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ABSTRACT
Introduction: Vaginitis includes a wide array of conditions and is a general diagnosis, but it is one of the most 
common reasons medical care is sought by women. The exact incidence of vaginitis is not known, however 
it is so common that most women experience at least one episode in their lifetime, and more than half have 
multiple episodes. Bacterial vaginosis (BV), vulvovaginal candidiasis, and trichomonas account for 70% of vaginitis 
diagnoses, with 40-50% of those being BV, 20-25% being vaginal candidiasis, and 15-20% being trichomoniasis. 
Proper identifi cation of the cause of vaginitis is imperative to manage the infection effectively and avoid treatment 
failure, which can lead to prolonged symptoms for the patient. Conventional microbiology methods for vaginitis 
diagnosis can require extended turnaround times and can utilize subjective decision making points, which leaves 
a strong need for faster, more specifi c, and more sensitive molecular based vaginitis testing.
Methods: The AMPIPROBE® Candida, NG/CT/Trich, Bacterial Vaginosis, and UP/Mg/Mh Assay Kits (Enzo Life 
Sciences, Farmingdale, NY) provide multiplex real-time PCR testing that utilizes paired fl uorophore- and quencher-
labeled primers. Each assay was evaluated for sensitivity, specifi city, reproducibility, and accuracy with experiments 
designed in accordance with the requirements set forth by the New York State Department of Health Microbiology 
Molecular Checklist (02/2011). The analytic performance for each assay was examined using the QIAGEN®

QIAsymphony® SP and Rotor-Gene® Q systems with APTIMA® vaginal swab specimens spiked with either whole 
organisms, genomic DNA, or plasmid copy targets.
Results: The limits of detection (LOD) for the AMPIPROBE® Candida assay in APTIMA vaginal swab specimens 
by a 95% Probit analysis ranged from 10.5 CFU/mL to 130.4 CFU/mL for the C. albicans, C. glabrata, C. krusei, C. 
parapsilosis, and C. tropicalis targets. The LOD for the AMPIPROBE® N. gonorrhoeae/C. trachomatis/T. vaginalis assay 
was 2.1 cells/mL, 13.6 EB/mL and 1.4 cells/mL respectively. The LOD was 389.6 CFU/mL for the Lactobacillus spp., 
320.1 copies/mL for the A. vaginae, 237.6 copies/mL for the G. vaginalis, 755.8 copies/mL for the Megasphaera, 
and 538.6 copies/mL for the BVAB2 targets of the AMPIPROBE® bacterial vaginosis assay.  Finally, the AMPIPROBE®

UP/Mg/Mh assay had an LOD of 13.2 CFU/mL for U. parvum, 82.8 CFU/mL for U. urealyticum, 65.3 copies/mL for 
M. genitalium, and 58.6 copies/mL for M. hominis.
Conclusions: The AMPIPROBE® technology can provide a new proprietary approach to create clinically sensitive 
and specifi c multiplex PCR assays and, when run in tandem, serve as a comprehensive panel for the accurate 
detection and identifi cation of vaginitis associated microorganisms. 

INTRODUCTION
ENZO’S AMPIPROBE TECHNOLOGY

• Multiplexed real-time qualitative PCR
• Incorporates probe detection technology in primer design

 » Fluorescent reporter-labeled primers 
 » Quencher-labeled primers

• When free in solution, fl uorescent primers generate a signal. 
However, as the primers are incorporated into amplifi ed DNA, the 
quencher and the fl uorophore are brought within close proximity 
and exhibit Förster resonance energy transfer (FRET).

