
 1 

The diagnostic performance of novel skin-based in vivo tests for tuberculosis infection compared to PPD 1 
tuberculin skin tests and blood-based in vitro interferon-gamma release assays: A systematic review and 2 
meta-analysis 3 
 4 

Authors 5 

*Maria Krutikov MRCP1, *Lena Faust MSc2, Vladyslav Nikolayevskyy PhD3,4, Yohhei Hamada MD1, Rishi K. 6 

Gupta MRCP1, Daniela Cirillo PhD5, Alberto Mateelli MD6, Alexei Korobitsyn MD7, Claudia M. Denkinger 7 

MD8,9,10, Molebogeng X. Rangaka PhD 1,11,12 8 

 9 

*Authors contributed equally.   10 

 11 

Affiliations 12 

1. Institute for Global Health, University College London (UCL), London, United Kingdom 13 

2. McGill International TB Centre, and Department of Epidemiology, Biostatistics and Occupational 14 

Health, McGill University, Canada 15 

3. UK National Mycobacterium Reference Service, Public Health England, United Kingdom  16 

4. Imperial College London, London,  United Kingdom 17 

5. San Raffaele Scientific Institute (IRCCS), Milan, Italy 18 

6. Unit of Infectious Diseases, Department of clinical and experimental sciences, University of Brescia 19 

and WHO Collaborating Centre for TB/HIV co-infection and for the TB elimination strategy 20 

7. Global TB Programme, World Health Organisation, Geneva, Switzerland 21 

8. Division of Tropical Medicine, Centre of Infectious Disease, Heidelberg University Hospital, 22 

Heidelberg, Germany  23 

9. Foundation for Innovation and New Diagnostics (FIND), Geneva, Switzerland 24 

10. German Center of Infection Research, Partner Site Heidelberg University Hospital, Heidelberg, 25 

Germany 26 

11. Medical Research Council Clinical Trials Unit, London, United Kingdom 27 

12. School of Public Health, and Clinical Infectious Disease Research Institute-AFRICA (CIDRI-28 

AFRICA), University of Cape Town, South Africa 29 

 30 

Corresponding author:  31 

 Dr Molebogeng X. Rangaka, 32 

Institute for Global Health, University College London, 33 

Room 305, 3rd floor Mortimer Market Centre,  34 

Capper Street, London, WC1E 6JB,    35 

Email: l.rangaka@ucl.ac.uk 36 

 37 

  38 

mailto:l.rangaka@ucl.ac.uk


 2 

Abstract  39 

Background 40 

Novel skin-based tests for Tuberculosis (TB) infection may present suitable alternatives to current tests, 41 

however, diagnostic performance compared to the PPD-tuberculin skin test (TST) or interferon-gamma release 42 

assays (IGRA) needs systematic assessment. 43 

 44 

Methods 45 

English (Medline OVID), Chinese (Chinese Biomedical Literature Database and the China National Knowledge 46 

Infrastructure), and Russian (e-library) databases were searched up to 15 May 2019 (with updated Russian and 47 

English searches on 20 October 2020) “using terms “ESAT6” OR “CFP10” AND “skin test” AND 48 

“Tuberculosis” OR “C-Tb” OR “Diaskintest”. We included studies reporting performance of index tests alone, 49 

or against a comparator. Pooled random-effects estimates are presented where appropriate; total agreement 50 

proportion, sensitivity in microbiologically-confirmed tuberculosis and specificity in cohorts with low risk of 51 

TB infection. Study quality was assessed with QUADAS-2. (PROSPERO: CRD42019135572). 52 

 53 

Findings 54 

29 Diaskintest (N=7,111), five C-Tb (N=2,744), two EC-skintest (N=887), and one DPPD (N=173) studies were 55 

reviewed. Tested sub-populations included HIV-infected, children and TB-exposed individuals. Studies were 56 

heterogeneous with moderate to high risk of bias. Nine head-to-head studies of index test vs TST and IGRA 57 

permitted direct comparisons and pooling.   58 

 59 

In a mixed TB and non-TB cohort, Diaskintest pooled agreement with IGRA was 88% (95%CI:80-93%)  vs 60 

TST-5mm cut-off 52% (95%CI:42-61%). Diaskintest sensitivity was 91% (95%CI:78-94%) vs TST-5mm 88% 61 

(95%CI:78-94%), IGRA QuantiFERON 90% (95%CI:79-95%) and TSPOT.TB 91% (95%CI:80-96%). C-Tb 62 

agreement with IGRA in active TB was 80% (95%CI:76-84%) vs TST-5mm/15mm cut-off 76% (95%CI:69-63 

82%). C-Tb sensitivity was 75% (95%CI:70-78%) vs TST-5mm/15mm 79% (95%CI:68-86%), IGRA 72% 64 

