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Association between Ureaplasma
urealyticum colonization and
bronchopulmonary dysplasia in
preterm infants: a systematic
review and meta-analysis
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1Shenzhen Clinical Medical College, Guangzhou University of Chinese Medicine, Shenzhen,
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Enshi Tujia and Miao Autonomous Prefecture, Enshi Tujia and Miao Autonomous Prefecture, Hubei, China,
4Division of Neonatology, Shenzhen Yantian District People’s Hospital, Shenzhen, Guangdong, China

Background: Bronchopulmonary dysplasia (BPD) is the most prevalent chronic
lung disease in preterm infants. Studies have shown that Ureaplasma urealyticum
(UU) infection is linked to its pathogenesis. However, it remains controversial
whether UU colonization in preterm infants increases the risk of developing BPD.
Objective: This study aimed to conduct a systematic review and meta-analysis to
summarize the correlation between UU and BPD.
Methods: We searched PubMed, Embase, the Cochrane Library, Web of Science,
Wanfang Database, Chinese National Knowledge Infrastructure Database, Chinese
Science and Technique Journal Database, and the China Biology Medicine disc
from their inception to March 15, 2024. We included cohort and case-control
studies investigating the association between UU infections and BPD in preterm
infants, adhering to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The Newcastle-Ottawa Scale was used for quality
assessment. The outcome was defined as the continued need for oxygen or
respiratory support at 28 days after birth (BPD28) or at 36 weeks postmenstrual age
(BPD36). Considering the potential publication bias in observational studies, we
used a random-effects meta-analysis model, assessed heterogeneity (I2), performed
subgroup analyses, evaluated publication bias, and graded the quality of evidence.
Results: The meta-analysis included 36 cohort studies encompassing 5,991
participants. Among these, 20 reported on BPD28, 13 on BPD36, and 3 on both.
The results indicated a significant association between UU colonization and
BPD28 (odds ratio (OR): 2.26, 95% confidence interval (CI): 1.78–2.85,
P < 0.00001, 23 studies, very low certainty of evidence) and BPD36 (OR: 2.13, 95%
CI: 1.47–3.07, P < 0.0001, 16 studies, very low certainty of evidence).
Conclusion: There is acorrelationbetweenUUcolonizationand thedevelopmentof
BPD in preterm infants. Future research should prioritize well-designed, large-scale,
high-quality randomizedcontrolled trials (RCTs) to comprehensivelyassess the riskof
BPD in neonates following UU infection and to provide stronger evidence for clinical
screening and prevention strategies to improve the prognosis of affected newborns.

Systematic Review Registration: https://www.crd.york.ac.uk/, identifier
(CRD42024524846).
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1 Introduction

Bronchopulmonary dysplasia (BPD) is the most prevalent and

severe chronic lung disease in preterm births (1). BPD affects at

least one in four infants weighing less than 1,500 grams (g), with

incidence increasing as birth gestational age and weight decrease

(1). The primary clinical features of BPD include chronic

dependence on oxygen and dysregulated lung growth. BPD is

associated with increased mortality, respiratory morbidity,

neurodevelopmental deficits, pulmonary hypertension, and

cardiac dysfunction (2, 3). BPD not only severely impacts the

quality of life of affected infants but also escalates economic,

psychological, and social burdens, marked by prolonged intensive

care stays, requisite home oxygen therapy post-discharge, and

frequent rehospitalizations due to pulmonary deterioration (4–6).

A comprehensive study in Spain demonstrated that BPD

substantially increases healthcare costs within the first two years

of a preterm infant’s life (7). A Canadian survey indicated that

BPD and its complications impose significant financial strains

and broadly detract from the quality of life of preterm infants

born at or before 28 weeks of gestation (8).

BPD is influenced by numerous factors, yet its precise

etiology remains elusive. Increasing evidence suggests that

intrauterine infections increase the risk of BPD. The

predominant pathogen in intrauterine infections is Ureaplasma

urealyticum (UU), with the risk of infection escalating as

gestational age decreases (9–11). UU, an opportunistic

pathogenic microorganism, adheres to human epithelial and

germ cells and can colonize the mucosal surfaces of the

respiratory tract in both adults and infants (12). One study

reported that vertical transmission of UU occurs in 45%–66% of

neonates, with higher rates observed in preterm infants, and that

many unexplained preterm births are due to UU infection (13).

Furthermore, UU has been shown to cause neonatal lung injury

by intensifying the inflammatory response, resulting in prolonged

and dysregulated inflammation and subsequent lung injury in

preterm infants (14).

In 1988, Cassell et al. (15) were the first to report the

association between UU infection and both lung injury and

death. Despite 36 years passing since the initial report of

neonatal respiratory Ureaplasma colonization associated with

BPD, controversy persists regarding its role in causing

BPD. Currently, there are four meta-analyses on the association

between UU and BPD (14, 16–18). Previous systematic

reviews and meta-analyses have demonstrated a significant

association between UU colonization and BPD diagnosed

28 days after birth (14, 16, 17). However, debate continues

regarding whether this association extends to BPD diagnosed at

36 weeks postmenstrual age (14, 16–18). Furthermore,

inconsistencies in applying uniform criteria for inclusion across

previous studies may have influenced the results. Consequently,

whether UU colonization can increase the incidence of BPD

remains contentious.

Since two systematic reviews and meta-analyses were published

in 2014 (17, 18), there have been no subsequent updates in

meta-analyses regarding the correlation between UU colonization
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and BPD over the past decade. The interpretation of the available

data may be subject to change due to inconsistency in diagnostic

criteria regarding BPD in previous studies and the fact that

recently published studies have not been included in any

previous meta-analyses to date. In this context, assessing the

available evidence and qualitatively and critically evaluating the

existing gaps is essential. Consequently, we conducted a

systematic evaluation and update of meta-analyses examining the

correlation between UU colonization and BPD. The primary

objective of this review was to ascertain whether UU colonization

correlates with the development of BPD in preterm infants,

considering standardized diagnostic criteria. The secondary

objective was to evaluate the influence of factors such as

gestational age, birth weight, sample types, and testing methods

on the correlation between UU and BPD.
2 Methods

2.1 Registration

This study conforms to the Preferred Reporting Items for

Systematic Reviews and Meta-Analysis (PRISMA) consensus

guidelines (19) (Supplementary File S1). The study has been

registered with the International Prospective Register of Systematic

Reviews (PROSPERO; registration number: CRD42024524846).

The systematic evaluation, being a secondary analysis of existing

literature, was deemed not to require ethical review.
2.2 Data sources and search strategy

The search strategy was implemented across eight electronic

databases, including PubMed, Embase, Cochrane Library, Web of

Science, Wanfang Database, Chinese National Knowledge

Infrastructure Database (CNKI), Chinese Science and Technique

Journal Database (VIP), and China Biology Medicine disc (CBM).

The search spanned from the inception of the databases until March

15, 2024, imposing no restrictions on language or publication date.

Search terms including “Bronchopulmonary Dysplasia”, “Ureaplasma

urealyticum” or “Ureaplasma” were used, combining Medical Subject

Headings (MeSH) and free-text terms. A detailed overview of the

search strategy is available in Supplementary File S2. We also

manually checked references in the included studies.
2.3 Eligibility criteria

The inclusion criteria for study selection included: (1)

Population: Preterm infants under 37 weeks of gestational age

admitted to the neonatal ward, with stays long enough to observe

BPD outcomes; (2) Exposure and risk factor: Preterm infants

with UU colonization, defined as detection of UU via polymerase

chain reaction (PCR) analysis or culture from infant specimens;

(3) Comparison: Preterm infants uninfected with UU at or before

BPD diagnosis; (4) Outcome: BPD diagnosis was based on

either the 2001 or 2018 National Institute of Child Health and
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Human Development (NICHD) diagnostic criteria or the criteria

proposed by Jensen et al. in 2019 (20–22). There are two

definitions of BPD: the first definition considers preterm infants

who still require oxygen or respiratory support at 28 days

postnatal (20), and the second defines preterm infants who still

need oxygen or respiratory support at 36 weeks postmenstrual age

(21, 22). The presence of abnormal x-ray findings is not necessary;

(5) Study design: cohort study or case-control study.

Supplementary File S3 contains the details of the eligibility criteria

and outcome definitions.

