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Recommendations for Dual 510(k) and 102 

CLIA Waiver by Application Studies 103 

 104 

 105 

Draft Guidance for Industry and  106 

Food and Drug Administration Staff  107 

 108 

This draft guidance, when finalized, will represent the current thinking of the Food and Drug 109 

Administration (FDA or Agency) on this topic.  It does not establish any rights for any person 110 

and is not binding on FDA or the public.  You can use an alternative approach if it satisfies 111 

the requirements of the applicable statutes and regulations.  To discuss an alternative 112 

approach, contact the FDA staff or Office responsible for this guidance as listed on the title 113 

page.  114 

 115 

I. Introduction 116 

The purpose of this guidance is to assist manufacturers in using the Dual 510(k) and CLIA 117 

Waiver by Application pathway.  It describes study designs for generating data that supports 118 

both 510(k) clearance and CLIA waived categorization.  Use of the Dual 510(k) and CLIA 119 

Waiver by Application pathway is optional; however, FDA believes this pathway is in many 120 

instances the least burdensome and fastest approach for manufacturers to obtain a CLIA waived 121 

categorization in addition to 510(k) clearance for new In Vitro Diagnostic (IVD) devices.  FDA 122 

believes increased use of this pathway will speed up the process of bringing simple and accurate 123 

IVD devices to CLIA waived settings, which will better serve patients and providers. 124 

 125 

For the current edition of the FDA-recognized standard(s) referenced in this document, see the 126 

FDA Recognized Consensus Standards Database Web site at 127 

http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/search.cfm. 128 

 129 

FDA's guidance documents, including this draft guidance, do not establish legally enforceable 130 

responsibilities. Instead, guidances describe the Agency’s current thinking on a topic and should 131 

be viewed only as recommendations, unless specific regulatory or statutory requirements are 132 

cited. The use of the word should in Agency guidance means that something is suggested or 133 

recommended, but not required. 134 

 135 

 136 

 137 

http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/search.cfm
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II. Background 138 

In an application for CLIA waived categorization (CLIA Waiver by Application) a manufacturer 139 

submits evidence to FDA that a test, initially categorized as moderate complexity, meets the 140 

CLIA statutory criteria for waiver, 42 U.S.C. § 263a(d)(3), and requests that FDA categorize the 141 

test as waived.  Historically, CLIA Waiver by Application has followed clearance or approval of 142 

an IVD test.  This stepwise approach currently remains the most utilized path by manufacturers.  143 

For additional information, please see FDA’s Guidance, “Administrative Procedures for CLIA 144 

Categorization” 145 

(https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocume146 

nts/ucm070889.pdf).   147 

 148 

While a premarket notification (510(k)) and CLIA Waiver by Application each include discrete 149 

elements not required in the other, both submissions include comparison and reproducibility 150 

studies.  For a 510(k), such studies are often performed by trained operators (i.e., laboratory 151 

professionals who meet the qualifications to perform moderate complexity testing and with 152 

previous training in performing the test; sometimes referred to as “moderate complexity users”).  153 

For a CLIA Waiver by Application, such studies must be conducted by untrained operators (i.e., 154 

operators in waived settings with limited or no training or hands on experience in conducting 155 

laboratory testing; sometimes referred to as “waived users”).   156 

 157 

An applicant may choose to conduct a single set of comparison and reproducibility studies with 158 

untrained operators to satisfy associated requirements for both 510(k) and CLIA Waiver by 159 

Application.  To streamline the review of such data, the Dual 510(k) and CLIA Waiver by 160 

Application (Dual Submission) pathway, was established as part of the Medical Device User Fee 161 

Amendments of 2012 (MDUFA III), allowing the review of both a 510(k) and CLIA Waiver 162 

Application within a single submission with a reduced overall review time.   163 

 164 

This guidance leverages FDA’s experience implementing this pathway in MDUFA III in order to 165 

make the Dual Submission pathway least burdensome.  Use of this guidance is expected to 166 

reduce study-related costs and provide time savings for manufacturers of certain Class I and II 167 

IVD devices intended for CLIA waived settings. 168 

 169 

III. Scope 170 

This guidance, when finalized, will aid manufacturers in developing study designs for Dual 171 

Submissions.  A Dual Submission is especially appropriate for devices that are simple, have fail-172 

safe and failure alert mechanisms, have few pre-analytical steps, and are subject to premarket 173 

notification requirements.   174 

 175 

This guidance focusses on specific recommendations for designing a single set of comparison 176 

and reproducibility studies and associated statistical analyses, such that the data generated will 177 

support both 510(k) clearance and CLIA waived categorization.   178 

https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm070889.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm070889.pdf
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While the study design recommendations in this guidance were developed with a Dual 179 

Submission in mind, they may also be utilized in a sequential submission approach in which a 180 

CLIA Waiver by Application follows marketing authorization.  In such cases, the applicant may 181 

utilize the studies described herein to support marketing authorization and reference such data in 182 

their subsequent CLIA Waiver by Application.  183 

IV. Process and Content of a Dual Submission 184 

In the MDUFA IV commitment letter, industry committed to an applicant informing FDA that it 185 

plans to submit a Dual Submission during the Pre-Submission process.  FDA recommends using 186 

this interaction to discuss planned study designs for comparison and reproducibility studies that 187 

support both 510(k) and CLIA Waiver by application requirements.  For additional information 188 

on the Pre-Submission process, please refer to FDA’s Guidance “Requests for Feedback on 189 

Medical Device Submissions: The Pre-Submission Program and Meetings with Food and Drug 190 

Administration Staff” 191 

(https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocume192 

nts/ucm311176.pdf). 193 

 194 

A Dual 510(k) and CLIA Waiver by Application should be submitted following a Pre-195 