(95%CI:63-79%). Specificity, C-Tb 98% (95%CI:94-99%) vs TST-15mm 93% (95%CI:90-95%), IGRA 99% 65 

(95%CI:80-100%). EC-skintest sensitivity was 86% (95%CI:82-89%).  66 

 67 

Interpretation 68 

Novel skin-based tests for TB infection appear to perform similarly to IGRA or TST, however, study quality 69 

varied. Evaluation of  test performance, patient-important outcomes and diagnostic utility in current clinical 70 

algorithms will inform implementation in key populations.  71 

 72 

Funding  73 

New Diagnostic Working Group of STOP TB and FIND 74 

 75 

 76 

  77 
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Research in context 78 

Evidence before this study  79 

Although diagnosis and treatment of TB infection are key interventions to reduce global TB incidence, at least 80 

30% of those who may benefit from treatment cannot access screening. The widely available skin-based 81 

screening test, the PPD-tuberculin skin test (TST), is limited by specificity, operability and dwindling stocks 82 

globally, whereas the blood-based interferon gamma release assays (IGRA) are limited by scalability and cost. 83 

Recently developed skin tests that elicit a more specific immune response to Mycobacterium tuberculosis, have 84 

the potential to increase access to more accurate screening tests by utilising existing inexpensive skin testing 85 

platforms, however synthesised evidence on diagnostic performance is lacking.  86 

 87 

We searched MEDLINE and Embase (Ovid platform), Russian e-library, Chinese Biomedical Literature 88 

Database and the China National Knowledge Infrastructure databases on 15 May 2019 and updated the search 89 

on 20 October 2020  for all studies using terms “ESAT6” OR “CFP10” AND “skin test” AND “Tuberculosis” 90 

OR “C-Tb” OR “Diaskintest”. 91 

 92 

Added value of this study  93 

Our systematic review synthesised available data on diagnostic performance of four novel skin tests including 94 

Diaskintest® (Generium, Russian Federation), C-Tb® (Serum Institute of India), EC-skintest® (Anhui Zhifei 95 

Longcom, China), and DPPD® (Creative Biolabs, USA). These were evaluated against a hierarchy of reference 96 

standards for TB infection consistent with the 2020 WHO Framework: (1) test agreement with IGRA or TST; 97 

(2) test sensitivity in those with microbiologically-confirmed active TB and specificity in those at low risk of 98 

TB infection; (3) association between index test result and proximity of exposure among case contacts; (4) 99 

predictive value of index test for incident TB; (5) efficacy of preventive therapy based on test result. The search 100 

identified 37 studies, of which we meta-analysed 22; only 9 were three-test head-to-head studies of index vs 101 

TST or IGRA. No longitudinal cohorts were identified, precluding evaluation of predictive ability. There was 102 

great heterogeneity in study design, and study quality. Tested sub-populations included HIV-infected, children 103 

and TB-exposed individuals. Head-to-head analyses that included three tests permitted simultaneous comparison 104 

of the index test vs TST or IGRA in the same population under the same study conditions tests, limiting 105 

heterogeneity; these enable robust direct comparisons of the performance all three tests and were prioritised 106 

over indirect comparisons. Results from these analyses indicate that, across all four novel skin test types, 107 

performance is similar to current tests for TB infection. Agreement with IGRA or the TST was similar, 108 

approximately 80% or more in individuals with or without active TB. Similarly, sensitivity of the novel skin 109 

tests appeared comparable to the TST or IGRA, irrespective of threshold for positivity chosen for the TST or 110 

IGRA type. Test specificity is as high as the IGRA (98%); shown in two C-Tb studies conducted in TB low-111 

burden settings. The overall comparability of the new skin tests with TST or IGRA suggests the predictive 112 

ability of the tests for subsequent disease or benefit from TB preventive therapy would likely be similar. 113 

 114 

Implications of all the available evidence  115 

Novel skin-based tests may provide specific and accurate alternatives to current test of TB infection, given 116 

similar test performance; these have the potential to improve scale-up of TB prevention programmes and 117 
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enhance global TB control, without the need for venepuncture or expensive laboratory facilities. However, our 118 

review has also highlighted several limitations in study design and the quality of the evidence that would be 119 

useful to address in future studies. Use of the WHO Framework for evaluation of tuberculosis infection tests 120 

will help standardise study design. Post-licensure studies should assess test performance in more key 121 

populations (e.g. children, immunosuppressed people) and address heterogeneity in study design using head-to-122 

head evaluation of tests. Our review does not inform the relative diagnostic advantage of these newer tests over 123 

