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ABSTRACT

Aim of the study: The evaluation of serum vaspin concentration (SVC) in full-term, appropriate for gestational 
age (AGA) neonates, according to their sex, gestational age, anthropometric parameters, type of delivery, birth 
asphyxia, and kind of infection.
Material and methods: In 183 full-term neonates, 102 infected and 81 healthy, 108 male and 75 female,  
119 born vaginally and 64 by caesarean section, SVC was measured in serum of peripheral venous blood by 
ELISA test between the third and seventh day of life. The study was approved by the Ethics Committee of the 
Medical University of Silesia in Katowice. The neonates were divided into two groups: group I – 102 infected; 
and group II (control) – 81 healthy full-term neonates from physiological pregnancies. Early-onset infection 
involved sepsis (24 cases), bilateral pneumonia (38 cases), urinary tract infection (24 cases), purulent omph-
alitis, dermatitis, purulent meningitis, and osteomyelitis.
Results: In infected neonates the SVC ranged from 0.093 to 1.19 ng/ml, and in the control group from 0.018 
to 0.580 ng/ml. It was stated that infected neonates have significantly (p < 0.002) higher SVC than healthy 
neonates. Septic neonates had the highest value, significantly higher than local infected neonates. We did not 
observe any differences between infected males and females, or between those born by caesarean section and 
those delivered vaginally. Healthy girls had significantly higher SVC than the healthy boys. No correlation was 
noted between SVC and anthropometric parameters in both healthy and infected neonates and between sex, 
birth asphyxia, and C-reactive protein value in infected babies.
Conclusions: Early-onset infections, especially sepsis, increase SVC in full-term, AGA neonates independently 
of their sex, birth asphyxia, and type of delivery.
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INTRODUCTION

Despite broad international efforts, neonatal infec-
tions, even in developed countries, remain the leading 
cause of mortality. In 2015, one million neonates died of 

infection globally. Neonatal sepsis accounts for about 15% 
of all infant deaths in the United States and 25% of infant 
mortality worldwide [1, 2]. Neonatal sepsis can be diffi-
cult to diagnose and is often fatal if not promptly treated 
with antibiotics. Maternal infections, and environmental 
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and infant factors influence the acquisition of bacterial 
and viral infections in the perinatal and neonatal peri-
od [3]. The clinical manifestations range from subclini-
cal infection to severe signs of focal or systemic disease 
[4]. The lack of accurate diagnostic markers during the 
early neonatal period, immunological immaturity, and 
several sociodemographic disparities are the main caus-
es of mortality [3, 5–7]. The incidence of infections (in 
30 neonatology units in United Kingdom) was 6.1/1000 
live birth [8]. In southern Brazil among 745 deaths, 229 
(30.7%) had sepsis, with a neonatal mortality coefficient 
of 7.5/1000 live birth. Sepsis was involved in 2.3 deaths 
per 1000 live births [9]. 

In recent years some authors have emphasised the sig-
nificance of endocrinological disorders in severely infect-
ed newborns – mainly the effect of early-onset infections 
on the increase of serum adiponectin, apelin, leptin, and 
resistin concentrations in eutrophic full-term neonates 
[10–13]. Moreover, congenital pneumonia, regardless 
of sex and birth asphyxia of neonates, increased serum 
vaspin concentration (SVC) [14]. 

