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Abstract

Background. The precise diagnosis of inflammatory responses is
essential for managing infectious diseases. Dysregulated inflammatory
responses can lead to death and high morbidity in some subjects due
to sensitive age, genetic predisposition, or other comorbidities. More
specifically, dysregulated immunological development in newborns has
been investigated to elucidate inflammatory regulation in prone popu-
lations, as being the first step to future immunomodulatory therapeutic
interventions. Indeed, compared to adults, neonates display both an
immature immune response to microorganisms, due to a diminished
Thl response and an immature compensatory anti-inflammatory
response.

Methods. In this exploratory study, we aimed to characterize inflam-
matory signatures in i) preterm newborns, ii) full-term newborns, iii) full-
term newborns exposed in-utero to Cytomegalovirus (CMV) infections,
and iv) healthy adults as a further control group. Our investigation used
a whole-blood approach to quantify the basal and the Toll-like receptors
(TLRs)-induced cytokine responses. Samples from cord blood and peri-
pheral blood (of healthy adults) were stimulated or not with ligands for
TLR1/2, TLR4, and TLR7/8 to elicit cytokine production.

Introduction

The efficient management of infectious diseases may
require a broad repertoire of approaches besides effective
anti-infectious therapy to precisely address excessive in-
flammatory responses.

Besides the quantification of standard acute phase re-
sponse proteins such as Interleukin 6 (IL-6) and C-reactive
protein (CRP) (1) or serum amyloid A, continuous efforts
are made to define specific microbe-associated responses,
related individual inflammation signatures, and potential
specific treatment.

Results. We found that after TLR7/8 stimulation the blood of full-
term newborns showed higher concentrations of IL-6 and TNF-o com-
pared to the other groups. Moreover TLR7/8 ligand, compared to other
TLR ligands, potentiated pro-inflammatory responses according to the
presence of IL-6, TNF-a and CXCLS8 in adults, while in preterm new-
borns we disclosed TNF-a a elevation. In preterm newborns, we also
observed increased TLR 1/2-induced IL-10 concentration suggestive of
modifications in the immunosuppressive and inflammatory state.

Conclusions. Our pilot results strongly encourage further inves-
tigations comparing age groups and different immunomodulatory
agents further promoting the discussion that TLR7/8 ligands could be
suitable vaccine adjuvant candidates for newborns. At the same time,
IL-10-associated immunomodulation (monoclonal antibody anti-IL-
10, anti-IL-10 receptors, or anti-TLR 1/2) might be a future therapeutic
option for cases of overwhelming neonatal inflammatory diseases. Clin
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Previous studies have demonstrated that these mecha-
nisms differ between adults and newborns. Feto-neonatal
survival is guaranteed by peculiar, age-dependent, and
strictly regulated immunological mechanisms in response
to specific demands. For the fetus, it is crucial to avoid har-
mful pro-inflammatory responses that could lead to preterm
delivery because of infection from pathogens or alloimmune
reactions between mother and fetus (2—4).

The in-utero “tolerant state” is followed at birth by radi-
cal and quick changes that distinctly characterize immune
system ontogeny to allow newborn’s transition from a sterile
intra-uterine environment to a world rich in foreign antigens
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due mostly to colonization of the skin and gut by microor-
ganisms (5). While neonatal adaptive immunity, being “still
immature” is furthermore compromised by a lack of in-utero
exposure to antigens, the innate immune system is of crucial
importance during the neonatal and infant period.

A strategically diminished Thl response, compared to
adults, prevents potentially dangerous inflammatory respon-
ses, but conversely increases neonatal susceptibility to infec-
tions. The neonatal innate immune response is demonstrated
to be Th2 polarized, and it pilots the adaptive response after
integrating information from Pattern Recognition Receptors
(PRRs) including Toll-like receptors (TLRs). TLRs are ex-
pressed by cells of the immune system such as monocytes,
dendritic cells (DCs), B and T lymphocytes, but also cells
of other tissues (e.g. epithelial cells and fibroblasts).

TLRs perceive pathogens through the interaction with
highly conserved structures expressed by microorganisms,
defined as Pathogen-associated Molecular Patterns (PAMPs)
(5,6). TLRs-mediated pathogen recognition triggers innate
immune response characterized by the production of soluble
mediators, cytokines, or chemokines, which further induce
inflammatory responses including the recruitment of effector
cells of innate immunity and promote adaptive immunity
responses (5,7).

