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Abstract

Testing for sexually transmitted infections (STIs) in children presents a number of problems for
the practitioner that are not usually faced when testing adults for the same infections. The
identification of an ST1 in a child, in addition to medical implications, can have serious legal
implications. The presence of an STI is often used to support the presence or allegations of sexual
abuse and conversely, the identification of an STI in a child will prompt an investigation of
possible abuse. The significance of the identification of a sexually transmitted agent in such
children as evidence of possible child sexual abuse varies by pathogen.

While culture has historically been used for the detection of STIs in cases of suspected abuse in
children, the increasing use of nucleic acid amplification tests (NAATS) in adults and the
increasing proliferation of second-generation tests with better sensitivity and specificity has made
inroads into the use of such tests in children, especially for diagnostic and treatment purposes.
Acceptance by the medicolegal system for sexual abuse cases is still controversial and more test
cases will be necessary before definitive use becomes standard practice. In addition, if these
assays ever become legally admissible in court, there will be recommendations that more than one
NAAT assay be used in order to assure confirmation of the diagnostic result.
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1. Introduction

The introduction of NAATS for detection of Neisseria gonorrhoeae and Chlamydia
trachomatis has been a major advance in the diagnosis of STIs. Use of NAATS has
supplanted standard culture methods for N. gonorrhoeae and C. trachomatis in many
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20ne method to ascertain laboratory and assay expertise is to participate in proficiency surveys. Several of these exist and most
laboratories are required by their institutions to participate. The surveys provided by the Clinical Association of Pathologists (CAP)
are the most commonly used.

41 cultures are being performed for any of the aforementioned organisms, proficiency can also be measured by participating in CAP
surveys for the particular organism.
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laboratories. Currently there are four commercially available NAATSs for N. gonorrhoeae
and C. trachomatis: polymerase chain reaction (PCR) (Amplicor, Roche Molecular
Diagnostics, Indianapolis, IN), strand displacement amplification (SDA) (ProbeTec, Becton-
Dickson, Inc., Sparks, MD), transcription-mediated amplification (TMA) (Aptima C2,
GenProbe Inc., San Diego, CA), and real-time m2000 PCR (Abbott Molecular Diagnostics,
Des Plains, IL) (1-4). NAATSs are currently recommended by Centers for Disease Control
and Prevention (CDC) as the diagnostic assays of choice for screening purposes (5). Use of
such assays for sexual abuse is discussed in the new laboratory guidelines as useful in adults
and potentially useful in children for diagnostic testing (5). Point-of-care tests (POC), which
can be used by minimally trained healthcare workers, are not yet of sufficient sensitivity to
be recommended for any screening or testing, but newer improved assays are under
development. PCR, realtime PCR, and SDA are DNA amplification assays. TMA is an RNA
amplification assay. All four assays have FDA approval for use in genital sites (cervix,
vagina, self-collected vaginal swabs, and male urethra) and urine from adolescents and
adults. None are currently approved for extragenital sites (pharynx or rectum) or have
approval for any site in children. In the USA, since no company has sought FDA clearance
for such sites, individual laboratories can perform independent verification for using
amplification assays for testing such specimens for diagnostic purposes in order to remain
Clinical Laboratories Improvement Act (CLIA) compliance (6). These diagnostic and
controversial legal issues are discussed in this chapter (7).

1.1. NAATs for Gonococcus

Although NAATS offer several advantages over culture-based methods including higher
sensitivity and enabling the use of noninvasive specimens (urine, vaginal swabs), these
assays have some limitations, especially for detection of N. gonorrhoeae. The gonococcus
(GC) has the capacity for genetic variation and recombination that can affect the genetic
sequences that are targets for amplification, leading to potentially false-negative results. In
addition Neisseria species also have the relatively rare characteristic of being fully
competent for exogenous DNA uptake throughout their life cycle. This enables frequent
horizontal interspecies exchange of genetic material between Neisseria species leading to
false positive amplification results for gonorrhea, when nonpathogenic, commensal
Neisseria species acquire gonococcal sequences and vice versa (8-10). All NAATSs do not
have the same performance parameters (11). PCR and SDA have both been demonstrated to
have cross-reactivity with other Neisseria species including N. cinerea, N. flavescens, N.
lactamica, N. sicca, and N. subflava (12). This has important diagnostic implications
especially when testing extragenital sites including pharynx and rectum.