Vaspin (visceral adipose tissue-derived serpin) con-
sisted of 395 amino acids, encoded by the OL-64 gene on 
the long branch of chromosome 14, is one of endocrine 
factors influencing foetal and neonatal development [15–
17]. The vaspin expression was detected in visceral and 
white subcutaneous adipose tissue, mucous membranes 
in the stomach, liver, pancreas, and cerebrospinal fluid 
[18, 19]. This adipokine is a significant prognostic mark-
er of major adverse cardiac events in patients with acute 
myocardial infarction [20]. Higher SVC was determined 
in obese children with metabolic syndrome and signifi-
cantly correlated with high C-reactive protein (CRP) 
values [21]. Circulating vaspin strongly correlates with 
serum lipid profiles in humans, mainly with triacylglyc-
erol, apolipoprotein A1, and low-density lipoprotein cho-
lesterol [22]. Some authors emphasise sexual dimorphism 
of SVC in adults and children. They show that sex is an 
independent predictor of circulating vaspin in diabetic, 
obese, and nondiabetic patients, SVC increases with sex-
ual maturation in girls, vaspin secretion is conditioned by 
nutrition status, and there is significantly higher SVC in 
female teenagers with anorexia nervosa than in healthy 
girls and lower in girls with Turner syndrome [23–25]. 
SVC in children with chronic kidney disease is signifi-
cantly lower than in healthy children [26]. This hormone 
may be a potential novel biomarker for the prediction and 
early diagnosis of gestational diabetes [27]. A negative 
association between glucose and cord blood vaspin was 
found, as well as the predictive nature of glucose levels on 
vaspin levels, suggesting that vaspin can be used as a pre-
dictor of alterations in the high insulin-glucose metabo-
lism since birth [28]. Cord blood vaspin level is signifi-
cantly higher in small for gestational age (SGA) neonates 
than in appropriate for gestational age (AGA) and large 
for gestational age (LGA) infants, and it may be one of 

the factors of an increased risk of adult metabolic diseases 
[15]. SVC is higher in LGA newborns than in AGA ones 
and may suggest a defensive mechanism against insulin/
glucose dysregulation [29]. The effect of early-onset infec-
tions on SVC is not well known. SVC is significantly high-
er in septic adults than in critically ill patients receiving 
intensive care after trauma or major surgery [30]. Higher 
SVC than in healthy subjects was stated only in pneumon-
ic full-term neonates [14]. The aim of our study was to 
evaluate SVC in severely infected neonates, considering 
their sex, Apgar score, type of delivery, birth weight and 
length, and head and chest circumferences.

MATERIAL AND METHODS

The study population consisted of 183 full-term, 
AGA, neonates aged from the third to seventh day of life, 
including 75 girls and 108 boys, 119 delivered vaginally  
and 64 by caesarean section. The study was approved 
by the Ethics Committee of the Silesian University of 
Medicine in Katowice. All parents or legal guardians 
of the neonates gave their informed consent to partici-
pate. Infected neonates were treated in the NICU in the 
University Hospital in Zabrze, within a timespan of two 
years (2013–15). Healthy neonates were delivered during 
the same time in the Obstetric Department in Gliwice,  
Poland. SGA and LGA neonates, preterm babies delivered 
by obese mothers, mothers with diabetes mellitus or with 
other endocrine disorders, hypertension, or myocardial 
ischaemic disease, and neonates with multiply defects and 
chromosome aberration were excluded from the study.

The neonates were divided into two groups: group I 
(tested) – 102 infected full-term neonates; group II (control) 
– 81 healthy full-term neonates from physiological preg-
nancies. Clinical data of both groups are shown in Table 1. 

Early-onset infections (< 3 days of age) involved: sep-
sis (24 cases) – 17 due to Gram-positive bacteria (Staph-
ylococcus aureus – eight cases, Staphylococcus epidermid-
is MR – six cases, and Streptococcus agalactiae – three 
cases) and seven due to Gram-negative bacteria (E. coli 
– four cases, Klebsiella pneumoniae – three cases), bilat-
eral pneumonia (38 neonates), urinary tract infection  
(24 cases, mainly due to E. coli, Klebsiella pneumoni-
ae), purulent omphalitis, dermatitis and conjunctivitis 
(14 cases) caused by Staphylococcus species (10 cases) 
and Streptococcus B (four cases), purulent meningitis (one 
case), and osteomyelitis (one case). 

All infected neonates with respiratory and/or cardio-
vascular disorders were treated with broad-spectrum an-
tibiotics (gentamycin and β-lactam antibiotic) from the 
first day of life. Monotherapy (ampicillin) in purulent 
dermatitis, conjunctivitis, and omphalitis was applied. 
In five cases of staphylococcal sepsis, it was necessary to 
administer vancomycin. In the case of five neonates me-
chanical ventilation was used, in 15 – nCPAP, and in 22 
– total parenteral nutrition. Serum glucose concentration 
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in both groups of neonates ranged from 2.8 to 5 mmol/l. 
One recorded death was due to a fulminant Gram-nega-
tive sepsis shock due to Klebsiella agalactiae, complicated 
by disseminated intravascular coagulation syndrome and 
necrotising enterocolitis.

