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The role of immune system  
in the newborn

The transition made by the newborn when pass through intra-uterine medium to a new world, will determinate 
new changes of the immune system against harmful environment. These changes can renders newborns to many 
pathogens which could lead to some pathologies like pre-term delivery. The immune system works with adaptive 
immunity response which requires previous contact with antigens and with innate system response without 
requiring immune experience. Therefore, a better understanding of the cell mechanisms of the immune system 
which start to develop from newborn to childhood and then adulthood will help physicians to improve the sites 
of different infections during this period of life. This review focuses mainly on the role of T and B-cells activation 
in newborns, innate and adaptive immunity, and the changes from newborn to childhood and adulthood. 
Keywords: immune system, newborn, innate, adaptive, childhood, vaccines

Abstract

Introduction
The stability of the immune system of a newborn has 

been showed to have less trigger effects against different 
pathogens from the environment. Therefore, the infec-
tions could become a real enemy against the system that 
the newborn has it at birth(1).

When the newborn see the light of the world too early 
in the premature period comparing with normal ges-
tational period, the immune system is less developed, 
and the rate of infections could arise about 5-10 times 
higher at less than 28 weeks prematurity. The ability of 
the newborn immunity to detect antigen IgE especially 
from the umbilical blood showed that neonatal B and T 
cells have an antigen-specific response(1).

The primary site of infection is still effective until 
around 3 month of age, which is the duration when the 
immune system start to develop(2). At the first months, 
the newborn is still dependent on the maternal antibodies, 
and the development will be achieved only in childhood 
progressing in time(1). In newborns, there are some basic 
factors which influence such maturation from the immune 
system features. Furthermore, vaccines should be opti-
mized for immune system of neonates by harnessing the 
power of new technologies advanced(3).

The milk also contains secretory immunoglobulin 
(Ig) which is found in the gastrointestinal and respi-
ratory pathways, phagocytes, lymphocytes, cytokines, 
lyzozyme, lactoferin and lipids. Although the newborn 
immune system renders a complex set of immunoglo-
bulins, the response can lead to pre-term delivery 
facing in the same time a new environment rich in 
foreign antigens(4).

The liver represent the first hematopoietic organ in 
the first months were the lymphoid and myeloid pro-
genitors are found. After this period, they migrate to 
spleen, thymus and bone marrow(1). Therefore, after the 
spreading of the specified cells and start to differentiate 
the immune system is split into specific or adaptive and 

nonspecific or innate, which comprise the cellular and 
humoral response based on mice experiments(5).

Both cellular and humoral immunity act through 
lymphocites and antibodies cascade. The antibodies can 
be serum or secretory antibodies which stop the entry of 
the microorganism in the human body. 

T-cell activation in newborn immune 
system

T-cells are dividing into two T cell receptors (TCRs), γ/δ 
and α/β proteins. The receptor expressing γ/δ cells is can’t 
be found in thymus, although it present an important role 
against inflammatory action. These kinds of receptors are 
being developed by the dendritic cells and further it began 
to secrete chemokines which represent part of the adaptive 
triggers(6). In brestmilk the concentration of maternal T 
lymphocytes are low and their role is still unknown. In 
this case, newborns are mostly dependent on that immune 
system against different types of infections(7).

One study suggested that the activation of T-cell res-
ponse leads in the end in more reduced immune defense 
system. This attempt was sustained by the fact that into 
umbilical blood TCR showed to slower the expression of 
the tyrosine kinase protein, named Lck. In the case when 
Lck is not early phosphorilated, the TCR was associated 
with lowering expression(8). The same study sustained 
the molecular defect linked to limited signaling ability 
of umbilical cord T cells, providing in such case the bases 
for future research on T cell maturation(8).

Another study shows that when cluster of differen-
tiation (CD)4 of TCR is affected, because of the Cb1-b, 
and ubiquitin ligase higher expression, it will reduce the 
anti-CD3 and anti-CD29 expression(9).

Interestingly, micro-ribonucleic acid improve the cal-
cium flux from the phosphorylation of some signaling 
cells, reducing the activation of interleukin-2 and inter-
feron(9). Therefore, the mechanism of these cells which 
positively regulate the immune response will develop in 
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the future new strategies in order to enhance the newborn 
immune response.

B-cell activation of newborn immune 
system

B-cells from early ages have partially developed in the 
meaning of the surface of the Ig repertoire. B-cells are 
made two parts, B1 and B2 cells based on CD5 expression. 
B1 cell is differing from B2 playing an important role in 
early bacterial and viral infection downstream. B2 cell 
present a different phenotype on the surface comparing 
with B1 cell(10).