Submission.  For administrative details regarding the submission process for a Dual Submission, 196 

please see FDA’s Guidance “Administrative Procedures for CLIA Categorization” 197 

(https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocume198 

nts/ucm070889.pdf).   199 

 200 

FDA recommends you include the following in a Dual Submission: 201 

 202 

 Device Description and Determination That Device is “Simple” 203 

A description of your device that demonstrates it is simple to use. See Section III of 204 

FDA’s Guidance “Recommendations for Clinical Laboratory Improvement Amendments 205 

of 1988 (CLIA) Waiver Applications for Manufacturers of In Vitro Diagnostic Devices” 206 

(https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm. 207 

 208 

 Risk Analysis 209 

The results of a risk analysis for your device, including the identification of potential 210 

sources of error for your device. See Section IV of FDA’s Guidance “Recommendations 211 

for Clinical Laboratory Improvement Amendments of 1988 (CLIA) Waiver Applications 212 

for Manufacturers of In Vitro Diagnostic Devices” 213 

(https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm) and ISO 214 

14971, Medical Devices-Application of Risk Management to Medical Devices. 215 

 216 

 Failure-Alert and Fail-Safe Mechanisms 217 

The results of risk evaluation and control including a description of (1) measures you 218 

have implemented to mitigate the risk of errors, and (2) validation and/or verification 219 

studies demonstrating the ability of failure alert, fail-safe mechanisms, and other control 220 

https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm311176.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm311176.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm070889.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm070889.pdf
https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm
https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm
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measures that you have incorporated into your device to mitigate the risk of errors, even 221 

under conditions of stress.   See Section IV of FDA’s Guidance “Recommendations for 222 

Clinical Laboratory Improvement Amendments of 1988 (CLIA) Waiver Applications for 223 

Manufacturers of In Vitro Diagnostic Devices” 224 

(https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm). 225 

 226 

 Flex studies 227 

The results of flex studies demonstrating insensitivity of the test system to environmental 228 

and usage variations under conditions of stress. See Section IV of FDA’s Guidance 229 

“Recommendations for Clinical Laboratory Improvement Amendments of 1988 (CLIA) 230 

Waiver Applications for Manufacturers of In Vitro Diagnostic Devices” 231 

(https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm). 232 

 233 

 Analytical Studies 234 

A description of the design and results of analytical studies of the device conducted at an 235 

internal site including, but not limited to, the following:  236 

o Analytical sensitivity (Limit of Detection (LoD) or C5-C95 for qualitative test);  237 

o Measuring interval (Limit of Quantitation (LoQ) and Limit of Blank (LoB)/LoD 238 

(if applicable)) for quantitative test;  239 

o Analytical specificity (interferences, cross-reactivity, etc.);  240 

o Linearity (for quantitative test);  241 

o Precision (if needed for lot-to-lot variability and/or other issues); 242 

o Carry-over (if applicable);  243 

o Reagent stability; and  244 

o Sample stability. 245 

 246 

 Comparison Study 247 

A description of the design and results of comparison studies you conducted to 248 

demonstrate that the device has an insignificant risk of erroneous result performed by the 249 

intended user (hereinafter referred to as an untrained operator). See Section V “General 250 

Considerations for Dual Comparison and Reproducibility Studies” below. 251 

 252 

 Reproducibility Study 253 

A description of the design and results of reproducibility studies of the device performed 254 

by untrained operators.  See Section V “General Considerations for Dual Comparison and 255 

Reproducibility Studies” below. 256 

 257 

 Labeling 258 

Proposed device labeling, including instructions for use consistent with a device that is 259 

“simple.” See Section VI of FDA’s Guidance “Recommendations for Clinical Laboratory 260 

Improvement Amendments of 1988 (CLIA) Waiver Applications for Manufacturers of In 261 

Vitro Diagnostic Devices” 262 

(https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm). 263 

 264 

https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm
https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm
https://www.fda.gov/RegulatoryInformation/Guidances/ucm079632.htm
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 265 

Additionally, because each Dual Submission incorporates a complete 510(k), the following 266 

documents are also applicable: 267 

 “Format for Traditional and Abbreviated 510(k)s 268 

(https://www.fda.gov/RegulatoryInformation/Guidances/ucm084365.htm),   269 

 “Refuse to Accept Policy for 510(k)s” 270 

(https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidanced271 

ocuments/ucm315014.pdf), and  272 

 available device-specific guidances.  273 

 274 

V.  General Considerations for Dual Comparison and 275 

Reproducibility Studies 276 

When designing comparison and reproducibility studies to support a Dual Submission, FDA 277 

recommends that applicants evaluate test performance in settings designed to replicate, as closely 278 

as possible, the actual CLIA waived settings and patients/samples.  Therefore, study designs 279 

should include the following: 280 

 CLIA Waiver testing sites that are representative of the proposed intended use population 281 

of your device.  282 

 CLIA Waiver intended operators (untrained operators).  We encourage you to enroll 283 

operators with the least amount of training that might be encountered at the types of sites 284 

for which this device is intended.   285 

 Intended sample type and matrix.   286 

 For a comparison study, testing over time, as in the typical intended use setting of your 287 

device. 288 

 289 

If the test is intended to be used at Point-of-Care (POC) non-waived sites in addition to waived 290 

sites and the intended use population at the CLIA waived sites in the comparison study does not 291 

sufficiently represent an intended use population at POC non-waived sites, FDA recommends 292 

that you address this issue by including additionally one or a few POC non-waived sites. FDA 293 

recommends selecting POC non-waived sites where only moderate complexity testing is 294 

performed.  This way the performance of the candidate test when used by the most challenging 295 

POC non-waived operators can be evaluated (i.e., moderate complexity sites provide conditions 296 

where the most challenging POC non-waived operators are found in contrast to high complexity 297 

non-waived sites where operators are highly specialized).  For this portion of the study, the 298 

candidate test when used by trained operators at POC non-waived sites is compared to the 299 

comparative method (CM), which is the candidate test when used by laboratory professionals. 300 