Exclusion criteria: (1) Studies with imprecise designs; (2)

Studies containing duplicate or overlapping data; (3) Non-

original research, such as conference abstracts, clinical trial

registries, reviews, systematic reviews, meta-analyses, guidelines,

animal experiments, and case reports; (4) Incomplete data.
2.4 Study selection

All relevant articles were import into EndNote X9 reference

management software to remove any duplicates. Two researchers

(X.C. and X.H.) independently screened the literature using

predefined criteria. Initially, we evaluated the titles and abstracts

of the articles to exclude those not meeting the criteria, followed

by a detailed review of the full texts to further exclude irrelevant

studies. Disagreements between the researchers were resolved

through discussion, with a third researcher (S.Z.) making a

decision when necessary.
2.5 Data extraction

Data extraction for the study was conducted using a

standardized Microsoft Excel data extraction form. Two review

authors (X.C. and X.H.) independently extracted the data and

cross-checked their findings. Disagreements will be resolved

through discussion, or if necessary, by consulting a third author

(H.T.) to reach a consensus. If necessary, authors of individual

studies will be contacted to obtain additional data or clarify

results. The following data were collected: (1) Basic information

(author name, publication year, country of study, study

period and study design); (2) Characteristics of the included

population (birth gestational age and birth weight of preterm

infants, total number of participants, number lost to follow-up);

(3) Specimen type, time of collection, and laboratory method of

microbe identification (culture and/or PCR); (4) Results

(diagnostic criteria for BPD, number of cases in exposed and

non-exposed groups, and total number of infants in each of the

two groups).
2.6 Risk of bias and grade certainty
assessment

The study encompassed observational cohort or case-

control studies. The risk of bias was evaluated by two researchers
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(X.C. and X.H.) utilizing the Newcastle-Ottawa Scale (NOS),

comprising three domains: selection, comparability, and

outcome (23). Any disagreements were resolved through

group discussions. Supplementary File S4 outlines guidelines

for assessing grading method quality. The quality of evidence

from included studies was assessed using the Grading

of Recommendations Assessment, Development and

Evaluation method (GRADEpro Guideline Development Tool,

gradepro.org) (24).
2.7 Statistical analysis

We performed a meta-analysis of the literature that reported

BPD data in both UU-infected and control groups. Raw data

were analyzed with statistical software Review Manager 5.4 (the

Cochrane Library) and Stata 17 (Stata Corp). Forest plots for

visualizing results of meta-analysis. The impact of UU on BPD

was quantified using odds ratio (OR). A 95% confidence interval

(CI) was calculated. The Cochran’s Q and inconsistency index

(I2) test were employed to assess the heterogeneity among the

study results. Significant heterogeneity was indicated if I2 was

≥50% or if the p-value of Cochran’s Q was <0.05. Given the

predominantly prospective or retrospective nature of the included

observational studies, significant clinical or methodological

differences might exist. Consequently, we conducted the meta-

analysis using a random-effects model. Subgroup analyses were

conducted based on the study continent, birth gestational age,

birth weight of preterm infants, sample collection site, and

testing method to explore sources of heterogeneity and assess the

impact of these factors on the results (Supplementary File S5).

We systematically excluded each study individually to determine

its influence on the pooled effect estimates. When the number of

included studies exceeded 10, potential publication bias was

assessed through visual inspection of funnel plots and quantified

using Egger’s test.
3 Results

3.1 Literature search and study selection

Initially, we identified 1,045 relevant articles, excluding 436 due

to duplicates. We then screened 609 articles based on exclusion and

inclusion criteria by reviewing titles and abstracts, excluding 522.

The remaining 87 articles underwent full-text review. After full-

text screening, 51 articles were eliminated for not meeting the

inclusion criteria (Supplementary File S6). Ultimately, 36

publications (15, 25–59) were included in this meta-analysis

(Figure 1).
3.2 Characteristics of the included studies

The 36 included studies (15, 25–59) analyzed a total of 5,991

participants, involving between 32 and 585 samples, across 13
frontiersin.org
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FIGURE 1

PRISMA flow diagram shows the systematic search of the literature.
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countries. All included studies were cohort studies (52.78%

prospective, 47.22% retrospective). Characteristics of all studies

are displayed in Table 1. The study population predominantly

consisted of preterm infants or those with low birth weight.

For the determination of UU colonization, 32 studies utilized

respiratory secretion samples (endotracheal aspirate,

nasopharyngeal aspirate, pharyngeal swab, bronchial lavage, and

lung fluid specimens) (15, 25–36, 38, 39, 42, 44–59).

Additionally, 5 studies analyzed gastric fluid samples (31, 40, 41,

43, 44), 2 studies analyzed blood samples (37, 53), 1 study

analyzed urine samples (31), and 1 study focused on umbilical

cords and placentas (46). Regarding the methods for

detecting UU colonization, 23 studies employed PCR for

nucleic acid detection (25–43, 45–48), 10 studies used culture

(15, 49–51, 53–57, 59), and 3 studies applied both PCR and

culture (44, 52, 58).

Twenty studies assessed BPD outcomes only at 28 days post-

birth (15, 26–30, 32–37, 39–43, 45, 51, 54), thirteen studies

evaluated BPD outcomes solely at 36 weeks of postmenstrual age

(25, 31, 38, 44, 46, 47, 49, 50, 53, 56–59), and three studies

assessed BPD outcomes at both 28 days post-birth and 36 weeks

postmenstrual age (48, 52, 55). The authors of 19 studies

concluded that UU infection was positively associated with BPD

(26, 27, 31, 32, 35–39, 42–44, 47, 51, 52, 55–57, 59). The authors

of 14 studies concluded that UU infection was not associated

with BPD (15, 28–30, 33, 34, 40, 41, 45, 46, 48, 50, 53, 58). The
Frontiers in Pediatrics 04
authors of 3 studies concluded that UU infection was possibly

associated with BPD (25, 49, 54).
3.3 Quality assessment

We employed the NOS scale to assess the quality of all included

studies, categorizing them as high, medium, or low quality

following a comprehensive evaluation. The studies analyzed were

rated between 6 and 9 on the NOS scale, with one study

classified as moderate quality and the remaining thirty-five as

high quality (Figure 2). Supplementary File S7 details the specific

quality assessment results for each study.
3.4 Meta-analysis

3.4.1 Association between U. ureaplasma
Colonization and BPD28

Twenty-three studies (15, 26–30, 32–37, 39–43, 45, 48, 51, 52,

54, 55) involving a diagnosis of oxygen dependence at 28 days of

age included a total of 4,118 preterm infants. The heterogeneity

test results indicated no significant heterogeneity among the

studies (I2 = 46%, P = 0.009). The meta-analysis revealed that UU

infection statistically significantly increased the incidence of

BPD28 (OR = 2.26, 95% CI: 1.78–2.85). Additionally, the analysis
frontiersin.org
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TABLE 1 Characteristic of the included studies.

Study
no.

Study ID Study period Study
design

Country Study population GA (weeks),
mean (SD),

median (IQR)
or range

BW (grams),
mean (SD)
or rang

Outcomes Specimen types Detection
methods

Sample
size

1 Zheng
Huaiwu (26)

2017.01–2021.12 Prospective
cohort

China Preterm infants with <34 weeks 32.45 (1.64) 1,812.79 (461.81) ① Pharyngeal secretions or
Endotracheal aspirates

PCR 182

2 Fan Xufang
(27)

2019.03–2022.02 Retrospective
cohort

China 28–32w AND <1,500 g 29.99 (1.00) 1,307.06 (110.87) ① Endotracheal aspirates PCR 327

3 Zhong
Linping (25)

2019.06–2022.03 Retrospective
cohort

China Gestational age <28 weeks or birth
weight <1,000 g

27.29 (0.15) 937.32 (29.27) ② Endotracheal aspirates PCR 82

4 Wei
Hongling
(28)

2018.01–2019.12 Retrospective
cohort

China <32w 28.65 (0.00) 1,226.71 (313.78) ① Respiratory secretions PCR 105

5 Chen Jing
(30)

2019.01–2020.08 Retrospective
cohort

China <32w 28.74 (1.81) 1,197.47 (290.14) ① Endotracheal aspirates or
nasopharyngeal aspirates

PCR 217

6 Chen Xianrui
(29)

2017.06–2018.05 Retrospective
cohort

China <37w 31.79 (3.21) 1,829.09 (675.74) ① Endotracheal aspirates PCR 194

7 Sun, Tong
(31)

2019.01–2021.01 Retrospective
cohort

China Preterm infants born in our hospital
andhospitalized inourdepartment and
gestational age no more than 32 weeks,
birth weight no more than 2,000 g

