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Abstract
Background  The association between the presence of common pathogens in the maternal cervicovaginal tract as 
well as neonatal gastric fluid and adverse outcomes in preterm newborns remains uncertain.

Methods  Cervicovaginal swabs were collected from 98 mothers, and gastric fluid specimens were obtained from 
121 premature infants with gestational ages of ≤ 32 weeks within 24 h of birth. Thirteen pathogens were tested using 
suspension microarray. Neonatal outcomes were monitored until either death or discharge.

Results Ureaplasma  was the predominant species identified in both maternal cervicovaginal swabs and neonatal 
gastric fluid. Preterm newborns with Ureaplasma in gastric fluid at birth exhibited a smaller gestational age (P < 0.001), 
a lower 1-min Apgar score (P = 0.01), an increased requirement for pulmonary surfactant (P = 0.029), and a higher 
incidence of bronchopulmonary dysplasia (BPD) (P = 0.02) compared to those who tested negative for Ureaplasma. 
Similarly, pregnant women with Ureaplasma colonization in the genital tract were more likely to deliver babies with 
a smaller gestational age (P = 0.002), a higher rate of tracheal intubation after birth (P = 0.013), a lower proportion 
of small for gestational age (SGA) infants (P = 0.018), and an increased occurrence of BPD (P = 0.048) than mothers 
without the agent. Furthermore, the presence of Ureaplasma in the gastric fluid of premature infants was identified as 
a risk factor for BPD, with an odds ratio (OR) of up to 6, alongside gestational age and SGA as independent predictors 
of BPD.

Conclusions  These findings suggest that antenatal exposure to Ureaplasma is correlated with the occurrence of BPD 
in premature infants, which has potential clinical implications.
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Introduction
Bronchopulmonary dysplasia (BPD) is a chronic lung 
disease predominantly affecting premature infants. It is 
associated with complications such as pulmonary hyper-
tension, extrauterine growth retardation, and neurode-
velopmental delays [1, 2], which diminish survival rates 
and quality of life in affected children. In recent years, 
the survival rate of premature infants has significantly 
improved due to an increase in high-risk pregnancies 
and advancements in neonatal care; however, this has 
been accompanied by a rise in the incidence of BPD. The 
pathogenesis of BPD is believed to be linked to factors 
such as infection, inflammation, oxygen toxicity, and the 
degree of prematurity [3]. Prenatal and postnatal inflam-
matory processes or infections can adversely affect lung 
development, thereby predisposing infants to the devel-
opment of BPD [4].

Research has demonstrated that lung inflammation 
induced by respiratory bacteria significantly contrib-
utes to BPD [5]. Advances in detection methodologies 
have revealed that intrauterine infections resulting from 
ascending pathogens in the reproductive tract account 
for at least 40% of preterm births. Ureaplasma is among 
the most frequently identified pathogenic microorgan-
isms in the placenta of preterm births [6]. Lohmann et 
al. reported an association between the colonization 
of Gram-negative rods and Ureaplasma with the inci-
dence of BPD [7]. Additionally, another study indicated 
that newborns with BPD exhibited elevated levels of the 
phylum Proteobacteria [8]. These findings underscore 
the increasing acknowledgment of the role of patho-
genic microorganisms in the pathogenesis of BPD. How-
ever, the specific pathogen exerting the most significant 
influence on the occurrence of BPD remains unclear. 
Escherichia coli (Ecoli) and Streptococcus agalactiae are 
commonly recognized as prevalent pathogens respon-
sible for intrauterine infections, while Chlamydia and 
Mycoplasma have been implicated less frequently in this 
context [9, 10]. Consequently, it is particularly important 
to identify the pathogens associated with perinatal infec-
tions in premature infants to facilitate targeted interven-
tions aimed at substantially reducing the incidence of 
BPD.

Taken together, specific microbial species may play 
critical roles in the etiology of BPD in newborns. To test 
this hypothesis, we investigated the influence of maternal 
and neonatal microbiota on perinatal outcomes, includ-
ing BPD, by analyzing 13 prevalent microbial agents in 
the gastric fluid of premature infants and the maternal 
cervicovaginal tract.

Materials and methods
Study population and sample Preparation
Preterm infants admitted to the neonatal department 
of Guangdong Women and Children Hospital between 
March 2021 and March 2022 were enrolled in this study. 
The inclusion criteria comprised: gestational age of ≤ 32 
weeks; delivery in the obstetrical department; and hos-
pitalization in the neonatal department of the study 
hospital. The exclusion criteria included: presence of 
congenital abnormalities; transfer of infants to or from 
other units or institutions; and failure to complete patho-
gen detection within 24 h. Gastric fluid samples were col-
lected from preterm infants within 2 h of birth and prior 
to the first feeding. Maternal cervicovaginal swabs were 
obtained 2 h before delivery. Pathogen detection was per-
formed on preterm infants and their mothers within 24 h 
of admission. The study protocol received approval from 
the Institutional Ethics Board of Guangdong Women 
and Children Hospital, China (No. 202101097). Written 
informed consent to participate was obtained from the 
parents or legal guardians of any participant under the 
age of 16.

Data collection
Demographic and clinical data were obtained from elec-
tronic medical records, encompassing (1) basic infor-
mation on premature infants, including gestational age, 
birth weight, SGA status, sex, mode of delivery, Apgar 
scores at 1  min and 5  min, and the administration of 
postnatal steroids; (2) maternal pregnancy factors, such 
as histological chorioamnionitis, premature rupture of 
membranes (PROM), and the use of antenatal steroids; 
(3) hospitalization parameters, including the duration 
of invasive mechanical ventilation and the utilization of 
pulmonary surfactant; and (4) preterm complications, 
the occurrence of BPD, necrotizing enterocolitis (NEC), 
intraventricular hemorrhage (IVH), retinopathy of pre-
maturity (ROP), and other conditions.

Parameters and definitions
Preterm PROM is defined as the rupture of membranes 
occurring 18 h prior to delivery. Histological chorioam-
nionitis is diagnosed when placental tissues demonstrate 
neutrophilic infiltration and inflammation. The degree 
and progression of chorioamnionitis are staged/graded 
using indicators such as the location, density, and degen-
eration of polymorphonuclear leukocytes.