 301 

https://www.fda.gov/RegulatoryInformation/Guidances/ucm084365.htm)
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm315014.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm315014.pdf
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A. Testing Sites and Untrained Operators  302 

(1) Comparison Study 303 

You should conduct the comparison study at a minimum of three sites at different 304 

demographic locations (e.g., outpatient clinic, physician’s office) that are representative 305 

of both the intended patient population and the intended operators in a CLIA waived 306 

setting. If you plan to include outside the United States (OUS) sites in the comparison 307 

study, please contact FDA. The comparison study should include 1-3 untrained operators 308 

at each site and at least 9 untrained operators across all sites.  For example, you could use 309 

6 sites with 1 or 2 operators per site to reach a minimum of 9 different operators. You 310 

should ensure that the untrained operator study participants enrolled represent the 311 

anticipated operators of your device.  We recommend that you record and tabulate the 312 

education (including experience and training) and the occupation of each operator to 313 

demonstrate that these participants meet the definition of intended operators and include 314 

this in the Dual Submission.  In addition, for each study site, you should report the same 315 

information on other operators that were available at the testing site but that were not 316 

chosen to participate.  317 

(2) Reproducibility Study 318 

You should include three sites from the comparison study such that each site has the 319 

same number of untrained operators (2 or 3 untrained operators per site) in the 320 

reproducibility study. These two or three untrained operators should be the same 321 

operators who participated in the comparison study. 322 

B. Instructions for Use 323 

In the comparison and reproducibility studies, you should provide the untrained operators 324 

who participate in the study with only the Quick Reference Instructions (written at a 325 

comprehension level no higher than seventh grade).  The untrained operators should receive 326 

no additional instructions (e.g., written or verbal training, coaching, or prompting). In 327 

addition, the untrained operators should have no opportunity to discuss the test with other 328 

participants or otherwise coach or observe each other.  Untrained operators may call an 800 329 

number helpline if such a service is to be provided for the device when it is marketed. You 330 

should include, in your Dual Submission, the Instructions you provided to untrained 331 

operators participating in the comparison and reproducibility studies.   332 

C. Universal Precautions  333 

You must comply with applicable provisions of the Federal Food, Drug, and Cosmetic Act 334 

(FD&C Act) and its implementing regulations.  This guidance does not affect any federal, 335 

state or local laws or regulations, such as Occupational Health and Safety Administration 336 

(OSHA) regulations pertaining to biological hazards (“universal precautions”), 29 CFR 337 

1910.1030, that may otherwise be applicable.  338 
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D. Operator Questionnaire 339 

You should develop an operator questionnaire to be filled out by all untrained operators 340 

participating in the studies.  This questionnaire should be designed to help assess whether the 341 

untrained operators understood how to use the device correctly.  It is important that the 342 

questionnaire be given to untrained operators after the completion of the clinical study, so the 343 

questions do not bias the untrained operators during the study.  Some questions may ask 344 

untrained operators to indicate agreement on a 1-5 scale (1=strongly disagree; 5=strongly 345 

agree).  The following are examples of these types of questions: 346 

 The instructions were easy to follow.  347 

 It was easy to apply the sample correctly. 348 

 It was easy to see and understand the test results (e.g., appearance of the line, change of 349 

color).  350 

 The control line was always distinct and easy to read. 351 

 The instructions clearly explain what to do if a test result does not appear or is invalid. 352 

 When running the test for the first time, I was able to run the test without help from 353 

anyone else.  354 

 355 

If you selected “no” to any of the prior bullets, please describe what help was needed. 356 

 357 

For qualitative and semi-quantitative tests with visual reading by untrained operators, we 358 

recommend that, as part of the questionnaire, you show various possible test results and 359 

control results that are positive, negative, and invalid and ask the untrained operator to read 360 

these results.  You may want to present these questions as either true/false questions or 361 

multiple choice questions. 362 

 363 

You should also strongly encourage general comments by the untrained operators.  We 364 

recommend that you include your survey questions and results with your submission. 365 

E. Subjects (Patients) and Samples in the Comparison Study 366 

In the comparison study, samples should be collected from consecutive patients over an 367 

appropriate period of time (this period may depend on the specific clinical site, the 368 

prevalence of disease, and/or other factors). FDA suggests a one-month period may be useful 369 

and recommends a period of not less than 2 weeks. The goal of the comparison study is to 370 

assess how well the device you included in your Dual Submission is likely to work in 371 

practice, recognizing that untrained operators may have other duties.  372 

 373 

You should ensure that subjects from whom you will obtain specimens for the comparison 374 

study meet inclusion and exclusion criteria corresponding to the intended use population of 375 
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your device.  In order to avoid bias, once a subject has met appropriate inclusion criteria, 376 

he/she should be informed of the study and invited to participate in the study.   377 

 378 

This guidance does not affect any federal, state or local laws or regulations, such as the 379 

Health Insurance Portability and Accountability Act (HIPAA) requirements, 45 CFR Part 46; 380 

P.L. 104-191, that may otherwise be applicable.  You must comply with applicable 381 

regulations regarding informed consent and protection of human subjects for clinical 382 

investigations regulated by the FDA under section 520(g) of the FD&C Act as well as 383 

clinical investigations that support applications for research or marketing permits for 384 

products regulated by FDA.  See 21 CFR Parts 50 and 56. 385 

 386 

Samples should adequately represent all possible values of the test at all sites combined.  If 387 

possible, you should strive to achieve representativeness of all possible values at each site as 388 

well.  For quantitative and semi-quantitative candidate tests, the samples should span the 389 

measuring intervals of the device and study data should include a few samples around 390 