METHODS OF CLINICAL STUDY

Clinical data of all examined neonates were collected 
on case records. The foetal maturity was assessed based 
on pregnancy duration according to the Naegele formula, 
verified with ultrasound assessment, and after birth, in 
the first day of life, it was confirmed by a neonatologist 
using the new Ballard score [31].

Anthropometric measurements were performed 
immediately after birth and included birth weight and 
length, as well as head and chest circumferences. 

Diagnosis of all early-onset neonatal infections was 
according to neonatal standards [32].

Birth asphyxia was diagnosed in the study group ac-
cording to low Apgar score (< 6 points) in the first minute 
of life and pH of venous cord blood < 7.10 in the first 
hour of life and serum lactate concentration > 2.5 mmol/l.

DETERMINATION OF SERUM VASPIN 
CONCENTRATION

SVC was measured in serum of the peripheral vein 
blood by a commercially available ELISA test kit (Bio 
Vendor Research and Diagnostic Products, Brno, Czech 
Republic). Blood samples were collected from the third 
to the seventh day of life between 8.00 and 9.00 a.m., 
centrifuged, stored at –70°C, and measured by the same 
laboratory technician in the Biochemical Laboratory of 
University Hospital No. 1 in Zabrze. The test results were 
reported in ng/ml. None of the study’s neonates received 
blood or haematogenous preparation beforehand.

STATISTICAL ANALYSIS

The results were statistically analysed with Statistica 
11.0 software. Normality of the data was tested using the 
Kolmogorov-Smirnov test. Comparisons between groups 
were performed by the U Mann-Whitney test. The Spear-

man linear correlation coefficient test was used for the eval-
uation of correlation between the SVC and Apgar score, 
gestational age, and neonatal anthropometric parameters; 
p-values less than 0.05 were considered significant.

RESULTS

In infected newborns SVC ranged from 0.093 to 
1.190 ng/ml and in the control group from 0.018 to 0.580 
ng/ml. Infected neonates had significantly (p < 0.002) 
higher SVC (median and quartile 0.324/0.380, range 
0.093–1.190 ng/ml) than healthy ones (0.253/0.165, 
range 0.018–0.580 ng/ml) (Fig. 1). Septic neonates 
had the highest value (0.405/0.165, range 0.165–
1.125 ng/ml), significantly (p < 0.03) higher than lo-
cal infected neonates (respectively, 0.294/0.84, range 
0.093–1.190 ng/ml). We did not observe significant 
differences (p > 0.05) between SVC in infected male 
(0.303/0.307, range 0.93–1.19) and female (0.328/0.303, 
range 0.123–1.160) neonates. Healthy full-term fe-
male neonates (0.291/0.152, range 0.018–0.475 ng/ml) 
had significantly higher (p < 0.05) SVC than did the 
healthy male neonates (0.220/0.126, range 0.096– 
0.580 ng/ml) (Fig. 2). Significant negative linear correla-

TABLE 1. Clinical characteristics of study and control groups of neonates

Group 
of newborns

Gender Parameters Body weight
(g)

Length 
(cm)

Head Chest Apgar score

Circumference (cm) < 7 > 7

Study
(n = 102)

m = 71
f = 31

25–75% 680.0 4.0 2.0 3.0 15 87

Median 3310.0 54.0 33.5 33.0

Min–max 2400.0–4280.0 49.0–61.0 30.0–38.0 27.0–39.0

Control
(n = 81)

m = 37
f = 41

25–75% 500.0 3.0 2.0 3.0 0 81

Median 3340.0 55.0 33.0 33.0

Min–max 2540.0–4290.0 49.0–59.0 31.0–36.0 29.0–36.0
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FIGURE 1. Comparison of serum vaspin concentration between sep-
tic, local infected and healthy full-term neonates
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tion between SVC (r = –0.24, p = 0.015) and gestational 
age of infected neonates was noted (Fig. 3). We did not 
observe any significant differences between SVC in neo-
nates born by caesarean section and those born vaginally 
in both groups (Figs. 4 and 5). We also did not observe 
any correlation between Apgar score in the first minute 
of life and SVC in the infected group (Fig. 6) or between 
SVC and birth asphyxia (Fig. 7). 

