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Abstract
The knowledge surrounding the bovine vaginal microbiota and its implications on fertility and reproductive traits remains 
incomplete. The objective of the current study was to characterize the bovine vaginal bacterial community and estradiol 
concentrations at the time of artificial insemination (AI). Brangus heifers (n = 78) underwent a 7-d Co-Synch + controlled 
internal drug release estrus synchronization protocol. At AI, a double-guarded uterine culture swab was used to sample 
the anterior vaginal tract. Immediately after swabbing the vaginal tract, blood samples were collected by coccygeal 
venipuncture to determine concentrations of estradiol. Heifers were retrospectively classified as pregnant (n = 29) vs. 
nonpregnant (n = 49) between 41 and 57 d post-AI. Additionally, heifers were classified into low (1.1 to 2.5 pg/mL; n = 21), 
medium (2.6 to 6.7 pg/mL; n = 30), and high (7.2 to 17.6 pg/mL; n = 27) concentration of estradiol. The vaginal bacterial 
community composition was determined through sequencing of the V4 region from the 16S rRNA gene using the Illumina 
Miseq platform. Alpha diversity was compared via ANOVA and beta diversity was compared via PERMANOVA. There 
were no differences in the Shannon diversity index (alpha diversity; P = 0.336) or Bray–Curtis dissimilarity (beta diversity; 
P = 0.744) of pregnant vs. nonpregnant heifers. Overall, bacterial community composition in heifers with high, medium, 
or low concentrations of estradiol did not differ (P = 0.512). While no overall compositional differences were observed, 
species-level differences were present within pregnancy status and estradiol concentration groups. The implications of 
these species-level differences are unknown, but these differences could alter the vaginal environment thereby influencing 
fertility and vaginal health. Therefore, species-level changes could provide better insight rather than overall microbial 
composition in relation to an animal’s reproductive health.
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Introduction
The role and importance of the vaginal microbiota in fertility 
and reproduction have been recently explored in sheep 
(Martinez-Roz et  al., 2018), cattle (Clemmons et  al., 2017), 

horses (Fraga et  al., 2011), and humans (Chen et  al., 2017). 
In general, the vaginal microbiota is dynamic and constantly 
changing in the aforementioned species. Furthermore, the 
vaginal microbiota composition differs between human and 

F&R "All rights reserved. For permissions, please e-mail" (CopyrightLine) "^nAll rights reserved. For 
permissions, please e-mail" (CopyrightLine)

http://orcid.org/0000-0003-1377-0664
mailto:clemley@ads.msstate.edu?subject=
http://orcid.org/0000-0003-1377-0664


2 | Journal of Animal Science, 2020, Vol. 98, No. 6

Copyedited by: SU

livestock species. Swartz et  al. (2014) compared the vaginal 
microbiomes of bovine and ovine species to that of humans. 
They concluded that the microbiomes of ovine and bovine 
species are characteristically and compositionally different 
from humans and that these differences were attributed to 
varying physiological environments within the vaginal tract. 
Specifically, human vaginal microbiota has more Lactobacillus 
species that drive the acidic vaginal environment in humans. 
In comparison, the bovine and ovine species have a vaginal 
environment closer to neutral pH due to a lower abundance 
of Lactobacillus (Swartz et  al., 2014). Therefore, previous 
research associating the human vaginal microbiome to 
fertility (Sirota et al., 2014) may not be directly applicable to 
livestock species.

Research in bovids analyzing the vaginal microbiome is 
limited. Previous studies have focused on the characterization 
of bovids with reproductive disorders (Moreno et  al., 2016), 
pregnant and nonpregnant status (Laguardia-Nascimento et al., 
2015; Ault et  al., 2019), and the postpartum stage (Lima et  al., 
2019). However, inference from these studies is limited due to 
the small sample size with many including less than 25 animals.

