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ABSTRACT Bacterial vaginosis (BV) is the most common cause of vaginal discharge
in reproductive-age women. BV has been associated with poor reproductive out-
comes such as preterm delivery, the acquisition of sexually transmitted infections, in-
cluding HIV, and pelvic inflammatory disease. BV represents the acquisition of a di-
verse community of anaerobic and facultative bacteria and a reduction in
lactobacilli. It can be diagnosed using several tests ranging from clinical indicators,
point-of-care tests, and molecular assays. Molecular technologies are objective, are
able to detect fastidious bacteria, enable quantitation, and are ideal for self-collected
vaginal swabs. This paper reviews the currently available BV diagnostic tests in the
United States.
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Bacterial vaginosis (BV) is a condition characterized by an alteration in vaginal flora
and is the most common cause of vaginal discharge in reproductive-age women

(1). In the United States, it is estimated that nearly 30% of the general population of
women has had BV, and the prevalence varies with race and ethnicity (2). Black/African-
American women (odds ratio [OR], 3.13; 95% confidence interval [CI], 2.58 to 3.80) and
Mexican-American women (OR, 1.29; 95% CI, 0.99 to 1.69) have higher odds of BV than
white non-Hispanic women. BV has been associated with poor reproductive outcomes
such as preterm delivery, the acquisition of sexually transmitted infections, including
HIV, and pelvic inflammatory disease (3–6). Many women report a fishy odor and
vaginal discharge; however, up to 50% may be asymptomatic (7, 8). BV can be
diagnosed using several different tests ranging from clinical indicators, point-of-care
tests, and molecular assays. However, studies show that symptomatic patients may be
misdiagnosed, as clinicians might not have access to specific diagnostic tools or may
not adhere to the strict diagnostic criteria of clinical indicator tests (9).

MICROBIOLOGY

BV is not caused by a single organism, instead, it represents the acquisition of a
diverse community of anaerobic and facultative bacteria and a reduction in lactobacilli
(10, 11). The most common types of lactobacilli in the vagina include Lactobacillus
crispatus, L. jensenii, L. gasseri, and L. iners (11, 12). Most of these lactobacilli act as
important host-defense mechanisms against BV by secreting substances that inhibit the
growth of microbial pathogens and indigenous anaerobes (13). For example, L. crispa-
tus produces lactic acid and hydrogen peroxide, which help to maintain a low vaginal
pH (14, 15). Recent data suggest that lactic acid has greater bactericidal activity against
BV-associated bacteria than hydrogen peroxide (14, 16). L. iners, in contrast, has been
found in women with and without BV (17). In a study that used a combination of
broad-range PCR, cloning, and sequencing, women with BV had greater bacterial
diversity, with 9 to 17 bacterial species (mean, 12.6), while women without BV had 1 to
6 bacterial species (mean, 3.3) (18). This study also reported bacteria that were
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frequently detected in women with BV that included Gardnerella vaginalis, Atopobium
vaginae, Megasphaera types, Leptotrichia amnionii, Sneathia sanguinegens, Porphyromo-
nas asaccharolytica, a bacterium related to Eggerthella hongkongensis, and bacteria
related to Prevotella species. Less frequently detected bacteria included Peptostrepto-
coccus spp., Aerococcus, Anaerococcus, Gemella, and Veillonella genera. Thirty-five
unique bacterial species were identified in women with BV, 16 of which were newly
characterized, including fastidious bacteria termed BV-associated bacterium 1 (BVAB1),
BVAB2, and BVAB3. BVAB1, -2, and -3 were highly specific indicators for BV.

A substantial body of literature exists on G. vaginalis, as it was originally thought to
be the single bacterium responsible for BV. In 1955, before informed consent was
required for clinical investigation, Gardner and Dukes inoculated the vaginas of 15
healthy women with secretions from women with BV, and 11 of them developed BV
symptoms (19). Since their early work, numerous studies have shown that G. vaginalis
can be recovered from 98% to 100% of women with BV; however, it can also be
recovered from up to 55% of women without BV (20).

