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OUTLINE 

I. Non-ulcerative sexually-transmitted agents 

 

II. Ulcerative STI agents 

 

III. Other issues related 

 to women’s health 
 

 Streptococcus agalactiae 

 Human papillomavirus 

 Bacterial vaginosis 
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I-Clicker Warm-up Question 
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I-CLICKER WARMUP 

Where does Wisconsin rank in State Public Health Budget 

(2016-2017 fiscal data) per capita? 

 

A. Top 25% 

 

B. 50th percentile to 75th percentile 

 

C. 25th percentile to 50th percentile 

 

D. Bottom 25% 
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DATA SUMMARY 

Range $5.74 per capita to $135.37 per capita 

Mean $35.65 per capita 
 

Wisconsin is 40th at $14.47 per capita 

7 tfah.org/reports 



DATA SUMMARY 

Top Five 
 

DC 

Alaska 

Hawaii 

New York 

Iowa 

               Big (fourteen) Ten 
 

Iowa $68.69        Illinois $25.76 

Minnesota $63.96      Michigan $12.83 

Nebraska $45.11        Pennsylvania $12.63 

Maryland $40.55        Indiana $12.57 

New Jersey $25.96    Ohio $12.38 

8 tfah.org/reports 

Range $5.74 per capita to $135.37 per capita 

Mean $35.65 per capita 
 

Wisconsin is 40th at $14.47 per capita 



Non-ulcerative Sexually-transmitted Disease 
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Am. J. Clin. Pathol. 151:  446-451; 2019 11 
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I-Clicker Real Question 1 
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I-CLICKER REAL QUESTION 1 

Does your laboratory perform routine screening for 

Chlamydia trachomatis and Neisseria gonorrhoeae? 

 

A. Yes, we use a Roche system. 

 

B. Yes, we use a Cepheid system. 

 

C. Yes, we use a Becton Dickinson system. 

 

D. Yes, we use a Hologic system. 

 

E. No / hey, you did not mention our system. 
14 



EXTRA-UROGENITAL SCREENING 

 

Gender 

 

Source 

 

n 

 

Detection Rate (%) 
 

C. trachomatis N. gonorrhoeae 
 

Female 
Pharynx 167 1.2 1.8 

Rectum 51 3.9 2.0 
 

Male 
Pharynx 3910 1.0 3.8 

Rectum 1864 7.0 7.0 

Courtesy of K. Munson, Ph.D. 15 



EXTRA-UROGENITAL SCREENING 

Sexually Transmitted Diseases Treatment Guidelines, 2015 16 



I-Clicker Real Question 2 

17 



I-CLICKER REAL QUESTION 2 

Does your laboratory perform extra-urogenital screening 

for Chlamydia trachomatis and Neisseria gonorrhoeae? 

 

A. Yes, we do. 

 

B. Yes, and it took a bit of work. 

 

C. No, we do not. 

 

D. No, but maybe we should. 

18 



I-CLICKER REAL QUESTION 2A 

If you answered “no” to the previous question, please 

select the response that best summarizes the reasoning. 

 

A. No demand from stakeholders 

 

B. Too costly 

 

C. The assay we run does not allow us to offer this testing. 

 

D. Is it time for morning break yet? 

19 



Physician Assist. Clin. In Press 20 



Physician Assist. Clin. In Press 21 



Physician Assist. Clin. In Press 22 



I-Clicker Real Question 3 
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I-CLICKER REAL QUESTION 3 

Which of the following is your laboratory’s primary means of 

assessing (female) specimens for Trichomonas vaginalis? 