30.02 (0.00) 1,286.27 (276.70) ② Lower respiratory tract
secretion, gastric fluid and
urine

PCR 291

8 WU
Yongfang
(33)

2017.04–2019.11 Retrospective
cohort

China Preterm infants born at ≤32 weeks
of gestational age

29.10 (0.00) 1,233.26 (288.19) ① Pharyngeal secretions PCR 399

9 SUN, Qin
(32)

2018.03–2018.09 Retrospective
cohort

China Preterm infants born at <32 weeks
of gestational age

29.69 (0.00) 1,287.29 (319.77) ① Respiratory secretions PCR 147

10 Chun,
Jiyoung (35)

2012.01–2016.12 Retrospective
cohort

South
Korea

Preterm infants delivered at <32
weeks’ gestational age (GA)

27.16 (2.35) Undescribed ① Tracheal aspiration
(intubated infants) or
nasopharyngeal swabs
(nonintubated infants)

PCR 245

11 Mahallei, M
(34)

2017.03–2018.03 Prospective
cohort

Iran Newborns weighing less than
1,500 g with the gestational age of
less than 32 weeks who required
intubation within 72 h after birth

28.55 (1.95) 1,099.70 (216.45) ① Endotracheal secretions PCR 61

12 ZHANG Dan
(37)

2014.12–2015.04 Retrospective
cohort

China VLBWI infants (gestational age ≤32
weeks)

≤32 < 1,500 ① Venous Blood PCR 80

13 ZHENG Lajie
(36)

2011.05–2015.04 Retrospective
cohort

China Preterm infants under 34 weeks’
gestation

30.60 (1.53) 1,303.84 (53.79) ① Respiratory secretions PCR 232

14 Chen
Ronghua (38)

2013.06–2014.06 Retrospective
cohort

China Preterm infants ≤32 weeks of
gestational age, admitted to the
NICU within 2 days of birth, and
surviving until 36 weeks of corrected
gestational age

29.22 (1.63) 1,240.96 (21.11) ② Pharyngeal or airway
secretions

PCR 585

15 Shi Wei (39) 2010.02–2013.02 Retrospective
cohort

China Preterm infants with gestational age
≤34 weeks, age <48 h at admission
and hospitalized for more than 2
weeks

30.26 (1.24) 1,439.78 (131.19) ① Pharyngeal or airway
secretions

PCR 207
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TABLE 1 Continued

Study
no.

Study ID Study period Study
design

Country Study population GA (weeks),
mean (SD),

median (IQR)
or range

BW (grams),
mean (SD)
or rang

Outcomes Specimen types Detection
methods

Sample
size

16 Chen You
(40)

2011.10–2013.05 Retrospective
cohort

China Preterm infants <37 weeks gestation 31.46 (2.23) 1,603.43 (385.67) ① Gastric fluid PCR 270

17 Liu Fang (41) 2011.01–2012.10 Retrospective
cohort

China Preterm infants admitted to the
neonatal unit with an admission age
of <12 h, gestational age of 29–36
weeks, and birth weight of 1.3–
3.0 kg

29–36 1,300–3,000 ① Gastric fluid PCR 139

18 Inatomi, T
(43)

2007.01–2010.03 Prospective
cohort

Japan Infants with gestational age (GA)
<29 w or birth weight <1,000 g

27.42 (0.65) 909.48 (30.28) ① Gastric fluid PCR 122

19 BAO Yu (42) 2004.01–2011.06 Retrospective
cohort

China All infants whose gestational age
was ≤32 weeks and survived at 36
weeks were included in this study

30.17 (1.45) 1,249.39 (23.48) ① Pharyngeal or airway
secretions

PCR 561

20 Beeton, M. L
(44)

Not describe Prospective
cohort

UK Pre-term (≤34 weeks gestation) ≤34 Undescribed ② Gastric fluid, tracheal
aspirates and lung fluid
sample

Culture, PCR 123

21 Pandey, A
(45)

2003.06–2005.06 Prospective
cohort

India All infants with gestational age <34
w, weighing <1,800 g who were
admitted to the Unit within 24 h of
birth and had not received prior
antibiotic therapy

30.98 (1.99) 1,222.36 (298.88) ① Nasopharyngeal or
endotracheal aspirates

PCR 100

22 Egawa,
Tsuyoshi (46)

2004.04–2006.03 Prospective
cohort

Japan <32W 28.00 (23–31) 1,006 (478–
1,810)

② Umbilical cords, placentas,
Tracheal aspiration or GF
samples

PCR 118

23 Colaizy,
Tarah T (47)

1998.01–2002.12.31 Prospective
cohort

America VLBW infants 26.90 (1.86) 957.09 (242.42) ② Endotracheal aspirates PCR 121

24 Aaltonen, R
(48)

1996.01–2000.03 Prospective
cohort

Finland Infants born before the 30th week of
gestation

27.08 (0.74) 967.37 (15.17) ①② Bronchotracheal lavage
sample

PCR 49

25 Adcock, Kim
G (49)

Not describe Prospective
cohort

America Birth weight less than 1,500 g who
required mechanical ventilation for
RDS were enrolled into this study
with parental consent.

26.74 (0.59) 912.82 (137.57) ② Tracheal aspirates Culture 44

26 Mhanna,
Maroun J
(50)

1996–1999 Retrospective
cohort

America Medical records of all mechanically
ventilated VLBW infants,

26.20 (1.70) 737.00 (167.10) ② Tracheal aspirates Culture 100

27 Castro-
Alcaraz, S
(52)

1993.03–2000.04 Prospective
cohort

America Infants weighing <1,500 g and/or
<32 weeks’ gestational age over a 12-
month period

27.89 (1.18) 1,009.62 (117.11) ①② Endotracheal,
nasopharyngeal, and throat
specimens

Culture, PCR 120

28 Ruf, B (51) 1998.01–1999.11 Prospective
cohort

Germany VLBW’s preterm infants 28.23 (0.42) 1,047.57 (50.82) ① Pharyngeal swabs Culture 74

29 Galetto
Lacour, A
(54)

1993.06–1995.07 Prospective
cohort

Switzerland Preterm infants less than 32 weeks
of gestational age

28.65 (2.31) 1,080.40 (75.32) ① Endotracheal aspirates or
nasopharyngeal aspirates

Culture 50
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TABLE 1 Continued

Study
no.

Study ID Study period Study
design

Country Study population GA (weeks),
mean (SD),

median (IQR)
or range

BW (grams),
mean (SD)
or rang

Outcomes Specimen types Detection
methods

Sample
size

30 Ollikainen, J
(53)

1990.06–
1991.12;1993.02–
1994.07

Prospective
cohort

Finland <34W 29.52 (0.42) 1,344.84 (37.30) ② Endotracheal aspirates OR
blood

Culture 124

31 Hannaford, K
(55)

1993.10–1997.06 Prospective
cohort

Australia Infants of less than 28 weeks of
gestational age

<28 Undescribed ①② Endotracheal aspirates Culture 112

32 Perzigian,
R. W (56)

1994.04 Prospective
cohort

America VLBW infants who required
mechanical ventilation at <12 h of
age

28.79 (2.29) 1,134.01 (261.37) ② Endotracheal aspirates Culture 105

33 Pacifico,
Lucia (57)

1993.10–1996.01 Prospective
cohort

Italy Birth weights ≤1,500 g; admission
to the NICU within 24 h after birth;
evidence on admission of
respiratory

27.25 (1.89) 842.13 (115.26) ② Endotracheal aspirates Culture 32

34 Da Silva,
Orlando (58)

1994.05–1995.05 Prospective
cohort

Canada All infants weighing <1,501 g at
birth

27.66 (1.97) 1,036.14 (236.89) ② Endotracheal aspirates,
nasopharyngeal aspirates

Culture, PCR 108

35 Iles, R (59) Not describe Prospective
cohort

UK Infants less than 31 weeks’ gestation 27.25 (0.98) 868.25 (20.59) ② Endotracheal secretions Culture 40

36 Cassell, G. H
(15)

1985.07–1987.06 Prospective
cohort

America Infants with birthweight ≤2,500 g
and evidence of respiratory disease
within 24 h after birth

Undescribed ≤2,500 ① Endotracheal aspirates Culture 125

PCR, polymerase chain reaction.

