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Abstract
Introduction: Bacteria from the vagina are transported 
into the uterus during labor. We evaluated if the vaginal 
microbiome in the third trimester of pregnancy was related 
to the length of the second stage of labor.

Patients and methods: The composition of the vaginal 
microbiome in 73 women in their third trimester was 
measured by analysis of the V1-V3 region of the gene coding 
for bacterial 16S ribosomal RNA. The vaginal concentration 
of D- and L-lactic acid was determined by ELISA. The time 
from full dilation to delivery was obtained by chart review.

Results: The length of the second stage of labor was 
longer when Lactobacillus crispatus was dominant in the 
third trimester as compared to when L. iners (p = 0.0089) 
or Gardnerella vaginalis (p = 0.0152) predominated. The 
vaginal concentration of D-lactic acid, but not L-lactic acid, 
was also directly related to the time from full cervical dilation 
to delivery (p = 0.0313).

Conclusion: The composition of the vaginal microbiome 
in the third trimester is associated with the length of the 
second stage of labor.
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Introduction
The interval from complete cervical dilation to 

birth is known as the second stage of labor. Oxytocin 
stimulation of myometrial contractions reaches its 
maximum intensity [1]. The time of this stage typically 
is < 3 hours in nulliparous women and < 2 hours in 
parous women [2,3]. However, little is known about 
the variables that influence the duration of the second 
stage of labor.

The vaginal microbiome differs between pregnant 
and non-pregnant women, with lactobacilli becoming 
more prominent and bacterial composition remaining 
stable through all three trimesters [4-7]. One of 
four different lactobacillus species predominate: 
Lactobacillus crispatus, L. iners, L. jensenii and L. gasseri. 
In a minority of women other anaerobic and facultative 
bacteria, most frequently Gardnerella vaginalis, are 
predominant [6]. Among the vaginal bacteria only L. 
crispatus, L. jensenii and L. gasseri produce both the 
D- and L-isomers of lactic acid. L. iners produces only 
the L-isomer [8]. Differences in biological properties 
between the two lactic acid isomers have been noted 
[8-10].
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The concentration of the D- and L- isomers of lactic 
acid in vaginal fluid were determined by ELISA, as 
previously described [8].

Differences in the length of time of the second stage 
of labor when different bacteria were dominant were 
analyzed by the non-parametric Mann-Whitney test. 
The association between vaginal lactic acid levels and 
time of the second stage was analyzed by the Spearman 
rank correlation test. A p value < 0.05 was significant.

Results
The mean (SD) subjects’ age was 33.7 (3.6) years, 

body mass index was 22.0 (2.8) kg/m2, gravidity was 2.2 
(1.2), gestational age at delivery was 39.5 (1.4) weeks 
and baby’s birth weight was 3299 (495) grams.

L. crispatus was the dominant bacterium in 35 
women, followed by L. iners in 12 women, L. jensenii and 
L .gasseri in 8 women each, G. vaginalis in 7 women and 
other anaerobic bacteria in 3 women. The association 
between dominant vaginal bacteria and time from full 
dilation to delivery for each individual woman is shown 
in Figure 1. The median (25%-75%) time was 50.0 (23.0-
72.0) minutes for L. crispatus, 34.5 (16.8-100.5) for L. 
jensenii, 22.5 (10.0-70.8) for L. gasseri, 24.0 (11.0-34.5) 
for L .iners, 18.0 (16.0-31.0) for G. vaginalis and 13.0 
(5.0-47.0) for other anaerobes. Differences between L. 

During labor bacteria from the vagina are sucked 
into the uterine cavity as a consequence of contraction 
activity [11,12]. In the present study we evaluated 
whether differences in vaginal microbiome composition 
during the third trimester influenced length of the 
second stage of labor.

Material and Methods
Subjects were 73 women in their third trimester of 

pregnancy seen in the outpatient obstetrics clinic at 
Weill Cornell Medicine in which detailed information 
about time from full dilation to delivery was available 
in their charts. All were White, had uneventful singleton 
pregnancies and vaginally delivered a healthy baby 
at term. Exclusion criteria were multiple gestations, 
premature rupture of membranes, delivery before 37 
completed weeks of gestation, signs or symptoms of 
infection, current smoker, pregnancy complications such 
as hypertension, preeclampsia, gestational diabetes or 
any other autoimmune diagnosis or inability to provide 
informed written consent.

