separation and freezing was used for the paternal and 

pooled unrelated PBMC as for the PBMC from the pregnant women. 

 

2.4. Inhibition of stimulator cells 

The stimulator cells, i.e. paternal PBMC or PBMC from unrelated donors, were treated with 

4% paraformaldehyde (PFA; Merck Eurolab AB, Stockholm, Sweden) in phosphate-buffered 

saline (PBS; EC Diagnostics AB, Uppsala, Sweden) for 10 minutes at room temperature (RT) 

to inhibit cytokine secretion as previously described (Ekerfelt et al. 1997).  

 

2.5. Mixed leukocyte culture (MLC) 

One-way MLC was performed in polypropylene tubes. Briefly, 0.8 x 106 responder PBMC 

(maternal cells) in 800 µL of complete medium was co-cultured with 0.8 x 106 PFA-treated 

paternal PBMC or PFA-treated PBMC from unrelated donors in 800 µL of complete medium, 

in replicates of three. The cultures were incubated for 7 days at 37°C in a 5% CO2 

atmosphere. 

 

2.6. Determination of cytokine concentrations 
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The cytokines IFN-γ, IL-4, IL-10 and IL-17 were analyzed by Milliplex™ MAP kits 

(Millipore Corporation, Billerica, USA) according to the manufacturer’s instructions using the 

Luminex 100 instrument (Biosource, Nivelles, Belgium). StarStation software (version 2.3; 

Applied Cytometry Systems, Sheffield, UK) was used for acquisition and analysis of data. 

The range of the standard curves was 3.2-2000 pg/mL for IFN-γ, IL-4 and IL-10; 0.64-2000 

pg/mL for IL-17; with a dilution factor of 5. The chemokines CXCL10 and CCL17 were 

analysed with a Luminex assay as previously described (Abrahamsson et al. 2011). The range 

of the standard curves was 5.5-1333 pg/mL for CXCL10; and 1.92-467 pg/mL for CCL17. 

The levels of IL-13 were determined using enzyme-linked immunosorbent assay (ELISA) as 

previously described (Böttcher et al. 2003) and the range of the standard curve was 2.0-64.0 

pg/mL. All detection limits were equal to the lowest standard and values below the detection 

limit were given half the value of the detection limit.  

 

2.7. Statistics 

Data was analyzed with SPSS, version 19 (SPSS Inc., Chicago, IL, USA). Mann–Whitney U-

test was used for the comparison of cytokine levels between allergic and non-allergic pregnant 

women. Friedman’s test was used to investigate changes in cytokine levels during pregnancy, 

regardless of allergic status. Differences in cytokine levels between time points were 

examined with Wilcoxon’s signed rank test. The criterion for statistical significance was 

p<0.05. Calculations of cytokine ratios were made by dividing the value of for example  

paternal-stimulated IFN-g (Th1) with the value of paternal-stimulated IL-4 (Th2).  
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3. Results 

Allergic women showed, compared with non-allergic women, lower paternal antigen-induced 

Th1 responses one year pp as measured by IFN-γ (Fig. 2a) and CXCL10 secretion (Table 1). 

In response to pooled unrelated antigen, allergic women showed a lower IFN-γ response than 

non-allergic women in the second trimester (Fig. 2b). Lower responses in allergic women 

were also recorded for the immunosuppressive cytokine IL-10; significantly lower secretion 

as compared with non-pregnant women was observed for paternal antigen-induced secretion 

in the second trimester (Fig. 2c) and for pooled unrelated antigen-induced secretion in the first 

and second trimesters (Fig. 2d). The non-allergic women showed a higher pooled unrelated 

antigen-induced secretion of IL-13 one year pp than the allergic women (Table 1). The 

paternal or pooled unrelated antigen-induced secretion of IL-4, IL-17 and CCL17 were similar 

in allergic and non-allergic women.  

