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Abstract 24 

We investigated whether the previously reported preventive effect of maternal ω-3 fatty 25 

acid supplementation on IgE-associated allergic disease in infancy may be mediated by 26 

facilitating a balanced circulating Th2/Th1 chemokine profile in the infant. Vaccine-27 

induced immune responses at two years of age were also evaluated. Pregnant women, at 28 

risk of having an allergic infant, were randomized to daily supplementation with 1.6 g 29 

eicosapentaenoic acid and 1.1 g docosahexaenoic acid or placebo from the 25th 30 

gestational week through 3.5 months of breastfeeding. Infant plasma was analysed for 31 

chemokines (cord blood, 3m, 12m, 24m, n=72) and anti-tetanus and –diphtheria IgG 32 

(24m, n=94). High Th2-associated CC-chemokine ligand 17 (CCL17) levels were 33 

associated with infant allergic disease  (p<0.05). In infants without, but not with, 34 

maternal history of allergy, the ω-3 supplementation was related to lower CCL17/ CXC-35 

chemokine ligand 11 (CXCL11) (Th2/Th1) ratios (p<0.05). Furthermore in non-allergic, 36 

but not in allergic infants, ω-3 supplementation was linked with higher Th1-associated 37 

CXCL11 levels (p<0.05), as well as increased IgG titres to diphtheria  (p=0.01) and 38 

tetanus (p=0.05) toxins. Thus, the prospect of balancing the infant immune system 39 

towards a less Th2 dominated response, by maternal ω-3 fatty acid supplementation, 40 

seems to be influenced by allergic status. 41 

  42 

Abbreviations:           AA: Arachidonic acid = 20:4ω-6  43 

CCL: CC-chemokine ligand   44 

CXCL: CXC-chemokine ligand  45 

DHA: Docosahexaenoic acid = 22:6ω-3 46 
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 47 
dns : data not shown 48 

EPA: Eicosapentaenoic acid = 20:5ω-3  49 

LCPUFA: long chain polyunsaturated fatty acids 50 

PGE2: prostaglandin E2 51 

 52 
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Introduction 70 

Chemokines are small chemotactic factors, produced by several cell types, macrophages 71 

being an important source (1). Some of them have a crucial role in maintaining the 72 

Th1/Th2 balance in immune responses against foreign proteins and these chemokines can 73 

be detected more easily than Th1/Th2 cytokines in peripheral blood (2). The chemokines 74 

CC-chemokine ligand 17 (CCL17) and CCL22 are induced by IL-4 and IL-13 and bind to 75 

the CCR4 receptor on Th2 cells (1). Increased levels of CCL17 and CCL22 have been 76 

associated with presence and severity of atopic dermatitis in children and adults (3, 4).  77 

Furthermore, high CCL17 and CCL22 levels differentiate asthmatic children from non-78 

atopic children with chronic coughing (5). On the other hand, the chemokines CXC-79 

chemokine ligand 10 (CXCL10) and CXCL11 are induced by IFNγ, act chemotactically 80 

on Th1 skewed cells and are associated with Th1 mediated conditions like Crohn´s 81 

disease (6). Increased ratios of circulating CCL22/CXCL10, as a marker for Th2 like 82 

deviation, have been reported at birth in infants developing allergic disease during the 83 

first two years of life (2) and increased CCL22 levels in neonates have been associated to 84 

future wheezing (7). Although simplified, the Th1and Th2 model for immune responses 85 

is still valid with the additional consideration of T regulatory cells and Th17 cells (8).  T-86 

cell responsiveness to common food and inhalant allergens may occur already in the 87 

foetus (9). As Th2-skewed local immune responses have been suggested to be required 88 

for a successful pregnancy (10), the infant is born  with an immune system pre-destined 89 

to Th2-skewed responses to foreign antigens. Genetic predisposition to the development 90 

of early allergic disease seems to be related to sustained Th2-skewed immunity during 91 

infancy (11). We have previously found a decreased period prevalence of IgE associated 92 
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disease (i.e. eczema and food allergy, with concomitant allergic sensitization) up to one 93 

year of age after maternal ω-3 long chain polyunsaturated fatty acid (LCPUFA) 94 

supplementation during the last trimester of pregnancy and 3-4 months of lactation (12). 95 

