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Abstract 

Background. Understanding the reason for the decrease in atopic dermatitis risk in preterm 

patients may be crucial for the development of prophylaxis and therapeutic measures. The 

hypotheses include a change in T-helper1/T-helper2/T-helper17 balance, thymus development, 

and intestinal colonization. This study was designed to compare these parameters between 

preterm and term patients.  

Methods. The investigated population comprised 28 preterm and 19 term-born patients. On the 

7th day of life, T-helper1/T-helper2/T-helper17 cytokine concentrations were assessed, thymus 

ultrasonographic examination was performed, and the stool was examined for the presence of 

pathogenic bacteria. The last two procedures were repeated at 37 weeks of post-menstrual age 

in the preterm group. 

Results. There were no significant differences in the concentrations of interferon-γ, tumour 

necrosis factor-α (TNFα), interleukin (IL)-2, IL-6, or IL-10 after mitogen stimulation between 

the preterm and term groups. A negative correlation was found between IL-2 and the week of 

gestation at birth (rs= -0.466, p=0.038) and thymus/weight ratio and week of gestation at birth 

(rs= -0.592, p=0.006). IL-6 was negatively correlated with birth weight in preterm group (rs -

0.694, p=0.008), whereas IL-10 positively with birth weight in term group (rs 0.775, p=0.041). 

Correlations of other investigated cytokines were statistically insignificant. The levels of IL-2 

and interferon-γ after phytohemagglutinin stimulation were greater in the subgroup with 

pathogenic bacteria in the stool at birth (381.38 (148.7-727.4) vs. 13.23 (7.98-197.8) pg/ml; M
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p=0.049; 17.49 (6.53-30.54) vs. 3.37 (1.03-9.82) pg/ml; p=0.037), whereas no significant 

differences were found between the levels of IL-6, IL-10 or TNFα. 

Conclusions. The observed associations may indicate an altered pattern of immunological 

development in preterm and term children. 
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Introduction 

Preterm neonates are a group of patients with a great risk of life-long morbidities and 

complications (1, 2). Interestingly, there is a group of conditions for which prematurity is a 

protective factor—atopic diseases. Allergic rhinitis, food allergies, and especially atopic 

dermatitis (AD) were recently proven in the literature to more frequently affect term-born 

babies (3, 4). Understanding the decrease in AD risk in preterm patients may be crucial for 

understanding the pathophysiology of all ADs and, at the same time, serve as a valuable asset 

in the development of prophylaxis and therapeutic measures. 

One of the proposed hypotheses, explaining the decrease in AD frequency in preterm patients 

says, that this phenomenon may be a result of a shorter time of exposure to Th2 cytokines during 

pregnancy (3, 5). What is more, a greater thymus size in preterm children may play a role, due 

to changes in the balance of thymic cell populations in favour of Th1 cells (6, 7). T helper 17 

(Th17) cell activity may also be important, as the cytokine interleukin 17A (IL-17A) is involved 

in the inflammatory process in older patients with AD (8). Moreover, the microbiota of the 

gastrointestinal (GI) tract is different between preterm-born patients and term-born patients and 

may influence the permeability of the intestinal wall and reactions to allergens (9).  

 

2. Materials and methods 

2.1 Study population 

This prospective, observational study was conducted in the tertiary referral neonatal intensive 

care unit (NICU) of a paediatric hospital. Forty-seven patients were categorized into two groups 

according to gestational age (GA): preterm (born at <370 weeks of gestation) and term (born at 

370 weeks of gestation or later) (Figure 1). All children with intrauterine growth retardation 

(IUGR), early-onset sepsis, intrauterine infection, serious life-threatening inborn defects, a 

family history of immunodeficiency, or severe birth asphyxia (defined as an Apgar score < 5 

points, 5 minutes after birth) were excluded from the study. Based on the literature review, the 
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minimum total sample size was estimated to be 24, assuming a statistical power of 80%, a 

significance level of 0.05, and a minimum difference in the thymic index (Ti) of 3 cm3 or the 

IL-10 concentration after phytohemagglutinin (PHA) stimulation of 100 pg/ml between the 

groups (10-14). The minimum differences were estimated by the authors, taking into account 

the outcomes presented in other publications (10-14), so that the research could show the 

change in size of thymus or cytokine level, that are of real clinical significance, a possible sign 

of altered immunological development and may play a role in development of AD or other 

allergic diseases in the future. 