Medical Decision Levels (MDLs). For qualitative and semi-quantitative tests, samples in the 391 

study should include near-cutoff samples in a percentage similar to that observed in the 392 

intended use population of your device.  393 

 394 

The comparison and reproducibility studies described in this guidance provide 395 

recommendations for information to support 510(k) clearance and CLIA waived 396 

categorization in a Dual Submission for the type of specimens that are typical of CLIA 397 

Waived and POC (non-waived) devices (for example, capillary whole blood samples). If you 398 

plan to pursue a 510(k) clearance for POC (non-waived) use for additional sample types 399 

beyond those for which you are requesting CLIA waiver in your Dual Submission, please 400 

contact FDA through the Pre-Submission process for discussion of study designs (see FDA’s 401 

guidance “Requests for Feedback on Medical Device Submissions: The Pre-Submission 402 

Program and Meetings with Food and Drug Administration Staff” 403 

(https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocume404 

nts/ucm311176.pdf). 405 

F. Design of the Comparison Study 406 

As part of the design of your comparison study, each sample should be split into two parts. 407 

One part should be tested by the untrained operator using the candidate test and the other part 408 

should be tested by a laboratory professional using the comparative method (CM) in a 409 

laboratory setting.  Untrained operators and laboratory professionals should be blinded to test 410 

results from other operators and other samples. 411 

 412 

If the sample cannot be split into parts, then a second sample from the same patient should be 413 

collected within a suitable time interval taking into considerations within-individual biological 414 

variability (random fluctuation of the analyte around a homeostatic point), time for pre-analytical 415 

steps and other factors.   416 

 417 

An example of a comparison study design is presented in Figure 1.   418 

https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm311176.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm311176.pdf
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 419 

Figure 1.  Paired design for comparison study 420 

 421 
FDA recommends consultation with FDA through the Pre-Submission process if the order in 422 

which the samples are collected impacts the results of testing. See FDA’s Guidance 423 

“Requests for Feedback on Medical Device Submissions: The Pre-Submission Program and 424 

Meetings with Food and Drug Administration Staff” 425 

(https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocu426 

ments/ucm311176.pdf).  427 

G. Archived and Contrived Samples in the Comparison Study 428 

FDA believes that actual patient specimens provide the best assessment of a device in the 429 

hands of untrained operators because prospective patient samples are obtained with a pre-430 

specified protocol (only specimens from the target population meeting the protocol criteria 431 

are collected) and the study population provides an adequate representation of the target 432 

population.  However, in certain situations, such as when samples from some categories are 433 

rare, it may be appropriate to supplement prospective patient samples with archived samples, 434 

samples obtained from collections that were assembled without pre-specified use or were part 435 

of a pre-specified protocol for a different study, e.g., biobanks.  An inclusion of the archived 436 

samples in the study can introduce additional issues, which should be adequately addressed.  437 

The concerns are that selected archived samples may be non-representative of the target 438 

population (e.g., archived samples may represent only extreme cases of the target population) 439 

and a non-random depletion of archived samples.  Therefore, the performance of the device 440 

with archived samples should be considered first separately and performance of the device 441 

with combined prospective and archived samples can be provided after careful investigation 442 

of a possible change in disease spectrum in the study.  Another concern with use of the 443 

archived samples is the possible degradation of specimens over time; therefore, for archived 444 

samples, specimen collection, storage and handling procedures should be fully described and 445 

analyte stability should be demonstrated for the storage conditions used. 446 

 447 

If archived patient samples are not available, it may be appropriate to supplement patient 448 

samples with contrived samples, such as individual spiked or diluted patient samples.  449 

https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm311176.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm311176.pdf
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Spiked, diluted, or otherwise contrived samples used in the study should be individual 450 

samples, i.e., they should not be aliquots from a single pool.  Actual patient samples are 451 

preferred because archived or contrived samples may provide a biased estimation of the 452 

performance of a device. For example, contrived samples may not contain interfering 453 

substances at the levels found in actual patient samples, potentially resulting in study results 454 

indicative of test performance that exceeds the test’s true performance with human 455 

specimens.  456 

 457 

If archived or contrived samples are utilized, your Dual Submission should include a 458 

justification for their use.  In addition, you should describe the origin of archived samples 459 

and how the contrived samples were prepared.  For qualitative and semi-quantitative tests, 460 

archived and contrived samples should include near-cutoff samples. Any archived or 461 

contrived sample matrix should be the same as that of the intended use patient samples. In 462 

general, archived or contrived samples should not comprise greater than one third of the total 463 

comparison study samples; however, there may be some situations in which more or fewer 464 

are deemed appropriate based on the justification provided.  The patient and contrived 465 

samples should be as equally distributed among the untrained operators as possible.  FDA 466 

encourages discussion of planned use of archived or contrived samples with FDA in advance.   467 

H. Design of the Reproducibility Study 468 

You should conduct a reproducibility study at three (3) CLIA waiver sites that were 469 

included in the comparison study. The same number of untrained operators (two or three) 470 

who participated in the comparison study should be included at each site of the 471 

reproducibility study. For the study design, FDA recommends you follow CLSI EP051 or 472 

CLSI EP122.  We recommend that you include the following sources of variability: 473 

different untrained operators, different days, different runs, different lots (if applicable) and 474 

a few replicates.  If the candidate device is a unitized device, contact FDA to discuss how 475 

you should evaluate repeatability. 476 

Two possible study designs for evaluation of lot-to-lot variability are described below: 477 

 Design 1:  Include three different lots at each of three sites in the reproducibility study in 478 

such a way that the between-lot component can be evaluated.   479 

                                                           

1. CLSI. Evaluation of Precision of Quantitative Measurement Procedures; Approved 

Guideline—Third Edition. CLSI document EP05-A3. Wayne, PA: Clinical and Laboratory 

Standards Institute; 2014. 