 

A. Wet mount 

 

B. Antigen assays (such as OSOM) 

 

C. Hybridization assays (such as BD Affirm VP III) 

 

D. Nucleic acid amplification 

 

E. We really do a combination of these methods. 
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OTHER T. vaginalis DETECTION 

 

Modality 

 

Performance Indices (%) 
 

Sensitivity Specificity Reference 

 

Wet mount microscopy 
48.1 99.8 1 

47.1 100.0 2 

 

Antigen detection 
78-84 99-100 3 

35.1 99.9 4 

Nucleic acid hybridization 63.4 99.9 5 

5J. Clin. Microbiol. 49:  866-869; 2011 

1J. Clin. Microbiol. 46:  3368-3374; 2008 
2Diagn. Microbiol. Infect. Dis. 68:  66-72; 2010 

4J. Clin. Microbiol. 54:  500-501; 2016 

3Sex. Transm. Infect. 86:  514-519; 2010 
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T. vaginalis ANTIGEN DETECTION 

J. Clin. Microbiol. 54:  500-501; 2016 

Low-prevalence 
 

6.4% C. trachomatis 

0.6% N. gonorrhoeae 

4.0% T. vaginalis molecular 
 

35.1% antigen sensitivity 

99.9% specificity 

kappa 0.502 

High-prevalence 
 

11.2% C. trachomatis 

6.1% N. gonorrhoeae 

21.4% T. vaginalis molecular 
 

85.7% antigen sensitivity 

100.0% specificity 

kappa 0.904  

Similar symptomatic rate in false-negative antigen 

patients as true-positive antigen patients (P ≥ 0.17) 
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TESTING OF MALES 

Am. J. Obstet. Gynecol. 200:  188.e1-188.e7; 2009 (adapted) 27 



Physician Assist. Clin. In Press 28 



I-Clicker Real Question 4 
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I-CLICKER REAL QUESTION 4 

Does your laboratory perform any laboratory-modified 

or laboratory-developed testing? 

 

A. Yes, we do/have. 

 

B. Yes; it would please me greatly to share with audience. 

 

C. No, we do not. 

 

D. No, but please tell me more about LDT. 

30 



REGULATORY ELEMENTS 

Extensive verification study 
 

 Large n 

 Ensure sufficient “positives” 

 Consider predicate device 

 Consider cross-reactive specimens 
 

 Multiple operators; multiple days 

College of American Pathologists 
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REGULATORY ELEMENTS 

Verification report 
 

 Background; literature review 

 Methods (specimens) 
 

 Accuracy  

 Precision (concordance; coefficient of variation) 

 Analytical specificity (interfering substances) 

 Analytical sensitivity (limit of detection) 

 Establish/verify reference range 

Extensive verification study 

College of American Pathologists 
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REGULATORY ELEMENTS 

Verification report 

Comment on patient report (COM.40850) 

“Performance characteristics of…screening have been 
determined by Really Good Wisconsin Laboratory and published 

(J. Clin. Microbiol. 51:xxxx-xxxx; 2013).  Although not FDA-approved, 
the FDA has determined this approval is not necessary.” 

Extensive verification study 

College of American Pathologists 
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ORDERING PRACTICES 
 

Testing Modality 

Percentage of Female 

Genital Swabs 

2004-2007 2008-2010 P value 

Any wet mount preparation 66.2 57.7 < 0.0002 

Point-of-care wet mount preparation 27.8 22.4 < 0.0002 

Any assessment for Trichomonas vaginalis 66.2 83.6 < 0.0002 

Chlamydia trachomatis/Neisseria gonorrhoeae TMA  80.4 83.7 < 0.0002 

WMJ 111:  39-42; 2012 34 



ORDERING PRACTICES 
 

Testing Modality 

Percentage of Female 

Genital Swabs 

2004-2007 2008-2010 P value 

Any wet mount preparation 66.2 57.7 < 0.0002 

Point-of-care wet mount preparation 27.8 22.4 < 0.0002 

Any assessment for Trichomonas vaginalis 66.2 83.6 < 0.0002 

Chlamydia trachomatis/Neisseria gonorrhoeae TMA  80.4 83.7 < 0.0002 

 

Testing Modality 

 

Percentage Positive 
 

2004-2007 2008-2010 P value 

Any wet mount preparation 5.5 4.5 0.054 

Any assessment for Trichomonas vaginalis 5.5 7.9 < 0.0002 

WMJ 111:  39-42; 2012 35 



“You know, ever since we started doing your new 
Trich test, we still notice guys with obvious 
urethritis, but still have negative results for 

chlamydia, gonorrhea, and Trich.  I really think 
that it’s Mycoplasma; can you test for this?” 

