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Abstract

Accurate and inexpensive point-of-care (POC) tests are urgently needed to control sexually

transmitted infection (STI) epidemics, so that patients can receive immediate diagnoses and

treatment. Current POC assays for Chlamydia trachomatis and Neisseria gonorrhoeae perform

inadequately and require better assays. Diagnostics for Trichomonas vaginalis rely on wet

preparation, with some notable advances. Serological POC assays for syphilis can impact

resource-poor settings, with many assays available, but only one available in the U.S. HIV POC

diagnostics demonstrate the best performance, with excellent assays available. There is a rapid

assay for HSV lesion detection; but no POC serological assays are available. Despite the

inadequacy of POC assays for treatable bacterial infections, application of technological advances

offers the promise of advancing POC diagnostics for all STIs.
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Sexually transmitted infections (STIs) represent a significant global public health burden,

not only from the high morbidity and mortality but also from costs associated with treating

and managing these infections. In the USA alone, total lifetime costs per year for the 19.7

million incident cases of eight major STIs that occurred among persons of all ages in 2010,

[1], was estimated to be US$15.6 billion [2]. Total morbidity costs were estimated to be US

$516.7 million for Chlamydia trachomatis (CT), US$162.1 milllion for Neisseria

gonorrhoeae (NG), US $50.7 million for hepatitis B virus (HBV), US $12.6 billion for HIV,

US$1.7 billion for human papillomavirus (HPV), US$540.7 milllion for herpes simplex

virus (HSV) type 2, US $39.3 million for syphilis and US$24.0 million for Trichomonas

vaginalis (TV) [2]. The prevalence of these STIs in the USA is estimated at 110,197,000
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(Figure 1) [1]. Prevalences ranged from the lowest for syphilis (117,000) to the highest for

HPV (79.1 million), with CT (1.57 million) in the middle [1]. Youth are disproportionately

affected; >20% of infections are among those aged 15–24 years. For example, of the 1.4

million CT cases reported to the US CDC in 2011, the rates were 3416.5 and 3722.5 cases

per 100,000 population for adolescents 15–19 and 20–24 years of age, respectively [3].

Numerous factors contribute to the persistent STI public health burden, but of particular

importance is delay in treatment resulting from lengthy diagnostic protocols. Point-of-care

(POC) tests offer significantly important strategies to address STI epidemics, since diagnosis

and prompt treatment can offer immediate intervention, preventing onward transmission.

The former are drivers of POC diagnostics, but many barriers exist, including low accuracy,

regulatory issues, information system integration, the physical and electric environment and

economic concerns as examples [4]. Rapid diagnosis also offers opportunity for counseling

messages about sexual risk behavior and prevention of loss to follow-up, often a significant

problem with STI patients. When routine diagnostics result in treatment delays in patients

with active infections, they serve as reservoirs, passing their infection onto other individual

before becoming aware of their infection status. Treatment delay is further complicated by

the asymptomatic nature of all STIs, particularly HIV, CT and NG, although HSV-1/2, TV

and syphilis can be mostly asymptomatic as well.

Traditional diagnostic approaches

Despite limitations, diagnostic tests have markedly improved for many STIs. Traditional STI

diagnostics utilize culture or serological techniques. Although techniques such as Gram stain

microscopy, wet preparation and direct fluorescent antibody can be considered POC tests,

these have limited utility outside of a laboratory and many are insensitive and non-specific.

Other immunological techniques such as ELISA are no longer recommended by the CDC

for chlamydia due to lower sensitivity. Nucleic acid amplifications tests (NAATs) are

considered the current gold standard assays for detection of CT and NG with several

approved commercial assays available [5–11]. They are recommended by the CDC because

of high sensitivity, specificity and rapidity compared with culture techniques (hours instead

of days) [12]. Although NAATs have markedly improved diagnostics available for STI

detection, their cost and time limitations may indirectly contribute to the STI public health

burden, due to non-use in resource-poor settings and also the time required before a result is

used for treatment of infected individuals, during which, further transmission can occur.

NAATs are now also available for TV, HPV and HSV-1/2, but are not yet widely used [13–

15]. Although NAATs are commonly utilized in developed countries, they are often

impractical for deployment in resource-limited countries because of cost and infrastructure

required for proper utilization. Due to NAAT limitations, large segments of the STI-positive

populations receive either delayed or no treatment, contributing to the persistently high

incidence and prevalence of STIs, both in the USA and worldwide. Some bacterial STIs,

such as syphilis and viral STIs such as HIV and HSV were traditionally diagnosed by

serology, but can now benefit from newer POC tests used with fingerstick blood, with the

most advanced tests being for HIV [16].

Gaydos and Hardick Page 2

Expert Rev Anti Infect Ther. Author manuscript; available in PMC 2014 June 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



POC tests

In general, sensitivity and specificity are important parameters for the use and evaluation of

POC tests and are particularly critical in a screening situation. These parameters, as well as

overall performance vary in real-world conditions, and are influenced by the training of staff

and their ability to interpret test results. New sensitive and specific POC tests may have the

ability to circumvent insufficiencies of traditional diagnostics, allowing patients to receive

results and treatment before leaving the clinic or doctor’s office. Recently, many

technological advances allowed POC diagnostics to offer promise reducing testing times

while providing sensitive and specific results. However, many existing POC assays also

suffer from markedly decreased sensitivity for certain STIs [17]. There is the possibility

though that some newer technologies are lower in complexity and cost than NAATs, can be

deployed in resource-poor settings, thus allowing disadvantaged, at-risk populations

potential for testing and treatment. Issues regarding POC uptake is whether they are

sensitive, specific, inexpensive and simple enough to affect STI burden. Modeling studies

have indicated that even less sensitive POCs can result in additional patients being treated

[18,19]. Methodologies to measure these metrics, estimate and weigh these variable

parameters are drastically needed [20]. Another important issue in the adoption of POC tests

is to determine the needs of clinicians who use POC tests [21,22].

WHO has provided developers and users of POC diagnostics guidelines, known as

ASSURED to aid in developing and utilizing POC diagnostics for STIs that have true utility,

both in developed and developing countries. ASSURED stands for: Affordable by those at

risk for infection, Sensitive, very few false negatives; Specific, very few false positives;

User-friendly, very simple to perform (minimal steps required with minimal training); Rapid

and Robust, to enable treatment at first visit (rapid) and does not require refrigerated storage

(robust), Equipment-free, easily collected non-invasive specimens (e.g., saliva and urine)

and not requiring complex equipment and Delivered to end users [23]. The focus of this

review is to address shortcomings and advances of some POCs and offer future perspectives

for POC diagnostics for STIs caused by CT, NG, TV, HSV-1/2, syphilis and HIV.