Despite this lack of specificity, G. vaginalis is still a key bacterium in the etiology of
BV. G. vaginalis is the main bacterium that produces a biofilm matrix, whereas other
bacterial species such as A. vaginae and Fusobacterium spp. stimulate and enhance the
biofilm formed by G. vaginalis (21). These biofilms are communities of microorganisms
attached to the surface of epithelial cells and are encased in a polymeric matrix of
polysaccharides, proteins, and nucleic acids (22) Biofilms are important clinically, be-
cause they are able to adhere to epithelial cells even in the presence of lactic
acid-producing bacteria such as lactobacilli, which may inhibit their elimination by the
immune system or prevent microbiologic cure after antibiotic usage (23–26). Some in
vitro studies have shown that G. vaginalis biofilms are more tolerant to lactic acid and
hydrogen peroxide than G. vaginalis in broth culture (24).

Furthermore, G. vaginalis has four different clades that differ in genome sizes and
core gene contents. Each of these clades possesses unique genetic markers, which may
lead to different metabolic by-products and virulence (27). For example, sialidase,
which enhances biofilm formation through its mucinase activity, has been detected in
all clades, but enzymatic activity has been detected only in two of the four (28, 29).
Additionally, certain G. vaginalis clades, e.g., clades 1 and 3, are found more commonly
among women with BV than among women without BV (30). Research is ongoing to
determine whether quantitative assessments of G. vaginalis might be more diagnostic
than qualitative assessments and whether there are differences in virulence among the
different clades.

Several bacterial species present in women with BV produce metabolic by-products
that can be detected in vaginal fluid. First, anaerobic bacteria produce proteolytic
carboxylase enzymes that metabolize peptides into volatile amines (putrescine, cadav-
erine, and trimethylamine). Amines, such as trimethylamine, lead to the classic fishy
odor characteristic of BV, which is one of the clinical indicators for a BV diagnosis.
Second, organic acids such as succinate, acetate, and other short-chain acids can be
detected in women with BV. Third, the enzymes proline aminopeptidase and sialidase
produced by several bacteria in women with BV are used in some diagnostic assays.

POINT-OF-CARE TESTS
Saline microscopy or wet mount. Amsel’s criteria are generally used to make the

diagnosis of BV using saline microscopy. A diagnosis requires the presence of at least
three of the four criteria (i.e., thin, watery homogenous discharge; elevated vaginal pH
[�4.5]; 20% of clue cells on saline microscopy; and a fishy odor after the addition of
10% potassium hydroxide to a slide of secretions [whiff test]) (7). The rise in pH that
occurs in BV facilitates the adherence of G. vaginalis, which then produces cytotoxins
and a biofilm that is exfoliated, leading to appearance of clue cells. Figure 1 presents
a model showing bacteria that are associated with Amsel’s criteria for the diagnosis of
BV. It attempts to demonstrate how some of the newer molecular 16S rRNA sequencing
research on noncultivable organisms associated with BV may relate to some of the
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more standard Amsel’s methods with which BV has traditionally been diagnosed by
clinicians. The sensitivity and specificity for Amsel’s criteria have ranged from 37% to
70% and 94% to 99%, respectively, compared to the gold-standard Gram stain Nugent
score, and the reproducibility is moderate (31, 32). Microscopy is desired by some
clinicians, because it is relatively fast and a diagnosis can be made during the office
visit. However, data suggest that clinicians do not routinely assess all criteria or may
inaccurately diagnose BV on the basis of a lack of time or skills (33).

OSOM BV Blue. The OSOM BV Blue assay (Genzyme Diagnostics, Cambridge, MA) is
a chromogenic point-of-care test (POCT) that measures sialidase levels in vaginal fluid.
Sialidases, formerly known as neuraminidases, are produced by bacteria such as
Gardnerella and Bacteroides species. The test is a dipstick and the results are available
within 10 min; hence, it is a very useful bedside tool, especially in clinics without
microscopy. The sensitivity and specificity for the OSOM BV Blue assay range from 88%
to 94% and 91% to 98%, respectively, compared to Nugent and Amsel’s criteria (34, 35).

