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The possible association between mediators of inflammation
such as cytokines and perinatal colonization of the respiratory
tract remains unclear. This prospective cohort study evaluated
endotracheal colonization in 141 ventilated preterm infants at
birth. The relation with cytokine response in the airways and
C-reactive protein (CRP) in umbilical blood was investigated. Of
the 141 preterm infants enrolled in this study, 37 (26%) were
colonized. In addition to traditional pathogens (61%), commen-
sal species (26%) and Mycoplasmataceae (13%) were isolated.
Both the pro-inflammatory cytokines IL-1�, IL-6, IL-8, and
tumor necrosis factor (TNF)-� as well as the antiinflammatory
IL-10 are increased in colonized patients in a dose-dependent
manner, with the strongest response in neonates colonized with
Gram-negative organisms. There was no antimicrobial IL-12p70
response in colonized infants. Commensal flora is associated
with the same inflammatory response as traditional pathogens.

Although the umbilical cord blood CRP level was significantly
higher in neonates with endotracheal colonization, it was highest
in those colonized with Gram-negative organisms but still close
to normal limits. Microorganisms in the endotracheal fluid of
ventilated preterm infants are associated with a pathogen-specific
and dose-dependent cytokine response in the airways and sys-
temic CRP response. (Pediatr Res 56: 547–552, 2004)

Abbreviations
CFU, colony forming units
CRIB, clinical risk index for babies
CRP, C-reactive protein
NICU, neonatal intensive care unit
SNAP, score for neonatal acute physiology
TA, tracheal aspirate
TNF-�, tumor necrosis factor alpha

There is increasing evidence supporting an association be-
tween fetal exposure to chorioamnionitis, early gestational
preterm labor, and respiratory tract colonization (1,2). More-
over, chorioamnionitis has been associated with an adverse
perinatal outcome such as cerebral palsy, chronic lung disease,
and mortality in preterm infants (3,4). A wide variety of
microorganisms are involved in the pathogenesis of chorioam-
nionitis (e.g. Escherichia coli, Mycoplasmataceae such as
Ureaplasma urealyticum, and anaerobic organisms) (5,6). Pre-
natal diagnosis of chorioamnionitis remains difficult. An early
diagnosis can only be made in 6–24% of these patients by
amniotic fluid culture alone (7). Recently, we demonstrated
that TA pro-inflammatory cytokines (e.g. IL-8) measured im-

mediately after birth are significantly increased in infants born
from mothers with histologic chorioamnionitis (8).

Besides hyaline membrane disease due to a lack of alveolar
surfactant, neonatal pneumonia is a well-described cause of
respiratory insufficiency (9). Excessive pro-inflammatory stim-
ulation or the lack of antiinflammatory suppression in the lungs
of developmentally immature infants may perpetuate the com-
plex inflammatory cytokine response resulting in acute and/or
long-term multisystem morbidity (10,11). Cytokines are a
group of low-molecular-weight polypeptides involved in cell-
to-cell communication, including immune function and inflam-
matory responses after acute and chronic stimuli. The complex
interaction between mediators of inflammation such as cyto-
kines and their possible association with perinatal colonization
of the lower respiratory tract remains unclear.

Therefore, the objective of this study was to determine the
effect of endotracheal colonization at birth on the early post-
natal inflammatory response in the lower respiratory tract by

Received May 21, 2003; accepted March 22, 2004.
Correspondence: Jozef De Dooy, M.D., University Hospital Antwerp, Department of

Pediatrics, Division of Neonatology, Wilrijkstraat 10, B-2650 Edegem, Belgium; e-mail:
jd978722@planetinternet.be

DOI: 10.1203/01.PDR.0000139408.89119.F2

0031-3998/04/5604-0547
PEDIATRIC RESEARCH Vol. 56, No. 4, 2004
Copyright © 2004 International Pediatric Research Foundation, Inc. Printed in U.S.A.

ABSTRACT

547



cytokine analysis in ventilated preterm newborns. This is the
first study to specifically assess the association between endo-
tracheal colonization with organisms other than Ureaplasma
spp. and the inflammatory response in the lung of ventilated
preterm infants.