BPD is characterized by the requirement for supple-
mental oxygen or mechanical ventilation at 36 weeks of 
postmenstrual age (PMA). The severity of BPD is classi-
fied as mild, moderate, or severe based on the presence of 
oxygen dependency at 36 weeks of PMA, in accordance 
with the National Institutes of Health consensus defini-
tion [11]. IVH is diagnosed through ultrasound imaging, 
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while NEC is staged according to Bell’s criteria. Patent 
ductus arteriosus (PDA), confirmed via echocardiog-
raphy, is defined by the presence of hemodynamically 
significant PDA that necessitates pharmacotherapy, sur-
gical ligation, or transcatheter occlusion. Indications for 
tracheal intubation include an inability to maintain tar-
get oxygenation despite non-invasive ventilation with 
an oxygen concentration exceeding 40%, severe apnea 
unresponsive to medical treatment, gastrointestinal con-
ditions that preclude non-invasive ventilation, persistent 
metabolic acidosis, and hemodynamic instability. Indi-
cations for the administration of pulmonary surfactant 
in preterm newborns include those requiring immediate 
intubation at birth and those exhibiting respiratory dis-
tress syndrome (RDS) that persists despite non-invasive 
ventilation with an oxygen concentration of more than 
30%.

Microorganism detection
Nucleic acids were isolated from maternal cervicovagi-
nal swabs and neonatal gastric fluid using a magnetic-
bead extraction kit (Bright-Innovation Biomed, Shunde, 
China), following the manufacturer’s protocol, and were 
subsequently stored at -20 ℃ until use.

To investigate common organisms that are vertically 
transmitted from mothers to newborns, we selected 13 
target pathogens for the construction of an array aimed 
at perinatal intrauterine infection analysis, allowing for a 
single test to detect all 13 pathogens. The selected agents 
include Chlamydia trachomatis (CT), Ecoli, Group B 
Streptococcus (GBS), Mycoplasma genitalium (MG), 
Mycoplasma hominis (MH), Neisseria gonorrhoeae (NG), 
Ureaplasma parvum (UP), Ureaplasma urealyticum 
(UU), human parvovirus B19 (B19), Cytomegalovirus 
(CMV), Enterovirus (EnV), Herpes simplex virus type II 
(HSV-2), and Rubella virus (RBV). In previous studies 
[12, 13], we built an in-house oligonucleotide suspension 
microarray to identify a variety of respiratory pathogens 
using Luminex xMAP technology. Given the differences 
in the targeted agents, the relevant primers and probes 
for the “perinatal intrauterine infection array” must be 

appropriately modified. Nevertheless, the fundamental 
experimental process remains consistent, encompassing 
probe design, probe attachment to microspheres, multi-
plex PCR, and molecular hybridization.

Statistical analysis
Statistical analyses were conducted using SPSS version 
24.0. Data are presented as means with standard devia-
tions, or as counts (percentages). For normally distrib-
uted data, one-way ANOVA was employed, and the 
chi-squared test or Fisher’s exact test was utilized for 
comparison of frequencies. Candidate variables that were 
clinically associated with BPD or exhibited a P value of 
less than 0.05 in univariate analyses were included in 
multivariate logistic regression models. The significance 
threshold for all tests was set at P < 0.05 (two-sided).

Results
Pathogens identified in maternal cervicovaginal swabs and 
neonatal gastric fluid
Between March 2021 and March 2022, a total of 98 
mothers and 121 premature infants with gestational ages 
of ≤ 32 weeks, including 23 pairs of twins, participated in 
this study. As shown in Tables 1 and 35 mothers (35.7%) 
tested negative in cervicovaginal swabs. Among the 13 
pathogens identified using the suspension array, at least 
one pathogen was detected in 64.3% of the mothers. 
Notably, 44.9% of the mothers tested positive for Urea-
plasma spp. with 33.7% positive for UP and 11.2% for 
UU. Ecoli was detected in 29 mothers (29.6%). Of the 121 
premature infants, 28.1% (22.3% UP and 5.8% UU) tested 
positive for Ureaplasma spp. in gastric fluid, followed 
by 14.1% for Ecoli. One infant exhibited co-colonization 
with both UU and UP. Consequently, the estimated rate 
of Ureaplasma vertical transmission from mothers to 
infants was approximately 63% (28.1%/44.9%) in this 
study. Overall, both sample types yielded similar findings 
regarding the primary pathogens, with Ureaplasma and 
Ecoli being the most frequently identified agents. UP was 
the predominant pathogen detected in maternal cervico-
vaginal swabs and neonatal gastric aspirates.

Maternal cervicovaginal Ureaplasma colonization linked to 
decreased gestational ages and SGA proportion, as well as 
elevated rates of neonatal endotracheal intubation
In this study, microbiological examination of mater-
nal samples classified cervicovaginal swabs into four 
groups: group 1 (negative for microorganisms), group 
2 (Ureaplasma spp. only), group 3 (Ureaplasma spp. in 
conjunction with other microorganisms), and group 4 
(other microorganisms identified). Although UP and UU 
were analyzed separately, they were combined as Urea-
plasma spp. for the purposes of this analysis due to the 
limited sample size. Table 2 presents the perinatal clinical 

Table 1  Pathogen analysis of maternal cervicovaginal swabs 
and neonatal gastric fluid

Cervicovaginal swabs 
(N = 98, n and %)

Gastric 
fluid 
(N = 121, 
n and %)

Negative 35 (35.7) 74 (61.2)
Ureaplasma parvum 33 (33.7) 27 (22.3)
Ureaplasma urealyticum 11 (11.2) 7 (5.8)
Escherichia coli 29 (29.6) 17 (14.1)
Cytomegalovirus 11 (11.2) 1 (0.8)
Sterptococcus agalactiae 5 (5.1) 1 (0.8)
Mycoplasma genitalium 1 (1.0) 0 (0)
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data for each group. Infants born to mothers colonized 
with Ureaplasma exhibited a significantly younger gesta-
tional age (P = 0.002), a smaller proportion of SGA infants 
(P = 0.018), and a higher rate of endotracheal intubation 
(P = 0.013) compared to controls in group 1. Further-
more, the presence of other microorganisms (group 4) in 
the maternal genital tract was also linked to an increased 
rate of neonatal endotracheal intubation (P = 0.007). 
Additionally, group 3 (Ureaplasma plus other organisms) 
demonstrated a significantly higher rate of intubation and 
a lower rate of SGA (P = 0.036 and P = 0.003, respectively).

Positive maternal cervicovaginal swab for Ureaplasma 
related to bronchopulmonary dysplasia
Table 3 indicates that the presence of Ureaplasma exclu-
sively in maternal cervicovaginal swabs is associated with 
BPD morbidity in preterm infants (P = 0.048). When Ure-
aplasma is present alongside other microbial species, the 
association becomes even more pronounced (P = 0.033). 
In addition, other microorganisms found in the mater-
nal genital tract were linked to neonatal complications, 
including NEC and sepsis (P < 0.05).