We also reported that low maternal arachidonic acid (AA, 20:4ω-6) / eicosapentaenoic 96 

acid (EPA, 20:5ω-3) ratios were associated with decreased maternal secretion of AA 97 

derived prostaglandin E2 (PGE2), a factor that is active in the allergic inflammation (13). 98 

The most probable explanation for this is that the ω-3 LCPUFA EPA and the ω-6 99 

LCPUFA AA compete for the same enzymes, cylooxygenase and lipooxygenase, in their 100 

metabolism (14). The ω-3 LCPUFAs  EPA and docosahexaenoic acid (DHA, 22:6ω-3) 101 

are also vital structures of the cell membrane (15) and may  generate  inflammation 102 

resolving resolvins and docosatrienes (16, 17)  thus, exerting effects on antigen 103 

presenting cells, T-regulatory cells, epithelial cells (18) and monocytes (19). 104 

Additionally, ω-3 LCPUFAs have effects on transcription factors that may alter gene 105 

expression in inflammatory cells (20). Through these mechanisms, the ω-3 LCPUFAs 106 

might be able to accelerate the postnatal maturation of the Th2 deviated immune system, 107 

towards a more balanced immunity (21). Interestingly, the preventive effect of ω-3 108 

supplementation on the development of allergy in infants and decreasing PGE2 synthesis 109 

in mothers during the last trimester of pregnancy were both more pronounced if the 110 

mother was not allergic (12, 13).  This is in line with previous studies reporting different 111 

biological effects of dietary ω-3 LCPUFA in different individuals or populations (22). 112 

Allergic children have been shown to be intrinsically hyporesponsive to vaccines, 113 

possibly due to Th2 skewed immune responses, even though this seems to be overcome 114 

by common vaccination regimens (23). Omega-3 fatty acids have been shown to enhance 115 
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the Th1 responses through IL-2 and IFNγ production (18) and may therefore affect 116 

vaccine antibody responses. 117 

We thus hypothesize that the prophylactic effect of maternal ω-3 fatty acid 118 

supplementation in pregnancy and lactation on the development of allergic disease in 119 

infancy is mediated by facilitating a balanced Th2/Th1 circulating chemokine profile  in 120 

the infant predisposed to develop IgE associated disease, particularly if the mother is non-121 

allergic. We also hypothesize that the ω- 3 fatty acids may enhance the immunological 122 

response to vaccines in allergic and non-allergic infants.  123 

 124 

Aim  125 

We aimed to measure the circulating Th2 associated chemokines CCL17 and CCL22 and 126 

Th1 associated chemokines CXCL10 and CXCL11 in infant plasma throughout the first 127 

two years of life and relate them to ω-3 fatty acid supplementation and the development 128 

of eczema and IgE associated allergic disease, both in the whole study group and in the 129 

infants of mothers with and without allergic symptoms separately. The secondary aim 130 

was to measure IgG antibody responses to tetanus and diphtheria vaccines and relate 131 

them to maternal ω-3 fatty acid supplementation in infants of mothers with and without a 132 

history of allergic symptoms, as well as in allergic and non-allergic infants. 133 