 

2. CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline – 

Second Edition. CLSI document EP12-A2, Wayne, PA: Clinical and Laboratory Standards 

Institute, 2008. 
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 Design 2:  Evaluate lot-to-lot variability in a separate small study at one internal site 480 

where patient (or contrived) samples and controls are tested over a few days. An 481 

example of this study with 3 days and reagent lots A, B, and C is presented in Table 2 482 

below: 483 

Table 2. Single Site Lot-to-Lot Variability Study Design 484 

Day Reagent lots 

1 A B C 

2 B C A 

3 C A B 

   Note that the same lot is then included at each site in the main reproducibility study. 485 

 486 

A reproducibility study where each site uses a different lot is a generally undesirable study 487 

design, especially for new technologies, because it would be impossible to determine 488 

whether observed differences are lot-related or site-related. 489 

If specimens used with the candidate test are not stable (for example, capillary whole 490 

blood), attempts to use small-scale repeatability/reproducibility studies that use the intended 491 

use clinical samples should be explored; contact FDA about designs of 492 

precision/reproducibility studies.   493 

I. Financial Disclosure  494 

If clinical investigators are involved in the clinical study, you should include a Financial 495 

Disclosure Statement with your waiver application.  For information on financial disclosure 496 

statements, we recommend you consult “Guidance for Industry: Financial Disclosure by 497 

Clinical Investigators,” available at 498 

https://www.fda.gov/downloads/RegulatoryInformation/Guidances/UCM341008.pdf, and 21 499 

CFR Part 54, Financial Disclosure by Clinical Investigators.  500 

J. Clinical Study Reports 501 

In your Dual Submission, you should report results of the clinical studies by each site and 502 

overall, if appropriate.  Clinical study reports should include the following: 503 

 504 

 Protocol description. 505 

 Number of subjects (i.e., patients) studied. 506 

 Procedures for subject inclusion and exclusion.  507 

 Description of the subject population.  508 

 Description of how specimens were collected and stored.  509 

 Masking techniques.  510 

 Discontinuations. 511 

 Complaints, device failures, and replacements.  512 

 Any invalid results and how these were handled. 513 

 Information about QC procedures that were performed by untrained operators.  514 

https://www.fda.gov/downloads/RegulatoryInformation/Guidances/UCM341008.pdf
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 Pertinent tabulations.  515 

 Annotated line listings of results (including electronic versions).   516 

 Clear descriptions and presentations of the statistical analyses.  517 

 An explanation for data that are incomplete or missing (Note: You should not 518 

remove “outliers”). 519 

 520 

You should also report the following for each untrained operator:  521 

 522 

 Total number of performed candidate tests. 523 

 Number of initial invalid results. 524 

 Number of retested results.  525 

 Number of final invalid results. 526 

 527 

You should calculate and report the percentage of initial and final (if applicable) invalid 528 

results with a 95% two-sided confidence interval and then exclude invalid results from 529 

calculations of the test performance characteristics.  You should provide a rationale as to why 530 

the observed percentage of invalid results is clinically acceptable. 531 

VI. Examples of Dual Comparison and Reproducibility 532 

Study Designs and Statistical Analyses 533 

The appropriate design of the studies and data analysis is strongly influenced by whether the 534 

candidate test is quantitative, qualitative or semi-quantitative.  This section of the guidance 535 

describes examples of recommended study designs, statistical analyses and performance 536 

characteristics for each of these three types of tests. 537 

A. Quantitative Tests 538 

(1) Introduction 539 

For the purposes of this guidance, a quantitative test is a test that gives numerical results 540 

(e.g., concentration of an analyte in a patient sample) which are referenced to a measuring 541 

interval and standards.   542 

 543 

The Clinical Laboratory Standard Institute in EP213 defines accuracy as “the closeness of an 544 

agreement between a test result and the accepted reference value.”  As such, the term 545 

accuracy includes random and systematic components of error.  The more accurate a test is, 546 

                                                           

3. CLSI. Evaluation of Total Analytical Error for Quantitative Medical Laboratory 

Measurement Procedures. 2nd ed. CLSI document EP21. Wayne, PA: Clinical and 

Laboratory Standards Institute, 2016. 
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the less error there is, and, therefore, the more likely that the test has an “insignificant risk of 547 

erroneous result.” 548 

 549 

A quantitative test is considered accurate for the purposes of CLIA waiver if the 550 

measurement results obtained by untrained operators in CLIA waived testing settings are 551 

comparable to the results of an established quantitative test (i.e., for which results have been 552 

traced to references of higher order, usually national or international standards) performed 553 

by laboratory professionals.  554 

 555 

The inaccuracy of a candidate test when performed by untrained operators is the deviation 556 

(Error) of a single measurement from the True Value.  This includes both the systematic 557 

error described by bias and all sources of random errors such as imprecision and random 558 

interferences (patient sample-related random bias) (see Figure 2 below).  559 

For an individual measurement of a given sample by the candidate device, the relationship 560 

between the measured value and True Value is45: 561 

 562 

Measured Value = True Value + Bias + Random-Bias + Random Imprecision Error. 563 

 564 

Total error is the largest absolute possible error with 95% confidence (see CLSI EP216) and 565 

includes all random and systematic errors that can occur during the total testing process, 566 

including the sample collection, pre-analytical, analytical and post-analytical phases.  567 

 568 

 569 

Figure 2. Systematic Error, Random Error and Total Error 570 

 571 

                                                           

4. Krouwer J.S. Setting Performance Goals and Evaluating Total Analytical Error for 

Diagnostic Assays. Clinical Chemistry 2002, 48:6 p.919-927.  

 

5. Linnet K., Boyd J.C. Selection and Analytical Evaluation of Methods – With Statistical 

Techniques. In: Burtis C., Ashwood E.R., Bruns D. Tietz Textbook of Clinical Chemistry and 

Molecular Diagnostics. 5th ed. New York: Saunders, 2012. 