Several recent studies have examined the performance of NAATS for detection of N.
gonorrhoeae from the pharynx and rectum, primarily in men who have sex with men
(MSM). McNally et al. (13) reported that SDA had a low positive predictive value (PPV) for
oral (30.4 %) and rectal specimens (73.7 %) in a population of MSM in Australia. Similar
findings were reported by Schachter et al. (14) comparing PCR, SDA, and TMA in oral and
pharyngeal specimens from MSM in California. Although the sensitivities of the NAATS
were better than culture for detection of N. gonorrhoeae from both sites, PCR had a
specificity of 78.9 % with oropharyngeal swabs. Specificities of SDA and TMA were >99.4

Methods Mol Biol. Author manuscript; available in PMC 2014 July 31.
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% for both anatomic sites. The overall prevalence of pharyngeal and rectal gonococcal
infection in this population was 8.3 and 8.2 %, respectively. Bachmann et al. (15) examined
the performance of PCR, SDA, and TMA compared to culture in pharyngeal specimens
from males and females =15 years of age who acknowledged performing fellatio or
cunnilingus. PCR was found to have a specificity of 73.0 % compared to 96.3 % for SDA
and 98.6 % for TMA. The prevalence of oral infection in this population was 7.0 % in men
and 9.1 % in women. Ota et al. also compared the detection of N. gonorrhoeae and C.
trachomatis in pharyngeal and rectal specimens using the BD Probetec ET system, the Gen-
Probe Aptima combo2 assay and culture, demonstrating the superiority of NAATS over
culture (16). These prevalences in MSM and attendees at STD clinics are significantly
higher than one would observe in children being evaluated for suspected sexual abuse.
Therefore, the PPV of a positive result is highly relevant and significant in such a sexual
abuse population, since low prevalence in a population directly lowers the probability (PPV)
of a positive result being correct.

To date, there have been three published studies that compared NAATS to N. gonorrhoeae
culture in children being evaluated for suspected sexual abused (17-19). All included urine
specimens as well as vaginal swabs. Although the results of two of these studies suggested
that the sensitivity of NAATS for N. gonorrhoeae was similar to culture, they both had
several serious limitations (18, 19). The populations studied included adolescents up to18
and 20 years of age. In a study by Girardet et al. (20), only 48 of 203 (23.7 %) of the
children enrolled were prepubertal and only 13 were male. Kellogg et al. (19) only evaluated
girls; 58.5 % were =13 years of age, a large proportion of whom reported consensual sexual
activity. Both studies utilized ligase chain reaction (LCR, LCx, Abbott Diagnostics), which
was taken off the market in 2002 due to specificity concerns in the detection of N.
gonorrhoeae (21). Kellogg et al. also evaluated PCR in addition to LCR (19). Other study
limitations included the failure to use an independent reference standard in estimating test
performance, failure to separately analyze test performance by age and gender (when
applicable). The prevalence of N. gonorrhoeae infection in both studies was low (1.9 and
3.2 %) reducing the precision of sensitivity estimates. The number of extragenital specimens
was also too low to assess test performance at those sites. Black et al. (17) recently
evaluated the use of SDA and TMA using urine and genital swabs vs. culture for the
diagnosis of N. gonorrhoeae and C. trachomatis in children, 0-13 years of age, evaluated
for sexual abuse in four US cities. All children were tested at multiple sites for N.
gonorrhoeae and C. trachomatis by culture and vaginal, urethral swabs and urine were also
tested with SDA and TMA. Cultures of N. gonorrhoeae were performed at all sites using
Thayer-Martin agar medium and positive results were confirmed at all sites by Gram stain,
oxidase test, enzyme detection, and/or biochemical tests according to the site’s standard
protocol. Positive NAATS for N. gonorrhoeae were confirmed by an in-house PCR using an
alternative target, the Hinf | fragment of the 4.2-kb cryptic plasmid (22). Of the 536
participants with complete data, none of the male children (n = 51) were positive for N.
gonorrhoeae by any test at any site. Of the 485 female participants with complete data, 16
(3.3 %) had a positive result for N. gonorrhoeae by any test: 12 (2.5 %) by culture, 14 (2.9
%) by vaginal NAAT, and 14 (2.9 %) by urine NAAT. All participants who had a positive
vaginal culture for N. gonorrhoeae had positive urine NAATS. There were discrepant results

Methods Mol Biol. Author manuscript; available in PMC 2014 July 31.
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in two cases (both SDA-positive and TMA-negative). One of these girls was positive in
urine and negative by vaginal swab, the other was positive both by urine and swab. All
SDA-positive results for N. gonorrhoeae were confirmed to be true positives by a species-
specific N. gonorrhoeae PCR. Three girls had discrepant results by site: two were vaginal
swab positive and urine negative; one was vaginal swab negative and urine positive.