 
2.2 Study design 
All the legal guardians of the patients completed a questionnaire about their atopic history in 

the family and about the environmental factors that could impact the atopic risk of the baby. 

Data about pregnancy, birth, and NICU stay, especially concerning the type of feeding, 

antibiotic therapy, and infections, were collected from the medical documentation. On the 7th 

day of life in both groups, blood was collected for the assessment of Th1, Th2, and Th17 

cytokine levels. At the same time, a thymus ultrasonographic examination was performed, and 

the stool was examined for the presence of pathogenic bacteria. The last two procedures were 

repeated at 37 weeks of postmenstrual age (PMA) in the preterm group. The 7th day of life was 

chosen because at this time, neonatological patients are usually in more stable condition, and 

additional blood donation for immunological tests is safer for them. 

 

2.3 Th1/Th2/Th17 cytokine profile measurements 

Blood samples for the research tests were taken simultaneously with medically necessitated 

diagnostic blood samples from patients in both groups on the 7th day of life by a trained nurse 

and collected in tubes with ethylenediaminetetraacetic acid (EDTA). Blood samples were 

divided into 3 plates. To stimulate the production of cytokines in the cells outside of an 

organism, the former three samples of full blood were incubated for 24 h at 37°C as follows: 1) 

without mitogens (control); 2) with mitogen phytohemagglutinin; and 3) with mitogen 

concanavalin A (Con A). The cell-free liquid collected over the residue was stored at -80°C 

until analysis. A BD CBA Human Th1/Th2/Th17 Cytokine Kit (15) was used to measure the 

IL-2, IL-4, IL-6, IL-10, IFN-γ, TNFα, and IL-17A protein concentrations in a single sample. 

The CBA test involves the capture of a soluble protein by beads of known size and fluorescence 

conjugated with specific antibodies. The detection of different proteins was possible by using 

conjugated antibodies, whose fluorescence is proportional to the amount of bound protein. Flow 
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cytometry was used to identify particles with specific fluorescence. Finally, an FCS file for each 

sample was created and exported. Each sample was analysed using the FCAP Array program. 

 
2.4 Thymus ultrasonographic measurements 

On the 7th day of life, ultrasonographic measurement of the thymus was performed by a trained 

sonographer with a Hitachi-Aloka Arietta v70 (Hitachi, Tokyo, Japan) scanner and a linear 

probe of 12–5 MHz. The size of the thymus was assessed using the thymic index (16), i.e., the 

longest transverse dimension multiplied by the area of the sagittal cross-section of the larger 

lobe. Sonographic examination was performed twice by one sonographer on the same day. The 

procedure was repeated in the preterm group at 37 weeks PMA. To assess the thymus size-to-

weight ratio, the thymus/weight index (cm3/kg) (TWi) was calculated by dividing Ti by weight. 

 

2.5 Stool bacterial examination 

During the first week of life, stool samples were collected from the patients for bacterial 

examination. Samples were collected immediately after defecation from a clean diaper using a 

sterile container and spatula and routinely plated onto various selective and differential media 

(substances designed to support the growth of microorganisms through the process of cell 

proliferation), including selenite broth, MacConkey agar, blood agar, cetrimide agar, 

chromogenic agar, and Wilson Blair agar. All media were incubated at 36°C for 24 h. The 

colonies were further analysed with an automated system of detection or with manual 

identification tables. The bacterial analysis of the stool was repeated in the preterm group at 37 

weeks PMA. Pathogenic stool colonization was defined as the presence of bacteria that are not 

a component of normal intestine microflora of a healthy neonate: alert, drug resistant pathogens 

(for example Gram negative extended-spectrum beta-lactamases (ESBL) (+) rod-shaped 

bacteria, Gram negative Klebsiella pneumoniae carbapenemase (KPC) (+) rod-shaped bacteria, 

Gram negative Metallo-β-lactamase (MBL) (+) rod-shaped bacteria, Gram negative OXA-48 

carbapenemase (+) rod-shaped bacteria, Vancomycin-resistant Enterococcus, methicillin-

resistant Staphylococcus aureus) or typical hospital-acquired bacterial infection bacteria (for 

example Klebsiella oxytoca, Enterococcus faecium, Pseudomonas aeruginosa) in the probe.  