 134 

Methods 135 

Study design and subjects 136 

This study was part of a prospective, double-blind, placebo-controlled trial in Sweden 137 

including 99 families from Linköping and 46 families from Jönköping. At least one 138 
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family member had a history of allergic disease. The mothers started the intake of 139 

capsules containing the ω-3 LCPUFAs, EPA (1.6 g/d) and DHA (1.1 g/d), or placebo 140 

produced by Pharma Nord, Vejle, Denmark in the 25th week of gestation and continued 141 

through the first 3-4 months of breastfeeding. Twenty-five mothers did not complete at 142 

least 15 weeks of supplementation and they were excluded (12). 143 

The infants were followed up at 3, 6, 12 and 24 months of age with clinical examinations, 144 

allergy testing and questionnaires regarding symptoms of allergic disease. Plasma 145 

samples for phospholipids fatty acid proportions and immunological analyses were 146 

collected at birth, 3, 12 and 24 months. All the analyses were performed at the laboratory 147 

of Clinical and Experimental Medicine at the University Hospital of Linköping. When 148 

studying the groups of subjects with available data at each time point separately, the two 149 

intervention groups did not differ regarding potential confounders, such as sex, birth 150 

order, caesarean sections, family history of allergic disease, maternal ω- 3 fatty acid 151 

levels before study entry, breastfeeding at 3 and 6 months, exposure to tobacco smoke 152 

and/or furry pets up to 24 months of age or daycare attendance. The number infants 153 

whose mothers had allergic symptoms and the infant cumulative incidence of IgE 154 

associated disease are presented in Table 1 for each intervention group. 155 

 The variation in availability of data was due to the fact that chemokines were analysed in 156 

plasma samples from Linköping only, while vaccine induced responses were analysed in 157 

plasma/serum samples from both Linköping and Jönköping. All infants included in the 158 

analysis of vaccine-induced immunity at two years of age received one dose of 159 

Pentavac® or Infanrix® containing tetanus toxoid (≥ 30 IU) and diphtheria toxoid (≥ 40 160 

IU) at ages 3, 5 and 12 months according to the Swedish vaccination programme.  161 
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 162 

Clinical definitions 163 

Food reaction: gastrointestinal symptoms, hives, aggravated eczema or wheezing 164 

following ingestion of a certain food with recovery after food elimination and 165 

reoccurrence of symptoms after ingestion of the particular food. Eczema: reoccurring and 166 

itching eczematous, lichenified or nummular dermatitis (24). Asthma: doctor diagnosed 167 

wheezing at least three times during the first two years. Rhinoconjunctivitis: itching and 168 

running eyes and nose in the spring. A child with eczema, food reaction, asthma or 169 

rhinoconjunctivitis was diagnosed with allergic symptoms. Concomitant sensitization, i.e. 170 

positive skin prick test (SPT) and/or detectable circulating specific IgE antibodies, 171 

defined IgE associated disease.  172 

Sensitization 173 

Skin prick tests were performed on the infants at 6, 12 and 24 months with milk, egg, 174 

wheat and cat extract. At 24 months timothy-grass and birch allergen extracts were added 175 

(ALK-ABELLÓ, Hørsholm, Denmark, Soluprick®). A wheal diameter ≥ 3 mm was 176 

considered positive.  Specific IgE antibodies towards egg, milk, wheat and cat were 177 

analyzed in serum samples from the infants at 12 and 24 months. At 24 months timothy-178 

grass and birch were added to the analysis.  The detection limit was 0.35 kU/l.  179 

 180 

Fatty acid analysis 181 

Analysis of phospholipids was performed separating lipid fractions on a SEP-PAK 182 

aminopropyl cartridge (Waters Sverige AB, Sollentuna, Sweden) according to a method 183 



 9 

originally described by Kaluzny et al.(25). Samples were trans-methylated in methanolic- 184 

HCl-3N (VWR) at 80° C for 4 h.  The fatty acid methyl esters were separated by Agilent 185 

Technologies 6890N Network GC System gas chromatograph (Agilent Technologies, 186 

Stockholm, Sweden). C21:0 methyl ester (Larodan, Malmö, Sweden) was added as an 187 

internal standard and the fatty acid methyl esters were identified by comparing the 188 

retention times of the peaks with those of a known standard (Mixture Me 100, Larodan 189 

