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 Infections are one of the most causes of neonatal deaths worldwide. Neonates have an amplified threat 
of infections which may occur mostly due to their immature immune system. Many trials have been 
made to detect the functional differentiations between the immune systems of neonates and adults. The 
low levels of circulating IgE at term and preterm birth could be due to impaired IL-4 production, poor up-
regulation of CD40L (CD 154) or limited CD21-CD23 interaction. Analyzing the phenotypic differences in 
lymphocyte populations in healthy preterm and full-term neonates and comparing their levels with adult 
levels to assess maturity of neonatal immune system. This cross-sectional study was carried out on 24 
full-term neonates, 14 preterm neonates, and 10 healthy adults as control.  EDTA blood samples were 
collected from the umbilical cord of preterm and full-term births as well as from adults. Samples were 
processed for flow cytometry by a stain-lyse method. The following antibodies were used for this study: 
anti-CD19, anti-CD23, anti-CD154, and anti-CD4. Isotype-matched controls were used for every 
analysis. The percentages of CD23+ B cells and CD 154+ cells in cord blood, full term neonates and 
preterm neonates were significantly decreased in comparison to the adult. There is significant decrease 
in the percentage of CD19+ in cord blood and full-term neonates compared to adult levels while no 
significant difference between preterm neonates and adults. Regarding to mode of delivery, there was 
significant decrease in CD 154 percentages in neonates born by caesarean delivery compared to those 
born by vaginal delivery. Finally, there were no significant differences in CD4 +T cells in cord blood 
compared to adult’s levels. There are differences as regards the immunophenotypes between cord 
blood and adult peripheral blood. 
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INTRODUCTION 

The immunologic condition of the neonate can 
be ascribed to the evaluation of the absolute 
numbers of different lymphocytes subsets in cord 
blood (Motley et al., 1996). Therefore, immune 
dysregulation is an early incident that could be 
assessed during the perinatal period and is linked 
to maturation of the immune system (Neaville et 
al., 2003). The neonate is immunologically naïve 

and the development of his particular immune 
response is linked to the period after birth. In 
utero, exposure to environmental antigens can be 
found in cord blood (Prescott et al., 2000) causing 
T cell priming is suggested (Szepfalusis et al., 
2006). 

Human umbilical vein endothelial cells 
(HUVECs) that line the wall of umbilical veins 
could be the first cells which are making contact 
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with immigrated maternal cells that include 
monocytes, natural killer cells, dendritic cells, T 
and B cells that are identified in cord blood (Fu et 
al., 2014). The immune- modulating features of 
HUVECs comprise the enrollment, activation and 
repression of immune cell populations (Rodig et 
al., 2003). Analyzing the cellular elements of 
maternal neonatal cord blood detected plenty of 
maternal hematopoietic cells. Maternal CD23+ T 
cells involving both CD8+ (cytotoxic T cells) and 
CD4+ (T helper cells) can be distinguished   
additionally to maternal CD 14+ monocytes and 
CD19+ B cells (Mold et al., 2008). 

Neonates produce lower levels of IgE in 
comparison to adults (Thornton et al., 2002). 
Production of IgE by human B cells requires a 
well- regulated sequence of events. Interleukin 
(IL- 4) (and to a lesser degree IL -13), physical 
interaction between B-cells (CD40) and the 
activated T- Cells (CD40L, CD154) are needed for 
the transcription of germline epsilon message and 
secretion of IgE. Additionally, the CD23-CD21 pair 
seems to have a significant effect in the 
production of IgE (Bonnefoy et al., 1996). 
Therefore, reduced IL-4 production, impaired up – 
regulation for CD40 ligand by neonatal cells and 
altered expression or function of ligand pair CD23 
and CD21 may contribute to decreased circulating 
IgE levels during fetal development (Thornton et 
al., 2002). 