The implication of hormones, specifically estrogen, on 
the vaginal microbiome has only been speculated. It is well 
known that reproductive hormones significantly affect the 
reproductive physiology overall. Specifically, estradiol has been 
shown to change the uterine pH in cattle (Perry and Perry, 2008). 
Additionally, in humans, it has been determined that estrogen 
increases the acidity of the vaginal environment (Gorodeski 
et al., 2005). Shifts in pH will greatly impact the ability of bacteria 
to survive within a certain environment. In humans, the acidity 
of the vaginal environment is considered a defense mechanism 
against many pathogens associated with sexually transmitted 
diseases (Miller et  al., 2016). Therefore, estradiol could have 
significant impacts on the vaginal microbiome, and changes in 
the microbial composition could be dependent on circulating 
levels of estradiol.

There is a significant lack of research evaluating the vaginal 
microbiome’s role in bovine fertility and how the microbiome 
could be influenced by reproductive hormones. Therefore, 
the objectives of this study were to characterize the vaginal 
microbiota and to determine if vaginal microbiota composition 
differed across divergent concentrations of estradiol at the time 
of artificial insemination (AI) in 78 Brangus heifers. Additionally, 
we also aimed to compare the vaginal microbiota composition 
at the time of AI between heifers that were retrospectively 
classified as pregnant or nonpregnant. We hypothesized that 
different vaginal microbiota communities will either facilitate 
or inhibit pregnancy. Furthermore, we hypothesized that heifers 
with high, medium, and low concentrations of estradiol at the 
time of AI will differ in vaginal microbiota composition.

Materials and Methods

Animal management and treatments

Animal care and use were approved by the Mississippi State 
University Institutional Animal Care and Use Committee (#18-
386). Brangus heifers (n  =  78) were housed at the H.H. Leveck 
Animal Research Center (Mississippi State, MS) in a 25-acre 
pasture grazing seasonal grasses. All heifers were fed the same 
concentrate diet twice daily with ad libitum water and minerals. 
Heifers were approximately 18 mo old at the time of breeding 
with an average weight of 405 ± 38 kg. All heifers underwent a 
7-d Co-Synch + controlled internal drug release (CIDR) estrous 
synchronization protocol. Heifers were synchronized and 
artificially inseminated in six groups over a 3-wk period. All 
heifers were housed in the same pasture throughout the study. 
All heifers were artificially inseminated with commercially 
available semen from a single Angus sire. Transrectal 
ultrasonography was used to determine pregnancy status 
between days 41 and 57 post-AI dependent on the breeding 
group (Figure 1).

Vaginal swab collection

A double-guarded equine uterine culture swab (Minitube Ref. 
17214/2950) was utilized to sample the anterior vaginal tract of 
each heifer immediately before AI. Heifers were restrained in 
a hydraulic chute and the vulva was cleaned, by wiping with 
a paper towel, to prevent swab contamination. The double-
guarded unit containing the swab was removed from sterile 
packaging and immediately inserted through the vulva into the 
vaginal tract. The swab was angled upward, over the pelvic shelf, 
and toward the anterior vagina. Once the swab would not move 
forward with pressure, the cotton swab was exposed from the 
sterile guarding to make direct contact with the anterior vagina. 
The swab was rotated for approximately 30 s then retracted back 
into the sterile guarding. The entire double-guarded swab unit 
was removed from the heifer’s vaginal tract. After removal, the 
unit was broken down, by removing the external layer to expose 
the swab in the sterile tubing. The sterile tube containing the 
swab was snapped at a pre-determined length, then capped with 
sterile caps to prevent airborne contamination. The swab was 
closely examined in the sterile guarding for any urine (yellow 
staining) or feces. If contamination looked possible, the heifer 
was re-swabbed. Two uncontaminated swabs were collected 
per animal. The swabs were stored at −80 °C with the swab end 
upright in a sterile tube until further analysis.

Blood collection and estradiol assay

At the time of AI, blood was collected via coccygeal venipuncture. 
Blood was allowed to clot at room temperature and placed 
on ice until transported to the laboratory for processing. 
Approximately 2 h after collection, blood tubes were centrifuged 
at 2,000 × g at 4 °C for 10 min. Serum was immediately collected 
and transferred into sterile 1.5  mL tubes and then stored at 
−80 °C until further analysis. Circulating serum concentrations 
of estradiol were analyzed via radioimmunoassay with the 
methodology previously published by Perry et  al. (2004). The 
intra- and inter-assay coefficient of variation for estradiol assays 
were 4.7% and 6.1%, respectively. Heifers were classified into 
low (1.1 to 2.5 pg/mL; n = 21), medium (2.6 to 6.7 pg/mL; n = 30), 
and high (7.2 to 17.6 pg/mL; n = 27) concentration of estradiol 
determined from previous literature (Jinks et al., 2013) (Figure 1). 

