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Association of high levels of a-defensins and S100A proteins
with Candida mannan detection in bronchoalveolar lavage

fluid of preterm neonates
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Costantino Romagnoli', Brunella Posteraro?, Federica lavarone?, Tiziana Cabras*, Chiara Fanali®, Irene Messana*

and Massimo Castagnola®

BACKGROUND: Candida mannan (Mn) detection in bron-
choalveolar lavage fluid (BALF) was shown to be useful for
earlier identification and preemptive therapy targeting in
preterm infants at high risk of invasive Candida infection. We
investigated whether early detection of Candida Mn in BALF is
associated with the presence of some neutrophilic products,
as markers of prenatal infection/inflammation.

METHODS: BALF specimens were collected during the first
48h of life from mechanically ventilated preterm newborns.
Samples were analyzed by high-performance liquid chroma-
tography—electrospray ionization—-mass spectrometry. The
relative amounts of a-defensins 1-4 and ST00A proteins were
measured by extracted ion current peak area. Absolute and dif-
ferential white cell counts in BALF were obtained. Mn antigen
concentrations were determined by the Platelia Candida anti-
gen kit.

RESULTS: Twenty-five studied neonates were divided into two
groups: Mn-positive group and Mn-negative group. Levels of
o-defensins 1-4 and ST00A12 were significantly higher in the
Mn-positive group than in the Mn-negative group. Moreover,
positive significant correlations between the absolute number
of neutrophils and the levels of a-defensins 1-4 and S100A8
were observed.

CONCLUSION: The detection of Mn antigen in BALF of pre-
term infants is consistent with evidence of an innate immune
response in their lungs as demonstrated by higher levels of
o-defensins and ST100A proteins.

ystemic fungal infections are a significant problem in pre-

term infants in the neonatal intensive care unit. Fungal colo-
nization is considered an important predictor of progression to
invasive Candida infection (ICI) (1,2). Very-low-birth-weight
neonates with endotracheal Candida colonization were shown
to carry an additional risk of developing systemic candidiasis
(3). In high-risk patients, early diagnosis of ICI is essential; late

treatment of this disease often results in severe complications
and high mortality (4,5). In certain high-risk patients, empiric
antifungal therapy has been shown to improve outcomes, but
the most recent guidelines by the Infectious Diseases Society
of America for the management of adult and pediatric patients
with invasive and mucosal candidiasis do not address the issue
of empiric therapy in infants (6). Nevertheless, a recent ret-
rospective analysis on 136 infants with birth weight <1,000g
and age <120 d has been conducted comparing infants who
received empiric antifungal therapy with those who did not.
These authors found no differences in the single outcomes
(greater survival, shorter time to clearance of Candida, and
lower incidence of neurodevelopmental impairment), but they
observed an improved survival without neurodevelopmental
impairment in the infants who received empiric antifungal
therapy at 18-22 mo of adjusted age (7). Recently, we docu-
mented the utility of Candida mannan (Mn) detection in bron-
choalveolar lavage fluid (BALF) for earlier identification and
preemptive therapy targeting preterm infants at high risk of
ICI (8). Mn in BALF was detected in the first days of life in
most patients, suggesting that Candida colonization occurs
very early in preterm infants. It has never been demonstrated
that the presence of Mn causes pulmonary inflammation and/
or stimulates innate host defense of the lung.

Several articles have been published on the proteomic com-
position of human BALEF, especially for adults (9-12). Among
detected proteins that are receiving further attention, espe-
cially for their function and involvement in acute and chronic
inflammatory conditions, are the o-defensins and S100A mem-
ber proteins (calgranulins) (13,14). To date, six a-defensins
have been characterized: the human neutrophil peptides 1-4,
mainly produced by neutrophils, and the human defensins 5-6
expressed by the Paneth cells (15-18). Defensins have a broad
spectrum of antimicrobial activity against bacteria, fungi, and
even some enveloped viruses. In various adult infectious lung
diseases, elevated levels of o-defensins in BALF have been
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reported (19,20), and we recently investigated the presence of
o-defensins 1-4 in BALFs of premature newborns with and
without pneumonia (21): they were more expressed in cases
of bacterial and fungal pneumonia, suggesting that they could
be involved in innate host defense of the lung against micro-
bial infection in preterm newborns. SI00A8 and S100A12,
together with S100A9, are members of the subgroup of SI00A
proteins named calgranulins. They provide anti-infective and
anti-inflammatory functions for the mammalian host and are
expressed prevalently in the cytosol of neutrophils and mono-
cytes. They adopt several different mechanisms and roles to
protect the host. These functions include antimicrobial activ-
ity, chemokine-like activities, oxidant scavenging, and leuko-
cyte chemoattractant activity (22).

