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A B S T R A C T

Background: An exaggerated inflammatory response oc-

curs in infants who subsequently develop bronchopulmonary

dysplasia (BPD).Ureaplasma urealyticum(Uu) is frequently

isolated from cultures of tracheal secretions obtained from

very low birth weight infants and is associated with an in-

creased risk of BPD.

Methods:We examined the relationships between isolation of

genital mycoplasmas, tracheal aspirate (TA) interleukin-8 (IL-

8), and monocyte chemoattractant protein-1 (MCP-1) concen-

trations and the development of BPD. Serial TAs were obtained

prospectively from 35 very low birth weight infants, and IL-8

and MCP-1 concentrations were determined by enzyme-linked

immunoadsorbent assay. Tracheal cultures for bacteria and

genital mycoplasmas were performed on aspirates obtained

during the first 2 days of life.

Results:Infants who developed BPD (n518) were less ma-

ture (25.260.2 vs 27.860.5 weeks;P<0.001), of lower birth

weight (746628 vs 1052641 g; P<0.001), and more likely to

have a positive tracheal culture for Uu (39% vs 6%;P50.026)

than those who did not develop BPD (n517). Tracheal concen-

trations of IL-8 and MCP-1 were significantly increased in

infants who developed BPD (IL-8:P50.0001; MCP-1:P<0.001,

analysis of variance) and correlated with duration of mechani-

cal ventilation and oxygen treatment. Uu-positive infants had an

increased incidence of BPD (88% in infants with Uu vs 42% in

infants without Uu; P50.020) and had TA concentrations of

IL-8 and MCP-1 that were significantly increased compared

with those of Uu-negative infants.

Conclusions: Increased TA concentrations of IL-8 and

MCP-1 during the first 2 weeks of life are associated with the

development of BPD. Recovery of Uu from TAs is associated

with a more robust inflammatory reaction and an increased

risk of BPD. (J Investig Med 2001;49:362–369) Key Words:

monocyte chemoattractant protein-1• interleukin-8 • bron-

chopulmonary dysplasia• Ureaplasma urealyticum

INTRODUCTION

An exaggerated inflammatory response occurs in the
first few days of life in infants who subsequently develop
bronchopulmonary dysplasia (BPD). This response in-
cludes increases in airway protein concentration, inflam-
matory cells, leukotrienes, and cytokines.1–11 Increased
concentrations of interleukin-1b (IL-1b), interleukin-6

(IL-6), macrophage inflammatory protein-1a, tumor ne-
crosis factor-a (TNFa) and interleukin-8 (IL-8) have been
found in the tracheal aspirates (TA) of infants who devel-
oped BPD.2,5–11IL-8, a potent neutrophil chemoattractant
and activator, is involved in the early stages of BPD
development.11

During the evolution of the disease, TA cytology
changes from that of neutrophil predominance to a pre-
dominance of macrophages.1,2 Recruitment of mononu-
clear cells to the lung and their subsequent activation is
regulated by chemotactic cytokines such as monocyte che-
moattractant protein-1 (MCP-1).12 MCP-1 has been impli-
cated in the pathogenesis of other chronic inflammatory
lung diseases that have a fibrotic component.13–17The role
of MCP-1 or other monocyte chemotactic factors in BPD
remains undefined.
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Pulmonary infection is a potent stimulus for the pro-
duction of cytokines in the lung.18 In the early neonatal
period, Ureaplasma urealyticum(Uu) is frequently iso-
lated from cultures of tracheal secretions obtained from
very low birth weight infants.19,20Isolation of Uu from the
airways of mechanically ventilated very low birth weight
infants is associated with increased TA cytokine concen-
trations and an increased risk of BPD.19–23 It is therefore
likely that infection with Uu causes an increase in cytokine
production and the subsequent inflammatory response,
thereby increasing lung injury.