The 2010 CDC STD Treatment Guidelines now recommend that NAATS can be used for
detection of N. gonorrhoeae in vaginal swabs and urine from girls being evaluated for
suspected sexual abuse. However, NAATSs were not recommended for use in boys or
extragenital specimens, as there are no supporting data. As some NAATS cross-react with
other Neisseria species, it was also recommended that clinicians consult with an expert
before selecting an assay for use in this population. Although confirmatory testing was not
specifically mentioned, it was suggested that specimens be retained for further testing if
necessary (23).

1.2. NAATSs for C. trachomatis

As described previously in the section on gonorrhea, there are several FDA approved
NAATS for the simultaneous detection of N. gonorrhoeae and C. trachomatis: PCR, SDA,
and TMA. NAATSs are currently approved by the FDA for detection of C. trachomatis from
genital sites (cervix, vagina, urethra) and urine from adolescents and adults. None are
approved for extragenital sites (pharynx or rectum) or have approval for any site in children.
These methods have been found to have excellent sensitivity for detection of C. trachomatis,
usually well above 90 %, in genital specimens and urine from adult men and women, while
maintaining high specificity (14). A new genetic variant of C. trachomatis was discovered in
Sweden in 2006, which was found to have a mutation in the sequence of the cryptic plasmid
at the target site for Roche PCR rendering the organism undetectable by this assay (24).
Recent data from Sweden reports that this variant is now responsible for 20-65 % of all
detected chlamydial infection in counties where PCR was used. So far, this variant appears
to be limited primarily to Sweden with a few isolates being identified in Norway and
Denmark. Spread of the variant in Sweden was associated with use of PCR as the NAAT for
diagnosis of C. trachomatis infection. It has not yet been detected in the United States (25).

The recent multicenter study by Black et al. (17) mentioned above, also evaluated the use of
SDA and TMA using urine and genital swabs (vagina and urethra) compared to culture for
diagnosis of C. trachomatisin children, 0-13 years of age. Cultures for C. trachomatis were
performed at the clinical or hospital laboratories of each center, according to their own
standard protocols. All sites transported swab specimens at 4 °C for C. trachomatis culture
in either commercial Chlamydial or viral transport medium. Culture protocols at all sites
included the isolation of C. trachomatis in cycloheximide-pretreated McCoy cells, either in
shell vials, 24-well, or 96-well tissue culture plates. The inoculated cell monolayers were
incubated at 35-37 °C for 48-72 h followed byfixation with ethanol, methanol, or acetone.
Thefixed monolayers were stained to detect chlamydial inclusions withfluorescein-
conjugated Chlamydia genus-specific or C. trachomatis species-specific monoclonal
antibodies. One laboratory also performed a single passage of the inoculated cell monolayers
onto a fresh monolayer after 48 h of incubation. The commercial NAAT tests were
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performed at the CDC (SDA and TMA). All samples were processed and tested according to
manufacturer’s protocols except for the TMA tests which were performed on previously
frozen urine or swabs collected in the BD ProbeTec sample collection medium. Test results
that were positive by SDA for C. trachomatis were confirmed using an in-house PCR
targeting the ompA gene, performed at the CDC (26). Fifteen (3.1 %) of 485 female
participants had a positive result for C. trachomatis by any test (7 [1.4 %] by culture; 11 [2.3
%] by vaginal NAAT; 13 [2.7 %] by urine NAAT). None of the male participants had any
positive cultures or NAATS for C. trachomatis. All participants who had a positive vaginal
culture for C. trachomatis also had positive urine NAAT. Two prepubertal female children
had positive C. trachomatis cultures from rectal swab specimens, but negative vaginal swab
specimens by both culture and NAATS, and negative urine NAATS. No other participants
had positive rectal cultures. There were no discrepant results in any of the participants tested
by two commercial NAATS for C. trachomatis (ProbeTec and Aptima Combo 2). All C.
trachomatis-positive results were confirmed to be true positives by DNA sequence
genotyping. When NAAT results were compared by the type of specimen, only one girl had
a discrepant result for C. trachomatis (vaginal swab negative, urine positive). The sensitivity
of vaginal culture for C. trachomatis was 39 % in all girls studied (n = 485). In contrast, the
sensitivities of urine and vaginal swab NAATS were 100 and 85 % in all female children,
respectively, for detection of C. trachomatis.

