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Radiographic Changes Associated with Tracheal Isolation of Ureaplasma
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Recent studies show an association between the presence of Ureaplasma urealyticum in tra-
cheal aspirates and bronchopulmonary dysplasia. We hypothesized that among infants with birth
weights <1,250 g and respiratory disease, those with U. urealyticum in their tracheal aspirates
would have radiographic evidence of more-severe pulmonary disease more often than would
those without this organism. A total of 292 low-birth-weight infants who had endotracheal
aspirate cultured within 7 days of birth were enrolled. The radiographic outcome variables were
pneumonia, early severe bronchopulmonary dysplasia (precocious), and chronic lung disease.
Microorganisms were isolated from 128 infants (44%); U. urealyticum was isolated from 44
(15%). Pneumonia was significantly more common in infants with than without U. urealyticum
(30% vs. 16%, P = .03). U. urealyticum also was associated with precocious bronchopulmonary
dysplasia independent of prematurity, race, and sex (odds ratio, 2.2; P < .05). Tracheal isolation
of U. urealyticum within 7 days of birth is associated with pneumonia and precocious bronchopul-
monary dysplasia.

Bronchopulmonary dysplasia is a debilitating pulmonary
disease that is limited primarily to preterm infants [ 1 ]. Ap-
proximately 1,300 new cases were identified annually in the
United States in the early 1980s, at a projected cost of at least
$25 million for caring for these infants during their first year
[2]. The approximate incidence of this disease at the end of
the decade was 7,000 new cases per year, with a concomitant
increase in costs [3]. Even though the associated mortality is
now decreasing, up to one-third of these infants die before
their first birthday [4]. One-half of those who survive may
have pulmonary dysfunction throughout their life [5]. The
number of new cases each year is likely to increase as the
number of very premature infants who survive increases.

Bronchopulmonary dysplasia usually results from the
treatment of an acute lung disease [6]. Although advances in
therapy have been important in the reduction of morbidity
and mortality, the key to the treatment of bronchopulmo-
nary dysplasia is prevention. Hyaline membrane disease, pat-
ent ductus arteriosus, and pneumonia are diseases or condi-
tions associated with bronchopulmonary dysplasia [6-9].
Pneumonia is particularly troublesome to the clinician be-
cause of the difficulty in diagnosis. We undertook a study of
the role of microorganisms in the respiratory tracts of neo-
nates and found that the isolation of Ureaplasma urealyti-
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cum from the trachea of infants who weighed <1,000 g at
birth and had an oxygen requirement was associated with
bronchopulmonary dysplasia [10]. We did not evaluate chest
radiographs of the infants in that study. Therefore, the pur-
pose of this study was to correlate findings on chest radio-
graphs, paying particular attention to pneumonic and
chronic changes and to the results of culture of the initial
tracheal aspirate obtained within 7 days of birth from low-
birth-weight infants with respiratory disease.

Patients and Methods

Study Design

This study was conducted in a nonconcurrent, prospective
manner [11 ]. Enrollment of infants was based on tracheal
aspirate culture results obtained prospectively. At the con-
clusion of the entry period, all of the chest radiographs for
each infant were obtained from the archives and examined
for selected outcomes. We tested the hypothesis that the
chest radiographic findings for those infants who had U. ur-
ealyticum isolated from their trachea would more frequently
be consistent with pneumonia, severe chronic lung disease,
or both than would radiographic findings for infants who
did not have U. urealyticum isolated from their trachea.
This study was approved by the institutional review board
for human use at the University of Alabama at Birming-
ham (UAB).

Study Population

Infants who had respiratory disease, birth weights <2,500
g, a tracheal aspirate cultured for mycoplasmas and bacteria
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within 7 days of birth, and chest radiographs available for
review and who were admitted to the Regional Newborn
Intensive Care Unit at UAB from July 1985 to February
1989 were enrolled in this study. February 1989 was chosen
as a stopping point for enrollment because a trial of a surfac-
tant was beginning at that date.