McMorran et al. (13) conducted a proteome-based analysis
of BALFs from young children suffering from cystic fibrosis
with and without lung infection. They detected abnormally
high concentrations of o-defensin 1 and 2, SI00A8, S100A9,
and S100A12, as well as novel forms of SI00A8 and S100A12,
in BALFs of early cystic fibrosis lung disease.

Of note, Buhimschi et al. (23) have recently investigated
the changes in amniotic fluid (AF) proteome in the context
of inflammation and decidual hemorrhage-induced preterm
birth. Proteomic mapping of the AF revealed a profile that was
highly characteristic of intra-amniotic inflammation: the pres-
ence of four neutrophilic products—a--defensin 1, o-defensin
2, S100A8 protein (calgranulin A), and SI00A12 protein (cal-
granulin C)—was highly predictive of preterm birth, whether
inflammation was secondary to infection or bleeding. Taking
into account that 90-99% of polymorphonuclear leukocytes
identified in AF during intra-amniotic infection are of fetal
origin (24), this proteomic profile reflects the fetal immune
response to intra-amniotic infection. Moreover, in subsequent
studies, the presence of S100A12 was shown to be strongly
associated with funisitis, whereas SI00A8 was linked with neo-
natal sepsis (25).

The aim of this work was to evaluate the levels of a-defensins
and S100A proteins, as markers of prenatal infection/inflam-
mation, in BALF samples of premature newborns, in relation
to the detection of Candida Mn antigen. Specifically, using a
proteomic approach, we determined the relative amounts of
o-defensins 1-4 and some members of SI00A family proteins,
such as SI00A8, four isoforms of SI00A9 (short form, long
form, and two of their phosphorylated forms), and S100A12.

RESULTS

Of 29 eligible patients during the study period, 25 who fulfilled
the inclusion criteria were enrolled in the study and 4 were
excluded because of the lack of parents informed consent. A
total of 25 BALF specimens were collected. Of the 25 neonates,
18 (72%) had positive Mn test results (Mn-positive group) and
7 (28%) did not (Mn-negative group). The mean + SD times of
BALF collection for the Mn-positive and Mn-negative groups
were 35.7+6.9h and 36.4+8.1h, respectively (P = 0.83). The
mean * SD amount of fluid recovered varied between 75 and
80% of the initial lavage fluid instilled for all BALF samples
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(1.1£0.1 ml in the Mn-negative group and 1.0+0.05ml in the
Mn-positive group, P = 0.25). Table 1 shows the characteristics
of patients. There were no statistically significant differences in
gestational age (GA) or birth weight between the two groups.

The number of infants who were small for gestational age was
higher in the Mn-positive group than that in the Mn-negative
group. At the same time, a higher number of babies in the
Mn-positive group relative to the ones in the Mn-negative
group were born to mothers with premature rupture of mem-
branes, defined as a premature prolonged rupture of the fetal
membranes at least 12h before the onset of labor. As regards
other prenatal risk factors for ICI, such as vaginal delivery and
vaginal swabs positive for Candida spp., no significant differ-
ences were found between the two groups (Table 1). All stud-
ied infants received one dose of fluconazole for antifungal pro-
phylaxis, before BALF sampling.

The major outcomes of studied patients are summarized in
Table 2. During hospitalization, neonates of the Mn-positive
group underwent a greater duration of mechanical ventilation
and O, therapy; moreover, the incidence of bronchopulmonary
dysplasia was higher in this group than in the Mn-negative
group. All the neonates of the Mn-negative group survived;
by contrast, only 72% of neonates survived in the Mn-positive
group. The incidence of severe intracranial hemorrhage (grade
III or IV) was higher in the Mn-negative group as compared
with the Mn-positive group, but the difference was not statisti-
cally significant (Table 2).