Briefly, TLRs recognize the nature of microorganisms
and consequently induce the production of cytokines/
chemokines that provide appropriate immediate protection
and determine the quality and magnitude of the subsequent
adaptive immune response. However as stated, neonatal
TLRs response to microbial stimuli is mostly Th2 polari-
zed, when compared to adult TLR responses. To date, these
differences in TLR- responsiveness are interpreted as being
responsible for the increased susceptibility to infections and
the impaired neonatal vaccine responses.

In fact, despite significant steps forward in public health
over recent decades, the scale of infant mortality around
the world, due to infections, remains high in low- and
high-income countries (8). Thus, medical research has
been stimulated to understand the inflammatory responses
of neonates (9-11), especially in case of infections due to
microbes being of crucial danger for the neonatal popu-
lation such as Cytomegalovirus (CMV) (12,13), Herpes
Simplex virus (HSV) (14,15), Guillain-Barré syndrome
(GBS) (16,17), Respiratory Syncytial Virus (RSV) (18,19)
and finally severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) (20-22).

The SARS-CoV-2 pandemic has confirmed a high need
for an early definition of inflammatory outcomes, being a
striking example of how the balance of inflammation and

anti-inflammatory counteracting mechanisms strongly in-
fluence the clinical outcome of patients (23). Many studies
showed that newborns can mount adult-level responses to few
inflammatory triggers and the pattern of cytokine production
depends on age and type of inflammatory stimuli (24).

The ontogeny of the immune system has been also
investigated to elucidate inflammatory regulation in prone
populations, as being the first step to future immunomodula-
tory therapeutic interventions. A fast detailed inflammation
analysis ideally in a bed-side approach - besides the quick
definition of the infectious agent - could indeed ameliorate
the clinical management and would open the therapeutical
option for prompt and personalized immunomodulatory
strategies - for the neonatal population and potentially for
immune-dysregulated hosts. Precision inflammatory mana-
gement is regarded as a chance to optimize clinical outcomes
after severe inflammatory diseases.

Our pilot study shall help to discriminate age-dependent
or environment-related (including in utero exposition to
infections) inflammatory responses in the basal and TLRs
induced cytokine signatures. The additional use of a bedside
cytokine test shaping immunomodulatory treatment may
represent a beneficial approach for individuals at risk for
excessive inflammation. We foretell that IL-6, CXCLS, IL-10
and TNF-a in basal conditions without TLRs stimulation is
unaffected in both neonates and healthy adults.

Materials and Methods

Patients’ recruitment

All male subjects were enrolled at the Pediatric Depart-
ment of Policlinico Umberto I/Sapienza University of Rome.
Anamnestic data were collected for each subject included
in the study on CPR (computer-based patient record) and
coded for privacy protection. One milliliter of cord blood
from 3 healthy full-term newborns, 3 preterm newborns
(34-36 weeks GA), and 3 full-term in utero CMV exposed
newborns (see Table 1) were collected (before delivery of
the placenta) into sterile Na-Heparin- containing vacutainers
(BD) and processed within 1 hour. All newborns were born
by C-sections. One milliliter of peripheral whole blood
(WB) was also collected from 3 male healthy adult donors.
(see Table 1). The study protocol was approved by the
local Ethics Committee (prot. 571/19, Rif. 5495) and for
every study subject written informed consent (in the case
of newborns from both parents) was obtained before blood
sample collection. As exclusion criteria, we did not enroll
adults undergoing previous specific drug treatment such as

Table 1. Age in years (for healthy adults), gestational age in days (for newborns) and body weight (at birth for the newborns) of the recruited
individuals. Data are shown as +SD. The asterisk shows differences between the healthy full-term newborns compared to both preterm

and CMV exposed newborns.

Groups n

Age in years +SD

Gestational Age in Days
+SD

Body Weight (kg+SD)

Healthy Full-term Newborns

270.333+12.741 3.690+0.230"

3
Preterm Newborns 3 250.333+3.055 2.167+0.266
Full-term Newborns Exposed in Utero to CMV | 3 256.667+13.051 3.157+0.287
Healthy Adults 3 31.333+4.509 78.000+3.000
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chemotherapies, anti-inflammatory and immunosuppres-
sants or receiving antibiotic/antifungal therapy or suffering
from infectious diseases (including SARS-CoV-2) or other
inflammatory, cardiovascular, endocrine, and autoimmune
disorders. Other exclusion criteria for the adults were smo-
king, recreational drug consumption and alcohol drinking 3
days before blood withdrawal or a history of alcohol abuse
(according to self-declaration). The recruitment of healthy
adults was carried out voluntarily. Newborns of mothers
affected by autoimmune diseases or in corticosteroids or
antibiotics therapy were excluded (19,25). Furthermore,
we excluded those neonates without informed consent from
the parents.