Composition of the vaginal microbiome was 
determined by amplification of the V1-V3 region of 
the gene coding for bacterial 16S ribosomal RNA, as 
described previously [13]. Dominance was defined as a 
bacterial species present at > 50% of the total number 
of identified bacteria.

 

Figure 1: Association between dominant vaginal bacteria in the third trimester and time from cervical dilation to delivery. 
The dominant bacteria in the vagina was determined by amplification and analysis of the V1-V3 region of the gene coding 
for bacterial 16S ribosomal RNA. The time from full cervical dilation to delivery was obtained from patients’ charts. The 
three anaerobes were Alloscardovia, Atopobium and Streptococcus.
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the bacterial composition in the uterine cavity during 
labor or to levels of immune mediators or oxytocin. 
Nevertheless, the findings suggest the existence of a 
novel mechanism influencing the duration of the second 
stage of labor that is readily testable and, if validated, 
could lead to protocols to modulate this time period.

References
1.	 Hofmeyr GJ, Singata-Madliki M (2020) The second stage of 

labor. Best Pract Res Clin Obstet Gynecol 67: 53-64.

2.	 WHO recommendations: Intrapartum care for a positive 
childbirth experience. Geneva, Switzerland.

3.	 Abalos E, Oladapo OT, Chamillard M, Diaz V, Pasquale J, 
et al. (2018) Duration of spontaneous labour in “low-risk” 
women with “normal” perinatal outcomes: A systematic 
review. Eur J Obstet Gynecol Reprod Biol 223: 123-132.

4.	 Romero R, Hassan SS, Gajer P, Tarca AL, Fadrosh DW, 
et al. (2014) The composition and stability of the vaginal 
microbiota of normal pregnant women is different from that 
of non-pregnant women. Microbiome 2: 1-19.

5.	 Freitas AC, Chaban B, Bocking A, Rocco M, Yang S, et 
al. (2017) The vaginal microbiome of pregnant women is 
less rich and diverse, with lower prevalence of Mollicutes, 
compared to non-pregnant women. Sci Rep 7: 9212.

6.	 DiGiulio DB, Callahan BJ, McMurdie PJ, Costello EK, Lyell 
DJ, et al. (2015) Temporal and spatial variation of the 
human microbiota during pregnancy. Proc Natl Acad Sci 
US 112: 11060-11065.

7.	 MacIntyre DA, Chandiramani M, Lee YS, Kindinger L, Smith 
A, et al. (2015) The vaginal microbiome during pregnancy 
and the postpartum period in a European population. Sci 
Rep 5: 8988.

8.	 Witkin SS, Mendes-Soares H, Linhares IM, Jayaram A, 
Ledger WJ, et al. (2013) Influence of vaginal bacteria and 
D- and L-lactic acid isomers on vaginal extracellular matrix 
metalloproteinase inducer: Implications for protection 
against upper genital tract infections. mBio 4: e00460-13.

9.	 Wagner W, Ciszewski W, Kanla KD (2015) L- and D-lactate 
enhance DNA repair and modulate the resistance of 
cervical carcinoma cells to anticancer drugs via histone 
deacetylase inhibition and hydroxycarbolic acid receptor 1 
activation. Cell Commun Signal 13: 36.

10.	Edwards VL, Smith SB, McComb EJ, Tamarelle J, Ma B, 
et al. (2019) The cervicovaginal microbiota-host interaction 
modulates Chlamydia trachomatis infection. mBio 10: 
e01548-19.

11.	Seong HS, Lee SE, Kang JH, Romero R, Yoon BH (2008) 
The frequency of microbial invasion of the amniotic cavity 
and histologic chorioamnionitis in woman at term with intact 
membranes in the presence or absence of labor. Am J 
Obstet Gynecol 199: 375.

12.	Volpe N, Schera GBL, Dall’Asta A, Di Pasquo E, Ghi T, et 
al. (2019) Cervical sliding sign: New sonographic marker to 
predict impending preterm delivery in women with uterine 
contractions. Ultrasound Obstet Gynecol 54: 557-558.

13.	Leizer J, Nasioudis D, Forney LJ, Schneider GM, Gliniewicz 
K, et al. (2018) Properties of epithelial cells and vaginal 
secretions in pregnant women when Lactobacillus crispatus 
or lactobacillus iners dominate the vaginal microbiome. 
Reprod Sci 25: 854-860.