Chlamydia trachomatis

Overview

CT is a significant public health problem in the USA and worldwide, and in the USA is the

most frequently reported pathogen (1,412,791 cases in 2011) to the CDC [3]. Untreated CT

can cause serious complications, including pelvic inflammatory disease, chronic pelvic pain,

infertility and ectopic pregnancy [24]. Several rapid tests for detecting CT were developed

between 1998 and 2007. These include the optical immunoassay (OIA) (Inverness [formerly

BioStar], Princeton, NJ, USA) [25,26], Clearview Chlamydia (Alere Health Care, Waltham,

MA, USA) [27–29], QuickVue (Quidel, San Diego, CA, USA) [30,31]. All are cleared by

the US FDA, but lack sensitivity compared with NAAT assays [20]. The chlamydia rapid

test (CRT, Diagnostics for the Real World, Ltd., Cambridge, UK) is only available in

Europe [32]. Two assays with online literature, OneStep (CLIA Waived, Inc., San Diego,

CA, USA) and the magnetic immunochromatographic test (ICT; MagnaBioSciences, Green
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Cross Medical Sciences Corp., San Diego, CA, USA), have no published literature or FDA

clearance [20].

Evaluation of POC tests currently available

The most commonly evaluated POC diagnostics for CT are ICTs and OIA, both of which

are based on antigen and antibody interactions. These platforms are typically very rapid,

with <30 min testing time and low technical complexity, with little infrastructure

requirements, but are quite insensitive [20,33–35]. Unfortunately, many of these platforms

were originally evaluated by comparison with culture as the reference standard; this

comparison can inflate reported sensitivity. Generally, sensitivities associated with CT POC

tests ranged from approximately 33% (compared with NAAT) to 79–95% (compared with

culture) depending on sample type and comparison method, with specificities >95% for

most assays. However, since CT culture is now known to have much lower sensitivity than

NAATs, when POC tests are compared against NAATs, they are woefully inadequate (Table

1) [17,27,36].

An extensive effectiveness and cost–effectiveness review for the British CRT assay was

performed and compared with the Clearview Chlamydia POC assay and standard-of-care

PCR testing by the Health Technology Assessment Program [35]. That review reported from

several studies that the pooled sensitivity of CT for vaginal swabs was 80% and for first

void urines was 77%. However for Clearview, pooled estimates from four studies indicated

the sensitivity for vaginal, cervical and urethral swabs combined was 64 and was 52% for

cervical samples alone. The resulting economic analysis reported that both POC tests were

more costly and less effective than current practice of using NAAT assays; therefore,

insufficient evidence was found to suggest that CRT could improve detection of chlamydia

compared with standard practice [35].

New CT assays

Fortunately, biomedical technology has progressed in the last several years to provide some

promising new POC or ‘near-patient’ assays. One, the Cepheid GenXpert assay has been

FDA cleared in 2012 and combines microfluidic technology with real-time PCR. The

cartridge-based assay detects DNA of CT (as well as NG) in female endocervical swabs,

patient-collected vaginal swabs and for female and male urine specimens from symptomatic

and asymptomatic patients [37]. It has demonstrated near perfect sensitivity (97.4–98.7%)

and specificity (99.4–99.9%) in urogenital specimens [37,38]. The X-pert is a modular

platform for testing samples directly from patients, which requires no hands-on

manipulation from specimen loading until results are available in approximately 90 min. A

mathematical model was reported for the potential of the new generation of POC tests, such

as the Cepheid assay or other new POC test, to reduce the prevalence of CT and NG in the

setting of high prevalence [39]. The Australian authors estimated that if the new POC test

achieved sensitivity of 95% and with baseline screening coverage of 44% per year,

prevalence for NG might be reduced from 7.1 to 5.7%, and CT prevalence might be reduced

from 11.9 to 8.9%. If screening coverage were increased to 60 or 80%, prevalence could be

as low as 0.6% for NG and 1.5% for CT. The model predicted that alone, minimizing the

time between testing and treatment would have minimal impact in prevalence decline, but
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the use of highly sensitive POC tests have a huge potential to improve the outcome of

screening since they can achieve the combined effect of reducing the delay for treatment to

zero and effectively increasing the treatment rate to 100% [39].

POC tests under development

Another promising chlamydia POC assay is the Atlas Genetics platform in the UK [40]. This

PCR assay has a novel electrochemical detection method for which a preclinical validation

study using 306 archived clinical samples demonstrated a clinical sensitivity of 98.1% and

specificity of 98.0%. The Velox™ technology contains an integrated fluidic card for sample

processing and reagent handling and incorporates a novel technique for detection of

proprietary ferrocene electrochemical labels and utilizes a low-cost reader instrument [40].

Another new POC CT technology in development is the microwave accelerated metal-

enhanced fluorescence (MAMEF) assay [41–43]. The MAMEF assay can detect

approximately 10 inclusion-forming units/ml of CT in <9 min, including DNA extraction

and detection. Using a plasmid-based assay on archived clinical samples, sensitivity and

specificity were 82.2% (37/45) and 92.9% (197/212), respectively [43]. In the assay, target

DNA sequences bind to a fluorophore-labeled probe and additionally an anchor probe

covalently bound to the assay surface. If target CT DNA sequence is present, metal

enhanced fluorescence occurs through close proximity of the fluorophore to silver metallic

nanoparticles. Sample lysis utilizes gold bowtie geometries, which highly focus microwaves

onto clinical samples [43].

Neisseria gonorrhoeae

Overview

NG is the second most frequently reported infection to the CDC (with 321,849 cases in

2011) [3]. Similar to CT, the sequelae to untreated infections include PID, infertility, chronic

pelvic pain and ectopic pregnancies. Gonorrhea is a significant public health problem

worldwide, especially in light of increasing resistance to currently used antibiotics [44–46].

If a POC test could provide a result for not only NG but also for a resistance marker(s) for

ciprofloxacin, for example, such a test would be invaluable for providing an immediate

therapeutic option and for potentially sparing cephalosporins [47]. Unfortunately, no such

POC diagnostic options currently exist.

Evaluation of POC tests currently available

For currently available NG POC tests, sensitivities generally range from 50 to 70%

depending on sample type and comparison method, with specificity >95% for most sample

types and comparison methods [20]. These assays include: the OIA (Inverness [formerly

BioStar]), the Program for Appropriate Technology in Health GC-Check (PATH, Seattle,

WA, USA) and OneStep (Cortez Diagnostics, Inc., Calabasas, CA, USA) [20].