IGRA or TST when used in current testing algorithms. Patient-important outcomes including implications of 124 

false negative or positive results, safety, cost-effectiveness,  and qualitative evidence on feasibility, accessibility, 125 

patient and provider preference would inform successful implementation and resource planning.  126 

127 



 5 

Introduction  128 

Two billion of the world’s population are estimated to have TB infection.1  Progression to active disease can 129 

result in transmission of infection and the risk is highest among young children, and in people with 130 

immunosuppressive conditions.2 Strategies for TB control are anchored in screening at-risk populations and 131 

offering preventive therapy to those at highest risk of developing active TB disease.3 Development and 132 

validation of accurate, affordable and scalable diagnostic tests for TB infection remain a priority.3  133 

 134 

Currently the most widely used diagnostic tests are the purified protein derivative (PPD) tuberculin skin test 135 

(TST) and interferon gamma release assays (IGRA).4 However, the TST has relatively low specificity (false 136 

positives in those with recent BCG vaccination),5 lacks sensitivity in immunosuppressed individuals (e.g. HIV 137 

infected),4 requires two clinic visits, and results must be read within the suggested timeframe to be valid. IGRA 138 

measure T-cell release of Interferon-gamma (IFNɣ) following stimulation by ESAT-6 and CFP-10 antigens that 139 

are specific to the Mycobacterium tuberculosis (M.tb) complex.6 Unlike the TST, IGRAs are not affected by 140 

prior BCG vaccination, or by infection with non-tuberculous mycobacteria, with few exceptions.7 However, 141 

IGRA platforms are more expensive to run, requiring specialised facilities and trained personnel.8 Poor 142 

specificity and low testing coverage in areas of high TB prevalence along with global shortages of PPD has 143 

limited preventive treatment programmes and underscores the need for alternatives.9,10 144 

 145 

Newer skin-based tests based on specific M.tb antigens have been developed, these combine the simpler skin-146 

test platform with the specificity of IGRA. These include the C-Tb (Serum Institute of India), Diaskintest 147 

(Generium, Russian Federation) and the EC-skintest (Anhui Zhifei Longcom, China), which, like IGRA, all 148 

utilise recombinant ESAT-6 and CFP-10 antigens, and  the DPPD test (Creative Biolabs, USA) which is a 149 

recombinant protein based on amino acids from the N-terminus sequence, unique to M.tb.11 All tests use 150 

intradermal injection of antigen and, like the TST, are read as induration in mm after 48-72 hours using the 151 

method suggested by Mantoux.12,13 Emerging evidence suggests that compared to IGRA, the tests may have 152 

similar specificity14 and provide more reliable results in children and in HIV-infected cohorts.15 However, the 153 

evidence has not been systematically reviewed.  154 

 155 

We conducted a systematic review and meta-analysis to assess the performance of newer skin-based 156 

recombinant antigen tests compared with currently available  tests for TB infection against a hierarchy of a 157 

priori agreed reference standards that were previously used for evaluation of IGRA performance 16 to 158 

determine; (1) test agreement with IGRA or TST; (2) test sensitivity in those with microbiologically-confirmed 159 

active TB and specificity in those at low risk of TB infection; (3) association between index test result and 160 

proximity of exposure among case contacts; (4) predictive value of index test for incident TB; (5) efficacy of 161 

preventive therapy based on test result.   162 

 163 
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Methods  164 

Search strategy and study selection criteria 165 

The protocol and search strategy were registered on PROSPERO (CRD42019135572, 166 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=135572. Our report follows PRISMA 17 167 

and the WHO 2020 guidance for evaluating tests for TB infection.18  168 

 169 

We conducted our search in Russian, English and Chinese on 15 May 2019 using  multiple databases including 170 

Medline, Embase, e-library (www.e-library.ru),  the Chinese Biomedical Literature Database and the China 171 

National Knowledge Infrastructure databases and updated Russian and English search on 20 October 2020. 172 

Search terms included “ESAT6” OR “CFP10” AND “skin test” AND “Tuberculosis” OR “C-Tb” OR 173 

“Diaskintest”, and the detailed search terms and strategy are shown in supplementary Table S1. To identify 174 

additional studies, the test manufacturers were contacted.  175 

 176 

Titles and abstracts were independently reviewed by LF and MK. Russian language studies were reviewed by 177 

MK and VN. Discrepancies were discussed with CMD or MXR and resolved by consensus. Further clarification 178 

was sought from authors where necessary. Double data extraction was performed by MK, LF and VN. The 179 

QUADAS-219 tool was used to assess individual study quality. The quality assessment was conducted by MK 180 

and verified by LF (for English-language studies) and by MK and VN (for Russian-language studies). 181 