Fine Chemicals AB, Malmö, Sweden). The levels were expressed as mol% (13).  190 

 191 

Chemokine analyses in venous blood 192 

Venous blood was collected from the umbilical cord and at 3, 12 and 24 months. It was 193 

stored in -70°C as heparinized plasma until assessment. The chemokines CXCL10/IP10, 194 

CXCL11/I-TAC, CCL17/TARC and CCL22/MDC were analyzed with an in-house 195 

multiplexed Luminex assay. Before commencing the multiplexed assay, monoclonal 196 

capture antibodies were covalently coupled to carboxylated microspheres (Luminex 197 

Corporation, Austin, TX, USA). 5 µg antibody/106 microspheres of monoclonal anti-198 

human CXCL10 (clone 4D5, BD Biosciences, Stockholm, Sweden), CXCL11 (clone 199 

87328), CCL17 (clone 54026) and CCL22 (clone 57226, R&D Systems) antibodies were 200 

used.  2000 coupled microspheres of each number dissolved in 50µl PBS (Medicago AB) 201 

with 1% bovine serum albumin (BSA, Sigma-Aldrich, Stockholm, Sweden) were added 202 

to each well of a 1.2µm pore-size filter plate (Millipore multiscreen, Millipore 203 

Corporation, Bedford, USA). Recombinant human CXCL10, CXCL11, CCL17 and 204 

CCL22 (R&D Systems) were used as standards. 50 µl blank and diluted samples (final 205 

dilution 1:2) were also added to the microspheres and incubated over night at 4°C. After 206 
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2 washes, the microspheres were resuspended in 100 µl biotinylated anti-human CXCL10 207 

(1000 ng/ml, clone BD Biosciences, Stockholm, Sweden), CXCL11(500 ng/ml BAF320), 208 

CCL17 (500ng/ml, BAF364) and CCL22 (200ng/ml, BAF336) antibody (R&D Systems) 209 

solution. After a 1-h incubation, the microspheres were washed twice, resuspended and 210 

incubated in 100 µl of 1 µg/ml Streptavidin R-phycoerythrin conjugate (Molecular 211 

Probes, Eugene, USA) for 30 minutes. After 2 washes, the samples were analysed on a 212 

Luminex100 instrument (Biosource, Nivelles, Belgium) and the data were acquired using 213 

the StarStation 2.3 software (Applied cytometry systems, Sheffield, UK). The limit of 214 

detection was 6 pg/ml for CXCL10, 14 pg/ml for CXCL11, 2 pg/ml for CCL17 and 2 215 

pg/ml for CCL22. All samples were analysed in duplicates and the sample was 216 

reanalyzed if the coefficient of variance (CV) was > 15%. 217 

 218 

Measurements of vaccine specific antibody concentrations 219 

Venous blood was collected at 24 months and stored in -70°C as heparinized plasma or 220 

serum until assessment. High–binding ELISA plates (Costar 3590, Life Technologies, 221 

Täby, Sweden) were coated with 100 µL/well of 1 Lf/ml tetanus toxoid or 1 Lf/ml 222 

diphtheria toxoid (Statens Serum Institute, Copenhagen, Denmark), diluted in PBS. The 223 

plates were incubated overnight at room temperature and then blocked for 60 min in 224 

room temperature using 100 µL/well of 0.5% BSA in PBS. After washing with PBS-225 

Tween a standard curve was added (WHO international standard TE–3, 120 IU//ml or 226 

Diphteria antitoxin Human 00/496, both from the National Institute for Biological 227 

Standard and Control, Hertfordshire, UK) diluted in PBS–Tween in seven steps. 100 µL 228 

per well in duplicates was added of standard and samples and incubated for one hour in 229 
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room temperature. Serum IgG42 (Swedish Institute for Infectious Disease Control) was 230 

used as a control, diluted 1/3000. After washing, 100 µL/well of alkaline phosphatase 231 

conjugated mouse anti-human IgG antibodies (clone A-1543, Sigma-Aldrich) diluted in 232 