 The ratio of paternal antigen-induced IFN-γ/IL-4 production was lower in the third 

trimester and one year pp in allergic than in non-allergic women (Fig. 3a), as well as the 

paternal antigen-induced IFN-γ/IL-13 ratio in the third trimester (Fig 3b). Allergy was also 

associated with a lower pooled unrelated antigen-induced IL-10/IL-4 ratio in the first 

trimester (median=2.2 for allergic women; 10.2 for non-allergic women (range=1.0-16.8 and 

1.0-312.2, respectively)), with similar tendencies for the paternal antigen-induced IL-10/IL-4 

ratio (Fig 3c). Furthermore, lower IL-10/IL-13 – regarding both paternal antigen- (Fig 3d) and 

pooled unrelated antigen- (median=2.0 for allergic women; 22.7 for non-allergic women 

(range=1.3-362.5 and 1.6-107.6, respectively)) induced secretion − were observed among the 

allergic than non-allergic women in the third trimester.  

 Paired comparisons during the course of pregnancy and pp in the non-allergic women 

showed significantly higher pooled unrelated antigen-induced IFN-γ, IL-17 and CCL17 levels 

in the second than the third trimester (Fig 4a, b, c respectively). Furthermore, pooled 
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unrelated antigen-induced CXCL10 secretion was higher in the third than the first trimester 

(Fig 4d).  

 

4. Discussion 

Allergy was associated with decreased paternal antigen-induced IFN-γ/IL-4 and IFN-γ/IL-13 

ratios in the third trimester, which is in line with previous findings of other investigators and 

supporting the hypothesis of augmented paternal-specific Th2 responses in allergic women 

during pregnancy. Our findings indicate that this Th2 deviation holds true also for unrelated 

non-paternal antigens. Interestingly, allergy was associated with a decreased paternal antigen-

induced IFN-γ and CXCL10 secretion as well as a decreased IFN-γ/IL-4 ratio also in the non-

pregnant state. This indicates that Th2-biased responses remain after pregnancy, indeed being 

a pre-requisite for reported beneficial effects of allergy for fertility (Westergaard et al. 2003; 

Tata et al. 2007). Although the study design did not provide any possibility to analyze the 

responses before pregnancy, it would be tempting to speculate that these differences also are 

present before pregnancy. 

 A lower IFN-γ response to cord blood mononuclear cells has been found in allergic 

compared with non-allergic pregnant women in the third trimester (Breckler et al. 2008). 

Further, allergic women have showed significantly lower IFN-γ and relative Th1/Th2 

responses to fetal HLA-DRβ1 mismatch during pregnancy (Prescott et al. 2009). In a previous 

study, we found similar responses toward paternal and unrelated pooled antigens in allergic 

and non-allergic women in the same cohort as in the present study (Persson et al. 2008). 

However, the numbers of cytokine secreting cells were measured by ELISpot, while ELISA 

and multiplex bead array systems were used in the present study to measure cytokine 

concentrations in cell supernatants. We have shown that individual results from different 

assays do not correlate, suggesting that the amount of cytokine secreted is not proportional to 
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the number of cytokine secreting cells (Ekerfelt et al. 2002). Furthermore, we have previously 

found a higher increase in total IgE levels in allergic than non-allergic mothers in early 

pregnancy in the same cohort as in the present study, lending further support to a more 

enhanced Th2 deviation in allergic women during pregnancy (Sandberg et al. 2009b). 

 Considering the possibly protective role of IL-10 in pregnancy (Wu et al. 2001; Ginsburg 

et al. 2005) and the association of low serum IL-10 levels and spontaneous abortion (Hudic 

and Fatusic 2009), one might expect an increased production of IL-10 during pregnancy. 

However, we observed a lower paternal antigen-induced IL-10 response in the second 

trimester in allergic than non-allergic women along with a decreased IL-10/IL-13 ratio in the 

third trimester. Several other studies have also found a decreased IL-10 production in allergic 

compared with non-allergic individuals (Jenmalm et al. 2001; Dunstan et al. 2005; 

Seneviratne et al. 2006). Altogether, these results may argue for a regulating role of IL-10 in 

the pathogenesis of allergic disease.  