Abbreviations

AI artificial insemination
CIDR controlled internal drug release
OTU operational taxonomic unit
PCoA principal coordinate analysis
PERMANOVA permutational multivariate analysis 

of variance
TAI timed artificial insemination
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Bacterial community analysis

The bacterial community analysis was performed by 
Microbiome Insights Co. located in Vancouver, Canada. 
Genomic DNA was extracted using the MoBio PowerMag Soil 
DNA Isolation Bead Plate (Mo Bio Laboratories, Inc., Carlsbad, 
CA, USA) on a KingFisher robot following the manufacturer’s 
protocol. Blank control swabs (n  =  2) were included in the 
analysis for contamination checks. Bacterial amplicons from 
the V4 region of the 16S rRNA gene were amplified using 
the 515F 5′-GTGCCAGCMGCCGCGGTAA-3′ and the 806R 
5′-GGACTACHVGGGTWTCTAAT-3′ primers as described by 
Kozich et  al. (2013). Sequencing was done with an Illumina 
MiSeq (Illumina, San Diego, CA, USA) using the 300-bp 
paired-end kit (v.3). Quality filtering, taxonomic classification 
using the Greengenes (v. 13_8) database, and clustering into 
97%-similarity operational taxonomic units (OTUs) were done 
using the mothur software package (v. 1.39.5) (Schloss et  al., 
2009).

Statistical analysis

The vaginal bacterial community comparisons of interest were 
between pregnant and nonpregnant heifers and across the low, 
medium, and high estradiol concentrations. The R software 
program (R Core Team, 2013) was used to conduct the statistical 
analyses. Alpha diversity was calculated using the Shannon 
index and significance was tested using ANOVA. Beta diversity 
was computed using the Bray–Curtis dissimilarity and visualized 
using the principal coordinate analysis (PCoA) plot. Differences 
in community structure were assessed using the permutational 
multivariate analysis of variance (PERMANOVA) with pregnant 
vs. nonpregnant or low, medium, or high estradiol group as the 
main fixed factor and using 9,999 permutations for significance 
testing in R (adonis function from the Vegan package). After the 
estradiol classification, the PROC Mixed procedure in SAS 9.4 
Software was utilized to determine the significance between 
classification groups.

Results

Sequencing information

A total of 80 swabs were analyzed including two blank control 
swabs. Vaginal swabs from heifers grouped retrospectively as 
pregnant (n  = 29) or nonpregnant (n  = 49). A  total of 1,156,788 
quality-filtered reads were obtained with an average of 14,459 
quality-filtered reads per sample that were assigned to 8,358 
OTUs. Control samples had minimum quality-filtered reads (80 
and 218), thus contamination was considered absent. Samples 
with less than 1,000 quality-filtered reads were removed from 
the analyses (three nonpregnant and two pregnant samples).

Taxonomic composition

The four most abundant phyla were Tenericutes (36%), 
Proteobacteria (30%), Fusobacteria (7.6%), and Firmicutes 
(1.8%), respectively. There were no compositional differences 
(Figure 2) or proportional differences (Supplementary Figure S1) 
between nonpregnant and pregnant heifers. Additionally, no 
compositional differences (Figure 3) or proportional differences 
(Supplementary Figure S2) were seen across heifers with high, 
medium, or low estradiol concentrations

