
    
    

    
    

    

    
    
    
      
    
    american journal of perinatology


    
    
    
    



    

      

  
    	
          
            DE
          
        
	
          EN
        
	
        
          Home
        
      
	
        Products
        	
            
              Journals
            
          
	
            
              Books
            
          
	
            
              Book Series
            
          


        

      
	
        Service
        	
            
              Library Service
            
          


        

      
	
        Help
      
	
        
          Contact
        
      
	
        
          Portal
        
      


  

  
    
    
      
        American Journal of Perinatology
      
    

    

  
    
    
      
        
          Full-text search
        

      

      	Full-text search
	Author Search
	Title Search
	DOI Search
	Metadata Search


    

    
    
    
    
  




  

  
    


  



  	
	
	
	
	
	
        
          Journal
        
        	
                Aims and Scope
              
	
                Editorial Board
              
	
                German National License
              


      
	
        
          Authors
        
        	
                Instructions for Authors
              
	
                Submit a Manuscript
              


      
	
          
            Subscription
          
          	
                  Subscription Information & Contacts
                
	
                  Institutional Licensing
                


        
	
        
        
        
          
        
          
            AJP Women
            
          
        
          
        
          
        
          
        
          
        
        	
                Article Collection
              
	
                About Women in Medicine
              


      
	
        
        
        
          
        
          
            Social Media
            
          
        
          
        
          
        
          
        
          
        
        	
                X
              
	
                Facebook
              


      





    	
        
        
        
        
        
        
          
          
            
              Not Logged In
            
             
              Login
            
            
              	
                  
                    
                      
                      
                      
                      
                        Username or e-mail address: 
                        
                      

                      
                        Password:
                        
                      

                      
                        
                      

                      Forgot Access Data?
                      
                        Register Now
                      
                      
                        OpenAthens/Shibboleth Login
                      
                    

                  
                


            

          
        
        

        

      
	
        
        
          Shopping Cart
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      [image: ]
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2013
                

              

              	
                      
                      
                      
                      
                        2024
                      
                    
	
                      
                      
                      
                      
                        2023
                      
                    
	
                      
                      
                      
                      
                        2022
                      
                    
	
                      
                      
                      
                      
                        2021
                      
                    
	
                      
                      
                      
                      
                        2020
                      
                    
	
                      
                      
                      
                      
                        2019
                      
                    
	
                      
                      
                      
                      
                        2018
                      
                    
	
                      
                      
                      
                      
                        2017
                      
                    
	
                      
                      
                      
                      
                        2016
                      
                    
	
                      
                      
                      
                      
                        2015
                      
                    
	
                      
                      
                      
                      
                        2014
                      
                    
	
                      
                      
                      
                      
                        2013
                      
                    
	
                      
                      
                      
                      
                        2012
                      
                    
	
                      
                      
                      
                      
                        2011
                      
                    
	
                      
                      
                      
                      
                        2010
                      
                    
	
                      
                      
                      
                      
                        2009
                      
                    
	
                      
                      
                      
                      
                        2008
                      
                    
	
                      
                      
                      
                      
                        2007
                      
                    
	
                      
                      
                      
                      
                        2006
                      
                    
	
                      
                      
                      
                      
                        2005
                      
                    
	
                      
                      
                      
                      
                        2004
                      
                    
	
                      
                      
                      
                      
                        2003
                      
                    
	
                      
                      
                      
                      
                        2002
                      
                    
	
                      
                      
                      
                      
                        2001
                      
                    
	
                      
                      
                      
                      
                        2000
                      
                    
	
                      
                      
                      
                      
                        1999
                      
                    
	
                      
                      
                      
                      
                        1998
                      
                    
	
                      
                      
                      
                      
                        1997
                      
                    
	
                      
                      
                      
                      
                        1996
                      
                    
	
                      
                      
                      
                      
                        1995
                      
                    
	
                      
                      
                      
                      
                        1994
                      
                    
	
                      
                      
                      
                      
                        1993
                      
                    
	
                      
                      
                      
                      
                        1992
                      
                    
	
                      
                      
                      
                      
                        1991
                      
                    
	
                      
                      
                      
                      
                        1990
                      
                    
	
                      
                      
                      
                      
                        1989
                      
                    
	
                      
                      
                      
                      
                        1988
                      
                    
	
                      
                      
                      
                      
                        1987
                      
                    
	
                      
                      
                      
                      
                        1986
                      
                    
	
                      
                      
                      
                      
                        1985
                      
                    
	
                      
                      
                      
                      
                        1984
                      
                    
	
                      
                      
                      
                      
                        1983
                      
                    


            

          

          
          
          
            Issues
            

          

        