We designed a prospective study to determine whether
TA concentrations of IL-8 and MCP-1 are increased in
infants who develop BPD during the first 3 weeks of life.
Furthermore, we determined whether increases in these
cytokines correlated with the isolation of Uu orMyco-
plasma hominis(Mh) from TA.

METHODS

The study population consisted of 35 very low birth
weight infants admitted to the neonatal intensive care unit
at the Louisiana State University Health Sciences Center
in Shreveport between July 1997 and March 1998. Eligi-
bility criteria included a birth weight of less than 1500 g,
mechanical ventilation (MV) during the first day of life,
and informed consent. Infants who were not expected to
survive 24 hours and those with major congenital anom-
alies were excluded. The study was approved by the In-
stitutional Review Board for Human Research at Louisi-
ana State University Health Sciences Center.

TA were collected only when suctioning was clinically
indicated. Sterile normal saline (0.5 mL) was instilled into
the endotracheal tube, and three to four manual breaths
were provided by a self-inflating bag. Airway secretions
were aspirated into sterile traps, and any material remain-
ing in the catheter was washed into the trap with an
additional 0.5 mL of saline. Serial aspirates were obtained
at 0 to 24 hours, 48 to 72 hours, 4 to 5 days, 7 to 9 days,
12 to 14 days, and on day 21 if the infant remained on MV.
Routine bacterial and genital mycoplasma cultures were
performed on TA collected in the first 24 hours. Viral
cultures were not routinely performed. The TAs were
centrifuged 14,000 g for 10 minutes and the supernatant
frozen at220°C until assayed for cytokines by enzyme-
linked immunoadsorbent assay (ELISA).

Clinical management of the infants was directed by the
attending neonatologists. The use and timing of cortico-
steroids, treatment of patients who had positive TA cul-
tures for genital mycoplasmas, and use of indomethacin
prophylaxis were not specified by the protocol. Demo-
graphic data collected included the following: the need for

surfactant therapy, duration of MV, use of corticosteroids,
incidence of patent ductus arteriosus, use of indomethacin
(prophylactic and therapeutic), presence and severity of
intraventricular hemorrhage, and the presence of periven-
tricular leukomalacia. Maternal data collected included
mode of delivery, complications of pregnancy, and the use
of antenatal corticosteroids and antibiotics. BPD was de-
fined as oxygen dependency at 28 days postnatal age and
a chest radiograph showing changes compatible with
BPD.24

Genital Mycoplasma Culture
TA were cultured for the presence of both Mh and Uu

using the following selective growth media: SP4 with urea
(Remel, Lexana, Kan), Mycotrim GU® system (Irvine
Scientific, Santa Anna Calif), as well as urea and arginine-
enriched pleuropneumonia-like organism broths.25 Fifty
microliters of TA was cultured in 2 mL of the appropriate
broths. An additional 50mL of TA was placed into a
Mycotrim flask and subsequently incubated at 37°C in 5%
CO2. The media was inspected twice a day for the first 2
days and then inspected daily for 5 days to observe any
color change in the media indicative of a positive culture.
Mycoplasma identification was confirmed by microscopic
examination of the distinct colony characteristics of my-
coplasmas on the solid media in the Mycotrim flask.

ELISA
Initial concentrations of all antibodies were used ac-

cording to manufacturers’ recommendations. Concentra-
tions of antibodies were also titrated to ensure maximum
sensitivity. Recombinant human cytokines IL-8 and
MCP-1 and monoclonal and biotinylated monoclonal an-
tibodies to IL-8 were purchased from Endogen (Woburn,
Mass). Monoclonal antibody and biotinylated polyclonal
antibody to MCP-1, as well as streptavidin-horseradish
peroxidase conjugate (Strep-HRP), were purchased from
Pharmingen (San Diego, Calif). Horseradish peroxidase-
conjugated rabbit antigoat antibody, monoclonal and poly-
clonal goat antihuman secretory component antibodies,
bovine serum albumin, and oxalic acid were purchased
from Sigma Chemical Co (St Louis, Mo). Human secre-
tory immunoglobulin A (IgA) was purchased from ICN
Biomedicals (Costa Mesa, Calif). ELISA plates were ob-
tained from Costar (Cambridge, Mass). 2,2'-azino-di[3-
ethyl-benzthiazoline] peroxidase substrate kits were pur-
chased from Bio-Rad (Hercules, Calif).