Comparing vaginal microbiomes of pregnant vs. 
nonpregnant heifers

There were no differences in alpha diversity between pregnant 
and nonpregnant heifers (Figure  4A, P  =  0.366). The Shannon 
diversity index showed pregnant heifers with a mean of 2.18 ± 
1.68 and nonpregnant heifers with a mean of 2.22 ± 1.48. The 
PCoA displayed no clustering of samples by pregnancy status 
(Figure  4B). Furthermore, the PERMANOVA showed similar 
(P  =  0.744) overall bacterial profiles between pregnant and 
nonpregnant heifers. There were three OTUs that were different 
between pregnant and nonpregnant heifers which included 
Pasteurella multocida (P  <  0.001), Pasteurellaceae unclassified 
(P < 0.001), and Fusobacterium unclassified (P = 0.001).Pasteurellaceae 

Figure 1. A bar graph representing the number of pregnant (blue bar) and nonpregnant (red bar) heifers in each group (high, medium, or low) of estradiol concentration. 
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unclassified and Fusobacterium unclassified were more abundant in 
nonpregnant heifers, whereas P. multocida was more abundant 
in pregnant heifers. Noteworthy, only three animals lacked 
the presence of at least one of these species within their 
reproductive tract.

Estradiol concentrations

There were significant differences between heifer group 
classifications of serum estradiol concentrations; heifers 
in the low, medium, or high serum estradiol group had 
significantly different (P < 0.05) serum estradiol concentrations. 
Alpha diversity was measured using the Shannon index 
to evaluate differences between the vaginal microbiomes 
of heifers with high, medium, and low serum estrogen 
concentrations (Figure 5A). No differences were found across 
the high (2.16  ± 1.46), medium (2.13  ± 1.53), and low (2.37  ± 
1.74) samples (Figure 5A, P = 0.512). There were no differences 
in beta diversity across these samples either (P  =  0.48). 
A  principal component analysis was utilized to visualize the 
relationship across samples and no clusters were observed 
(Figure  5B). There were eight statistically different OTUs 
observed in animals with varying estradiol concentrations. 
Leptotrichiaceae unclassified (P < 0.0001), P. multocida (P < 0.001), 
and Pasteurellaceae unclassified (P < 0.001) were more abundant 

in heifers with high concentrations of estradiol compared 
with heifers with low and medium concentrations of estradiol. 
Histophilus somni (P  <  0.001), Actinobacillus seminis (P  <  0.001), 
and Fusobacterium unclassified (P = 0.001) were more abundant 
in the vaginal microbiome of heifers with medium and low 
estradiol concentrations compared with heifers with high 
concentrations of estradiol. Bacteroidetes unclassified (P < 0.001) 
were more abundant in the vaginal microbiome of heifers 
with low estradiol concentrations compared with heifers with 
medium and high estradiol concentrations. 

Discussion
There were no differences in the overall bacterial community 
composition between heifers that became pregnant vs. 
nonpregnant. However, the taxonomic profiles within our study 
are different compared with the current literature. Other studies 
commonly report Proteobacteria, Firmicutes, Bacteriodetes, and 
Actinobacteria as the most abundant phyla within the vaginal 
tract of the bovids (Laguardia-Nascimento et al., 2015; Lima et al., 
2019). In contrast, the phyla Tenericutes and Fusobacterium were 
more abundant, than Bacteriodetes and Actinobacteria, in our 
heifers. The implications of this difference are not yet known. 
Differences could be attributed to environmental factors, age, 

Figure 2. Relative abundance of the five most abundant genus-level taxa within the four most abundant phyla. The orange bars represent nonpregnant heifers and the 

green bars represent pregnant heifers.



Copyedited by: SU

Messman et al. | 5

Figure 3. Relative abundance of the five most abundant genus-level taxa within the four most abundant phyla. The bars represent heifers with high (green), medium 

(blue), and low (orange) estradiol concentrations.

Figure 4. Alpha diversity boxplot of the vaginal bacterial microbiota in Brangus heifers measured by the Shannon diversity index (panel A). The red box represents 

nonpregnant heifers and the blue box represents pregnant heifers. Black dots represent values for individual samples. Alpha diversity did not differ (P = 0.366) between 

pregnant vs. nonpregnant heifers. PCoA depicting Bray–Curtis dissimilarities across samples (panel B). Nonpregnant heifers are represented by red circles and pregnant 

heifers are represented by blue stars. There were no differences in beta diversity between pregnancy status (P = 0.74). PC, principal coordinate.
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sexual maturity, or fertility issues within the sample groups, but 
more research is needed to confirm these speculations.