1:5000 in PBS was added and incubated for 1 h.  200 µL/well of FAST-pNPP substrate 233 

(Sigma-Aldrich) was added. After 30 min, the reaction was terminated by 100 µL NaOH. 234 

The optical densities were read at 405 nm in a VersaMax tunable microplate reader 235 

(Molecular Devices, Sunnyvale, CA, USA). The limits of detection were 16 mIU/ml for 236 

diphtheria and 78 mIU/ml for tetanus. 237 

 238 

Statistics 239 

The Student’s t-test and the chi-2 test were used for comparison of potential confounders 240 

between the placebo- and ω-3 supplemented groups. The Mann-Whitney U test was used 241 

to compare levels of non-parametric parameters (chemokines, anti-tetanus and anti-242 

diphtheria antibodies) between groups. Spearman’s correlation was used for correlation 243 

of non-parametric variables. Friedman’s test was used for analysis of repeated measures 244 

of CCL17. A p-value <0.05 was considered statistically significant. Statistical analyses 245 

were performed using SPSS software 15.0 for Windows (SPSS Inc, Chicago, Illinois, 246 

USA). 247 

 248 

Ethics 249 

An informed consent was obtained from both parents before inclusion. The Regional 250 

Ethics Committee for Human Research at Linköping University approved the study. 251 
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 252 

Results 253 

Chemokines 254 

Infants with IgE associated disease, during the first two years, had higher CCL17 255 

concentrations at 12 months than infants without allergic symptoms or sensitization. 256 

From birth to three months, the CCL17 levels declined significantly in the non-allergic 257 

group, while it seemed to be unchanged in the allergic group during the first year of life 258 

(Fig 1A). At three and twelve months of age, the CCL17 levels were significantly higher 259 

in the group of infants with eczema regardless of sensitization during the first two years 260 

compared to infants without eczema (Fig 1B). At three months, the CC17/CXCL11 ratio 261 

was also higher in the infants with eczema than without (0.22 (0.06-0.80) vs. 0.14 (0.03-262 

0.40, p<0.05). There were no significant differences in CCL17 levels or CCL17/CXCL11 263 

ratios between infants with food reactions (n= 17) or asthma (n = 10) regardless of 264 

sensitization and infants without allergic symptoms, data not shown (dns). No differences 265 

were detected in the levels of CXCL10, CXCL11 and CCL22 between non-allergic and 266 

allergic infants at any time point (dns).  267 

Throughout the follow-up the CXCL10, CXCL11, CCL17 or CCL22 levels were similar 268 

in the ω-3 group and the placebo group (Table 2). Maternal EPA and DHA proportions 269 

one week after delivery correlated to CXCL11 levels in the infant at 12 months (rho= 270 

0.28, and rho= 0.3, p<0.05 for both). However, no other correlations were found between 271 

the chemokines and maternal fatty acid status.  272 

In the group of infants whose mothers did not have a history of allergic symptoms (see 273 

Table 1 for n), infants with eczema or food reactions, regardless of sensitization, had 274 
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higher CCL17 levels and CCL17/CXCL11 ratios at 12 months compared to infants 275 

without eczema or food reactions during the first two years (CCL17: 71 (18-230) pg/ml 276 

vs. 27 (7-78) pg/ml and CCL17/CXCL11: 0.2 (0.1-1.0) vs. 0.1 (0.03-0.25, p <0.01 for 277 

both). Moreover, maternal ω-3 fatty acid supplementation was associated with lower 278 

levels of CCL17 at 12 months (ω-3: 27 (7-78) pg/ml vs. placebo: 71 (18-230) pg/ml, 279 

p<0.05) and lower ratios of CCL17/CXCL11 at 3 and 12 months (Fig 2) in the group of 280 

infants without, but not with, maternal heredity of allergy. Accordingly, the ratio of 281 