 

2.6 Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics software, version 29.0.0.0 (241), 

and G*Power, version 3.1.9.6. The results are presented as descriptive statistics, such as median 

values with interquartile ranges (IQRs) or mean values with standard deviations (SDs) for 
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continuous variables and numbers with percentages for categorical variables. Statistical 

significance was set at a p value of <0.05. The Shapiro–Wilk test was used to confirm the 

normal distribution of continuous variables. The groups were compared using the Chi-square 

test, Fisher's exact test, independent samples t test, or Mann‒Whitney U test, Wilcoxon signed-

rank test and McNemara test. Correlations between the values were calculated using 

Spearman’s rank correlation coefficient (rs). The sonographic data were analysed for 

intraobserver agreement using Kendall’s coefficient of concordance (Kendall’s W). 

 
2.7 Ethical approval 

Written, informed, formal consent was obtained from all the legal guardians of the patients. The 

study was performed following the tenets of the Helsinki Declaration and was approved by the 

Ethics Committee of the local university. 

 

3. Results 

 

3.1 Study population 

The investigated population comprised 28 preterm and 19 term-born patients. The 

characteristics of the cohorts are shown in Table I. The most common reason for hospitalization 

in both groups was respiratory failure: 89% in the preterm and 58% in the term group.  

 
3.2 Th1/Th2/Th17 cytokines 

Blood samples for Th1/Th2/Th17 cytokine profile measurements were taken on the 7th day of 

life in both groups. The number of patients with cytokine results differed from that of the whole 

group due to technical problems with sample obtainment or volume. The production of 

cytokines was analysed in three ways for every patient: in a sample without mitogens (control), 

incubated with mitogen phytohemagglutinin and incubated with the mitogen concanavalin A. 

The levels of all cytokines in the control samples were below the detection limits (our own, 

unpublished data). Therefore, it was not possible to properly interpret and draw conclusions 

from these data and they were omitted from the analysis. After stimulation with PHA and Con 

A, the concentrations of IFNγ, TNFα, IL-2, IL-6, and IL-10 were much greater than the 

detection levels. However, we still did not observe significant production of IL-17A or IL-4. 

There were no statistically significant differences in the concentrations of IFNγ, TNFα, IL-2, 

IL-6, or IL-10 after PHA or Con A stimulation between the preterm and term groups (Figure 2). M
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In the whole study population, significant correlations were found between IL-2 level and the 

week of gestation at birth (rs -0.466, p=0.038). This result is shown on Figure 3 – the lower the 

gestational age, the higher the concentration of interleukin 2. Rs -0.466 points to the relatively 

strong effect size of the correlation.  Furthermore, we showed that IL-6 was negatively 

correlated with birth weight in preterm group (rs -0.694, p=0.008), whereas IL-10 positively 

with birth weight in term group (rs 0.775, p=0.041). On the basis of rs values we can state that 

both these associations present a strong effect size. Taking into account low values of p and not 

a very large research group, all these correlations have a great chance to be clinically 

meaningful, what is discussed below.  

 
 
3.3 Thymic index and thymus/weight index 

A high level of intraobserver agreement in ultrasonographic measurements was confirmed 

using Kendall's W (W=0,95). The study showed no significant difference in the thymic indices 

between the groups in the first week of life and at 37 weeks of postmenstrual age. However, 

when we compared the thymic indices in the preterm group in the first week of life and at 37 

weeks postmenstrual age, the study revealed significant thymus growth with age (Table II, 

Figure 3). The TWi was significantly greater in the preterm group at birth (Figure 3). Week of 

gestation was significantly correlated with TWi at birth (Figure 3) in the whole study population 

(p=0.006), with a relatively strong effect size rs=(-0.548). In the term group, Ti at birth was 

negatively and also strongly correlated with Hbd (rs=-0.78, p=0.039).  