METHODS

Study population. A cohort study of 141 preterm infants
with a gestational age �31 wk requiring ventilation immedi-
ately after birth was prospectively studied. The following
criteria for ventilation were applied: in the delivery room,
infants were deemed surfactant deficient if, in the opinion of
the attending clinician, they had clinical signs of respiratory
distress (persistent cyanosis after bag ventilation, grunting,
severe subcostal indrawing) and/or at the NICU when respira-
tory acidosis (arterial PCO2 �50 mm Hg with pH �7.25 on two
occasions with an interval of at least 2 h or a pH � 7.20 on one
occasion) on blood gas analysis was found. Patients needing
mechanical ventilation for nonpulmonary reasons (e.g. congen-
ital malformations such as cardiac defects, abdominal wall
defects, and gastrointestinal defects including hernia diaphrag-
matica) were excluded. All infants were admitted to the NICU
of the University Hospital of Antwerp (Edegem, Belgium)
between September 1999 and March 2002. Perinatal charac-
teristics of the neonates were registered. These included gen-
der, gestational age, birth weight, Apgar score at 5 min,
respiratory distress syndrome according to the radiologic cri-
teria of Edwards (12), occurrence of early onset sepsis, and two
scores for assessing the severity of illness [SNAP (13) and
CRIB score (14)]. Recorded pregnancy-related maternal data
were maternal antibiotic treatment, pregnancy-induced hyper-
tension, histologic chorioamnionitis, preterm premature rup-
ture of membranes, cesarean section, and multiple pregnancy.
The research ethics committee gave approval for the study and
written parental informed consent was obtained before patients
were enrolled.

TA sampling. Although TA sampling is not an optimal way
to look at lung processes, it is the only way that it can be done
in preterm ventilated neonates. In experimental models of
chorioamnionitis, the epithelium of the airways can express
cytokines (15). Therefore, we assume that the TA results reflect
lung parenchymal responses. TA were performed as soon as
possible after birth but always within 2 h and before adminis-
tration of surfactant. The TA were performed in a standard
manner by the same operator (J.D.D.) with assistance of the
nursing staff. A closed tracheal suction system (Trach Care,
Ballard Medical Products, Draper, UT) was used, allowing
sterile suctioning and avoiding ventilator disconnection. The
infant’s head was turned to the left and 1 mL sterile 0.9%
saline was instilled down the endotracheal tube. After five
mechanical breaths or 10 s of high-frequency ventilation,
aspiration of tracheal fluid was performed positioning the
catheter tip about 1 cm beyond the end of the endotracheal
tube. The infant’s head was then turned to the midline and to
the right, at each position repeating the aspiration without
instilling saline. The whole procedure was then repeated. The
median volume returned was 1.7 mL (range, 1.5 – 1.9 mL).

During the study period, 199 infants below 31 wk of gestation
were admitted to the NICU. Of these infants, 158 (79%) were
ventilated at admission. All these infants were enrolled in the
study, except for those born during the researcher’s (J.D.D.)
vacation periods (17, 11%). Thus, 141 out of 158 (89%) of the
ventilated infants below 31 wk gestation were enrolled in this
study. In all cases, we were able to collect enough TA sample
fluid for further analyses. Furthermore, none of the parents
refused enrollment of their infant in the study.

TA cultures. An aliquot of the TA was used for microbio-
logical examination. The sample was sent to the clinical mi-
crobiology laboratory for quantitative aerobic and anaerobic
bacterial cultures including Ureaplasma spp. according to
standard techniques. Results are expressed as CFU per
milliliter.

Chorioamnionitis. Histologic chorioamnionitis was diag-
nosed by light microscopy and registered in a standardized
protocol (16). HC was characterized by �10 polymorphonu-
clear granulocytes per high-power field in the subchorion,
chorion, or amnion (17).