SVC did not correlate with gestational age of healthy 
neonates (r = –0.028, p = 0.801) and with birth weight 
in both groups (r = 0.03, p = 0.767; r = 0.154, p = 0.171). 
In healthy and infected neonates no correlation be-
tween SVC and body length (r = –0.121, p = 0.226;  

r = –0.191, p = 0.087, head (r = –0.102, p = 0.310; r = –0.013,  
p = 0.950) and chest (r = 0.069, p = 0.491; r = 0.066,  
p = 0.559) circumferences was found. In infected neo-
nates any correlation between SVC and CRP (r = 0.084,  
p = 0.403) and platelet count (r = 0.081, p = 0.43) was 
stated.

DISCUSSION

The results from the present study showed significantly 
increased SVC in full-term infected neonates compared to 
healthy ones. This seems to suggest that early-onset infec-
tions, especially bacterial sepsis, stimulate vaspin secretion. 
This fact could have clinical significance, representing a de-
fensive neonatal mechanism against severe early-onset in-
fections, and it may be a symptom of neonatal adaptation 
to some metabolic disorders, for example metabolic acido-
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FIGURE 2. Comparison of serum vaspin concentration between he-
althy neonate males and females
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FIGURE 3. Comparison of serum vaspin concentration and gestatio-
nal age of infected full-term neonates

Scatter plot: r = –0.24, p = 0.015
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FIGURE 4. Comparison of serum vaspin concentration between in-
fected neonates according to mode of delivery (caesarean section 
– CC, born vaginally – BV)
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FIGURE 5. Comparison of serum vaspin concentration between heal-
thy neonates according to mode of delivery (caesarean section – CC, 
born vaginally – BV)
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sis connected with infection. Moreover, it may reflect the 
amount of developing adipose tissue in the early stage of 
inflammation due to infection, because we noted negative 
correlation between SVC and gestational age of infected 
neonates. Increase of SVC in infected neonates despite the 
lack of correlation with the CRP concentration and with 
thrombocytopenia may be useful in the diagnosis of in-
fections. The study was limited by the low numbers of ear-
ly-onset infected neonates, but in the future, assessment of 
SVC may be a new useful biomarker of these infections. 
Similarly to our study, in the first examination in adult pa-
tients with sepsis increased plasma vaspin concentration 
was demonstrated [30]. The authors noted a weak positive 
correlation between vaspin and CRP concentration [30]. 
Moreover, such stated other authors, this adipokine sig-
nificantly correlated with high CRP values in obese chil-
dren with metabolic syndrome, in whom higher vaspin 
concentrations were noted, than in children without this 
pathology [21]. In healthy adults vaspin is characterised by 
pulsatile secretion, and its concentration is approximate-
ly twice as high among women than in men [17, 33]. We 
made a similar observation in our study. Healthy female 
neonates had significantly higher SVC than healthy male 
neonates. We confirm the hypothesis that neonatal anthro-
pometric parameters (birth weight, length, head and chest 
circumferences) and type of delivery are not related to the 
SVC, but our study was performed only in full-term AGA 
neonates. Therefore, we believe that further clinical trials, 
both in full-term and preterm neonates, providing more 
information about the role of vaspin in development and 
metabolism regulation in infected neonates, are necessary. 
The role of the connection between vaspin and inflamma-
tion caused by early- and late-onset neonatal infections 
also needs to be evaluated further. 

CONCLUSIONS

Early-onset infections, especially bacterial sepsis, have 
a significant influence on the increase of serum vaspin 

concentration in full-term AGA neonates independently 
of their sex, birth asphyxia, and type of delivery.

In healthy and infected full-term neonates any signifi-
cant correlations between vaspin concentrations and birth 
weight, body length, and chest and head circumferences 
were noted.
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