Differences between reviewers were resolved by discussion with MXR.  182 

  183 

Inclusion and exclusion criteria are described in supplementary Table S2. We used a hierarchy of a priori 184 

agreed reference standards for TB infection to benchmark test performance (Table S2). 185 

 186 

Data analysis 187 

Analyses were conducted in R, version 3·6·2 . Descriptive and quantitative analyses were performed. 188 

 189 

Test agreement between the index test and each comparator test was calculated as the agreement proportion 190 

(total for negatives and positives), with 95% confidence intervals (CIs) (Clopper-Pearson exact CIs, ensuring 191 

valid values at proportions close to 1). Sensitivity in those with microbiologically-confirmed active TB and 192 

specificity in those at low risk of TB infection (restricted to studies from low TB burden countries) were 193 

calculated where possible.  194 

 195 

For outcomes with two or more studies with available data, meta-analyses were performed where appropriate 196 

(by example, if studies used the same reference test, e.g. culture-confirmed TB, and/or in the same sub-197 

population, e.g. HIV+, and/or used the same test cut-off for positivity, e.g. TST15mm or 10mm). Univariate 198 

random effects models were used for meta-analyses of agreement, sensitivity and specificity estimates (using 199 

the ‘meta’ package in R). 20 Random effects models were chosen (as opposed to fixed effects) to account for 200 

heterogeneity of study populations. We applied a continuity correction (0·5) to zero-cells. In addition to pooling 201 

agreement for each comparison of a new skin test vs TST or IGRA (e.g. two-way head-to-head), we also 202 

performed three-way head-to-head comparisons by restricting to studies that compared a new skin test vs TST 203 

http://www.e-library.ru/
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and IGRA.  Meta-analysis of sensitivity and specificity was explored in two ways: (1) including all studies 204 

available for each test; and (2) in head-to-head comparisons.  Three-way head-to-head analyses permit 205 

simultaneous comparison of all three tests in the same population under the same study conditions tests and are 206 

prioritised in the report over indirect comparisons.  207 

 208 

To assess heterogeneity, we planned to stratify data and analyses by TB status (microbiologically-confirmed 209 

TB, under investigation for TB, no TB), age (children vs. adults), HIV status and previous BCG vaccination. 210 

Where feasible, results were pooled within these strata, and statistical heterogeneity assessed using the I2 211 

statistic. A lower I2 value was interpreted as low between-study heterogeneity and consequently higher 212 

reliability of pooled estimates. 213 

 214 

To assess ‘dose-response’ association along a gradient of exposure, we compared the proportion of positive 215 

index tests (with 95%CIs) in each contact group according to proximity from a source case.  216 

 217 

Although not pre-specified in the protocol, sensitivity assessments were identified at analysis and performed on 218 

full data (Tables S11-S14, S20-S22, S24).  219 

 220 

Role of funding source 221 

The work was conducted in collaboration with the New Diagnostic Working Group of STOP TB and FIND; 222 

these funding entities gave input into study design, data collection, analysis, interpretation and manuscript 223 

writing. MK, LF, and MXR had full access to all of the data included in the study, LF and YH verified the 224 

statistical code, and MK and MXR  accept responsibility for the decision to submit for publication.  225 

 226 

Results 227 

We identified 1,466 original articles, 427 in Russian language, 1,039 English, and none in Chinese, once 228 

duplicates were removed (PRISMA, Figure 1). We included 37 studies for qualitative synthesis (29 Diaskintest 229 

(Generium, Russia), five C-Tb (Serum Institute of India), two EC-skintest (Anhui Zhifei Longcom), one DPPD 230 

(Creative Biolabs, USA). Twenty-two studies were included in quantitative synthesis; 15 Diaskintest, five C-Tb, 231 

and two EC-skintest.   232 

 233 

All 29 Diaskintest studies (7,111 participants) were conducted in Russia (Table 1). All were cross-sectional 234 

assessments under routine clinical practice, and cohorts recruited prospectively or constructed retrospectively. 235 

21–48 None conducted randomised comparisons.  Four studies 25,27,32,40 performed head-to-head comparisons of 236 

Diaskintest vs TST5mm and IGRA in the same study. Study populations enrolled in studies included HIV-237 

infected individuals 33,38,44,49 (346 adults, 23 children)) and children under 18 (N=3,803) (Table 1).21,25–32,34–238 

36,41,48 Approximately half of the HIV-infected cohorts had a CD4 count lower than 200 cells/mm3. 33,38 239 

Proportion BCG vaccinated was reported in 4 studies, and ranged from 93-100%.25,27,28,44 Diaskintest threshold 240 

for positivity varied and included any skin induration (DiaskintestAI) according to national guidance 50 or 5mm 241 