CD23 is a 45-KD type II membrane 
glycoprotein that is present in humans in two 
distinct isoforms, a (expressed on B cells) and b 
(up – regulated on B and other hematopoietic 
stimuli Such as IL -4) (Texido et al., 1994). 
Besides to its task in IgE production, it has 
additional biologic effects for instance, B- cell 
proliferation, the antigen presentation, the 
response to soluble antigen, T-B cell adhesion, 
and apoptosis (Reljic et al., 1997). CD 154 is a 39-
KD, a member of tumor necrosis factor (TNF) 
ligand supergene family. Cell surface and soluble 
CD154 are principally expressed by the activated 
CD4 T Cells. It has a wide range of pleiotropic 
effects for the immune system and is essential for 
cellular and humoral immunity (Cron, 2003).  

The CD19/CD21 complex is considered an 
important co-receptor which has an important 
effect in B cell response for T-cell dependent 
antigens (Cherukuri et al., 2001). Studies which 
compare the immunophenotyping of lymphocyte 
subsets between cord blood and adults in the 
research field are limited which justify the present 
study. 

    Analyzing the phenotypic differences in 

lymphocyte populations in healthy preterm and 
full-term neonates and comparing their levels with 
adult levels to assess maturity of neonatal 
immune system. 
 
MATERIALS AND METHODS 

This is a cross-sectional study including 48 
subjects. They were divided into three groups; 
group I: The control group included ten healthy 
adults of both sexes with no history or family 
history of genetic, immunological or chronic 
diseases. Group II: the full-term group, included 
24 neonates born at or above 37 weeks of 
gestation of both sexes and Group III: the pre-
term group, which included 14 neonates born at 
gestational age between 28 and 36 weeks of both 
sexes. Gestational age was obtained from 
obstetricians and hospital registries. Weight of 
newborns was assessed immediately after birth 
using electronic scale which was regularly 
checked for its accuracy.1- and 5- min Apgar 
scores (assessing a score of 0-2 to heart rate, 
respiratory effort, muscle tone, reflex irritability, 
and color) (Apgar et al., 1958) were evaluated by 
a paediatriation who attended at the time  of 
delivery.  Mothers were subjected to full history 
taking laying stress on age, education level, 
number of siblings, history of smoking exposure 
(active or passive), history of chronic diseases, 
nutritional questionnaire, thorough clinical 
examination, and anthropometric measurements. 
Five ml of cord blood was taken from an 
immediate clamped, isolated piece of the umbilical 
cord of the newborn at Al Gallaa Hospital. 
Informed consent was obtained prior to study 
inclusion from the parents. The number of ethical 
approval of the medical research committee at the 
NRC is 18/016. Five ml of blood will be taken from 
healthy adults as control group with informed 
consent.  All blood samples were collected into 
EDTA vacutainers then prepared for flow 
cytometry procedure (Jaroszeski  and Heller, 
1998) according to manufacture steps using 
monoclonal antibodies (BD Biosciences, USA). 
Cord and peripheral blood samples (from cases 
and control groups) were tested by the following 
antibodies: anti-CD19 conjugated to APC, anti-
CD23 conjugated to PE, anti-CD154 conjugated 
to FITC, and anti-CD4 conjugated to FITC. 
Isotype-matched controls were performed for 
every analysis for evaluation of possible 
nonspecific staining and autofluorescence. 
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Statistical analysis: 
Data were presented as mean, standard 

deviation (SD) and range. Statistical significance 
of the difference was analyzed using (SPSS) 
Version 13. P value of <0.05 were considered 
statistically significant. 
 
RESULTS  

Thirty eight neonates were included in this 
study. They were 15 boys and 23 girls. Their 
gestational age ranges from 28 to 41 weeks. Their 
birth weight ranges from 1.2 to 4.0 kg. Twenty four 
were delivered by vaginal delivery and fourteen by 
caesarian section. APGAR score at one minute 
ranged from 2 to 8 and at five minutes ranged 
from 5 to 10. 

