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ABSTRACT

Introduction: Prematurity exposes newborns to infectious complications due to
their immature immune system. Mast cells seem to have a central place in their defenses
considering their predominant location in the bronchial and digestive epithelia.

Objective: Evaluate mast cell activity in preterm infants using an assay of serum
tryptase level (STL), a specific protease of mast cell activation.

Material and methods: A case-control study compared STL of preterm infants to
full-term infants. We also evaluated STL kinetics in preterm infants, with and without
infectious complications.

Results: 51 patients were included per group. STL were homogenous in full-term
infants and variable in preterm infants. Mean STL was lower (p = 0.02) in preterm
infants (5.02pg/L) than in full-term infants (6.17ug/L) after excluding 4 preterm infants
presenting a confounding factor (prolonged premature rupture of membranes). This
result reflects a quantitative deficit in immunity effector cells of preterm infants. Preterm
infants at risk of enterocolitis (NEC) had a higher basal tryptase level (7.02ug/L) than the
others (4.84pg/L) (p = 0.04). Prolonged premature rupture of membranes in preterm
babies was associated with a higher STL: 12.37ug/L versus 5.06ug/L (p <0.0001).

Conclusion: The prognosis of the most vulnerable preterm infants seems to be
dependent on unregulated mast cell hyperactivity leading to a deleterious inflammatory
response in different epithelia. STL assay can be used for screening these at-risk patients.
Additional data are needed to establish threshold values.

Introduction

first line of defense, it orchestrates the communication between the

Prematurity affects 6.6 % of births in France [1,2]. It is the first
cause of neonatal mortality [3]. It induces a high rate of neonatal
morbidity correlated with gestational age [4]. Preterm infants
are vulnerable, and often incapable of surviving extrauterine life.
Invasive procedures are required to save these babies subsequently
putting them at higher risk for infections due to their immature
immune systems [5]. Mast cell, known as “Allergy effector cell”

[6,7], is an innate immunity cell found in tissue interfaces. In the

innate immunity cells and activates the adaptive immunity [8]. It
regulates many immune processes [9-11]. Mast cell activation has
two pathways: the known IgE pathway and the Toll-Like Receptors
(TLR) pathway [12]. TLR are membrane receptors that recognize
conserved sequences directly. These pathways lead to mast cell
mediators’ secretion including tryptase. Independent IgE mast cell
activation pathways are not associated with degranulation but with

secretion [13].
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Tryptase is a mast-cell specific serine protease: more than 99%
of tryptase originates from mast cells. It is a pro-inflammatory
agent. [14] Total tryptase assay is performed routinely. It is a
standardized technique [15,16]. We believe that mast cell activity
has a central place in the immunity of premature newborns.
Prematurity induces more vulnerability to infection due to a
quantitative and qualitative deficit in immune cells [17-20]. An
immature immune system puts mast cells in the front line of the
body’s defenses. Tryptase is predominantly located in the bronchial
and digestive tissues. Interestingly, tryptase is known to play a role
in the immune phenomena of these organs [21-26]. Therefore, mast
cell activation could be involved in premature babies’ pathologies
like necrotizing enterocolitis (NEC) and bronchial dysplasia.

Our objective was to evaluate mast cell activity in preterm
babies by answering 4 questions:

a) Do preterm infants have a higher serum tryptase level than
full-term infants?

b) What is the kinetics of basal serum tryptase levels in preterm
infants?

c) What is the evolution of its concentration during infectious
complications such as necrotizing enterocolitis?

d) Does an “at-risk” population stand out?

Material and Methods

We performed a monocentric prospective study at Reims
University Hospital. We evaluated serum tryptase level (STL) in
preterm versus full-term infants (to bring an answer to question 1).
We evaluated the evolution of STL in preterm infants (question 2)
and its evolution in infectious complications (question 3). We then
tried to draw conclusions from our data to enhance the possibilities
of screening babies at-risk of developing NEC (question 4). Children
born before 37 WA were included as “cases”. Children born after
37 WA following were included as “controls”. For preterm babies,
a tryptase assay was done for every routine blood analysis and
in case of complications. For full-term babies, it was done at 3
days of life. Tryptase assay requires 1mL of extra blood. Total

Table 1a: Term, weight, height and sex.

tryptase concentration (alpha and beta) was determined by a
fluoroenzymatic technique (FEIA- fluoro enzyme immunoassay)
using a PLC “UNICAP 250” (Phadia, Thermofisher Scientific).