(Diaskintest5mm). Studies used PPD-L TST previously shown bioequivalent to PPD-RT23;51,52 5mm (TST5mm) 242 
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induration denoted positivity, and 1-5 mm indeterminate.50  IGRA used included T-SPOT.TB and QFT. Results 243 

are reported for QFT unless otherwise stated.  244 

 245 

Of the five C-Tb studies (N=2,744), three were conducted in a high TB-incidence country (South Africa)15,53,54 246 

and two in low TB-incidence countries (Spain, UK) (Table 1).12,55 All were designed as prospectively conducted 247 

diagnostic accuracy studies of C-Tb vs IGRA and/or TST; all five conducted three-test head-to-head 248 

comparisons within the same tested cohort.15,53–55 Sub-populations tested included HIV+ (N=499),15,54 children 249 

(including <5 years) (N=920),54 and TB exposed/contacts (N=615).54,55 Their characteristics are given in Table 250 

1.  All included QFT IGRA as comparators. In all five studies, the threshold for positivity was stratified 251 

depending on the sub-population tested; TST5mm for HIV+ and TST15mm for BCG vaccinated populations, 252 

reported aggregated (shown as TST5mm/15mm cut-off) or disaggregated. By contrast, the manufacturer-253 

recommended 5mm threshold for C-Tb positivity was consistently used. 254 

 255 

Two studies56,57 (n = 887) conducted in China provided data for assessment of EC-skintest sensitivity in 256 

individuals with active TB (Table1). A study in Brazil 11 (n=173) assessed DPPD performance vs the TST5mm  in 257 

HIV+ and TST10mm in HIV-uninfected individuals with microbiologically-confirmed TB, and in healthy 258 

individuals (Table 1), all of whom were BCG-vaccinated. We did not identify studies that followed up 259 

participants for risk of incident TB or evaluated effectiveness of preventive treatment. Table S3 in supplement 260 

summarises studies available for assessment of each review objective. 261 

 262 

Of the 14 studies evaluating sensitivity of Diaskintest, risk of bias was high in 5 (35.7%) studies where test 263 

assessors were not blinded to TB culture results, 22,33,37,38,44 and unclear in  at least one of the four risk of bias 264 

criteria in 12 (85.7%) studies as information on patient selection or blinding was not presented.   265 

21,22,32,33,35,37,38,40,43–46  Of those evaluating Diaskintest concordance, 11/13 (84.6%) had high risk  of bias in the 266 

reference standard criterion as assessors of reference standard (TST) were not blinded to index test results, 25,27–267 

31,34,42,44,47,49  whereas for the index test criterion one had high risk of bias as index test assessors were not 268 

blinded to reference standard results 44 and  the remaining 12 (92.3%) were classed as unclear as this 269 

information was not provided. 21,25–31,34,42,47,49 Of all  Diaskintest studies,  patient selection bias was unclear for 270 

23 out of 29 (79.3%) studies as reporting of patient selection was incomplete. 21–28,30,33,37–40,42,44,45,47–49 One C-Tb 271 

study scored high on a risk of bias criterion because not all participants received the same reference standard 272 

(IGRA or TST). 54 Four out of five (80.0%) C-Tb studies and one EC-skintest study had conflict of interest 273 

concerns, as studies either did not report disclosures or were directly affiliated with the test manufacturer. 274 

12,15,53,54  In addition, for EC-skintest studies, it was unclear whether patient selection was random or 275 

consecutive. 56,57 Applicability concerns and risk of bias were low for the DPPD study. 11 (See Table S31 in 276 

supplement for QUADAS-219 results).   277 

 278 

In two studies that conducted head-to-head comparisons of the Diaskintest, IGRA and TST in HIV-uninfected 279 

children under investigation for TB or with clinically diagnosed TB, pooled test agreement of DiaskintestAI with 280 

IGRA was 88% (95% CI, 80-93%) and appeared considerably higher than agreement between TST5mm and 281 

IGRA which was 52% (95% CI, 42-61%) or between DiaskintestAI and TST5mm (55%, 95% CI 46-64%) (Figure 282 
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2a).25,27 In two studies comparing all three tests (Figure 3) in HIV uninfected adults with active TB, pooled 283 

sensitivity for Diaskintest5mm was 91% (95% CI, 82-96%); TST5mm 88% (95% CI, 78-94%) and IGRA; 90% 284 

(95% CI, 79-95%) for QFT and 91% (95% CI, 80-96%) for TSPOT.TB.32,40 Only Diaskintest5mm studies could 285 

be pooled for sensitivity as no DiaskintestAI studies fulfilled inclusion criteria for the analysis.   Considering all 286 

studies where at least two-way test comparisons were possible, pooled agreement of DiaskintestAI with IGRA 287 

was 94% (95%CI, 90-97; I2 = 57.0%) in four studies in participants with any TB status (Supplement Table 288 