        	
                Table of Contents
              
	
            
              
                Current Issue
              
            
          
	
              
                Free Sample Issue (01/2024)
              
            


      
    

    
    
      

  
  
    
      
      
    
    
      
        
        
      

    
  



    
    
    

    

    

    
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
    
      
    
      
        
      
    
      
        
          
            
              Related Journals
            

            
              	
                      
                        

                        
                          American Journal of Perinatology Reports
                        

                      
                    
	
                      
                        

                        
                          Seminars in Reproductive Medicine
                        

                      
                    
	
                      
                        

                        
                          The Surgery Journal
                        

                      
                    
	
                      
                        

                        
                          European Journal of Pediatric Surgery
                        

                      
                    
	
                      
                        

                        
                          Neuropediatrics
                        

                      
                    
	
                      
                        

                        
                          Revista Brasileira de Ginecologia e Obstetrícia/ RBGO Gynecology and Obstetrics 
                        

                      
                    
	
                      
                        

                        
                          Journal of Fetal Medicine
                        

                      
                    


            

          

        
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
  

    
  

  
  
  






  
  

  
    

  
  
    
      
      
    
    
      
      
    
  



    


  

    

    
      
    
      
    
      
    
      
        
          
        
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    

    
    
    

    
      
        
          Subscribe to RSS

          Please copy the URL and add it into your RSS Feed Reader.

          
          https://www.thieme-connect.de/rss/thieme/en/10.1055-s-00000009.xml
        

      

    

    

    

    
      
        [bookmark: saveLink]
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    
      
    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Am J Perinatol 2013; 30(08): 613-624
DOI: 10.1055/s-0032-1329693


Review Article



Thieme Medical Publishers 333 Seventh Avenue, New York, NY 10001, USA.
The Role of Microbial Communities in Parturition: Is There Evidence of Association with Preterm Birth and Perinatal Morbidity and Mortality?


Radhika S. Ganu


1
           
        Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, Baylor College of Medicine, Houston, Texas

, 


Jun Ma


1
           
        Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, Baylor College of Medicine, Houston, Texas

, 


Kjersti M. Aagaard


1
           
        Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, Baylor College of Medicine, Houston, Texas



› Author Affiliations

Further Information


Publication History


        09 July 2012



        10 August 2012


Publication Date:
16 November 2012 (online)












	
Abstract

	
Full Text

	
References




 

[image: SFX Search]

 Buy Article Permissions and Reprints



[image: ]




          
[bookmark: N10BE0]

Abstract


In 2005, the World Health Organization estimated that 9.6% or 12.9 million births worldwide were born preterm at <37 weeks of gestation and were accompanied by a mortality rate as high as 42% (http://www.who.int/bulletin/volumes/88/1/08-062554). Significant data suggesting that intrauterine infection is an important modifier for the risk of preterm birth have emerged over the past four decades. However, causative microbial culprits have yet to be identified, and interventional trials with antimicrobials have uniformly failed to demonstrate a significant benefit. To the contrary, treatment for clinically asymptomatic, commonly associated polymicrobial communities (i.e., bacterial vaginosis) has resulted in an increase in the rate of preterm birth. This article discusses the importance of vaginal microbiome and the variance in its composition during normal pregnancy. We will expand this discussion to include possible mechanisms that might trigger preterm birth in at-risk subjects. Finally, we will review why preterm birth may be an ideal forum with which to apply our rapidly expanding metagenomic sequencing and analytic pipelines to discern the role of host and microbe in the relative continuum of health and disease.






        
[bookmark: N10BEF]
Keywords

pregnancy - 
microbiome - 
metagenomics - 
preterm birth
      




 

[bookmark: ]

[bookmark: N113CC]
	
References


	
[bookmark: JR12m0190-1]1 Aagaard-Tillery K, Spong CY, Thom E , et al; Eunice Kennedy Shriver National Institute of Child Health, Human Development (NICHD) Maternal-Fetal Medicine Units Network (MFMU).  Pharmacogenomics of maternal tobacco use: metabolic gene polymorphisms and risk of adverse pregnancy outcomes. Obstet Gynecol 2010; 115: 568-577 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-2]2 Aagaard-Tillery KM, Holmgren C, Lacoursiere DY , et al.  Factors associated with nonanomalous stillbirths: the Utah Stillbirth Database 1992–2002. Am J Obstet Gynecol 2006; 194: 849-854 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-3]3 Aagaard-Tillery KM, Porter TF, Lane RH, Varner MW, Lacoursiere DY. In utero tobacco exposure is associated with modified effects of maternal factors on fetal growth. Am J Obstet Gynecol 2008; 198: 66 , e1–e6 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-4]4 Aagaard-Tillery KM, Silver R, Dalton J. Immunology of normal pregnancy. Semin Fetal Neonatal Med 2006; 11: 279-295 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-5]5 Adam I, Elhassan EM, Haggaz AE, Ali AA, Adam GK. A perspective of the epidemiology of malaria and anaemia and their impact on maternal and perinatal outcomes in Sudan. J Infect Dev Ctries 2011; 5: 83-87 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-6]6 Beck S, Wojdyla D, Say L , et al.  The worldwide incidence of preterm birth: a systematic review of maternal mortality and morbidity. Bull World Health Organ 2010; 88: 31-38 