Table 2  Correlation of pathogens identified in maternal cervicovaginal swabs with neonatal clinical characteristics
Group 1 Group 2 P value Group 3 P value Group 4 P value
U-/O-, n = 40 U+/O-, n = 29 U+/O+, n = 24 U-/O+, n = 28

GA (weeks) 29.89 ± 1.54 28.67 ± 1.51 0.002 29.20 ± 1.75 n.s 29.14 ± 1.64 n.s
BW (kg) 1.24 ± 0.25 1.16 ± 0.31 n.s 1.13 ± 0.26 n.s 1.22 ± 0.26 n.s
Gender
Female 16 13 n.s 11 n.s 12 n.s
Male 24 16 n.s 13 n.s 16 n.s
Surfactant (any dose) 20 (50.0%) 16 (55.2%) n.s 15 (62.5%) n.s 16 (57.1%) n.s
1-min Apgar score 7.97 ± 0.97 7.58 ± 1.80 n.s 7.29 ± 1.89 n.s 7.57 ± 1.42 n.s
5-min Apgar score 9.05 ± 0.50 8.75 ± 1.02 n.s 8.89 ± 0.95 n.s 8.9 ± 1.00 n.s
Natural delivery, n (%) 21 (52.5%) 17 (58.6%) n.s 19 (79.1%) n.s 19 (67.8%) n.s
Time of PROM (d) 2.56 ± 6.89 0.90 ± 1.68 n.s 4.90 ± 12.58 n.s 3.17 ± 10.45 n.s
Chorioamnionitis, n (%) 5 (12.5) 7 (24.1) n.s 8 (33.3) 0.045 9 (32.1) 0.049
Antenatal steroids, n (%) 26 (65.0) 23 (79.3) n.s 18 (75.0) n.s 24 (85.7) n.s
Postnatal steroids, n (%) 3 (7.5) 0 (0) n.s 3 (12.5) n.s 1 (3.6) n.s
SGA, n (%) 12 (30.0) 2 (6.9) 0.018 0 (0) 0.003 3 (10.7) n.s
Tracheal intubation n (%) 12 (30.0%) 18 (62.1%) 0.013 14 (58.3%) 0.036 18 (64.3%) 0.007
Invasive mechanical ventilation time (h) 193.74 ± 371.04 115.04 ± 162.44 n.s 162.05 ± 205.69 n.s 107.72 ± 155.15 n.s
BW: birth weight; GA: gestational age; Group 1: negative microorganism testing; Group 2: only Ureaplasma spp. identified; Group 3: positive testing for Ureaplasma 
spp. along with other microorganisms; Group 4: other microbes identified; O: other pathogens except for Ureaplasma spp.; PROM: premature rupture of membranes; 
SGA: small for gestational age; U: Ureaplasma spp

n.s: non-significant

P values applied to comparison with Group 1, respectively

Table 3  Correlation between pathogens identified in maternal cervicovaginal swabs and neonatal clinical outcomes
Group 1 Group 2 P value Group 3 P value Group 4 P value
U-/O-, n = 40 U+/O-, n = 29 U+/O+, n = 24 U-/O+, n = 28

BPD, n (%) 11 (27.5%) 15 (51.7%) 0.048 13 (54.2%) 0.033 13 (46.4%) n.s
--Moderate 1/11 (9.1%) 3/15 (20.0%) 0/13 (0%) 3/13 (23.1%)
--Severe 1/11 (9.1%) 6/15 (40.0%) 9/13 (69.2%) 4/13 (30.8%)
RDS, n (%) 28 (70.0%) 25 (86.2%) n.s 19 (79.2%) n.s 22 (78.6%) n.s
-- RDS ≥ grade 3 4/28 (14.2%) 4/15 (26.7%) 6/19 (31.6%) 8/22 (36.4%)
NEC, n (%) 0 (0%) 2(6.9%) n.s 5 (20.8%) 0.003 4 (14.3%) 0.014
ROP, n (%) 7 (17.5%) 6 (20.7%) n.s 4 (16.7%) n.s 8 (28.6%) n.s
ICH, n (%) 7 (17.5%) 5 (17.2%) n.s 5 (20.8%) n.s 6 (21.4%) n.s
Sepsis, n (%) 0 (0) 0 (0) n.s 2 (8.3%) n.s 6 (21.4%) 0.003
PDA requiring treatment, n (%) 4 (10.0%) 1 (3.4%) n.s 1 (4.2%) n.s 0 (0%) n.s
Mortality, n (%) 2 (5.0%) 5 (17.2%) n.s 4 (16.7%) n.s 3 (10.7%) n.s
BPD: bronchoplumonary dysplasia; Group 1: negative microorganism testing; Group 2: only Ureaplasma spp. identified; Group 3: positive testing for Ureaplasma spp. 
along with other microorganisms; Group 4: other microbes identified; ICH: Intracranial hemorrhage; NEC: necrotizing enterocolitis; O: other pathogens except for 
Ureaplasma spp; RDS: Respiratory distress syndrome; ROP: Retinopathy of prematurity; PDA: Patent ductus arteriosus; U: Ureaplasma spp

n.s: non-significant

P values applied to comparison with Group 1, respectively
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Ureaplasma in neonatal gastric fluid associated with 
various adverse clinical phenotypes
Similarly, the pathogen analysis results of neonatal gas-
tric aspirate were categorized into four groups to rule out 
potential interactions between Ureaplasma and other 
microorganisms concerning clinical outcomes in prema-
ture infants (Table  4). Preterm infants who tested posi-
tive solely for Ureaplasma in gastric fluid had a younger 
gestational age (P < 0.001), a lower 1-min Apgar score 
(P = 0.01), and a higher incidence of pulmonary surfac-
tant administration (P = 0.029) compared to those who 
tested negative. When Ureaplasma was present alongside 
other microbes (group 3), it was associated with several 
clinical parameters, including gestational age (P = 0.002), 
duration of PROM (P = 0.002), hours of invasive mechan-
ical ventilation (P = 0.02), incidence of chorioamnionitis 
(P = 0.028), and need for tracheal intubation (P = 0.044). 
However, it did not correlate with any adverse clinical 
characteristics when other organisms (group 4) were 
detected in the neonatal gastric samples. This finding 
suggests that Ureaplasma plays a specific role in the 
pathogenesis of BPD and not just colonization with any 
of these 13 organisms.