• Enzo’s AMPIPROBE Assay Kits provide the following benefi ts:
 » Compatible with open qPCR platforms
 » Smaller sample input allows remaining extracted samples to be used in other tests
 » Smaller reaction volume consumes less reagents

ENZO’S AMPIPROBE BACTERIAL VAGINOSIS ASSAY SCORING ALGORITHM

While the majority of the Enzo Women’s Health Panel testing uses simple qualitative detection (Candida, NG/CT/Trich, and 
UP/Mg/Mh), the Bacterial Vaginosis (BV) Assay utilizes a unique semi-quantitative scoring algorithm to provide a qualitative 
assessment for the presence of bacterial vaginosis. The algorithm designed at Enzo has graded scoring from 0 to 2 for each 
of the fi ve analytes targeted by the assay (for a total score range of 0-10). The scoring is based directly on the calculated 
concentration of Gardnerella vaginalis, Atopobium vaginae, Megasphaera-1, and BVAB-2, while Lactobacillus spp. scoring 
is based on its concentration and relative proportion to the total bacterial population detected by the BV assay. The BV 
scoring algorithm also employs a total bacteria concentration qualifi er for a sample to be considered valid for evaluation 
by the algorithm. We have found this to be advantageous in identifying poorly sampled specimens that are resulted as 
negative for bacterial vaginosis by other reference laboratory testing.

MATERIALS AND METHODS
AMPIPROBE® PCR ASSAY VALIDATIONS

• The AMPIPROBE® PCR Assay results presented here were evaluated for use with the QIAGEN® QIAsymphony® SP and 
Rotor-Gene® Q systems.

• All validation studies were performed with an input volume of 800 µL of APTIMA vaginal swab specimens (900 µL 
onboard volume).

• The validation packages for the AMPIPROBE® Candida Assay Kits have received full approval from the New York State 
Department of Health’s comprehensive test approval process and can be run as a clinical laboratory assay. The NG/
CT/Trich and Bacterial Vaginosis Assay Kits have received conditional approval from the NYS DOH and can be run 
as clinical laboratory assays for patient results while awaiting fi nal commentary from NYS. The UP/Mg/Mh Assay Kit 
validation package is currently being fi nalized for submission to the NYS DOH.

REAGENTS USED:

RESULTS

SENSITIVITY – LIMIT OF DETECTION

The LOD of the AMPIPROBE® PCR Assay Kits 
were determined using spiked specimens 
per guidelines described in the NYS DOH 
Microbiology Molecular Checklist 02/2011 
and the CLSI document EP17-A2. Isolate, 
gDNA, and/or plasmid spiked APTIMA vaginal 
swab specimens were used to prepare nine 
different levels of spiked specimens for 
each analyte with various concentrations of 
target organism. DNA extraction and PCR 
analysis were performed on three different 
days, across three different lots of reagents 
in triplicate, resulting in nine replicates for 
each concentration level. 
A Probit analysis at 95% was employed 
using SPSS software to determine the LOD 
of each analyte found in the AMPIPROBE® 
PCR Assay Kits. The LODs can be found in 
the table on right.

ACCURACY

Candida Assay
The accuracy of the Candida assay was evaluated by assessing the following types of specimens: 1) de-identifi ed patient 
vaginal swab specimens with known PCR results for yeasts from the Enzo reference laboratory (LabCorp) send-out specimens 
(n=149); 2) pooled target DNA-negative vaginal swab specimens that were spiked with known quantities  of intact Candida 
spp. isolates in varying combinations (n=82).

NG/CT/Trich Assay
The accuracy of the NG/CT/Trich assay was evaluated by assessing the following types of specimens: 1) de-identifi ed 
patient vaginal swab specimens with known PCR results for N. gonorrhoeae/C. trachomatis/ T. vaginalis from the Enzo 
reference laboratory (LabCorp) send-out specimens (n=69); 2) fresh APTIMA® vaginal swab media that was spiked with 
known quantities  of N. gonorrhoeae/C. trachomatis/ T. vaginalis cells or elementary bodies in varying combinations (n=71).

Bacterial Vaginosis Assay
The accuracy of the Bacterial Vaginosis assay was evaluated by assessing the following types of specimens: 1) de-identifi ed 
patient APTIMA vaginal swab specimens with known PCR results for bacterial vaginosis via the combined semi-quantitative 
scoring of A. vaginae, Megasphaera-1, and BVAB-2 from the Enzo reference laboratory (LabCorp) send-out specimens 
(n=384); 2) de-identifi ed patient genital swab specimens collected with the BD BBL™ CultureSwab™ Plus for culture and 
Nugent scoring (n=35). 