 Among the non-allergic women, the pooled antigen-induced cytokine secretion changed 

during the course of pregnancy. The levels of IFN-γ, CCL17 and IL-17 were higher in the 

second than in the third trimester while the CXCL10 levels increased from the first to the 

second trimester. Recently, Breckler et al. observed suppressed fetal antigen-induced cytokine 

(IFN-γ, IL-6, IL-10, IL-13) responses in the third trimester compared with six weeks pp 

(Breckler et al. 2008). In contrast, we have previously shown that the major changes in 

spontaneous and paternal antigen-induced cytokine secretion occur in the second and third 

trimesters at the systemic level (Persson et al. 2008). However, in the study by Breckler et al., 

cytokine responses were compared between the third trimester and 6 weeks pp, whereas all 

three trimesters and 12 months pp were compared in our previous study, possibly explaining 

the discrepancy. 
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 The unrelated pooled antigen-induced secretion of IL-17 was higher in the second than 

in the third trimester. We have recently reported that Th17 cells are scarce in decidua 

compared with peripheral blood (Mjösberg et al. 2010), while, conversely, it was also 

reported that the proportion of IL-17+ CD4+ cells was higher in the decidua compared with 

peripheral blood in the first trimester (Nakashima et al. 2010). In the study of Nakashima et 

al., PMA-ionomycin stimulated cells were investigated, whereas our previous study was 

performed on unstimulated cells. Notably, in the present study we found no evidence of an 

association between circulating IL-17 levels and allergic status. However, the role of Th17 

immunity in allergic disease is not clear (reviewed in (Milner 2011)).   

 The observed more pronounced Th2 deviation in allergic women during pregnancy may 

have an impact on neonatal Th1/Th2 responses. In line with this, several studies suggest that a 

maternal history of allergic disease constitutes a greater risk than paternal for development of 

infant allergic disease (Lim et al. 2010). Maternal, but not paternal, total IgE levels have been 

found to correlate with cord blood IgE levels and allergy in the infant (Liu et al. 2003), and 

Sadegnejad et al. observed a stronger association between increased cord blood IgE levels and 

allergic disease in the mother than in the father (Sadeghnejad et al. 2004). Elevated cord blood 

IgE has been identified as a risk factor for allergic sensitization and asthma (Sadeghnejad et 

al. 2004). The observed Th2 deviation during pregnancy not only remains one year after 

pregnancy but may also influence further development of allergy in the offspring. In a recent 

study, we found positive correlations between the levels of maternal IgE and cord blood levels 

of IgE and the Th2-associated chemokine CCL22 (Sandberg et al. 2009a). Furthermore, 

increased cord blood CCL22 levels, as well as increased cord blood IgE levels, at birth was 

associated with development of allergic disease in the child during the first two years of life. 

Moreover, elevated cord blood CCL17 levels can predict development of recurrent wheeze 
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and asthma and cord blood CCL22 development of sensitization later in life (Abelius et al. 

2011; Abrahamsson et al. 2011). 

 One limitation of the paper is the size of the study populations. However, we wanted to 

evaluate only strictly defined allergic and non-allergic women. Furthermore, as several data 

were in the same direction as changes that were statistically significant, it is likely that a 

larger material would have further strengthened the hypothesis. 

 In conclusion, our findings support the hypothesis of lower Th1 responses towards 

paternal antigens in allergic than in non-allergic pregnant women but also indicate that allergy 

is associated with a lower capacity to induce anti-inflammatory IL-10 responses after paternal 

antigen stimulation during pregnancy. 
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Figure legends  

 

Figure	  1.	  	  Flow	  chart	  of	  subjects	  included	  in	  this	  study.	  Among	  the	  54	  women	  who	  had	  a	  normal	  
pregnancy	  and	  completed	  the	  sampling	  procedures,	  12	  fulfilled	  the	  criteria	  for	  allergy	  and	  20	  were	  
non-‐allergic.	  Drop-‐outs	  =	  women	  who	  chose	  not	  to	  participate	  in	  the	  study.	  Not	  strictly	  diagnosed	  =	  
women	  with	  either	  a	  positive	  Phadiatop	  test	  and	  no	  symtoms,	  or	  a	  negative	  Phadiatop	  test	  and	  
typical	  symtoms.	  

 
Figure	  2.	  	  Levels	  of	  cytokines	  in	  cell	  supernatants	  in	  allergic	  and	  non-‐allergic	  pregnant	  women.	  a)	  
Paternal	  antigen-‐induced	  IFN-‐γ	  secretion;	  b)	  Pooled	  unrelated	  antigen-‐induced	  IFN-‐γ	  secretion;	  c)	  
Paternal	  antigen-‐induced	  IL-‐10	  secretion;	  d)	  Pooled	  unrelated	  antigen	  -‐induced	  IL-‐10	  secretion.	  
Individual	  and	  median	  values	  are	  shown.	  p-‐values	  <0.05	  from	  Mann	  Whitney	  U	  test	  are	  indicated	  (*).	  