FemExam card. The FemExam (Cooper Surgical, Shelton, CT) POCT detects meta-
bolic products of G. vaginalis, which include amines and the activity of proline amino-
peptidase, and measures vaginal pH. It consists of two plastic cards; one card is for pH
measurement and the presence of trimethylamine, and the second card is for proline
aminopeptidase measurement. The combined sensitivity of cards 1 and 2 is 91% and
the specificity is 61% compared with the Nugent score. It is very fast (2 min), objective,
and easily performed (36).

LABORATORY TESTS
Gram stain. The Gram stain is the gold-standard for the diagnosis of BV and has

been used in laboratories since 1965. Gram stain results consistent with BV include
Gardnerella morphotypes, including cocci, fusiforms, and curved rods, and reduced

FIG 1 Relationship between Amsel’s criteria and bacterial communities in women with bacterial vagi-
nosis. Diagram showing the bacterial taxa that are associated with the four factors used to diagnose BV
using Amsel’s criteria (50). For example, G. vaginalis is associated with elevated pH, clue cells, and a
positive whiff test. Asterisks represent bacteria present in �75% of women with BV, and taxa in bold are
those associated with Amsel’s criteria as a composite unit.

Minireview Journal of Clinical Microbiology

September 2018 Volume 56 Issue 9 e00342-18 jcm.asm.org 3

http://jcm.asm.org


lactobacilli morphotypes. Gram stains are more specific for BV with high interobserver
and intraobserver reproducibility than are Amsel’s criteria (37); however, it is time
consuming. The three bacterial morphotypes with the highest degree of reproducibility
are Lactobacillus (large Gram-positive rods), Gardnerella and Bacteroides (small Gram-
positive or Gram-variable rods), and Mobiluncus (curved Gram-negative or Gram-
variable rods). A standardized scoring system for the diagnosis of BV, called the Nugent
score, is most often used. With the Nugent score, the slide is examined for the quantity
of Gram-positive rods and lactobacilli (i.e., normal flora) and Gram-negative or Gram-
variable morphotypes (BV flora) (38). The results are given as a score of 0 to 3 (normal
flora), 4 to 6 (intermediate or mixed flora), and 7 to 10 (BV). Women with intermediate
or mixed flora often have elevated pH, clue cells, and a mild amine odor, which may be
overdiagnosed as BV if Amsel’s criteria were used alone. Prior studies found that 37%
to 54% of women with intermediate flora determined by the Nugent score had BV by
Amsel’s criteria (34, 39). Unless arranged with a clinical laboratory, the results are
typically not available at the time of an office visit. Because of the skill set needed to
read slides and the volume of tests required to be performed to maintain proficiency,
the Nugent score is typically used only in research settings. The scoring of morphotypes
is also highly subjective and influenced by individual skill. Other disadvantages of the
Nugent score include the inability to identify several of the newer bacterial morpho-
types that have been associated with BV.

MOLECULAR DIAGNOSTIC ASSAYS

Given the limitations of microscopy and other POCTs for BV diagnosis, new tech-
nologies using molecular markers of BV have been developed. Molecular technologies
are advantageous over POCTs and microscopy-based tests because they are objective,
are able to detect fastidious bacteria, enable quantitation, and are ideal for self-
collected vaginal swabs. These technologies offer higher performance and are based on
the detection of specific bacterial nucleic acids. The primary types of commercial
molecular assays available in the United States for BV diagnostics are direct DNA probe
and nucleic acid amplification assays.

Direct probe assays. Direct probe assays introduce a DNA probe to a vaginal fluid
sample. The DNA probe binds to specific sequences from a particular bacterium and
can detect the presence of different bacteria in a single sample. Some tend to have high
clinical sensitivity due to the targeting of rRNA, which is present in thousands of copies
in each cell in contrast to DNA, which is not as abundant.