UP/Mg/Mh Assay
The accuracy of the UP/Mg/Mh assay was evaluated by assessing fresh APTIMA® vaginal swab media that was spiked with 
known quantities  of U. parvum/U. urealyticum/M. genitalium/M. hominis organisms or copies in varying combinations (n=134).
For all patient specimens, the various assay results were compared to those obtained by the reference laboratory for the 
corresponding assay. For the spiked specimens, the assay results were compared to the “expected results” as determined 
by the amount of organisms spiked into each specimen for each pathogen. In our validation studies, all spiked samples had 
a positive “expected result” for each concentration of the organism introduced to the sample (i.e. all concentrations spiked 
into specimens were at a level that exceeded the LOD for that particular organism which should yield a positive result).
The accuracy results, including sensitivity and specifi city evaluations, for each analyte, assay, and the Women’s Health 
Panel overall can be found in the table below.
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CONCLUSIONS
A vast utility of the AMPIPROBE® technology has previously been proven in the design of sensitive and specifi c multiplexed 
molecular diagnostic assays. Here its utility has been extended to a diagnostic panel by combining a collection of individual 
more conservatively grouped assays to provide more in-depth insight. Since vaginitis includes a wide array of conditions that 
can be caused by a number of underlying pathogens, the ability to examine a broad scope of analytes from a single sample 
is required to achieve accurate diagnosis for this condition. This made vaginitis an ideal candidate for which a diagnostic 
panel can be designed. The AMPIPROBE® product line of PCR assays have been successfully validated for this purpose and 
have demonstrated highly accurate results for the identifi cation of both specifi c vaginitis-associated pathogens and more 
generalized contributors like bacterial vaginosis. The role of AMPIPROBE® technology in laboratory diagnostic testing is 
expanding as it continues to reduce cost and increase effi ciency. Initially, these advantages could only be obtained through a 
single multiplexed PCR reaction providing multiple results from a single analysis. This work demonstrates the ability to panel 
several multiplexed assays on a single sampling to obtain even more results from a single input.  

• AMPIPROBE® Candida 1 Assay Kit (ENZ-GEN202-0100)
• AMPIPROBE® Candida 2 Assay Kit (ENZ-GEN203-0100)
• AMPIPROBE® Candida Extraction Controls (ENZ-

GEN204-0500)
• Candida albicans isolate (ATCC 14053)
• Candida glabrata isolate (ATCC 66032)
• Candida krusei isolate (ATCC 14243)
• Candida parapsilosis isolate (ATCC 22019)
• Candida tropicalis isolate (ATCC 66029)

• AMPIPROBE® NG/CT/Trich Assay Kit (ENZ-GEN207-0100)
• AMPIPROBE® NG/CT/Trich External Controls (ENZ-

GEN208-0500)
• Acrometrix CT/NG Validation Panel (Custom# RD16082401-24)
• Trichamonas vaginalis isolate (ATCC 30001)

• AMPIPROBE® Bacterial Vaginosis Assay Kit (ENZ-
GEN205-0100)

• AMPIPROBE® Bacterial Extraction Controls (ENZ-
GEN206-0500)

• Lactobacillus acidopholus isolate (ATCC 4357)
• Gardnerella vaginalis genomic DNA (ATCC 49145D-5)
• Atopobium vaginae in-house target copy plasmids
• Megasphaera spp. in-house target copy plasmids
• BVAB-2 in-house target copy plasmids

• AMPIPROBE® UP/Mg/Mh Assay Kit (ENZ-GEN209-0100)
• AMPIPROBE® UP/Mg/Mh External Controls (ENZ-