Positive neonatal gastric aspirate for Ureaplasma 
associated with Bronchoplumonary dysplasia
As indicated in Table 5, premature infants with simplex 
Ureaplasma detected in gastric fluid had a significantly 
higher incidence of BPD, including moderate and severe 
forms, compared to those without Ureaplasma (P = 0.02). 

Notably, the presence of other microbial agents (group 4) 
or the co-occurrence of Ureaplasma with other microbes 
(group 3) did not demonstrate a significant impact on the 
risk of BPD (P > 0.05). Additionally, when Ureaplasma 
colonization was combined with other pathogens, it was 
associated with an increased incidence of neonatal sepsis 
and mortality (P < 0.05).

Independent predictors of bronchopulmonary dysplasia
Variables that were clinically relevant to BPD or demon-
strated a significance level of less than 0.05 in the initial 
univariate analysis were incorporated into multivari-
ate logistic regression models. The results indicated that 
neonatal Ureaplasma exposure, gestational age, and SGA 
status were independent risk factors for BPD in pre-
mature infants born at or below 32 weeks of gestation 
(P < 0.05). More importantly, neonates with Ureaplasma 
in gastric fluid exhibited a risk of developing BPD that 
was up to six times greater than those without such expo-
sure (Table 6).

Discussion
In recent years, the survival rate of premature infants has 
substantially improved due to an increase in the num-
ber of high-risk mothers and advancements in treatment 
technologies. However, this progress has also led to a 
rising incidence of BPD [14]. Intrauterine inflammation 
is a primary contributor to premature birth [15], and 
inflammatory lung lesions represent a critical risk fac-
tor in the pathogenesis of BPD, disrupting normal lung 

Table 4  Correlation between clinical characteristics and pathogens identified in neonatal gastric fluid
Group 1 Group 2 P value Group 3 P value Group 4 P value
U-/O-, n = 74 U+/O-, n = 26 U+/O+, n = 7 U-/O+, n = 14

GA (weeks) 29.80 ± 1.62 28.35 ± 1.40 < 0.001 27.84 ± 1.73 0.002 29.22 ± 1.02 n.s
BW (kg) 1.22 ± 0.28 1.10 ± 0.25 n.s 1.09 ± 0.24 n.s 1.30 ± 0.24 n.s
Gender
Female 30 13 n.s 2 n.s 7 n.s
Male 44 13 n.s 5 n.s 7 n.s
Surfactant (any dose) n (%) 44 (59.5% ) 22 (84.6%) 0.029 6 (85.7%) n.s 7 (50.0%) n.s
1-min Apgar score 7.85 ± 1.24 6.96 ± 2.18 0.01 7.57 ± 1.27 n.s 7.78 ± 1.18 n.s
5-min Apgar score 8.94 ± 0.87 8.50 ± 1.44 n.s 9.28 ± 0.48 n.s 8.92 ± 1.26 n.s
Natural delivery, n (%) 34 (45.9%) 15 (57.7%) n.s 5 (71.4%) n.s 10 (71.4%) n.s
Time of PROM (d) 2.65 ± 8.27 1.24 ± 1.82 n.s 13.07 ± 21.23 0.002 1.07 ± 2.89 n.s
Chorioamnionitis, n (%) 15 (20.3) 8 (30.8) n.s 4 (57.1) 0.028 1 (7.1) n.s
Antenatal steroids, n (%) 57 (77.0) 23 (88.5) n.s 6 (85.7) n.s 11 (78.6) n.s
Postnatal steroids, n (%) 5 (6.8) 0 (0) n.s 2 (28.6) 0.05 1 (7.1) n.s
SGA, n (%) 10 (13.5) 1 (3.8) n.s 0 (0) n.s 0 (0) n.s
Tracheal intubation n (%) 34 (45.9%) 15 (57.7%) n.s 6 (85.7%) 0.044 8 (57.1%) n.s
Invasive mechanical ventilation time (h) 88.28 ± 148.81 104.79 ± 172.14 n.s 309.00 ± 193.14 0.02 128.00 ± 178.24 n.s
BW: birth weight; GA: gestational age; Group 1: negative microorganism testing; Group 2: only Ureaplasma spp. identified; Group 3: positive testing for Ureaplasma 
spp. along with other microorganisms; Group 4: other microbes identified; O: other pathogens except for Ureaplasma spp.; PROM: premature rupture of membranes; 
SGA: small for gestational age; U: Ureaplasma spp

n.s: non-significant

P values applied to comparison with Group 1, respectively
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development in premature neonates and exacerbat-
ing lung tissue injury [4, 16]. Therefore, it is essential to 
identify the pathogens that contribute to the pathological 
changes of BPD.

In this study, Ureaplasma emerged as the most preva-
lent pathogen detected in both maternal cervicovagi-
nal swabs and gastric aspirate from premature infants 
born at or before 32 weeks of gestation. Here, neonatal 
gastric fluid samples were used for pathogen detection 
since they are more readily available compared to airway 
secretions due to the need for routine gastric tube inser-
tion after birth in extremely premature newborns. This 
methodology was also used in a recent study in which 
gastric fluid samples were collected from 47 neonates to 
detect Ureaplasma. All three extremely low-birth-weight 
infants with Ureaplasma developed BPD [17].

Ureaplasma typically inhabits the human urogenital 
tract, with colonization rates in women of childbearing 
age ranging from 40 to 80% [18]. In the present study, 
Ureaplasma was detected in 44.9% of pregnant women 
and 28.1% of neonates. The rate of vertical transmission 
of Ureaplasma from mothers to children was found to 

be 63%, which falls within the previously reported range 
of 18–80% [19]. Although Table  3 indicates a marginal 
association between Ureaplasma identified in maternal 
cervicovaginal swabs and neonatal BPD (P = 0.048), fur-
ther investigation is warranted. Our primary findings 
suggest that neonates colonized with Ureaplasma have a 
higher incidence of BPD and a younger gestational age. 
Moreover, further analysis revealed that the presence of 
Ureaplasma in neonates may increase the risk of devel-
oping BPD by up to 6-fold. It is important to note that, 
these are just associations because it is difficult to refer 
to cause and effect with this study design. As previously 
mentioned, group 2 contained a significantly higher pro-
portion of extremely preterm infants, which is a critical 
predictor of adverse outcomes such as BPD. To clarify 
this potential confounder, we additionally conducted 
a more detailed breakdown of gestational ages. Over-
all, the baseline characteristics, including Apgar scores, 
appeared to be more evenly distributed across all groups 
after stratification. Meanwhile, the primary conclu-
sion remains consistent: a relationship between Urea-
plasma and BPD persists (P = 0.027). These results may 