R. Gremminger, M.D. 

circa 2010 
36 



J. Clin. Microbiol. 55:  2894-2902; 2017 37 



 
 

Location 

 
 

n 

 
 

Chlamydia 

 
 

Neisseria 

 
 

Trichomonas 

 

M. genitalium 
 

Overall 

Detection 

Sole 

Detectiona 

Outpatient OB/GYN #1 406 6.9 0.5 6.7 10.6 85.7 

ER/urgent care #1 309 13.3 3.9 20.1 20.4 65.1 

Outpatient OB/GYN #2 238 4.2 2.5 7.1 14.7 82.9 

ER/urgent care #2 123 4.9 2.4 10.6 13.8 64.7 

Urban family care #1 133 3.8 0.8 12.0 13.5 61.1 

Suburban family care #1 88 4.6 0.0 6.8 6.8 83.3 

ALL LOCATIONS 2478 6.2 1.4 9.0 11.4 72.0 

DETECTION % BY LOCATION 

aPercentage of M. genitalium detections not involving co-detection with another agent 

J. Clin. Microbiol. 54:  432-438; 2016 38 
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CAUTION I 



SUBOPTIMAL REFERENCE METHOD 

J. Infect. Chemother. 18:  494-500; 2012 45 



CAUTION II 

46 



NO REFERENCE METHOD 

Int. J. STD AIDS 27:  1275-1282; 2016 47 



LOW NUMBERS 

Int. J. STD AIDS 27:  1275-1282; 2016 48 



CAUTION III 
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DISCREPANCY PREPONDERANCE 

APMIS 123:  879-886; 2015 50 



PERFORMANCE INDICES 

Am. J. Obstet. Gynecol. 200:  188.e1-188.e7; 2009 (adapted) 51 



 

Elementary Bodies 

 

TMA Result 
 

 

PCR Result 

Light Units (x1000) Interpretation 

200 1217 detected detected 

20 1111 detected detected 

2 1062 detected not detected 

0.2 878 detected not detected 

0.02 288 detected not tested 

0.002 12 not detected not tested 

0.0002 14 not detected not tested 

0.00002 13 not detected not tested 

In vitro CHALLENGE C. trachomatis 

J. Med. Microbiol. 54:  357-360; 2005 52 



I-Clicker Real Question 5 
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I-CLICKER REAL QUESTION 5 

Does your laboratory test for organisms such as 

Mycoplasma hominis and Ureaplasma urealyticum? 

 

A. Yes, routinely 

 

B. Yes, but we do not get requests for these very often. 

 

C. No, we do not offer this testing. 

 

D. Sort of; this is a send-out test. 

54 



Mycoplasmataceae PATHOGENICITY 

Mandell Principles and Practice of Infectious Diseases, 5th edition 

 

Disease 
Causality by: 

 

Comments 
U. urealyticum M. hominis 

NGU +++ - Ureaplasma proportion unknown 

Prostatitis ++ - no evidence for chronic prostatitis 

Epididymitis +++ - particularly in HIV-positive 

Urinary calculi ++ - largely animal studies 

Pyelonephritis - +++ acute cases and exacerbations 

Reiter’s disease + - more Ureaplasma data needed 

Involuntary infertility + - role in sperm motility 

55 

CAUTION IV 



 

Disease 
Causality by: 

 

Comments 
U. urealyticum M. hominis 

Low birth weight - - causal relation unproved 

Chorioamnionitis ++ - quoted as “few cases” 

Repeated stillbirth/ 

spontaneous abortion 

 

- 

 