The lower efficiency of the antibody in neonates and 
younger ages can depend on the fact that B-cells are still 
immature, or the signal of the B-cell receptor (BCR) is 
too slow. The activation of the receptor with different 
dependent T-cell antigens starts to intercalate the surface 
of Ig cells. After that linking, some process like the Src-
related kinases protein phosphorylation are activated. 
Some studies showed that neonatal B cells are deficient 
in producing T-cell independent antigen together with 
type 4 polysaccharide(11). Those limited strength features 
of B cells at lower antigen stimulation can be attributed to 
regulators in negative way. Therefore, the lower ability of 
neonatal B cells, especially in crossing the receptor with 
polysaccharides can be the results of the higher density of 
IgM molecules(12). Furthermore, the results of the study 
showed that T1 antigens lower the BCR signaling through 
down-regulation of CD22, which require B cell response 
and premature apoptosis(12).

The negative BCR regulator can be increased by the sti-
mulation of adult B-cell with a T cell dependent antigen(13). 
The immature neonatal B cells was also attributed to some 
defects in nuclear signaling pathway and some isotype 
switching in response to T cell dependent antigens(14). 
Although the signals necessary for the formation of B-2 
cells and the stages at which cells are develop have been 
defined, some events required in the maturation of B1 
cells has still merely to be discovery(14).

In the different contexts, the relationships between the 
viruses and viral proteins have been focused on homolo-
gies between different amino acids, but the cross-reacti-
vity of the T cell recognition could not be dependent on 
the amino acids sequences. Both T and B lymphocytes 
seems to have different action in newborn comparing to 
adults. In newborn, the lymphocytes are more immature 
along with higher rate of thymic cells and reduced in BCR 
signaling(15). 

Although some researchers sustain the fact that ne-
wborn immunity can have similar responses in T and B 
cells, primarily infections of the organism showed some 
differences. 

Innate immunity
Innate immunity is activated after exposure of the 

human body to the first contact with different antigens, 
representing the first line of defense. It consists from 
the large barrier like skin, mucosa, and proteins from the 
complement system. Moreover, toll-like receptors showed 

to play a role in detection of different pathogens and the 
induction of innate immune system(16).

In newborns the barriers like skin- are still in develop 
stages, most probably because of the lower production of 
the free fatty acids. The newborn skin is in this way more 
susceptible to pathogens, representing a week defense 
bridge at this age. Although until present only a few data 
regarding the host-defence capability in newborn exist, 
more recent advances in immunology will better provide 
new inside underlying the mechanism of infection(17).

In newbonrs, the monocytes and macrophages alter 
phagocytosis process, based on the reduced function. 
Therefore, in newborns are seen more often the deteri-
oration of the features like chemotaxis, adhesion and in 
the end migration at the infection surface. Interestingly, 
the number of circulating neutrophils into blood stream 
is less comparing with adults, sometimes being compared 
with septic conditions(18). 

Taken together, the innate system from newborns 
showed to be partially responsible of the reduce ability 
in different site of infections in terms of monocytes and 
polymorphonuclears.

Adaptive immunity
The decreased function of the innate immunity is in 

concordance with the decreased adaptive immunity, con-
sidering the fact that the two systems are interconnected. 
This system comprises the cell-mediated response and 
antibody-mediated response with T lymphocytes being 
the main effectors cells. Furthermore, polymorphonuclear 
neutrophils defects and other parameters of neonatal 
immune deficiency lead to sepsis and other infections re-
presenting the major causes of morbidity and mortality(19).

T lymphocytes represent mainly the cellular immunity. 
Those subtypes are Th cells (i.e. CD3 and CD4) and T 
cytotoxic cells (i.e. CD3 and CD8). Another type of T 
lymphocytes family is represented by the Th cells which 
is divided into two patterns: Th1 which represent cellular 
immunity response and Th2 which represent the humoral 
response(20). T lymphocytes present a major shortcoming 
by the fact that it recognizes only the antigens which are 
presented by the cells from 1st and 2nd class of major 
histocompatibility antigens(20).

Although the quantitative expression of the T cells at 
birth is higher, it’s expression and action is decreased 
comparing to adults and only few are beginning to di-
fferentiate into memory cells. In the same context, the 
experiment on different bacterial type involved in the 
pathway of this immune system together with its mecha-
nism will further elucidate the complex host-commensal 
interactions which will allow for different therapeutic 
manipulation of this process(21).