Specimen Collection

Tracheal aspirates were obtained routinely as part of a
work-up for sepsis when respiratory disease was present. The
technique for collection of tracheal aspirates has been de-
scribed in detail [10]. In brief, a neonate was intubated with
an endotracheal tube, and tracheal secretions were aspirated
with a suction catheter inserted through the endotracheal
tube. If secretions were scant, 0.5-1.0 mL of sterile normal
saline was ventilated into the tracheobronchial tree and aspi-
ration was attempted again. The distal portion of the catheter
was severed and flushed with 1.0 mL of sterile normal saline;
0.1-0.2 mL was placed in 0.9 mL of 10B media and sent to
the Diagnostic Mycoplasma Laboratory at UAB, and the rest
was sent to the UAB hospital clinical microbiology labora-
tory for routine aerobic bacterial culture. Serial 10-fold dilu-
tions of the aliquot for culture of mycoplasmas were per-
formed as soon as the sample arrived at the laboratory.
Samples (20 AL) of each dilution were plated on A8 agar.
Cultures were kept for 7 days before being discarded and
reported as negative. Routine aerobic bacterial cultures were
inoculated into brain-heart infusion (BHI) broth and plated
on chocolate, blood, and MacConkey agar. The agar plates
were discarded after 48 hours if they were negative. BHI
broth was examined daily for turbidity, and samples were
gram-stained on day 5 before being discarded as negative. No
viral, chlamydial, and anaerobic bacterial cultures were pre-
pared because of the extremely low yield in this popula-
tion [10].

Data Collection

Demographic and clinical data were obtained from the
medical records. Cultural data were obtained from the Diag-
nostic Mycoplasma Laboratory data base and from the re-
ports of clinical laboratory data in the medical records.

Radiographic Analysis

On admission to the neonatal intensive care unit, each
infant with respiratory disease had a chest radiograph taken
as part of routine care. As a rule, chest radiographs were
obtained daily during the first week while the infant had
acute lung disease or was intubated for mechanical ventila-
tion. Subsequent radiographs were ordered at the discretion
of the physicians caring for the infant as clinical status dic-
tated.

For purposes of this study, chest radiographs were re-
trieved from the archives after the last infant was enrolled in
this study. A pediatric radiologist (G.T.O.) reviewed the
chest radiographs without the benefit of clinical history. The
radiographs from —60 infants were interpreted during each
session. Toward the end of the radiographic reading process,
radiographs from —1% of the infants were reinterpreted
without the radiologist's knowledge. No discrepancies were
found between the first and second interpretations. In addi-
tion, —10% of the radiographic interpretations for this study
were checked against the original written account of the clin-
ical interpretations. Again, no discrepancies were found.

The primary radiographic outcomes were chronic lung dis-
ease, which was defined as the presence of any grade of bron-
chopulmonary dysplasia at the end of the fourth postnatal
week; precocious dysplastic changes, which were defined as
radiographic findings consistent with grade III or IV broncho-
pulmonary dysplasia but that occurred during the second or
early third postnatal week; and pneumonia, which was de-
fined as the presence of one or more of the following: (1)
radiating peripheral streakiness, (2) coarse patchy parenchy-
mal infiltrates or small diffuse nodules, (3) subtle hazy or
nodular basilar infiltrates, or (4) diffuse granularity indistin-
guishable from hyaline membrane disease but with better-
than-expected aeration (figures 1 and 2) [12, 13].

Radiographs also were reviewed for the following ad hoc
outcome variables: hyaline membrane disease, transient ta-
chypnea of the newborn, pulmonary interstitial emphysema,
pneumothorax, and atelectasis [13, 14].

Data Analysis

Infants were placed in subgroups according to the identifi-
cation of the organisms isolated from their initial tracheal
aspirate. Those with U. urealyticum isolated from their tra-
chea were grouped together regardless of the other organisms
isolated. All infants who had organisms other than U. urealy-
ticum isolated were grouped in the bacteria subgroup. This
subgroup included infants who had bacteria or mycoplasmas
other than U. urealyticum. Infants who had negative cultures
or cultures negative for mycoplasmas and no bacterial cul-
tures (n = 4) were placed in the negative subgroup.