① Preterm infants who still require oxygen or respiratory support at 28th day of age; ② Preterm infants who still need oxygen or respiratory support at 36 weeks postmenstrual age.
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FIGURE 2

Risk of bias assessment. The column chart shows the Newcastle Ottawa scores along the x-axis divided into 3 groups: high risk of bias (0–3), moderate
risk of bias (4–6), and low risk of bias (7–9). The number of studies included in the review with those scores on the y-axis.
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of the outcome was statistically significant (Z = 6.79, P < 0.00001)

(Figure 3A).
3.4.2 Association between U. ureaplasma
Colonization and BPD36

The analysis included sixteen studies (25, 31, 38, 44, 46–50, 52,

53, 55–59) (2,113 preterm infants) comparing the association

between UU colonization and non-colonization with BPD

outcomes at 36 weeks postmenstrual age. There was significant

heterogeneity between the two groups (I2= 57%, P = 0.003). Using a

random effects model, the meta-analysis showed that UU infection

statistically significantly increased the incidence of BPD36 (OR =

2.13, 95% CI: 1.47–3.07). Furthermore, the outcome analysis was

statistically significant (Z = 4.02, P < 0.0001) (Figure 3B).
3.5 Subgroup analysis

To investigate sources of heterogeneity and assess the impact of

various factors on outcomes, subgroup analyses of studies targeting

BPD28 were conducted based on the continent of the study, the

gestational age and birth weight of preterm infants at inclusion,

the specimen collection site, and the specimen testing method.

Given that all studies involving BPD36 as an outcome used

respiratory secretions, subgroup analyses were performed based

on the study continent, the gestational age and birth weight of

preterm infants at inclusion, and the testing method of the

specimens. Subgroup analyses based on continent of inclusion in

the study, birth gestational age of preterm infants at the time of

inclusion, birth weight at the time of inclusion, site of specimen

collection, and method of testing the specimen did not show any

evidence of effect modification (Figure 4). Supplementary File S8

details the participants in each subgroup, the results of the

heterogeneity test, and the OR and P values.
Frontiers in Pediatrics 08
3.6 Certainty of evidence

The GRADE methodology was utilized to assess the certainty of

the outcomes. In 23 studies diagnosing BPD at 28 days of age, the

evidence’s certainty was found to be very low. Likewise, in 16

studies diagnosing BPD at 36 weeks postmenstrual age, the

evidence’s certainty was also deemed very low. The main reasons

for the downgrading of the level of evidence were imprecision of

the evidence due to the non-randomized controlled cohort design,

inconsistency of results across studies, and publication bias. The

results and assessments are detailed in Supplementary File S9.
3.7 Publication bias and sensitivity analysis

Funnel plots and Egger’s test were utilized to evaluate the

potential for publication bias. Asymmetry was detected during

the visual inspection of the BPD28 and BPD36 funnel plots

(Supplementary File S10). However, the Egger test indicated that

there was no significant publication bias (BPD28: P = 0.1306 >

0.05; BPD36: P = 0.0568 > 0.05). Sensitivity analyses were

performed for the outcomes (incidence of BPD28 and BPD36) of

UU-positive vs. UU-negative. The sensitivity analyses revealed

only minor differences between the combined effect values and

the total combined effect values, indicating the stability of our

results (Supplementary File S11).
4 Discussion

UU colonization has been implicated in BPD; however, the

conclusions drawn from existing literature lack consistency. This

systematic review and meta-analysis synthesizes evidence

indicating a significant, positive association between UU

colonization and the diagnosis of BPD in preterm infants at both
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FIGURE 3

Meta-analyses (A). Forest plot of meta-analysis conducted with a diagnosis of BPD at 28 days after birth as an outcome, and the results of the meta-
analysis were tested using a random-effects model. (B) Forest plot of meta-analysis conducted with a diagnosis of BPD at 36 weeks postmenstrual age
as an outcome, and the results of the meta-analysis were tested using a random-effects model.
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28 days post-birth and 36 weeks postmenstrual age. Subgroup

analyses reveal that the positive correlation between UU

colonization and both BPD28 and BPD36 diagnoses persists across

various factors, including continent of study, gestational age, birth

weight, specimen collection site, and testing method. According to

the GRADE assessment, the evidence supporting an association

between UU colonization and BPD diagnoses at both 28 days and

36 weeks postmenstrual age is of very low certainty.

Concerning the collection of specimens for UU testing, the

majority of current literature identifies tracheal secretions as the
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optimal specimen type. Among the 36 original studies included

in this analysis, 75% (27/36) utilized tracheal secretions as the

source of specimens for testing. Lower respiratory secretions

exhibit greater diagnostic value for UU infections in preterm

infants. However, in clinical settings, the collection of lower

respiratory secretions is often constrained in infants without

tracheal intubation, potentially resulting in a study cohort

characterized by younger gestational ages and lower body

weights, factors that heighten disease susceptibility. In this study,

specimens were collected within 1 or 3 days of birth in 83.3%
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FIGURE 4

Subgroup analysis (A). Subgroup analysis of BPD28 for UU-positive vs. UU-negative. (B) Subgroup analysis of BPD36 for UU-positive vs. UU-negative.
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(30/36) of the articles, potentially leading to underdiagnosis and

associated bias. Mandy et al. (60)collected secretions from four

sites - oral, nasal, gastric and tracheal - from preterm infants at

24 to 34 weeks of gestation on days 1–2 and 7–10 postnatal days,

respectively. The study concluded that optimal UU detection in

preterm infants with a gestational age of 24 to 34 weeks requires

collecting cultures from nasal and oral secretions both early (days

1–2) and late (days 7–10) within the first ten days of life. With

advancements in neonatal resuscitation techniques, including

antenatal glucocorticoids, postnatal lung surfactants, and
Frontiers in Pediatrics 10
noninvasive assisted ventilation, exploring alternative sites for

UU detection beyond the trachea becomes essential (61, 62).

There are studies on the relationship between UU infection and

the development of BPD in specimens such as gastric fluid,

venous blood, umbilical cord blood, and urine; these methods are

much less invasive to the child, and more high-quality clinical

studies could be conducted in the future to determine their

predictive value (31, 37, 40, 41, 43, 44, 46, 53).

In addition to the test sample and collection time affecting the

UU test positivity rate, the test method also significantly impacts
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the results. The primary techniques for detecting UU infection

currently available are culture and PCR. Culture remains the gold

standard for UU detection; however, because UU lacks a cell wall

and is sensitive to drying and high temperatures, false-negative

results are likely if the specimen is collected in insufficient

quantities, not sent promptly for testing, or improperly preserved

(63, 64). With advancements in detection technology, PCR has

become more commonly used in clinical practice, aligning with

the data from our included studies (PCR detection alone: 63%

(23/36); culture detection alone: 27.8% (10/36); PCR and culture:

8.3% (3/36)). PCR is less time-consuming, more sensitive, and more

specific than culture (47, 65). However, the PCR technique may

produce false positives; thus, combining it with culture methods or

exploring new techniques is necessary to improve test accuracy.

UU is a common conditionally pathogenic microorganism that

colonizes the maternal genitourinary tract. UU colonizes 40% to

80% of adult women’s vaginas, and the positive test rate in the

reproductive tracts of pregnant women can be as high as 82%

(66–69). UU colonization is strongly correlated with infertility,

spontaneous abortion, chorioamnionitis, premature rupture of

membranes, and reproductive tract inflammation (66–69).

Perinatal UU is primarily transmitted vertically from mother to

child, including through intrauterine and intrapartum infections

(70). A study revealed that UU was present in the reproductive

tracts of approximately 20% to 25% of pregnant women (71).

Mothers can easily transmit pathogens to their newborns if they

have UU colonization of the reproductive tract. Kafetzis et al.

(72) found that transmission from mothers with colonized

vaginal Ureaplasma to their newborns was 17% in term infants,

33% in preterm infants, and up to 60% in infants with a birth

weight of less than1,000 g. Rittenschober-Boehm et al. (11) found

that nearly one-third of pregnant women delivering at ≤32
weeks’ gestational age developed ascending Ureaplasma infections

after previous vaginal colonization, with a particularly high

prevalence among those delivering at <28 weeks’ gestational age.

Increasing evidence suggests that neonates infected in this way

are at risk for developing bronchopulmonary dysplasia (BPD)

(66). And maternal Ureaplasma colonization was positively

associated with BPD (OR 2.4; 95% CI 1.7–3.3) in a recent meta-

analysis (73).