Google Scholar





	
[bookmark: JR12m0190-7]7 Goldenberg RL, McClure EM, Bhutta ZA , et al; Lancet's Stillbirths Series steering committee.  Stillbirths: the vision for 2020. Lancet 2011; 377: 1798-1805 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-8]8 Harris RA, Ferrari F, Ben-Shachar S , et al.  Genome-wide array-based copy number profiling in human placentas from unexplained stillbirths. Prenat Diagn 2011; 31: 932-944 





CrossrefPubMedGoogle Scholar





	
[bookmark: OR12m0190-9]9 World Health Organization. HIV/AIDS.  Available at:  http://www.who.int/hiv/en/ . Accessed 2012 





PubMedGoogle Scholar





	
[bookmark: OR12m0190-10]10 World Health Organization. Media center.  Available at:  http://www.who.int/mediacentre/factsheets/fs178/en/index.html . Accessed 2012 





PubMedGoogle Scholar





	
[bookmark: OR12m0190-11]11 World Health Organization. Maternal health.  Available at:  http://www.who.int/topics/maternal_health/en/ . Accessed 2012 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-12]12 Lawn JE, Blencowe H, Pattinson R , et al;  Lancet's Stillbirths Series steering committee. Stillbirths: Where? When? Why? How to make the data count?. Lancet 2011; 377: 1448-1463 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-13]13 Sather M, Fajon AV, Zaentz R, Rubens CE. GAPPS Review Group. Global report on preterm birth and stillbirth (5 of 7): advocacy barriers and opportunities. BMC Pregnancy Childbirth 2010; 10 (Suppl 1) S5 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-14]14 Sbrana E, Suter MA, Abramovici AR , et al.  Maternal tobacco use is associated with increased markers of oxidative stress in the placenta. Am J Obstet Gynecol 2011; 205: 246 , e1–e7 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-15]15 Suter M, Abramovici A, Aagaard-Tillery K. Genetic and epigenetic influences associated with intrauterine growth restriction due to in utero tobacco exposure. Pediatr Endocrinol Rev 2010; 8: 94-102 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-16]16 Suter M, Abramovici A, Showalter L , et al.  In utero tobacco exposure epigenetically modifies placental CYP1A1 expression. Metabolism 2010; 59: 1481-1490 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-17]17 van den Broek N, Ntonya C, Kayira E, White S, Neilson JP. Preterm birth in rural Malawi: high incidence in ultrasound-dated population. Hum Reprod 2005; 20: 3235-3237 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-18]18 Victora CG, Rubens CE. GAPPS Review Group. Global report on preterm birth and stillbirth (4 of 7): delivery of interventions. BMC Pregnancy Childbirth 2010; 10 (Suppl 1) S4 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-19]19 MacDorman MF, Munson ML, Kirmeyer S. Fetal and perinatal mortality, United States, 2004. Natl Vital Stat Rep 2007; 56: 1-19 





PubMedGoogle Scholar





	
[bookmark: BR12m0190-20]20 UNFPA. Focus on 5: Women's Health and the MDGs. United Nations: United Nations Population Fund; 2009 





Google Scholar





	
[bookmark: JR12m0190-21]21 Fuchs IB, Henrich W, Osthues K, Dudenhausen JW. Sonographic cervical length in singleton pregnancies with intact membranes presenting with threatened preterm labor. Ultrasound Obstet Gynecol 2004; 24: 554-557 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-22]22 ACOG practice bulletin no. 127: management of preterm labor. Obstet Gynecol 2012; 119: 1308-1317 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-23]23 Peaceman AM, Andrews WW, Thorp JM , et al.  Fetal fibronectin as a predictor of preterm birth in patients with symptoms: a multicenter trial. Am J Obstet Gynecol 1997; 177: 13-18 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-24]24 Kramer MS, Papageorghiou A, Culhane J , et al.  Challenges in defining and classifying the preterm birth syndrome. Am J Obstet Gynecol 2012; 206: 108-112 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR12m0190-25]25 In: Behrman RE, Butler AS, eds.  Preterm Birth: Causes, Consequences, and Prevention. Washington, DC: 2007 