Categorical data were analyzed by the x 2 test for indepen-
dence or by Fisher's exact test where appropriate. Continu-
ous data were analyzed by the analysis of variance technique,
and intergroup differences were analyzed by Duncan's multi-
ple-range test. Multiple logistic regression was used to deter-
mine the strength of the association of the cultural data and
the primary radiographic outcomes while holding the effects
of demographic influences constant. The level of signifi-
cance was set at P < .05 for demographic, clinical, and pri-
mary outcome variables and at P < .0 1 for other ad hoc
outcome variables. For completeness, all P values of <.05
are presented in the tables and figures.
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95th percentile, 4 days). No organisms were isolated from
66% (192) of the 292 infants, whereas U. urealyticum was
isolated from 15% (45) of the infants and bacteria were iso-
lated from 19% (55) (table 1). U. urealyticum was the organ-
ism isolated most frequently and was in pure culture 71% of
the time (32 of 45). Bacteria were isolated in pure culture
67% (37 of 55) of the time. Mycoplasma hominis, which was
isolated from 8% (22) of the infants, was the second most
commonly isolated organism. Group B /3-hemolytic Strepto-
coccus was isolated from eight infants (3%); in two, it was
isolated in combination with U. urealyticum.

Demographic and Clinical Data

The greater immaturity of infants who had U. urealyticum
isolated from their trachea compared to infants who had bac-
teria or other mycoplasmas or no organisms isolated is re-
flected by the significantly lower mean birth weight and ges-
tational age, the higher percentage with 5-minute Apgar
scores of <7, and the greater percentage receiving mechani-
cal ventilation for any reason (table 2). These differences
were not significant when the infants were subgrouped by
birth weight.

Figure 1. Chest radiograph of an infant showing many features
consistent with pneumonia. The lung fields are hazy with some
streaky densities. The diaphragmatic excursion is good, signifying
good compliance, as opposed to the small lung fields seen with
poorer compliance, as in hyaline membrane disease.

Results

Study Population

A total of 314 infants were eligible for this study. Four
infants were excluded because of congenital heart disease or
meconium aspiration syndrome. For 18 of the remaining 310
infants eligible for this study, no radiographs were available
for review, and thus 292 infants were enrolled in this study.
The mean birth weight and mean gestational age for the in-
fants who were enrolled were 1,210 g (SD ± 478 g) and 29
weeks (SD ± 3.0 weeks), respectively; 48% of the infants
were white, and 56% were boys. No significant differences
between the birth weights, gestational age, race, sex, percent-
age of Apgar scores <7 at 1 minute or 5 minutes, or survival
of enrolled infants and those who did not have radiographs
available were detected. Thus, no obvious selection biases
associated with the inclusion of only those infants with radio-
graphs available were detected.

Cultural Data

The mean age of infants when the initial tracheal aspirate
was obtained was 1.3 days (SD ± 1.5 days; median, 1.0 day;

Figure 2. Chest radiograph of a 9-day-old infant with precocious
dysplastic changes. The lung fields have areas of variable aeration.
Patchy areas of atelectasis, or early scarring, are noted along with
cystic emphysematous areas. The lungs appear overaerated, a find-
ing that correlates clinically with air trapping. This radiograph is
consistent with grade III bronchopulmonary dysplasia, but these
changes are noted much earlier than is usual.
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Table 1. Results of tracheal aspirate culture for 292 low-birth-
weight infants.