(i) Affirm VP. The Affirm VP assay (Becton Dickinson, Sparks, MD) is a synthetic
oligonucleotide probe test that uses a rapid (30 min), semiautomated nonisotopic assay
for high concentrations of G. vaginalis nucleic acids. It uses two distinct single-stranded
probes, a capture probe, and a color development probe. The detection of greater than
5 � 105 CFU of G. vaginalis per milliliter of vaginal fluid is used to diagnose BV, which
was similar to a BV diagnosis using clue cell detection by wet mount and the Nugent
score among a population of sexually transmitted disease clinic attendees (40). The
DNA probe test had a reported sensitivity of 90% and specificity of 97% compared with
the detection of clue cells by microscopy and sensitivity of 94% and specificity of 81%
compared with Nugent score diagnosis of BV. However, because G. vaginalis can be
detected in 36% to 55% of women without clinical signs of BV (7, 41–43), this test is
most useful in symptomatic patients and when used in conjunction with vaginal pH
and the presence of amine odor. Using these additional clinical criteria can increase the
sensitivity to 97% and specificity to 71%. Because mixed infections are common, this
assay now also offers the ability to diagnose the other common causes of vaginitis, such
as Candida spp. and Trichomonas vaginalis. The company markets this triple test as the
Affirm VPIII microbial identification test (Becton Dickinson, Sparks, MD).

(ii) Bacterial vaginosis/vaginitis panel. This DNA probe test (Quest Diagnostics,
Secaucus, NJ) is FDA approved for use in symptomatic patients only. It uses nucleic acid
hybridization and has two distinct single-stranded probes for G. vaginalis. The test is
read as negative if there are less than 2 � 105 CFU G. vaginalis. However, as noted
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previously, up to 55% of women without BV may harbor G. vaginalis in low concen-
trations. The detection of G. vaginalis is not diagnostic of BV, and other clinical
indicators (i.e., Amsel’s criteria) should be used to help make the diagnosis. Additionally,
this test was not studied in patients who were given treatment and cannot be used to
gauge response to treatment. The expanded panel includes the detection of Candida
spp. (1 � 104 CFU) and T. vaginalis (5 � 103 trichomonads).

Nucleic acid amplification tests.

Nucleic acid amplification tests (NAATs), such as PCR, are theoretically capable of
detecting as little as one organism in a sample. Many research and commercially
available NAAT assays have been published. They use techniques that enzymatically
multiply a specific nucleic acid sequence exponentially, resulting in the production of
billions of copies of the sequence in a short period of time. The amplified product is
then easily detected by DNA probes or other methods. These real-time PCRs have been
used by many researchers, as DNA amplification can be observed in real-time, which
eliminates the need for postamplification analysis and decreases the chances for
contamination.

In a follow-up from their original work, Fredricks et al. developed a panel of
taxon-directed 16S rRNA gene PCR assays for the detection of 17 vaginal bacteria (44).
The bacterial PCR assays were capable of detecting �100 molecules of cloned 16S rRNA
gene per reaction. Using samples from a greater number of women with and without
BV, they assessed the prevalence of each of these bacterial species. Among women
with BV, there was an average of 11.1 species detected (range, 5 to 16), while women
without BV had an average of 3.6 species (range, 0 to 14). The detection of either BVAB2
or Megasphaera type 1 had a sensitivity of 95.9% and specificity of 93.7% compared
with the Nugent score. Given the polymicrobial nature of BV, it is desirable to amplify
more than one target sequence at a time. Hence, quantitative multiplex PCR assays
have been the focus of development. Multiplex PCR uses unique primer and probe sets
that bind to regions of the 16S rRNA gene to provide a quick and simple alternative to
Southern blot analysis for the evaluation of gene copy number or expression levels.
Different bacterial species that are associated with BV have divergent positive predic-
tive values (PPV) for diagnosis of BV if used alone. However, the combined detection of
several different bacterial species might improve the test characteristics for BV diag-
nostics. Four quantitative or semiquantitative multiplex real-time PCR assays are com-
mercially available in the United States. Table 1 shows the indicator organisms used in
each testing algorithm.