Google Scholar





	
[bookmark: JR12m0190-26]26 Pararas MV, Skevaki CL, Kafetzis DA. Preterm birth due to maternal infection: causative pathogens and modes of prevention. Eur J Clin Microbiol Infect Dis 2006; 25: 562-569 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-27]27 Shub A, Swain JR, Newnham JP. Periodontal disease and adverse pregnancy outcomes. J Matern Fetal Neonatal Med 2006; 19: 521-528 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-28]28 Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of preterm birth. Lancet 2008; 371: 75-84 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-29]29 Suter M, Ma J, Harris AS , et al.  Maternal tobacco use modestly alters correlated epigenome-wide placental DNA methylation and gene expression. Epigenetics 2011; 6: 1284-1294 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-30]30 Meis PJ, Klebanoff M, Thom E , et al; National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network.  Prevention of recurrent preterm delivery by 17 alpha-hydroxyprogesterone caproate. N Engl J Med 2003; 348: 2379-2385 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-31]31 Qin J, Li R, Raes J , et al;  MetaHIT Consortium. A human gut microbial gene catalogue established by metagenomic sequencing. Nature 2010; 464: 59-65 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-32]32 Costello EK, Lauber CL, Hamady M, Fierer N, Gordon JI, Knight R. Bacterial community variation in human body habitats across space and time. Science 2009; 326: 1694-1697 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-33]33 Ley RE, Peterson DA, Gordon JI. Ecological and evolutionary forces shaping microbial diversity in the human intestine. Cell 2006; 124: 837-848 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-34]34 Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight R, Gordon JI. The human microbiome project. Nature 2007; 449: 804-810 





CrossrefPubMedGoogle Scholar





	
[bookmark: OR12m0190-35]35 National Institutes of Health. U.S. Department of Health and Human Services. Human Microbiome Project.  Available at:  http://commonfund.nih.gov/hmp/ . Accessed 2012 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-36]36 Ley RE, Hamady M, Lozupone C , et al.  Evolution of mammals and their gut microbes. Science 2008; 320: 1647-1651 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-37]37 Ley RE, Lozupone CA, Hamady M, Knight R, Gordon JI. Worlds within worlds: evolution of the vertebrate gut microbiota. Nat Rev Microbiol 2008; 6: 776-788 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-38]38 Penders J, Thijs C, Vink C , et al.  Factors influencing the composition of the intestinal microbiota in early infancy. Pediatrics 2006; 118: 511-521 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-39]39 Turnbaugh PJ, Hamady M, Yatsunenko T , et al.  A core gut microbiome in obese and lean twins. Nature 2009; 457: 480-484 