The pathogenesis of BPD remains unclear and multifactorial.

Potential contributing factors include, but are not limited to,

immaturity, volutrauma, oxygen toxicity, mechanical ventilation-

induced lung injury, and infection/inflammation (46, 74). During

the perinatal period, UU infection can affect normal lung

development through several mechanisms. First, UU infection

can cause fetal and perinatal activation of the immune system,

resulting in the production of cytokines and chemical mediators

that interfere with alveolar cell proliferation and differentiation

(66, 70). Second, toxins produced by UU may damage lung

tissue, leading to impaired cell development (75). Furthermore,

persistent chronic infection with UU may result in dysregulation

of the host immune response, exacerbating lung inflammation

and impeding normal alveolar development (76). Evidence from

experimental infection models indicates that pulmonary

Ureaplasma has proinflammatory and profibrotic effects that
Frontiers in Pediatrics 11
contribute to the development of BPD, either independently or

in conjunction with other inflammatory stimuli, such as

hyperoxia or mechanical ventilation (77). Several clinical studies

have also found that preterm infants in the UU-positive group

require invasive ventilators for longer periods of time (25, 31, 32).

Our meta-analysis included 5,991 infants, representing the

largest sample to date analyzing the association of UU

colonization with BPD. This is the first review to include UU

data related to BPD that meets the 2001 NICHD and later

diagnostic criteria for BPD. The meta-analysis results showed

that UU colonization was significantly associated with the

development of BPD in preterm infants. Four previous meta-

analyses showed evidence of an association between lung

colonization with UU and BPD (14, 16–18), Zheng et al.’s meta-

analysis included only 11 original studies and was the only one

that did not report a significant association (18). The possible

reason for not reporting a significant association is that Zheng

et al. included only original studies on BPD36 outcomes and

included a small sample size (18). Subgroup analysis revealed

that differences in gestational age of preterm infants, specimens

sent for testing, and testing methods had no effect on the

association between intrapulmonary Ureaplasma colonization and

BPD, consistent with the results of the meta-analysis by Lowe

et al. in 2014 (17). Compared to previous reviews and meta-

analyses, this study incorporated additional subgroup analyses,

including continent and birth weight of preterm infants. These

analyses revealed that differences in these subgroup factors had

no effect on the relationship between UU colonization and

BPD28 or BPD36, but needs to be repeatedly validated and

confirmed in more prospective cohort studies.

This systematic review has some limitations: (1) The studies

included in the analysis span 13 countries, encompassing a

diverse range of healthcare settings; (2) The publication period of

the included studies spans 1988 to 2023, an era marked by

significant advances in neonatal medicine, which affect

respiratory outcomes in preterm infants; (3) The included studies

may have potential publication bias; (4) The majority of studies

are not adjusted for confounding variables, potentially resulting

in low-quality evidence when combined; (5) False-negative

control group data may be present in the included retrospective

cohort studies, potentially affecting the accuracy of the results.

Despite these limitations, this study has several strengths: (1)

Compared to previous meta-analyses, it provides a clear

definition of the diagnosis of BPD; (2) The included studies were

all cohort studies, with 52.8% (19/36) being prospective. These

studies exhibited a high degree of similarity in terms of the

population recruited, the manner of exposure assessment, and

the definition of outcomes; (3) 97% of the studies in the meta-

analysis were of high quality, with NOS scores of 7–9; (4) The

GRADE methodology was used to assess the certainty of evidence.
5 Conclusions

This systematic review and meta-analysis suggests that UU

colonization is associated with an increased risk of BPD in
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preterm infants at both 28 days of age and at 36 weeks

postmenstrual age (the certainty of the evidence is very low; 36

studies, 5,991 participants). Given the very low level of evidence

for the current results, future studies should prioritize well-

designed, large-scale, high-quality randomized controlled trials

(RCTs) to comprehensively assess the impact of UU colonization

on BPD in preterm infants. In the meantime, high-quality

randomized controlled studies should be conducted to investigate

whether prevention or treatment of UU infections can reduce the

risk of BPD.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding authors.
Author contributions

XC: Conceptualization, Data curation, Formal Analysis,

Investigation, Methodology, Writing – original draft, Writing –

review & editing. XH: Conceptualization, Data curation, Formal

Analysis, Investigation, Methodology, Writing – original draft,

Writing – review & editing. QZ: Data curation, Formal Analysis,

Visualization, Writing – original draft, Investigation. HK: Data

curation, Formal Analysis, Investigation, Writing – original draft.

HQ: Data curation, Formal Analysis, Investigation, Writing –

original draft. LS: Data curation, Formal Analysis, Investigation,

Writing – original draft. HT: Methodology, Supervision, Writing

– original draft, Writing – review & editing. SZ:

Conceptualization, Project administration, Supervision, Writing –

original draft, Writing – review & editing.
Frontiers in Pediatrics 12
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

We thank the Shenzhen Neonatal Data Network (SNDN) for
providing a learning and working platform for producing this
review. And we thank all the authors whose studies were
included in this study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fped.2024.

1436568/full#supplementary-material
References
1. Jensen EA, Schmidt B. Epidemiology of bronchopulmonary dysplasia. Birth
Defects Res A Clin Mol Teratol. (2014) 100(3):145–57. doi: 10.1002/bdra.23235

2. Hwang JS, Rehan VK. Recent advances in bronchopulmonary dysplasia:
pathophysiology, prevention, and treatment. Lung. (2018) 196(2):129–38. doi: 10.
1007/s00408-018-0084-z

3. Gilfillan M, Bhandari A, Bhandari V. Diagnosis and management of
bronchopulmonary dysplasia. Br Med J. (2021) 375:n1974. doi: 10.1136/bmj.n1974

4. Johnson TJ, Patel AL, Jegier BJ, Engstrom JL, Meier PP. Cost of morbidities in
very low birth weight infants. J Pediatr. (2013) 162(2):243–49.e1. doi: 10.1016/j.
jpeds.2012.07.013

5. Kusters CD, van der Pal SM, van Steenbrugge GJ, den Ouden LS, Kollée LA. The
impact of a premature birth on the family; consequences are experienced even after 19
years. Ned Tijdschr Geneeskd. (2013) 157(25):A5449.

6. Howe TH, Sheu CF, Wang TN, Hsu YW. Parenting stress in families with very
low birth weight preterm infants in early infancy. Res Dev Disabil. (2014) 35
(7):1748–56. doi: 10.1016/j.ridd.2014.02.015

7. Álvarez-Fuente M, Arruza L, Muro M, Zozaya C, Avila A, López-Ortego P, et al.
The economic impact of prematurity and bronchopulmonary dysplasia. Eur J Pediatr.
(2017) 176(12):1587–93. doi: 10.1007/s00431-017-3009-6
8. van Katwyk S, Augustine S, Thébaud B, Thavorn K. Lifetime patient outcomes
and healthcare utilization for bronchopulmonary dysplasia (BPD) and extreme
preterm infants: a microsimulation study. BMC Pediatr. (2020) 20(1):136. doi: 10.
1186/s12887-020-02037-5

9. DiGiulio DB. Diversity of microbes in amniotic fluid. Semin Fetal Neonatal Med.
(2012) 17(1):2–11. doi: 10.1016/j.siny.2011.10.001

10. Oh KJ, Romero R, Park JY, Hong JS, Yoon BH. The earlier the gestational age,
the greater the intensity of the intra-amniotic inflammatory response in women with
preterm premature rupture of membranes and amniotic fluid infection by Ureaplasma
species. J Perinat Med. (2019) 47(5): 516–27. doi: 10.1515/jpm-2019-0003

11. Rittenschober-Boehm J, Fuiko R, Farr A, Willinger B, Berger A, Goeral K.
Intrauterine detection of Ureaplasma species after vaginal colonization in pregnancy
and neonatal outcome. Neonatology. (2024) 121(2): 187–94. doi: 10.1159/000534779

12. Kokkayil P, Dhawan B. Ureaplasma: current perspectives. Indian J Med
Microbiol. (2015) 33(2): 205–14. doi: 10.4103/0255-0857.154850

13. Silwedel C, Fehrholz M, Speer CP, Ruf KC, Manig S, Glaser K. Differential
modulation of pulmonary caspases: is this the key to Ureaplasma-driven chronic
inflammation? PLoS One. (2019) 14(5): e0216569. doi: 10.1371/journal.pone.0216569