A recent review article which compared LE dip stick (not NG specific but measures the

white cell leukocyte esterase enzyme) studies (median sensitivity 71% [range 23–81%]),

three ICT strip studies and microscopy for the detection of NG reported no adequate POC
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test for NG [48]. The three ICT studies (all requiring 15–30 min and 5–7 steps) in that

review (GC Check, performed in Benin [49]; BioStar, performed in Brazil [50] and NOW

Gonorrhea Test, performed in Japan) [51] demonstrated a median sensitivity of only 70%

(range 60–90%) and a median specificity of 96% (range 89–97%) (Table 1) [48]. All of

these reports indicate that improved POC tests for diagnosing NG are urgently needed [48].

New NG assays

Similar to the assay for CT, the Cepheid GenXpert assay for NG, promises to offer near-

patient tests combining microfluidic technology with real-time PCR. The cartridge-based

assay detects DNA from NG in female endocervical swabs, patient-collected vaginal swabs

and for female and male urine specimens from symptomatic and asymptomatic patients [37].

Sensitivities and specificities ranged from 95.6 to 100% and 99.9 to 100%, respectively.

Additionally, there have been no false-positive results with near neighbors in Neisseria sp.

or other commensal respiratory bacteria [38]. Since this assay is newly commercially

available, future evaluations will indicate its potential use in routine practice as a near-

patient test.

POC diagnostics for syphilis

Overview

Syphilis, caused by Treponema pallidum, is re-emerging as an important STI, particularly

since evidence indicates that syphilis cases are increasing in the USA as well as globally

[52,53]. Following a primary ulcer, the disease, if untreated, can progress to the latent stages

where serological evidence of infection is present, but with no clinical signs or symptoms of

infection. Syphilis was thought to be on the verge of elimination in the USA, but cases

increased 36% between 2006 and 2010, including a 134% increase in primary and secondary

syphilis in African American males, 20–24 years old, which was possibly the result of risky

sexual practice, inadequate access to healthcare and a greater incidence of syphilis within

networks of men who had sex with men [53]. Syphilis outbreaks in Europe are also

associated with men who have sex with men, with additional outbreaks occurring among

commercial sex workers. Russia and China have both experienced syphilis epidemics from

2000 to 2009; China is the nation with the largest increase in syphilis, with cases doubling

between 2005 and 2009 [53]. Due to the clinical severity associated with syphilis,

particularly neonates, rapid and accurate detection of the infection is important, and

highlights the need for POC diagnostics for syphilis.

Evaluation of POC tests currently available

Serologic tests for syphilis have been utilized successfully to detect and identify active and

previous infections, largely because culture of T. pallidum is not possible, and detection by

dark field microscopy can be performed only on primary syphilis genital lesions. Non-

treponemal and treponemal tests rely on antigen and antibody interactions to generate

results, and are primarily performed on plasma or serum. Both non-treponemal and

treponemal serologic tests are utilized for diagnosis, and the latter test has been typically

utilized to confirm the results of the former, since non-treponemal serologic tests lack

specificity for T. pallidum.
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The traditional screening algorithm for syphilis has been to first screen with a non-

treponemal test. Two commonly utilized examples are the venereal disease research

laboratory or rapid plasma reagin (RPR, Becton Dickinson, Sparks, MD, USA), and confirm

a positive result with a treponemal test, such as T. pallidum particle agglutination (TP-PA,

Fujirebio Diagnostics, Malvern, PA, USA) or T. pallidum hemagglutination [33,54]. Only

the fourfold decrease in titer of the non-treponemal venereal disease research laboratory and

RPR POC tests can indicate successfully treated syphilis. The treponemal-based tests remain

positive for life and cannot distinguish between past treated and untreated infection.

However, a reverse testing algorithm has begun to be commonly used [55]. This metric

utilizes a treponemal primary screening assay followed by a non-treponemal test if the

primary treponemal assay is positive. If the secondary, non-treponemal test is reactive, then

syphilis is confirmed. If the non-treponemal test is non-reactive, a second treponemal test is

performed to confirm the result of the primary test [56]. The reverse testing algorithm has

been adopted largely because of economic and screening throughput factors, but studies

have indicated that utilizing reverse screening may identify a higher percentage of positive

patients [55–57].

New syphilis assays

There are an abundance of treponemal tests available for use with either screening

algorithm. Rapid POC tests have been developed which can be performed on fingerstick

blood, and are increasingly being used in resource-limited settings, but only one, Trinity

Health Check™ (Diagnostics Direct, LLC, Stone Harbor, NJ, USA), is FDA cleared for use

in the USA. This trepomemal POC test for syphilis has a reported 95.6% positive agreement

and a 90.5% negative agreement with gold standard testing, with a percent overall

agreement of 90.6% [58].

An excellent review in 2010 of results from 22,000 ICT strip POC syphilis tests described in

15 studies in STI clinics and antenatal clinics reported a high sensitivity (median 86%) and a

high specificity (99%) (Table 2) [59]. The authors concluded that the ICT strip assays ‘have

the potential to widen the breadth and depth of screening efforts’ and concluded operational

research with ICT strip syphilis testing is an important step in syphilis control. A 2006

evaluation of four POC rapid tests for syphilis was reported for assays that are not yet

approved for use in the USA: Determine Syphilis TP (Abbott Laboratories, Tokyo, Japan),

VisiTect Syphilis (Omega Diagnostics, Alloa, UK), Syphicheck-WB (Qualpro Diagnostics,

Goa, India) and SD Bioline Syphilis 3.0 (Standard Diagnostics, Kyonggi-do, Korea) and

found that specificities for all rapid tests evaluated was >95%, with sensitivities ranging

from 64 to 100% for the tests evaluated (Table 2) [60]. Other evaluations of POC tests for

syphilis have found similar results to this evaluation, with reported sensitivities and

specificities ranging from 62 to 100% and 83 to 95%, respectively, depending on the assay

evaluated (Table 2) [33].

A recent evaluation of eight treponemal assays, including fluorescent treponemal antibody-

absorption (FTA-ABS, Zeus Scientific, Raritan, NJ, USA), LIASON Treponema assay

(Diasorin, Stillwater, MN, USA), SD Bioline 3.0 Rapid POC test (Standard Diagnostics,

Korea), INNO-LIA (Biokit, Barcelona, Spain) and CAPTIA IgG, Trep-ID and Trep-Sure
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(Trinity Biotech, Jamestown, NJ, USA) were all evaluated qualitatively, as well as

quantitatively, to determine their concordance with RPR and TP-PA, as well as to determine

the end point detection for reactive samples by testing various serial dilutions [54]. All

treponemal assays evaluated performed very well in the qualitative evaluation, at >94 and

>98% concordance for reactive and non-reactive samples, respectively. However, there were

substantial differences in the lowest end point titer dilution detection for each assay [54].

Overall, FTA-ABS had the lowest median end point at 1:4, while Trep-Sure had the highest

at 1:512. The evaluation illustrated that when utilizing treponemal tests in the reverse testing

algorithm, it is important to utilize primary and confirmation treponemal tests with the same

end point of detection to limit discordance between primary and confirmation tests [54].