Google Scholar





	
[bookmark: JR12m0190-40]40 Dominguez-Bello MG, Costello EK, Contreras M , et al.  Delivery mode shapes the acquisition and structure of the initial microbiota across multiple body habitats in newborns. Proc Natl Acad Sci U S A 2010; 107: 11971-11975 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-41]41 Peterson J, Garges S, Giovanni M , et al;  NIH HMP Working Group. The NIH Human Microbiome Project. Genome Res 2009; 19: 2317-2323 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-42]42 Nelson KE, Weinstock GM, Highlander SK , et al;  Human Microbiome Jumpstart Reference Strains Consortium. A catalog of reference genomes from the human microbiome. Science 2010; 328: 994-999 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-43]43 Grönlund MM, Lehtonen OP, Eerola E, Kero P. Fecal microflora in healthy infants born by different methods of delivery: permanent changes in intestinal flora after cesarean delivery. J Pediatr Gastroenterol Nutr 1999; 28: 19-25 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-44]44 Martin DH. The microbiota of the vagina and its influence on women's health and disease. Am J Med Sci 2012; 343: 2-9 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-45]45 Ling Z, Kong J, Liu F , et al.  Molecular analysis of the diversity of vaginal microbiota associated with bacterial vaginosis. BMC Genomics 2010; 11: 488 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-46]46 Ravel J, Gajer P, Abdo Z , et al.  Vaginal microbiome of reproductive-age women. Proc Natl Acad Sci U S A 2011; 108 (Suppl 1) 4680-4687 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-47]47 Forney LJ, Foster JA, Ledger W. The vaginal flora of healthy women is not always dominated by Lactobacillus species. J Infect Dis 2006; 194: 1468-1469 ; author reply 1469–1470 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-48]48 Brown CJ, Wong M, Davis CC, Kanti A, Zhou X, Forney LJ. Preliminary characterization of the normal microbiota of the human vulva using cultivation-independent methods. J Med Microbiol 2007; 56 (Pt 2) 271-276 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-49]49 Forney LJ, Gajer P, Williams CJ , et al.  Comparison of self-collected and physician-collected vaginal swabs for microbiome analysis. J Clin Microbiol 2010; 48: 1741-1748 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-50]50 Kim TK, Thomas SM, Ho M , et al.  Heterogeneity of vaginal microbial communities within individuals. J Clin Microbiol 2009; 47: 1181-1189 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-51]51 Zhou X, Brotman RM, Gajer P , et al.  Recent advances in understanding the microbiology of the female reproductive tract and the causes of premature birth. Infect Dis Obstet Gynecol 2010; 2010: 737425 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-52]52 Aagaard K, Riehle K, Ma J , et al.  A metagenomic approach to characterization of the vaginal microbiome signature in pregnancy. PLoS ONE 2012; 7: e36466 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-53]53 Pridmore RD, Berger B, Desiere F , et al.  The genome sequence of the probiotic intestinal bacterium Lactobacillus johnsonii NCC 533. Proc Natl Acad Sci U S A 2004; 101: 2512-2517 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-54]54 Govan JR. In vivo significance of bacteriocins and bacteriocin receptors. Scand J Infect Dis Suppl 1986; 49: 31-37 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-55]55 Reid G. Probiotic and prebiotic applications for vaginal health. J AOAC Int 2012; 95: 31-34 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-56]56 Lamont RF, Nhan-Chang CL, Sobel JD, Workowski K, Conde-Agudelo A, Romero R. Treatment of abnormal vaginal flora in early pregnancy with clindamycin for the prevention of spontaneous preterm birth: a systematic review and metaanalysis. Am J Obstet Gynecol 2011; 205: 177-190 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-57]57 Viscardi RM. 
          Ureaplasma species: role in diseases of prematurity. Clin Perinatol 2010; 37: 393-409 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-58]58 Breugelmans M, Vancutsem E, Naessens A, Laubach M, Foulon W. Association of abnormal vaginal flora and Ureaplasma species as risk factors for preterm birth: a cohort study. Acta Obstet Gynecol Scand 2010; 89: 256-260 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-59]59 Sánchez PJ. Perinatal transmission of Ureaplasma urealyticum: current concepts based on review of the literature. Clin Infect Dis 1993; 17 (Suppl 1) S107-S111 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-60]60 Kafetzis DA, Skevaki CL, Skouteri V , 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: 1113-1122 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-61]61 Breugelmans M, Vancutsem E, Naessens A, Laubach M, Foulon W. Association of abnormal vaginal flora and Ureaplasma species as risk factors for preterm birth: a cohort study. Acta Obstet Gynecol Scand 2010; 89: 256-260 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-62]62 Alfa MJ, Embree JE, Degagne P , et al.  Transmission of Ureaplasma urealyticum from mothers to full and preterm infants. Pediatr Infect Dis J 1995; 14: 341-345 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-63]63 Sánchez PJ, Regan JA. Vertical transmission of Ureaplasma urealyticum from mothers to preterm infants. Pediatr Infect Dis J 1990; 9: 398-401 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-64]64 Bergeron MG, Ke D, Ménard C , et al.  Rapid detection of group B streptococci in pregnant women at delivery. N Engl J Med 2000; 343: 175-179 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-65]65 Weston EJ, Pondo T, Lewis MM , et al.  The burden of invasive early-onset neonatal sepsis in the United States, 2005–2008. Pediatr Infect Dis J 2011; 30: 937-941 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-66]66 Eschenbach DA. Prevention of neonatal group B streptococcal infection. N Engl J Med 2002; 347: 280-281 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-67]67 Yang MJ, Sun PL, Wen KC , et al.  Prevalence of maternal group B streptococcus colonization and vertical transmission in low-risk women in a single institute. J Chin Med Assoc 2012; 75: 25-28 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-68]68 Kraśnianin E, Skret-Magierło J, Witalis J , et al.  The incidence of Streptococcus Group B in 100 parturient women and the transmission of pathogens to the newborn. Ginekol Pol 2009; 80: 285-289 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-69]69 Goldenberg RL, Iams JD, Mercer BM , et al;  NICHD MFMU Network. The preterm prediction study: the value of new vs standard risk factors in predicting early and all spontaneous preterm births. Am J Public Health 1998; 88: 233-238 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-70]70 Scharfe-Nugent A, Corr SC, Carpenter SB , et al.  TLR9 provokes inflammation in response to fetal DNA: mechanism for fetal loss in preterm birth and preeclampsia. J Immunol 2012; 188: 5706-5712 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-71]71 Cobo T, Kacerovsky M, Holst RM , et al.  Intra-amniotic inflammation predicts microbial invasion of the amniotic cavity but not spontaneous preterm delivery in preterm prelabor membrane rupture. Acta Obstet Gynecol Scand 2012; 91: 930-935 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-72]72 Kacerovsky M, Musilova I, Khatibi A , et al.  