Nevertheless, species-level differences in this study between 
pregnant and nonpregnant heifers could have implications 
surrounding fertility and reproductive performance. Specifically, 
the presence of Fusobacterium spp. and P.  multocida in 
nonpregnant heifers. Fusobacterium species have been found to 
be causative agents in morbidity and mortality in both humans 
and animals (Citron, 2002; Afra et al., 2013). Fusobacterium spp. are 
anaerobic, gram-negative rods that are considered pathogenic in 
humans (Huggan and Murdoch, 2008). Specifically, Fusobacterium 
necrophorum is a known causative agent of puerperal metritis in 
postpartum cows (Machado et al., 2014). Therefore, nonpregnant 
heifers in this study with colonization of Fusobacterium spp. 
could have had vaginal infections inhibiting pregnancy success. 
Next, P. multocida is an opportunistic pathogenic, gram-negative 
rod that has previously been associated with bovine respiratory 
disease in cattle (Dabo et al., 2007). It is debatable whether the 
colonization of P.  multocida has negative or positive impacts 
on fertility. It is still undetermined if P. multocida is pathogenic 
in the reproductive tract. Lima et  al. (2019) found that calves 
inoculated with upper respiratory tract potential pathogens, 
such as P. multocida, at birth were less likely to develop disease 
later in life. It could be speculated that P. multocida is considered 
pathogenic in nonpregnant animals, but during gestation, it 
increases for inoculation of the calf at parturition. Further 
studies following the vaginal microbiome throughout gestation 
are necessary to provide evidence to support this hypothesis.

There were no differences in the microbial composition of 
heifers with high, medium, and low concentrations of estradiol. 
These results are in agreement with a study published by 
Ault et  al. (2019) in which they compared progesterone levels 
to the microbiome; however, they found no differences in the 
microbiome with varying progesterone concentrations. These 
conclusions are quite shocking considering the significant 
impacts hormones have on the vaginal tract throughout the 

estrous cycle (Jinks et  al., 2013). Therefore, while we may not 
have seen any direct differences at the time of AI, we cannot rule 
out with complete certainty that hormones have no impacts on 
the vaginal microbiome throughout gestation.

In the current study, all heifers had undergone an estrus 
synchronization protocol with a CIDR. All heifers had a new 
CIDR inserted for 7 d according to the protocol. The CIDR 
applicator was cleaned with Nolvasan solution between heifers 
to prevent contamination. To date, there is a lack of knowledge 
surrounding how an estrus synchronization protocol, especially 
using CIDRs, could influence the vaginal microbiome. In 
microbiology, it is widely accepted that specific bacteria require 
a certain pH range to grow regardless of their environment. In 
cattle, the pH of the vaginal tract fluctuates during the estrous 
cycle; the pH of the vaginal tract is the most acidic during 
ovulation when estradiol is peaking (Lewis and Newman, 1984). 
Estradiol causes a change in vaginal secretions and causes 
a more acidic vaginal environment compared with a vaginal 
environment under the influence of progesterone (Gorodeski 
et  al., 2005). A limitation to this study is that vaginal pH was 
not measured in these heifers. Moreover, there has also been 
speculation that the immunosuppressive role of progesterone 
in the reproductive tract environment could allow for the easy 
colonization of pathogenic bacteria (Padula and Macmillan, 
2006). Studies in humans have eluded to this concept where 
they have found women in the luteal phase of their menstrual 
cycle are more susceptible to sexually transmitted diseases vs. 
women in the follicular phase (Wessels et al., 2018). It is not clear 
the influence that exogenous progestins have in bovine species, 
but Martinez-Ros et  al. (2018) showed that CIDRs altered the 
vaginal pH in ewes.