The immunity from newborn to childhood 
till adulthood

From the beginning, at newborns, the risk of pathogen 
invasion still exists. During childhood, the immune system 
starts to develop, primarily the innate and after a period 
the adaptive system.
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The risk is nowadays represented more by the unde-
veloped countries, in which a screening methods and 
new vaccines should be integrated in order to prevent 
the infections. The results of the study sustain the fact 
that new generation of more effective vaccines should 
be developed which elicit T-cell memory in the optimal 
combination required especially in the neonate protective 
immunity against infectious pathogens(22). 

Although the immune system is only at the starting 
point to be developed, in these countries the accent is 
mainly on the extreme genetic polymorphism in the major 
histocompatibility complex (MHC). The MHC which is 
one of the important key regulators in immune system 
works by a peptide presentation to T cells. Because of the 
vaccination, these risks are now more decreased, stimu-
lation in this way the protective immune responses. In 
these directions, many antigens stimulation may become 
important key players in the memory of immune cells(23). 

Taken together, the rebuild of the immunological me-
mory in the child organism represent a better adaptation 
of the immune system. Moreover, the memory of the 
implicated cells still resists at any age and reaching at 
senescence, they start to decreased.

The newborn is every time exposed to many foreign an-
tigens. Passing from an almost sterile environment from in 
utero outside, the newborn is rapidly exposed to pathogens. 
First exposure is represented at the birth, then through 
the skin and respiratory tract. Interestingly, some bacteria 
which are normally colonize the mucosal sites are playing 
an important role not only for the survival functions, but 
also into development of the immunity(24). In the future new 
era of technologies will be able to identify human symbiotic 
bacteria with different anti-inflammatory effects, which 

will suggest that some features aspects of human health 
could depend on the microbiota “health”(24). 

About one third from the lymphocytes comes from the 
gut(25), which influences the development of the memory 
T cells(26). In newborns, the proportion of the T cells whi-
ch carry CD45RA which is a glycoprotein, are increased 
along with Tregs cells. Therefore, looking at the T cell 
memory it was showed that the memory populations 
are still maintained following pathogens exposure or 
vaccination considering the dynamic point of view. In 
the same direction, these cells may be activated by the 
responses at other infections(27).

Taken into account the complex evolution of the T and B 
cells, and considering the mechanisms which are involved 
into a stimulus response, the composition and properties 
of such cells will be different in each individual, depending 
also on the immunological load received by the mother. 

Conclusions
The immune system of the newborns presents some 

features which make it very particular in the meaning 
of defense barrier against different pathogens. This fact 
sustains the involvement of viruses and bacteria in pri-
marily infection even in the first month of life, named the 
immune weakness period. When the newborn immunity 
start to develop, many factors like cytokines, monocytes, 
antigen exposure or lymphocytes are come in order to 
achieve its finally aim. Some researched have been shows 
that the maturation of the system came most from B and 
T cells responses. Therefore, it is important in newborn 
stages to understand the mechanisms of these factors 
which will pave the new era of more efficient and protec-
tive vaccines against different pathogens.   n

1. Holt PG, Jones CA. The development of the immune system during pregnancy 
and early life. Allergy 2000,  55, 588-697.

2. Waaijenborg S, Hahne SJ, Mollema L, et al. Waning of maternal antibodies 
against measles, mumps, rubella, and varicella in communities with contrasting 
vaccination coverage. The Journal of Infectious Diseases 2013, 208(1), 10-6. 

3. Hodgins DC, Shewen PE. Vaccination of neonates: problem and issues. Vaccine 
2012, 30(9), 1541-59. 

4. Ofer L. Innate immunity of the newborn: basic mechanisms and clinical 
correlates. Immunology 2007, 7, 379-90.

5. Adkins B, Leclerc C, Marshall-Clarke S. Neonatal adaptive immunity comes of 
age. Immunology 2004, 4, 553-64.

6. Shi C, Sahay B, Russell JQ, et al. Reduced immune response to Borrelia 
burgdorferi in the absence of gammadelta T cells. Infection and Immunity 2011, 
79(10), 3940-6.

7. Marchant A, Goldman M. T cell-mediated immune responses in human 
newborns: ready to learn? Clinical and Experimental Immunology. 2005, 141(1), 
10-8.