Blood sample processing and in vitro stimulation

Samples from cord blood and peripheral blood from
healthy adults have been analyzed with or without the sti-
mulation with ligands for TLR1/2, TLR4, TLR7/8. More
precisely the following concentrations of TLR ligands have
been used: Pam3CSK4 (TLR-1/2) 1000 ng/ml, LPS-EB
Ultrapure (TLR4) 10 ng/ml e Resiquimod (R848) (TLR 7/8)
104 ng/ml (InvivoGen, San Diego, CA, USA). TLR ligands’
concentration chosen for our experiment was able to induce
maximal cytokine production in previous studies (26—28).
CXCLS, IL-6, IL-10 and TNF-a production have been
analyzed with a multiplexed panel. Under a laminar airflow
hood using sterile procedures, 200 pl of cell suspension (WB
mixed 1:1 with RPMI) were added to each well containing
TLR ligands. After 6 hours of incubation, at 37°C, almost
100 pl of supernatant was removed and frozen at —80°C for
later Luminex analysis.

Cytokine concentration measurement

Supernatants were thawed and centrifuged at 1500 rpm
for 5 minutes to pellet any precipitation in the sample. The
concentration of CXCLS, IL-6, IL-10 e TNF-o was measured
for all samples using customized Bead-Based Multiplex
Assays according to the manufacturer’s instructions (Milli-
pore, Chicago, IL). Assays were analyzed on the Luminex®
100/200 System employing xPOTENT® software (Luminex,
Austin, TX).

Statistical analysis

The average values and respective standard error devia-
tions were calculated for each group and each ligand. The
baseline values for each analyzed ligand were compared
using the non-parametric Kruskal-Wallis’s test. P value
<0.05 has been considered statistically significant. Stata
14.2 was used for all analyses.

Results

As shown in Table 1, the findings on body weight show a
significant decrease in both preterm and CMV exposed new-
borns compared to healthy full-term newborns (p<0.01).

IL-6 basal and TLRs induced production: comparison among
study groups

Basal blood concentration (unstimulated samples) of
IL-6 did not show statistically significant differences among

IL-6 basal and TLRs induced production
16000 *

pg/ml
®
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S

®
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Basal TLR1/2 TLR4 TLR7/8
= Full-term Preterm CMYV Exposed
Adults D Newborns |:| Newborns . Newborns

Fig. 1. Blood IL-6 levels between groups with or without TLRs induced
production. The asterisks (*p < 0.05) indicate post hoc differences
between groups.

adults, full-term newborns, preterm newborns and in utero-
CMV-exposed newborns. However, the efficacy with which
TLR ligands induced IL-6 production differed both between
agonists and with age. TLR7/8-induced IL-6 concentration is
higher in full-term newborns compared to adults (p=0.007),
preterm newborns (p=0.018) and in utero-CM V-exposed
newborns (p=0.026) (Fig. 1).

Moreover, in adults, TLR7/8 agonist-induced higher
IL-6 concentration compared to TLR1/2, TLR4 and basal
concentration (p<0.001) (Fig. 2).

CXCL8 basal and TLRs induced production: comparison
among study groups

Basal concentration (unstimulated samples) of CXCL8
did not show statistically significant differences among study

TLRs induced IL-6 concentration in healthy adults
90 —_—
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Fig. 2. Blood IL-6 levels in healthy adults with or without TLRs induced
production. The asterisks (*p < 0.05) indicate post hoc differences
between groups.
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Fig. 3. Blood CXCL8 levels between groups with or without TLRs
induced production.

groups (Fig. 3), although full-term newborns and in utero-
CMV-exposed newborns showed a higher production of
CXCLS8 compared to adults and preterm newborns. However,
this difference did not reach a statistical significance.

CXCLS baseline production did not increase significan-
tly after stimulation of TLR7/8, TLR1/2, TLR4 among all
study groups. However, in adults, TLR7/8 induced higher
CXCLS concentration compared to other TLRs (p=0.022).
Specifically, TLR7/8-induced CXCL8 concentration was
higher compared to basal (p=0.004), TLR1/2 (p=0.029) and
TLR4 (p=0.011) induced concentration (Fig. 4).