ELISA plates were coated with 100mL of the appro-
priate monoclonal antibody in 0.1 mM sodium carbonate
buffer (pH 9.6) and incubated overnight at 4°C. The
monoclonal antibodies were coated at the following con-
centrations: MCP-1, 3.3mg/mL; IL-8, 3.7 mg/mL; and
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secretory component, 2.0mg/mL. After coating, the
ELISA plates were washed three times (5 minutes) with
200 mL of phosphate-buffered saline containing 0.05%
Tween 20 (wash buffer). All subsequent washes were
performed similarly. The plates were then blocked using
200mL of phosphate-buffered saline/Tween 20 containing
3% (w/v) bovine serum albumin (blocking buffer) over-
night at 4°C. After blocking, the plates were washed three
times before use. All subsequent steps were performed in
blocking buffer. TA and recombinant cytokine standards
were appropriately diluted in blocking buffer.

For the IL-8 ELISA, 50mL of biotinylated monoclonal
antibody to IL-8 (540 ng/mL) was incubated with either 50
mL of diluted TA (diluted at least 1:10 in blocking buffer)
or recombinant cytokine standards (3.9–1000 pg/mL) for
2 hours at room temperature. Plates were washed four
times and incubated with Strep-HRP (1:1000) for 30 min-
utes at room temperature. Plates were washed four times
as described above. The enzyme substrate, 2,2'-azino-di[3-
ethyl-benzthiazoline] was used to quantify the amount of
IL-8. The reaction was stopped with 100mL of 2% oxalic
acid and read at 405 nm using an ELISA autoreader
(Cayman Chemical, Ann Arbor, Mich).

For the MCP-1 ELISA, 100mL of diluted TA (diluted
at least 1:20 in blocking buffer) or standards (3.9–1000
pg/mL) was incubated overnight at 4°C. Plates were
washed four times and incubated with 100mL of biotin-
ylated polyclonal antibody (500 ng/mL) for 2 hours at
room temperature. Plates were washed six times and then
incubated with Strep-HRP (1:1000) for 30 minutes at
room temperature. After washing six times, plates were
developed as described above.

For the secretory component of IgA ELISA, secretory
IgA was used as the standard. One hundred microliters of
diluted TA (diluted 1:400–1:6400 in blocking buffer) or
human secretory IgA standards (1.64–210 ng/mL) were
incubated for 2 hours at room temperature. Plates were
washed three times as described above and then incubated
with polyclonal goat antihuman secretory component an-
tibody overnight at 4°C. Plates were washed three times
and incubated with HRP-conjugated rabbit-antigoat anti-
body (1:1000) for 2 hours at room temperature. After three
washes, plates were developed as previously described.
Sensitivities of the assays were as follows: IL-8, 15 pg/
mL; MCP-1, 8 pg/mL; secretory component, 3 ng/mL.

Data Analysis
To adjust for variation in collection of TA, IL-8 and

MCP-1 concentrations were normalized to secretory compo-
nent of IgA.26 All statistical analyses were performed using
the SPSS for Windows version 6.0 (SPSS, Inc, Chicago, Ill).
x2 analysis was used to assess the statistical differences in

categorical variables. The Student’st test was used to assess
normally distributed variables. The duration of MV, oxygen
use, and hospitalization were not normally distributed, hence
the Wilcox rank sum test was used for analysis of these
factors. Similarly, tracheal cytokine concentrations were not
normally distributed and were log-transformed before anal-
ysis. The differences in TA cytokine concentrations were
assessed using analysis of variance (ANOVA). Multiple lo-
gistic regression using backward stepwise elimination of
variables was used to determine which factors were associ-
ated with the development of BPD. The factors analyzed by
logistic regression were as follows: birth weight, gestational
age, maximum IL-8 concentration, maximum MCP-1 con-
centration, and tracheal Uu culture results. A probability
value of less than 0.05 was considered statistically signifi-
cant. The data are presented as mean6SEM.