The POC diagnostic from this same evaluation, SD Bioline, performed well qualitatively

with 100 and 98.9% concordance to TP-PA for reactive and non-reactive specimens,

respectively [54]. The end point dilution detection for this assay was 1:32, which was

statistically different from TP-PA (end point of 1:16) as well as other tests evaluated (p <

0.0001).

Another recent study performed in Tanzania with a cohort of pregnant women evaluated SD

Bioline and compared the results with TP-PA and the syphilis enzyme immunoassay (EIA;

Lab 21 Healthcare, Kentford, UK) with an accessibility component added to the study in

addition to the performance evaluation [61]. SD Bioline had a sensitivity and specificity of

59.6 and 99.4%, respectively compared with TP-PA, while the EIA displayed higher

sensitivity and lower specificity at 95.3 and 97.78%, respectively. For active cases of

syphilis sensitivities of SD Bioline and the EIA were 82 and 100%, respectively [61].

Notably, the accessibility evaluation performed in conjunction with the performance

evaluation indicated that there was a huge discrepancy between pregnant women, who visit

health centers and dispensaries (where the POC diagnostic was implemented) than those

who visited district hospitals [61]. In fact, the study found that using the 2.3% prevalence

determined in the study, that 82% (n = 63) of women with active syphilis infections in these

districts would have been treated with implementation of the POC test, whereas without it,

only 16% (n = 12) would be successfully treated, which would translate into a huge

improvement in the implementation of POC tests for syphilis control.

POC tests for syphilis have been successfully deployed in other areas of the world as well,

including Peru and China [62,63]. In these areas, POC testing for syphilis proved feasible

and valuable particularly in China, where a high incidence of primary syphilis was observed

in pregnant women from rural areas of the country [62].

The variability in sensitivity of POC diagnostics for syphilis will remain an issue; however,

the benefits of being able to provide early treatment to infected individuals may outweigh

the variability and sometimes lower sensitivity of the assays [33], and the ease of use of

these assays suggest they could be coupled to other rapid screening initiatives, particularly if

utilized in conjunction with rapid HIV testing [63]. In summary, the most efficient use of

POC assays for syphilis appears to be in resource-limited settings rather in the USA, where

the prevalence of syphilis is generally much lower; however, there may be a place for their

use in men who have sex with men in urban areas of high prevalence in the USA.
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Trichomonas vaginalis

Overview

Trichomonas infections, caused by the parasite TV, are highly prevalent STIs, with

estimates of 3.7 million infections annually in the USA and 180 million globally [64]. They

represent the most common curable STI in young, sexually active women [65,66] and have

been associated with poor reproductive outcomes such as low birth weight (LBW) and

premature birth [67,68]. The National Health and Nutrition Examination Survey 2001–2004

estimated that 3.1% of women in the USA have TV [69]. The National Longitudinal Study

of Adolescent Health cohort study indicated that 2.8% of women 18–26 years were positive

for TV, with infections in African American women ranging from 10.5 to 13% [70]. Data

from the National Health and Nutrition Examination Survey demonstrated that TV was

associated with other STIs among women in the civilian US population in a sample of 3648

women, 14–49 years old [71] with a TV prevalence of 3.2, and >80% of cases being

asymptomatic. Of important interest is the association of TV with HIV [72]. Evidence

suggests that TV increases transmission and acquisition HIV among women and several

models suggest positive effects of TV therapy related to HIV viral burden and estimating the

number of transmitted HIV infections attributable to TV [73,74]. Of note, most studies of

TV have involved women, but more attention may be directed toward men in the future as

POC assays improve and potentially provide better methods to access and test men [75,76].

Evaluation of POC tests currently available

Currently available POC assays for TV [77] include wet preparations (microscopic

examination of saline mount of vaginal secretions for motile trichomonads), OSOM TV

Trichomonas Rapid Test (Sekisui, formerly Genzyme Diagnostics, Cambridge, MA, USA),

the Affirm VPIII Microbial Identification Test (Becton Dickinson, Sparks, MD, USA) and

the Kalon Tv latex test (Kalon Biological, Surrey, UK). The Kalon test uses latex beads

coated with antibodies specific to TV proteins, but is not FDA cleared or CE (Conformité

Européenne) marked in Europe [77]. The XenoStrip-Tv (Xenotope Diagnostics, Inc., San

Antonio, TX, USA) is an ICT diagnostic detecting TV membrane proteins with reported

sensitivities of 78.5 and 90% in two published studies, but it is no longer available [20].

OSOM TV Trichomonas Rapid Test is an ICT capillary flow (dipstick) assay that detects

TV membrane proteins, with an additional internal control. It is Clinical Laboratory

Improvement Amendments (CLIA) waived and requires five steps to complete, with results

in 10 min. An early study compared the sensitivity and specificity of OSOM, wet mount and

culture performed on vaginal swabs from 449 sexually active women [78]. The overall

prevalence of TV was 23.4% by a gold standard of either positive wet mount or positive

culture. For the vaginal swabs, OSOM displayed 83.3 and 98.8% sensitivity and specificity,

respectively, and it performed better than wet preparation. In another comparison with wet

preparation, culture and a NAAT assay, the OSOM performed very well with a sensitivity

and specificity of 90 and 100%, respectively in 330 sexually active females aged 14–21

years [79]. The prevalence of trichomoniasis in this population was 18.5% (61/330); the

sensitivity of wet preparation ranged from 50 to 54% and for culture was 75%. In

symptomatic women, the sensitivity of OSOM was 92.5% and for the NAAT, 97.5%.
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Similar low sensitivities for culture and wet preparation were reported in another publication

(Table 3) [80].

An innovative algorithm in another study utilized OSOM and culture for subjects who tested

wet mount negative. Wet mount saline was utilized as an InPouch TV culture inoculum, and

the remaining swab after wet mount was tested with OSOM. The best strategy to detect TV

using two tests was wet mount followed by OSOM, with a sensitivity of 86.4% [81].

A recent study utilized the OSOM test in India in 450 sexually active women compared with

wet preparation and InPouch culture [82]. Compared with a composite reference standard of

wet preparation and culture, OSOM demonstrated a sensitivity and specificity of 86.1 and

100%, respectively, with positive predictive value (PPV) and negative predictive value

(NPV) of 100 and 97.1%, respectively.

Affirm VPIII Microbial Identification Test is a test that detects T. vaginalis, Candida sp. and

Gardnerella vaginalis. It uses synthetic nucleic acid capture probes and color development

detection probes complementary to unique genetic sequences of the target organisms [20]. It

is considered a moderately complex test with at least 10 steps and requires 45 min to achieve

results. Early evaluations that compared it with wet preparation and culture demonstrated a

range of sensitivity of 91.8 and 89.2%, respectively, while specificity ranged from 98.1 to

99.3% [20]. However, a recent study which compared the TV results with a NAAT for TV

reported a sensitivity and specificity of 46.3 and 100%, respectively (Table 3) [83].