 
Figure	  3.	  	  Ratios	  of	  paternal	  antigen-‐induced	  cytokine	  production	  in	  allergic	  and	  non-‐allergic	  
pregnant	  women.	  a)	  Paternal	  antigen-‐induced	  IFN-‐γ/IL-‐4	  ratio;	  b)	  Paternal	  antigen-‐induced	  IFN-‐γ/IL-‐
13	  ratio;	  c)	  Paternal	  antigen-‐induced	  IL-‐10/IL-‐4	  ratio;	  d)	  Paternal	  antigen-‐induced	  IL-‐10/IL-‐13	  ratio.	  
Individual	  and	  median	  values	  are	  shown.	  p-‐values	  <0.05	  from	  Mann	  Whitney	  U	  test	  are	  indicated	  (*).	  

 
Figure	  4.	  	  Levels	  of	  cytokines	  in	  cell	  supernatants	  in	  non-‐allergic	  women	  with	  normal	  pregnancy.	  a)	  
Pooled	  unrelated	  antigen-‐induced	  IFN-‐γ	  secretion;	  b)	  Pooled	  unrelated	  antigen-‐induced	  IL-‐17	  
secretion;	  c)	  Pooled	  unrelated	  antigen-‐induced	  CCL17	  secretion;	  d)	  Pooled	  unrelated	  antigen-‐induced	  
CXCL10	  secretion.	  Individual	  and	  median	  values	  are	  shown.	  p-‐values	  <0.05	  from	  Wilcoxon	  signed-‐
rank	  test	  are	  indicated	  (*).	  
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(1.6-‐32.2)	  

10.4	  
(1.6-‐122.4)	  

1.6	  
(1.6-‐30.6)	  

7.6	  
(1.6-‐39.9)	  

4.8	  
(1.6-‐60.3)	  

9.8	  
(1.6-‐31.5)	  

1.6	  
(1.6-‐1.6)	  

15.0*	  
(1.6-‐49.8)	  

IFN-γ 
pooled 
unrelated 
antigen	  

4.7	  
(1.6-‐32.8)	  

5.0	  
(1.6-‐82.1)	  

2.5	  
(1.6-‐16.7)	  

10.9*	  
(1.6-‐96.0)	  

5.0	  
(1.6-‐92.7)	  

9.9	  
(1.6-‐56.9)	  

1.6	  
(1.6-‐28.6)	  

13.6	  
(1.6-‐83.3)	  

IL-4 
paternal 
antigen	  

1.6	  
(1.6-‐3.6)	  

1.6	  
(1.6-‐7.7)	  

1.6	  
(1.6-‐4.2)	  

1.6	  
(1.6-‐17.8)	  

1.6	  
(1.6-‐4.8)	  

1.6	  
(1.6-‐21.4)	  

1.6	  
(1.6-‐1.6)	  

1.6	  
(1.6-‐5.4)	  

IL-4 
pooled 
unrelated 
antigen	  

1.6	  
(1.6-‐3.6)	  

1.6	  
(1.6-‐33.3)	  

1.6	  
(1.6-‐1.6)	  

1.6	  
(1.6-‐8.3)	  

1.6	  
(1.6-‐4.2)	  

1.6	  
(1.6-‐12.5)	  

1.6	  
(1.6-‐1.6)	  

1.6	  
(1.6-‐8.3)	  

IL-10 
paternal 
antigen	  

3.82	  
(1.6-‐30.9)	  

19.0	  
(1.6-‐522.8)	  

8.8	  
(1.6-‐71.3)	  

24.6*	  
(1.6-‐309.0)	  

9.2	  
(1.6-‐62.1)	  

29.7	  
(1.6-‐219.9)	  

1.6	  
(1.6-‐26.5)	  

8.7	  
(1.6-‐295.5)	  

IL-10 
pooled 
unrelated 
antigen	  

3.5	  
(1.6-‐35.9)	  

16.5*	  
(1.6-‐499.5)	  

7.0	  
(1.6-‐24.4)	  