TLRs induced CXCL8 concentration in healthy adults
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Fig. 4. Blood CXCLS8 levels in healthy adults with or without TLRs
induced production. The asterisks (*p < 0.05) indicate post hoc
differences between groups

Fig. 5. Blood IL-10 levels between groups with or without TLRs
induced production. The asterisks (*p < 0.05) indicate post hoc
differences between groups

IL-10 basal and TLRs induced production: comparison among
study groups

Basal concentration (unstimulated samples) of IL-10 did
not show statistically significant differences among study
groups. IL-10 basal concentration did not significantly
increase in any study group after stimulation of TLR7/8,
and TLR4. TLR 1/2 ligand stimulation induced a higher
concentration of IL-10 in preterm newborns compared to
adults (p 0.007), full-term newborns (p=0.012) and utero-
CMV-exposed newborns (p=0.008), (Fig. 5).

TNF-a basal and TLRs induced production
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Fig. 6. Blood TNF-a levels between groups with or without TLRs
induced production. The asterisks (*p < 0.05) indicate post hoc
differences between groups.
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TLRs induced TNF-a concentration in healthy adults
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Fig. 7. Blood TNF- levels in healthy adults with or without TLRs
induced production. The asterisks (*p < 0.05) indicate post hoc
differences between groups

TNF-o basal and TLRs induced production: comparison
among study groups

Basal concentration (unstimulated samples) of TNF-a
did not show statistically significant differences among
study groups (Fig. 6). TLR7/8-induced TNF-a concentration
was higher in full-term newborns compared to adults (p=
0.006), preterm newborns (p= 0.007) and in utero-exposed
to utero-CM V-exposed newborns (p= 0.006). TNF-a basal
concentration did not significantly increase in adults, pre-
term, full term and in CMV utero-exposed newborns after
stimulation with TLR1/2 and TLR4 ligands.

TLR7/8 stimulation induced higher TNF-a concentra-
tion in adults (p<0.001) (Fig. 7) and in preterm newborns
(p=0.017) (Fig. 8) compared to any other TLR ligands. Spe-
cifically, in the latter, TLR7/8-induced TNF-a concentration
was higher compared to basal (p=0.004), TLR1/2 (p=0.010)
and TLR4 (p=0.010) induced concentration.

TLRs induced TNF-a concentration in preterm newborns
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Fig. 8. Blood TNF-a levels in preterm newborns with or without TLRs
induced production. The asterisks (*p < 0.05) indicate post hoc
differences between groups

Discussion

Immunological mechanisms resulting in neonatal en-
hanced susceptibility to infections and impaired immune
responses to immunizations respectively, have not been
fully delineated.

Impaired neonatal innate immune response to PAMPs
have been considered at least partly responsible for this su-
sceptibility, therefore an increasing number of studies have
been focused on differences between neonatal and adult
responses of PAMPS to their cellular recognition receptors,
i.e. pathogen recognition receptors, PRR, including TLRs.

This study demonstrates that TLR7/8 stimulation in
the blood may strongly potentiate i) IL-6 and TNF-a in
full-term newborns, ii) IL-6, CXCLS, IL-10 and TNF-a in
healthy adults, and also that TLR 1/2 stimulation in the blood
powerfully elevates IL-10 in full-term newborns.

Concentrations of pro-inflammatory cytokines are
closely related to the expression and activation of TLRs to
specific PAMPs, as well as to the expression of all molecules
involved in the intracellular signal transduction cascade of
TLRs themselves. Therefore, the analysis of variations in
the pattern of cytokine production, both basal and TLR-
induced, in full-term, preterm, in utero-CMV-exposed
newborns and adults hold the chance to better understand
how gestational age and exposure to infectious agents may
modulate the set point of immune responses. In our study,
we also investigated the potential translational role of TLR
ligands as possible immunomodulating candidates with the
ability to balance the feto-neonatal Th2 environment toward
maturation-associated Thl response. In this perspective,
TLR ligands could be used as potential future therapeutics
in preventing and modulating severe infections in early life
while allowing novel insights into underlying peculiar bio-
logical mechanisms of neonatal immune responses. Another
significant translational perspective concerns the possibility
of translating these findings to a possible immunomodulation
of immunocompromised hosts including patients affected by
inborn errors of immunity (IEIs) predisposing to a single,
selective microbial susceptibility (29).

