FROM THE LAB
Vaginal Infections and Maternal-Child Health
Emerging Role of DNA-Based Diagnostic Technologies

Relationship Between Vaginal Microbiota and Infections
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The vaginal microbiota plays a central role in the health and disease of the female genital tract.28 Vaginal infections result
from an imbalance in the normal vaginal microbiota and often lead to symptoms such as itching, burning, increased vaginal
discharge, foul or fishy odor, and dysuria. Vaginal discharge is most commonly due to bacterial vaginosis (BV) and infections
with Trichomonas vaginalis (T. vaginalis) and Candida species.
TOP CAUSES OF VAGINAL INFECTIONS
BV accounts for 40% to 50% of cases of vaginal infections in
which a cause is identified, vulvovaginal candidiasis (VVC)
accounts for 20% to 25%, and trichomoniasis for 15% to
20% of cases.33
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Alterations in the normal vaginal microflora have also been
associated with an increased susceptibility to sexually
transmitted and other pathogenic organisms that lead to
adverse reproductive outcomes ranging from infertility
and chronic pelvic pain to significant maternal and neonatal
morbidity and mortality.24 Therefore, accurate diagnosis
and targeted treatment of vaginal infections are paramount
for preventing a wide range of poor health outcomes for
women.

Composition of a Normal Healthy Vaginal Microbiota
Over the past several years, nucleic acid-based testing has shed considerable light on the composition of normal vaginal
microbiota and its role in preventing infections. A normal, healthy vaginal microbiome consists of numerous microbes that
work synergistically to inhibit the growth of potentially pathogenic organisms.
An abundance of several species of Lactobacillus plays a central role in maintaining a healthy microbiome. The production of
lactic acid and hydrogen peroxide by a number of Lactobacilli helps to maintain a low vaginal pH30, and hydrogen peroxide
is considered essential for inhibiting the overgrowth of normal facultative anaerobes.11 Lactobacillus species also produce
bacteriocins, biosurfactants, and co-aggregating molecules that inhibit the adhesion of pathogens.36 However, not all
Lactobacilli are created equal. The anti-inflammatory immune profile linked to the presence of Lactobacillus crispatus seems
to protect women from disruptions of the normal vaginal microbiome.13, 42 For instance, women with Lactobacillus crispatusdominated vaginal microbiome were found to have no bacterial sexually transmitted infections as well as the lowest
prevalence of human immunodeficiency virus (HIV), human papillomavirus (HPV), and herpes simplex virus type 2 (HSV2).6 In vitro studies have also demonstrated an inhibitory effect of vaginal Lactobacilli on the growth of Neisseria gonorrhoeae
(N. gonorrhoeae).41
The normal vaginal microbiota also includes numerous commensal microorganisms such as Candida albicans (C. albicans),
Staphylococcus aureus (S. aureus), and Streptococcus agalactiae (S. agalactiae or group B Streptococcus (GBS)) that under
normal conditions exist symbiotically with other organisms within a healthy microbiome.19
The composition of normal vaginal microbiota is heavily influenced by numerous factors including age, ethnicity, changes
in hormonal levels, environmental and behavioral factors, which must all be taken into consideration when evaluating test
results.

2868 Acton Road, Suite 207, Birmingham, AL 35243 | 855.319.4459 | AssuranceScientificLabs.com

Figure 1. Visualization of interrelationships among various urogenital conditions involving micro-organisms.42
Green colors indicate desirable conditions, and red colors indicate undesirable conditions. In both cases, the darker the color, the more desirable or undesirable the
condition, respectively. The size of the circles is relative to the size of the respective epidemics, but only very roughly. The STI circle does not include viral STIs. The circles
on the far left and far right appear as if they do not overlap because the image is two dimensional, but they do overlap somewhat. It is important to note that few studies
on the associations between urogenital conditions and host responses or adverse outcomes (which determine whether a condition is desirable or undesirable) have been
holistic. For example, many studies only employ 16S ribosomal RNA sequencing of the vaginal microbiota, but this does not cover fungi, protozoa, and viruses and does
not reliably identify Chlamydia trachomatis and Neisseria gonorrhoeae. Abbreviations: GBS, Group B streptococcus; STI, sexually transmitted infection. * Complications
include HIV acquisition, pelvic inflammatory disease, adverse pregnancy outcomes, and maternal and neonatal infections.42

