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ABSTRACT 20 

The performance of three research use only, dual HIV and syphilis rapid diagnostic tests 21 

(RDTs) was evaluated for 150 patient serum samples, as compared to reference HIV 22 

and Treponema pallidum antibody detection methods. RDTs performed comparably, 23 

with sensitivity of 93-99% and specificity of 97-100%. Kappa statistic between the RDTs 24 

was 0.95.  25 

 26 

 27 
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MANUSCRIPT 28 

In the U.S., HIV and syphilis (caused by Treponema pallidum) co-infection is 29 

increasingly common, with the estimated median HIV seroprevalence in men with 30 

syphilis to be 27.5% and in women with syphilis to be to be 12.4% (1). Men who have 31 

sex with men (MSM) have particularly high rates of HIV and syphilis co-infection, 32 

documented to be 47 - 72% in some areas of the U.S. (2-6). Co-infection with syphilis 33 

can increase the transmission of HIV, by both increasing viral shedding through open 34 

ulcers (7, 8) and by increasing patient viral load (9, 10).  35 

Reference methods used by most major clinical laboratories in the in U.S. for the 36 

diagnosis of HIV include enzyme immunoassays (EIAs) for the qualitative detection of 37 

antibodies to HIV-1 and HIV-2. EIA-reactive specimens are typically confirmed with an 38 

HIV-1 antibody Western Blot. In 2014, the Centers for Disease Control and Prevention 39 

issued new guidance for HIV diagnostic testing, which includes primary testing by a 40 

combination immunoassay that detects both HIV-1 and HIV-2 antibodies and the HIV-1 41 

p24 antigen. Specimens reactive by the screening assay undergo supplemental testing 42 

with an immunoassay that differentiates HIV-1 and HIV-2 antibodies (11). Specimens 43 

that are reactive on initial antigen/antibody combination immunoassays and nonreactive 44 

or indeterminate on the HIV-1/HIV-2 antibody differentiation immunoassay are then 45 

tested with an FDA-approved HIV-1 RNA nucleic acid test (NAT) (11). Reference 46 

methods for diagnosis of syphilis include primary screening by non-treponemal tests, 47 

such as the rapid plasma reagin (RPR), and confirmation with a treponemal-specific 48 

test, such as the T. pallidum particle agglutination (TP-PA) assay. Alternatively, many 49 

laboratories have adopted a ‘reverse algorithm’, whereby a T. pallidum-specific 50 
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immunoassay (e.g. enzyme immunoassay) is the screening test and a non-treponemal 51 

test, such as the RPR, is performed on EIA-reactive samples to stage the disease and 52 

monitor treatment (12). 53 

In the U.S., HIV tests are also commonly administered in both clinical and non-54 

clinical community based organizations, through the use of CLIA-waived rapid 55 

diagnostic tests (RDTs) for HIV, which detect HIV-1 and HIV-2 antibodies. The 56 

advantage of such testing is that results are immediately available at the point-of-care, 57 

which provides early diagnosis of HIV infection, and improved linkage to care (13-15). In 58 

contrast, FDA-approved, CLIA waived point-of-care tests for the diagnosis of syphilils 59 

are not yet available in the U.S., although these are available in other countries (16). At 60 

the time of this writing,  one rapid T. pallidum test has obtained FDA clearance and is 61 

awaiting CLIA waiver [Syphilis Health Check (Diagnostics Direct, Youngstown, OH, 62 

USA)]. As is the case for HIV, rapid diagnosis and treatment of syphilis is critical to 63 

reducing transmission. The availability of rapid, CLIA-waived syphilis tests will allow 64 

immediate evaluation and treatment of patients who test positive for syphilis, and the 65 

potential for screening in non-medical settings. The bulk of the syphilis epidemic in the 66 

U.S. is among MSM, and the largest increase in primary and secondary syphilis 67 

between 2009 and 2012 was in MSM aged 25-29 (17). However, sexually active MSM, 68 

and in particular young MSM, do not seek HIV and syphilis screening at the frequencies 69 

recommended by the CDC. As such, the availability of CLIA-waived, rapid, dual testing 70 

has the potential to reduce both syphilis and HIV rates among this at-risk population. 71 

While evaluation of point-of-care testing with RDTs for HIV or syphilis has been 72 
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performed in various settings, the use of dual RDTs for both HIV and syphilis has not 73 

been fully evaluated.  74 

In this study, we evaluated the performance of three commercially available, 75 

research-use-only (RUO), HIV / T. pallidum antibody dual RDTs using remnant, de-76 

identified sera from 150 patients that were previously tested by routine methods. 77 