S4).25–27,32 By contrast, agreement between DiaskintestAI and TST5mm demonstrated considerable heterogeneity; 289 

pooled agreement was not estimated except in children with active TB (97% ; 95%CI, 96-98%) (Supplement 290 

Table S5); 29,31,32,35 agreement between Diaskintest5mm and TST5mm is shown in Table S6. Pooled estimates of 291 

Diaskintest sensitivity in two-way comparisons were 67% and 88% in HIV-uninfected adults for DiaskintestAI 292 

and Diaskintest5mm, respectively.22,32,36,37,40,43–46 Highly variable methods and sub-populations precluded 293 

meaningful meta-analysis for most risk groups; sensitivity estimates from individual studies ranged from 40%-294 

71% in HIV-infected adults33,38 and from 92% to 100% in uninfected children, 21,32,36 (Supplement Table S7-S9). 295 

Specificity was not estimated for Diaskintest as TB infection had not been excluded in enrolled populations and 296 

studies were conducted in a high-burden setting.  Proportion test positive appeared to vary by exposure gradient 297 

and was higher in contacts proximal to a source case (Supplement Table S10).23,24,40,48 Full Diaskintest results 298 

are in supplementary section 3 (Tables S4-S14 and Figure S1). 299 

 300 

Three studies provided suitable head-to-head data for agreement comparisons between C-Tb, IGRA and TST. 301 

Pooled test agreement  between C-Tb and IGRA was 80% (95% CI, 76-83%), similar to that between IGRA and 302 

TST5mm/15mm (75%; 95% CI, 64-83%) and C-Tb and TST5mm/15mm (79%, 95% CI 75-83%) (Figure 2b).15,53,54  In 303 

four head-to-head studies15,53–55 (Figure 4), pooled sensitivity for C-Tb was 75% (95% CI, 70-78%), similar to 304 

that for TST15mm  (77%;  95% CI, 66-85%) and aggregated TST5mm/15mm  (78% ; 95% CI, 68-86%). In the same 305 

four studies, sensitivity for TST5mm was 83% (95% CI, 75-88%) and for IGRA 72% (95% CI, 63-79%); 306 

however, confidence intervals overlapped. Evaluation of specificity was possible in two studies that evaluated 307 

all three tests in low-burden settings (Figure 5).12,55 Pooled specificity estimates for C-Tb (98%, 95% CI 94-308 

99%) and IGRA (99%, 95% CI 80-100%) were similarly high, but slightly lower for TST15mm, 93% (95% CI, 309 

90-95%); the analysis was not possible for TST5mm due to insufficient data.  C-Tb results from studies that only 310 

compared two tests are shown in supplement section 4 (Tables S15-S22, Figure S2, Figure S3). These showed 311 

pooled agreement of C-Tb with TST to be  similar,  81% (95% CI, 76-85%) at TST5mm in HIV-infected and 312 

76% (95% CI, 71-81%) at TST15mm in HIV-uninfected (Table S15).15,53–55  Test agreement among individuals 313 

without TB was reported in two studies. In one study,55 C-Tb and IGRA agreement ranged from 92% to 97% 314 

across sub-populations with different levels of TB exposure, while it was 78% and 81% in HIV-infected and 315 

uninfected individuals, respectively, in the second study.54 Agreement between C-Tb and the TST5mm in these 316 

two studies was 83% and 87% respectively (Supplement Table S15). A dose-response association between C-Tb 317 

test positivity and proximity to a source-case was demonstrated. (Figure S3).55  318 

 319 

Two studies evaluated sensitivity of the EC-skintest. 56,57 Sensitivity at the ≥5mm induration threshold ranged 320 

from 77% (95%CI: 55-92%) to 87% (95%CI:83-90%), with a pooled estimate of 86% (95%CI: 82-89%) 321 

(supplementary section 5). Test specificity or agreement with TST or IGRA was not estimated. 56,57 For DPPD, 322 
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agreement with the TST in active TB was 60% in HIV-infected individuals. 11 In HIV-uninfected individuals, 323 

agreement was 100% in active TB and 56% in healthy BCG-vaccinated controls. Sensitivity was 89% in HIV-324 

infected and 100% in HIV-uninfected.11 Test specificity was not estimated. Results for the EC-skintest and 325 