26.7*	  
(1.6-‐260.4)	  

15.5	  
(1.6-‐362.5)	  

36.1	  
(1.6-‐94.8)	  

1.6	  
(1.6-‐35.3)	  

15.4	  
(1.6-‐201.3)	  

IL-13 
paternal 
antigen	  

2.4	  
(1.0-‐5.4)	  

3.7	  
(1.0-‐39.1)	  

1.0	  
(1.0-‐19.5)	  

2.9	  
(1.0-‐54.6)	  

2.0	  
(1.0-‐14.1)	  

1.0	  
(1.0-‐30.8)	  

1.0	  
(1.0-‐2.8)	  

1.0	  
(1.0-‐62.4)	  

IL-13 
pooled 
unrelated 
antigen	  

2.9	  
(1.0-‐12.1)	  

3.0	  
(1.0-‐108.1)	  

1.0	  
(1.0-‐9.5)	  

6.1	  
(1.0-‐39.1)	  

1.3	  
(1.0-‐10.8)	  

1.0	  
(1.0-‐27.2)	  

1.0	  
(1.0-‐6.2)	  

3.7*	  
(1.0-‐93.8)	  

IL-17 
paternal 
antigen	  

0.3	  
(0.3-‐6.4)	  

1.6	  
(0.3-‐15.7)	  

0.3	  
(0.3-‐20.5)	  

2.7	  
(0.3-‐19.4)	  

0.3	  
(0.3-‐3.7)	  

1.4	  
(0.3-‐45.4)	  

0.3	  
(0.3-‐2.1)	  

0.3	  
(0.3-‐7.0)	  

IL-17 
pooled 
unrelated 
antigen	  

0.3	  
(0.3-‐3.1)	  

2.0	  
(0.3-‐10.3)	  

0.5	  
(0.3-‐5.8)	  

1.6	  
(0.3-‐30.8)	  

0.3	  
(0.3-‐4.8)	  

1.5	  
(0.3-‐12.7)	  

0.3	  
(0.3-‐3.1)	  

1.3	  
(0.3-‐12.6)	  

CXCL10 
paternal 
antigen	  

1336.1	  
(2.8-‐

6391.0)	  

1083.8	  
(2.8-‐

2667.0)	  

1046.6	  
(2.8-‐

6531.4)	  

714.0	  
(2.8-‐

3535.2)	  

1578.4	  
(2.8-‐

4342.9)	  

1661.7	  
(2.8-‐

5174.7)	  

2.75	  
(2.8-‐319.3)	  

393.9*	  
(2.8-‐

2667.0)	  
CXCL10 
pooled 
unrelated 
antigen	  

880.6	  
(2.8-‐

3899.3)	  

936.1	  
(2.8-‐

2667.0)	  

546.8	  
(2.8-‐

3604.2)	  

1613.7	  
(2.8-‐

5295.6)	  

309.4	  
(2.8-‐

4262.8)	  

700.0	  
(2.8-‐

5523.4)	  

59.3	  
(2.8-‐

2667.0)	  

1194.6	  
(2.8-‐

2667.0)	  

CCL17 
paternal 
antigen	  

49.2	  
(1.0-‐193.0)	  

37.5	  
(1.0-‐206.1)	  

25.6	  
(1.0-‐267.0)	  

66.2	  
(1.0-‐228.4)	  

48.1	  
(1.0-‐180.8)	  

27.9	  
(1.0-‐213.4)	  

1.0	  
(1.0-‐26.7)	  

26.0	  
(1.0-‐341.3)	  

CCL17 
pooled 
unrelated 
antigen	  

18.5	  
(1.0-‐312.2)	  

50.0	  
(1.0-‐296.8)	  

18.9	  
(1.0-‐108.2)	  

59.6	  
(1.0-‐421.2)	  

1.0	  
(1.0-‐150.4)	  

28.5	  
(1.0-‐207.1)	  

1.0	  
(1.0-‐160.8)	  

31.5	  
(1.0-‐207.1)	  



	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Note:	  Values	  are	  given	  in	  pg/mL	  as	  median	  and	  (range)	   	   	  

	  
	  	  

*	  p<0.05	  from	  Mann	  Whitney	  U	  test	   	  	   	  	   	  	   	  	   	  	   	  	  
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