The results of Black et al. (17) suggest that NAATS, specifically SDA and TMA, can be
used for detection of C. trachomatis in girls being evaluated for suspected sexual abuse.
However, the same limitations apply as for use of these assays for detection of N.
gonorrhoeae: (1) as the prevalence of C. trachomatis in this population is low, confirmatory
testing is necessary. (2) One cannot extrapolate from these results to other NAATS,
specifically PCR and use in specimens other than vagina and urine in girls. (3) One cannot
make any recommendations on the use of these assays in prepubertal boys. Performing a
confirmatory NAAT may be problematic as most hospital laboratories only use one assay.
Some of the more recently available commercial NAATS, such as TMA (Aptima Combo 2),
offer an alternate target confirmation method that can be used on the same testing platform;
however, there are no data on the use of this confirmatory test in this setting. Additional
options include sending blinded specimens to an independent or reference laboratory for
confirmation testing, confirming a NAAT-positive result by culture test (requires a separate,
invasive specimen), or use of a second, alternate technology commercial NAAT (probably
the preferred option). Confirmatory testing originally recommended by CDC is no longer
recommended by CDC for routine genital samples from adults and sexually active
adolescents being testing for routine screening and diagnostic testing (27). However, for
cases of suspected sexual abuse, confirmatory testing by a second NAAT should be
performed and the laboratory should always use a newer “second generation” NAAT with
the highest sensitivity possible, preferably with a different target (11). The 2010 CDC STD
Treatment Guidelines recommended that NAATS can be used to detect C. trachomatisin
vaginal swabs and urine from girls being evaluated for suspected sexual abuse (23).
However, NAATSs were not recommended for use in boys or extragenital specimens, as there
are no data. Specimens collected from children for forensic applications should be retained

Methods Mol Biol. Author manuscript; available in PMC 2014 July 31.
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in the laboratory for purposes of additional testing, in accordance with local policies and
procedures (see Notes 1-°).

1.3. NAATs for T. vaginalis

Background—Trichomonas infections, caused by the parasite Trichomonas vaginalis, are
highly prevalent sexually transmitted infections (STIs) worldwide, with estimates of 7-8
million infections annually in the United States (28). As such, they represent the most
common curable STI in young, sexually active women (29, 30). Trichomonas infections
have been associated with poor reproductive outcomes such as low birth weight (LBW) and
premature birth (31, 32). However data on trichomonas infections in the setting of child
sexual abuse are limited. Most published studies of STIs in sexually abused children have
testing for T. vaginalis has been limited to girls presenting with vaginal discharge (20, 33—
36).

Rarely T. vaginalis can be transmitted vertically from mother to infant (vaginal, urine)
during parturition (37, 38). These infections may persist for several months after birth. Care
should be taken in interpretation when trichomonads are reported present in urine specimens
from children collected for another purpose. As the morphology of Pentatrichomonas
(Trichomonas) hominis, a nonpathogenic intestinalflagellate, is very similar to that of T.
vaginalis, care must be taken to make sure that specimens are not contaminated with fecal
material which can occur with bagged urine specimens.

Trichomoniasis has primarily been screened for at gynaecologic visits in the antenatal or
family planning setting by visualization of the trichomonads on wet mount microscopy, but
this methods in relatively insensitive; culture is more sensitive, but not as sensitive as NAAT
assays, which are not yet FDA cleared.

POC assays—There are several FDA-cleared POC tests available including the Affirm
VP 11l Microbial Identification System (Becton Dickinson) test, which is a direct nucleic
acid probe hybridization test for detection of T. vaginalis, Gardnerella vaginalis, and
Candida spp. (39). It has been reported to have sensitivities of 80-90 % in adult women
with vaginitis compared to culture as the reference standard. Culture, however, has now
been demonstrated to be of lower sensitivity than NAAT assays (40, 41). The Affirm VP 1l
has not been validated or approved for use in genital specimens from prepubertal girls or
urethral specimens from men.

A relatively new POC test (Genzyme, Inc.), test shows promise with better sensitivity than
wet preparation and culture, but it has not been studied in prepubertal girls (42).

NAAT assays—As previously mentioned, at present there is no FDA-cleared commercial
NAAT assay for trichomonas. Several research PCR assays have been reported and appear

1Troubleshooting may be necessary when assays are not performing correctly as when positive and negative controls for a particular
kit are performing incorrectly. In cases such as these, companies have technical representatives, who will work with laboratory
gersonnel to correct the problem.

As always, for diagnostic laboratories, quality assurance measures should be in continual use for each diagnostic assay, continued
laboratory staff proficiency should be maintained, and adequate training of new laboratory professionals is required.

Methods Mol Biol. Author manuscript; available in PMC 2014 July 31.
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to perform with sensitivities >90 %; greater sensitivity than wet preparation or culture (42—
49). There is one commercially available analyte-specific reagent (ASR) based on TMA
(GenProbe, Inc., San Diego, CA) that is FDA cleared for purchase of reagents, but not in a
“Kkit” format (49). Clinical trials for FDA clearance of this NAAT assays have been
performed and have been submitted to the FDA. More research is needed to ascertain how
this test performs with samples from prepubertal girls and in men.

