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The Editorial on the Research Topic

Advances in the Prevention and Treatment of Inflammation-Associated Preterm Birth

Despite the widely appreciated fact that preterm birth (PTB) is a syndrome and the potential conse-
quence of many different pathways (1), there is now unequivocal evidence that inflammation lies at 
the core of the majority of the pathophysiological causes of PTB. Inflammation within the amniotic 
cavity – characterized by chorioamnionitis and/or elevated levels of amniotic fluid cytokines and 
chemokines – is the major driver of preterm labor less than 34 weeks gestation and an important 
contributor to later preterm deliveries (2–4). However, the causes of the inflammation and the strate-
gies by which it can be safely and effectively prevented and treated are less clear and the subject of 
ongoing investigation and debate. While ascending bacterial infection is a particularly important 
and well-studied cause of inflammation-associated PTB in very preterm deliveries, other “sterile” 
causes are dominant at later gestational ages. The nature, localization, timing, and extent of the 
inflammatory insult likely determine the obstetric outcome and degree of risk to the fetus. These 
factors also dictate possible pharmacotherapeutic approaches that might be employed to achieve 
better pregnancy outcomes – namely, minimal neonatal morbidity and optimal long-term health 
and development of the child.

In this research topic, we have invited contributions from a range of internationally recognized 
clinicians and scientists relating to inflammation-associated PTB from both the causal and thera-
peutic perspectives. To place the discussions in the broader clinical context, Newnham et al. describe 
the problem of PTB and major intervention strategies that are being applied in clinics around the 
world to prevent PTB. They outline the evidence supporting efficacy and safety, and the likely impact 
of clinical implementation on PTB rates. They contend that we are now in a position to translate 
research into clinical care, although such interventions will require integration and coordination of 
multidisciplinary teams, tailored to different communities and resource settings. Next, Kemp dis-
cusses the immunological factors involved in pathogenesis of fetal inflammatory response syndrome 
(FIRS), with special emphasis on the role of pattern recognition receptors, defensins, and comple-
ment activation. He reviews, in detail, the evidence for a fetal contribution to the overall intrauterine 
inflammatory response to microbial infection and its significance with respect to neonatal sequelae.

Following on, Payne and Bayatibojakhi outline the roles played by different microorganisms 
(bacteria, fungi, yeasts, and viruses) in the process of infection-driven PTB and the contribution 
of microbiome studies to our understanding of this topic. They reiterate the important point that 
intra-amniotic infection is frequently a polymicrobial disease and discuss technical aspects related 
to the generation and interpretation of microbiome data – in particular the “disconnect” between 
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DNA-based identification and presence of viable microorgan-
isms. The recent study by Prince et al. (5) further contributes to 
this topic, providing novel links between the microbiome and the 
metabolome in preterm deliveries. Continuing with the micro-
bial-inflammation theme, Ireland and Keelan move the focus to 
the maternal response to infection and the serological response to 
Ureaplasma, in particular. While this intracellular microorganism 
is known to be commonly associated with inflammation-driven 
PTB, the relatively low incidence of infection-associated PTB 
in the presence of high vaginal Ureaplasma-colonization rates 
(~50% in pregnancy) remains unexplained. This review explores 
the role of the maternal host response to colonization in deter-
mining risk and pregnancy outcomes. Next, Menon overviews 
the role of oxidative stress as a driver of PTB and preterm prelabor 
rupture of membranes (PPROM). He examines the evidence sup-
porting the contribution of reactive oxygen species (ROS) to the 
pathogenesis of PPROM and PTB and the pregnancy conditions 
that may give rise to ROS generation and downstream adverse 
effects: MAPK activation, telomere reduction, DNA damage, 
senescence, and apoptosis. He suggests that the release of secreted 
senescence biomarkers may play a key role in the triggering of 
PTB and PPROM and, as such, are targets for new interventional 
strategies. A recent publication from his group reinforces the 
theme of this review (6).

From inflammatory pathophysiology we move to therapy. 
Ng et  al. commence by exploring the potential of novel anti-
inflammatory drugs to block inflammatory signaling and prevent 
the release of cytokines and other mediators that trigger labor and 
delivery and cause inflammation-associated fetal morbidity. They 
discuss the efficacy of a range of compounds and then discuss 
the barriers to clinical translation and the challenges of adopt-
ing such anti-inflammatory strategies in different pregnancy 
scenarios. Next, Yang et  al. examine the potential application 
of administration of probiotics to prevent PTB. They initially 
discuss the evidence supporting an association between altered 
vaginal microbiome and adverse pregnancy outcome, looking at 
the relationship between the presence of different Lactobacillus 

species and PTB rates, in different populations. They, then, 
review the evidence from their own studies (and others) on the 
properties and applications of probiotics, such as Lactobacillus 
rhamnosus GR-1, for preventing PTB. They conclude that the 
strategy holds promise, but large scale clinical trials are required 
with appropriate power to demonstrate the benefits and risks. A 
recent trial of oral probiotics (L. rhamnosus GR-1 plus L. reuteri 
RC-14) supports the potential effectiveness of the approach in 
terms of normalizing vaginal microbiota (7).