DPPD are in supplementary section 6.  326 

 327 

We conducted sensitivity analyses which included: (1) classification of indeterminate Diaskintest results first 328 

into the positive results group and then into the negative results group for test agreement and test sensitivity 329 

objectives; (2) inclusion of clinical diagnosis of TB instead of only microbiologically-confirmed cases (from 330 

studies already included in data synthesis that report test performance in microbiologically-confirmed as well as 331 

clinically-diagnosed cases (3) inclusion of groups with ‘unknown’ HIV status in the HIV- and HIV+ groups 332 

separately, to create composite groups for test agreement and sensitivity objectives for C-Tb. Results did not 333 

vary considerably and did not alter  conclusions (Supplementary Tables S11-14 (Diaskintest), S20-22 (C-Tb), 334 

S24 (EC-skintest), S27 and S28 (DPPD)).  335 

 336 

All C-Tb studies and one EС-skintest study 56 provided safety data (Tables S29 and S30 in supplementary). 337 

However, adverse events were not classified consistently using the same grading system across studies. For C-338 

Tb, injection site reactions were seen in 30·9% (853/2264) of participants which was similar to TST (827/2819, 339 

29·3%) in the same studies.  Other reported adverse events for C-Tb were infection-site pruritis (20·3%), pain 340 

(16·0%), rash (4·5%) and vesicles (2·5%). For EС, 4·9% (7/144) participants experienced mild pain and 12·5% 341 

(18/144) mild itching at injection site.  None of the included Diaskintest or DPPD studies reported safety data. 342 

 343 

Discussion 344 

Our review identified four novel skin-based tests for TB infection, Diaskintest, C-Tb, EC-skintest and DPPD. 345 

Sub-populations tested include HIV-infected, children and TB-exposed individuals. To limit heterogeneity and 346 

allow direct comparisons between index tests with IGRA and TST under the same study conditions, we 347 

restricted analyses to studies that conducted head-to-head assessments of all three tests. Results from these 348 

analyses indicate that, across all four novel skin test types, performance may be similar to current tests for TB 349 

infection. Agreement with IGRA or TST was similar, approximately 80% or more in individuals with or without 350 

active TB. Similarly, sensitivity of the novel skin tests appeared comparable to TST or IGRA, irrespective of 351 

threshold for positivity chosen for comparator tests. Test specificity could only be assessed for C-Tb and is as 352 

high as that of IGRA (98%); as shown in two C-Tb studies conducted in TB low-burden settings.  353 

 354 

Test agreement between Diaskintest or C-Tb and TST appeared to vary between groups, depending on 355 

characteristics of the group tested (e.g. HIV-infected vs uninfected, children vs adults), and consequently varied 356 

according to the threshold for TST positivity used. However, test performance was similar for a given threshold 357 

for TST positivity since stratified thresholds were applied; this maximises TST specificity for that sub-358 

population58 . The trend and estimates are consistent with published literature on agreement of IGRA with TST. 359 

The US National Health and Nutrition Examination Survey found test agreement between IGRA and TST10mm in 360 

6,064 individuals was 97% in the US-born population and 81·6% in non-US-born likely previously TB-exposed 361 

individuals.59 Estimates of IGRA and TST agreement using a 5mm cut-off from a number of smaller studies in 362 
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HIV-infected individuals ranged between 66 and 89%.60–62 We did, however, note the trend to higher 363 

proportions of TST+:Index test- discordant pairs relative to TST-:Index test+  pairs in reviewed studies but a 364 

more equal distribution of discordant results for IGRA vs Index for the C-Tb and Diaskintest studies, which 365 

may suggest greater agreement of Diaskintest and C-Tb with IGRA than with the TST, however confidence 366 

intervals around the estimates overlapped. C-Tb or Diaskintest sensitivity in culture-confirmed TB disease in 367 

our head-to-head analyses was similar to IGRA sensitivity reported in previous reviews, where estimates range 368 

from 80-93% 63,64 and also dependent on subgroup tested. In one large prospective observational study in 369 

England,65  comparable sensitivity of IGRA and the BCG-adjusted TST (e.g. 10mm subtracted from TST 370 

measurement in those with previous BCG vaccination) was shown, which is similar to findings on C-Tb in the 371 

head-to-head analysis. 372 

 373 

We have presented the first most comprehensive assessment of currently available novel skin tests for TB 374 

infection. However, the quality of included studies varied, particularly for Diaskintest studies. 375 

A considerable proportion of Diaskintest studies were not primarily designed to evaluate test performance. In 376 

these studies, Diaskintest was performed in TB dispensaries (facilities responsible for all TB care at a regional 377 

level) for indications outlined in the national recommendations which include; annual TB screening of 378 

schoolchildren to determine those in need of vaccination;66 initial screening to determine those who require 379 

investigation for active disease ; for TB diagnosis; or to monitor treatment response.50  As a result, there are a 380 

number of concerns which affect the quality of the studies. Notably, clinical and test procedures across settings 381 

are inconsistent, and reporting often insufficient. Ascertainment of TB was inadequate; the diagnosis often 382 

pragmatically made on clinical and/or radiological findings rather than microbiologically-confirmed. Although 383 