New TV POC assays under development

A new rapid prototype TV POC assay has been designed for use in conjunction with the

Atlas io POC platform [84]. The assay features novel electrochemical end point detection,

with a multi-copy region of the TV genome as a target. In a preliminary performance study,

90 clinical vaginal swab samples were used to verify the performance of the prototype assay,

demonstrating a sensitivity and specificity of 95.5% (42/44) and 95.7% (44/46), respectively

[85].

Herpes simplex virus 1 & 2

Overview

Herpes simplex viruses type 1 and type 2 cause ulcerative lesions that are typically painful,

and infection is a persistent lifelong disease. HSV-1 infections typically recur 1- to 2-times

per year, whereas HSV-2 infection can recur anywhere from 4- to 10-times per year [85,86].

Although HSV-1 typically causes oral lesions, and HSV-2 causes about 80% of anogenital

lesions, there is considerable crossover of types with more anogenital HSV-1 noted in

younger individuals [33,87,88]. Data from the CDC estimate that there are 776,000 new

HSV-2 infections a year in the USA [1], and that 50 million persons in the USA are infected

with HSV-2 [87]. There is no cure for HSV-1 or HSV-2, although the disease can be

managed through suppressive therapy with antiviral drugs, based on CDC recommendations

for treatment of primary, episodic or recurrent genital herpes [86,87]. Current pathogenesis

research indicates that a vaccine for HSV-1 and HSV-2 may be possible, and efforts are

advancing toward that end [89,90]. It is important that infected individuals are aware of their
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status to allow counseling and behavioral intervention by providers, and importantly to be

offered antiviral therapy to reduce the risk of transmission to current and/or future partners

[33].

Worldwide, HSV is highly prevalent with estimates of 536 million by WHO. A recent

longitudinal analysis of STI incidence at a Brazilian healthcare center indicated the HSV

incidence was 10.6% from 1999 to 2009 [91]. In Sub-Saharan Africa, of 40 countries with

available data, the HSV-2 prevalence was below 20% in 32 of those, while the prevalence

was >50% in the other eight countries [92,93]. Previous infection with HSV-1 contributes to

a threefold increase in asymptomatic HSV-2 infection, and HSV-2 infection has been

established as a principal risk factor for acquisition and transmission of HIV [33,86,94].

Evaluation of HSV tests currently available

Currently, there are no POC tests for serological detection of antibodies to HSV that are

FDA cleared.

The high prevalence of HSV-1 and HSV-2, plus the contribution of HSV-2 to increased HIV

acquisition and transmission emphasize the need for POC diagnostics for HSV.

Formerly, traditional diagnosis of infection was performed by scraping a herpetic lesion and

performing either Tzanck smear or cytology, but this diagnostic method has been

discontinued due to low sensitivity and specificity [86]. Viral culture of lesions has been

utilized for many years and had good specificity, but lacks excellent sensitivity, especially in

older healing lesions. PCR is a sensitive and specific technique that can also be utilized on

ulcers, and is adaptable for typing [33,86]. Most PCRs have been Laboratory Developed

Tests for research and clinical use, but now there is an amplification assay that is FDA

cleared by Becton Dickinson [15]. Serology has been the mainstay diagnostic test to identify

present or previous HSV-1 and HSV-2 infections, since often lesions are not present and

type-specific serology has been widely implemented to demonstrate exposure [33,86,95–

98].

Serology for HSV detection depends on antibody and antigen interactions. One potential

cost savings screening algorithm utilizing serology for HSV detection is the Alberta

Algorithm, which consists of a primary screen utilizing a non-specific serology kit (Behring

Enzygnost IgG, Siemens Healthcare, Munich, Germany) for any anti-HSV antibody, and if

this test is reactive, screen with a secondary serology test specific for anti-HSV-2 antibodies

(Focus HerpeSelect 2, Focus Diagnostics, Cypress, CA, USA). If the secondary test is

positive, HSV-2 is confirmed and if the secondary test is negative, the sample is an HSV-1

presumed positive [95]. Evaluation of that algorithm, using western blot as a gold standard,

demonstrated sensitivity and specificity of 92 and 97%, respectively for HSV-2 detection,

and 94 and 100%, respectively for HSV-1 (Table 4).

Utilizing serological testing to detect HSV infections has been controversial among STI

practitioners and willingness to pay appears to drive uptake by patients, with acceptance

being high when the test was offered free, but low among high-risk women who were

charged US$10 [96,97].
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Although serology has been successfully utilized in multiple venues, certain barriers

including cost limitations prevent utilization globally. A recent systematic review and meta-

analysis of 10 articles illustrated some of these barriers [98]. The review and analysis

focused on 21 studies of HerpeSelect and 12 studies that utilized Kalon gG2 ELISA (Kalon

Biologicals Ltd., Guilford, UK), and found that sensitivities and specificities for these

HSV-2 varied by setting when evaluated in sub-Saharan Africa, and were generally lower

than reported in the USA and UK (Table 4) [98]. Specifically, that analysis found that

HerpeSelect had low specificity, estimated at 69%, when utilizing the manufacturer’s cut-

off, and that in general Kalon performed better than HerpeSelect when utilized in the same

population. Potential reasons for this discrepancy include: potential African HSV-2 strain

variants that are uncommon in North America, cross-reactivity with unidentified antibodies

that are common in African populations, or nucleotide polymorphisms gG2 sequences that

are specific to African populations [98]. One recommendation to improve specificity of

these assays in sub-Saharan Africa is to increase the cut-off recommended by the

manufacturer. Ideally, for a diagnostic to be implemented for routine use throughout the

world, standardization of that assay across populations would be a key feature.

New HSV POC tests

There is one recently FDA-cleared POC assay for the detection of HSV in lesions, the

IsoAMP® HSV (Biohelix Corp., Beverly, MA, USA), discussed below. Advances in

biomedical technology continue to drive diagnostics for HSV forward. PCR has not been

routinely utilized outside of diagnostic and core laboratories due to the 4 h time requirement

and associated complexity. A recent study with the emphasis on developing and validating a

2 h result with a real-time PCR, using pre-aliquoted reagents, as well as an ABI 7500HT

FAST instrument (Applied Biosystems, Foster City, CA, USA) was validated for women in

labor [99]. The assay had sensitivity and specificity of 99.6 and 96.7%, respectively

compared with a previously validated real-time PCR for HSV detection (Table 4). Although

this PCR does not meet the definition of a POC assay, application of additional advances in

technology, such as isothermal amplification or LAMP could reduce assay time, and

complexity. However, until amplification technologies can be encapsulated into a low

complexity, low-cost device that can be deployed in areas like sub-Saharan Africa, they

remain far from being true POC diagnostics for HSV.