Twenty-five specimens were obtained from the San Francisco Department of Public 78 

Health (previously characterized to be positive for HIV and syphilis antibodies); HIV and 79 

syphilis testing was confirmed at UCLA prior to the start of the study. The remaining 125 80 

serum specimens were from UCLA Clinical Microbiology Laboratory, and selected 81 

based on the results of routine HIV and syphilis serologic testing. HIV testing was 82 

performed using the Siemens Advia Centaur HIV 1/O/2 enzyme immunoassay (HIV EIA, 83 

Siemens, Tarrytown, NY, USA); all positives were confirmed by western blot, using the 84 

GS HIV-1 Western Blot kit (BioRad, Hercules, CA). RPR testing was performed using 85 

the Macro-VueTM 18 mm Circle Card Test (Becton Dickinson, Sparks, MD). Presence of 86 

T. pallidum antibodies was confirmed using the Serodia TP-PA test (Fujirebio 87 

Diagnostics, Inc., Malvern, PA, USA). All specimens were stored at -70○C prior to testing 88 

by the RDTs.  89 

The three RUO dual HIV / Syphilis RDTs evaluated were the MedMira Multiplo 90 

TP/HIV (MedMira Inc, Halifax, Nova Scotia, Canada), Standard Diagnostics (SD) 91 

BIOLINE HIV/Syphilis Duo (Standard Diagnostics Inc, Gyeonggi-do, Republic of Korea), 92 

and Chembio DPP® HIV-Syphilis Assay (ChemBio Diagnostics Inc, Medford, New York, 93 

USA). The SD and Chembio tests are solid phase immunochromatographic assays, 94 

whereas the MedMira test is a vertical flow qualitative immunoassay. All three assays 95 
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are single-use RDTs for the dual, qualitative detection of HIV-1, HIV-2 and T. pallidum 96 

antibodies. None of the RDTs differentiate HIV-1 from HIV-2. Comparison of the RDTs 97 

evaluated in this study is presented in Table 1. All three dual RDTs evaluated in the 98 

present study can be stored at room temperature, require no laboratory equipment 99 

(other than a timer), are easy to perform, rapid, and relatively easy to interpret. 100 

Specimens were tested by all 3 RDTs in parallel, following the manufacturer’s 101 

instructions, by a trained laboratory technician blinded to the reference results. Any 102 

discernible reactivity in the RDTs, even those with faint reactions, was considered 103 

positive as recommended by the manufacturers’ package insert. The results of the RDTs 104 

for HIV was compared to that of routine testing (EIA and Western Blot). The results of 105 

the RDTs for T. pallidum was compared to the TP-PA test. Specimens that yielded 106 

discordant or difficult-to-interpret (faint) results were repeated by all reference methods 107 

and all 3 RDTs, in parallel. Data were summarized using descriptive statistics, including 108 

sensitivity and specificity, with 95% confidence intervals (CI) calculated by the exact 109 

binomial distribution method. The Kappa statistic was used to describe concordance 110 

between the three RDTS. Statistical analyses were performed in Microsoft Excel. All 111 

protocols were approved by the UCLA Institutional Review Board. 112 

Among 150 samples included in this study, 29 (19.3%) were negative for T. 113 

pallidum and HIV, 24 (16%) were positive for T. pallidum but negative for HIV, 35 114 

(23.3%) were positive for HIV but negative for T. pallidum, and 62 (41.3%) were positive 115 

for both HIV and T. pallidum,, by the reference methods. All HIV EIA positive specimens 116 

were confirmed by a positive HIV-1 western blot (not shown). RPR titers for the 86 117 
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specimens positive by the TP-PA assay ranged from not reactive (n=28) to 1:512 (mean 118 

titer of reactive specimens, 1:8).  119 

Performance of the RDTs is listed in Table 2. Sensitivity for HIV antibody 120 

detection by the RDTs was 98-99% and specificity was 94-100%, as compared to the 121 

Siemens Advia HIV EIA. Similarly, detection of T. pallidum antibodies was excellent for 122 

all three methods, ranging from 93 – 95% sensitivity, and 97-100% specificity, as 123 

compared to the TP-PA assay (Table 2). The Kappa coefficient between the three RDTs 124 

was 0.95 (95% CI, 0.80-1.0) for the HIV component and 0.93 for the T. pallidum 125 

component (95% CI, 0.78-1.0).  126 

Repeat testing did not resolve any false negative or false positive results 127 

observed by the RDTs. All false negative T. pallidum antibody results (n=7) were from 128 

HIV-positive specimens (Table 3). Two of these were from specimens with high (≥1:8) 129 

RPR results. Two false positive T. pallidum results were observed, both only with the 130 