Neonatal early onset sepsis. At time of admission, a blood
culture was taken through the umbilical venous catheter
(Bactec system, Becton, Dickinson, Franklin Lakes, NJ). Ear-
ly-onset sepsis was defined by the detection of a positive blood
culture within 72 h after birth. After the blood culture was
drawn and according to the protocol for ventilated preterm
neonates in our NICU, all neonates were treated with ampicil-
lin plus netilmicin.

TA cytokine determination. After removing some TA fluid
for bacterial cultures, the remaining TA sample was centri-
fuged for 10 min at 160 g at 4°C and the supernatant stored at
�80°C for subsequent analysis. In TA samples, IL-1�, IL-8,
IL-6, IL-10, IL-12p70, and TNF-� were measured. Cytokines
were determined using a flow cytometric microsphere-based
immunoassay, the cytometric bead array (CBA) (BD Bio-
sciences, San Jose, CA) as described by Cook et al. (18).
Details on the cytokine determination were described previ-
ously (8).

Determination of CRP. Results on CRP (mg/dL) were
obtained on umbilical cord blood samples using the VITROS-
950 analyzer (Ortho-Clinical Diagnostics, Raritan, NJ).

Statistical analysis. Data were collected using the program
Filemaker Pro 5.0 (Filemaker, Inc., Santa Clara, CA). Analysis
was done with the statistical package Stata 7.0 (Stata Corpo-
ration, College Station, TX). Yates corrected �2 analysis was
used for categorical data and Kruskal-Wallis test for nonpara-
metric continuous data. Univariate linear regression analysis
was performed to identify a relation between the number of
CFU per milliliter of the isolated pathogens and cytokine
concentrations in the TA. The relation between TA inflamma-
tory parameters and umbilical cord blood CRP was analyzed
with univariate and multiple linear regression analysis. Corre-
lation with p values �0.05 was regarded as significant. Results
for continuous data are presented as median with 25% (Q1) and
75% (Q3) quartiles. Umbilical cord blood CRP levels are
expressed as mean � SD.
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RESULTS

Study population. Perinatal and pregnancy-related charac-
teristics were similar in the group with and without endotra-
cheal colonization except for histologic evidence of chorioam-
nionitis [26/30 (87%) in the group with endotracheal
colonization versus 34/89 (38%) in the group without endotra-
cheal colonization, �2 � 21, p � 0.0001], preterm premature
rupture of membranes [19/37 (51%) in the group with endo-
tracheal colonization versus 22/104 (22%) in the group without
endotracheal colonization, �2 � 12, p � 0.001], and pregnan-
cy-induced hypertension [2/37 (5%) in the group with endo-
tracheal colonization versus 33/103 (32%) in the group without
endotracheal colonization, �2 � 10, p � 0.0013] (Table 1). Of
the 141 preterm infants enrolled in this study, 37 (26%) had a
positive TA culture. Isolated organisms were Gram-negative
organisms (24%): E. coli (13%), Enterobacter cloacae (5%),
Haemophilus influenzae (3%), Klebsiella pneumoniae (3%);
Gram-positive organisms (25%): Streptococcus agalactiae
(11%), Staphylococcus aureus (8%), Enterococcus faecalis
(3%), Streptococcus pneumoniae (3%); Candida spp. 11%;
Mycoplasmataceae (14%): Mycoplasma spp. (3%), Urea-
plasma spp. (11%); commensal flora (26%): viridans strepto-
cocci (5%), Micrococcus spp. (3%), coagulase-negative staph-
ylococci (15%), and Capnocytophaga spp. (3%). There were
no infants positive for multiple organisms and no anaerobic
organisms were cultured.