Intraamniotic inflammatory response to bacteria: analysis of multiple amniotic fluid proteins in women with preterm prelabor rupture of membranes. J Matern Fetal Neonatal Med 2012; 25: 2014-2019 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-73]73 Nold C, Anton L, Brown A, Elovitz M. Inflammation promotes a cytokine response and disrupts the cervical epithelial barrier: a possible mechanism of premature cervical remodeling and preterm birth. Am J Obstet Gynecol 2012; 206: 208 , e1–e7 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-74]74 Trivedi S, Joachim M, McElrath T , et al; Extremely Low Gestational Age Newborns (ELGAN) study investigators.  Fetal-placental inflammation, but not adrenal activation, is associated with extreme preterm delivery. Am J Obstet Gynecol 2012; 206: 236 , e1–e8 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-75]75 Wataganara T, Bianchi DW. Fetal cell-free nucleic acids in the maternal circulation: new clinical applications. Ann N Y Acad Sci 2004; 1022: 90-99 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-76]76 Lo YM, Tein MS, Lau TK , et al.  Quantitative analysis of fetal DNA in maternal plasma and serum: implications for noninvasive prenatal diagnosis. Am J Hum Genet 1998; 62: 768-775 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-77]77 Bodamer OA, Mitterer G, Maurer W, Pollak A, Mueller MW, Schmidt WM. Evidence for an association between mannose-binding lectin 2 (MBL2) gene polymorphisms and pre-term birth. Genet Med 2006; 8: 518-524 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-78]78 Chaves JH, Babayan A, Bezerra CdeM, Linhares IM, Witkin SS. Maternal and neonatal interleukin-1 receptor antagonist genotype and pregnancy outcome in a population with a high rate of pre-term birth. Am J Reprod Immunol 2008; 60: 312-317 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-79]79 Murtha AP, Nieves A, Hauser ER , et al.  Association of maternal IL-1 receptor antagonist intron 2 gene polymorphism and preterm birth. Am J Obstet Gynecol 2006; 195: 1249-1253 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-80]80 Rey G, Skowronek F, Alciaturi J, Alonso J, Bertoni B, Sapiro R. Toll receptor 4 Asp299Gly polymorphism and its association with preterm birth and premature rupture of membranes in a South American population. Mol Hum Reprod 2008; 14: 555-559 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-81]81 Yılmaz Y, Verdi H, Taneri A , et al.  Maternal-fetal proinflammatory cytokine gene polymorphism and preterm birth. DNA Cell Biol 2012; 31: 92-97 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-82]82 Aidoo M, McElroy PD, Kolczak MS , et al.  Tumor necrosis factor-alpha promoter variant 2 (TNF2) is associated with pre-term delivery, infant mortality, and malaria morbidity in western Kenya: Asembo Bay Cohort Project IX. Genet Epidemiol 2001; 21: 201-211 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-83]83 Roberts AK, Monzon-Bordonaba F, Van Deerlin PG , et al.  Association of polymorphism within the promoter of the tumor necrosis factor alpha gene with increased risk of preterm premature rupture of the fetal membranes. Am J Obstet Gynecol 1999; 180: 1297-1302 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-84]84 Botos I, Segal DM, Davies DR. The structural biology of Toll-like receptors. Structure 2011; 19: 447-459 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-85]85 Kim YM, Romero R, Chaiworapongsa T , et al.  Toll-like receptor-2 and -4 in the chorioamniotic membranes in spontaneous labor at term and in preterm parturition that are associated with chorioamnionitis. Am J Obstet Gynecol 2004; 191: 1346-1355 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-86]86 Lunde A, Melve KK, Gjessing HK, Skjaerven R, Irgens LM. Genetic and environmental influences on birth weight, birth length, head circumference, and gestational age by use of population-based parent-offspring data. Am J Epidemiol 2007; 165: 734-741 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-87]87 Haataja R, Karjalainen MK, Luukkonen A , et al.  Mapping a new spontaneous preterm birth susceptibility gene, IGF1R, using linkage, haplotype sharing, and association analysis. PLoS Genet 2011; 7: e1001293 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-88]88 Ward K, Argyle V, Meade M, Nelson L. The heritability of preterm delivery. Obstet Gynecol 2005; 106: 1235-1239 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-89]89 Plunkett J, Doniger S, Morgan T , et al.  Primate-specific evolution of noncoding element insertion into PLA2G4C and human preterm birth. BMC Med Genomics 2010; 3: 62 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-90]90 Vogel I, Hollegaard MV, Hougaard DM, Thorsen P, Grove J. Polymorphisms in the promoter region of relaxin-2 and preterm birth: involvement of relaxin in the etiology of preterm birth. In Vivo 2009; 23: 1005-1009 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-91]91 Weinberg CR, Shi M. The genetics of preterm birth: using what we know to design better association studies. Am J Epidemiol 2009; 170: 1373-1381 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-92]92 Romero R, Mazor M. Infection and preterm labor. Clin Obstet Gynecol 1988; 31: 553-584 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-93]93 Laxmi U, Agrawal S, Raghunandan C, Randhawa VS, Saili A. Association of bacterial vaginosis with adverse fetomaternal outcome in women with spontaneous preterm labor: a prospective cohort study. J Matern Fetal Neonatal Med 2012; 25: 64-67 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-94]94 Sanu O, Lamont RF. Periodontal disease and bacterial vaginosis as genetic and environmental markers for the risk of spontaneous preterm labor and preterm birth. J Matern Fetal Neonatal Med 2011; 24: 1476-1485 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-95]95 Mancuso MS, Figueroa D, Szychowski JM, Paden MM, Owen J. Midtrimester bacterial vaginosis and cervical length in women at risk for preterm birth. Am J Obstet Gynecol 2011; 204: 342 , e1–e5 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-96]96 Jones NM, Holzman C, Friderici KH , et al.  Interplay of cytokine polymorphisms and bacterial vaginosis in the etiology of preterm delivery. J Reprod Immunol 2010; 87: 82-89 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-97]97 Gómez LM, Sammel MD, Appleby DH , et al.  Evidence of a gene-environment interaction that predisposes to spontaneous preterm birth: a role for asymptomatic bacterial vaginosis and DNA variants in genes that control the inflammatory response. Am J Obstet Gynecol 2010; 202: 386 , e1–e6 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-98]98 Goldenberg RL, Hauth JC, Andrews WW. Intrauterine infection and preterm delivery. N Engl J Med 2000; 342: 1500-1507 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-99]99 Aagaard K, Riehle K, Ma J , et al.  A metagenomic approach to characterization of the vaginal microbiome signature in pregnancy. PLoS ONE 2012; 7: e36466 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-100]100 Sendag F, Kazandi M, Akercan F, Kazandi AC, Karadadas N, Sagol S. Vaginal fluid pH, cervicovaginitis and cervical length in pregnancy. Clin Exp Obstet Gynecol 2010; 37: 127-130 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-101]101 Mazor-Dray E, Levy A, Schlaeffer F, Sheiner E. Maternal urinary tract infection: is it independently associated with adverse pregnancy outcome?. J Matern Fetal Neonatal Med 2009; 22: 124-128 