Concerning BALF cytology, both the median (range)
absolute leukocyte and neutrophil counts were higher in the
Mn-positive group as compared with the Mn-negative group:
1.50 (0.26-11.00) leukocytes x10°/1 and 1.20 (0.20-7.70) neu-
trophils x10°/1 vs. 1.14 (0.35-2.78) leukocytes x10°/1 and 1.00

Table 1. Patient characteristics of the groups analyzed

Mn-negative Mn-positive

group (n=7) group (n=18) Pvalue
GA (wk) 25714 265+1.0 0.22
BW (g) 846191 732+176 0.13
Male 5(71) 11(61) 1
Appropriate for GA 7(100) 10(55) 0.06
Antenatal steroids® 4(57) 9(50) 1
Vaginal delivery 1(14) 1(5) 0.49
pPROM 2(29) 8 (44) 0.66
Vaginal swabs positive 1/3(33) 3/8(38) 1
for Candida spp.
Apgar score at 1 min 5(2-8) 4(2-8) 0.58
Apgar score at 5 min 7 (7-9) 7 (5-8) 0.36

Values expressed as mean + SD, median (range), or n (%).

BW, birth weight; GA, gestational age; Mn, Candida mannan; pPROM, premature
prolonged rupture of the fetal membranes at least 12 h before the onset of labor.

*Antenatal steroids were considered a complete course of prenatal betamethasone,
defined as two doses administered >24 h but not >7 d before delivery. °The number
of maternal vaginal swabs positive for Candida spp. divided by the total number of
maternal vaginal swabs performed before delivery is shown. The mothers of 4 patients
in Mn-negative group and the mothers of 10 patients in Mn-positive group did not
have vaginal swabs.
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Table 2. Clinical and long-term respiratory outcomes

Mn-negative Mn-positive P
group (n=7) group (n=18) value
0, dependence at 1(14) 5/13(38) 0.35
36 wk postmenstrual
age
Survival to discharge 7(100) 13(72) 0.27

Mechanical ventilation 327 (79-1568) 567 (51-1080) 0.41

(h)

O2 therapy (h) 839 (62-4305) 924 (51-2885) 0.93
Number of surfactant 2.0(1.0-3.0) 2.0(1.0-3.0) 0.65
doses

Air leak 2(28) 2(11) 0.55
Bacteremia 4(57) 13(72) 0.64
ICI 0 0 1
Bacterial pneumonia 4(57) 4(22) 0.16
Intracranial 3(43) 1(5) 0.05
hemorrhage

(gradelllor V)

Periventricular 1(14) 0 0.28
leukomalacia

Necrotizing 2(28) 2(12) 0.55
enterocolitis (stage >2)

Ductus arteriosus 2(28) 6(33) 1
surgically ligated

Retinopathy of 4(57) 7 (53) 1
prematurity (stage >2)

Length of hospital 94 (60-169) 73 (18-140) 0.47
stay (d)

Values expressed as median (range) and n (%).
ICl, invasive Candida infection; Mn, Candida mannan.

(0.20-2.60) neutrophils x10°/, respectively. No differences
were found in the median (range) absolute number of alveo-
lar macrophages between the two groups: 0.14 (0.03-2.40)
alveolar macrophages x10°/1 in the Mn-positive group vs. 0.15
(0.10-0.34) alveolar macrophages x10°/1 in the Mn-negative
group.

The analysis of o-defensins and SI00A proteins was per-
formed using a proteomic approach. The list of analyzed pro-
teins together with their molecular weights is given in Table 3.
The o-defensins were detected in all samples, and their levels
were significantly higher in the Mn-positive group as com-
pared with the Mn-negative group (Figure 1).

Significantly higher levels of SI00A 12 protein were observed
in the Mn-positive group than in the Mn-negative group,
whereas no differences were observed between the two groups
for S100A8 protein (Figure 2). Concerning S100A9 proteins,
only the isoform S100A9-long was detected in two samples of
the Mn-positive group (data not shown).