New HSV POC assays & assays under development

Microfluidic technology has made advancements recently, and is beginning to yield quality

results, in terms of new POC diagnostics [100]. Recently, promising microfluidic

technology utilizing luciferase coupled antigens for detection of HSV-2 antibodies was

demonstrated [101]. The luciferase immunoprecipitation system presented in the publication

relies on light emitting recombinant antigens to measure antibody titers, and demonstrated

100% sensitivity and specificity for detection of HSV-2 antibodies in 20 human plasma

samples [101]. With a detection time of <10 min, this platform has great potential for

automation and portability, although further evaluation will be required. Devices like

luciferase immunoprecipitation system are well suited for antibody detection, and as a
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potential replacement for standard serology, particularly in developing countries where

inexpensive, rapid and highly sensitive and specific assays are required.

For primary outbreaks of HSV, the IsoAMP HSV (Biohelix Corp.) has recently received the

FDA approval for detection of HSV nucleic acid from genital and oral lesions [102]. The

technology utilizes isothermal helicase-dependent amplification (HAD), which uses Bst

DNA polymerase, and by obviating the nucleic acid extraction process, can offer results in

1.5 h. Analytical sensitivity has been measured at 5.5 and 34.1 copies/reaction for HSV-1

and HSV-2, respectively [103]. In clinical performance, IsoAMP demonstrated sensitivity

for HSV-1 and -2 of 98.6% and a specificity of 98.8% for both oral and genital lesions (no

typing) (Table 4) [102]. Compared with ELVIS® typing system, the technology offered a

sensitivity of 97.1% for genital lesions and 93.8% for oral lesions and specificities of 93.4

and 87.4% in genital and oral lesions, respectively [102]. From five study sites in the USA,

and after discrepant analysis, overall agreement of IsoAMP with ELVIS was 98.8%, with a

37.0% overall prevalence [104]. These results are comparable with PCR and offered high

reproducibility of results among the laboratories where it was evaluated. This technology

represents the future of diagnostics for primary HSV infections, as well as for other STIs,

due to the fast time to result, easy operation and high sensitivity and specificity [102].

Human immunodeficiency virus

Overview

There are an estimated 41,400 new HIV infections in the USA each year [1]. Unfortunately,

of 1.1 million infected individuals in the USA, 20% are unaware of their HIV infection

[105]. These persons and their partners remain at high risk of unknowing transmission and

acquisition of HIV. HIV incidence remains highest in African Americans, accounting for

44% of all new infections, and the rate of 68.9/100,000 population was 7.9-times higher than

the rate in Caucasians (8.7/100,000) [106]. Because of the need to test those who are at most

risk as well as the urgency for rapid results, POC tests are most appealing to use in situations

where patients interact with the healthcare system, as well as to reach outside of routine

clinical situations, such as emergency departments, schools, mobile vans, healthcare fairs

and even self-testing [107–111]. Rapid POC tests are designed to detect anti-HIV antibodies

within approximately 20 min so that results are available within the medical encounter. Most

assays use whole blood from fingersticks, plasma, serum or oral fluid [112,113]. POC tests

are especially valuable by allowing patients assessment for immediate care or when results

are required for immediate treatment decisions, as for pregnant women in labor [113].

Evaluation of POC tests currently available

Currently available rapid POC tests in the USA include: OraQuick (OraSure Technologies,

Bethlehem, PA), Reveal (Medmira, Inc., Halifax, Nova Scotia), Multispot HIV-1/HIV-2

Rapid Test (Bio-Rad Laboratories, Redmond, WA), Uni-Gold Recombigen HIV test (Trinity

Biotech PLC, Dublin, Ireland), Clearview HIV-1/2 STAT-PAK and Clearview Complete

(self-contained closed system) HIV-1/2 (Alere Health Care, Waltham, MA), Chembio Dual

Path Platform (DPP) HIV-1/2 Assay (Chembio Diagnostic Systems, Inc., Medford, NY) and

INSTI (Biolytical Laboratories Inc., Richmond, BC, Canada; Chicago, IL) [20,114,115].
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Many of the advantages and disadvantages of different types of FDA-approved HIV

immunoassays used for screening by test generation and platform type, including POC rapid

tests have been recently reviewed in an excellent manner by the CDC [116]. There are also

WHO-approved assays that are not FDA cleared for use in the USA, such as the Determine

HIV-1/2 (Inverness Medical Japan Co. Ltd., Tokyo, Japan) that are widely used outside the

USA [117,118]. For example, the new Determine assay, HIV-1/2 AG/AB Combo test, now

includes p24 antigen detection and has been evaluated in Africa with excellent performance

characteristics (sensitivity 99.4% and specificity 99.2%) for the antibody portion, although

the antigen portion had a sensitivity of 0.000 and a specificity of 0.983. [119].

OraQuick Rapid HIV-1/2 Antibody Test is FDA-approved CLIA waived and can be used

with oral fluid and blood, but for plasma, it is rated as moderately complex [20]. It relies on

antibody and antigen interactions and is commonly used for oral fluid samples. The result

can be read between 20 and 40 min after the sample is inserted into the test vial; 2 lines

(control and test lines) indicate a positive result and 1 line (control only) indicates a negative

result. [120]. In one study, comparing 6811 specimens with EIA testing, OraQuick detected

91% of the antibody positive results with a specificity, positive predictive value (PPV) and

NPV values of 99.6, 98.1 and 99.4%, respectively (Table 5) [121].

Reveal is a single-use, qualitative immunoassay to detect anti-HIV-1 antibodies in serum or

plasma and is categorized as moderately complex, with reported sensitivity and specificity

of 99.8 and 99.9%, respectively (Table 5) [113,122].

The Multispot HIV-1/HIV-2 Rapid Test is a single-use, qualitative immunoassay to detect

and differentiate circulating anti-HIV-1 and anti-HIV-2 antibodies in fresh or frozen serum

and plasma [123]. It is rated as moderately complex but not CLIA waived with reported

sensitivity and specificity of 100 and 99.9%, respectively, and is recommended as a

confirmatory and differentiation test between HIV-1 and HIV-2 utilized with the new HIV

testing algorithm beginning with fourth-generation antigen/antibody assays (Table 5)

[118,124].

Uni-Gold Recombigen HIV is a single-use, rapid test for the detection of anti-HIV-1

antibodies in plasma and serum, where it is considered moderately complex and whole

blood from venipuncture, where it is CLIA waived. Uni-Gold Recombigen HIV test is

intended for use in POC settings for confirmation of HIV-1 infection. This test is suitable for

use in appropriate multi-test algorithms designed for the statistical validation of rapid HIV

test results and has been reported sensitivity and specificity of 100 and 99.7%, respectively

(Table 5) [125,113].