(i) NuSwab. The first quantitative multiplex PCR assay (Laboratory Corporation of
America Holdings, Burlington, NC) used logistic regression to select organisms to
diagnose BV. It detects three bacterial species that have been shown to be useful
predictors of BV that include A. vaginae, BVAB2, and Megasphaera type 1 and one
lactobacilli species, L. crispatus, which has been reported to be a negative predictor of
BV (45). This assay does not include G. vaginalis to avoid the misinterpretation of results,
since G. vaginalis is very common in women who do not have BV, as well as in women
with BV. Using samples from symptomatic women, the assay demonstrated 96.7%
sensitivity, 92.2% specificity, 94% PPV, and 95.6% negative predictive value (NPV) for BV
detection compared with a combination of the Nugent score and Amsel’s criteria. The

TABLE 1 Bacteria detected in commercially available PCR assaysa

Organism NuSwab SureSwab BD Max MDL BV panel

A. vaginae X X X X
G. vaginalis X X X
Megasphaera (type 1, type 2 and/or species) X X X X
BVABb (type 1 and/or type 2) X X X
Lactobacillus species X X X X
aCommercially available PCR assays detect different combinations of indicator organisms.
bBVAB, BV-associated bacteria.
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assay uses a scoring system where scores of 0 to 1 are considered negative for BV,
scores of 3 to 6 are considered positive for BV, and a score of 2 is considered
intermediate for BV. In its validation study, 5.3% of BV samples were classified as
intermediate. This assay also has an expanded version that detects Candida albicans,
Candida glabrata, Chlamydia trachomatis, Neisseria gonorrhoeae, and Trichomonas vagi-
nalis infections.

(ii) SureSwab BV DNA quantitative real-time PCR. The second quantitative
real-time multiplex PCR assay (Quest Diagnostics, Secaucus, NJ) detects hydrogen
peroxide-producing lactobacilli (Lactobacillus acidophilus, L. crispatus, and L. jensenii)
that are negative indicators of BV, as well as G. vaginalis, A. vaginae, and Megasphaera
spp. Table 2 shows the complexity of a BV diagnosis based on certain indicator
organisms and is an example of how the reported results can be interpreted according
to data from the company’s (Quest Diagnostics, Secaucus, NJ) website.

(iii) BD Max vaginal panel. The third quantitative real-time multiplex PCR assay
(Becton Dickinson, Sparks, MD) that recently received FDA market authorization for the
diagnosis of vaginitis in symptomatic women provides a positive or negative result for BV
Candida group (C. albicans, C. tropicalis, C. parapsilosis, and C. dubliniensis), C. glabrata or C.
krusei, and Trichomonas vaginalis (46). This multiplex assay uses a proprietary algorithm to
diagnose BV that includes quantitative an assessment of lactobacilli (L. crispatus and L.
jensenii), G. vaginalis, A. vaginae, Megasphaera type 1, and BVAB2 (46). Compared to the
reference of a combined Nugent score and Amsel’s criteria, the test had 90.5% sensitivity
(95% confidence interval [CI], 88.3% to 92.2%), 85.8% specificity (95% CI, 83% to 88.3%),
89% PPV (95% CI, 87.1 to 90.7), and 87.7% NPV (95% CI, 85.4 to 89.8) for BV.

(iv) BV panel. The fourth quantitative real-time multiplex PCR assay (Medical
Diagnostic Laboratory, Hamilton Township, NJ) evaluated nine vaginal bacterial organ-
isms as potential diagnostic markers of BV and, through quantitation and receiver
operating curve (ROC) analyses, found that three were predictive of BV diagnosis: A.
vaginae, G. vaginalis, and Megasphaera phylotypes 1 and 2 (47). The investigators found
that G. vaginalis was a highly accurate predictor of BV if quantitation and ROC analysis
were performed. In contrast, the inclusion of L. crispatus did not contribute to the
diagnostic accuracy and was not included in the final model. Compared to the
reference of a combined Nugent score and Amsel’s criteria, the test had 92% sensitivity,
95% specificity, 94% PPV, and 94% NPV for BV. The company has since added BVAB2
and Lactobacillus profiling that increases the sensitivity to 99% and specificity to 94%.

Emerging assays. Many studies have used techniques such as microarray analysis
and next-generation sequencing (NGS). The use of these methods has enabled se-
quencing of known and unknown organisms implicated in BV, which have subse-
quently provided the foundation for the development of commercial molecular BV

TABLE 2 SureSwab diagnostic algorithm

Organism

Scenario

Supportive of
BV Equivocal

Not supportive
of BV

1 2 3 1 2 3 1 2 3

A. vaginae
Absent X X X
Present X X

G. vaginalis (log cells/ml)
�6 X X X
�6 X X

Megasphaera spp.
Absent X X X
Present X X

Lactobacillus spp.
Absent X X X X
Present X X X X
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diagnostics. These assays are not commercially available and are typically performed in
large reference laboratories.