Sensitivity comparisons using NAATs—When comparisons have been performed
with NAATS, the sensitivity and specificity of wet-preparation microscopy for trichomonas
have been estimated to be between 50-60 % and >90 %, respectively, whereas sensitivity
and specificity of PCR for trichomonas have been shown to be both >90%, respectively (46,
47, 50). A study of multiple etiologies of cervicitis in STD clinics, using both a TMA-based
research NAAT (49) and another research PCR-based NAAT (45) for trichomonas,
demonstrated an overall prevalence of 15.3 % for trichomonas compared with 11.9 % using
wet-preparation microscopy (51). Because of the lower sensitivity of the wet-preparation
method for diagnosis of TV, a significant percentage of infections may be routinely missed,
which is of concern in cases of suspected sexual abuse. The increased sensitivity of NAAT
assays in women over traditional methods of diagnosis such as wet preparation is evidence
for the need for more future research determining use of NAAT assays for the diagnosis of
trichomonas.

2. Materials

The materials for commercially available and FDA-cleared diagnostic tests are provided in
the Kits provided by the manufacturer. For NAAT assays, these include positive and
negative controls, primers, polymerase enzyme, buffers, and reagents. For culture, additional
supplies such as Thayer Martin plates for gonorrhea culture, as well as generic biochemical
tests for gonorrhea and Diamonds media for trichomonas culture are required. Additional
materials needed are consistent with standard laboratory supplies and include items such as
the equipment platform for the particular commercial assay, in addition to standard
laboratory supplies such as pipettes, tips, plastic ware and tubes, gloves, bichazard bags, and
miscellaneous equipment such as plate washers, incubators, refrigerators, freezers, etc.

3. Methods

Methods differ for each diagnostic test being processed (gonorrhea, chlamydia, or
trichomonas) and are rigorously standardized for commercially available and FDA-cleared
assays. Manufacturer’s package inserts must be followed exactly according to the provided
protocol. If manufacturer’s directions are altered as in the case of using a chlamydia of
gonorrhea for rectal samples for example, each laboratory must perform their own
verification study and document it carefully in order to remain CLIA compliant for
laboratory inspectors (see Notes 1—3) (6).

3Another method to maintain laboratory and test excellence for amplified tests is to routinely perform “swipe” tests by collecting
moistened swab samples from the environmental surfaces in the laboratory and equipment on a monthly basis and to run them in an
amplified test that is in use to monitor for amplicon contamination in the environment. If any such samples test positive, rigorous
cleaning is required and a repeat monitoring “swipe” test should be performed.

Methods Mol Biol. Author manuscript; available in PMC 2014 July 31.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hammerschlag and Gayd

References
1.

10

11.

0s Page 8

Campbell, LA.; Kuo, CC.; Gaydos, CA. Chlamydial infections. In: Detrick, B.; Hamilton, RG.;
Folds, JD., editors. Manual of molecular and clinical laboratory immunology. Washington, DC:
ASM; 2006. p. 518-525.

. Kuypers, J.; Gaydos, CA.; Peeling, RW. Principles of laboratory diagnosis of STI. In: Holmes, KK_;

Sparling, PF.; Stamm, WE.; Piot, P.; Wasserheit, JN.; Corey, L.; Cohen, M.; Watts, DH., editors.
Sexually transmitted diseases. McGraw Hill, New York, NY: 2008. p. 937-957.

. Gaydos, CA. Chlamydiae. In: Spector, S.; Hodinka, RL.; Young, SA.; Wiedbrauk, DL., editors.

Clinical virology manual ASM. Washington, DC: 2009. p. 630-640.

. Gaydos CA, Cartwight CP, Colaninno P, Welsch J, Holden J, Ho SY, Webb EM, Anderson C,

Bertuzis E, Zhang L, Miller T, Eckie G, Bravaya K, Robinson K. Performance of the Abbott
RealTime CT/NG for the detection of Chlamydia trachomatis and Neisseria gonorrhoeae. J Clin
Microbiol. 2010; 48:3336-3343.

. APHL/CDC Panel Summary Reports: Laboratory Diagnostic Testing for Chlamydia trachomatis

and Neisseria gonorrhoeae and Laboratory Diagnostic Testing for Treponema pallidum. Guidelines
for the Laboratory Testing of STDs. 2009 http://www.aphl.org/aphlprograms/infectious/std/Pages/
stdtestingguidelines.aspx.