The Clearview HIV-1/2 STAT-PAK assay is a single-use, rapid ICT qualitative test used to

detect anti-HIV-1 and anti-HIV-2 antibodies in fingerstick whole blood, venous whole

blood, serum and plasma specimens, with reported 99.7% sensitivity and 99.9% specificity

in 15–20 min (Table 5) [126]. It is suitable for use in multi-test algorithms designed for the

statistical validation of rapid HIV test results. The Clearview Complete is a closed system

and self-contained for minimal exposure to healthcare workers.
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New HIV POC tests

The Chembio DPP HIV-1/2 Assay is a single-use ICT for the detection of anti-HIV-1 and

anti-HIV-2 antibodies in oral fluid, fingerstick whole blood, venous whole blood, serum or

plasma samples, with reported sensitivity for fingerstick whole blood at 99.8% (926/964,

95% CI: 99.2–99.9%). Specificity has documented at 99.9% (Table 5). The intended use is

as a POC test to aid in the diagnosis HIV-1and HIV-2 infection, and it is suitable for use in

multi-test algorithms designed for the statistical validation of rapid HIV test results [127].

The INSTI HIV-1 Antibody Test is a single-use, rapid, in vitro qualitative immunoassay for

anti-HIV-1 antibody detection in human venipuncture whole blood, fingerstick blood or

plasma specimens. The newly FDA-cleared test is intended for use by trained personnel in

POC and laboratory situations to aid in detection of HIV-1 infections. If multiple rapid HIV

tests are available, this test is suitable for use in appropriate multi-test algorithms [128].

Sensitivity analysis was performed on HIV-1-positive specimens (n = 1076) with matching

fingerstick whole blood, ethylenediaminetetraacetic acid (EDTA) whole blood and EDTA

plasma. Additionally, unscreened, matching fingerstick whole blood, EDTA whole blood

and EDTA plasma samples (n = 782) with 22 positives via an FDA-licensed test were also

evaluated. Overall sensitivity and for fingerstick whole blood from confirmed and know

HIV-1-positive samples was 99.8% (1095/1097, 95% CI: 99.3–99.9%), while specificity,

minus invalid results, was 99.5% (1375/1382, 95% CI: 99.3–99.9%) (Table 5) [128].

Acceptability of standard and rapid tests for HIV testing is high among patients and the

feasibility of such testing appears to be adequate [129,130]. In an urban sexually transmitted

disease clinic, 80% of eligible patients accepted HIV testing and 87% of those accepted

POC HIV tests [131]. Patients will even accept to perform their own HIV test in Emergency

Departments with some being recruited via kiosks [107,108,110].

Many evaluations of rapid POC testing strategies have been performed with excellent

results, some advocating either parallel (two separate POC tests) or serial algorithms (where

initial positive tests are confirmed by a second more specific test), and are enabling moving

testing from the laboratory to the patient [16,132–134]. One comparison of three rapid test

kits (Determine, STAT-PAK and Uni-Gold) demonstrated that parallel testing had a

sensitivity and specificity of 99.7 and 99.8%, respectively, whereas if STAT-PAK was

utilized as the initial serial test, overall sensitivity and specificity were 99.6 and 99.7%,

respectively. However, if Determine was used as the first serial test, the overall sensitivity

dropped to 97.3% and the specificity increased to 99.9%, indicating the Determine was a

slightly less sensitive, although more specific screening test [133]. Serial testing is likely to

be cost saving though, and this should be measured against variations in sensitivity and

specificity in various testing algorithms to determine if impactful cost savings mitigate a

reduced number of positive detections.

Rapid HIV testing at home is receiving attention especially since the approval of the

OraQuick home testing kit by the FDA [135,136]. This approval is expected to empower

individuals to identify their HIV status and overcome barriers to HIV testing. However,

research regarding self-testing is currently scarce and relevant research is needed, especially
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cost–effectiveness studies and systems for monitoring self-testing, as well as studies

regarding self-reporting for individuals who test positive [109,111].

Although not a POC test for an STI, there is increasing use of rapid CD4 POC tests in

resource-limited sites to augment rapid HIV POC tests, and the evaluation of the Pima™

assay (Alere Health Care, Waltham, MA, USA) appears to show reasonable overall

agreement with laboratory-based flow cytometry assays [137–140]. Field use of such CD4

assays has the potential to monitor improved adherence to HIV therapy. Recent

nanotechnology and microfluidic advances will make even simple, low-cost, and robust

POC HIV viral load assays possible in the near future [141,142]. As research into new POC

diagnostic platforms, such as microfluidic paper-based analytic devices advances, we may

expect to see healthcare in resource-limited areas without trained medical clinicians become

realized [100,143].

Expert commentary & five-year view

There is no debate that accurate and inexpensive POC tests are urgently needed to control

the costly epidemics of STIs in the world today, so that patients can receive timely

diagnoses and needed treatment for these infections [144]. The exciting advances in

microfluidic technology represent the future of improved diagnostics for POC diagnostics

for STIs. Excellent POC serological assays have been developed for the detection of anti-

HIV antibodies and p24 antigen, as well as syphilis, but development of true POC tests for

the detection of the curable bacterial STIs, such as chlamydia and gonorrhea are lagging and

thus far have performed inadequately. A substantial investment in terms of capital, time and

research effort is required to further develop POC diagnostics for these infections. The threat

of emerging antimicrobial resistance for gonorrhea represents a substantial hurdle, both as a

public health problem and highlights the urgent need for new POC assays and rapid tests to

detect antibiotic sensitivity or resistance to currently available antibiotics in order to curtail

development resistance and aid in antibiotic-sparing measures.

It is important to recognize the necessity of evaluating the performance of new POC tests for

STIs in real-world settings. Although sensitivity and specificity are often used to evaluate

the performance of a test in trial situations, it is the PPV and NPV that may be more

important with regards to evaluating assays, since the prevalence affects these values. Thus,

it will be important to recognize the predictive values of a test that will depend on the

population prevalence of the infection, which if is very low, can substantially affect test

performance in the particular setting.

Despite of the current lack of adequate POC assays for treatable bacterial infections, with

the application of new technological advances, for example, low-cost, low-complexity

microfluidic paper-based platforms and the ability to couple new technologies to healthcare

infrastructures, promising advancements should be expected in the next few years [100,143].

The POC assays for trichomonas are promising, but are not yet as sensitive as NAATs;

further refinement is required, but should be forthcoming in the near future as technologies

such as isothermal amplification and microfluidic advances add the promise of bringing

NAAT sensitivity and specificity to POC assay for TV. Better FDA-cleared POC assays are
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required for serological assays for syphilis and HSV and hopes are high that new assays

under current development will meet the need and demand for such assays.