Table 5  Correlation between clinical outcomes and pathogens identified in neonatal gastric fluid
Group 1 Group 2 P value Group 3 P value Group 4 P value
U-/O-, n = 74 U+/O-, n = 26 U+/O+, n = 7 U-/O+, n = 14

BPD, n (%) 25 (33.8%) 16 (61.5%) 0.02 4 (57.1%) n.s 7 (50.0%) n.s
--Moderate 2/25 (8.0%) 4/16 (25.0%) 0/4 (0%) 2/14 (14.2%)
--Severe 7/25 (28.0%) 7/16 (43.8%) 3/7 (42.8%) 2/14 (14.2%)
RDS, n (%) 57 (77.0%) 20 (76.9%) n.s 6 (85.7%) n.s 11 (78.5%) n.s
-- RDS ≥ grade 3 11 (14.8%) 2 (7.6%) 5 (71.4%) 4 (28.5%)
NEC, n (%) 7 (9.5%) 2 (7.7%) n.s 2 (28.5%) n.s 0 (0%) n.s
ROP, n (%) 14 (18.9%) 6 (23.1%) n.s 1 (14.3%) n.s 6 (42.9%) n.s
ICH, n (%) 14 (18.9%) 3 (11.5%) n.s 2 (28.6%) n.s 4 (28.6%) n.s
Sepsis, n (%) 1 (1.4%) 0 (0%) n.s 2 (28.6%) 0.019 5 (35.7%) < 0.001
PDA requiring treatment, n (%) 4 (5.4%) 2 (7.7%) n.s 0/7 (0%) n.s 0 (0%) n.s
Mortality, n (%) 6 (8.1%) 2 (7.7%) n.s 4 (57.1%) < 0.001 2 (14.3%) n.s
BPD: bronchoplumonary dysplasia; Group 1: negative microorganism testing; Group 2: only Ureaplasma spp. identified; Group 3: positive testing for Ureaplasma spp. 
along with other microorganisms; Group 4: other microbes identified; ICH: Intracranial hemorrhage; NEC: necrotizing enterocolitis; O: other pathogens except for 
Ureaplasma spp.; RDS: Respiratory distress syndrome; ROP: Retinopathy of prematurity; PDA: Patent ductus arteriosus; U: Ureaplasma spp

n.s: non-significant

P values applied to comparison with Group 1, respectively

Table 6  Predictor variables for bronchopulmonary dysplasia
Variables Univariate analysis Multivariate analysis

P value OR (95% CI) P value Adjusted OR (95% CI)
Gestational age (weeks) 0.001 0.447 (0.318–0.627) 0.002 0.490 (0.312–0.770)
Invasive mechanical ventilation time (h) 0.001 1.007 (1.003–1.010) 0.069 1.005 (1.000-1.010)
Chorioamnionitis 0.365 1.553 (0.599–4.026) 0.457 0.596 (0.153–2.329)
Antenatal steroids 0.067 0.394 (0.146–1.067) 0.068 0.301 (0.083–1.095)
Postnatal steroids 0.168 3.191 (0.613–16.603) 0.707 0.621 (0.052–7.395)
Small for gestational age (SGA) 0.529 1.532 (0.406–5.778) 0.042 5.898 (1.065–32.663)
Ureaplasma in maternal cervicovaginal tract 0.612 1.222 (0.563–2.650) 0.226 0.458 (0.129–1.622)
Ureaplasma in neonatal gastric fluid 0.004 4.219 (1.602–11.107) 0.020 6.127 (1.326–28.312)
OR: odds ratio; CI: confidence interval
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help understand the distribution of preterm infants and 
its influence on the outcomes. For the infants in group 
2 with lower 1-minute Apgar scores, a logistic regres-
sion analysis was performed, which did not find the fac-
tor associated with BPD occurrence (OR = 0.865; 95% CI, 
0.667–1.121; P > 0.05).

Numerous studies, reviews, and meta-analyses have 
examined the relationship between the presence of Urea-
plasma and the risk of BPD, yet the conclusions remain 
controversial. Most early investigations reported no 
significant association between maternal Ureaplasma 
colonization and BPD incidence [20, 21]. However, 
recent research has suggested that maternal Ureaplasma 
colonization may not be an innocent bystander in the 
pathogenesis of neonatal BPD [22]. Our study revealed 
a borderline association between maternal Ureaplasma 
colonization and neonatal BPD (P = 0.048). The microor-
ganisms detected in the female genital tract usually rep-
resent colonization. Only under specific conditions, such 
as cervical injury, will they facilitate Ureaplasma ascend-
ing infection and subsequent intrauterine inflammation 
[6]. Conversely, Ureaplasma existing in neonatal gastric 
fluid, originating from the maternal reproductive tract, 
may exert a direct influence on the development of BPD.

Previous studies investigating the relationship between 
neonatal respiratory Ureaplasma colonization and the 
development of BPD in premature infants have demon-
strated a significant association between the two factors. 
Evaluations were performed either 28 days after birth or 
at 36 weeks of corrected gestational age. However, the 
sample size of the greatest reported effect among these 
studies was less than 100 infants [23]. In another study, 
although neonatal gastric fluid was used for pathogen 
detection, only UU, but not UP, could be detected via 
PCR. Moreover, UU colonization was found to be nega-
tively correlated with BPD incidence [24]. In our study, 
the prevalence of UU in neonatal gastric fluid was lower 
than that of UP (5.8% vs. 22.3%). Therefore, focusing 
exclusively on UU in that assay may not accurately repre-
sent the association between Ureaplasma and BPD.

Preterm infants exposed solely to Ureaplasma had a 
higher incidence of BPD than the control group; however, 
this effect diminished when co-exposure to other micro-
bial agents was considered. In this study, Ecoli accounted 
for the largest proportion of other pathogens, suggesting 
a potential protective effect on BPD development. In fact, 
this hypothesis has been explored in an animal model, 
where co-exposure to bacterial lipopolysaccharides and 
UP attenuated pulmonary neutrophil infiltration in sheep 
fetuses [25].

Since we found that Ureaplasma-positive prema-
ture infants had a higher BPD incidence than controls, 
this raises an interesting question regarding the poten-
tial impact of early Ureaplasma clearance on BPD 

occurrence and overall clinical outcomes. Previously, 
empiric antibiotic therapy for premature infants sus-
pected of microbiological infections did not specifically 
target Ureaplasma. In recent years, macrolides such as 
azithromycin and clarithromycin have been increasingly 
used to treat Ureaplasma colonization and prevent BPD 
development [26, 27]. Despite this trend, there remains 
a lack of consensus on the choice of drugs, treatment 
course, and patient populations, largely due to conflicting 
evidence and contradictory findings [28, 29]. The major-
ity of premature infants with Ureaplasma exposure in 
our study did not receive macrolides treatment, making it 
impossible to assess the impact of antibiotic intervention 
on BPD. Further research is warranted.