Google Scholar





	
[bookmark: JR12m0190-102]102 Schieve LA, Handler A, Hershow R, Persky V, Davis F. Urinary tract infection during pregnancy: its association with maternal morbidity and perinatal outcome. Am J Public Health 1994; 84: 405-410 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-103]103 Usui R, Ohkuchi A, Matsubara S , et al.  Vaginal lactobacilli and preterm birth. J Perinat Med 2002; 30: 458-466 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-104]104 Choi SJ, Park SD, Jang IH, Uh Y, Lee A. The prevalence of vaginal microorganisms in pregnant women with preterm labor and preterm birth. Ann Lab Med 2012; 32: 194-200 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-105]105 Andrews WW, Klebanoff MA, Thom EA , et al; National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network.  Midpregnancy genitourinary tract infection with Chlamydia trachomatis: association with subsequent preterm delivery in women with bacterial vaginosis and Trichomonas vaginalis
        . Am J Obstet Gynecol 2006; 194: 493-500 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-106]106 Morken NH, Gunnes N, Magnus P, Jacobsson B. Risk of spontaneous preterm delivery in a low-risk population: the impact of maternal febrile episodes, urinary tract infection, pneumonia and ear-nose-throat infections. Eur J Obstet Gynecol Reprod Biol 2011; 159: 310-314 