Relationship between tracheal colonization and lung cyto-
kine concentrations. Only the median (quartile Q1–Q3) IL-
12p70 concentration measured in the TA was not significantly
different between the group with endotracheal colonization and

the group without endotracheal colonization [9 (6–16) versus
10 (6–15) pg/mL, p � 0.9]. All the other median (quartile
Q1–Q3) cytokine concentrations were significantly higher (p �
0.05) in the group with a positive TA culture when compared
with the group with a sterile TA culture: IL-1�, 178 (64–426)
versus 59 (45–104) pg/mL (p � 0.0001); IL-6, 3846 (111–
11,066) versus 915 (354–2979) pg/mL (p � 0.0003); IL-8,
4071 (1475– 8092) versus 630 (294 –2388) pg/mL (p �
0.0001); IL-10, 31 (18–73) versus 22 (14–37) pg/mL (p �
0.011); TNF-�, 29 (12–38) versus 8 (6–16) pg/mL (p �
0.0001). Cytokine concentrations in the TA for the different
groups of microorganisms isolated in the TA were compared
with the group of patients without endotracheal colonization
(Table 2). Compared with patients with a sterile TA, the
pro-inflammatory cytokines IL-1�, IL-6, IL-8, and TNF-�
were significantly increased and highest in patients with a
Gram-negative pathogen in their TA. The antibacterial cyto-
kine IL-12 was not different in colonized patients when com-
pared with those with a sterile TA culture. The same pro-
inflammatory response, although less pronounced, was found
in patients with a Gram-positive pathogen and in those with
commensal species in the TA. Remarkably, the antiinflamma-
tory cytokine IL-10 response was only significantly increased
in neonates colonized with Gram-negative pathogens. The
cytokines IL-1� and IL-8 are also significantly higher in
patients with commensal flora isolated in the TA when com-
pared with patients with a sterile TA culture. The presence of
Candida spp. and Mycoplasmataceae did not result in differ-
ences in cytokine levels in comparison with patients with a
sterile TA culture.

Relationship between endotracheal colonization, lung in-
flammatory cytokines, and umbilical cord blood CRP re-
sponse. The umbilical cord blood CRP levels were signifi-
cantly higher in the group with endotracheal colonization when
compared with neonates without endotracheal colonization
(mean CRP, 0.7 � 1.3 versus 0.4 � 1.7 mg/dL, �2 � 6.4, p �
0.012). The umbilical blood CRP response was different ac-
cording to the group of microorganisms involved. Only in
neonates colonized with a Gram-negative pathogen umbilical
cord blood CRP level was significantly higher than in noncolo-
nized infants (Gram-negative pathogens: mean CRP, 1.1 � 1.2
versus 0.4 � 1.7 mg/dL, �2 � 8.7, p � 0.003). Colonization by
Gram-positive pathogens, commensal flora, Candida spp., or
Mycoplasmataceae had no significant effect on the umbilical
cord blood CRP level (Gram-positive pathogens: mean CRP,
1.0 � 2.1 versus 0.4 � 1.7 mg/dL, �2 � 1.7, p � 0.19;
commensal flora: mean CRP, 0.7 � 1.0 versus 0.4 � 1.7
mg/dL, �2 � 1.8, p � 0.18; Candida spp.: mean CRP, 0.5 �
0.9 versus 0.4 � 1.7 mg/dL, �2 � 0.26, p � 0.61; Mycoplas-
mataceae: mean CRP, 0.0 � 0.0 versus 0.4 � 1.7 mg/dL, �2 �
1.03, p � 0.31). Univariate linear regression analysis revealed
an association between umbilical cord blood CRP and the
cytokines IL-1� (r � 0.29–1.07, p � 0.001), IL-6 (r �
0.15–0.87, p � 0.006), IL-8 (r � 0.30–0.99, p � 0.001),
IL-10 (r � 0.18–1.17, p � 0.007), and TNF-� (r � 0.00001–
0.0005, p � 0.036). No association was found between um-
bilical cord blood CRP and IL-12p70 (r � �0.15–1.08, p �
0.14). After multivariate regression analysis, only IL-8 re-

Table 1. Early perinatal and pregnancy-related characteristics of
ventilated preterm infants with and without endotracheal

colonization

TA culture
positive

26% (n � 37)

TA culture
sterile

74% (n � 104)

Demographic
Gender: male 57 (21)* 46 (48)
SGA 5 (2) 18 (19)
Gestational age (wk) 28 (26–29)† 28.4 (27–29.7)
Birth weight (g) 1077 (885–1300) 963 (807–1233)