MedMira assay and again in HIV-positive specimens (Table 3). Four false positive HIV 131 

results were observed; three of these by the MedMira assay (Table 4), two of which had 132 

repeatedly faint reactions for HIV. Two specimens yielded false-negative HIV reactions 133 

(Table 4). One of these specimens was negative by all three RDTs, whereas specimen 134 

SF5 was negative by the MedMira and SD RDTs, but positive by the Chembio RDT 135 

(Table 4). Faint HIV reactions were observed in 2 MedMira (1.3%, both false positive), 3 136 

SD (2%, all true positives) and 2 ChemBio tests (1.3%, one false positive). Faint T. 137 

pallidum reactions were noted for 16 MedMira (10.7%, including 2 false positives), 10 138 

SD (6.7%, all true positives) and 6 ChemBio (4%, all true positives) tests. Repeat 139 

testing yielded similarly difficult-to-interpret results. Overall, our evaluation showed 140 
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comparable performance by the RDTs to reference methods, with excellent sensitivity 141 

and specificity. Ease of use was qualitatively comparable.  142 

In the U.S., several HIV RDTs have been approved for clinical use by the U.S. 143 

Food and Drug Administration (FDA) since 2002. The CDC recommends a second 144 

specimen be collected and tested by an HIV 1/2 immuno-differential test, for those 145 

patients with a positive HIV RDT. If positive, the diagnosis is confirmed, and if negative, 146 

additional testing with an appropriate HIV RNA NAT is recommended (11). In contrast, 147 

the clinical experience with syphilis RDTs is limited in the U.S., as only one 148 

manufacturer has recently achieved FDA clearance for their syphilis RDT. The 149 

management and follow-up testing for patients that test positive with a syphilis RDT 150 

remains to be defined, but will likely include confirmation with laboratory-based 151 

treponemal tests, and non-treponemal testing for disease staging and monitoring of 152 

treatment. Nonetheless, global experience with syphilis RDTs has shown excellent 153 

results. A systematic review of multiple syphilis RDTs used in 15 studies from over 154 

22,000 whole, plasma, or fingerstick specimens show a sensitivity (median 86%, 155 

interquartile range 75%–94%) and specificity (99%, 98%–99%), comparable with non-156 

treponemal screening tests characteristics (18). A more recent meta-analysis further 157 

reports performance that is estimated to be comparable to laboratory-based treponemal 158 

tests for these rapid treponemal tests (16).  159 

Dual RDTs for HIV and syphilis infection have been less well evaluated in either 160 

laboratory or clinical settings. Recently, a multi-site laboratory evaluation from 6 161 

countries demonstrated excellent sensitivity and specificity of the SD BIOLINE 162 

HIV/Syphilis Duo RDT. The sensitivity and specificity of the HIV antibody test 163 
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component (n = 2336 specimens tested) was reported to be 99.9% and 99.7%, 164 

respectively. For the T. pallidum antibody component (n = 2059 specimens tested), the 165 

sensitivity and specificity was 99.7% and 99.7%, respectively (19). These values are 166 

comparable to those obtained in the present study.  167 

Limitations to our study include a relatively small number of patient specimens 168 

evaluated. Another limitation includes the use of patient serum as opposed to fingerstick 169 

whole blood specimens, which would be used for point-of care testing. Furthermore, the 170 

performance of these tests may be higher in our study than what would be observed in 171 

the real world, as testing was performed in a controlled laboratory setting by a small 172 

number of highly skilled technicians.  Future research should include field evaluations of 173 

dual HIV/syphilis rapid tests.   174 

While RDTs are not intended to replace standard reference methods, the 175 

development of quality RDTs can have an enormous impact on public health initiatives, 176 

by providing earlier identification of patients infected with HIV and/or T. pallidum. The 177 

fact that syphilis is a co-factor in HIV transmission and HIV infection affects the clinical 178 

presentation of syphilis (9-10), coupled with the high rate of HIV and syphilis co-179 

infection among MSM in the U.S., underscores the need for both HIV and syphilis 180 

testing at the point of care. Since no HIV/Syphilis dual RDTs remain research use only 181 

in the U.S., such testing requires use of two RDTs. The recent FDA clearance of the 182 

Syphilis Health Check RDT, makes such testing now feasible. In regions of the U.S. 183 

where co-infection rates are high, or if targeted to high-risk patient populations, the 184 

availability of such testing may not only improve detection of syphilis infection, in 185 

addition to HIV, but also prevent further transmission by immediate treatment (18).  186 
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In summary, our study is the first to evaluate the sensitivity and specificity of 187 

three commercial combination HIV and syphilis RDTs in parallel, and demonstrates 188 

comparable performance to reference methods for all three RDTs. Further use of these 189 