14. Schelonka RL, Katz B, Waites KB, Benjamin DK Jr. Critical appraisal of the role
of Ureaplasma in the development of bronchopulmonary dysplasia with metaanalytic
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2024.1436568/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2024.1436568/full#supplementary-material
https://doi.org/10.1002/bdra.23235
https://doi.org/10.1007/s00408-018-0084-z
https://doi.org/10.1007/s00408-018-0084-z
https://doi.org/10.1136/bmj.n1974
https://doi.org/10.1016/j.jpeds.2012.07.013
https://doi.org/10.1016/j.jpeds.2012.07.013
https://doi.org/10.1016/j.ridd.2014.02.015
https://doi.org/10.1007/s00431-017-3009-6
https://doi.org/10.1186/s12887-020-02037-5
https://doi.org/10.1186/s12887-020-02037-5
https://doi.org/10.1016/j.siny.2011.10.001
https://doi.org/10.1515/jpm-2019-0003
https://doi.org/10.1159/000534779
https://doi.org/10.4103/0255-0857.154850
https://doi.org/10.1371/journal.pone.0216569
https://doi.org/10.3389/fped.2024.1436568
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Chen et al. 10.3389/fped.2024.1436568
techniques. Pediatr Infect Dis J. (2005) 24(12): 1033–9. doi: 10.1097/01.inf.
0000190632.31565.83

15. Cassell GH, Waites KB, Crouse DT, Rudd PT, Canupp KC, Stagno S, et al.
Association of Ureaplasma urealyticum infection of the lower respiratory tract with
chronic lung disease and death in very-low-birth-weight infants. Lancet (London,
England). (1988) 2(8605): 240–5. doi: 10.1016/s0140-6736(88)92536-6

16. Wang EE, Ohlsson A, Kellner JD. Association of Ureaplasma urealyticum
colonization with chronic lung disease of prematurity: results of a metaanalysis.
J Pediatr. (1995) 127(4): 640–4. doi: 10.1016/s0022-3476(95)70130-3

17. Lowe J, Watkins WJ, Edwards MO, Spiller OB, Jacqz-Aigrain E, Kotecha SJ, et al.
Association between pulmonary ureaplasma colonization and bronchopulmonary
dysplasia in preterm infants: updated systematic review and meta-analysis. Pediatr
Infect Dis J. (2014) 33(7): 697–702. doi: 10.1097/inf.0000000000000239

18. Zheng XD, Li D, Yang DH, Xiang X, Mei H, Pu JR, et al. Association of
Ureaplasma urealyticum colonization with development of bronchopulmonary
dysplasia: a systemic review and meta-analysis. J Huazhong Univ Sci Technolog Med
Sci. (2014) 34(2): 265–9. doi: 10.1007/s11596-014-1269-1

19. Page M, McKenzie J, Bossuyt P, Boutron I, Hoffmann T, Mulrow C, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Br
Med J. (2021) 372: n71. doi: 10.1136/bmj.n71

20. Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit Care Med.
(2001) 163(7): 1723–9. doi: 10.1164/ajrccm.163.7.2011060

21. Higgins RD, Jobe AH, Koso-Thomas M, Bancalari E, Viscardi RM, Hartert TV,
et al. Bronchopulmonary dysplasia: executive summary of a workshop. J Pediatr.
(2018) 197: 300–8. doi: 10.1016/j.jpeds.2018.01.043

22. Jensen EA, Dysart K, Gantz MG, McDonald S, Bamat NA, Keszler M, et al. The
diagnosis of bronchopulmonary dysplasia in very preterm infants. An evidence-based
approach. Am J Respir Crit Care Med. (2019) 200(6): 751–9. doi: 10.1164/rccm.
201812-2348OC

23. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25(9):
603–5. doi: 10.1007/s10654-010-9491-z

24. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE
guidelines: 1. Introduction-GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. (2011) 64(4): 383–94. doi: 10.1016/j.jclinepi.2010.04.026

25. Linping Z, Yan J, Yan L, Guang Y, Xuhong H, Mingsheng Z, et al. Association
between ureaplasma urealyticum colonization in respiratory tract and
bronchopulmonary dysplasia in extremely preterm or extremely low birth weight
infants. Chin J Perinat Med. (2023) 26: 236–42 (in Chinese). doi: 10.3760/cma.j.
cn113903-20221014-00896

26. Huaiwu Z, Lijuan Z, Qinghua W, Xiaolian Z, Jiejie M, Jitao L, et al. Clinical
characteristics of premature infants with respiratory ureaplasma urealyticum
infection. Chin J Neonatol. (2023) 38(09): 545–9. doi: 10.3760/cma.j.issn.2096-2932.
2023.09.006

27. Xufang F, Lei X, Wanying H, Liping Z, Falin X. Clinical characteristics of
ureaplasma urealyticum infection in very low birth weight preterm infants. Chin Jo
Neonatol. (2023) 38(05): 262–6. doi: 10.3760/cma.j.issn.2096-2932.2023.05.002

28. Hongling W, Yan X, Ying Z, Xiaomei T. Clinical characteristics of ureaplasma
urealyticum pneumonia in preterm infants with gestational age less than 32 weeks.
Chin J Prevent Med. (2021) 55(02): 239–44. doi: 10.3760/cma.j.cn112150-20201208-
01432

29. Xianrui C, Meizhen Z, Xiaping W, Dengli L. Analysis of the clinical characteristics
of ureaplasma urealyticum infection in preterm infants. Matern Child Health Care
China. (2021) 36(02): 328–32. doi: 10.19829/j.zgfybj.issn.1001-4411.2021.02.027

30. Jing C. The relationship between ureaplasma urealyticum infection and
bronchopulmonary dysplasia in premature infants (Master). Zhengzhou: Zhengzhou
University (2021).

31. Sun T, Fu J. Analysis of the clinical features of intrauterine Ureaplasma
urealyticum infection in preterm infants: a case-control study. Front Pediatr. (2021)
9: 774150. doi: 10.3389/fped.2021.774150

32. Sun Q, Huang Z, Chen X, Sun P, Qiu X, Yang C. The correlative study of
ureaplasma urealyticum positive and bronchopulmonary dysplasia in preterm
infants. Guangdong Med J. (2020) 41(23): 2381–5. doi: 10.13820/j.cnki.gdyx.20192390

33. Yongfang W, Junyan H, Siyuan J, Yun C. Respiratory tract Ureaplasma
urealyticum colonization and bronchopulmonary dysplasia in reterm infants: a
retrospective cohort study. Chin J Evid Based Pediatr. (2020) 15(06): 426–30.
doi: 10.3969/j.issn.1673-5501.2020.06.005

34. Mahallei M, Hosseini MB, Esmaili H, Assadi GR. Relationship between
Ureaplasma urealyticum colonization and bronchopulmonary dysplasia in very low
birth weight premature infants: a prospective cohort study. Iran J Neonatol. (2019)
10(4): 12–8. doi: 10.22038/ijn.2019.38304.1602

35. Chun J, Chun SH, Han YS, Sung T-J. Different degrees of maternal Ureaplasma
colonization and its correlation with bronchopulmonary dysplasia in < 32 weeks’
preterm infants. Pediatr Neonatol. (2019) 60(4): 441–6. doi: 10.1016/j.pedneo.2018.
11.004
Frontiers in Pediatrics 13
36. Lajie Z, Weidong S, Yudan H. Analysis of the clinical features of Ureaplasma
urealyticum infection in preterm infants under 34 weeks’ gestation. J Clin Pediatr.
(2016) 34(01): 1–6. doi: 10.3969/j.issn.1000-3606.2016.01.001

37. Dan Z, Xiu-yun L, Xiao-dan L, Cheng C. Clinical significance of plasma uu-
DNA copy number and IL-6 detection in very low birth weight infants. Pract Clin
Med. (2016) 17(06): 59–61,73. doi: 10.13764/j.cnki.lcsy.2016.06.022

38. Ronghua C. Correlation of Ureaplasma urealyticum infection in the occurrence
of bronchopulmonary dysplasia in preterm infants and its prognostic study. Matern
Child Health Care China. (2016) 31(21): 4439–40. doi: 10.7620/zgfybj.j.issn.1001-
4411.2016.21.43

39. Wei S. Analysis of clinical characteristics and poor prognosis of ureaplasma
urealyticum infection in preterm infants (in Chinese). Yan Bian Yi Xue. (2015) 13:
242–4.