 

6. CLSI. Evaluation of Total Analytical Error for Quantitative Medical Laboratory 

Measurement Procedures. 2nd ed. CLSI document EP21. Wayne, PA: Clinical and 

Laboratory Standards Institute, 2016. 
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 572 

(2) Selection of the Comparative Method (CM) 573 

In order to define the accuracy of the quantitative candidate test, you should define the 574 

relationship of the value obtained by the candidate test to the true value, and define what 575 

contributes to any difference in the values.  A comparative method (CM) can be used for the 576 

direct determination of the accuracy of the candidate test in the hands of untrained users.   577 

The following comparative methods are presented in the order in which we recommend 578 

you select them, if available. Thus, we recommend you use a CM of type A (Reference 579 

Method) if it is available. If it is not available, we recommend you select a CM of type B 580 

(one of the best available traceable methods) and provide justification for selection of this 581 

method in your CLIA Waiver by Application section of your Dual Submission. If neither a 582 

CM of type A nor a CM of type B are available, we strongly recommend that you consult 583 

with FDA to discuss potential comparison with another well-documented method. 584 

 CM of Type A (Reference Method): This is a method that has been thoroughly 585 

investigated. It has been shown to yield values having trueness and precision of 586 

measurement such that it can be used to assess the trueness of other methods for the same 587 

quantity or for assigning values to reference materials (for details, see Harmonized 588 

Terminology Database at the CLSI website: www.clsi.org). 589 

 CM of Type B (Traceable Calibration Method): This is a method with calibrators 590 

traceable to references of higher order. A reference of higher order can be a certified 591 

reference material, a reference measurement procedure, or a network of reference 592 

laboratories (see CLSI EP327). A traceable calibration method is a method for which the 593 

                                                           

7. CLSI. Metrological Traceability and Its Implementation; A Report. CLSI document EP32-R, 

Wayne, PA: Clinical and Laboratory Standards Institute, 2006. 
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results of the measurement can be related to stated references, usually national or 594 

international standards, through an unbroken chain of comparisons in which 595 

measurement uncertainties have been documented at every step in the procedure. For 596 

details on traceability, see CLSI EP328.  You should provide information supporting 597 

traceability, including a description of reference materials or methods used to establish 598 

the traceability of the calibrators. You should provide the values and uncertainties for 599 

each of those reference materials or methods along with any other relevant information 600 

concerning traceability. 601 

 CM of Type C (Well-Documented Method): If neither a CM of type A nor a CM of 602 

type B are available, then you should consider another well-documented method. We 603 

strongly recommend that you consult with FDA to discuss the selection of a well-604 

documented method as a CM before conducting the clinical study. 605 

The measurement range of the CM should be at least as wide as the measurement range of 606 

the candidate method and the CM should be run in laboratory settings by professional 607 

operators. We recommend that you describe the clinical performance of the CM used and 608 

the sources you used for this description (e.g., published literature, labeling). 609 

(3) Allowable Total Error (ATE) Zones and Limits of Erroneous Results 610 

(LER) Zones 611 

Generally, all tests have bias and random error, so the candidate test manufacturer should 612 

determine whether the amount of bias and random error are clinically significant.  A way to 613 

incorporate that into the statistical analysis is by defining zones of allowable total error, in 614 

which 95% of the values should fall, and zones in which there should be no values.  Defining 615 

the limits on the allowed error incorporates into the numerical analyses clinical judgment on 616 

the benefits and risks (e.g., potential patient harms) posed by the test when used as intended. 617 

 618 

• The Allowable Total Error (ATE) zones. 619 

The ATE zones represent a range of values that can be tolerated without invalidating the 620 

medical usefulness of the test. Typically at least 95% of the sample results should fall within 621 

the established ATE zones. 622 

 623 

• The Zones of Limits for Erroneous Results (LER). 624 

While it may be acceptable for a small percentage of results to fall outside the ATE zone, 625 

such results should remain within wider limits.  Accordingly, you should specify Limits of 626 

Erroneous Results (LER) zones, within which it is not acceptable for any results to occur as 627 

this would pose a risk to patient safety. 628 

 629 

                                                           

8. CLSI. Metrological Traceability and Its Implementation; A Report. CLSI document EP32-R, 

Wayne, PA: Clinical and Laboratory Standards Institute, 2006. 
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The ATE zone together with LER zones provides a simple and useful graphical 630 

representation of the risk model (see Figure 3 below). 631 

 632 

Figure 3.  Example of ATE and LER zones   633 

 634 

 635 

 636 

You should establish ATE and LER zones for your device before you begin the clinical study 637 

in order to objectively evaluate the candidate device.  638 

(4) Establishing Allowable Total Error (ATE) Zones and Limits of 639 

Erroneous Results (LER) Zones 640 

ATE zones are ultimately established based on a benefit-risk analysis taking into 641 

consideration benefits for patients (e.g., availability of results at the time of the doctor’s 642 

office visit) and risks (e.g., potential patient harms due to incorrect results when performed 643 

by untrained operators).  Assays with different intended uses may have different ATEs. For 644 

example, the ATE for a candidate test used for diagnostic purposes may be different from the 645 

ATE for a candidate test used to monitor patients.  646 

 647 

There are many data sources that should be considered for establishing the ATE.   If a source 648 

provides separate limits for bias as BiasA (or %BiasA) and for random error as SDA (or 649 

%CVA) then ATE can be calculated using these limits using the formulas below.  650 

ATE=|BiasA| +1.96·SDA and 651 

%ATE=|%BiasA|+ 1.96·%CVA·(1+%BiasA/100)  652 

(for small %BiasA, %ATE ≈ |%BiasA|+ 1.96·%CVA). 653 

 654 
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Several sources of information can be used to establish criteria for ATE and LER zones for 655 

the analyte your device measures. Common data source categories for establishing ATE and 656 