- 

 

causal relation unproved 

Involuntary infertility + - also role in sperm motility 

Postpartum fever + +++ M. hominis major cause 

Postabortal fever - +++ M. hominis proportion unknown 

PID - ++ probably small proportion 
 

Vaginitis/vaginosis 
- - M. hominis association with 

vaginosis 

Cervicitis - - NONE 

Bartholin abscess - - M. hominis involvement doubtful 

56 Mandell Principles and Practice of Infectious Diseases, 5th edition 

Mycoplasmataceae PATHOGENICITY 



Sexually Transmitted Diseases Treatment Guidelines, 2015 

Cervicitis 
 

C. trachomatis 

N. gonorrhoeae 

T. vaginalis 

M. genitalium (persistent) 

57 



Sexually Transmitted Diseases Treatment Guidelines, 2015 

PELVIC INFLAMMATORY DISEASE 

Upper female genital tract inflammatory disorders 
 

 Endometritis  Tubo-ovarian abscess 

 Salpingitis   Pelvic peritonitis 

58 

N. gonorrhoeae, C. trachomatis many cases 

Vaginal organisms (G. vaginalis, anaerobes, 

enteric GNR, H. influenzae, S. agalactiae) 

Some associations with M. hominis, U. urealyticum, 

M. genitalium 



Sexually Transmitted Diseases Treatment Guidelines, 2015 

PELVIC INFLAMMATORY DISEASE 

Most-specific diagnostic criteria: 
 

 Histopathologic evidence of endometritis 

 Thickened, fluid-filled tubes (MRI, sonography) 

 Laparoscopic findings consistent with PID 

59 

Supplemental findings include: 
 

 C. trachomatis, N. gonorrhoeae cervical infection 

 Abnormal cervical mucopurulent discharge 

 Increased leukocytes in vaginal fluid 

 Elevated C-reactive protein 



Int. J. STD AIDS 27:  1275-1282; 2016 60 

PARTICIPANTS:  19% ♀; 81% ♂ 



J. Infect. Chemother. 18:  494-500; 2012 61 

PARTICIPANTS:  304 ♀; 435 ♂ 

21.2% detection from female 

26.2% detection from male urine 



I-Clicker Real Question 6 
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I-CLICKER REAL QUESTION 6 

If you are a laboratory that performs laboratory-modified or 

developed testing, how has reimbursement been? 

 

A. Better than I thought it would be 

 

B. About as expected 

 

C. My boss calls me into the office weekly; I get yelled at. 

 

D. I need a crash course on this. 

63 
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COST 

CLINICAL 

NEED 



MOLECULAR 

CBC 

BMP 

UA 

 $$$$$$$$$$ 

 $$$$$$$$$$ 

 $$$$$$$$$$ 

 $$$$$$$$$$ 

 $$$$$$$$$$ 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

CBC 
CBC 

MOLECULAR 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

BMP 
BMP 

OUTPATIENT INPATIENT 

UA 
UA 

UA 
UA 

UA 
UA 

OTHER 
OTHER 

OTHER 
OTHER 

OTHER 
OTHER 

OTHER 
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Method 
 

 

Microscopy 

 

Molecular 

Reagent co$t $0.54 $11.81 

Direct co$t (labor) $3.81 $17.84 

Reimbur$ement $5.96 $51.25 

COST/REIMBURSEMENT 

66 

No additional capital 
No additional specimen collection 

No additional training 



 

Method 
 

 

Microscopy 

 

Molecular 

Reagent co$t $0.54 $11.81 

Direct co$t (labor) $3.81 $17.84 

Reimbur$ement $5.96 ~$40.00 

COST/REIMBURSEMENT 

No additional capital 
No additional specimen collection 

No additional training 
67 



I-Clicker Real Question 7 
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I-CLICKER REAL QUESTION 7 

Does your laboratory offer testing for diagnosis of bacterial 

vaginosis?  IF SO, what is your primary offering? 

 

A. Yes, our primary offering is wet mount for clue cells. 

 

B. Yes, our mainstay is Nugent score analysis. 

 

C. Yes, our go-to is BD Affirm VP III. 

 

D. Yes, we are trailblazing nucleic acid amplification testing. 

 

E. No, nothing exists within our testing menu. 
69 



Example: WOMEN’S HEALTH PANELS 

“Your competitors have molecular tests for women’s 
health; you bring this in and we’ll order it.” 