14.	Quenby S, Pierce SJ, Brigham S, Wray S (2004) 

crispatus and L. iners (p = 0.0089) and G. vaginalis (p = 
0.0152) were significant. Similarly, the time difference 
between when the three D-lactic acid-producing 
lactobacilli (42.0 minutes) were dominant and when 
other bacteria dominated (20.0 minutes) was significant 
(p = 0.0030). The percentage of women having their first 
pregnancy in which D-lactic acid-producing bacteria 
were dominant (38.5%) was similar to the percentage 
when other bacteria predominated (29.2%).

As an independent validation of an association 
between D-lactic acid-producing bacteria and length 
of the second phase of labor we also measured vaginal 
levels of D- and L-lactic acid in all subjects. There 
was a positive association between the D-lactic acid 
concentration and time to delivery (p = 0.0313), while 
there was no such association with the L-lactic acid level 
(p = 0.3354).

Discussion
In our study population the time distribution from 

full cervical dilation to delivery was longer when D-lactic 
acid-producing bacteria, and especially L. crispatus, 
was numerically dominant in the vagina during the 
third trimester as compared to when other bacteria 
predominated.

While the involved mechanism(s) remains to be 
determined, biologically plausible explanations for this 
observation are available. As mentioned in Introduction, 
bacteria present in the vagina are transported to 
the uterine cavity during labor as a consequence of 
the creation of a suction-like effect. Therefore, the 
predominance of different bacteria in the upper 
genital tract may alter the intensity and/or duration 
of myometrial contractions. The contractions are 
stimulated by an increase in uterine pro-inflammatory 
immune activity plus the release of oxytocin. The 
extent of uterine inflammation has been shown to 
be regulated by lactic acid [14,15]. The mechanism 
may include lactic acid binding to a G protein-coupled 
receptor (GPR81) [15], as well as by other lactic acid-
derived immunoregulatory activities [16]. The rate of 
oxytocin secretion is also influenced by the local lactic 
acid concentration [14]. Furthermore, there is evidence 
that lactobacillus lysates regulated oxytocin release in 
vitro [17]. The rate of metabolism of L-lactic acid has 
been shown to greatly exceeds that of D-lactic acid [18]. 
If this is also the case in the pregnant uterus, then the 
D-lactate isomer would selectively remain intact and be 
capable of exerting biological activities for a prolonged 
period of time.

Our study has several limitations. The small number 
of women analyzed necessitates that the investigation is 
designated as exploratory. Further evaluation of larger 
numbers of women is needed to confirm these initial 
observations. In addition, we did not determine if vaginal 
bacteria present in the third trimester corresponded to 

https://doi.org/10.23937/2643-4466/1710036
https://pubmed.ncbi.nlm.nih.gov/32360366/
https://pubmed.ncbi.nlm.nih.gov/32360366/
https://www.who.int/reproductivehealth/publications/intrapartum-care-guidelines/en/
https://www.who.int/reproductivehealth/publications/intrapartum-care-guidelines/en/
https://pubmed.ncbi.nlm.nih.gov/29518643/
https://pubmed.ncbi.nlm.nih.gov/29518643/
https://pubmed.ncbi.nlm.nih.gov/29518643/
https://pubmed.ncbi.nlm.nih.gov/29518643/
https://microbiomejournal.biomedcentral.com/articles/10.1186/2049-2618-2-4
https://microbiomejournal.biomedcentral.com/articles/10.1186/2049-2618-2-4
https://microbiomejournal.biomedcentral.com/articles/10.1186/2049-2618-2-4
https://microbiomejournal.biomedcentral.com/articles/10.1186/2049-2618-2-4
https://pubmed.ncbi.nlm.nih.gov/28835692/
https://pubmed.ncbi.nlm.nih.gov/28835692/
https://pubmed.ncbi.nlm.nih.gov/28835692/
https://pubmed.ncbi.nlm.nih.gov/28835692/
https://pubmed.ncbi.nlm.nih.gov/26283357/
https://pubmed.ncbi.nlm.nih.gov/26283357/
https://pubmed.ncbi.nlm.nih.gov/26283357/
https://pubmed.ncbi.nlm.nih.gov/26283357/
https://pubmed.ncbi.nlm.nih.gov/25758319/
https://pubmed.ncbi.nlm.nih.gov/25758319/
https://pubmed.ncbi.nlm.nih.gov/25758319/
https://pubmed.ncbi.nlm.nih.gov/25758319/
https://pubmed.ncbi.nlm.nih.gov/23919998/
https://pubmed.ncbi.nlm.nih.gov/23919998/
https://pubmed.ncbi.nlm.nih.gov/23919998/
https://pubmed.ncbi.nlm.nih.gov/23919998/
https://pubmed.ncbi.nlm.nih.gov/23919998/
https://pubmed.ncbi.nlm.nih.gov/26208712/
https://pubmed.ncbi.nlm.nih.gov/26208712/
https://pubmed.ncbi.nlm.nih.gov/26208712/
https://pubmed.ncbi.nlm.nih.gov/26208712/
https://pubmed.ncbi.nlm.nih.gov/26208712/
https://pubmed.ncbi.nlm.nih.gov/31409678/
https://pubmed.ncbi.nlm.nih.gov/31409678/
https://pubmed.ncbi.nlm.nih.gov/31409678/
https://pubmed.ncbi.nlm.nih.gov/31409678/
https://pubmed.ncbi.nlm.nih.gov/18928978/
https://pubmed.ncbi.nlm.nih.gov/18928978/
https://pubmed.ncbi.nlm.nih.gov/18928978/
https://pubmed.ncbi.nlm.nih.gov/18928978/
https://pubmed.ncbi.nlm.nih.gov/18928978/
https://pubmed.ncbi.nlm.nih.gov/31290211/
https://pubmed.ncbi.nlm.nih.gov/31290211/
https://pubmed.ncbi.nlm.nih.gov/31290211/
https://pubmed.ncbi.nlm.nih.gov/31290211/
https://pubmed.ncbi.nlm.nih.gov/28301987/
https://pubmed.ncbi.nlm.nih.gov/28301987/
https://pubmed.ncbi.nlm.nih.gov/28301987/
https://pubmed.ncbi.nlm.nih.gov/28301987/
https://pubmed.ncbi.nlm.nih.gov/28301987/
https://pubmed.ncbi.nlm.nih.gov/15051564/