We aimed to investigate functional responses after
TLR1/2, TLR4 and TLR 7/8 ligands stimulation using the
quantification of IL-6, CXCLS, IL-10, TNF-a production
from full-term, preterm and in utero-CMV-exposed new-
borns, in comparison with health adult volunteers as a po-
pulation representing a fully matured immune system.

To obtain a more complete picture of how neonatal and
adult innate immune responses differ, we performed TLRs
stimulation on whole blood instead of single cells (cDCs,
pDCs, monocytes) in favor of the possibility of better
reproducing in vivo physiological conditions, including
immunosuppressive modulation of plasmatic factors (26).
Overall, our data suggest a robust capacity of full-term
newborns, compared to adults, preterm and in utero-CMV-
exposed newborns, to produce TLR 7/8-mediated IL6 (Th2
and Th17 response) but also TNF-a (Thl-type response).
TLR7/8 (Resiquimod (R848)) stimulation is resulting the-
refore in a multiple cytokines production simultaneously
(polyfunctional effect). Whereas TLR1/2 agonist (Pam3-
CSK4) induced a higher concentration of IL-10 in preterm
newborns compared to other study groups. Nevertheless,
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among TLR ligands, TLR7/8 agonist (R-848) showed the
highest capacity to induce a proinflammatory response by
immune cells of both preterm newborns (TNF-a) and adults
(TNF-a, CXCLS, IL-6). On the contrary, in utero-CMV-
exposed newborns, we could not observe a statistically
significant difference in TLRs induced cytokine production
compared to the other study groups, while overall baseline
cytokine production in this population showed higher CX-
CLS8 concentration compared to adults and preterm newborns
despite this difference did not reach a statistical significance.
It is possible to hypothesize that intrauterine infections may
negatively impact neonatal immune development by impai-
ring the ability to mount efficient Th1 response to further
infectious stimuli.

The most consistent finding in the published literature
is that in response to most TLR ligands, neonatal immune
cells produce less TNF-a, but as much or even more Th2
cytokines, IL-6 and IL-10, than adult cells (30-32). In agree-
ment with this evidence, in our study, statistically significant
elevated levels of IL-6 production have been observed after
TLR7/8 stimulation (R848) in full-term newborns compared
to adults, preterm and in utero-CMV-exposed newborns. In
addition, we observed a significantly elevated concentration
of immunomodulatory IL-10 induced by TLR1/2 in preterm
newborns compared to all study groups. TLR1/2-induced
IL10 production has been reported to be higher in neonatal
cells than in adult cells and has been considered a key event
in neonatal susceptibility to bacterial sepsis. Indeed, expo-
sure to high levels of bacterial products (i.e. GBS) has been
shown to trigger TLR2-mediated IL-10 production that pre-
vents neutrophil migration to infected organs and bacterial
clearance (33). The beneficial effect of IL-10 in controlling
the degree and duration of inflammation (regulatory me-
chanism of inflammatory response) might be unhelpful in
newborns. Indeed, the ability of the pathogen to induce in
newborns prolonged and massive IL-10 production, imme-
diately after infection, leads to an immunosuppressive state
that favors pathogen dissemination. In addition, in previous
studies, it has been documented that newborns seem to be
committed to producing IL-10 because this cytokine is
produced in high amounts by B1 cells that are displayed in
newborns at abundant levels compared to adults (34). Our
observations confirmed that the TLR1/2 agonist is speciali-
zed in inducing IL-10 expression by neonatal immune cells.
We found that preterm newborns produce a higher concen-
tration of TLR1/2-induced IL-10 compared to other study
groups including full-term newborns. Indeed, it is known that
monocytes of preterm neonates have diminished TLR4 but
normal TLR2 expression compared to adults (35). Moreover,
as a result, sepsis is notoriously more common in preterm
newborns. These findings may support the translational
perspective on immunomodulation of the neonatal system.
As described in a murine model study by Andrade et al.,
the inhibition of either TLR2 or IL-10 signaling showed an
increased survival of GBS-infected neonatal mice due to a
more efficient neutrophil migration into infected tissue and
subsequent bacterial clearance. On the contrary inhibition
of proinflammatory cytokines did not improve the clinical
outcome (34).