40. You C, Liya M, Min Z, Fang L, Xiaoqin L, Fen X, et al. Association of positive
gastric fluid Ureaplasma urealyticum at birth in preterm infants with perinatal
diseases. Chin J Appl Clin Pediatr. (2014) 29(7): 518–22. doi: 10.3760/j.issn.2095-
428X.2014.07.010

41. Fang L, You C, Liya M, Yufeng L, Zhijun W. Study of the relationship between
Ureaplasma urealyticum infection and pulmonary injury of premature infants.
J Pediatr Pharm. (2013) 19(5): 9–11. doi: 10.3969/j.issn.1672-108X.2013.05.004

42. Yu B, Zheng-yan Z, Li-ping S, Xiao-lu M, Zheng C, Fang L. Clinical significance
of Ureaplasma urealyticum in bronchopulmonary dysplasia of prematurity. Chin
J Pediatr. (2012) 50(10): 767–70. doi: 10.3760/cma.j.issn.0578-1310.2012.10.014

43. Inatomi T, Oue S, Ogihara T, Hira S, Hasegawa M, Yamaoka S, et al. Antenatal
exposure to Ureaplasma species exacerbates bronchopulmonary dysplasia
synergistically with subsequent prolonged mechanical ventilation in preterm infants.
Pediatr Res. (2012) 71(3): 267–73. doi: 10.1038/pr.2011.47

44. Beeton ML, Maxwell NC, Davies PL, Nuttall D, McGreal E, Chakraborty M,
et al. Role of pulmonary infection in the development of chronic lung disease of
prematurity. Eur Respir J. (2011) 37(6): 1424–30. doi: 10.1183/09031936.00037810

45. Pandey A, Dhawan B, Gupta V, Chaudhry R, Deorari AK. Clinical significance
of airways colonization with Ureaplasma urealyticum in premature (<34 wk) neonates.
Indian J Med Res. (2007) 125(5): 679–84.

46. Egawa T, Morioka I, Morisawa T, Yokoyama N, Nakao H, Ohashi M, et al.
Ureaplasma urealyticum and mycoplasma hominis presence in umbilical cord is
associated with pathogenesis of funisitis. Kobe J Med Sci. (2007) 53(5): 241–9.

47. Colaizy TT, Morris CD, Lapidus J, Sklar RS, Pillers D-AM. Detection of
ureaplasma DNA in endotracheal samples is associated with bronchopulmonary
dysplasia after adjustment for multiple risk factors. Pediatr Res. (2007) 61(5):
578–83. doi: 10.1203/pdr.0b013e318045be03

48. Aaltonen R, Vahlberg T, Lehtonen L, Alanen A. Ureaplasma urealyticum: no
independent role in the pathogenesis of bronchopulmonary dysplasia. Acta Obstet
Gynecol Scand. (2006) 85(11): 1354–9. doi: 10.1080/00016340600935987

49. Adcock KG, Martin J, Loggins J, Kruger TE, Baier RJ. Elevated platelet-derived
growth factor-BB concentrations in premature neonates who develop chronic lung
disease. BMC Pediatr. (2004) 4: 10. doi: 10.1186/1471-2431-4-10

50. Mhanna MJ, Delong LJ, Aziz HF. The value of Ureaplasma urealyticum tracheal
culture and treatment in premature infants following an acute respiratory
deterioration. J Perinatol. (2003) 23(7): 541–4. doi: 10.1038/sj.jp.7210978

51. Ruf B, Klauwer D, Reiss I, Schiefer HG, Gortner L. Colonisation of the airways with
Ureaplasma urealyticum as a risk factor for bronchopulmonary dysplasia in VLBW
infants? Z Geburtshilfe Neonatol. (2002) 206(5): 187–92. doi: 10.1055/s-2002-34964

52. Castro-Alcaraz S, Greenberg EM, Bateman DA, Regan JA. Patterns of
colonization with Ureaplasma urealyticum during neonatal intensive care unit
hospitalizations of very low birth weight infants and the development of chronic
lung disease. Pediatrics. (2002) 110(4): e45. doi: 10.1542/peds.110.4.e45

53. Ollikainen J, Korppi M, Heiskanen-Kosma T, Heinonen K. Chronic lung disease
of the newborn is not associated with Ureaplasma urealyticum. Pediatr Pulmonol.
(2001) 32(4): 303–7. doi: 10.1002/ppul.1123

54. Galetto Lacour A, Zamora S, Bertrand R, Brighi Perret L, Auckenthaler R, Berner
M, et al. Colonization by Ureaplasma urealyticum and chronic lung disease in
premature newborn infants under 32 weeks of gestation. Arch Pediatr. (2001) 8(1):
39–46. doi: 10.1016/s0929-693x(00)00164-0

55. Hannaford K, Todd DA, Jeffery H, John E, Blyth K, Gilbert GL. Role of
ureaplasma urealyticum in lung disease of prematurity. Arch Dis Child Fetal
Neonatal Ed. (1999) 81(3): F162–7. doi: 10.1136/fn.81.3.f162

56. Perzigian RW, Adams JT, Weiner GM, Dipietro MA, Blythe LK, Pierson CL,
et al. Ureaplasma urealyticum and chronic lung disease in very low birth weight
infants during the exogenous surfactant era. Pediatr Infect Dis J. (1998) 17(7):
620–5. doi: 10.1097/00006454-199807000-00009

57. Pacifico L, Panero A, Roggini M, Rossi N, Bucci G, Chiesa C. Ureaplasma
urealyticum and pulmonary outcome in a neonatal intensive care population.
Pediatr Infect Dis J. (1997) 16(6): 579–86. doi: 10.1097/00006454-199706000-00008

58. Da Silva O, Gregson D, Hammerberg O. Role of Ureaplasma urealyticum and
Chlamydia trachomatis in development of bronchopulmonary dysplasia in very low
frontiersin.org

https://doi.org/10.1097/01.inf.0000190632.31565.83
https://doi.org/10.1097/01.inf.0000190632.31565.83
https://doi.org/10.1016/s0140-6736(88)92536-6
https://doi.org/10.1016/s0022-3476(95)70130-3
https://doi.org/10.1097/inf.0000000000000239
https://doi.org/10.1007/s11596-014-1269-1
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1164/ajrccm.163.7.2011060
https://doi.org/10.1016/j.jpeds.2018.01.043
https://doi.org/10.1164/rccm.201812-2348OC
https://doi.org/10.1164/rccm.201812-2348OC
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.3760/cma.j.cn113903-20221014-00896
https://doi.org/10.3760/cma.j.cn113903-20221014-00896
https://doi.org/10.3760/cma.j.issn.2096-2932.2023.09.006
https://doi.org/10.3760/cma.j.issn.2096-2932.2023.09.006
https://doi.org/10.3760/cma.j.issn.2096-2932.2023.05.002
https://doi.org/10.3760/cma.j.cn112150-20201208-01432
https://doi.org/10.3760/cma.j.cn112150-20201208-01432
https://doi.org/10.19829/j.zgfybj.issn.1001-4411.2021.02.027
https://doi.org/10.3389/fped.2021.774150
https://doi.org/10.13820/j.cnki.gdyx.20192390
https://doi.org/10.3969/j.issn.1673-5501.2020.06.005
https://doi.org/10.22038/ijn.2019.38304.1602
https://doi.org/10.1016/j.pedneo.2018.11.004
https://doi.org/10.1016/j.pedneo.2018.11.004
https://doi.org/10.3969/j.issn.1000-3606.2016.01.001
https://doi.org/10.13764/j.cnki.lcsy.2016.06.022
https://doi.org/10.7620/zgfybj.j.issn.1001-4411.2016.21.43
https://doi.org/10.7620/zgfybj.j.issn.1001-4411.2016.21.43
https://doi.org/10.3760/j.issn.2095-428X.2014.07.010
https://doi.org/10.3760/j.issn.2095-428X.2014.07.010
https://doi.org/10.3969/j.issn.1672-108X.2013.05.004
https://doi.org/10.3760/cma.j.issn.0578-1310.2012.10.014
https://doi.org/10.1038/pr.2011.47
https://doi.org/10.1183/09031936.00037810
https://doi.org/10.1203/pdr.0b013e318045be03
https://doi.org/10.1080/00016340600935987
https://doi.org/10.1186/1471-2431-4-10
https://doi.org/10.1038/sj.jp.7210978
https://doi.org/10.1055/s-2002-34964
https://doi.org/10.1542/peds.110.4.e45
https://doi.org/10.1002/ppul.1123
https://doi.org/10.1016/s0929-693x(00)00164-0
https://doi.org/10.1136/fn.81.3.f162
https://doi.org/10.1097/00006454-199807000-00009
https://doi.org/10.1097/00006454-199706000-00008
https://doi.org/10.3389/fped.2024.1436568
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Chen et al. 10.3389/fped.2024.1436568
birth weight infants. Pediatr Infect Dis J. (1997) 16(4): 364–9. doi: 10.1097/00006454-
199704000-00006