 
3.4 Bacteriological stool examination 

In the first week of life, pathogenic bacterial colonization of the gastrointestinal tract was 

present in 25% of preterm patients and 44.4% of term patients. No statistically significant 

difference was found between the groups. Nevertheless, when we compared both groups at 37 

weeks postmenstrual age, we found that pathogenic colonization was more common in preterm 

infants (Table III). After dividing the population according to the presence of pathogenic 

bacteria in the stool at birth and at 37 PMA, we compared the cytokine levels in both groups. 

We found that the levels of IL-2 and IFNγ after PHA stimulation were greater in the group with 

pathogenic stool colonization at birth. There were no statistically significant differences 

between the levels of IL-6, IL-10 or TNFα. The size of the research group was too small to 

determine the influence of a specific microbe on cytokine levels. There were no significant 

differences in thymus size between the groups with pathogenic and non-pathogenic intestinal 

colonization. 
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4. Discussion 

 

In our study, we observed a significant, relatively strong, inverse correlation between the IL-2 

concentration and gestational age at birth. IL-2 is a cytokine with multiple functions in the 

human immune system, and its activity is closely connected with T-cell activity. IL-2 promotes 

Th1 differentiation via various metabolic and genetic pathways (17). Importantly, IL-2 also 

seems to downregulate, through the STAT5 pathway, the differentiation and function of Th17 

cells as well as the expression of IL-17 (17,18). Both of the abovementioned factors are 

associated with skin inflammation in atopic dermatitis (8). Thus, by promoting Th1 bias and 

reducing the activity of Th17 cells, IL-2 could reduce the risk of AD development in preterm 

infants, but this hypothesis needs further research. Moreover, it has been proven in the recent 

literature that a crucial function of IL-2 is controlling the immune response by maintaining the 

regulatory T cells  and protecting the organism against autoimmunity (19). From the practical, 

clinical point of view, it has been lately reported that a new medication, T cell-selective IL-2 

receptor agonist – rezpegaldesleukin, is currently tested in clinical trials (20). On the other hand, 

it was shown that IL-2 signalling is also crucial for the development of Th2-type atopic 

reactions because it promotes the expression and function of IL-4. IL-2 enhances the 

accessibility of the IL-4 locus and promotes the transcription of the IL4RA gene (21). However, 

we hypothesize that this effect could be reduced in the smallest preterm infants by a higher 

concentration of IL-6, which is associated with frequent infections in this group. In our study 

in the preterm group, birth weight was negatively correlated with IL-6, and Bachus et al. 

showed that IL-6 promotes SOCS3-dependent suppression of IL-2 signalling and, in this way, 

reduces Th2 cell polarization (22). 

 

We found no significant differences in the concentrations of Th1 and Th2 cytokines between 

the groups. Similarly, Frezza et al. (23) did not observe a significant difference in IFNγ levels 

after PHA stimulation between preterm and term children. However, the basal levels of IFNγ 

were greater in preterm infants, and after stimulation, the IFNγ concentration increased only in 

the term group. Furthermore, in a study by Matoba et al. (24), preterm and term groups did not 

differ in terms of IL-6, IFNγ, or TNFα levels in cord blood, but the concentrations of IL-2, IL-

4, and IL-10 were greater in preterm infants. Importantly, these above-mentioned two studies 

were carried out on cord blood, not on peripheral blood of the newborn, what may be one of 

the reasons for discrepancy in results. What is more, in the research by Matoba et. al. (24), the 
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preterm group included also term-born children, but with birth weight <2500g.  In contrast to 

our findings, Lusyati et al. (25) reported lower levels of IL-2, IL-6, IL-10, IFNγ and TNFα in 

preterm patients than in term patients. However, the exclusion criteria of this study were less 

strict than ours and the preterm group comprised only children with gestational age 30 weeks 

or more. The level of cytokines was also assessed without mitogen stimulation. These factors 

could have had impact on getting different results.  