CCL17/CXCL11 at 12 months correlated inversely to maternal EPA and DHA status one 282 

week after delivery in the infants without, but not with a maternal history of allergy (Fig 283 

3).  284 

Within the group of infants without allergic symptoms or sensitization the CXCL11 285 

levels were higher in the ω-3 supplemented group than in the placebo group at birth and 286 

at 12 months (386 (141-770) pg/ml vs. 240 (28-652) pg/ml and 331 (133-728) pg/ml vs. 287 

274 (146-599) pg/ml p<0.05 for both), a difference that was not seen in the group of 288 

allergic infants. 289 

 290 

Vaccine induced immune responses 291 

Anti-tetanus and anti-diphtheria IgG levels were similar in the placebo and the ω-3 292 

groups (Table 2) regardless of maternal allergic history (dns) and in the infants with and 293 

without allergic disease (dns). In the group of infants without allergic symptoms or 294 

sensitization, the levels of anti-diphtheria IgG were higher in the ω-3 supplemented group 295 

compared to the placebo group and there was also a trend towards higher levels of anti-296 

tetanus IgG (Fig 4). There were no such findings in the group of allergic infants. 297 
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Discussion 298 

Development of allergic disease in infancy has been related to prolonged Th2-skewed 299 

immune responses towards foreign antigens (11). Now we report an association between 300 

IgE associated disease as well as symptoms of eczema during the first two years and 301 

elevated levels of the Th2 chemokine CCL17 and CCL17/CXCL11 ratios, supporting 302 

earlier findings of an altered Th2/Th1 immunological balance in the allergic child (2).  303 

CCL17 has been associated with allergic disease in several studies (3-5) but so has 304 

CCL22 (2, 4), an association that was not found in this study.  305 

Maternal ω-3 LCPUFA supplementation supposedly influences the infant immune system 306 

towards a balanced Th2/Th1 immune response in order to prevent allergic disease. 307 

Dunstan et al. found a consistent trend for attenuated infant Th1 (IFNγ), Th2 (IL-5, IL-308 

13) as well as IL-10 responses to allergens after omega- 3 supplementation of 89 atopic 309 

mothers during pregnancy (26). However, the neonates, whose mothers received fish oil, 310 

had significantly lower levels of circulating IL-13 in cord blood compared to the control 311 

group, which may reflect a subtle cytokine-shift favoring Th1 immunity (27). On the 312 

other hand, we did not see any effect of maternal ω-3 LCPUFA supplementation on 313 

chemokines when analyzing all infants, although high EPA and DHA concentrations very 314 

early in life were associated with high levels of the Th1 chemokine CXCL11 in the 315 

infant. Nevertheless, in infants of non-allergic mothers, ω-3 supplementation was 316 

associated with reduced levels of the Th2-related chemokine CCL17.  317 

Maternal ω-3 supplementation was not related either to higher IgG antibody levels 318 

against tetanus or diphtheria in all infants. Yet, when analysing non-allergic infants we 319 

found enhanced vaccine-induced immunity in the ω-3 supplemented group as compared 320 
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to the placebo group, suggesting Th1 enhancing properties of ω-3 LCPUFA in this 321 

particular group. One study in adults with 6 participants has indicated that the humoral 322 

response from B-cells, including the response to tetanus toxoid booster, is depressed after 323 

consumption of fish oil, 2.7-6 g daily for 6 weeks (28). Given the small sample size and 324 

that the study was performed in adults, those results might not be valid in our setting. Our 325 

results may corroborate the hypothesis that the ω-3 fatty acids skew the immune system 326 

towards more balanced Th2/Th1 responses (18) and thereby strengthen the antimicrobial 327 

response.  In line with this, Prescott et al. found an association between raised Th2 328 

response, i.e. serum IgE, and reduced responsiveness to DPT vaccination during infancy 329 

(29).  330 

In the group of infants whose mothers had no history of allergic disease, low 331 