70 



Example: WOMEN’S HEALTH PANELS 

Bacterial vaginosis (several targets) 

BV Panel 

71 



Example: WOMEN’S HEALTH PANELS 

 
 

Yeast 
 

 Candida albicans, Candida krusei, Candida glabrata 

Candida Panel 
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Example: WOMEN’S HEALTH PANELS 

Bacterial vaginosis (several targets) 
 

Yeast 
 

 Candida albicans, Candida krusei, Candida glabrata 
 

Trichomonas vaginalis 

Vaginitis Panel 

73 



Example: WOMEN’S HEALTH PANELS 

 
 

 
 

  
 

 
 

Mycoplasma / Ureaplasma 
 

 M. hominis, M. genitalium, U. urealyticum/parvum 

Mycoplasma/Ureaplasma 
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Example: WOMEN’S HEALTH PANELS 

Bacterial vaginosis (several targets) 
 

Yeast 
 

 Candida albicans, Candida krusei, Candida glabrata 
 

Trichomonas vaginalis 
 

Mycoplasma / Ureaplasma 
 

 M. hominis, M. genitalium, U. urealyticum/parvum 

Complete Panel 

75 



Example: WOMEN’S HEALTH PANELS 

Bacterial vaginosis  Commercial assay (1 result) 
 

Yeast  Commercial assay (same; 3 results) 
 

  
 

Trichomonas vaginalis  Commercial assay (same) 
 

Mycoplasma / Ureaplasma  LDT (3 results) 
 

  

MODALITIES 

76 
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PERCENTAGE MONTHLY UTILIZATION 

n ~ 6100 tests  

57.4 

32.8 

9.8 

Wet mount

Affirm VP III

Amplification testing

BV panel  15/month 

Candida panel  5/month 

Vaginitis panel  300/month 

Mycoplasma / Ureaplasma  75/month 

Complete panel  200/month 
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SOME AUTOMATED PLATFORMS 
BD MAX™ 

 

Candida albicans 

Candida glabrata 

Candida krusei 

Chlamydia trachomatis 

Neisseria gonorrhoeae 

Trichomonas vaginalis 

Streptococcus agalactiae 
 

Healthcare infections 
 

Gastrointestinal 

Cobas 4800 
 

Chlamydia trachomatis 

Neisseria gonorrhoeae 

HSV 1/2 

HPV 
 

Healthcare infections 
 

Oncology markers 

BD Viper XTR™ 
 

C. trachomatis 

N. gonorrhoeae 

T. vaginalis 

HSV 1/2 

Cepheid 
 

C. trachomatis 

N. gonorrhoeae 

T. vaginalis 

S. agalactiae 
 

Healthcare infections 
 

Genetic markers 
 

Critical infectious diseases 
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SOME AUTOMATED PLATFORMS 
Panther system 

 

C. trachomatis 

N. gonorrhoeae 

T. vaginalis 

M. genitalium 

HSV 1/2 

S. agalactiae 

HPV; 16, 18/45 

HIV-1 

HCV 
 

Others (Zika EUA) 

Luminex 
 

ARIES® GBS assay 

ARIES® HSV 1&2 assay 

MultiCode®-RTx HSV 1&2 
 

Respiratory 
 

Gastrointestinal 
 

Blood culture 

m2000 RealTime 
 

C. trachomatis 

N. gonorrhoeae 

HIV-1 

HCV 

HCV genotype II 
 

Others (Zika EUA) 

Cobas 6800/8800 
 

Chlamydia trachomatis 

Neisseria gonorrhoeae 

HIV-1 

HCV 
 

Blood screening 



TAKE HOME 

Can be a $ generator 

Accurate detection of emerging STI 

Automation may assist 

Many options available; laboratory- 

modified and -developed testing may 

be considered 

Review literature with a critical eye 

Don’t develop a test “just because you can”… 

Ask first if you should 
80 