 

In our study, in the term group, birth weight was positively associated with the IL-10 level. This 

finding is in agreement with studies that showed an increased risk of AD in children with greater 

birth weights or who were born post-term (5, 26, 27), as IL-10 is widely correlated with atopy 

and Th2 responses in the literature (21). 

 

The thymus is an important organ responsible for T-cell maturation and for the development of 

the immune system (28). The thymus and its size are also widely described as indicators of 

foetal and neonatal growth and general well-being (29), as high levels of the stress hormone 

cortisol and infection induce its involution (30, 31). Ngom et al. reported that differences in 

thymic size were also reflected in changes in thymocyte output as assessed by measuring signal-

joint T-cell receptor–rearrangement excision circles (32). This may point to a direct connection 

between thymus size and function. Godfrey et al. and Barbarot et al. suggested that changes in 

thymus growth in the foetal and neonatal periods may be connected to the risk of atopy, 

especially atopic dermatitis, which affects the Th1/Th2 balance in the organism (6, 7). In line 

with that finding, Thyssen et al. demonstrated a lower risk of AD in children after thymectomy 

(33). From comparisons of TWi in the present study, we observed that preterm patients have a 

relatively larger thymus at birth than at term birth. Moreover, the week of gestation was 

negatively correlated with the TWi at birth. There was no difference in the sheer thymic index 

between the groups. A possible explanation for the observed tendency is that the thymus grows 

constantly and proportionately to weight and gestational age in foetal life and immediately after 

birth in both preterm and term babies. This was already shown in the literature (11, 12) and our 

study (Table II). However, it seems that the thymus in preterm infants is relatively larger, and 

hence, there was no difference in its size immediately after birth between the groups. This may 

be due to an altered immunological milieu during pregnancy that favours prematurity, but this 

hypothesis needs further investigation. In contrast to our study, Eriksen et al. reported lower Ti 

and TWi in low birth weight (LBW) children than in normal-birth-weight children (34). 

However, the study was conducted in a developing country, had much less restrictive exclusion 
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criteria and included only 16% of premature infants in the LBW group, which indicates that 

IUGR strongly influenced the results.  

 

Microbiological colonization of the gastrointestinal tract in preterm infants varies greatly from 

that in term infants and is vital for multiple immunological processes (35, 36). It was shown 

that preterms in most cases present a state of gut dysbacteriosis. In comparison with term born 

children, in their intestine there is lower bacterial diversity, with abundant Proteobacteria (for 

example Enterobacteriaceae, Escherichia coli, Shigella, Klebsiella), but scarce Actinobacteria, 

and Bacteroides. Colonization with Bifidobacterium is delayed. The reason for such a state lays 

in many fields, for example delivery mode,  chorioamnionitis and strains causing it, way of 

feeding, degree of prematurity, antibiotics, length of NICU stay (35). Many authors suggest that 

an abnormal microbiome in preterm infants is connected with a proinflammatory state, probably 

due to a discrepancy in cross-talk between the gut microbiota and immune system (36, 37). 

They hypothesize that state of dysbiosis stimulates microorganism associated molecular 

patterns (MAMPs) to induce pro-inflammatory cytokines expression, and subsequent Th1and 

Th17 bias, proinflammatory impact of IL-12, IFN-γ, TNFα, IL-17, increased neutrophil 

recruitment, IgG production and in the end protection against pathogens, but also inadequate 

inflammation - necrotizing enterocolitis (NEC), late onset sepsis (LONS), autoimmune and 

allergic diseases (37). What is more, NEC in the literature is usually associated with reduced 

diversity and one pathogen domination, as well as with abundance of Proteobacteria (35). A 

few studies identified one specific pathogen possibly responsible for NEC pathogenesis – 