The study showed high significant decrease in 
the percentage of CD23+B cells in cord blood, 
preterm neonates and full-term neonates 
compared to the adult levels (p <0.001). There 
was significant decrease in the percentage of 
CD19+ in cord blood and full-term neonates 
compared to adult levels (p=0.0057 and 0.0029, 
respectively) while no significant difference 
between preterm neonates and adults. 

The percentage of CD 154 (CD 40 ligand) 
was highly significant lower in cord blood, preterm 
neonates and full-term neonates, compared to 
adult peripheral blood (p <0.001). CD 154 showed 
significant increase in vaginally delivered 
neonates comparative to those delivered by 
caesarean section (p=0.0311). 

 
Table (1): Clinical characteristics of newborn (n=38) 

 
 

Table (2): Flow-cytometery parameters in all subjects 

 
Results in bold showed statistical significant difference as compared to the control group p<0.05. 
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Table (3): Flow-cytometry parameters according to mode of delivery 

  
p <0.05 = statistically significant. 

Table (4): Correlations between CD23, CD19,CD,154.,CD4 and Apgar score at 1 minute and 5 
minutes: 

 
p <0.05 = statistically significant.

DISCUSSION 
Neonates have an increased risk of infections 

and this could be, partly, due to their immature 
immune system (Levy et al., 2004). Many   
attempts have been made to identify the 
functional differentiations between the immune 
systems in neonates and adults (Encabo et al., 
2007). 

The most commonly technique is to collect 
neonatal cord blood (CB) which is believed to be 
very near to the neonate’s blood as neonatal 
blood collection may cause trauma to the newborn 

(Lo'pez et al., 2009).  
Neonatal B cells can generate lower levels of 

IgE than adults that need analysis of B and T cell 
phenotypes (Elliot et al., 2000). The study showed 
that the percentage of CD23+B cells in cord blood 
of preterm neonates and full-term neonates are 

significantly decreased in comparison to the adult 
levels (p <0.001) for all. On the other hand, 
Thornton et al., (2002) stated that the percentage 
of CD23+B cells in cord blood of full-term 
neonates was comparable to adult while the 
percentages of CD23+B cells at earlier gestational 
ages were decreased comparative to their levels 
at term and in adults. The comparable percentage 
of the CD23+ B cells level at term birth and at 
adult makes it improbable (unless there may be 
functional differences) that changed expression of 
them could be attributed to diminished IgE 
production in full-term neonates. Decreased 
cleavage of both membrane CD21 and membrane 
CD23 could be a common characteristic of the 
fetus/neonate that can reduce IgE production 

(Thornton et al., 2002). 
The study showed no significant differences in 

CD4 +T cells in preterm and full-term neonates 

P value Caesarean Delivery Vaginal Delivery Parameter 

Mean & S.D 

0.142 3.36±1.33 4.16±1.54 CD23% 

0.283 10.76±4.17 9.99±3.56 CD19% 

0.0311 1.78±0.82 2.6±0.93 CD154% 

0.343 31.92±8.59 34.09±12.75 CD4% 

0.94 2.36±1.25 2.14±0.93 CD23+ CD19+% 
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compared to adult’s levels. Our findings are in 
contrast with Tsegaye et al., (2003) who reported 
that neonates and children have significantly 
higher CD+4 T cells counts compared to adults. 
While Collinson et al., (2008) stated that generally 
CD4 T cells were negatively related with 
gestational age at birth. 

The study found that percentage of CD 154 
(CD 40 ligand) was significantly lower in cord 
blood (both preterm and full-term neonates), 
compared to adult peripheral blood (p <0.001). 
This finding is in agreement with Jullien et al., 
(2003) who reported also limited CD 154 
production by neonatal CD4+ T cells in 
comparison to adults. The reduced CD154 
expression by neonatal cells may be because of 
limitations in both proximal and distal activation 
events resulting in restriction of CD 154 gene 
transcription. They suggested that augmentation 
of CD154‐dependent immune system responses 
is a probable approach to improve CD4+ T cell 
dependent adaptive immune responses both in 
the fetus and neonate (Jullien et al.,2003). 
Decreased CD154 expression may explain 
limitations in neonatal immunity and may lead to 
increase susceptibility to infection. Many groups 
have stated that neonatal CD4+ T cells have a 
diminished capability for expression of CD154 
mRNA and functional surface protein which occur 
after activation with calcium ionophore, e.g. 