We evaluated the presence of a correlation between the
absolute number of neutrophils and the corresponding lev-
els of all the a-defensins, SI00A8, and S100A12 in only
22 BALF samples because of the absence of the cytological
data in 3 samples of the Mn-positive group, due to technical

Table 3. Peptides and proteins analyzed in BALF samples together
with their experimental molecular weight (MW exp), Swiss—Prot
identification code, and posttranslational modifications (PTMs)

MWexp  Swiss—Prot
Protein (Da) code PTMs
a-Defensin 1 3,442.0 P59665 3S-S
o-Defensin 2 3,371.0 P59665/6 3S-S
o-Defensin 3 3,486.1 P59666 3S5-S
o-Defensin 4 3,707.8 P12838 3S-S
S100A8 (calgranulin A) 10,834 P05109 -
S100A9 (calgranulin B) 12,689 P06702 Acetyl, MTCKM
short missing (N-term)
ST00A9 (calgranulin B) 12,769 P06702 Acetyl, MTCKM
short P missing (N-term),
phosph (T, )
S100A9 (calgranulin) 13,153 P06702 Acetyl, M missing
long (N-term)
S100A9 (calgranulin) 13,233 P06702 Acetyl, M missing
longP (N-term), phosph
(T,
S100A12 (calgranulin C) 10,444 P80511 M missing (N-term)

N-term, N-terminal; Phosph, phosphorylation; S-S, disulfide bridge.

problems. A significant positive correlation was found for all
the o-defensins and S100A8 protein, whereas no correlation
was found for S100A12 protein.

The results of the two-way ANOVA after rank transform-
ing the values of the markers of inflammation confirmed a sig-
nificant association between Mn and o-defensin 1 (P = 0.05),
o-defensin 2 (P = 0.05), o-defensin 3 (P = 0.0091), o.-defensin
4 (P = 0.0206), and S100A12 protein (P = 0.0125). The main
effect of preterm premature rupture of membranes was not sig-
nificant in any of the evaluations.

DISCUSSION

The aim of our study was to investigate whether the presence of
Candida Mn antigen in BALF of premature infants is associated
with an inflammatory response in their lungs. Inflammation is
a central component of acute responses to infection, and neu-
trophils are important mediators of the acute innate immune
response. The production of peptides and small proteins with
microbicidal activity collectively called antimicrobial pep-
tides is commonly considered to be a primitive mechanism of
immunity.

The results of this study show that early (within the first 48 h
of life) Mn detection in BALF of preterm newborns is cor-
related with an inflammatory state, as demonstrated by the
significantly higher levels of a-defensins 1-4 and S100A12
protein in the Mn-positive group as compared with the
Mn-negative group.

These data corroborate our previous results showing that
o-defensins 1-4 play an important role in the innate response
to pulmonary infection in preterm newborns (21). Moreover, it
has been already demonstrated that SI00A12 protein has spe-
cific antifungal function, dependent on its C-terminal peptide
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Figure 1. Individual and mean values of a-defensins in the studied newborns. (a) Values of a-defensin 1. (b) Values of o-defensin 2. (c) Values of
a-defensin 3. (d) Values of o-defensin 4. *P = 0.04; **P = 0.01. AU, arbitrary units; XIC, extracted ion current.
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Figure 2. Individual and mean values of (a) ST00A8 and (b)

ST00A12 proteins in the studied newborns. *P = 0.03. AU, arbitrary

units; XIC, extracted ion current.
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(26). To our knowledge, this is the first study suggesting that
S100A12 could play a role in the innate response of preterm
infants against Candida spp. lung infections.

The levels of the inflammatory markers may be influenced
by maternal antifungal treatment or neonatal prophylaxis with
fluconazole. Whereas no data are available concerning anti-
fungal maternal therapy, all the studied neonates received a
dose of fluconazole before the BALF collection. Furthermore,
the antifungal prophylaxis, although potentially responsible
for the levels of inflammatory markers, should not be a con-
founding factor in the analysis of the results of our study. The
significant positive correlation between the absolute number
of neutrophils and the corresponding levels of o-defensins
1-4 suggests that, even in preterm neonates, coi-defensins 1-4
might originate prevalently by neutrophilic cells.