Retrograde Ureaplasma infection during pregnancy 
has been associated with adverse outcomes, includ-
ing chorioamnionitis, PROM, and abortion [21]. Here, 
we observed no significant difference in the duration of 
PROM between the Ureaplasma-positive group and the 
control group. This finding may be attributed to factors 
such as serotype variation, bacterial titer, genetic back-
ground, and the host immune response to Ureaplasma 
exposure. As a secondary objective, we evaluated the 
incidence of other complications in preterm infants 
exposed to Ureaplasma and found no association with 
the development of NEC, septicemia, ROP, or intra-
cranial hemorrhage (ICH), presumably because of the 
small sample size of this study or the low entry of Ure-
aplasma into the bloodstream. The lung microbiome is 
likely affected by the oral microbiome, which is in turn 
likely influenced by the gastric microbiome since prema-
ture neonates have a high incidence of gastroesophageal 
reflux disease. By sampling the gastric microbiome, we 
may be detecting bacteria that have access to the respira-
tory tract and could affect local inflammation and influ-
ence the development of BPD.

The etiology of BPD is complex and multifactorial, 
involving a range of prenatal and postnatal risk factors. 
Key contributors to the pathogenesis of BPD include 
maternal smoking, chorioamnionitis, pregnancy-induced 
hypertension, antenatal steroids, delivery mode, ges-
tational age, intrauterine growth restriction, mechani-
cal ventilation, ventilator-associated lung injury, oxygen 
toxicity, infection, nutritional deficiencies, birth weight, 
PDA, genetic susceptibility, and epigenetic modifications 
[30–39]. Among them, prematurity and low birth weight 
are the most significant predictors of BPD [40]. How-
ever, conflicting results and insufficient evidence regard-
ing some proposed risk factors underscore the necessity 
for more rigorous research. Confounding remains a 
major concern in observational studies, and assessing its 
impact on the certainty of evidence for exposure effects 
has always been challenging [41]. Various methodologies 
have been proposed to prevent or control for potential 
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confounders during the study design or data analysis 
phases, including randomization, restriction, matching, 
stratification, multivariate regression, inverse probability 
weighting, propensity score analysis, and instrumental 
variable estimation [42, 43]. Each of these approaches has 
its own advantages and disadvantages, with the choice of 
method being contingent upon the specific study con-
text. Notably, the performance and application of these 
approaches can differ across studies. For unknown con-
founders, control may be only partially effective, if not 
entirely ineffective. Sometimes, over-adjustment for cer-
tain variables may introduce bias [44]. In this complex 
multifactorial setting, it is essential to interpret study 
results correctly based on both statistical evidence and 
substantial clinical knowledge [45].

This study has several limitations. First, suspension 
array was used for the first time to detect multiple organ-
isms in samples from mothers and newborns due to its 
unique features such as high throughput, low cost and 
rapid hybridization kinetics compared to other com-
monly employed methods [12, 46]. We validated this 
platform including a magnetic bead extraction kit by 
identifying the pathogens using qPCR in our lab and 
found that it has the same sensitivity as qPCR for UP, 
with a cycle threshold (Ct) of 35. Similarly, the sensitiv-
ity of suspension microarray for detecting other organ-
isms was equivalent to that of qPCR, with a Ct range of 
34–35. Second, only 13 pathogens were included in the 
suspension array platform, potentially overlooking other 
microbes, such as Fusobacterium nucleatum and Gard-
nerella vaginalis, which are associated with adverse 
pregnancy outcomes. Third, although over 100 neonatal 
gastric fluid samples were collected, the sample size for 
each category was insufficient for further analysis; spe-
cifically, there were only 27 UP cases and 7 UU subjects. 
Consequently, UU and UP were combined for analysis as 
Ureaplasma spp. to enhance statistical power. To ascer-
tain whether UU or UP serves as an independent risk 
factor for the development of BPD, larger cohort studies 
are warranted. In addition, this is a single-center study 
conducted in Southern China, which may introduce bias 
and limit the generalizability of the findings to other pop-
ulations. Finally, despite employing a logistic regression 
model to adjust for measured confounders, the potential 
for unmeasured or residual confounding, as well as other 
biases, cannot be entirely excluded.

Conclusions
In summary, we examined 13 common pathogens in 
maternal cervicovaginal swabs and neonatal gastric fluid 
using suspension array. Our pilot study indicate that Ure-
aplasma may be a risk factor for BPD in preterm new-
borns. It would be interesting to explore whether the 

eradication of colonized Ureaplasma could mitigate the 
morbidity of BPD in future research.

Abbreviations
BPD	� Bronchoplumonary dysplasia
ICH	� Intracranial hemorrhage
IVH	� Intraventricular hemorrhage
NEC	� Necrotizing enterocolitis
PDA	� Patent ductus arteriosus
ROP	� Retinopathy of prematurity
RDS	� Respiratory distress syndrome
SGA	� Small for gestational age
UP	� Ureaplasma parvum
UU	� Ureaplasma urealyticum

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​8​9​0​-​​0​2​5​-​0​​3​5​7​9​-​z.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
WWG and LZ designed the study and edited the manuscript. LLY was a major 
contributor in writing the manuscript. JC, YL, LLX and SYD collected the 
clinical samples. HD performed the experiments. ZW, LLD and SL analyzed the 
data. DZ collected the references. All authors reviewed the final manuscript.

Funding
This study was supported by the Medical Science and Technology Research 
Foundation of Guangdong Province (A2022065).

Data availability
The original data are available from the corresponding author on reasonable 
request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Institutional Ethics Board of 
Guangdong Women and Children Hospital, China (No. 202101097). All 
procedures performed in studies involving humans were in accordance with 
the Declaration of Helsinki. Written informed consent to participate was 
obtained from the parents or legal guardians of any participant under the age 
of 16.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 March 2024 / Accepted: 5 March 2025

References
1.	 Cheong JLY, Doyle LW. An update on pulmonary and neurodevelop-

mental outcomes of bronchopulmonary dysplasia. Semin Perinatol. 
2018;42(7):478–84.