The future for the development of new inexpensive and accurate POCs will depend on the

commitment of public health officials and industry to successfully partner to bring such

assays, such as those based on chip technology and biosensors, [145–149], through

regulatory requirements and into actual use in the USA and in resource-limited settings. The

POC test pipeline should be filled with new POC assays in the next 5 years.
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Key issues

• Although current point-of-care (POC) tests for Chlamydia trachomatis and

Neisseria gonorrhoeae have demonstrated less than ideal performance, there are

near-patient assays (GenXpert) that have displayed excellent performance

characteristics, and new microfluidic-based technologies that offer the promise

of excellent POC tests for Chlamydia trachomatis and Neisseria gonorrhoeae in

the near future.

• Traditional POC tests for Trichomonas vaginalis still rely largely on wet

preparation for detection, although advances have been made with POC tests,

notably the OSOM test. The Kalon Tv latex test is another promising

technology, although it is not US FDA approved or CE marked, and requires

further evaluation before implementation.

• The reverse testing algorithm for syphilis has provided a strategy to identify

increased cases of new and previous syphilis infections, although with variable

sensitivity. POC tests for syphilis are best utilized in resource-poor settings,

although they may have some utility in developed countries among men who

have sex with men, or where incidence and prevalence are high.

• There is a FDA-cleared rapid test (IsoAMP) for detection of herpes simplex

viruses (HSVs) from lesions, but POC serological assays to measure antibody

are not available. Utilizing enzyme immunoassay serological testing to detect

HSV antibody is effective in developed countries, although willingness to pay,

as well as acceptance by sexually transmitted infection practitioners, are factors

affecting acceptability. In developing countries, sensitivity and specificity

remain variable, although alterations in testing algorithms and manufacturer cut-

offs may improve sensitivity, specificity and consistency in results. For the

detection of primary HSV infections, there are some promising new

technologies in development (e.g., luciferase immunoprecipitation system).

• Technological advances have led to numerous POC tests for the detection of

anti-HIV antibodies, the majority of which show excellent performance in serial

or multi-test algorithms. Many are available only outside the USA. The

possibility of performing home HIV testing has been advanced with FDA

approval for the OraQuick home testing kit, although cost–effectiveness and

self-monitoring studies are required to understand the impact home testing will

make on overcoming barriers to HIV testing. Numerous technological advances

offer the promise of incorporating CD4 as well as p24 antigen testing into POC

diagnostics.
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Figure 1.
Estimated prevalence of sexually transmitted infections in the USA (total 110,197,000).
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Table 1

Sensitivity and specificity of point-or-care/near-patient tests for Chlamydia trachomatis and Neisseria

gonorrhoeae.

Organism Test Sample type Sensitivity (%)† Specificity (%)†

Chlamydia trachomatis BioStar OIA chlamydia test Cervical 59.4–73.8 98.4–100

Male urine

Clearview Chlamydia test Cervical 49.7 97.9

Vaginal 32.8 99.2

QuickVue Cervical 25–65 100

Chlamydia rapid test Vaginal 83.5 98.9

Male urine

X-pert CT/NG Cervical 97.4 99.6

Vaginal 98.7 99.4

Female urine 97.6 99.8

Male urine 97.8 99.9

Neisseria gonorrhoeae BioStar OIA GC test Cervical 60 89.9

PATH GC-Check Cervical 70 97.2

Vaginal 54.1 98.25

X-pert CT/NG Cervical 100 100

Vaginal 100 99.9

Female urine 95.6 99.9

Male urine 98.9 99.9

†
Sensitivity and specificity compared with nucleic acid amplification tests.

OIA: Optical immunoassay; PATH: Program for Appropriate Technology in Health.

Data taken from [20].
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Table 2

Sensitivities and specificities for point-of-care diagnostics for syphilis.

Organism Test Sample type Sensitivity† (%) Specificity† (%)

Treponema pallidum (syphilis) Abbott Determine Syphilis TP Whole blood/serum 59.6–100 95.7–100

Omega VisiTect Syphilis Whole blood/serum 72.7–98.2 98.1–100

Qualpro Syphicheck-WB Whole blood/serum 64–97.6 98.4–99.7

Standard SD Bioline Syphilis 3.0 Whole blood/serum 85.7–100 95.5–99.4

Trinity syphilis health check Whole blood/serum 98.2‡ 97.3‡

†
Expressed as a range of sensitivities and specificities from across four countries, utilizing whole blood and serum sensitivities from clinics and

laboratories.

‡
Based on overall sensitivity and specificity reported for treponemal test comparisons in Trinity syphilis health check package insert [58].

Data taken from [60].
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Table 3

Sensitivities and specificities for point-of-care diagnostics for Trichomonas vaginalis.

Organism Test Sample type Sensitivity (%) Specificity (%)

Trichomonas vaginalis OSOM TV rapid test Vaginal swabs 83.3–90† 98.8%–100†

Affirm VPIII microbial identification test Vaginal swabs 46.3‡ 100‡

†
The range reflects reported sensitivities and specificities reported in [20,80–82].

‡
Affirm compared with nucleic acid amplification test [83].
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Table 4

Sensitivities and specificities for point-of-care diagnostics for herpes simplex virus 2.

Organism Test Sample type Sensitivity (%) Specificity (%)

Herpes simplex virus 2 HerpeSelect Serum 80–100† 41–100†

HerpeSelect Serum 91‡ 97‡

Kalon HSV-2 gG2 Serum 84–98.6† 83.2–100†

Rapid real-time PCR Genital secretions, genital lesions, buffer solutions 96.7§ 99.6§

IsoAMP® HSV Genital swabs 97.1¶ 93.4¶

†
Data taken from [98]. Sensitivity and specificity are expressed as a range from multiple studies over multiple years from the meta-analysis

performed in the publication.

‡
Data taken from [95].

§
Data taken from [99].

¶
Data taken from [102].
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Table 5

Sensitivities and specificities for point-of-care diagnostics for HIV.

Organism Test Sample type Sensitivity (%) Specificity (%)

HIV† OraQuick advance rapid HIV-1/2 antibody test Oral fluid, whole blood/serum 99.6 100

Reveal G3 rapid HIV-1 antibody test Serum/plasma 99.8 99.9

Multispot HIV-1/HIV-2 rapid test Serum/plasma 100 99.9

Uni-Gold Recombigen HIV test Whole blood/serum/plasma 100 99.7

Clearview HIV-1/2 STAT-PAK or Clearview
Complete HIV-1/2

Whole blood/serum/plasma 99.7 99.9

Chembio DPP HIV-1/2 assay Oral fluid, whole blood/serum/plasma 99.8 99.9

INSTI HIV-1 antibody test Whole blood/plasma 99.8 99.5

†
Data taken from [12,20].
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