8. Miscia S, Di Baldassarre A, Sabatino G, et al. Inefficient phospholipase C 
activation and reduced Lck expression characterize the signaling defect of 
umbilical cord T lymphocytes. Journal of Immunology 1999, 163(5), 2416-24.

9. Palin AC, Ramachandran V, Acharya S, Lewis DB. Human neonatal naive CD4+ T 
cells have enhanced activation-dependent signaling regulated by the microRNA 
miR-181a. Journal of Immunology 2013, 190(6), 2682-91.

10. Griffin DO, Holodick NE, Rothstein TL. Human B1 cells in umbilical cord and 
adult peripheral blood express the novel phenotype CD20+ CD27+ CD43+ CD70. 
The Journal of Experimental Medicine 2011, 208(1), 67-80. 

11. Klein Klouwenberg P, Bont L. Neonatal and infantile immune responses to 
encapsulated bacteria and conjugate vaccines. Clinical & Developmental 
Immunology 2008, 2008:628963. 

12. Viemann D, Schlenke P, Hammers HJ, Kirchner H, Kruse A. Differential 
expression of the B cell-restricted molecule CD22 on neonatal B lymphocytes 
depending upon antigen stimulation. European Journal of Immunology 2000, 
30(2), 550-9.

13. Tian C, Kron GK, Dischert KM, Higginbotham JN, Crowe JE Jr. Low expression 
of the interleukin (IL)-4 receptor alpha chain and reduced signalling via the IL-4 
receptor complex in human neonatal B cells. Immunology 2006, 119(1), 54-62.

14. Montecino-Rodriguez E, Dorshkind K. Formation of B-1 B cells from neonatal 
B-1 transitional cells exhibits NF-kappaB redundancy. Journal of immunology 
2011, 187(11), 5712-9.

15. Selin LK, Nahill SR, Welsh RM. Crossreactivities in memory cytotoxic T 
lymphocyte recognition of heterologous viruses. J Exp Med 1994, 179, 1933-43. 
doi:10.1084/jem.179.6.1933

16. Yoon HS. Neonatal innate immunity and Toll-like receptor. J Pediatr 2010, 
53(12), 985-8.

17. Clapp DW. Developmental regulation of the immune system. Sem Perinatol 
2006, 30(2), 69-72.

18. Hanna N, Vasquez P, Pham P, et al. Mechanisms underlying reduced apoptosis 
in neonatal neutrophils. Pediatric Research 2005, 57(1), 56-62. 

19. Yost CC, Cody MJ, Harris ES, et al. Impaired neutrophil extracellular trap (NET) 
formation: a novel innate immune deficiency of human neonates. Blood 2009, 
113(25), 6419-27. 

20. Alugupalli KR, Leong JM, Woodland RT, Muramatsu M, Honjo T, Gerstein RM. 
B1b lymphocytes confer T cell-independent long-lasting immunity. Immunity 
2004, 21(3), 379-90. 

21. Ivanov II, Atarashi K, Manel N, Brodie EL, Shima T, Karaoz U, Wei D, Goldfarb KC, 
Santee CA, Lynch SV, Tanoue T, Imaoka A, Itoh K, Takeda K, Umesaki Y, Honda K, 
Littman DR. Induction of intestinal Th17 cells by segmented filamentous bacteria. 
Cell 2009, 139, 485-98. 

22. Walker JM, Slifka MK. 2010 Longevity of T-cell memory following acute viral 
infection. Adv Exp Med Biol 2010, 684, 96-107. 

23. Zinkernagel RM.  On immunological memory. Phil Trans R Soc Lond B 2000, 
355, 369-71.

24. Round JL, Mazmanian SK. The gut microbiota shapes intestinal immune 
responses during healthand disease. Nat Rev Immunol 2009, 9, 313-23. 
doi:10.1038/nri2515

25. Ganusov VV, De Boer RJ.  Do most lymphocytes in humans really reside in the 
gut? Trends Immunol 2007, 28, 514-8. doi:10.1016/j.it.2007.08.009

26. Su LF, Kidd BA, Han A, Kotzin JJ, Davis MM. Virus-specific CD4þ memory-
phenotype T cells are abundant in unexposed adults. Immunity 2013, 38, 373-83. 
doi:10.1016/j.immuni.2012.10.021

27. Macallan DC, Borghans JAM, Asquith B. Human T cell memory: A dynamic view. 
Vaccines 2017, 5(1), 5. doi:10.3390/vaccines5010005

Re
fe

re
nc

es

Hangan et al. The role of immune system in the newborn