LER zones (for details, see CLSI EP219) are described below in a hierarchical order along 657 

with recommendations regarding summary information about the data source to include in 658 

the Dual Submission. 659 

 660 

 Acceptable Limits Based Upon Clinical Outcomes 661 

You should perform a literature search for published papers describing studies evaluating the 662 

effect of measurement procedures with known analytical performance on the clinical 663 

outcomes. If such papers are available, in your Dual Submission you should briefly describe 664 

the design of those studies and the analytical performance of the device in those studies. 665 

 666 

 Acceptable Limits Based on Indirect Clinical Outcomes 667 

This source of information includes published recommendations from regional and 668 

international organizations about acceptable total error (or bias, precision).  You should 669 

perform a literature search for published papers describing clinicians’ expert opinions 670 

regarding the magnitude of error in an individual patient’s results that would lead to changes 671 

in clinical management. 672 

 673 

 Limits Set by Regulatory or Accrediting Agencies 674 

For analytes that have existing performance limits for professional use (e.g., those listed 675 

under 42 CFR Part 493 Subpart I, sections 909-959 but not be expressed as a multiple of 676 

standard deviation units), these limits should be included in consideration of defining the 677 

boundaries of the ATE zone based on benefit-risk analysis. Note that some limits are no 678 

longer challenging when applied to modern devices and that a more appropriate resource 679 

such as published papers or clinicians’ expert opinions, etc. may be more applicable to 680 

establish acceptable criteria for ATE and LER. 681 

 682 

 Limits Based on Biological Variability 683 

Another concept for defining acceptable analytical performance limits is that ATE should 684 

be less than some fraction of within-subject and/or between-subject biological variations.  685 

If data on biological variability is available for the measurand of the device, you should 686 

provide this information and a brief description of the published studies in your Dual 687 

Submission. 688 

 689 
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 Limits Based on General Capability 690 

If available, you should provide information about state-of-the-art performance with 691 

regard to precision, bias and total error in the Dual Submission. If analytical performance 692 

of the candidate device in hands of trained operators is available (e.g., bias, precision, total 693 

error), you should provide this information also. 694 

 695 

 Other Sources 696 

If you find other scientifically sound published approaches (as, for example, needs for 697 

accuracy within reference intervals (Tonks’ limits)), you may also include this information 698 

along with your decision-making about ATE. 699 

 700 

You should provide information about different acceptance limits provided in different 701 

data sources, as described above; apply benefit-risk analysis for the candidate device; 702 

and propose ATE and LER zones.  FDA will review your criteria for ATE and LER 703 

taking into considerations the acceptance criteria and benefit-risk analysis proposed by 704 

you and determine whether they are defined appropriately to meet the waiver 705 

requirements of CLIA.  FDA encourages discussion of ATE and LER through a Pre-706 

Submission.  See FDA’s Guidance “Requests for Feedback on Medical Device 707 

Submissions: The Pre-Submission Program and Meetings with Food and Drug 708 

Administration Staff” 709 

(https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidanc710 

edocuments/ucm311176.pdf). 711 

 712 

Usually, boundaries of the ATE and LER are expressed as percentages of CM values for 713 

higher values and as a flat limit for low values. A hypothetical example of ATE and LER 714 

zones is illustrated in Figure 3 above. 715 

 716 

These limits can be used in the following way.  Let a value %R be the allowable percent of 717 

deviation from the target value (ATE).  Once the value of %R is defined, the zone of ATE is 718 

bounded by CM ± %R·CM.  If, when values of the CM and candidate test are both low, one 719 

can tolerate a larger value of  %R·CM without invalidating the medical usefulness of the 720 

candidate test results, then the zone of ATE for these low values can be established as CM ± 721 

D, where D is a fixed number. Thus, the ATE zone can be defined as CM ± D for low CM 722 

values (i.e., below a defined threshold value) and CM ± %R•CM, for high CM values that 723 

exceed the threshold.  724 

 725 

For example, for the analyte ABC, and device with measuring interval [0.5 units; 50 units],  726 

the ATE zone is defined as CM ± 0.3 units if CM < 1.5 units, and  727 

the ATE zone is defined as CM ± 20%•CM if CM ≥ 1.5 units.   728 

 729 

We recommend that you plot the ATE and LER zones on the (Y, X) plane with the 730 

candidate test on the Y-axis and the CM on the X.  For the example above,  731 

the lower boundary of the ATE zone is defined as:  732 

https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm311176.pdf
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Y = X - 0.3 if X < 1.5 and Y = 0.8•X if X ≥ 1.5; and  733 

the upper boundary of the ATE zone is defined as:  734 

Y = X + 0.3 if X < 1.5 and Y = 1.2• X if X ≥ 1.5. 735 

(5) Comparison Study of Candidate Test with Untrained Operators vs CM 736 

a. Study Design 737 

 FDA encourages you to use the CLSI document EP2110 for calculation of total error 738 

to demonstrate performance at high, middle, and low levels. This would usually 739 

include a minimum of 360 samples from the intended use population in the study.  740 

 Since the calculations of total error of the candidate test includes the imprecision 741 

of the CM as part of the total error of the candidate test (see Figure 4 below), it is 742 

recommended that you obtain 2-3 replicate measurements with the CM if the 743 

random error (expressed as a standard deviation or a coefficient of variation 744 

(CV)) of the CM is more than one third of the random error of the candidate test 745 

(see CLSI EP2111).  You should then replace individual CM results with the 746 

average value of the CM in all subsequent calculations. Note that only one 747 

measurement of the candidate test is needed. More replicates may be run only on 748 

the CM to obtain an accurate CM result. 749 

Figure 4. Difference Between Candidate and CM and Error of Candidate 750 

                                                           