RESULTS

Of the 35 patients enrolled in the study, 18 (51%)
developed BPD and 17 (49%) did not develop the disease.
Infants who developed BPD were smaller, of lower ges-
tational age, more likely to have a TA culture positive for
Uu, and more likely to have received treatment with in-
domethacin or postnatal dexamethasone (Table 1). There
were three deaths among the study patients. One infant
who was included in the BPD group died at 14 days of age
from pulmonary hemorrhage, Uu pneumonia, and progres-
sive respiratory failure. Another patient in the BPD group
died of respiratory failure as a result of Uu infection,
pulmonary hemorrhage, and fungal sepsis at 43 days of
age. A third patient with BPD died of sepsis and multior-
gan failure at 49 days of age.

One hundred thirty-four TAs were obtained during the
first 3 weeks of life from study infants. Infants who did not
develop BPD were extubated before day 21; therefore,
only TA cytokine concentrations obtained before day 21
were used for analysis of differences for this outcome.
IL-8 was detectable in all TA samples. TA concentrations
of IL-8 rose early in the course of hyaline membrane
disease, with maximum concentrations occurring between
days 2 and 3 in the group who developed BPD (Figure
1A). TA concentrations of IL-8 were significantly higher
in infants who developed BPD (P50.0001, ANOVA).
Moreover, TA IL-8 concentrations in those infants who
developed BPD remained elevated for the 2-week period
studied. In comparison, infants who did not develop BPD
had TA IL-8 concentrations that returned to baseline levels
by 4 to 5 days. Maximum IL-8 concentrations were sig-
nificantly higher in infants who subsequently developed
BPD as opposed to those who did not (5966165 pg/mg/s
vs 105628 pg/mg/s; P50.0090).
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Similarly, MCP-1 was also detected in all TA samples
in both patient groups. TA concentrations of MCP-1 in-
creased more gradually than those for IL-8, with maximal
concentrations occurring between 7 and 9 days, especially
in those infants who developed BPD (Figure 1B). TA
concentrations of MCP-1 were greater in those infants
who developed BPD during the first 2 weeks of life
(P,0.0001, ANOVA). In addition, maximum MCP-1
concentrations were significantly higher in infants who
subsequently developed BPD (16776429 pg/mg/sc vs
194644 pg/mg/sc;P50.003). Furthermore, the magnitude
of the inflammatory response correlated with the duration
of ventilatory and oxygen support required. There was a
significant correlation between maximum concentrations
of IL-8 and MCP-1 and the duration of MV and oxygen
therapy (Figure 2).

The role of birth weight, gestation, maximal cytokine
concentrations, and Ureaplasma cultures in the develop-
ment of BPD were examined by multiple logistic regres-
sion. This analysis showed that birth weight and maximum

MCP-1 (but not maximum IL-8) concentrations correlated
with the development of BPD in our cohort of infants.
Because only three patients had persistent oxygen depen-
dency at 36 weeks postconceptional age, analysis of the
role of IL-8 and MCP-1 in the development of this more
severe form of BPD could not be performed.

Differences in TA cytokine concentrations did not cor-
relate to either birth weight or gestation. Additionally,
postnatal corticosteroids did not significantly alter TA
concentrations of either IL-8 (172663 pg/mg/sc vs
2696212 pg/mg/sc; P50.657) or MCP-1 (5486183 pg/
mg/sc vs 213656 pg/mg/sc; P50.126) in the 15 pairs of
samples available for analysis.