ISSN: 2643-4466DOI: 10.23937/2643-4466/1710036

Witkin et al. Int Arch Intern Med 2021, 5:036 • Page 4 of 4 •

17.	Varian BJ, Poutahidis T, DiBenedictis BT, Levkovich T, 
Ibrahim Y, et al. (2017) Microbial lysate upregulates host 
oxytocin. Brain Behav Immun 61: 36-49.

18.	Oster JR, Alpert HC, Vaamonde CA (1985) Pathogenesis 
of hyperphosphatemia in lactic acidosis: Disparate effects 
of racemic (DL-) and leveo (L-) lactic acid on plasma 
phosphorus concentration. Can J PhysiolPharmacol 63: 
1599-1602.

Dysfunctional labor and myometrial lactic acidosis. Obstet 
Gynecol 103: 718-723.

15.	Madaan A, Nadeau-Vallee M, Rivera JC, Obari D, Hou X, et 
al. (2017) Lactate produced during labor modulates uterine 
inflammation via GRP81 (HCA1). Am J Obstet Gynecol 
216: 60.

16.	Sun S, Li H, Chen J, Qian Q (2017) Lactic acid: No longer 
an inert and end-product of glycolysis. Physiology 32: 453-
463.

https://doi.org/10.23937/2643-4466/1710036
https://pubmed.ncbi.nlm.nih.gov/27825953/
https://pubmed.ncbi.nlm.nih.gov/27825953/
https://pubmed.ncbi.nlm.nih.gov/27825953/
https://pubmed.ncbi.nlm.nih.gov/3938338/
https://pubmed.ncbi.nlm.nih.gov/3938338/
https://pubmed.ncbi.nlm.nih.gov/3938338/
https://pubmed.ncbi.nlm.nih.gov/3938338/
https://pubmed.ncbi.nlm.nih.gov/3938338/
https://pubmed.ncbi.nlm.nih.gov/15051564/
https://pubmed.ncbi.nlm.nih.gov/15051564/
https://pubmed.ncbi.nlm.nih.gov/27615440/
https://pubmed.ncbi.nlm.nih.gov/27615440/
https://pubmed.ncbi.nlm.nih.gov/27615440/
https://pubmed.ncbi.nlm.nih.gov/27615440/
https://pubmed.ncbi.nlm.nih.gov/29021365/
https://pubmed.ncbi.nlm.nih.gov/29021365/
https://pubmed.ncbi.nlm.nih.gov/29021365/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Material and Methods 
	Results
	Discussion
	Figure 1
	References