Microorganism isolated No. of infants (%)

None 192 (66)
Any microorganism 100 (34)

Ureaplasma urealyticum* 45 (15)
Other bacterial- 55 (19)

Mycoplasma hominis 22 (8)
Group B Streptococcus 6 (2)
Staphylococcus epidermidis 7 (2)
Coagulase-negative Staphylococcus 9 (3)
Streptococcus, viridans group 3 (1)
Escherichia coli 1 (1)
Enterococcus 2(1)
Propionibacterium acnes 4 (1)
Others 8 (3)

* Includes 13 infants with bacteria isolated concurrently (group B Strepto-
coccus, 2; M. hominis, 2; Staphylococcus epidermidis, 2; Streptococcus, viri-
dans group, 2; coagulase-negative Staphylococcus, 2; and one each of Can-
dida albicans, P. acnes, Staphylococcus aureus, and Peptostreptococcus
species).

t Total for individual microorganisms and "other bacteria" total will not
agree because of multiple isolates in some cultures.

t Includes one each of Bacillus species, Bacteroides species, Candida albi-
cans, diphtheroid species, Proteus mirabilus, Pseudoinonas species, S. aureus,
and Peptostreptococcus species.

Primary Radiographic Outcomes

Pneumonia. Radiographic evidence of pneumonia was
twice as common in U. urealyticum—positive infants than in
U. urealyticum—negative infants (30% vs. 16%, P = .03) (fig-
ure 3). When comparisons were made by individual culture

groups, pneumonia was over three times more common in
infants in the U. urealyticum group than in those in the bacte-
ria group (P = .01) and tended to be more common than in
the negative group (P = .08) (figure 4). Similar relationships
were found when infants weighing <1,250 g at birth were
examined (figure 4). U. urealyticum was associated with
pneumonia when the data were analyzed by multiple logistic
regression (odds ratio, 3.2; P = .05) but did not reach statis-
tical significance. Conversely, tracheal isolation of bacte-
ria was not associated with radiographic evidence of pneu-
monia.

To determine if the increased incidence of pneumonia in
infants with U. urealyticum might be due to the inclusion of
infants who also had bacteria isolated from their trachea, we
examined the percentage of infants in the U. urealyticum
group with and without bacteria. In the U. urealyticum
group, infants with bacteria present had a lower incidence of
pneumonia than did those without bacteria (23% vs. 32%,
respectively, P > .05). Thus, the inclusion of those infants
who had U. urealyticum in pure culture with those infants
who had U. urealyticum isolated with other bacteria did not
skew the results toward a higher incidence of pneumonia. In
fact, the opposite was true. Statistical significance could not
be achieved because of the small sample size and lack of
power.

Precocious dysplastic changes. Precocious dysplastic
changes were significantly more common in infants with U.
urealyticum isolated than in those without this isolate (P =
.01) (figure 3). When comparisons were made by individual
culture groups, the percentage of infants with precocious
dysplastic changes was significantly higher in infants with U.

Table 2. Demographic and clinical data for infants with different results of tracheal aspirate culture.

Variable

All infants (n = 292) Infants -�.1,250 g (n = 177)

Negative U. urealyticum Bacteria P* Negative U. urealyticum Bacteria	 P*

No. (%) 192 (66) 45 (15) 55 (19) 120 (68) 34 (19) 23 (13)

Birth weight in g
(range) 1,215 (505-2,490) 1,062 1' (510-2,400) 1,3141- (604-2,410) .05 900 (505-1,250) 860 (510-1,240) 840 (604-1,250) NS

Gestational age in
weeks (range) 29 (22-38) 28t (23-36) 301- (22-38) .05 27 (22-32) 27 (23-31) 27 (23-31)	 NS