. Clark RB, Lewinski MA, Leoffelholz MJ, Tibbetts RJ. Verification and validation of procedures in

the clinical microbiology laboratory. Cumitech (ASM Press). 2009; 31A:1-24.

. Hammerschlag MR, Guillen CD. Medical and legal implications of testing for sexually transmitted

infections in children. Clin Microbiol Rev. 2010; 23:493-506. [PubMed: 20610820]

. Tabrizi SN, Chen S, Cohenford MA, Lentrichia BB, Coffman E, Schultz T, Tapsall JW, Garland

SM. Evaluation of real time polymerase chain reaction assays confirmation of Neisseria
gonorrhoeae in clinical samples tested positive in the Roche Cobas Amplicor assay. Sex Transm
Infect. 2004; 80:68—71. [PubMed: 14755041]

. Whiley DM, Tapsall JW, Sloots TP. Nucleic acid amplification testing for Neisseria gonorrhoeae

An ongoing challenge. J Mol Diagn. 2006; 8:3—-14. [PubMed: 16436629]

. Whiley DM, Garland SM, Harnett G, Lum G, Smith DW, Tabrizi SN, Sloots TP, Tapsall JW.
Exploring “best practice” for nucleic acid detection of Neisseria gonorrhoeae. Sex Health. 2008;
5:12-23.

Schachter J, Hook EW, Martin DH, Willis D, Fine P, Fuller D, Jordan J, Janda WM, Chernesky M.
Confirming positive results of nucleic acid amplification tests (NAATS) for Chlamydia
trachomatis: all NAATS are not created equal. J Clin Microbiol. 2005; 43:1372-1373. [PubMed:
15750110]

12. Palmer HM, Mallinson H, Wood RL, Herring AJ. Evaluation of the specificities offive DNA

amplification methods for the detection of Neisseria gonorrhoeae. J Clin Microbiol. 2003;
41:835-837. [PubMed: 12574295]

13. Mc Nally L, Templeton DJ, Jin F, Grulich AE, Donovan B, Whiley DM, Cunningham PH. Low

positive predictive value of a nucleic acid amplification test for nongenital Neisseria gonorrhoeae
infection in homosexual men. Clin Infect Dis. 2008; 47:e25—e27. [PubMed: 18549310]

14. Schachter J, Moncada J, Liska S, Shayevich C, Klausner JD. Nucleic acid amplification tests in the

diagnosis of chlamydial and gonococcal infections of the oropharynx and rectum in men who have
sex with menby. Sex Transm Dis. 2008; 35:637-642. [PubMed: 18520976]

15. Bachmann LH, Johnson RE, Cheng H, Markowitz RE, Papp JR, Hook EW IIl. Nucleic

amplification tests for diagnosis of Neisseria gonorrhoeae oropharyngeal infections. J Clin
Microbiol. 2009; 42:902-907. [PubMed: 19193848]

16. Ota KV, Tamari IE, Smieja M, Jamieson F, Jones K, Towns EL, Juzkiw J, Richardson SE.

Detection of Neisseria gonorrhoeae and Chlamydia trachomatis in pharyngeal and rectal
specimens using the BD Probetec ET system, the Gen-Probe Aptima combo?2 assay and culture.
Sex Transm Infect. 2009; 85:182-186. [PubMed: 19126571]

17. Black CM, Driebe EM, Howard LA, Fajman NN, Sawyer MK, Girardet RG, Sautter RL,

Greenwald E, Beck-Sague CM, Unger ER, Igietseme JU, Hammerschlag MR. Multicenter study
of nucleic acid amplification tests for detection of Chlamydia trachomatis and Neisseria

Methods Mol Biol. Author manuscript; available in PMC 2014 July 31.


http://www.aphl.org/aphlprograms/infectious/std/Pages/stdtestingguidelines.aspx
http://www.aphl.org/aphlprograms/infectious/std/Pages/stdtestingguidelines.aspx

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hammerschlag and Gaydos Page 9

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

gonorrhoeae in children being evaluated for sexual abuse. Pediatr Infect Dis J. 2009; 28:608-613.
[PubMed: 19451856]

Heger A, Ticson L, Velasquez O, Bernier R. Children referred for possible sexual abuse: medical
findings in 2384 children. Child Abuse Negl. 2002; 26:645-659. [PubMed: 12201160]

Kellogg ND, Baillargeon J, Lukefahr JL, Lawless K, Menard SW. Comparison of nucleic acid
amplification tests and culture techniques in the detection of Neisseria gonorrhoeae and
Chlamydia trachomatis in victims of suspected child sexual abuse. J Pediatr Adolesc Gynecol.
2004; 17:331-339. [PubMed: 15581779]

Girardet R, Lahoti GS, Howard LA, Fajman NN, Sawyer MK, Driebe EM, Lee F, Sautter RL,
Greenwald E, Beck-Sague CM, Hammerschlag MR, Black CM. The epidemiology of sexually
transmitted infections in suspected child victims of sexual assault. Pediatrics. 2009; 124:79-86.
[PubMed: 19564286]

Centers for Disease Control and Prevention. Recall of LCx Neisseria gonorrhoeae assay and
implications for laboratory testing for N. gonorrhoeae and C. trachomatis. Morb Mortal WKkly
Rep. 2002; 51:7009.