Google Scholar





	
[bookmark: JR12m0190-107]107 Jeffcoat MK, Geurs NC, Reddy MS, Cliver SP, Goldenberg RL, Hauth JC. Periodontal infection and preterm birth: results of a prospective study. J Am Dent Assoc 2001; 132: 875-880 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-108]108 Offenbacher S, Boggess KA, Murtha AP , et al.  Progressive periodontal disease and risk of very preterm delivery. Obstet Gynecol 2006; 107: 29-36 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-109]109 Horton AL, Boggess KA. Periodontal disease and preterm birth. Obstet Gynecol Clin North Am 2012; 39: 17-23 , vii 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-110]110 Offenbacher S, Katz V, Fertik G , et al.  Periodontal infection as a possible risk factor for preterm low birth weight. J Periodontol 1996; 67 (10, Suppl.) 1103-1113 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-111]111 Fardini Y, Chung P, Dumm R, Joshi N, Han YW. Transmission of diverse oral bacteria to murine placenta: evidence for the oral microbiome as a potential source of intrauterine infection. Infect Immun 2010; 78: 1789-1796 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-112]112 Ernest JM, Wasilauskas B. Capnocytophaga in the amniotic fluid of a woman in preterm labor with intact membranes. Am J Obstet Gynecol 1985; 153: 648-649 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-113]113 Corbella S, Taschieri S, Francetti L, De Siena F, Del Fabbro M. Periodontal disease as a risk factor for adverse pregnancy outcomes: a systematic review and meta-analysis of case-control studies. Odontology 2012; 100: 232-240 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-114]114 Proctor LM. The Human Microbiome Project in 2011 and beyond. Cell Host Microbe 2011; 10: 287-291 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-115]115 Williamson SJ, Yooseph S. From bacterial to microbial ecosystems (metagenomics). Methods Mol Biol 2012; 804: 35-55 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-116]116 Quince C, Lanzén A, Curtis TP , et al.  Accurate determination of microbial diversity from 454 pyrosequencing data. Nat Methods 2009; 6: 639-641 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-117]117 Reeder J, Knight R. Rapidly denoising pyrosequencing amplicon reads by exploiting rank-abundance distributions. Nat Methods 2010; 7: 668-669 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-118]118 Ye Y. Identification and quantification of abundant species from pyrosequences of 16S rRNA by consensus alignment. Proceedings (IEEE Int Conf Bioinformatics Biomed) 2011; 2010: 153-157 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-119]119 Haas BJ, Gevers D, Earl AM , et al; Human Microbiome Consortium.  Chimeric 16S rRNA sequence formation and detection in Sanger and 454-pyrosequenced PCR amplicons. Genome Res 2011; 21: 494-504 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-120]120 Schloss PD, Westcott SL, Ryabin T , et al.  Introducing mothur: open-source, platform-independent, community-supported software for describing and comparing microbial communities. Appl Environ Microbiol 2009; 75: 7537-7541 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-121]121 Caporaso JG, Kuczynski J, Stombaugh J , et al.  QIIME allows analysis of high-throughput community sequencing data. Nat Methods 2010; 7: 335-336 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR12m0190-122]122 Kuczynski J, Stombaugh J, Walters WA, Gonzalez A, Caporaso JG, Knight R. Using QIIME to analyze 16S rRNA gene sequences from microbial communities. Chapter 10, Unit 10.  In: Curr Protoc Bioinformatics 2011 





Google Scholar





	
[bookmark: JR12m0190-123]123 DeSantis TZ, Hugenholtz P, Larsen N , et al.  Greengenes, a chimera-checked 16S rRNA gene database and workbench compatible with ARB. Appl Environ Microbiol 2006; 72: 5069-5072 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-124]124 Cole JR, Wang Q, Cardenas E , et al.  The Ribosomal Database Project: improved alignments and new tools for rRNA analysis. Nucleic Acids Res 2009; 37 (Database issue) D141-D145 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-125]125 Price MN, Dehal PS, Arkin AP. FastTree 2—approximately maximum-likelihood trees for large alignments. PLoS ONE 2010; 5: e9490 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-126]126 Lozupone C, Knight R. UniFrac: a new phylogenetic method for comparing microbial communities. Appl Environ Microbiol 2005; 71: 8228-8235 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-127]127 Segata N, Izard J, Waldron L , et al.  Metagenomic biomarker discovery and explanation. Genome Biol 2011; 12: R60 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-128]128 Meyer F, Paarmann D, D'Souza M , et al.  The metagenomics RAST server—a public resource for the automatic phylogenetic and functional analysis of metagenomes. BMC Bioinformatics 2008; 9: 386 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR12m0190-129]129 RK, et al.  The Genboree microbiome toolset for the analysis of 16S rRNA microbial sequences. BMC Bioinformatics 2011; ; In press 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-130]130 al.  S. N. e. (2012) Fast and accurate metagenomic profiling of microbial community composition using unique clade-specific marker genes. Nat Methods 2012; 





PubMedGoogle Scholar





	
[bookmark: JR12m0190-131]131 Abubucker S, Segata N, Goll J , et al.  Metabolic reconstruction for metagenomic data and its application to the human microbiome. PLOS Comput Biol 2012; 8: e1002358 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.144.67.40
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  