Vaginal Dysbiosis: Disruption of the Normal Microbiota Leads to Adverse
Reproductive Health Outcomes
Vaginal dysbiosis is defined as a prolonged deviation from a low-diversity, Lactobacilli-dominated vaginal microbiome.
Bacterial vaginosis (BV), aerobic vaginitis (AV), and infections with T. vaginalis are all associated with vaginal dysbiosis,
while vaginal colonization with Candida species appear to be more common in women with Lactobacilli-dominated
microbiome.4, 20, 45 Vaginal dysbiosis disrupts the cervico-mucosal barrier such that mucus and vaginal secretions are less
efficient in their ability to trap or inactivate pathogens.6
The most common type of vaginal dysbiosis is high-diversity anaerobic dysbiosis as seen with bacterial vaginosis (BV) in
which disruption in Lactobacilli dominance leads to an overgrowth of anaerobic bacteria including Gardnerella vaginalis (G.
vaginalis), Atopobium vaginae (A. vaginae), Prevotella species, Mobiluncus species, Megasphaera species, Ureaplasma species,
Mycoplasma species and numerous other fastidious anaerobes.9, 43
BV-associated anaerobic dysbiosis also increases the risk of infection with HSV-2, C. trachomatis, and N. gonorrhoeae2, 10
as well as HPV, HIV, and T. vaginalis infection.45 BV has not only linked the development of ascending pelvic inflammatory
disease32, but BV-associated organisms have also been directly implicated in infections such as acute salpingitis and
endometritis.16 Obstetrical complications such as preterm delivery and pre-labor rupture of membranes PROMs are more
common in women with BV and are potentially mediated through the activation of inflammatory pathways involved in the
initiation of labor.3, 19
Aerobic vaginitis (AV) is thought to result from an underlying inflammatory disorder with the secondary development of
decreased Lactobacilli and overgrowth of aerobic bacteria such as GBS, Enterococcus faecalis (E. faecalis), Escherichia coli (E.
coli), and S. aureus.25, 37 The incidence of AV is between 5% and 23% of reproductive-age women12 and 4-8% of pregnant
women.35 In the absence of proper diagnostic evaluation, AV may be misdiagnosed as BV. If undiagnosed, untreated or
incorrectly treated, AV can lead to complications such as desquamative inflammatory vaginitis and has also been linked to
preterm birth (PTB), PROM, chorioamnionitis, funisitis of the newborn, and neonatal ICU admissions.17, 22
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Bacterial pathobionts comprise another type of vaginal dysbiosis.44 Pathobionts are defined as any potentially pathogenic
organism that, under normal circumstances, causes no harm. In the vaginal microbiome, pathobionts include GBS, S. aureus,
and species in the Enterobacteriaceae family among others.18, 44 These bacteria are often associated with the development
of pelvic inflammatory disease as well as severe maternal and neonatal infections.5, 8 GBS and E. coli are associated with
preterm birth, very-low-birth-weight delivery, and puerperal sepsis1, 23, and are the leading cause of early-neonatal sepsis
worldwide.40

Nucleic Acid Testing for Vaginal Infections
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Studies have shown that molecular diagnostic methods are
more accurate and objective than microscopy for diagnosing
BV.27, 38 The Amsel criteria-based on the evaluation of thin,
discharge, positive whiff test, clue cells on microscopy—is
often used in office settings and has sensitivities ranging
from 83 to 93% and specificities from 82 to 94%.39
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In a study evaluating 1,740 clinician- and self-collected
samples from symptomatic patients, the sensitivity and
specificity of nucleic acid amplification compared with the
reference methods (including Gram stain, microscopy, Amsel
criteria, and culture) was 90.5% and 85.8% for BV, 90.9% and
94.1% for vaginal candidiasis, and 93.1% and 99.3% for the
detection of T. vaginalis, respectively.14
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History and physical examination cannot be relied upon to make a diagnosis of vaginal infections. Overall, clinical diagnosis
of BV, trichomoniasis, and Candida vaginitis based on physical examination and microscopy has been shown to be 8185% sensitive and 70-99% specific.26 Therefore, accurate and comprehensive diagnostic methods are needed to direct
treatment and reduce risks of recurrent or more severe vaginal infections and their broader sequelae. Nucleic-acid based
tests have demonstrated greater accuracy than standard office-based tests such as microscopy that can be labor intensive
and susceptible to subjective interpretation, and laboratory
sensitivity
specificity
tests such as culture and Gram stain that can be time
consuming and delay results.

T. vaginalis

Compared to Amsel criteria and the Nugent score, quantitative real-time PCR assay laboratory testing G. vaginalis has
demonstrated a sensitivity and specificity of 100 and 93%, respectively.29 The use of a comprehensive PCR assay may also
provide additional diagnostic benefits. For instance, in one study, detection of a high prevalence of AV organisms using a
quantitative PCR assay suggested the possibility of alternative diagnoses to BV.27 Furthermore, the ability to measure the
relative abundance of normal and BV microbiota versus determining an absolute count of BV-related microorganisms may
provide a more accurate determination of BV status.27, 38
Currently, the Centers for Disease Control and Prevention (CDC) recommends nucleic acid amplification testing for the
diagnosis of trichomoniasis in symptomatic or high-risk women because of the higher sensitivity than saline microscopy
(95% to 100% vs. 51% to 65%). In addition, these tests can be performed on endocervical, vaginal, or urine specimens, or on
liquid-based Pap test samples.33
Ninety-five million infections with C. trachomatis and N. gonorrhoeae are estimated to occur globally, and 15% of untreated
infections progress to pelvic inflammatory disease.15, 34 Therefore, cervical or vaginal nucleic acid amplification tests for N.
gonorrhoeae and C. trachomatis infection should performed in all women with suspected pelvic inflammatory disease.8

Testing for Antibiotic Resistance
A growing number of opportunistic pathogens demonstrate antibiotic resistance. Treatment of BV with clindamycin
has been linked to the development of antimicrobial resistance among anaerobic bacteria.21 Resistance to antimicrobial
therapies for N. gonorrhoeae, Mycoplasma genitalium (M. genitalium), and Candida have been well documented. 8, 21, 31 When
available, antibiotic sensitivity profiles of aerobic and anaerobic vaginal pathogens in women of reproductive age should be
an essential part of an assessment.
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Assurance Scientific Laboratories Vaginal Infections Panel
At Assurance Scientific Laboratories, we provide accurate, comprehensive PCR assay for the detection of organisms
comprising both normal vaginal microbiota and pathogens implicated in a wide range of vaginal infections including
sexually transmitted diseases. In addition, we offer antibiotic sensitivity profiles to help clinicians develop targeted
therapies that may reduce the use of broad therapeutic regimens known to contribute to the growing threat of antibiotic
resistance.

General Guidelines
Laboratory test results should always be considered in the context of clinical observations and epidemiological data (such
as local prevalence rates and current outbreak/epicenter locations) in making a final diagnosis and patient management
decisions. With any test, the possibility of false positive and false negative results should always be considered, and the
impact on patient management decisions and clinical outcomes should be carefully weighed.
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