ionomycin or A‐23187, or with phorbol ester, e.g. 
phorbol myristate acetate (PMA), when compared 
to adult cells (Fuleihan et al., 1994), (Brugnoni et 
al., 1994), (Durandy et al., 1995) and (Nonoyama 
et al., 1995). 

The study found that there is a significant 
decrease in the percentage of CD19+ in cord 
blood and full-term neonates compared to adult 
levels (p=0.005 and 0.002, respectively) while no 
significant difference between preterm neonates 
and adults.   

Lopez and colleagues,2009 (Lo'pez et al., 
2009) found that the percentages of CD19+ B 
cells populations in (preterm and full-term 
neonates) cord blood and in adult peripheral blood 
were the same. 

Small sample sized in prior studies reported 
that there was decrease in percent and absolute 
numbers of T lymphocytes (and T lymphocytes 
subsets) at an earlier gestational age, conversely, 
result on B lymphocytes are not definite (Cairo et 
al., 2005). A study conducted by Duijts et al., 
(2009) showed that per week longer gestation, 
infants had a 3% increase in T lymphocytes 
(p=0.002), 5% increase in B lymphocytes levels 

(p= 0.003) and 6% increase in NK lymphocytes 
(p=0.005). As regard T lymphocyte subsets, per 
week longer gestation, an increase of 3, 4, 5% 
were observed for helper, cytotoxic and naive T 
lymphocytes counts, respectively. Our results 
showed an effect of gestational age at birth on T 
lymphocyte subset percentage reflecting a 
continuing development of the immune system 
during pregnancy. In spite of this, neonatal 
lymphocytes may have (a near-normal) capability 
to proliferate when required (Zhao et al., 2002). 

The exact functional role and outcomes of 
decreased   lymphocyte counts in preterm infants 
need to be studied (Duijts et al., 2009). So, an 
exact understanding of the healthy fetal immunity 
is believed to be a significant step for discovering 
dysregulated immune actions driving adverse 
neonatal outcomes. 

The study found that there was no significant 
effect of birth weight on B or T lymphocytes 
percentages (not shown in the results). This 
finding is in agreement with Collinson et al., 
(2008) who also reported no effect of birth weight 
on lymphocytes or subpopulation counts. On the 
other hand, Duijts et al., (2009) found that birth 
weight had an effect only on B lymphocyte counts. 
This may be explained by the biological 
mechanism as low-birth-weight and fetal-growth-
restricted infants may have a reduced abdominal 
circumference which could be in part elucidated 
by a decreased fetal liver size that may be 
resulted from fetal malnutrition. As B lymphocytes 
in fetal life are mostly produced by the fetal liver 
so, decreased fetal liver size may lead to a 
diminish in B lymphocyte production (Duijts et al., 
2009).  Despite of this, the precise underlying 
pathophysiological mechanism of the effect of 
birth weight and fetal growth on B lymphocyte 
production needs more detailed studies. 

The thymus gland is a probable programming 
entity that is accountable for development of 
adaptive immunity which leads to long -term 
preservation of T lymphocytes populations (Poulin 
et al.,1999). T lymphocytes are principally 
produced by the fetal thymus in pregnancy. At 
birth, low birth weight is related to decreased 
thymus gland size (Iscan et al., 2000). Limited 
studies imply a positive correlation between 
thymic volume and naïve phenotype CD4+ T cell 
counts and between restricted fetal growth and 
decreased T- lymphocyte subpopulation counts at 
birth (McCune et al., 2000). Consequently, more 
studies are needed to explore the significant effect 
of the size of fetal thymus gland to its T 
lymphocyte production. 
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Many studies advocated that mode of delivery 
may have an effect on the immune system 