With regard to the absolute number of neutrophils in
BALF, there were no significant differences between the two
groups. However, the production of larger quantities of all the
o-defensins and S100A12 protein in the Mn-positive group,
as compared with Mn-negative group, should testify that
neutrophilic activation has occurred. We speculate that the
neutrophilic activation and the production of antimicrobial
peptides occur earlier than the recruitment of neutrophils.
This is in accordance with the function of calgranulins and
o-defensins as chemoattractants, implicated in the neutrophil
influx during infections (15-17,27,28). In our previous study
(21), a significantly higher absolute number of neutrophils was
found in BALF samples of the pneumonia group than in the
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nonpneumonia group, but the BALF samples were collected
in most cases on the 5th d of life, whereas the samples were all
collected in this study within the first 48 h of life.

S100A8 and S100A9 proteins form the heterodimer cal-
protectin, with demonstrated antimicrobial activity against
numerous microorganisms, particularly fungi (26,29-32).
However, when tested alone, neither SI00A8 nor S100A9
showed activity in the Candida growth assay (31). In our study,
none of the analyzed S100A9 isoforms were detected, except
in two samples of the Mn-positive group. By contrast, SI00A8
protein was detected in all the samples, but there were no sig-
nificant differences between the two groups.

In all studied patients, BALF samples were obtained within
the first 48h of life. Therefore, the presence of Candida Mn
antigen was observed very early in the Mn-positive group and
bound with higher levels of some of the inflammatory markers
that have been demonstrated to be associated with histologi-
cal chorioamnionitis, funisitis, and early-onset neonatal sep-
sis (25,33). It is possible to speculate a vertical transmission
of Candida spp. infection. In fact, the presence of neutrophil
defensins 1 and 2 and calgranulins C and A in the AF is highly
predictive of histological chorioamnionitis, funisitis, and
early-onset neonatal sepsis and seems to be the consequence
of fetal neutrophilic activation. As demonstrated by Buhimschi
et al. in the AE, S100A12 protein is strongly associated with
funisitis, whereas SI00A8 protein is linked with neonatal sep-
sis (a more advanced stage of disease). Authors suggest that
there is a specific temporal sequence in the appearance of these
biomarkers in women with intra-amniotic infection/inflam-
mation because the SI00A12 protein is produced in the early
stage of fetal immune response to intra-amniotic infection.
Therefore, S100A12 protein could be expressed by neutrophils
in the first stages of acute immune response (25). In this sense,
the finding of significantly higher levels of only S100A12 pro-
tein in our Mn-positive patients could reflect an early stage of
fetal inflammation/infection, and it is plausible that Candida
Mn antigen, as well as the cell wall B-glucan, induces the pro-
duction of inflammatory bioproducts from phagocytes in
the neonatal lung. However, the absence of detectable levels
of S100A12 in most of our samples (13 of 22) could explain,
at least in part, the lack of a significant correlation between
the absolute neutrophil count and levels of S100A12 in our
patients.

Different studies underscore the fact that antimicrobial pep-
tides play a role in the inflammatory lung diseases and how,
besides their host defense functions during infections, their
proinflammatory activity is likely to have negative conse-
quences (15,27). As observed in the pneumonia group of our
previous study (21), in the current study, a trend of higher
incidence of bronchopulmonary dysplasia was observed in the
Mn-positive group. Nevertheless, this study was not powered
to detect differences in clinical outcomes such as bronchopul-
monary dysplasia, and definitive conclusions cannot be made.

These results demonstrate an association between the Mn
detection in BALF and the expression of o-defensins 1-4
and S100A12 protein, as markers of inflammatory condition.

Therefore, Candida Mn detection in BALF can diagnose an
early status of infection by Candida spp. in the respiratory tract
of preterm newborns, and it is useful to actuate a preemptive
treatment able to reduce ICI incidence and mortality in the
neonatal intensive care unit (8).

METHODS

Reagents and Instruments

All general chemicals and reagents were of analytical grade and
were purchased from Farmitalia-Carlo Erba (Milan, Italy), Merck
(Damstadt, Germany), or Sigma-Aldrich (St. Louis, MO). The high-
performance liquid chromatography (HPLC)-electrospray ioniza-
tion (ESI)-mass spectrometer (MS) apparatus was a surveyor HPLC
system connected by a T splitter to a Photo-diode Array detector
(ThermoFinnigan, San Jose, CA) and to an Ion trap LCQ Deca XP
Plus mass spectrometer (ThermoFinnigan). The chromatographic
column was a Vydac (Hesperia, CA) C8 column, with 5-um particle
diameter (column dimensions 150 x 2.1 mm).