Male 55 62 55 NS 52 68 52	 NS

White 52 44 36 NS 47 44 39	 NS

Apgar score at 1 min <7 63 78 63 NS 76 79 96	 NS

Apgar score at 5 min <7 30* 53* 24* .01 39 56 52	 NS

Survived hospital 76 71 87 NS 69 65 74	 NS

Oxygen required
for 28 days 21 29 22 NS 27 38 48	 NS

Ventilation 75 87 65 NS 87 91 91	 NS

Apnea 56 60 44 NS 67 71 65	 NS

NOTE. Values in table represent percentages unless otherwise noted.
* Probability of difference within groups. NS = not significant.
I. Significantly different from U. urealyticum group at P < .05.
t Significantly different from U. urealyticum group at P < .01.
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Figure 3. Percentage of infants with primary radiographic outcomes grouped according to whether Ureaplasma urealyticum (UU) was
present or absent. Pneu = radiographic evidence of pneumonia; PBPD = precocious dysplastic changes; CLD = chronic lung disease. All
infants are depicted in A, and those with birth weights <1,250 g are depicted in B. Significant differences (by x 2) are indicated by a (P < .05)
and b (P < .01). The number in each bar represents the number of infants included in the denominator.

urealyticum isolated than in those with negative cultures
(63% vs. 36%, P = .005) but was not significantly higher than
in those with bacteria isolated (63% vs. 41%, P > .05) (figure
4). The same associations were present when only infants
with birth weights 1,250 g were included in the compari-
sons (figure 4). When multiple logistic regression analysis
was used to control for the influences of prematurity (birth
weight), race, and sex, precocious dysplastic changes were
still significantly associated with the presence of U. urealyti-

cum (P < .05; odds ratio, 2.2). Infants who died before they
were 14 days old were excluded from this analysis because
no radiograph was available for review. No significant differ-
ences were found between culture groups in the percentage
of infants who died before 14 days of age (U. urealyticum,
29%; bacteria, 13%; and negative, 24%; P = .11). As ex-
pected, birth weight was inversely associated with precocious
dysplastic changes (P < .0001). No association was found
between gender and precocious dysplastic changes, whereas

Figure 4. Percentage of infants with primary radiographic outcomes, by culture groups. BPD = dysplastic changes. In different outcome
groups, the number of infants in each culture group varied because of death; therefore, the denominator of each group is presented on the
corresponding bar. All infants are depicted in A, and those with birth weights <1,250 g are depicted in B. All infants who had Ureaplasma
urealyticum (UU) isolated from their initial tracheal aspirate, whether or not other bacteria also were isolated, are included in the UU group.
Significant differences (by x 2) are indicated by a (P < .01) and b (P < .05).
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among infants with U. urealyticum isolated from their tra-
chea, white infants were twice as likely as black infants to
have precocious dysplastic changes (P < .02).

The contribution of other bacteria to the incidence of pre-
cocious dysplastic changes in the U. urealyticum group was
examined. The incidence of precocious dysplastic changes
was lower in infants whose tracheal aspirates yielded both U.
urealyticum and bacteria than in infants with pure cultures of
U. urealyticum (54% vs. 68%, respectively; P> .05). Logistic
regression analysis detected a small interaction between U.
urealyticum and other bacteria. When this interaction was
accounted for in the logistic regression procedure, the level
of significance dropped slightly (P = .055; odds ratio, 2.2).
Thus, the inclusion of infants who had pure cultures of U.
urealyticum with those infants who had U. urealyticum iso-
lated with other bacteria did not skew the results toward a
higher incidence of precocious dysplastic changes.

Chronic lung disease. The radiographic diagnosis of
chronic lung disease tended to be more common in the U.
urealyticum—positive group than in the U. urealyticum—nega-
tive group (50% vs. 38%, respectively), although statistical
significance was not achieved (P > .05). In addition, chronic
lung disease was not associated with the isolation of any indi-
vidual microbe, although the direction of the interaction be-
tween U. urealyticum and bronchopulmonary dysplasia was
the same as that with U. urealyticum and precocious dysplas-
tic changes (figure 4). Grouping infants who had pure cul-
tures of U. urealyticum with infants who had mixed cultures
of U. urealyticum with other bacteria did not increase the
incidence of chronic lung disease in this group (50% vs. 50%,
P> .05).

The incidence of chronic lung disease appeared higher in
infants in the group with bacteria isolated who weighed
<1,250 g at birth as compared with infants in either the U.
urealyticum group or the culture-negative group, although
statistical significance was not achieved (P > .05) (figure 4).
Nine different organisms were isolated from the infants in
the bacteria group. Mycoplasma hominis accounted for the
majority of the organisms (9 of 18) isolated from these tiny
infants and for most of the cases of chronic lung disease (6 of
12) in the bacteria group.