RDTs in the clinical setting may more adequately determine their performance as point-190 

of-care tests. However, until the manufacturers submit data to the FDA for clearance of 191 

these products, this testing will not be available in the U.S. 192 

 193 
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Table 1. Comparison of the three HIV / T. pallidum antibody RDTs used in this study 276 

 ChemBio DPP® HIV-
Syphilis Assay 

SD Bioline HIV/Syphilis 
Duo 

MedMira Muliplo rapid 
Syphilis / HIV antibody 
test 

Specimen Whole blood, serum or 
plasma 

Whole blood, serum, or 
plasma 

Whole blood, serum, or 
plasma 

Time to detection 25 minutes 20 minutes 3 minutes 

Equipment Requires a timer Requires a timer None 

Shelf life 24 months at room 
temperature 

24 months at room 
temperature 

18 months at room 
temperature 

HIV component Recombinant HIV-1 and 
HIV-2 antigens (not 
specified) 

Recombinant HIV-1 
gp41, sub-O antigens 

Recombinant HIV-2 
gp36 antigen 

 

Synthetic HIV-1 gp41, 
gp120 and group O 
peptides 

Synthetic HIV-2 gp36 
peptide 

IgM and IgG 

T. pallidum 
component 

Recombinant antigen 
(not specified) 

Recombinant antigen 
(17 kDa) 

Recombinant antigens 
(15 kDa, 17kDa, 
47kDa) 

Method Solid phase 
immunochromatographic 
assay  

Solid phase 
immunochromatographic 
assay  

Vertical flow 
immunoassay  

Antibodies 
Detected 

IgM and IgG antibodies 
to HIV and T. pallidum 
antigens 

IgG, IgM and IgA 
antibodies to HIV and T. 
pallidum antigens 

IgM and IgG antibodies 
to HIV and T. pallidum 
peptides 

 277 

 278 

279 
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Table 2. Laboratory performance of 3 rapid diagnostic tests for the dual detection of HIV 280 

and T. pallidum antibodies, as compared to reference methods*  281 

RDT 

HIV antibody T. pallidum antibody  

Sensitivity (%) 

(95% CI) 

Specificity (%) 

(95% CI) 

Sensitivity (%) 

(95% CI) 

Specificity (%) 

(95% CI) 

SD  97.9 (92.0-99.6) 100 (91.5-100) 93.0 (84.8-97.1) 100 (92.9-100) 

Chembio  98.9 (93.6-99.9) 98.1 (88.6-99.9) 95.3 (87.9-98.5) 100 (92.9-100) 

MedMira  97.9 (92.0-99.6) 94.2 (83.1-98.5) 94.1 (86.3-97.8) 96.9 (88.2-99.5) 

*Reference HIV antibody method was the Siemens Advia Centaur HIV 1/O/2 enzyme 282 

immunoassay and the GS HIV-1 Western Blot kit, and T. pallidum antibody reference 283 

method was the Serodia TP-PA. 284 
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Table 3. Characteristics of specimens with discordant T. pallidum antibody test results 285 

by one or more RDT for the dual detection of HIV and syphilis antibodies  286 

Specimen Reference Result TP Component of RDT Result RPR HIV 

Western 

Blot 

TPPA HIV EIA MedMira SD Chembio

74 - + faint +1 - - NR2 reactive 

93 - + faint + - - NR reactive 

41 + + faint + - + 1:2 reactive 

64 + + - + + NR reactive 

75 + + - - - 1:4 reactive 

81 + + - - - 1:32 reactive 

84 + + - faint+ faint+ NR reactive 

SF11 + + faint + - - 1:4 reactive 

SF14 + + faint + - - 1:32 reactive 

SF3 + + - - + 1:2 reactive 

Shaded box indicates discordant result. 1faint results were considered positive. 2NR, not 287 

reactive 288 
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Table 4. Characteristics of specimens with discordant HIV antibody results by one or 289 

more RDT for the dual detection of HIV and syphilis antibodies  290 

 291 

Specimen Reference HIV Component of RDT RPR HIV Western Blot

TP-PA HIV EIA MedMira SD Chembio

96 - - faint+1 - - NR negative 

16 + - - - faint + 1:1 negative 

40 + - + - - 1:2 negative 

SF23 + - faint+ - - 1:4 negative 

SF5 + + - - + 1:8 reactive 

SF8 + + - - - 1:4 reactive 

Shaded box indicates discordant result. 1faint reactivity was considered positive. 2NR, 292 

not reactive 293 

 294 