Maternal conditions did not have an effect on TA IL-8
or MCP-1 concentrations. TA concentrations of IL-8 and
MCP-1 during the first 21 days of life were not different in
infants whose mothers did or did not receive antenatal
corticosteroids. Similarly, maximum MCP-1 (9956388
pg/mg/sc vs 9606360 pg/mg/sc; P50.946) and IL-8

Table 1. Clinical characteristics of study subjects.

Characteristic BPD
(n518)

No BPD
(n517)

P

Birth weight, g 74662 1052642 ,0.001

Gestation, weeks 25.260.2 27.860.5 ,0.001

Surfactant therapy 16 (89) 13 (76) 0.330

Ureaplasma isolated 7 (39) 1 (6) 0.020

Mycoplasma isolated 5 (28) 1 (6) 0.086

PDA 8 (44) 4 (24) 0.193

Indomethacin* 16 (89) 10 (59) 0.034

Days MV† 42613 762 ,0.001

Days oxygen† 68613 1162 ,0.001

Days hospital† 104613 6966 0.012

MV.28 days 9 (50) 0 ,0.001

Supplemental O2 at 36 weeks PCA 3 (18) 0 0.061

Antenatal corticosteroids 9 (50) 9 (53) 0.716

Postnatal corticosteroids 15 (83) 7 (41) 0.004

Age corticosteroids started, days 762 962 0.854

IVH 6 (33) 5 (29) 0.803

PVL 3 (18) 1 (6) 0.287

NOTE. Data are presented as mean6SEM or as numbers (percentages).
Abbreviations: PDA, patent ductus arteriosus; PCA, postconceptional
age; IVH, intraventricular hemorrhage; PVL, periventricular leukoma-
lacia.
*Indomethacin was used prophylactically in most infants.
†Wilcox rank sum test was used because data was not normally
distributed.

Figure 1. TA concentrations of A) IL-8 and B) MCP-1 in infants who
developed BPD (filled bars) and those who did not (open bars) during the
first 14 days of life. All cytokines were normalized to secretory compo-
nent. Concentrations are expressed as picograms of cytokine per micro-
gram of secretory component6SEM. Differences between infants with
BPD and those without were significant by ANOVA (P,0.001). *P,0.05
for individual time points. RDS, respiratory distress syndrome.
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(265678 pg/mg/sc vs 4526173 pg/mg/sc;P50.323) con-
centrations were not significantly different in infants
whose mothers had received antenatal corticosteroids. The
role of placental inflammation on TA cytokine concentra-
tions and the subsequent development of BPD could not
be assessed in this study, because too few placentas had
histologic examination to allow a comparison.

Uu was isolated from TA cultures in eight (23%) study
infants. Isolation of Uu from the TA was associated with
an increased incidence of BPD, isolation of Mh, and a
trend toward lower birth weight (Table 2). Seven of eight
infants with Uu present in the TA were treated with
erythromycin (40 mg/kg/d) for 10 days. Treatment of all
these infants started in the first week of life. One patient,
whose TA culture for Uu turned positive after the infant
was extubated, was not treated. Two patients with tracheal

Uu died of intractable respiratory failure at ages 14 and 43
days. There was only a single patient in our study that had
a positive TA culture for bacteria (Klebsiella pneumoniae)
at birth. In this patient, Uu was also isolated from the TA.
This patient was not excluded from the study.