(i) Microarray analysis. Microarrays contain a unique nucleotide sequence that
represents a specific gene, chromosomal location, or other nucleic acid sequence being
interrogated. This technology requires knowledge of the expected organisms in the
sample. Labeled nucleic acids are incubated on the surface of the microarray to enable
hybridization between the microarray probes and the vaginal fluid sample-derived
nucleic acids. Although the designs vary greatly, arrays may contain many thousands or
millions of unique DNA probe sequences that appear as separate dots or features on a
fixed surface. Gene expression arrays require the application of mRNA or cDNA to the
microarray that contains all known genes expressed by a particular bacterium. The
levels of gene expression can be determined by the intensity of the signals at each spot.
Microarray results using mRNA isolated from two or more vaginal fluid samples can be
compared to assess the up- or downregulation of each gene represented on the
microarray. Oligonucleotide-based microarray analysis has been used to detect known
bacterial species such as G. vaginalis, A. vaginae, Megasphaera species, Mobiluncus
mulieris, Sneathia sanguinegens, and Prevotella species (48). A recent report demon-
strated a microarray analysis that included probes from 17 bacterial targets associated
with BV (49); however, there are not any commercially available microarray diagnostics
in the United States.

(ii) Sequencing technology. In contrast to microarrays, NGS, such as Illumina 16S
rRNA and 454-sequencing, can detect sequences without prior knowledge of the
bacterial species, which can help deepen the understanding of the diverse vaginal
microbiota. Amplicon sequencing methods such as Illumina derive the family, genus,
and species assignments from a comparison of V1 to V3 or V4 16S rRNA gene
sequences with those of strains present in the ribosomal database project. These NGS
technologies produce massively parallel sequencing data. Groups of genes or an entire
genome with each segment of DNA being sequenced tens, hundreds, or thousands of
times can be read. These provide an increased ability to detect low-level variation and
make sequencing across large amounts of DNA more feasible. Assays capable of
sequencing an entire gene or group of genes related to BV have been developed. The
rapid development of NGS platforms have enabled costs to decrease. One limitation is
that a particular species can be under- or overrepresented, since it may be difficult to
discriminate the various regions of the 16S rRNA gene sequences from two separate
species.

CONCLUSION

In summary, there are a wide variety of diagnostic assays available to diagnose BV,
ranging from POCTs to molecular assays. Clinicians will need to consider costs, result
time, and accuracy in their decision to select a particular assay to test for BV among
symptomatic women. There are not any recommendations to screen asymptomatic
women for BV. This review is intended to increase the knowledge about the different
molecular assays offered and their test characteristics (Table 3), as not all of the

TABLE 3 Test characteristics of select clinical diagnostic tests for BVa

Test Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%)

Point-of-care tests
Wet mount 37–70 94–99
OSOM BV Blue (34) 88 95 93 91
FemExam card (36) 91 61.5 69.8 87.5

Multiplex PCR tests
NuSwab (45) 96.7 92.2 94 95.6
SureSwabb

BD MAX vaginal panel (46) 90.5 85.8 89 87.7
MDL BV panel (47) 99 94 94 94

aReference standard is the Nugent score and/or Amsel’s criteria.
bNo published test characteristics found in the literature.
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molecular assays may be worth utilizing in clinical practice. Clinicians may want to
avoid using single BV indicator organism (e.g., G. vaginalis) assays, such as the direct
probe assays, in favor of multiplex PCR technology that is able to detect multiple
indicator organisms. While the wet mount is advantageous for its low cost and
immediate results, the multiplex PCR assays might be more useful in the diagnostic
work-up of symptomatic women with recurrent vaginitis. Although these multiplex PCR
assays assert an improved accuracy of diagnosing BV, a possible limitation of their
performance evaluation is the reference standard to which they are compared. How-
ever, as technology continues to advance, it will enable further understanding of the
complexity of BV.
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