(Almanzar et al., 2015). Our results showed that 
there is significant increase in CD 154 in vaginally 
delivered neonates comparative to those 
delivered by caesarean section (p=0.0311) while 
there is nonsignificant increase in CD 23 and CD 
4 in vaginally delivered neonates comparative to 
caesarean delivery. B lymphocytes did not differ. 
This is in accordance with Duijts et al., (2008) who 
reported that neonates born by a caesarean 
section had 9% lower T lymphocytes counts 
compared with neonates born by vaginal delivery. 
Also, they reported that helper and naïve T 
lymphocytes levels were reduced in neonates 
born by caesarean section. This could be 
attributed to the endocrine-metabolic variations 
which occur with increasing mode of delivery-
associated stress (especially hypoxia) and the 
increase of catecholamines and cortisol which 
lead to increase recruitment of lymphocyte 
subsets into neonatal blood (Vogl et al., 2006). 
Mode of delivery is associated with maternal and 
fetal endocrine stress response. BJOG; 113: 441-
445.  

So, neonates born by vaginal delivery have 
increased levels of their catecholamines and 
cortisol compared with neonates born by 
caesarean section resulting in higher lymphocyte 
counts (Vogl et al., 2006). 

Maternal anesthetics given during caesarean 
delivery cross the placenta. They inhibit release of 
catecholamines and cortisol in infants born by 
caesarean section resulting in fewer enrollments 
of lymphocyte subsets (Gasparoni et al., 2002) 
limitation in our study is that we could not make a 
difference between a primary caesarean delivery, 
due to prior known maternal indication, and a 
secondary caesarean delivery due to acute fetal 
or maternal distress. 

Both adverse Apgar scores and low umbilical 
cord blood pH could be taken as measures of 
hypoxia and stress in the neonates and both are 
supposed to have an effect on lymphocyte subset 
numbers at birth (Will werth et al., 2006). Apgar 
scores may have an effect on the major 
lymphocyte subset levels and to a less extent on 
T lymphocytes subset counts. This may be due to 
all T lymphocyte subsets added to increased 
numbers of total lymphocyte (Duijts et al., 2008). 

The study showed no significant effect of 
Apgar score either at 1 –minute or 5-minute on B 
or T lymphocytes. Duijts et al., (2008) showed that 
per point increase in one minute Apgar score, 
neonates have 8% lower B lymphocyte numbers. 

There were no significant effects on T lymphocyte 
(and T lymphocyte subset counts) at 1- minute 
Apgar score. While Apgar score at 5 minutes after 
birth showed that there were 5%, 11%, and 15% 
lower T, B and NK lymphocytes numbers 
respectively, per point increase. 

Cytotoxic T lymphocyte counts were 
decreased but there was no effect of 5 minutes 
Apgar score on the other T lymphocyte subset 
counts. There are larger effect estimates of 5 
minutes Apgar scores on the level of lymphocyte 
subsets than 1- minute Apgar scores. This could 
be due to Apgar scores at 5- minutes after birth 
mostly better revealing the state of the neonates. 
This is in agreement with a previous study, that 
showed relationships between 5- minutes Apgar 
scores and mortality rates (Casey et al., 2001). 
Therefore, perinatal factors related to stress and 
hypoxia such as mode of delivery and Apgar 
scores may have an influence on lymphocyte 
subset counts in neonates. 

CONCLUSION 
We conclude that there are important 

differentiations between adult peripheral blood 
and umbilical cord blood as regards to their 
immunophenotypic profile and the results help to 
understand the early development of the immune 
system.  In addition, we find that stress-related 
perinatal factors could have an effect on 
lymphocyte subset counts in neonates. 
Further studies are required to better define the 
differences of immunophenotype between adult 
blood and umbilical cord blood. The study of 
clinical explanation of lymphocyte subset counts 
at birth should take into account the influences of 
stress- and hypoxia-related perinatal aspects. 
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