Clinical
Apgar score at 5 min 8 (7–8) 8 (7–8)
RDS 76 (28) 82 (85)
Early onset sepsis 0 (0) 0 (0)
CRIB score 5 (2–9) 5 (2–7)
SNAP score 15 (10–19) 13 (9–17)

Pregnancy related
Maternal antibiotic treatment 65 (24) 53 (55)
Histologic chorioamnionitis 87 (26/30) 38 (34/89)‡
PPROM 51 (19) 22 (22)‡
Pregnancy-induced hypertension 5 (2) 32 (33)‡
Multiple pregnancy 22 (8) 33 (34)
Cesarean section 50 (18) 54 (54)

TA, tracheal aspirate; SGA, small for gestational age; HFV, high-frequency
ventilation; IVH, intraventricular hemorrhage according to Papile’s classifica-
tion; RDS, respiratory distress syndrome; PPROM, preterm premature rupture
of membranes.

* Percentage (number); † Median (Q1–Q3); ‡ p � 0.05 (�2 test with Yate’s
correction).
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mained correlated with the umbilical cord blood CRP (r �
0.30–0.99, p � 0.001).

Quantitative bacterial cultures. The number of CFU per
milliliter TA in decreasing order in the different groups of
micro-organisms were [median (Q1-Q3)]: Candida spp., 800
(250–1000) CFU/mL; Gram-positive pathogens, 750 (235–
1500) CFU/mL; Gram-negative pathogens, 575 (250–1000)
CFU/mL; commensal flora, 310 (70–1000) CFU/mL; Myco-
plasmataceae, 10 (10–90,900) CFU/mL. A positive relation-
ship was found between the number of CFU per milliliter and
the cytokines IL-1� (y � 0.092x � 1.804, r � 0.38, p �
0.0001), IL-6 (y � 0.080 � 3.003, r � 0.31, p � 0.0002), IL-8
(y � 0.115 � 2.923, r � 0.42, p � 0.0001), IL-10 (y � 0.059x
� 1.336, r � 0.24, p � 0.004), and TNF-� (y � 0.096x �
1.022, r � 0.42, p � 0.0001). There was no correlation
between the number of CFU per milliliter and IL-12p70 (y �
�0.002 � 0.937, r � -0.02, p � 0.79).

DISCUSSION

The main finding of this study is that endotracheal coloni-
zation at birth is associated with a significant pro-inflammatory
response in the lung in ventilated preterm infants accompanied
by a systemic inflammatory CRP response. In addition, this
inflammatory response is also observed in neonates colonized
with nontraditional pathogens such as coagulase-negative
staphylococci. Third, these neonates reveal a strong anti-
inflammatory cytokine (IL-10) response in the lung, especially
in Gram-negative pneumonia. Finally, they do not show any
anti-microbial cytokine (IL-12p70) response.

Besides the traditional neonatal pathogens isolated from the
lungs of the neonates, we find a high rate of commensal species
(26%) and just few Mycoplasmataceae (14%). It is remarkable
that we did not find anaerobic microorganisms, which are also
important in the pathogenesis of ascending infection in preg-
nant women (19). Maybe the anaerobic conditions of the
aspirated specimen were not adequate to allow detection of
anaerobic organisms in the laboratory.

We cannot exclude that the origin of the measured TA
cytokines is from mother or fetus inasmuch as a fetus under
stressful condition often aspirate amniotic fluid in utero. How-
ever, we have reason to believe that the origin of the measured
TA cytokines is, at least to a large extent, of fetal origin as an
antimicrobial reaction. In colonized neonates, umbilical cord
blood CRP levels are significantly higher when compared with