GEN210-0500)
• Ureaplasma parvum isolate (ATCC 27815)
• Ureaplasma urealyticum isolate (ATCC 27817)
• Mycoplasma genitalium in-house target copy plasmids
• Mycoplasma hominis genomic DNA (ATCC 23114D)

• Zymolyase® -20T (Amsbio cat. no. 120491-1)
• QIAsymphony DSP Virus/Pathogen Midi Kit (937055)

Assay Organism LOD by 95% 
Probit Analysis

Lowest Concentration 
Dilution with 100% 
Observed Hit Rate

Ct Range of Lowest 
100% Hit Rate 
Concentration

Candida Assay

Candida albicans 10.5 CFU/mL 10 CFU/mL 34.4 - 39.1

Candida glabrata 127.9 CFU/mL 250 CFU/mL 34.8 – 36.8

Candida krusei 35.4 CFU/mL 50 CFU/mL 33.7 – 36.1

Candida parapsilosis 82.1 CFU/mL 100 CFU/mL 35.5 – 37.9

Candida tropicalis 130.4 CFU/mL 250 CFU/mL 37.2 – 38.6

NG/CT/TV Assay

Neisseria gonorrhoeae 2.1 cells/mL 5 cells/mL 36.0 – 38.4

Chlamydia trachomatis 13.6 EB/mL 50 EB/mL 34.8 – 36.7

Trichomonas vaginalis 1.4 cells/mL 5 cells/mL 31.9 – 32.9

Bacterial Vaginosis Assay

Lactobacillus spp. 389.6 CFU/mL 500 CFU/mL 32.7 – 34.5

Gardnerella vaginalis 237.6 copies/mL 500 copies/mL 33.9 – 35.6

Atopobium vaginae 320.1 copies/mL 500 copies/mL 33.5 – 35.2

Megasphaera spp. 755.8 copies/mL 1000 copies/mL 33.6 – 35.1

BVAB-2 538.6 copies/mL 1000 copies/mL 33.2 – 35.2

UU/Mg/Mh Assay

Ureaplasma parvum 13.2 CFU/mL 50 CFU/mL 34.6 - 36.6

Ureaplasma urealyticum 82.8 CFU/mL 100 CFU/mL 34.7 - 39.1

Mycoplasma genitallium 65.3 copies/mL 100 copies/mL 34.9 - 37.7

Mycoplasma hominis 58.6 copies/mL 100 copies/mL 33.2 - 35.3
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Limit of Detection (LOD) of the AMPIPROBE® PCR Assay Kits in Women’s Health Panel

Accuracy % Sensitivity % Specifi city % # Results Evaluated

Candida Assay 98.20% 98.00% 98.30% 729

Candida albicans 96.50% 98.20% 96.00% 231

Candida glabrata 99.60% 97.10% 100.00% 231

Candida krusei 100.00% 100.00% 100.00% 89

Candida parapsilosis 97.80% 94.70% 100.00% 89

Candida tropicalis 97.80% 100.00% 96.50% 89

NG/CT/TV Assay 98.80% 96.60% 100.00% 419

Neisseria gonorrhoeae 100.00% 100.00% 100.00% 140

Chlamydia trachomatis 100.00% 100.00% 100.00% 139

Trichomonas vaginalis 96.40% 90.60% 100.00% 140

Bacterial Vaginosis Assay 89.10% 84.30% 97.80% 387

Algorithim Interpretation vs PCR method 90.60% 88.70% 97.70% 352

Algorithim Interpretation vs Nugent Score 74.30% 58.30% 100.00% 35

UU/Mg/Mh Assay 92.90% 89.00% 98.70% 393

Ureaplasma spp. 96.90% 97.80% 95.00% 131

Mycoplasma genitallium 93.10% 87.30% 100.00% 131

Mycoplasma hominis 88.50% 79.70% 100.00% 131

OVERALL AMPIPROBE WOMEN'S HEALTH PANEL 95.40% 92.80% 98.60% 1928

Accuracy of the AMPIPROBE® PCR Assay Kits in Women’s Health Panel
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