59. Iles R, Lyon A, Ross P, McIntosh N. Infection with Ureaplasma urealyticum and
mycoplasma hominis and the development of chronic lung disease in preterm infants.
Acta Paediatr. (1996) 85(4): 482–4. doi: 10.1111/j.1651-2227.1996.tb14067.x

60. Brand MC, Mandy GT, Arora S, Castro EC, Gordon PS, Hagan JL, et al.
Optimum detection of Ureaplasma in premature infants. Pediatr Infect Dis J. (2018)
37(12): 1294–8. doi: 10.1097/inf.0000000000001994

61. Yu KH, Li J, Snyder M, Shaw GM, O’Brodovich HM. The genetic predisposition
to bronchopulmonary dysplasia. Curr Opin Pediatr. (2016) 28(3): 318–23. doi: 10.
1097/mop.0000000000000344

62. Di Filippo P, Giannini C, Attanasi M, Dodi G, Scaparrotta A, Petrosino MI, et al.
Pulmonary outcomes in children born extremely and very preterm at 11 years of age.
Front Pediatr. (2021) 9: 635503. doi: 10.3389/fped.2021.635503

63. Van Mechelen K, van Westering-Kroon E, Hütten M, Mahieu L, Villamor
E. Placing Ureaplasma within the context of bronchopulmonary dysplasia
endotypes and phenotypes. Children (Basel). (2023) 10(2). doi: 10.3390/
children10020256

64. Horner P, Donders G, Cusini M, Gomberg M, Jensen JS, Unemo M. Should we
be testing for urogenital Mycoplasma hominis, Ureaplasma parvum and Ureaplasma
urealyticum in men and women? - a position statement from the European STI
guidelines editorial board. J Eur Acad Dermatol Venereol. (2018) 32(11): 1845–51.
doi: 10.1111/jdv.15146

65. Qian H, Yu-feng W. Results of detection of Chlamydia trachomatis and
Ureaplasma. Urealyticum infection in female reproductive tract. China Trop Med.
(2007) 7(12): 2218. doi: 10.3969/j.issn.1009-9727.2007.12.019

66. Silwedel C, Speer CP, Glaser K. Ureaplasma-associated prenatal, perinatal, and
neonatal morbidities. Expert Rev Clin Immunol. (2017) 13(11): 1073–87. doi: 10.
1080/1744666x.2017.1381559

67. Capoccia R, Greub G, Baud D. Ureaplasma urealyticum, Mycoplasma hominis
and adverse pregnancy outcomes. Curr Opin Infect Dis. (2013) 26(3): 231–40.
doi: 10.1097/QCO.0b013e328360db58
Frontiers in Pediatrics 14
68. Bartkeviciene D, Opolskiene G, Bartkeviciute A, Arlauskiene A, Lauzikiene D,
Zakareviciene J, et al. The impact of Ureaplasma infections on pregnancy
complications. Libyan J Med. (2020) 15(1): 1812821. doi: 10.1080/19932820.2020.
1812821

69. Matasariu DR, Ursache A, Agache A, Mandici CE, Boiculese VL, Bujor IE, et al.
Genital infection with Ureaplasma urealyticum and its effect on pregnancy. Exp Ther
Med. (2022) 23(1): 89. doi: 10.3892/etm.2021.11012

70. Stol K, Jans J, De Bruin LO, Unger W, Van Rossum A. Perinatal infections with
Ureaplasma. Pediatr Infect Dis J. (2021) 40(5): S26–30. doi: 10.1097/INF.
0000000000002859

71. Waites KB, Katz B, Schelonka RL. Mycoplasmas and ureaplasmas as neonatal
pathogens. Clin Microbiol Rev. (2005) 18(4): 757–89. doi: 10.1128/cmr.18.4.757-789.2005

72. Kafetzis DA, Skevaki CL, Skouteri V, Gavrili S, Peppa K, Kostalos C, et al.
Maternal genital colonization with Ureaplasma urealyticum promotes preterm
delivery: association of the respiratory colonization of premature infants with
chronic lung disease and increased mortality. Clin Infect Dis. (2004) 39(8): 1113–22.
doi: 10.1086/424505

73. Xu YP, Hu JM, Huang YQ, Shi LP. Maternal Ureaplasma exposure during
pregnancy and the risk of preterm birth and BPD: a meta-analysis. Arch Gynecol
Obstet. (2022) 306(6): 1863–72. doi: 10.1007/s00404-022-06491-7

74. Savani RC. Modulators of inflammation in bronchopulmonary dysplasia. Semin
Perinatol. (2018) 42(7): 459–70. doi: 10.1053/j.semperi.2018.09.009

75. Willet KE, Jobe AH, Ikegami M, Newnham J, Brennan S, Sly PD. Antenatal
endotoxin and glucocorticoid effects on lung morphometry in preterm lambs.
Pediatr Res. (2000) 48(6): 782–8. doi: 10.1203/00006450-200012000-00014

76. Sprong KE, Mabenge M, Wright CA, Govender S. Ureaplasma species and
preterm birth: current perspectives. Crit Rev Microbiol. (2020) 46(2): 169–81.
doi: 10.1080/1040841x.2020.1736986

77. Viscardi RM, Terrin ML, Magder LS, Davis NL, Dulkerian SJ, Waites KB, et al.
Randomised trial of azithromycin to eradicate Ureaplasma in preterm infants. Arch
Dis Child Fetal Neonatal Ed. (2020) 105(6): 615–22. doi: 10.1136/archdischild-2019-
318122
frontiersin.org

https://doi.org/10.1097/00006454-199704000-00006
https://doi.org/10.1097/00006454-199704000-00006
https://doi.org/10.1111/j.1651-2227.1996.tb14067.x
https://doi.org/10.1097/inf.0000000000001994
https://doi.org/10.1097/mop.0000000000000344
https://doi.org/10.1097/mop.0000000000000344
https://doi.org/10.3389/fped.2021.635503
https://doi.org/10.3390/children10020256
https://doi.org/10.3390/children10020256
https://doi.org/10.1111/jdv.15146
https://doi.org/10.3969/j.issn.1009-9727.2007.12.019
https://doi.org/10.1080/1744666x.2017.1381559
https://doi.org/10.1080/1744666x.2017.1381559
https://doi.org/10.1097/QCO.0b013e328360db58
https://doi.org/10.1080/19932820.2020.1812821
https://doi.org/10.1080/19932820.2020.1812821
https://doi.org/10.3892/etm.2021.11012
https://doi.org/10.1097/INF.0000000000002859
https://doi.org/10.1097/INF.0000000000002859
https://doi.org/10.1128/cmr.18.4.757-789.2005
https://doi.org/10.1086/424505
https://doi.org/10.1007/s00404-022-06491-7
https://doi.org/10.1053/j.semperi.2018.09.009
https://doi.org/10.1203/00006450-200012000-00014
https://doi.org/10.1080/1040841x.2020.1736986
https://doi.org/10.1136/archdischild-2019-318122
https://doi.org/10.1136/archdischild-2019-318122
https://doi.org/10.3389/fped.2024.1436568
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Association between Ureaplasma urealyticum colonization and bronchopulmonary dysplasia in preterm infants: a systematic review and meta-analysis
	Introduction
	Methods
	Registration
	Data sources and search strategy
	Eligibility criteria
	Study selection
	Data extraction
	Risk of bias and grade certainty assessment
	Statistical analysis

	Results
	Literature search and study selection
	Characteristics of the included studies
	Quality assessment
	Meta-analysis
	Association between U. ureaplasma Colonization and BPD28
	Association between U. ureaplasma Colonization and BPD36

	Subgroup analysis
	Certainty of evidence
	Publication bias and sensitivity analysis

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