In the majority of bovine estrus synchronization protocols, 
there is a very short window between the removal of the CIDR and 
AI (Beef Reproduction Task Force, 2019). Therefore, a CIDR insert 
could alter the vaginal pH by decreasing the acidity which inhibits 
the growth of commensal bacteria. Commensal bacteria often 

Figure 5. Alpha diversity boxplot of vaginal bacterial microbiota in Brangus heifers measured by the Shannon diversity index (panel A). The green box represents 

heifers with low estrogen concentration (1.1 to 2.5 pg/mL), the purple box represents heifers with medium estrogen concentration (2.6 to 6.7 pg/mL), and the brown 

represents heifers with high estrogen concentration (7.2 to 17.6 pg/mL). Black dots represent values for individual samples. Alpha diversity did not differ across groups 

(P = 0.51). PCoA depicting Bray–Curtis dissimilarities across samples (panel B). Heifers with high (maroon diamond; 7.2 to 17.6 pg/mL), medium (purple star; 2.6 to 6.7 

pg/mL), and low (green circle; 1.1 to 2.5 pg/mL) estradiol concentrations are represented. There were no differences in beta diversity between estradiol groups (P = 0.48). 

PC, principal coordinate. 
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inhibit the growth of pathogens in environments by competing 
for nutrients and attachment sites (Abt and Pamer, 2014).  
Due to insufficient time before AI, recolonization of commensal 
bacteria that may be conducive to pregnancy by preventing the 
growth of pathogens is not possible and, therefore, decreased 
fertility results. Additionally, studies have shown that CIDRs 
can cause vaginosis and improper handling could introduce 
bacteria into the vaginal tract (McDougall, 2018). Dias et  al. 
(2019) found that vaginosis caused by CIDR usage does not 
affect fertility in beef cattle; it is possible that the symptoms 
of vaginosis commonly found after CIDR insertion could be an 
immune response to the foreign object itself. Nevertheless, an 
immune response in the vaginal tract during CIDR insertion 
could result in a decrease in commensal bacteria translating 
to an environment that is more susceptible to colonization of 
pathogens. Therefore, more research focused on CIDR usage and 
its relationship with bacterial colonization of the reproductive 
tract is needed.

Similarly, to the pregnant and nonpregnant heifers, there 
were differences in specific OTUs between heifers with 
different estradiol concentrations. P.  multocida, Leptotrichiaceae 
unclassified, and H. somni have all been associated with bovine 
respiratory disease by being found in the lungs of infected 
animals postmortem (Hellenbrand et al., 2013; Johnston et al., 
2017). The significance of these bacteria present in the vaginal 
microbiota at the time of AI is not clear. These bacteria were 
more commonly present in heifers with medium to high 
concentrations of estradiol compared with heifers with low 
concentrations of estradiol. In theory, these heifers should 
have been more receptive to breeding and pregnancy, but the 
pregnancy rate in the current study was very poor (36%); it 
is possible that these bacteria were acting as opportunistic 
pathogens at timed artificial insemination (TAI) in these 
Brangus heifers. Furthermore, these bacteria commonly grow in 
a pH that is near neutral; heifers with high or medium estradiol 
should have had a slightly acidic vaginal pH to inhibit the 
growth of these opportunistic pathogens (Shah et al., 2008; Cho 
et al., 2017; Bandara et al., 2018). The presence of these bacteria 
makes it more plausible that vaginal pH was not physiologically 
decreased enough at the time of AI to inhibit the growth of 
these opportunistic pathogens which eludes to the heifers 
with high estradiol not having more pregnancies (Figure  1). 
A  potential mechanism for these heifers having a pH closer 
to neutral is CIDR usage with inadequate time for estradiol 
to alter the vaginal environment before AI. More directly in 
humans, estradiol acidifies the vaginal tract by active proton 
secretion through the apical vaginal membrane by utilizing 
tight junctions to maintain an acidic environment (Gorodeski 
et al., 2005). Progesterone, the hormone on CIDRs, inhibits the 
insertion of tight junction proteins in the reproductive tract 
(Garfield et al., 1978). Therefore, it is plausible that CIDR insertion 
prevents normal physiological processes from occurring before 
ovulation leading to an increased vaginal pH at AI accompanied 
by increased opportunistic pathogens in the vaginal microbiota.