CCL17/CXCL11 ratios were associated both with ω-3 fatty acid supplementation and 332 

decreased incidence of eczema or food reactions during the first year of life. This is 333 

consistent with the more pronounced effect in non-allergic than allergic mothers of ω-3 334 

supplementation on the prevention of allergy in the infants (12) and decreasing maternal 335 

PGE2 synthesis in pregnancy (13). Previously, atopy has been associated with a disturbed 336 

fatty acid metabolism in maternal blood (30) and  low ω-3 LCPUFA in mature breast 337 

milk (31). This is supported by reports that atopy has been linked to the same region in 338 

chromosome 11 as the genes FADS1 and FADS2, coding for the rate limiting LCPUFA 339 

desaturases Delta-5 desaturase  and  Delta-6 desaturase (32, 33) and influencing breast 340 

milk essential fatty acid composition and plasma phospholipid content during pregnancy 341 

(34). 342 
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 In this study, there were also raised vaccine induced responses and levels of the Th1 343 

chemokine CXCL11 in the ω-3 supplemented group compared to the placebo group 344 

within the non-allergic but not within the allergic infants. Hence, it seems that the allergic 345 

predisposition of both the infant and the mother modifies the effect of the ω-3 346 

supplementation in the infant. 347 

To our knowledge, this is the first study assessing circulating infant Th1 and Th2 348 

chemokines after ω-3 fatty acid supplementation during pregnancy and lactation in 349 

relation to allergic disease. The study was not originally designed to investigate the 350 

effects in the offspring of allergic and non-allergic mothers separately. Nevertheless, the 351 

statistically significant associations between ω-3 supplementation and a less Th2 352 

dominated immune response were found in infants whose mothers had no history of 353 

allergic disease. Interestingly in the group of non-allergic infants, more pronounced 354 

responses to vaccines were seen after ω-3 supplementation compared to placebo, which 355 

may also indicate a strengthened Th1 response. Our results may encourage future 356 

research, designed to explore this gene-by-environment interaction further and including 357 

genetic analyses.  358 
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Figure 1.  499 

Circulating CCL17 levels during infancy in relation to allergic disease. 500 

A. CCL17 levels in infants with IgE associated disease (white bars, n = 18, 12, 15, 17) 501 

and infants without allergic symptoms (eczema, food reaction, asthma or 502 

rhinoconjunctivitis) or sensitization (grey bars, n = 30, 16, 32, 27).  Between cord blood 503 

and 3 months the CCL17 levels decreased in the non-allergic group. At 12 months the 504 

non- allergic group had lower levels of CCL17 compared to the infants with IgE 505 

associated disease, *= p< 0.05, Mann-Whitney U test.  , **= p<0.01, Friedman´s test. 506 

B. CCL17 levels in infants with eczema regardless of sensitization (white bars, n= 17, 11, 507 

14, 16) and infants without eczema (grey bars, n = 54, 30, 46, 45) At 3 and 12 months the 508 

infants with eczema had higher CCL17 levels compared to the infants without eczema, * 509 

= p<0.05, Mann-Whitney U test. Bars show median, 10th and 90th percentiles. 510 

 511 

 Figure 2. 512 

CCL17/CXCL11 in infants whose mothers did not have a history of allergic symptoms. 513 

At 3 and 12 months the ω-3 group (filled dots) had lower CCL17/CXCL11 ratios 514 

compared to the placebo group (open squares), *= p <0.05, Mann-Whitney U test.  515 

 516 

Figure 3.  517 

Correlations between the CCL17/CXCL11 ratios at 12 months in the infants and maternal 518 

DHA (A) and EPA (B) proportions one week after delivery. Filled dots = no maternal 519 

history of allergic symptoms: A: rho = -0.507, p<0.05, B: rho = -0.546, p<0.05, Spearman 520 
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correlation. Open dots = maternal history of allergic symptoms (NS correlations for A 521 

and B). 522 

 523 

Figure 4. Vaccine induced responses in non-allergic infants at 24 months of age. Bars 524 

show median, 10th and 90th percentiles. The infants in the ω-3 group (n=22) had higher 525 

anti-tetanus (A) and anti-diphtheria  (B) titres compared to the placebo group (n=20), *= 526 

p=0.05, **= p=0.01, Mann-Whitney U test. 527 

  528 

 529 



Table 1. Number of infants with available chemokine data (A) and data on vaccine induced responses (B) in the subgroups of infants with and without maternal history of 

allergic disease and with or without IgE associated disease up to two years of age. 