Data collection was reported on an observational chart. We
collected general data for each patient such as: sex, date of birth,
term, weight, height, twin or single pregnancy, complications during
pregnancy and/or birth, cause of prematurity. For each tryptase
sampling we collected the following data: term, if the sampling
was carried out during an infectious (NEC, intraventricular
hemorrhage, severe broncho-dysplasia, central catheter sepsis) or
non- infectious event, tryptase concentration, blood count and CRP.

Statistical Analysis

Data description included means and standard deviations for
quantitative variables, as well as numbers and percentages for
qualitative variables. Biological results (tryptase concentration)
were compared by using a Student-t test. Evolutions of the different
biological assays were studied via correlations and the Pearson’s
test. Threshold of significance was set at 0.05. We obtained an ethics
agreement. Biomedical research and bioethics laws were respected
(Eastern CPP and ANSM). This study was funded by “Comité des
Amis de 'American Memorial Hospital”.

Results

Description of the Population

51 babies were included in each group from December 2015
to August 2017. Preterm infants were frailer than in national data
(Table 1a). Causes, complications of prematurity and mortality
data were like national data (Table 1b). During analysis, we noticed
that four patients (two pairs of twins) had a particularly high STL
respective STL of 24pg/L, 20.7pg/L, 20.7ng/L (21, 8pg/L then
19.6pg/L) and 18.1pg/L. We sought to understand why these
patients had such high values. Apart from the first result (24png/L)
which is the highest and which corresponds to an infectious event
(neonatal Candida infection), others are not associated with
infectious events. We see that this rate decreases with time (with
reference to the third patient who had two dosages).

Preterm infants Full term
Mean p
<28 WA 28-32 WA 33-36 WA >37 WA
Term 25 WA and 5 days 30 WA and 4 days 34 WA and 2 days 39 and 4 days <0.0001*
Weight (g) 904.7 1455 2109 3300 <0.0001*
Height (cm) 32.6 39.2 45.1 50.7 <0.0001*
Sex ratio 2.5 (5B 2G) 2 (18B 9G) 1.2 (11B9G) 0.8 (22B 29G) /

WA: weeks of amenorrhea G girls - B boys.

According to the National Perinatal Survey (ENP) study in 2010, mean term in preterm infants was 33 WA and 3 days and mean

weight was 2292g.
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Table 1b: Causes, complications of prematurity and mortality.

Characteristics of preterm infants

Infectious 56.7 % (17/30)
Spontaneous 55.6 % (30/54)
Others 43.3 % (13/30)
Causes IUGR 41.7% (10/24)
Induced 44.4 % (24/54) Preeclampsia 20.8 % (5/24)
Others 37.5% (9/24)

Complications Necrotizing enterocolitis

9.3 % (5/54)

Hyaline membrane disease

34% (17/50)

Intraventricular
0,
hemorrhage 24.5 % (13/53)
Mortality 9.3% (5/54)

IUGR: Intra uterine growth retardation.

Common points of these four patients are twinning and birth
following a prolonged premature rupture of membranes (PROM).
In a same pair of twins, STL is very similar according to adults’
literature data, but twinning is not associated with higher STL
based on adults’ data and on results of the other preterm twins in
our study. Once these 4 patients were excluded, average STL for
multiple pregnancies was lower than for single pregnancies (5pg/L
versus 5.13ug/L respectively p = 0.86). The assessment of impact
of birth after prolonged PROM was significant (even after these 4
patients were excluded). This factor may partly explain high STL in
these 4 patients. Nevertheless, tryptase values of these 4 preterm
infants stand out clearly from those of other preterm infants born
after prolonged PROM. They must have another confounding factor
unknown to us and that cannot be explained with our current data
(higher anaphylactic risk in these patients?). We therefore decided

to exclude these four patients from our analysis.

Serum Tryptase Level “Preterm Infants” versus “Full
Term Infants”

STL were homogenous in full-term infants and variable in
preterm infants. Mean STL was lower in preterm infants (5.03pg/L)
than in full-term infants (6.17pg/L) (p = 0.02) after excluding the
4 preterm infants presenting a confounding factor. In terms of
gestational age, we had these results: 4.33pg/L, 5.23pug/L and
4.79pg/L in respectively < 28 WA, 28-32 WA and 33-36 WA, and
6.05pg/Lin>37 WA (p =0.03) (Table 2a). STL increases with weight
after excluding the 4 preterm infants presenting a confounding
factor: 4.6 ug/L, 5.01pg/L, 5.85ug/L and 6.75ug/L in respectively
500g-1500g, 1500g-2500g, 2500g-3500g and 3500g- 4500g (p =
0.05) (Table 2b).