Enterobacteriaceae group (38) or Clostridium perfringens (39). LONS is also associated with 

dysbiosis – abundant Proteobacteria, Firmicutes and reduced Bifidobacteria were found in the 

gut of the premature children just before LONS diagnosis (40). The evidence for the association 

of microbiota with inflammation in preterms is strong, but the mechanism of specific bacterial 

strains or patterns of colonisation have not been fully clarified yet. In line with these findings, 

in our study, we found a higher concentration of proinflammatory cytokines, IL-2 and IFNγ, in 

children with pathogenic colonization of stool at birth. Together, these cytokines may contribute 

to the Th1 response, which may be the beginning of the disruption of gut colonization. Further 

observation in a longitudinal study with follow up is needed to combine the findings with 

clinical implications.  

 

This study is the first part of a research project that also involves a follow-up in the second year 

of life, with the repetition of the abovementioned tests and verification of the presence and 
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intensity of atopic dermatitis, shown in the future publications. The main strength of the study 

is the comprehensive prospective analysis of neonatal factors that may impact the development 

of AD, combining both immunological and microbiological assessments. The other advantage 

is the methodology of cytokine measurement involving ex vivo cell stimulation in full blood 

samples, which ensures that most of the results are much above the detection level. The main 

limitation is that the study does not conclude about the connection of thymus size and cytokines 

with atopic dermatitis. However, the authors mention atopic dermatitis in the article to explain 

the main point and underline the future direction of undertaken research project. The other 

limitation is small sample size, but as mentioned above, it is sufficient to show assumed 

differences in the investigated parameters. With a greater number of patients, it could be 

demonstrated that cytokine levels differ slightly between the groups. However, these small 

differences likely have limited clinical implications. The next limitations are relatively high 

morbidity in term patients and microbiological assessment performed by stool culture instead 

of more precise molecular tests.  

 

There are several main conclusions that can be stated on the basis of the presented results. There 

was a significant inverse correlation between the IL-2 concentration and gestational age at birth. 

We found no significant differences in the concentrations of Th1 or Th2 cytokines between the 

preterm and term groups. In term-born children, birth weight is positively associated with the 

IL-10 level. The TWi is greater at birth in preterm patients than in term patients. The levels of 

IL-2 and IFNγ are greater in children with pathogenic stool colonization at birth than in those 

with non-pathogenic stool colonization. 

 

As the nature of the study was exploratory, the authors cannot yet draw conclusions about the 

impact of the obtained results on the further health and disease history of premature and full-

term infants. However, these findings, showing the clear immunological differences between 

the groups, open the field for further longitudinal research. It is advisable for further studies to 

analyze these parameters and their connection with development of AD and other allergic 

diseases in a follow-up in the next years of childhood, what may lead to establishing new early-

life markers of future AD. The existence of such markers would allow for earlier prevention 

and treatment of atopic dermatitis. Perhaps showing new pathophysiological mechanisms could 

also one day be a target for new AD medications.  
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Figure 1. Study design 

 

Figure 2. Levels of IFN-γ, TNF-α, IL-2, IL-4, IL-6 and IL-10 in the preterm and term groups 

 

NS, non-significant 
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Figure 3. Correlation of IL-2 PHA, thymus/weight index and week of gestation. Comparison of the thymic 

indices and thymus weight indices between the study groups 

 

Rs, Spearman's rank correlation coefficient 
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Table I. Characteristics of the studied population. 
Data are presented as medians (Q1-Q3) or means (SD) for continuous variables and % (n) for categorical 
variables. Statistical tests used for analysis are presented below: 
a Chi-squared test 
b Mann-Whitney U test 
c Fisher’s exact test 
d Independent samples t-Test 
Household distance from high-velocity road was standardized in grades 1-4, where 1: <10m, 2:10-200 m, 3: 
200m-1km, 4: >1 km).  Household dust mites presence was standardized in grades 1-6 accordingly to the 
frequency of household dust cleaning, where 1: every day, 2: every 2 days, 3: every 3 days, 4: once per week, 5: 
2-3 times per month, 6: once per month or less. Pregnancy emotional stress intensity was assessed subjectively 
by the mother in grades 1-10, where 1: no stress, 10: the greatest imaginable stress. 
 