The TA concentrations of IL-8 in infants who had a
positive culture for Uu increased during the course of their
disease in a pattern similar to that of the entire group of
patients who developed BPD (Figure 3A). TA concentra-
tions of IL-8 were significantly increased in infants with
tracheal cultures that were positive for Uu when compared
with infants who did not have positive Uu tracheal cultures
(P50.0032, ANOVA). TA concentrations of MCP-1 were
also significantly increased in infants with tracheal cul-
tures that were positive for Uu when compared with in-
fants who did not have positive Uu tracheal cultures
(P50.002, ANOVA) (Figure 3B). The pattern of the
MCP-1 concentrations in Uu-positive infants paralleled
that seen with the development of BPD. Because Mh was

Figure 2. Correlation of maximal TA concentrations of MCP-1 (filled
circles) and IL-8 (open circles) with duration of A) MV and B) oxygen
therapy in preterm infants. Data are expressed as the log-normalized
cytokine concentration. Correlation coefficients for log MCP-1 vs MV,
r250.52,P,0.001; log IL-8 vs MV,r250.47,P,0.001; MCP-1 vs days
oxygen,r250.47,P,0.001; log IL-8 vs days oxygen,r250.39,P,0.001.

Table 2. Comparison between infants with and without isolation of
Uu.

Characteristic Ureaplasma
(n58)

No
Ureaplasma

(n527)

P

Birth weight, g 779650 929642 0.076

Gestation, weeks 25.560.4 26.860.4 0.819

Surfactant therapy 6 (75) 24 (85) 0.502

Mycoplasma isolated 6 (75) 0 (0) ,0.001

PDA 3 (38) 9 (38) 0.827

Indomethacin* 7 (88) 19 (70) 0.330

BPD 6 (86)† 11 (44) 0.034

Days MV‡ 2967 24610 0.073

Days oxygen‡ 3968 41610 0.379

Days hospital‡ 9168 75613 0.582

MV.28 days 3 (38) 6 (19) 0.246

Supplemental O2 at 36 weeks PCA 0§ 3 (11) 0.392

Antenatal corticosteroids 6 (75) 12 (44) 0.153

Postnatal corticosteroids 6 (75) 16 (61) 0.418

Age corticosteroids started, days 963 961 0.903

IVH 3 (38) 8 (30) 0.674

PVL 2 (25) 2 (7) 0.170

NOTE. Data are presented as mean6SEM or as numbers (percentages).
*Indomethacin was used prophylactically in most infants.
†Only 7 infants survived to 28 days.
‡Wilcox rank sum test was used because data was not normally distrib-
uted.
§Only 6 infants survived to 36 weeks PCA.
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never recovered without the coisolation of Uu, an inde-
pendent assessment of the role of Mh in BPD could not be
ascertained.

DISCUSSION

Inflammation is one of the primary pathologic pro-
cesses that precedes the development of BPD. Increased
tracheal concentrations of inflammatory cytokines (IL-8,
IL-1b, IL-6, TNFa, macrophage inflammatory protein-
1a) have been reported in infants who develop the dis-
ease.5–11 IL-8 is a major neutrophil chemoattractant and
activator. The concentrations of this chemokine in TA
have been shown to be elevated early in the course of
BPD, a time when neutrophil influx is highest.1,11,12 Our
findings, establishing a correlation between IL-8 and the
development of BPD, are similar to the results reported by
others.7,11

MCP-1, a member of the CC chemokine family, in-
duces the migration and activation of mononuclear cells.12

MCP-1 has been implicated in the pathogenesis of lung
fibrosis in human disease and bleomycin-induced pulmo-
nary fibrosis in animal models.13–17 In addition, MCP-1
concentrations correlate with lung injury during the late
phase of the adult respiratory distress syndrome.27 The
correlation of increased MCP-1 with BPD in our study
suggests a role for this chemokine in the later phase of this
disease. The kinetics and duration of elevated MCP-1
concentrations may coincide better with the early stages of
fibrosis than does IL-8, which coincides more closely with
the initial inflammatory response. This observation sug-
gests that the increase in lung MCP-1 and the resultant
monocyte recruitment and activation may be of greater
importance to the development of the fibrotic component
of BPD than the early increases in IL-8. This hypothesis is
further supported by multiple logistic regression analysis,
in which maximum MCP-1, but not maximum IL-8, con-
centrations were predictive of BPD.