Evidence for Disease Progression

Twice as many infants with pneumonia (25 of 51) than
infants without pneumonia (58 of 234) developed pre-
cocious dysplastic changes (49% vs. 25%, P < .001). The
odds ratio for the development of precocious dysplastic
changes when pneumonia was present was 2.5 (P = .01, mul-
tiple logistic regression). The likelihood of development of
precocious dysplastic changes in the different subgroups was
examined. More infants with pneumonia and U. urealyticum
developed precocious dysplastic changes (69%, 9 of 13) as
compared with infants with pneumonia and bacteria (40%, 2

of 5) or infants with pneumonia and negative cultures (42%,
14 of 33) (P > .05). A similar preponderance of precocious
dysplastic changes was found in infants who did not have
pneumonia (data not shown). Only trends could be noted
because of the small number of infants in each category. It is
striking, however, that 85% of the infants with precocious
dysplastic changes (11 of 13) developed bronchopulmonary
dysplasia whereas only 9% of the infants without these
changes (2 of 20) developed bronchopulmonary dysplasia (P
< .0001).

Ad Hoc Outcomes

No significant differences at P < .01 were detected for the
ad hoc outcome variables (figure 5).

Discussion

The purpose of this study was to describe the radiographic
changes associated with isolation of U. urealyticum from the
trachea of low-birth-weight infants and not to describe clini-
cal outcomes. Our data show that low-birth-weight infants
with respiratory distress who have U. urealyticum isolated
from their trachea within 7 days of birth are likely to show
evidence of pneumonia and precocious dysplastic changes
on chest radiographs. Precocious dysplastic changes are inde-
pendent of prematurity, sex, and race. Conversely, bacteria
are not associated with these radiographic changes. The asso-
ciation of U. urealyticum and precocious dysplastic changes
are confined mainly to the low-birth-weight group, the group
at most risk for chronic lung disease.

The designation precocious dysplastic changes was used to
describe findings on radiographs consistent with severe bron-
chopulmonary dysplasia that occur at or near the end of the
second postnatal week. In reality, this is the progression de-
scribed in the original paper by Northway et al. on broncho-
pulmonary dysplasia [15]. Since that description around 25
years ago, the progression through the stages of bronchopul-
monary dysplasia has slowed down [2]. It is now customary
to find that the hazy appearance of stage II disease lasts for
several weeks and that stages III and IV disease occur much
later if at all [2]. Thus, we chose to use precocious dysplastic
changes to describe the more rapid progression to severe dis-
ease typical of the original description of bronchopulmonary
dysplasia but atypical for the disease progression seen today.

The demonstration of an association between U. urealyti-
cum and dysplastic changes in this study is in accordance
with previous reports. We described 200 neonates with birth
weights <2,500 g and respiratory disease who had U. urealy-
ticum isolated from their trachea [10]. Those with birth
weights <1.0 kg were more likely to develop bronchopulmo-
nary dysplasia, as defined by their requirement for continu-
ous oxygen support until 28 days of age. Sanchez and Regan
studied 111 infants at Columbia University with birth
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Figure 5. Percentage of infants with ad hoc radiographic outcomes, by culture group. HMD = hyaline membrane disease; TTN =
transient tachypnea of the newborn; PIE = pulmonary interstitial emphysema; PTX = pneumothorax; ATL = atelectasis; and UU =
Ureaplasma urealyticum. All infants are depicted in A, and those with birth weights <1,250 g are depicted in B. The number of infants in
each culture group varied little by outcome group (data not shown but available). Significant differences (by x 2) are indicated by a (P < .01)

and b (P < .05).