2.	 Schmidt AR, Ramamoorthy C. Bronchopulmonary dysplasia. Paediatr 
Anaesth. 2022;32(2):174–80.

3.	 Shukla VV, Ambalavanan N. Recent advances in bronchopulmonary dysplasia. 
Indian J Pediatr. 2021;88(7):690–5.

https://doi.org/10.1186/s12890-025-03579-z
https://doi.org/10.1186/s12890-025-03579-z


Page 9 of 9Yan et al. BMC Pulmonary Medicine          (2025) 25:127 

4.	 Hwang JS, Rehan VK. Recent advances in bronchopulmonary dysplasia: 
pathophysiology, prevention, and treatment. Lung. 2018;196(2):129–38.

5.	 Gao XY, Dai YH, Fan DZ, Xie XY, Yang GD, Xiao X, Gao PM. The association 
between the microbes in the tracheobronchial aspirate fluid and broncho-
pulmonary dysplasia in preterm infants. Pediatr Neonatol. 2020;61(3):306–10.

6.	 Pavlidis I, Spiller OB, Sammut Demarco G, MacPherson H, Howie SEM, Nor-
man JE, Stock SJ. Cervical epithelial damage promotes Ureaplasma parvum 
ascending infection, intrauterine inflammation and preterm birth induction 
in mice. Nat Commun. 2020;11(1):199.

7.	 Lohmann P, Luna RA, Hollister EB, Devaraj S, Mistretta TA, Welty SE, Versalovic 
J. The airway Microbiome of intubated premature infants: characteristics and 
changes that predict the development of bronchopulmonary dysplasia. Pedi-
atr Res. 2014;76(3):294–301.

8.	 Lal CV, Travers C, Aghai ZH, Eipers P, Jilling T, Halloran B, Carlo WA, Keeley 
J, Rezonzew G, Kumar R, et al. The airway Microbiome at birth. Sci Rep. 
2016;6:31023.

9.	 Tzialla C, Borghesi A, Pozzi M, Stronati M. Neonatal infections due to multi-
resistant strains: epidemiology, current treatment, emerging therapeutic 
approaches and prevention. Clin Chim Acta. 2015;451(Pt A):71–7.

10.	 Santos RP, Tristram D. A practical guide to the diagnosis, treatment, and 
prevention of neonatal infections. Pediatr Clin North Am. 2015;62(2):491–508.

11.	 Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit Care 
Med. 2001;163(7):1723–9.

12.	 Ma ZY, Deng H, Hua LD, Lei W, Zhang CB, Dai QQ, Tao WJ, Zhang L. Suspen-
sion microarray-based comparison of oropharyngeal swab and Bronchoal-
veolar lavage fluid for pathogen identification in young children hospitalized 
with respiratory tract infection. BMC Infect Dis. 2020;20(1):168.

13.	 Peng QY, Zhang L, Deng H, Ye YM, Huang RL, Liang YQ, Feng SS, Li J, Luo 
XQ, Peng YL. Poor accuracy of single serological IgM tests in children with 
suspected acute Mycoplasma pneumoniae infection in Guangzhou, China. J 
Med Microbiol 2023, 72(3).

14.	 Gong W, Xu DR, Caine ED. Challenges arising from China’s two-child policy. 
Lancet. 2016;387(10025):1274.

15.	 Kemp MW. Preterm birth, intrauterine infection, and fetal inflammation. Front 
Immunol. 2014;5:574.

16.	 Pan J, Zhan C, Yuan T, Wang W, Shen Y, Sun Y, Wu T, Gu W, Chen L, Yu H. Effects 
and molecular mechanisms of intrauterine infection/inflammation on lung 
development. Respir Res. 2018;19(1):93.

17.	 Abe Y, Inoue M, Sekiguchi K, Nakano S, Tomaru Y, Maeda T, Shimizu N, Ihara K. 
Clinical characteristics of preterm and term infants with Ureaplasma in gastric 
fluid. Pediatr Neonatol. 2024;65(2):170–6.

18.	 Viscardi RM. Ureaplasma species: role in diseases of prematurity. Clin Perina-
tol. 2010;37(2):393–409.

19.	 Viscardi RM, Kallapur SG. Role of Ureaplasma respiratory tract colonization in 
bronchopulmonary dysplasia pathogenesis: current concepts and update. 
Clin Perinatol. 2015;42(4):719–38.

20.	 van Waarde WM, Brus F, Okken A, Kimpen JL. Ureaplasma urealyticum 
colonization, prematurity and bronchopulmonary dysplasia. Eur Respir J. 
1997;10(4):886–90.

21.	 Payne NR, Steinberg SS, Ackerman P, Chrenka BA, Sane SM, Anderson KT, 
Fangman JJ. New prospective studies of the association of Ureaplasma urea-
lyticum colonization and chronic lung disease. Clin Infect Dis. 1993;17(Suppl 
1):S117–121.

22.	 Van Mechelen K, Meeus M, Matheeussen V, Donders G, Jacquemyn Y, Mahieu 
L. Association between maternal cervicovaginal swab positivity for Urea-
plasma spp. Or other microorganisms and neonatal respiratory outcome and 
mortality. J Perinatol. 2021;41(6):1–11.

23.	 Schelonka RL, Katz B, Waites KB, Benjamin DK Jr. Critical appraisal of the role 
of Ureaplasma in the development of bronchopulmonary dysplasia with 
metaanalytic techniques. Pediatr Infect Dis J. 2005;24(12):1033–9.

24.	 Inatomi T, Oue S, Ogihara T, Hira S, Hasegawa M, Yamaoka S, Yasui M, Tamai H. 
Antenatal exposure to Ureaplasma species exacerbates bronchopulmonary 
dysplasia synergistically with subsequent prolonged mechanical ventilation 
in preterm infants. Pediatr Res. 2012;71(3):267–73.

25.	 Widowski H, Reynaert NL, Ophelders D, Hutten MC, Nikkels PGJ, Severens-
Rijvers CAH, Cleutjens JPM, Kemp MW, Newnham JP, Saito M, et al. Sequential 
exposure to antenatal microbial triggers attenuates alveolar growth and 
pulmonary vascular development and impacts pulmonary epithelial stem/
progenitor cells. Front Med (Lausanne). 2021;8:614239.

26.	 Ozdemir R, Erdeve O, Dizdar EA, Oguz SS, Uras N, Saygan S, Karabu-
lut E, Dilmen U. Clarithromycin in preventing bronchopulmonary 

dysplasia in Ureaplasma urealyticum-positive preterm infants. Pediatrics. 
2011;128(6):e1496–1501.