We speculate that MCP-1 may play a role in the fibrosis
that occurs in BPD. Monocytes/macrophages recruited to
the lung, and subsequently activated by MCP-1, may
release other growth factors that stimulate fibroblast pro-
liferation, differentiation, and collagen production.28,29

Additionally, MCP-1 could indirectly promote fibroblast
collagen production by stimulating fibroblasts to produce
transforming growth factorb1.30

The role of Uu colonization or infection in the devel-
opment of chronic lung disease is unclear. Most, but not
all studies, suggest that isolation of Uu from TA is asso-
ciated with an increased incidence of chronic lung disease
in very low birth weight infants.19–21The frequency of Uu
isolation in our infants and the increased incidence of BPD
is in agreement with other reports.19–21 Repeat cultures
were not performed on most infants in our study. Thus, we
may have underestimated the incidence of these infections
in our infants.

Our study was not designed to assess the efficacy of
treatment strategies for Uu. Treatment of our infants with
erythromycin did not seem to reduce the incidence of
oxygen dependency at 28 days. This may be a result of
specific treatment starting after TA cultures were positive.
Treatment, after the cultures return positive, may occur
after the inflammatory response is well established in the
lung and, thus, may be less effective. Some of the ob-
served differences in TA concentrations of IL-8 and
MCP-1 between infants who develop BPD and those who
do not may be related to infection by Uu.

Concentrations of IL-8 and MCP-1 were greater in the
Uu-positive group than in infants without Uu isolation and
the overall BPD group, suggesting that a significant pro-

Figure 3. TA concentrations of A) IL-8 and B) MCP-1 in infants with
isolation of Uu from TA (filled bars) and those without (open bars)
during the first 21 days of life. All cytokines were normalized to secretory
component. Concentrations are expressed as picograms of cytokine per
micrograms of secretory component6SEM. Differences between infants
with TA isolation of Uu and those without were significant by ANOVA
(P,0.001). *P,0.05 for individual time points.
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portion of the cytokine response in the BPD group may be
a result of Uu infection. Increased TA concentrations of
IL-8, IL-1b, and TNFa have been reported in infants with
respiratory tract isolation of Uu.22,23 Similarly, we found
increased concentrations of IL-8 and MCP-1 in tracheal
fluid from infants with Uu isolates. In contrast to our
study, Lyon et al31 reported no increase in TA IL-8 con-
centrations in infants with isolation of Uu. Differences in
results may reflect differences in patient populations, sam-
pling techniques, and incidence of and/or severity of Ure-
aplasmal infections.

Our findings lend support to the contention that Uu
plays a pathologic role in the development of BPD in some
infants. These clinical findings are in agreement with the
experimental evidence that Uu can induce cytokine pro-
duction in pulmonary fibroblasts, macrophages, and respi-
ratory epithelial cells.32–36The frequent coisolation of Mh
in our patient population makes independent assessment of
the relative roles of Uu and Mh difficult. Mh is capable of
inducing cytokines in macrophages.33,34 Furthermore, we
have demonstrated that Mh can induce IL-8, MCP-1, and
ENA-78 in cultured respiratory epithelial cells.35,36 Thus,
Mh infection of the lung or airways may also contribute to
the cytokine responses we observed.

In summary, we have shown that TA concentrations of
IL-8 and MCP-1 are significantly increased in infants who
subsequently developed BPD. Concentrations of IL-8 and
MCP-1 correlated well with duration of oxygen therapy
and MV. IL-8 concentrations increased early in the course
of the disease, whereas MCP-1 concentrations increased
later. Increased TA concentrations of IL-8 and MCP-1
found in infants who developed BPD were associated with
the isolation of Uu, further supporting a role for Uu as a
pathogen in the perinatal period. Finally, MCP-1 concen-
trations predicted the development of BPD better than
IL-8, suggesting a predominant role of this chemokine in
the development of this disease.
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