Human Participants

This prospective observational study was performed in the neona-
tal intensive care unit of the Catholic University of Rome. Neonates
with gestational age <27wk and/or birth weight <750¢g consecu-
tively admitted between January 2010 and June 2011 were enrolled,
on the basis of our previous study results showing that newborns
with the above-mentioned characteristics are at higher risk of
ICI (34). They were eligible if they fulfilled the following criteria:
(i) born in our hospital, (ii) endotracheal intubation was required
at birth, and (iii) ongoing intensive care and mechanical ventila-
tion were required. Newborns with major congenital malforma-
tions were excluded. Surfactant (a pig-derived natural surfactant,
Curosurf; Chiesi Farmaceutici, Parma, Italy) was administered to
all studied newborns, at a dose of 200 mg/kg, as soon as possible
after birth, always in the neonatal unit. All the babies were venti-
lated in elective high-frequency oscillatory ventilation modality
with Draeger Babylog 8000 plus (Draeger, Lubeck, Germany) (35)
and received ibuprofen therapy if the ductus arteriosus was hemo-
dynamically significant (36).

According to our institutional protocol (35), all neonates with ges-
tational age <27 wk or birth weight <750 g received antifungal prophy-
laxis with fluconazole in the first 24h of life and subsequently twice
a week at the dosage of 3mg/kg/d intravenously (i.v.) (37). The anti-
fungal prophylaxis was discontinued when no further need for intra-
venous access (central or peripheral) occurred, or when ICI developed.
Likewise, when Mn antigen was detected in the BALFE, the antifungal
prophylaxis was stopped, and a treatment with liposomal amphotericin
B was started at the dosage of 3mg/kg/d i.v. on the first day of therapy
and subsequently a dosage of 5mg/kg/d i.v., for at least 14 d.

The study protocol and consent forms were approved by the Ethics
Committee of the Department of Pediatrics of the Catholic University
of Rome, and the parents gave their informed consent. The incidence
of some clinical outcomes was evaluated: ICI (defined as the presence
of clinical signs of infection with a positive blood and/or urine and/or
cerebrospinal fluid culture for fungi), bacterial sepsis (defined as the
presence of clinical signs of infection with a positive blood culture for
bacteria), bacterial pneumonia (defined as worsening of respiratory status
with increased amounts of secretions by endotracheal tube, rales, wheez-
ing, persistent chest radiographic abnormalities, and a positive BALF
culture for bacteria), severe intracranial hemorrhage (grade III or IV),
necrotizing enterocolitis (stage >2), ductus arteriosus surgically ligated,
retinopathy of prematurity (stage >2), bronchopulmonary dysplasia (O,
dependence at 36 wk of postmenstrual age), duration of mechanical ven-
tilation, O, therapy, and survival to discharge.

BALF Collection and Processing

BALF samples were obtained within the first 48 h of life according to
a standardized procedure (35). Briefly, two sequential and separate
aliquots of 1 ml/kg of 0.9% sodium chloride were instilled through a

Volume 74 | Number 1 | July 2013 Pediatric RESEARCH 23



Al‘tides ‘ Vento et al.

6-Fr gauge suction catheter that had been introduced via a slide valve
at the endotracheal tube connection and advanced gently until resis-
tance was met, immediately followed by suctioning. After collection,
specimens were centrifuged at 1,000g for 3 min. Cells were suspended
in 250 pl of 0.9% sodium chloride, and the absolute and differential
cell counts were obtained by automatic analyzer (Siemens-ADVIA
120; Hematology System, Tarrytown, NY) and by spinning 25 pl of
suspended cells onto two glass slides using May-Grunwald-Giemsa
stain, as previously described (38). Trifluoroacetic acid 0.2% (vol/
vol) solution was immediately added to cell-free supernatants of
BALF samples in 1:1 (vol/vol) ratio, and the solution was centri-
fuged at 8,000¢ for 5min. The acidic treatment reduced the action
of BALF proteases and artifact occurrence. After centrifugation, the
acidic supernatants were separated from the precipitate, freeze-dried,
lyophilized, and then resuspended in 300 ul of 0.2% trifluoroacetic
acid solution. One hundred microliters of this soluble fraction for
each sample were analyzed by HPLC-ESI-MS.