27.	 Viscardi RM, Terrin ML, Magder LS, Davis NL, Dulkerian SJ, Waites KB, Amba-
lavanan N, Kaufman DA, Donohue P, Tuttle DJ, et al. Randomised trial of 
Azithromycin to eradicate Ureaplasma in preterm infants. Arch Dis Child Fetal 
Neonatal Ed. 2020;105(6):615–22.

28.	 Chen X, Huang X, Lin Y, Lin B, Yang C, Huang Z, Yang C. Association of 
Ureaplasma infection pattern and Azithromycin treatment effect with bron-
chopulmonary dysplasia in Ureaplasma positive infants: a cohort study. BMC 
Pulm Med. 2023;23(1):229.

29.	 Lowe J, Gillespie D, Aboklaish A, Lau TMM, Consoli C, Babu M, Goddard M, 
Hood K, Klein N, Thomas-Jones E, et al. Azithromycin therapy for prevention 
of chronic lung disease of prematurity (AZTEC): a multicentre, double-blind, 
randomised, placebo-controlled trial. Lancet Respir Med. 2024;12(8):608–18.

30.	 Antonucci R, Contu P, Porcella A, Atzeni C, Chiappe S. Intrauterine smoke 
exposure: a new risk factor for bronchopulmonary dysplasia? J Perinat Med. 
2004;32(3):272–7.

31.	 Morrow LA, Wagner BD, Ingram DA, Poindexter BB, Schibler K, Cotten CM, 
Dagle J, Sontag MK, Mourani PM, Abman SH. Antenatal determinants of 
bronchopulmonary dysplasia and late respiratory disease in preterm infants. 
Am J Respir Crit Care Med. 2017;196(3):364–74.

32.	 Villamor-Martinez E, Alvarez-Fuente M, Ghazi AMT, Degraeuwe P, Zim-
mermann LJI, Kramer BW, Villamor E. Association of chorioamnionitis with 
bronchopulmonary dysplasia among preterm infants: A systematic review, 
Meta-analysis, and metaregression. JAMA Netw Open. 2019;2(11):e1914611.

33.	 Pierro M, Villamor-Martinez E, van Westering-Kroon E, Alvarez-Fuente M, 
Abman SH, Villamor E. Association of the dysfunctional placentation endo-
type of prematurity with bronchopulmonary dysplasia: a systematic review, 
meta-analysis and meta-regression. Thorax. 2022;77(3):268–75.

34.	 Sehgal A, Gwini SM, Menahem S, Allison BJ, Miller SL, Polglase GR. Preterm 
growth restriction and bronchopulmonary dysplasia: the vascular hypothesis 
and related physiology. J Physiol. 2019;597(4):1209–20.

35.	 Lavoie PM, Rayment JH. Genetics of bronchopulmonary dysplasia: an update. 
Semin Perinatol. 2023;47(6):151811.

36.	 Kapadia VS, Chalak LF, Sparks JE, Allen JR, Savani RC, Wyckoff MH. Resuscita-
tion of preterm neonates with limited versus high oxygen strategy. Pediatrics. 
2013;132(6):e1488–1496.

37.	 Yu H, Li D, Zhao X, Fu J. Fetal origin of bronchopulmonary dysplasia: contribu-
tion of intrauterine inflammation. Mol Med. 2024;30(1):135.

38.	 Milanesi BG, Lima PA, Villela LD, Martins AS, Gomes-Junior SCS, Moreira MEL, 
Meio M. Assessment of early nutritional intake in preterm infants with bron-
chopulmonary dysplasia: a cohort study. Eur J Pediatr. 2021;180(5):1423–30.

39.	 Wang L, Xiao J, Zhang B, Hou A. Epigenetic modifications in the development 
of bronchopulmonary dysplasia: a review. Pediatr Res. 2024;96(3):632–42.

40.	 Stoll BJ, Hansen NI, Bell EF, Walsh MC, Carlo WA, Shankaran S, Laptook 
AR, Sanchez PJ, Van Meurs KP, Wyckoff M, et al. Trends in care practices, 
morbidity, and mortality of extremely preterm neonates, 1993–2012. JAMA. 
2015;314(10):1039–51.

41.	 Jager KJ, Zoccali C, Macleod A, Dekker FW. Confounding: what it is and how 
to deal with it. Kidney Int. 2008;73(3):256–60.

42.	 Lu CY. Observational studies: a review of study designs, challenges and 
strategies to reduce confounding. Int J Clin Pract. 2009;63(5):691–7.

43.	 Alemayehu D, Alvir JM, Jones B, Willke RJ. Statistical issues with the analysis of 
nonrandomized studies in comparative effectiveness research. J Manag Care 
Pharm. 2011;17(9 Suppl A):S22–26.

44.	 Verbeek JH, Whaley P, Morgan RL, Taylor KW, Rooney AA, Schwingshackl 
L, Hoving JL, Vittal Katikireddi S, Shea B, Mustafa RA, et al. An approach to 
quantifying the potential importance of residual confounding in system-
atic reviews of observational studies: A GRADE concept paper. Environ Int. 
2021;157:106868.

45.	 Uddin MJ, Groenwold RH, Ali MS, de Boer A, Roes KC, Chowdhury MA, Klun-
gel OH. Methods to control for unmeasured confounding in pharmacoepide-
miology: an overview. Int J Clin Pharm. 2016;38(3):714–23.

46.	 Zou Y, Dai QQ, Tao WJ, Wen XL, Feng DF, Deng H, Zhou WP, Li M, Zhang L. Sus-
pension array-based deafness genetic screening in 53,033 Chinese newborns 
identifies high prevalence of 109 G > A in GJB2. Int J Pediatr Otorhinolaryngol. 
2019;126:109630.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿﻿Ureaplasma﻿ in neonatal gastric fluid contributing to bronchopulmonary dysplasia
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population and sample Preparation
	﻿Data collection
	﻿Parameters and definitions
	﻿Microorganism detection
	﻿Statistical analysis

	﻿Results
	﻿Pathogens identified in maternal cervicovaginal swabs and neonatal gastric fluid
	﻿Maternal cervicovaginal ﻿Ureaplasma﻿ colonization linked to decreased gestational ages and SGA proportion, as well as elevated rates of neonatal endotracheal intubation
	﻿Positive maternal cervicovaginal swab for ﻿Ureaplasma﻿ related to bronchopulmonary dysplasia
	﻿﻿Ureaplasma﻿ in neonatal gastric fluid associated with various adverse clinical phenotypes
	﻿Positive neonatal gastric aspirate for ﻿Ureaplasma﻿ associated with Bronchoplumonary dysplasia
	﻿Independent predictors of bronchopulmonary dysplasia

	﻿Discussion
	﻿Conclusions
	﻿References