Table 2a: Serum tryptase levels according to gestational age in “preterm infants” versus “full term infants” after excluding 4 preterm

infants presenting confounding factor.

Preterm infants
Full term > 37 WA
<28 WA 28-32WA 33-36 WA

Number of values 12 44 52
Minimum 1.75 2.15 1.31 2.49
25% Percentile 2.43 3.23 3.77 4.38
Median 3.14 455 4.66 5.95
75% Percentile 5.71 6.03 5.92 7.35
Maximum 11.3 18.3 10.3 13.2
Mean 433 5.23 4.79 6.05
Std. Deviation 2.83 2.92 1.61 2.4

95% CI 2.53-6.13 43-6.16 43-5.28 5.38-6.72
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Table 2b: Serum tryptase levels according to weight in preterm infants and full-term infants after excluding 4 preterm infants

presenting confounding factor.

500g-1500g 1500g-2500g 2500g-3500g 3500g-4500g
Number of values 29 38 6

Minimum 1.75 2.11 1.31 5.29
25% Percentile 2.92 3.74 3.56 5.84
Median 417 4.86 5.87 6.79
75% Percentile 5.58 6.17 7.71 7.58
Maximum 12 10.3 13.2 8.25
Mean 4.6 5.01 5.85 6.75
Std. Deviation 2.47 1.72 2.75 1.04

95% CI 3.66 - 5.53 4.51-5.52 494 -6.75 5.66 - 7.84

Serum Tryptase Level During Infectious Events: Average
STL obtained during infectious events was slightly higher than in
the absence of any infectious event: 4.92png/L during infections
versus 4.77pg/L in absence of infection (p = 0.8) (after excluding
the 4 preterm infants presenting a confounding factor) (Table 3a).
These infectious events were very heterogeneous. Regardless, there
were high tryptase concentrations in maternal-fetal or neonatal
infections: chorioamnionitis (11.3pg/L). Enterocolitis increases
tryptase rates (6.59pg/L and 5.61pg/L): 1 to 2 points above
the previous rate. Others: Catheter infections or gastric sample

infections were associated with lower rates (< 5pg/L). The type of

infectious event had an impact on tryptase concentration.

Serum Tryptase Level According to Time Elapsed Between
Rupture of Membranes and Birth in Premature Infants
(<or>24h): Prolonged premature rupture of membranes was
associated with a higher STL: 12.37pg/L versus 5.06pg/L (p
<0.0001) (Table 3b). Even when the 4 preterm infants with high
data cited above were excluded, STL remained higher in babies
born after prolonged PROM (6.52pg/L versus 5.06pg/L p = 0.18).

Table 3a: Serum tryptase level during infectious events after excluding 4 preterm infants presenting confounding factor.

With infectious events Without infectious events
Number of values 83
Minimum 2.11 1.31
25% Percentile 3.26 3.21
Median 494 4.48
75% Percentile 5.82 5.98
Maximum 11.30 12
Mean 4.92 4.77
Std. Deviation 2.39 1.95
95% CI 3.47-6.37 4.34-5.19

distribution of serum tryptase level in case of infectious event versus without infectious events (after excluding 4 preterm infants

presenting confounding factor).

Table 3b: Serum tryptase level according to time elapsed between rupture of membranes and birth in premature infants (<or>24h).

MR < 24h MR > 24h
Number of values 10
Minimum 2.11 2.15
25% Percentile 3.43 5.08
Median 4.44 9.87
75% Percentile 6.18 20.98
Maximum 24
Mean 5.06 12.37
Std. deviation 2.18 8.12
95% CI 4.29-5.83 6.57 -18.18

distribution of serum tryptase level in preterm infants born after less than 24 hours of membranes rupture versus preterm infants

born after more than 24 hours of membranes rupture.
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Basal Serum Tryptase Level in Preterm Infants with
Enterocolitis Versus other Preterm Infants

Preterm infants at risk of NEC had a higher basal STL than
the others. After excluding the 4 preterm infants presenting
confounding factor, this result was statistically significant: 7.02pg/L
versus 4.84pg/L (p = 0.04) (Table 4). Five patients presented with
NEC: three stage 1 (6,65pg/L, 4,51pg/L and 6,72png/L) and two
died (12pg/L and 5,1pg/L).