Cohort 
characteristics 

Preterm n=28 Term n=19 p-value 

Female sex, % (n) 25.0 (7) 63.2 (12) 0.009a 
Gestational age 
[weeks], median 
(Q1-Q3) 

32 (30-33) 38 (37-41) <0.001b 

Cesarian section, % 
(n) 

75 (21) 73 (14) 1.0c 

Birth weight [g], 
mean, (SD) 

1905 (639) 3321 (549) <0,001d 

Apgar score 1 min 
[points], median 
(Q1-Q3) 

7 (5,25-7,75) 9 (7-10) 0,001b 

Antibiotic therapy 
[days], median (Q1-
Q3) 

8.5 (4.25-12) 7 (4-9) 0,112b 

Parenteral nutrition 
[days], median (Q1-
Q3) 

7 (4-12.5) 2 (0-6) <0,001b 

Breast milk feeding 
in NICU, % (n) 

96 (27) 89 (17) 0.557c 

Length of stay in 
NICU [days], 
median (Q1-Q3) 

24 (18.25-50) 16 (9-20) <0,001b 

Respiratory failure, 
% (n)  

85.7 (24) 52.6 (10) 0.013a 

Sepsis, % (n)  21.4 (6) 0 (0) 0.068c 
Pneumonia, % (n) 14.3 (4) 36.8 (7) 0.091c 
Presence of 
Staphylococcus in 
microbiological 
culture, % (n)   

39.3 (11) 15.8 (3) 0.084a 

Blood eosinophils in 
the first week of life 

0.4 (0.225-0.7) 0.6 (0.3-0.8) 0.316b M
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[103/ul], median 
(Q1-Q3) 
Blood hemoglobin in 
the first week of life 
[g/dl], mean (SD) 

12.55 (2.39) 14.62 (2.49) 0.006d 

Household distance 
from high-velocity 
road [grades 1-4], 
median (Q1-Q3) 

3 (2-4) 3 (2-3) 0.400b 

Household dust 
mites presence 
[grades 1-6], median 
(Q1-Q3) 

4 (2.75-4) 3 (2-4) 0.104b 

Any household 
furred pet presence, 
% (n) 

42.9 (12) 36.8 (7) 0.767a 

Smoking person 
present in the 
household, % (n) 

35.7 (10) 15.8 (3) 0.134a 

Parental atopic 
dermatitis, % (n) 

3.6 (1) 5.3 (1) 1.0c 

Parental allergic 
diseases other than 
AD, % (n) 

42.9 (12) 26.3 (5) 0.247a 

Siblings with AD, % 
(n) 

3.6 (1) 10.5 (2) 0.557c 
 

Siblings with 
allergic diseases 
other than AD, % (n) 

7.1 (2) 5.3 (1) 1.0c 

Pregnancy emotional 
stress intensity  
[grades 1-10], 
median (Q1-Q3) 

5 (3-7) 6 (4-7) 0.821b 
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Table II. Comparison of the thymic index and thymus/weight index in both study groups 
a Mann-Whitney U test 
b Independent samples t-Test 
c Wilcoxon signed-rank test  
rs – Spearman’s rank correlation coefficient  
* Between I and II 
** Between I and III 
*** Between II and III 
 

 I. Preterm  
The first week 

of life 
n=20 

II. Preterm  
37 weeks PMA 

n=10 

III. Term  
The first week 

of life 
n=14 

p-value 

Thymic index (cm3) 
The first week of life  

median (Q1-Q3) 
 

 
8.2 (6.5-10.5) 

 

 
11.5 (9.3-12.4) 
 

 
10.9 (9.4-14.9) 

0.028 *c 
0.086 **b 

0.796 ***a 

Thymus/weight 
index (cm3/kg) 

The first week of life  

mean (SD) 

 
4.9 (+/-1.4) 

 

 
4.71 (+/-1.49) 

 

 
3.8 (+/-1.8) 

 

0.878 *c 
0.047 **b 

0.122 ***a 
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