 
 

Cord blood 3m 12m                      24m 

  ω-3 placebo  ω-3 placebo  ω-3 placebo  ω-3 placebo  

 
 

n (%) n‡ (%) p§ 
 

n (%) 
 

n (%) p§ n (%) n (%) p§ n (%) n (%) p§ 
A Infants of allergic mothers¶ 23/32 (72) 27/40 (68) 

NS 
 

15/22 (68) 12/20 (60) 
NS 

 

21/30 (70) 22/31 (71) 
NS 

 

23/31(74) 18/30 (60) NS 
 Infants of non-allergic mothers‡ 9/32 (28) 13/40 (32) 7/22 (32) 8/20 (40) 9/30 (30) 9/31 (29) 8/31 (26) 12/30 (40) 

 Infants with IgE associated 
disease † 

5/18 (28) 13/30 (43)  
NS 

 

3/12 (25) 9/16 (56)  
NS 

 

5/18 (28) 10/29 (34)  
NS 

 

6/20 (30) 11/24 (46) 
NS 

 Non-allergic infants || 13/18 (72) 17/30(57) 9/12 (75) 7/16 (44) 13/18 (72) 19/29 (65) 14/20 (70) 13/24 (54) 

B Infants of allergic mothers¶                  31/45 (67) 29/49 (59) 
  NS 

 Infants of non-allergic mothers‡          14/45 (31) 20/49 (41) 

 Infants with IgE associated 
disease †          5/27 (18) 17/37 (46) 

   * 
 Non-allergic infants ||          22/27 (82) 20/37 (54) 

 
§= Chi-2 test, ¶= Mothers with a history of allergic symptoms, ‡= mothers with no history of allergic symptoms, †=children with asthma, eczema, food reactions or 

rhinoconjunctivitis AND sensitization. || = Children with no allergic symptoms or sensitisation. Some children were not categorized because of sensitisation without 

symptoms or vice versa, NS= not significant, *=p<0.05 

 

 

 

 



Table 2. Chemokine levels and vaccine induced IgG titres in the infants whose mothers were randomized to ω-3 supplementation or placebo from gestational  

week 25 until 3.5 months after delivery. 

 Cord blood 3m 12m 24m 

 ω-3 placebo  ω-3 placebo  ω-3 placebo  ω-3 placebo  
 median range median range p†  median range median range p†  median range median range  p† median range median range p† 

CXCL10 (pg/ml) 21 11-78 21 9-79 NS 63 32-127 46 24-256 NS 59 26-325 73 17-217 NS 57 30-217 60 4-72 NS 

CXCL11 (pg/ml) 387 17-770 294 28-901 NS 242 13-60 218 93-1068 NS 289 134-1110 320 6-600 NS 296 146-914 254 25-207 NS 

CCL22 (pg/ml) 131 11-282 122 7-573 NS 288 139-596 327 118-724 NS 207 14-376 183 34-576 NS 168 42-343 149 130-948 NS 

CCL17 (pg/ml) 99 17-500 87 11-485 NS 37 11-292 57 10-183 NS 31 1-181 43 7-230 NS 30 3-133 25 22-382 NS 

Anti-tetanus IgG (mIU/L)                            1024 285-6215 910 106-7071 NS 

Anti-diphteria IgG (mIU/L)                            262 8-2335 191 8-2066 0.066 

 

†= Mann-Whitney-U test, NS= not significant 
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