Lamont, then, reviews the evidence around the use of 
antibiotics for the prevention of PTB, looking at the results 
of clinical trials and meta-analyses and pointing to errors 
in their design and conclusions. He stresses the importance 
of applying the right therapy at the right time to the right 
cohort of patients and points to the success of studies using 
clarithromycin early in pregnancy to treat women with 
abnormal vaginal microbiota. Finally, Keelan et  al. discuss 
the potential applications of a new macrolide antibiotic, 
solithromycin, in the prevention and treatment of pregnancy 
infections and PTB. Drawing on their own studies in human 
placentas and the pregnant sheep model, combined with other 
data on antimicrobial efficacy, they discuss the potency of 
solithromycin against the organisms that typically infect the 
amniotic cavity. This review also highlights solithromycin’s 
unique ability to cross the placenta and treat the infection at 
its source following oral maternal administration.

aUtHor CoNtriBUtioNS

Both authors are editors of the research topic and contributed to 
the writing and editing of the editorial.

FUNdiNG

This Editorial was written without any specific funding. Professor 
JK is supported by the Women and Infants Research Foundation 
of Western Australia.

rEFErENCES

1. Romero R, Dey SK, Fisher SJ. Preterm labor: one syndrome, many causes. 
Science (2014) 345(6198):760–5. doi:10.1126/science.1251816 

2. Chaemsaithong P, Romero R, Korzeniewski SJ, Martinez-Varea A, Dong  Z, 
Yoon BH, et  al. A rapid interleukin-6 bedside test for the identification 
of intra-amniotic inflammation in preterm labor with intact membranes. 
J Matern Fetal Neonatal Med (2016) 29(3):349–59. doi:10.3109/14767058.20
15.1006620 

3. Combs CA, Gravett M, Garite TJ, Hickok DE, Lapidus J, Porreco R, et  al. 
Amniotic fluid infection, inflammation, and colonization in preterm labor with 
intact membranes. Am J Obstet Gynecol (2014) 210(2):e1–15. doi:10.1016/j.
ajog.2013.11.032 

4. Romero R, Miranda J, Chaemsaithong P, Chaiworapongsa T, Kusanovic JP, 
Dong Z, et al. Sterile and microbial-associated intra-amniotic inflammation in 
preterm prelabor rupture of membranes. J Matern Fetal Neonatal Med (2014) 
28(12):1394–409. doi:10.3109/14767058.2014.958463 

5. Prince AL, Ma J, Kannan PS, Alvarez M, Gisslen T, Harris RA, et  al. The 
placental membrane microbiome is altered among subjects with spontaneous 

preterm birth with and without chorioamnionitis. Am J Obstet Gynecol (2016) 
214(5):e1–16. doi:10.1016/j.ajog.2016.01.193 

6. Dutta EH, Behnia F, Boldogh I, Saade GR, Taylor BD, Kacerovsky M, et  al. 
Oxidative stress damage-associated molecular signaling pathways differentiate 
spontaneous preterm birth and preterm premature rupture of the membranes. 
Mol Hum Reprod (2016) 22(2):143–57. doi:10.1093/molehr/gav074 

7. Macklaim JM, Clemente JC, Knight R, Gloor GB, Reid G. Changes in vaginal 
microbiota following antimicrobial and probiotic therapy. Microb Ecol Health 
Dis (2015) 26:27799. doi:10.3402/mehd.v26.27799 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2016 Keelan and Newnham. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, provided the original 
author(s) or licensor are credited and that the original publication in this journal 
is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
http://dx.doi.org/10.3389/fimmu.2014.00624
http://dx.doi.org/10.3389/fimmu.2014.00567
http://dx.doi.org/10.3389/fimmu.2015.00166
http://dx.doi.org/10.3389/fimmu.2015.00062
http://dx.doi.org/10.3389/fimmu.2015.00566
http://dx.doi.org/10.3389/fimmu.2016.00111
http://dx.doi.org/10.1126/science.1251816
http://dx.doi.org/10.3109/14767058.2015.1006620
http://dx.doi.org/10.3109/14767058.2015.1006620
http://dx.doi.org/10.1016/j.ajog.2013.11.032
http://dx.doi.org/10.1016/j.ajog.2013.11.032
http://dx.doi.org/10.3109/14767058.2014.958463
http://dx.doi.org/10.1016/j.ajog.2016.01.193
http://dx.doi.org/10.1093/molehr/gav074
http://dx.doi.org/10.3402/mehd.v26.27799
http://creativecommons.org/licenses/by/4.0/

	Editorial: Advances in the Prevention and Treatment of Inflammation-Associated Preterm Birth
	Author Contributions
	Funding
	References