Additionally, A. seminis was significantly increased in heifers 
with low to medium estradiol concentrations at TAI compared 
with heifers with high concentrations of estradiol. In sheep and 
goats, A. seminis causes infections in both the male and female 
reproductive tracts that leads to decreased fertility and abortions 
(Cebra and Cebra, 2012). Therefore, this bacterium could be 
negatively affecting the reproductive tract by decreasing the 
cyclicity and fertility of heifers.

The differences in OTUs could indicate that vaginal 
dysbiosis was occurring in some groups of heifers. However, 

the microbiome of infected or normal bovine vaginal tracts 
throughout the estrous cycle has yet to be fully characterized. 
Therefore, dysbiosis cannot be confirmed because there is no 
standard healthy vaginal composition for comparison to our 
heifer’s vaginal microbiota. Normally, dysbiosis occurs when 
the commensal bacteria die due to unfavorable environmental 
conditions. These conditions include changes in pH, decreased 
nutrient availability, introduction of chemicals, stress, antibiotic 
usage, dietary changes, and many other factors (Levy et  al., 
2017). The introduction of CIDRs, stress due to animal handling, 
and other environmental factors could have led to vaginal 
dysbiosis in the heifers used in the current study. Africa et al. 
(2014) evaluated the effects of bacterial vaginosis in women, 
finding that this infection altered the equilibrium of the normal 
vaginal microbiota and caused dysbiosis; furthermore, bacterial 
vaginosis has been reported to cause pelvic inflammatory 
disease, adverse pregnancy outcomes, increased susceptibility 
to reproductive tract infections, and infertility. Therefore, the 
decreased fertility observed in this study could be a result of 
vaginal dysbiosis, but conformation of this requires more 
characterization research specifically evaluating healthy heifers 
at TAI.

Lastly, it is important to note that in all heifers, the phyla 
Tenericutes were the most abundant within the vaginal 
microbiome, specifically Mycoplasma and Ureaplasma species. 
These bacteria are small pleomorphic obligate intracellular 
cocci that lack a cell wall (Combaz-Sohnchun and Kuhn, 
2017). Therefore, the identification of these bacteria using 
a microscope is extremely difficult. Due to the difficulty to 
culture and identify, these species could be easily overlooked 
in the analysis of fertility issues. Both species, Mycoplasma 
and Ureaplasma, are commensals of the urogenital tract. 
Ureaplasma urealyticum has been found to cause spontaneous 
abortions in women between 10 and 20  wk of gestation 
(Ahmadi et al., 2014). Mycoplasma species have been associated 
with spontaneous abortion, polyarthritis, and mastitis in cattle 
(Hum et al., 2008). Normally, these species are more abundant 
in certain environments and inoculate the vaginal tracts of 
animals in those environments; therefore, certain farms are 
more susceptible to negative reproductive effects from these 
bacteria than others based on location (Murai and Higuchi, 
2019). As previously mentioned, the pregnancy rates of the 
heifers utilized in this research were surprisingly low. The 
decreased fertility of these heifers may be attributed to the 
accidental introduction of Mycoplasma and Ureaplasma species 
to the uterine body by the AI gun; (Crane and Hughes 2018) 
found a potential for Ureaplasma species to infect embryos 
resulting in abortion, gestational losses, and pathologies in 
calves after birth. Therefore, many heifers on this project could 
have had successful conception, but once the embryo migrated 
to the uterine body, these opportunistic pathogens caused 
early embryonic death leading to low pregnancy rates at 41 to 
57 d post-AI.

In conclusion, no differences were found in the vaginal 
bacterial community profiles of heifers with different 
pregnancy status or estradiol concentrations. Overall, it can be 
concluded that the vaginal microbiome is diverse and finding 
significant differences in the composition as a whole has 
proven difficult. However, species-level differences can provide 
insights into the innerworkings of the vaginal microbiome 
to determine if an animal is more susceptible to infection, 
spontaneous abortion, or successful conception. To fully 
understand the vaginal microbiome, more research is needed, 
especially research focused on the species-level changes in 
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the vaginal microbiome throughout the estrus cycle, gestation, 
immediately following parturition, and any other significant 
reproductive events.
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