Future studies are required to investigate the role of
monoclonal antibody anti-IL-10, anti-IL-10 receptors or

anti-TLR2 in preventing bacteria-induced sepsis in human
preterm newborns. Immunomodulation is a therapeutic inter-
vention intended to either suppress or stimulate a particular
immune response. The latter possibility has been widely
investigated for identifying promising immunomodulatory
substances against Th2-biased neonatal immune response
and the most studied molecules, to date, have been TLRs.
The general interest in the stimulation of neonatal cells
with TLR ligands is supported by the fact that recognition
of PAMPS by TLRs on immune and non-immune cells re-
presents the first defensive step of innate immunity against
pathogens including the most common peri-postnatal ones.
Neonatal stimulation of the innate immune system through
most TLRs is impaired compared to adult responses and not
deficient in quantity (because of reduced receptor expression
and disrupted downstream signaling) but rather differed
in quality (including low up-regulation of co-stimulatory
molecules and immunosuppression from plasmatic factors
(30,36,37). Indeed, in adults, TLRs-induced proinflamma-
tory cytokine production can fight pathogens and activate
the adaptive immune system, while the neonatal innate im-
mune response to PAMPs is biased towards Th2 and Th17
production over Thl cell development (38). However, in
agreement with few literature data, in our study, TLR7/8
stimulation by Resiquimod (R848) has been able to induce
a proinflammatory response in full-term newborns and to
induce higher production of TNF-a in preterm newborns
compared to other TLR ligands (39). Schiiller et al. demon-
strated that both TLR7/8 agonist R-848 (and TLRY agonist)
can stimulate mononuclear cells from the peripheral blood
of adults and cord blood of both early preterm and full-term
newborns to induce a proinflammatory response, including
a comparable TNF-o production among these groups (40).
These findings are in line with our results though our analysis
was conducted on neonatal whole blood potentially con-
taining immunosuppressive factors instead of stimulating
directly mononuclear cells. Therefore, our observations
suggest that neonatal plasma does not impair, as could be
expected, R848-induced TNF-a concentration implying that
TLRS is a strong activator of immune response in human
newborns. Indeed, in our study, TLR 7/8 ligand R848 showed
the highest potential in stimulating both neonatal and adult
immune cells compared to other TLR ligands: we observed
that TLR 7/8-induced production of TNF-a (in preterm
newborns) and IL-6, CXCL8 and TNF-a (in adults) was
higher than concentration induced by other TLR agonists.
Our evidence not only suggests that the pathway by which
R848 induces TNF-a release is intact in newborns, but also
that it may induce in immunocompetent adult cells higher
proinflammatory response compared to other TLR ligands,
in agreement with previous studies (41,42). The unique
powerful action of TLRS agonist has been described to be
correlated to the ability of the TLR8 pathway to strongly
induce TLR-mediated intracellular signaling via the p38
MAPK and NF-kb pathways that are known to trigger ex-
pression of costimulatory molecules including TNF-a, IL-12
and CD40 in both newborns and adults (39). In consideration
of this evidence, TLR8 ligand may represent an efficacious
immunomodulator of acute infections or vaccine adjuvants
in newborns by inducing Thl responses by the activation
of APCs (39). Several studies investigated the efficacy of
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TLR7/8 agonists as potential adjuvants to be used in the
design of potentially effective vaccines in the neonatal age
(43). Finally, in the past two decades a growing number of
IEIs characterized by a specific susceptibility to a narrow
range of pathogens, including SARS- Cov2 (23,44), have
been described involving TLRs pathway. Given their crucial
role in infectious and non-infectious disease, modulation
of Toll-like Receptor signaling should be considered a
significant therapeutic target to pursue, beyond neonatal
immunomodulation.

This pilot study has a limit in the low number of analyzed
samples that also depends on the quite restricted recruitment
criteria. The relatively low number of analyzed cytokines
could also be considered a study limit. However, additional
investigations in this field are currently ongoing to counteract
these limitations.

Conclusions

Overall, our results suggest that newborns can mount
immunological ‘mature’ responses, age-dependent and sti-
muli-specific. In our pilot study, the TLR7/8 ligand induces
an effective pro-inflammatory and Th1-polarizing response
that could protect full-term newborns from infections and
at the same time could allow an adequate response to the
administration of protective vaccines at this age, precisely
using the same agonists in the form of adjuvants.

We also highlight that the possible use of anti-TLR2 or
anti-IL-10/IL-10 receptors might be a promising immuno-
modulatory strategy against critical Th2-biased diseases in
preterm newborns.

Further investigations are needed to better understand
neonatal immunological mechanisms heading towards future
strategies preventing and treating neonatal infectious com-
plications by inflammation. Another significant translational
perspective concerns the possibility of translating these
findings to a possible immunomodulation of an immuno-
compromised host.
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