Xu K, Glanton V, Johnson SR, Beck-Sague C, Bhullar V, Candal DH, Pettus KS, Farshy CE,
Black CM. Detection of Neisseria gonorrhoeae infection by ligase chain reaction testing of urine
among adolescent women with and without Chlamydia trachomatis. Sex Transm Dis. 1998;
25:533-538. [PubMed: 9858349]

Centers for Disease Control and Prevention. Sexually transmitted disease treatment guidelines,
2010. MMWR 59(RR-12). 2010:1-110.

Ripa T, Nilsson PA. A Chlamydia trachomatis strain with a 377-bp deletion in the cryptic plasmid
causing false-negative nucleic acid amplification tests. Sex Tansm Dis. 2007; 34:255-256.

Gaydos, CA.; Hardick, A.; Ramachandron, P.; Papp, J.; Steece, R.; Vanderpol, B.; Moncada, J.;
Schachter, J. Development of a specific PCR for detection of the new variant strain of Chlamydia
trachomatis and surveillance in the United States. Sixth Meeting of the European Society for
Chlamydia Research; 1-4 July 2008; Aarhus, Denmark. 2008. p. 63

Bandea CI, Kubota K, Brown TM, Kilmarx PH, Bhullar V, Yampaisarn S, Chaisilwattana P,
Siriwasin W, Black CM. Typing of Chlamydia trachomatis strains from urine samples by
amplification and sequencing the major outer membrane protein gene (ompl). Sex Transm Infect.
2001; 77:419-422. [PubMed: 11714939]

Schachter J, Chow CM, Howard H, Bolan G, Moncada J. Detection of Chlamydia trachomatis by
nucleic acid amplification testing: our evaluation suggests that CDC-recommended approaches for
confirmatory testing are ill advised. J Clin Microbiol. 2006; 44:2512—-2517. [PubMed: 16825373]
Centers for Disease Control and Prevention. Atlanta, GA: U.S. Department of Health and Human
Services; 2010. Sexually transmitted disease surveillance, 2009. (CDC http://www.cdc.gov/std/
stats/toc2007.htm)

Van Der Pol B, Williams JA, Orr DP, Batteiger BE, Fortenberry JD. Prevalence, incidence, natural
history, and response to treatment of Trichomonas vaginalis infection among adolescent women. J
Infect Dis. 2005; 192:2039-2044. [PubMed: 16288365]

Weinstock H, Berman B, Cates W. Sexually transmitted disease among American youth: incidence
and prevalence estimates. Perspect Sex Repro Health. 2004; 36:6-10.

Cotch MF, Pastorek JG, Nugent RP, Hillier SL, Gibbs RS, Martin DH, Eschenbach DA, Edelman
R, Carey J, Regan A, Krohn MA, Klebanoff MA, Rao AV, Rhodes GG. Trichomonas vaginalis
associated with low birth weight and preterm delivery. Sex Tansm Dis. 1997; 24:353-360.
Schwebke JR, Burgess D. Trichomoniasis. Clin Microbiol Rev. 2004; 17:794-803. [PubMed:
15489349]

Kohlberger P, Bancher-Todesca B. Bacterial colonization in suspected sexually abused children. J
Pediatr Adolesc Gynecol. 2007; 20:289-292. [PubMed: 17868895]

Kelly P, Koh J. Sexually transmitted infections in alleged sexual abuse of children and adolescents.
J Paediatr Child Health. 2006; 42:434-440. [PubMed: 16898881]

Simmons KJ, Hicks DJ. Child sexual abuse examination: Is there a need for routine screening for
N. gonorrhoeae and C. trachomatis. J Pediatr Adolesc Gynecol. 2005; 18:345.