weights <2.0 kg admitted to a newborn intensive care unit
and demonstrated that infants colonized with U. urealyticum
had a significantly higher incidence of bronchopulmonary
dysplasia than did those without such colonization (30% vs.
8%) [16]. In their studies, they used both abnormal radio-
graphs and oxygen requirement at 30 days of age as the fac-
tors determining bronchopulmonary dysplasia. Wang et al.
studied 107 infants at McMaster University who weighed
<1,250 g at birth and found that colonization with U. urealy-
ticum produced a relative risk of 3.4 for the development of
bronchopulmonary dysplasia [17]. This effect was found to
be independent of prematurity and respiratory support. Bron-
chopulmonary dysplasia was defined by an abnormal radio-
graph and abnormal arterial blood gas results at 28 days of
age or by the radiologist's opinion, based on the last available
radiograph for an infant who died before the age of 28 days,
that the infant would have bronchopulmonary dysplasia as
defined by the investigators' criteria. That these studies per-
formed at three different centers with disparate patient popu-
lations obtained similar results attests to the generalizability
of these results.

The lack of association of bacteria with radiographic evi-
dence of pneumonia is in accordance with the findings of
previous studies. Sherman et al. demonstrated a correlation
between the isolation of bacteria from the trachea within 8
hours of birth and subsequent bacteremia but none for radio-
graphic evidence of pneumonia [18]. Ablow et al. demon-
strated that radiographic findings of infection with group B
streptococci were often indistinguishable from those for the
respiratory distress syndrome [19, 20].

The most likely explanation for why bacteria were not as-
sociated with precocious dysplastic changes is the insuffi-

cient power of our study to detect a difference at the level of
P < .05. This assumption is supported by our finding that the
direction of the association between tracheal isolation of bac-
teria and precocious dysplastic changes is the same as that
seen with tracheal isolation of U. urealyticum (figure 4). A
second explanation is that tracheal isolation of bacteria
might reflect colonization after birth rather than true infec-
tion. Support for this speculation is given in the report by
Harris et al., who reported that 43% of infants with respira-
tory disease were colonized with bacteria at the time of intu-
bation [21]. Unfortunately, Harris et al. combined the results
for nasopharyngeal and tracheal aspirates. Additional sup-
port is provided by Lau and Hey, who reported that bacteria
are commonly isolated from the respiratory tract of infants
with pulmonary disease and are not specific for pneumonia
[22]. Differences in the significance of tracheal isolation of
U. urealyticum and that of bacteria might also be explained
by the mode of transmission. The major mode of transmis-
sion of U. urealyticum is vertically from mother to offspring,
whereas transmission of bacteria may be either vertical or
nosocomial [23].

No study group showed a significant association with radio-
graphic evidence of chronic lung disease. M. hominis was
primarily responsible for the apparent increased incidence of
chronic lung disease in the bacterial group. No other organ-
ism in the bacteria group seemed to be associated with
chronic lung disease. In particular, virulent organisms such
as group B streptococci were not associated with either early
or late dysplastic changes. Because of small numbers of any
one microbe and the resultant lack of statistical power, we
cannot rule out an association between severe chronic lung
disease and the presence of a particular microorganism. We
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also used a liberal definition that did not differentiate severe
changes from very mild lung disease; therefore, we may not
have been able to detect long-term changes associated with
infectious agents.

In this study, microorganisms were isolated from approxi-
mately one-third of the initial tracheal aspirates obtained
from infants within 7 days of birth. Two-thirds of the organ-
isms were mycoplasmas. U. urealyticum was significant in
that it accounted for 44% of the organisms isolated and 15%
overall. The microorganisms grouped into the bacteria sub-
group were quite heterogenous. M. hominis was the most
frequently isolated organism and group B Streptococcus, the
second. The heterogeneity of the bacteria isolated and the
frequency with which multiple isolates were obtained sug-
gest that nosocomial colonization probably accounted for
many of the positive bacterial cultures.