Table 4: Basal serum tryptase level in preterm infants with
enterocolitis versus other preterm infants after excluding 4
preterm infants presenting confounding factor.

No enterocolitis Enterocolitis
Number of values 45 5
Minimum 1.83 4.51
25% Percentile 3.52 4.81
Median 4.42 6.72
75% Percentile 5.89 9.37
Maximum 13.37 12
Mean 4.84 7.02
Std. deviation 2.06 2.96
95% CI 4.22-5.46 3.35-10.68
Discussion

Children born prematurely have physiological specificities that
can lead to significant clinical repercussions on their development.
They are at risk for different types of complications (respiratory,
digestive, neurological, infectious and metabolic complications)
during the neonatal period, secondary to a difficult adaptation to
extra-uterine life due to their immature organism. Particularly,
their immature immune system has reactive specificities that may
play a deleterious role during an acute inflammatory process.
Mast cell, a cell of innate immunity that is therefore in first line
of defense and very present in interface tissues such as intestine
and lung epithelia, seems particularly relevant in preterm babies
with no previous contact with extrauterine life. Its activity is easy
to evaluate thanks to the clinically controlled dosage of one of its
specific mediators the tryptase. Tryptase is a serine specific mast
cell protease (> 99%) [14]. It is a pro-inflammatory agent that
activates the PAR 2 receptor. In turn the PAR 2 receptor activates
respiratory homeostasis, gastrointestinal smooth muscle activity
and intestinal transport, contraction and vascular relaxation,
coagulation [27,28].

Basal concentration is stable in each individual person, but
there is “interindividual disparities”. Elevation of total tryptase
level can reflect two things: [14]

a. Elevation of immature forms (monomers « and ) due to
elevation of mast cells population in the body.

b. Or elevation of mature form (f tetramers) due to mast cell
activation and degranulation.

Hence the interest of the sequential dosing: at acute episode
and 24 to 48 hours after. Interpretation must be done considering
basal concentration:

a. Ifelevation is due to degranulation, only the acute dosage will
be increased.

b. If elevation is due to mast cell pool elevation, both
concentrations (at acute and 48h later) will remain high. It
reflects the basal concentration.

Ideally it would have been perfect to perform after each dosage
a systematic control 48 hours later to clarify the clinical situation of
these infants. But that would have meant adding an extra sample.
This was not planned in the protocol. In addition, samples should
be limited in preterm babies who have less blood volume.

Tryptase normal values established by Thermo-Fisher in
adulthood are less than 11.4pg/L (median 3.8pg/L, with 95%
control values <11.4pg/L) [29]. These normal values are increased
in children during the first three months of life (child between 10
days of life and one month: median of 6.1pg/L [30]. From 6 months
of life, values become like adult values and remain stable over the
life course of an individual (median of 3.15pg/L between 11 and
12 months of life) [30]. It seems to increase again in persons over
80 years (median 6.6pg/L) [31]. Values for babies under 10 days of
life and preterm infants remain unknown. Our study suggests that
serum tryptase level is lower and more variable in preterm infants
(5.03pg/L) than in full-term infants (6.17pg/L) (p = 0.02). This
reflects a quantitative deficit in immunity effector cells of preterm
infants [32]. For example, we note that preterm babies who died for
other reasons than enterocolitis were born extremely premature
(25 WA and 4 days, 28 WA and 1 day and 24 WA and 2 days) with
mean low concentrations at 3.28pg/L, 3.19ug/L and 2.34pg/L.
Their immune system is much more immature with fewer mast cells
(thus lower tryptase); it is unable to react to external aggressions.
This could explain their vulnerability and death rate.

Tryptase level was slightly higher during infectious events:
4.92ng/L during infectious events versus 4.77ng/L in the absence
of infections (p = 0.8). These results are not significant. This is due
to the presence of many biases. First, in this calculation, tryptase
level interindividual variability could not be considered, because
of the small number of doses per patient. Furthermore, tryptase
variations are minimal ones. They require a larger cohort to allow
for some significance. Second, these infectious events were very
heterogeneous. However, we could notice, that there was a higher
concentration in case of maternal-fetal or neonatal infection and

positive change in enterocolitis.