noncolonized patients. We further find a moderate but statisti-
cally significant correlation between the pathogen doses (CFU/
mL) and the cytokines IL-1�, IL-6, IL-8, IL-10, and TNF-� in
the TA. Although this supports the belief that the airway
colonization is responsible for the inflammatory response, the
rather low correlation coefficient we find indicates that the
majority of the variability in the cytokine response is not
explained by variation in CFU per milliliter of the pathogens
isolated in the TA. An extra argument for a fetal response to
microbial invasion is the significant albeit moderate correlation
between TA cytokine concentration and CRP level in umbilical
blood. However, we must note that the higher CRP value in
colonized neonates is close to the normal clinical limits (1
mg/dL) and that the sensitivity of CRP taken close after birth
is low in patients with invasive bacterial disease (20). Presence
of positive blood cultures could have supported our arguments
for fetal infection but we did not find positive blood cultures in
any of the infants studied. However, it is known that the
sensitivity of blood cultures in newborn infants is low, espe-
cially in those with pneumonia (21). In a previous study we
found a strong association between lung inflammation and
umbilical vasculitis in patients born from mothers with histo-
logic chorioamnionitis (8), indicating that the measured cyto-
kines most likely are of fetal origin. We have taken these
arguments into account, and we suggest that chorioamnionitis
is the leading cause for the endotracheal colonization we
observed and that the subsequent inflammatory reaction is for
a major part of fetal origin.

Our data show that the inflammatory cytokine response is
highest in neonates colonized with a Gram-negative pathogen.
This can be explained by the lipopolysaccharide (LPS) and/or
flagellin-induced production of pro-inflammatory cytokines in
Gram-negative bacteria (22,23). Furthermore, the anti-
inflammatory cytokine IL-10 was only significantly increased
in neonates colonized with a Gram-negative pathogen. It is
known from animal models that IL-10 attenuates the pro-
inflammatory cytokine response within the lungs, hampers
effective clearance of the infection, and shortens survival (24).
These mechanisms can explain why we observe the highest
inflammatory cytokine response in neonates colonized with
Gram-negative organisms. In accordance with this pronounced
inflammatory cytokine response, umbilical cord blood CRP is
also significantly increased in these neonates.

Table 2. Tracheal aspirate cytokine concentrations in ventilated preterm infants: comparison of noncolonized infants vs colonized infants
stratified by group of micro-organisms involved

Cytokine

Group of micro-organisms in colonized infants

Sterile
(n � 104)

Candida spp.
(n � 4)

Gram-negative
pathogens
(n � 9)

Gram-positive
pathogens
(n � 9)

Commensal
flora (n � 10)

Mycoplasmataceae
(n � 5)

IL-1� (pg/mL) 59 (45–104) 98 (55–176) 425 (207–2520)* 146 (97–309)* 145 (55–380)* 139 (61–178)
IL-6 (pg/mL) 915 (354–2979) 1747 (875–6724) 11 896 (1568–43 260)* 4187 (2083–4933)* 3621 (960–7287) 728 (497–4520)
IL-8 (pg/mL) 630 (294–2388) 2292 (1272–3589) 15 735 (3548–75 656)* 4967 (3537–7930)* 2626 (1050–4607)* 3829 (580–4995)
TNF-� (pg/mL) 8 (6–16) 23 (9–37) 164 (20–1510)* 35 (23–55)* 11 (9–29) 12 (11–29)
IL-10 (pg/mL) 22 (14–37) 27 (14–64) 224 (29–468)* 31 (24–55) 35 (16–41) 24 (20–33)
IL-12p70 (pg/mL) 10 (6–15) 8 (6–13) 12 (5–32) 12 (8–14) 9 (7–16) 6 (0–7)

* p � 0.05 when compared with patients with a sterile TA culture (Kruskal-Wallis test).
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In the present study, we find a significant pro-inflammatory
response in patients colonized with Gram-positive pathogens
(e.g. S. agalactiae), although less pronounced than in Gram-
negative colonized patients. The mechanisms by which Gram-
positive bacteria cause the release of pro-inflammatory cyto-
kines such as IL-1�, IL-6, IL-8, and TNF-� from human
neonatal cells are not very clear. Gram-positive cell wall
components such as lipoteichoic acids are known to be strong
activators of the macrophage/monocyte system, even in neo-
nates (25,26). We also find an increased CRP value in umbil-
ical cord blood of neonates colonized with Gram-positive
organisms, but it does not reach statistical significance, maybe
due to the limited number of cases (type II error).