The results of this study combined with the results re-
ported in the literature create a cohesive argument that U.
urealyticum is a risk factor for, and not only associated with,
bronchopulmonary dysplasia. In calves, Ureaplasma diver-
sum causes a cuffing pneumonia characterized by alveolar
and peribronchiolar mononuclear infiltration [24, 25]. We
and others have shown that U. urealyticum causes pneumo-
nia in human neonates that is characterized by both mononu-
clear and polymorphonuclear alveolar infiltration [26-28].
Rudd et al. fulfilled Koch's postulates by causing pneumonia
in a newborn mouse by intranasal inoculation with U. urea-
lyticum isolated from an infant with pneumonia [29]. We
also have shown that supplemental oxygen increases lesion
severity, delays clearance of the organism, and causes death
in this mouse model of ureaplasmal pneumonia [30]. Re-
ports by us and others have shown an association between U.
urealyticum and bronchopulmonary dysplasia [10, 16, 17],
and pneumonia caused by other microorganisms is asso-
ciated with development of bronchopulmonary dysplasia [8,
9]. Finally, the events in the present study, i.e., the presence
of U. urealyticum in the respiratory tract, the presence of
radiographic evidence of pneumonia, the development of
precocious dysplastic changes, and the subsequent develop-
ment of bronchopulmonary dysplasia, have a sequential asso-
ciation. Thus, the data justify the pursuit of clinical trials
designed to better define or alter this disease course.

Several aspects of this study are important. This study was
performed before the routine administration of surfactant or
steroids and the common administration of erythromycin.
Therefore, the course of disease described here is unaffected
by therapies known to alter the course of neonatal respira-
tory disease or by antibiotic therapy that may eradicate U.
urealyticum. For these reasons, it would be difficult to repeat
this study.

The conclusions of this study have been criticized on the
grounds that U. urealyticum might promote subsequent bac-
terial colonization/infection of the respiratory tract in infants
who have an increased incidence of precocious dysplastic

changes and that it is the subsequent bacterial colonization/
infection, not U. urealyticum, that is associated with pre-
cocious dysplastic changes. However, this is unlikely because
dysplastic lung disease is associated with injury that occurs
over time. Thus, the incidence of severe lung disease would
be higher in infants who have bacteria isolated earlier, i.e.,
those in this study, than in infants with U. urealyticum iso-
lated, and this was not the case. That logistic regression analy-
sis indicated that infants within the U. urealyticum group
who also had bacteria isolated did not experience a signifi-
cantly higher incidence of precocious dysplastic changes
than those with just U. urealyticum isolated argues against
bacteria being a significant cause of disease. Third, even if
bacterial colonization/infection was promoted by U. urealy-
ticum and bacteria were associated with significant disease, it
would be U. urealyticum that promotes this process and that
is thus a potential target for therapies that alter the disease
process.

Another criticism of this study is that the radiographs were
not obtained at standardized times. We think this is a minor
problem because the disease processes associated with our
primary outcome variables are quite severe and the standard
therapeutic technique is to follow these disease processes
with frequent radiographic studies. In addition, these disease
processes are a continuum, and radiographs taken even 3-4
days apart are extremely unlikely to overlook one of the pri-
mary disease outcomes.

In summary, these data show that the isolation of U. urea-
lyticum from the trachea of premature neonates with respira-
tory disease within 7 days of birth identifies a group of infants
likely to show radiographic evidence of pneumonia and to
progress to severe lung disease by 2 weeks of age, as evi-
denced by radiographic developments. This finding is impor-
tant since it demonstrates that severe pulmonary changes
can take place rapidly in infants who have U. urealyticum
isolated from their trachea. These data also suggest that ther-
apy that reduces the risk or severity of bronchopulmonary
dysplasia should be instituted as soon as possible because of
the rapidity with which severe pulmonary disease develops in
these infants. Therapeutic trials that focus on the elimination
of bronchopulmonary dysplasia as the major outcome may
be unrealistic, especially if sample sizes are small because of
the rapidity with which these changes occur. A more realistic
goal might be a reduction in the severity of chronic lung
disease and/or a reduction in mortality.
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