Prolonged premature rupture of membranes (PROM) is
associated with a higher level of neonatal tryptase: 12.37pg/L
versus 5.06pg/L (p <0.0001). “Lag phase” duration has an impact
in the occurrence of neonatal infections: risk of neonatal infections
is higher when babies are born premature and if they were born
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24 hours after membrane rupture [33,34]. High neonatal tryptase
levels after prolonged premature rupture of membranes reflect the
induction of a “fetal inflammatory response syndrome” FIRS [35].
This syndrome is associated with neurological [36] and respiratory
[37,38] neonatal complications in the weakest premature babies.
Indeed, among our 10 patients with maternal-fetal infection, those
who were hypotrophic with high tryptase levels had respiratory and
neurological complications. Hypotrophy is a prognostic factor for
complications in case of activation of FIRS generated by premature
rupture of membranes. It could be interesting to assess if children
who benefit from antenatal corticosteroid treatment had a lower

concentration of neonatal tryptase.

In case of anaphylactic risk, basal individual tryptase
concentration seemed to be higher [39-41]. Hence the relevance
of evaluating basal concentration of children who presented with
enterocolitis, to know if it could reflect a susceptibility to develop
enterocolitis. Interestingly, preterm infants at risk of enterocolitis
had higher basal tryptase levels than others. Mast cells are lower in
premature infants; so, this suggests an elevation of tryptase basal
secretion in these patients. The increase in mast cell activity seems
to be implicated in the occurrence of enterocolitis: a deleterious
enteral mast cell activation not suppressed during postnatal
bacterial intestinal colonization. On the other hand, elevation of the
tryptase level at 10 days of life in full term babies could be related
to this postnatal bacterial colonization (occurrence of enterocolitis
at day 10 of life in preterm babies) [30].

Due to prematurity, mast cell has a central place in
“physiological” immune response while waiting for immune
system maturation. Prematurity sensitizes mast cells to stimuli
by independent IgE pathway (TLR) [42]. This exposes preterm
newborns to a deleterious inflammatory response on the epithelial
barriers. Pro-inflammatory factors like tryptase are secreted.
Tryptase targets are in the digestive and respiratory systems by
PAR2 receptor [27,28]. That is why these sites are vulnerable. This
deleterious inflammatory response is not repressed by the weakest
babies because of a lack of protective mediators, such as IL-10 and
TGF which are present in breast milk [43-53].

In the intestinal mucosa, the triad “prematurity - bacterial
toxins - hypoxia” (predisposing factors for ulcerative necrotizing
enterocolitis [54]) increases TLR4 expression in the mucosa. The
interaction of bacteria and enterocytes that over expressed TLR4
induce intestinal disorders due to greater apoptosis and lesser
repair. This leads to intestinal barrier failures and an increase of
its permeability. This allows pathogenic bacteria translocation
[55]. Consequently, this presence of bacteria activates an excessive
and inappropriate inflammatory response by mast cells leading to
inflammation and necrosis [56-60] (Figure 1a-1b). TLR 4 is also
present in mast cells [61]. Mast cell activation by TLR only uses
the MyD88 dependent pathway and leads to pro-inflammatory
cytokine production by the NFkB [62]. Enterocolitis inflammation

pathway also involves the MyD88 pathway by NFkB [55,63,64].
A therapeutic proposal would be to inhibit the TLR4 pathway in
mouse model (ex: Epidermal Growth Factor EGF [55]). TLR4 is
also present in the mast cells found in the respiratory system [65].
Tryptase and mast cells play a major role in hyperoxia-induced
lung injury [66-68] and inflammation as well as hyperpermeability
of respiratory epithelium [69-71]. Bronchopulmonary dysplasia
(BPD) is associated with overactivation of mast cell activity; there
is an association between BPD and TLR4 gene’s polymorphisms
in premature infants [72-74]. It would be interesting to evaluate
tryptase concentration in patients with BPD.
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tryptase level according to gestational age in preterm in-
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Conclusion

We underline the relevance of a systematic dosage. First, via
the measurement of basal tryptase serum level concentrations
in preterm infants to highlight those at risk of complications like
enterocolitis. Second, the dosage in preterm babies born after
prolonged rupture of membranes to identify preterm infants at
risk of respiratory and neurological complications. The prognosis
of the most vulnerable preterm newborns seems to be dependent
on unregulated mast cell hyperactivity (activated by TLR receptors)
leading to a deleterious inflammatory response in different
epithelia. Additional data are needed to establish threshold values.
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