Candida Mn Antigen Detection

BALF samples underwent Candida Mn antigen detection by the
Platelia Candida Ag enzyme-linked immunosorbent assay immuno-
enzymatic sandwich microplate assay method (Bio-Rad Laboratories,
Hercules, CA) according to the manufacturer’s instructions. The assay
uses the rat monoclonal antibody EB-CA1, which is directed against
the Candida Mn molecule. Values of >0.25ng/ml were considered
positive for Mn. This cutoff was suggested by the manufacturer. On
the basis of the Mn test results, the studied newborns were divided in
two groups: Mn-positive and Mn-negative groups. In addition, BALF
samples were cultured for microbiological analysis including bacteria,
Mycoplasma spp., Chlamydia, and fungi to diagnose lung infection.

HPLC-ESI-MS Analysis

The following solutions were used as mobile phases for the chro-
matographic separation in low-resolution ESI-MS mode: (eluent A)
0.056% aqueous trifluoroacetic acid and (eluent B) 0.050% trifluoro-
acetic acid in acetonitrile water 80/20 (vol/vol). The gradient applied
was linear from 0 to 55% in 40min, at a flow rate of 0.30 ml/min.
The T splitter addressed a flow rate of ~0.20 ml/min toward the diode
array detector and 0.10 ml/min toward the ESI source. During the first
5min of separation, the eluate was not addressed to the mass spec-
trometer to avoid instrument damage due to the high salt concentra-
tion. The Photo-diode Array detector was set at a wavelength of 214
and 276 nm. Mass spectra were collected every 3ms in the positive
ion mode. MS spray voltage was 5.0kV; and the capillary temperature
was 250 °C.

Relative Quantification of a-Defensins and S100A Proteins
o-Defensins 1-4, S100A8, S100A9 (four isoforms), and S100A12
were previously detected, identified, and characterized in prema-
ture infants’ saliva and BALE, from our group (21,39). The relative
abundance of o-defensins1-4, S100A8, four isoforms of SI00A9, and
S100A12 proteins, among the different samples, was determined by
considering the extracted ion current peak area. The extracted ion
current procedure was based on the extraction of the current associ-
ated with three multiply charged ions specific for each o-defensin and
the proteins belonging to the S100A family from the total ion cur-
rent chromatographic profile. It is now widely accepted that for the
same protein and under constant experimental conditions, as those
used in this study, the area of the extracted ion current peak is pro-
portional to the amount and thus may be used for relative quantifi-
cation (40). Indeed, we found a good linear correlation between the
extracted ion current and ultraviolet peak areas of o-defensins. Areas
were not transformed in concentrations due to the lack of standards
for all the peptides/proteins investigated. According to the European
Respiratory Society Task Force recommendations for bronchoalveo-
lar lavage in children (41), we analyzed and expressed the data with-
out normalizing for dilution.

Sample Size
The study aims to open a new path in the early identification of
patients at high risk of ICI by introducing new biomarkers. Phase I
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exploratory studies for biomarker development are mainly hypoth-
esis generating, and formal sample size calculations are generally not
needed (42). We used a convenience sample of 25 infants to explore
fungi-driven inflammation.

Data Treatment and Statistical Analysis

Categorical variables were compared using a two-tailed Fisher’s
exact test. Testing for differences of continuous variables between
groups was accomplished by Mann-Whitney U test for nonpara-
metric data and t-test for parametric data, as appropriate. To
evaluate the relationship between a-defensins, SI00A proteins
and absolute neutrophil counts in BALF samples, linear regression
analysis was used. To take into account the role of the premature
prolonged rupture of the fetal membranes when determining the
association between the presence of Mn and the studied mark-
ers of inflammation, a two-way factorial ANOVA was performed
after rank transforming the markers of inflammation values. The
statistical software used included Instat (GraphPad PRISM Version
3.02; GraphPad Software, La Jolla, CA) and STATA 12 (Stata
Corporation, College Station, TX). A P value of <0.05 was consid-
ered statistically significant.

Disclosure: The authors declared no conflict of interest.
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