Methods Mol Biol. Author manuscript; available in PMC 2014 July 31.


http://www.cdc.gov/std/stats/toc2007.htm
http://www.cdc.gov/std/stats/toc2007.htm

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hammerschlag and Gaydos Page 10

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Beck-Sague CM, Solomon F. Sexually transmitted diseases in sexually abused children adolescent
and adult victims of rape: review of selected literature. Clin Infect Dis. 1999; 28(Suppl 1):S74—
S83. [PubMed: 10028112]

Schwandt A, Williams C, Beigi RH. Perinatal transmission of Trichomonas vaginalis. J Reprod
Med. 2008; 53:59-61. [PubMed: 18251366]

Trintis J, Epie N, Boss R, Riedel S. Neonatal Trichomonas vaginalis infection: a case report and
review of the literature. Internat J STD AIDS. 2010; 2:606-607.

Briselden AM, Hillier SL. Evaluation of Affirm VP Microbial Identification Test for Gardnerella
vaginalis and Trichomonas vaginalis. J Clin Microbiol. 1994; 32:148-152. [PubMed: 8126171]

Huppert JS, Batteiger BE, Braslins P, Feldman JA, Hobbs MM, Sankey HZ, Sena AC, Wendel
KA. Use of an immunochromatographic assay for rapid detection of Trichomonas vaginalisin
vaginal specimens. J Clin Microbiol. 2005; 43:684-687. [PubMed: 15695664]

Nye MB, Schwebke JR, Body BA. Comparison of APTIMA Trichomonas vaginalis transcription-
mediated amplification to wet mount microscopy, culture, and polymerase chain reaction for
diagnosis of trichomoniasis in men and women. Am J Obstet Gynecol. 2009; 200:188.e1-188.e7.
[PubMed: 19185101]

Huppert JS, Mortensen JE, Reed JL, Kahn JA, Rich KD, Miller WC, Hobbs MM. Rapid antigen
testing compares favorably with transcription-mediated amplification assay for the detection of
Trichomonas vaginalis in young women. Clin Infect Dis. 2007; 45:194-198. [PubMed: 17578778]
Wendel KE, Erbelding EJ, Gaydos CA, Rompalo AM. Use of urine polymerase chain reaction to
define the prevalence and clinical presentation of Trichomonas vaginalisin men attending an STD
slinic. Sex Transm Infect. 2003; 79:151-153. [PubMed: 12690140]

Wendel KE, Erbelding EJ, Gaydos CA, Rompalo AM. Trichomonas vaginalis polymerase chain
reaction compared with standard diagnostic and therapeutic protocols for detection and treatment
of vaginal trichomoniasis. Clin Infect Dis. 2002; 35:576-580. [PubMed: 12173132]

Hardick J, Yang S, Lin L, Duncan D, Gaydos CA. Use of the Roche LightCycler Instrument in a
Real-Time PCR for Trichomonas vaginalis in urine samples from females and males. J Clin
Microbiol. 2003; 41:5619-5622. [PubMed: 14662951]

Kaydos-Daniels SC, Miller WC, Hoffman I, Bnda T, Dzinyemba W, Martinson F, Cohen MS,
Hobbs MM. Validation of a urine-based PCR-enzyme-linked immunosorbent assay for use in
clinical research settings to detect Trichomonas vaginalis in men. J Clin Microbiol. 2003; 41:318—
323. [PubMed: 12517867]

Kaydos SC, Swygard H, Wise SL, Sena AC, Leone PA, Miller WC, Cohen MS, Hobbs MM.
Development and validation of a PCR-based enzyme-linked immunosorbant assay with urine for
use in clinical research settings to detect Trichomonas vaginalis in women. J Clin Microbiol. 2002;
40:89-95. [PubMed: 11773098]

Hobbs MM, Kazembe P, Reed AW, Miller W, Nkata E, Zimba D, Daly C, Charkraborty H, Cohen
M, Hoffman 1. Trichomonnas vaginalis as a cause of urethritis in Malawian men. Sex Transm Dis.
1999; 26:381-387. [PubMed: 10458630]

Hardick A, Hardick J, Wood BJ, Gaydos CA. Comparison between the Prototype Gen-Probe TMA
Trichomonas vaginalis assay and a Real-time PCR for Trichomonas vaginalis using the Roche
Lightcycler Instrument in Female self-administered vaginal swabs and Male urine samples. J Clin
Microbiol. 2006; 44:4197-4199. [PubMed: 16943353]

Soper D. Trichomoniasis: under control or undercontrolled? Am J Obstet Gynecol. 2004; 190:281-
290. [PubMed: 14749674]

Gaydos CA, Maldeis NE, Hardick A, Hardick J, Quinn TC. Mycoplasma genitaliumas a
contributor to the multiple etiologies of cervicitis in women attending STD clinics. Sex Tansm
Dis. 2009; 36:598-606.

Methods Mol Biol. Author manuscript; available in PMC 2014 July 31.