Our data show that lower respiratory tract colonization with
commensal flora (e.g. coagulase-negative staphylococci) is
also associated with a local inflammatory cytokine response.
The association of commensal flora with neonatal pneumonia
has not yet been elucidated, but it is known that these organ-
isms may behave like classic nosocomial pathogens, causing
ventilator associated pneumonia in critically ill and immuno-
compromised adults (27,28). Moreover, these organisms have
been found in maternal genital tract infection complicated with
chorioamnionitis (29). Therefore, we suggest that these organ-
isms must be considered as significant pathogens rather than
colonizers in the immunocompromised preterm neonate (30).
Furthermore, there is also an increased CRP value in the
umbilical cord blood of neonates colonized with commensal
organisms. Again, probably due to the limited number of cases,
statistical significance was not reached (type II error).

Ureaplasma spp. was not frequently isolated in the lungs of
the neonates. However, in other studies, colonization rates
were clearly higher (up to 45%) (19). This difference can
reflect a lower infection rate among our study population or can
be due to the low sensitivity of the culture method used.
Indeed, we did not use the more sensitive polymerase chain
reaction technique (31). Moreover, according to hospital pol-
icy, the majority of the mothers with preterm premature rupture
of membranes are treated with azithromycin, an agent active
against Ureaplasma spp. We do not find a significant increase
of cytokines in the lungs nor in umbilical cord blood CRP of
neonates colonized with Ureaplasma spp. and Candida spp.,
suggesting that these organisms rather colonize the airways
instead of causing lung infection. Indeed, it is still controversial
whether colonization with Ureaplasma spp. is associated with
an increased inflammatory response in the lungs of preterm
infants and with adverse neonatal outcome such as chronic
lung disease (32–34). Paradoxically, a recent study in mice
showed an important role of alveolar macrophage-mediated
cytokine response in Candida-induced acute lung injury (35).

A remarkable but consistent finding among all the groups of
pathogens isolated was that the antimicrobial cytokine IL-
12p70 level was not different when compared with noncolo-
nized neonates. Preterm infants lack IL-12p70 response for
several reasons: deficiencies in proteins (e.g. CD40) that par-
ticipate in macrophage activation (36), an insufficient T-cell
activity as a consequence of intrauterine stress involution of the
thymus secondary to chorioamnionitis (37), and deficiencies in

the number and/or function of dendritic cells in the neonatal
period (38).

We could not isolate any anaerobic bacteria in the TA
samples. However, it is known that these microorganisms are
considered to be important in the pathogenesis of chorioam-
nionitis (39). In a previous study, we found a significantly
increased inflammatory lung cytokine response in patients with
chorioamnionitis. Moreover, chorioamnionitis was found in
15% of patients with a sterile TA culture (8). We cannot
exclude that the cytokine response measured in patients with a
sterile TA is caused by the presence of anaerobic organisms.
Therefore, the real difference of the inflammatory response
between TA culture positive and negative patients might even
be more prominent.

In conclusion, we demonstrated in this study that preterm
colonized neonates develop a pathogen-dependent pro-
inflammatory cytokine response in their lower respiratory tract.
The meaning of this immunologic reaction on neonatal out-
come, including the more pronounced production of the anti-
inflammatory cytokine IL-10 in patients colonized with Gram-
negative organisms and the lack of the antimicrobial cytokine
IL-12p70 response in all colonized infants needs to be clarified.
Although the pathogen-induced lung inflammatory reaction is
associated with a systemic CRP response, the sensitivity of
CRP of umbilical cord blood is too low to discriminate lung
infection from airway colonization. A study of the association
between airway colonization and the inflammatory response in
the lower respiratory tract on the neonatal outcome will not
only allow a better understanding of the pathogenesis of dis-
eases but will also be helpful in developing new therapeutic
approaches in ventilated preterm infants with respiratory dis-
tress syndrome.
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