Russian national TB guidelines define Diaskintest positivity as induration of any size,50 more than a third of 384 

studies used the 5mm cut-off,28,32,33,35,40,42,45,46,48 making comparison between studies and products difficult.  385 

Incorporation bias is a risk in studies that selected study participants based on TST-positivity or had followed 386 

Russian national TB recommendations and used Diaskintest for TB diagnosis. There are also concerns that are 387 

common across the index test studies. Potential conflicts of interest are possible with many of the included 388 

studies given many were industry-led and/or funded studies. Studies often did not stratify TST cut-off according 389 

to history of BCG vaccination, HIV infection or other immunosuppression, which may influence test agreement, 390 

especially with the TST. 56 In others, there was a risk of bias because participants in the same study received 391 

different reference standards.54 TB infection had not been ruled-out in populations tested with Diaskintest, EC-392 

skintest, or DPPD; therefore specificity could not be evaluated. While the data on C-Tb, and especially on EC-393 

skintest and DPPD studies is limited, they were performed under trial conditions, enabling rigorous evaluation 394 

of test performance. In 2020 the WHO released a Framework for evaluation of new tests for TB infection;18 it is 395 

envisaged this will standardise study design and improve the quality of future studies.  396 

 397 

Limitations of this review are (1) heterogeneity precluded meta-analyses and assessment for a number of 398 

objectives. Head-to-head analyses limited bias, however, were only possible for a small subset of included 399 

studies. Meta-regression to adjust for various study-level factors (sub-populations, study design, etc) was not 400 

feasible given the low number of studies for which quantitative data could be extracted; (2) a limited number of 401 

studies evaluated test performance in sub-populations e.g. HIV-infected or children; (3) low study quality / high 402 
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risk of bias warrants careful interpretation of findings particularly for the Diaskintest studies (issues discussed 403 

above). In addition, many studies are at high risk of bias due to potential conflicts of interest given these were 404 

industry-led and/or funded studies (not uncommon in early evaluation phases); (4) longitudinal studies were not 405 

identified; predictive utility was not assessed. However, given similar performance with IGRA or TST, results 406 

are expected to be comparable;67 (5) safety data was reported in 6 studies; (6) Diaskintest and C-Tb studies are 407 

overrepresented in this review which may skew conclusions; however, trends observed when EC-skintest and 408 

DPPD are compared to the IGRA or TST are similar. Further studies evaluating the performance of EC and 409 

DPPD tests are required. Although not a review objective, none of the studies evaluated novel skin tests (C-Tb, 410 

EC-skintest, Diaskintest, DPPD) against each other, although indirect comparisons suggest similar performance. 411 

Strengths of this review include a search strategy conducted in three languages using representative international 412 

and national medical literature databases and contacting test manufacturers and authors to ensure inclusion of as 413 

many studies and additional data as possible thus offering a comprehensive qualitative review of the landscape 414 

of novel skin tests. All known novel skin tests for TB infection with published performance data were included 415 

in this systematic review. Study objectives covered a breadth of internationally recognised reference standards  416 

for TB infection, allowing comparisons to previous IGRA reviews.18 Where feasible, we restricted analyses to 417 

studies that conducted head-to-head analysis of all three tests; this reduced the influence of variation in study 418 

conditions on results. The goal of the review is to facilitate a critical assessment of the utility of the novel skin 419 

tests for TB infection for use in current testing algorithms. Our study results are thus important for researchers, 420 

clinicians, patient groups as well as policy-makers. 421 

 422 

Overall, diagnostic performance of novel skin tests for TB infection appears comparable with IGRA or the TST 423 

with regards to concordance and test accuracy, and could offer more accessible and as reliable alternatives to 424 

current tests. However, this inference is based on a few studies that reported head-to-head results of a novel 425 

index test compared to IGRA or the TST.  Variations  in study design and quality precluded assessment of 426 

review objectives and quantitative synthesis considering all included studies.  Our review also does not inform 427 

the relative diagnostic advantage of these newer tests over IGRA or TST when used in current testing 428 

algorithms for TB infection. To further inform local policy and practice, high quality real-world evidence from 429 

post-licensure studies is needed on the effectiveness of the tests when used as alternatives to IGRA and TST 430 

within current screening algorithms and the resultant impact on the cascade of care. Endorsement for use in 431 

current guidelines for TB infection should consider each test separately since these are all at different phases of 432 

evaluation and licensure. Future evaluation studies should particularly focus on inclusion of varied populations 433 

of people most at risk of TB that are under-represented in current studies, and address patient-important 434 

outcomes to provide insight into the utility and optimum implementation of these tests.  435 
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