10. CLSI. Evaluation of Total Analytical Error for Quantitative Medical Laboratory 

Measurement Procedures. 2nd ed. CLSI document EP21. Wayne, PA: Clinical and 

Laboratory Standards Institute, 2016. 
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 751 
 752 

 You should divide samples into low, medium and high medically relevant 753 

subintervals. One hundred and twenty samples are recommended within each 754 

subinterval to estimate the total analytical error within each of these subintervals (a 755 

minimum number of samples in each subinterval ≥40) (see CLSI EP2112).  756 

b. Statistical Analyses 757 

As part of your Dual Submission, you should perform an analysis related to the 758 

Total Error of the candidate test (based on analyses of differences or relative 759 

differences) and the Limits of Erroneous Results. In addition, compare the 760 

candidate test results with the CM results by an appropriate regression analysis and 761 

estimate biases at Medical Decision Levels (MDLs) (see CLSI EP0913). MDL is the 762 

concentration of analyte, or body fluid sample being analyzed, at which some 763 

medical action is indicated for proper patient care. There may be several medical 764 

decision levels for a given analyte. 765 
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(1) Descriptive statistics 766 

You should provide the following information for each site separately, as well as 767 

provide a combined analysis over all sites: 768 

 Descriptive statistics for both the candidate test and CM results, including the 769 

number of results, mean, standard deviation (SD), minimum, median, and 770 

maximum, as well as side by side box-and-whiskers plots for both the candidate 771 

and CM values. 772 

 Scatter plot of the results, where the candidate test results are on the Y-axis and the 773 

CM results are on the X-axis.  Both axes should have the same scale, and the line 774 

of identity (y=x) should be presented. The same scale on the axes should be 775 

applied to the data from each site. 776 

(2) Total Error 777 

The term "total error" refers to an interval that contains a specified proportion 778 

(usually 95%) of the distribution of differences (D) between the candidate test and 779 

CM values (see CLSI EP2114). Total error may also be expressed in terms of relative 780 

differences or percent differences (%D). Relative differences (%D) are defined as: 781 

the candidate result minus the CM result, divided by the CM result. We recommend 782 

that you provide the following information (combined over all sites) concerning total 783 

error: 784 

 For every sample tested by the candidate test and CM, calculate a difference: 785 

D=Candidate-CM. In a similar way, for every sample, calculate a percent 786 

difference: %D=(Candidate-CM)/CM. 787 

 Provide a difference plot with the CM values on the X-axis and D=Candidate-CM 788 

values on the Y-axis.  Also provide another plot with the CM values on the X-axis 789 

and %D=(Candidate-CM)/CM on the Y-axis.  790 
 791 

You should divide the measuring interval of the candidate test into three medically 792 

relevant subintervals (Low, Medium, and High) taking into consideration difference 793 

and percent difference plots, whether ATE limits were fixed values or described by 794 

percent for the subinterval, and in such a way that each subinterval contains a 795 

statistically sound  number of CM points (not less than 40). (For details, see CLSI 796 

EP2115).  797 
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 798 

i) For each site separately and all sites combined, you should provide the percent of 799 

samples within the ATE zone. You should present results of this analysis in a table 800 

as shown below in Table 3. 801 

  Table 3. Percent of Samples in ATE Zone 802 

Subinterval of 

Values 

Total number of 

samples  

Number of samples 

within ATE zone 

Percent of samples 

within ATE zone 

Low    

Medium     

High    

Entire Measuring 

Interval of 

Candidate 

   

 803 

You should provide the 95% two-sided confidence interval for the percent of samples 804 

within the ATE zone for all sites combined over the entire measuring interval. 805 

 806 

ii) For all sites combined, you should calculate 2.5th and 97.5th percentiles derived 807 

from the calculation of the total error for 95% of the D (or %D whichever is 808 

appropriate) for the three subintervals: Low, Medium and High.  Usually, 809 

calculation of percent differences (%D) is more appropriate for subintervals 810 

containing high values and calculation of differences is more appropriate for the 811 

subintervals with low values.  In addition, you should calculate a median 812 

difference (or median percent difference) for each subinterval.   You should 813 

present results of this analysis in a table as shown below in Table 4. 814 

Table 4. Total Error Analysis 815 

Subinterval  

of  

Values 

Difference (D) 

or Percent 

Difference 

(%D) 

Median D or 

Median %D 

2.5th percentile of 

D or  

2.5th percentile of 

%D 

97.5th percentile of 

D or 97.5th 

percentile of %D 

Low     

Medium     

High     

 816 

(3) LER Zones 817 

You should calculate the percent of samples within the LER zones along with the 95% 818 

two-sided confidence interval for all sites (combined data). 819 

(4) Regression Analysis 820 

 You should perform an appropriate regression analysis for each site separately as 821 

well as an analysis for all sites (combined data). The regression method you 822 
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choose should account for the random errors associated with the candidate and 823 

CM.  A Deming regression procedure or one of several similar methods may be 824 

appropriate (see CLSI EP0916).  Since the methods may vary in their assumptions, 825 

you should include a justification of the choice of procedure in the Dual 826 

Submission. If the random error of the CM is negligible compared to the random 827 

error of the candidate test, then an appropriate least-squares regression analysis is 828 

also appropriate. 829 

 You should provide an estimate of the slope along with the 95% two-sided 830 

confidence interval, an estimate of the intercept with the 95% two-sided 831 

confidence interval, correlation, and a measure of variability around the regression 832 

line (Syx) from the regression analysis of the data for each site, and for all sites 833 

(combined data). Using an equation of linear regression, you should calculate bias 834 

and relative bias (%Bias) at MDLs along with 95% two-sided confidence intervals 835 

for each site and for all sites (combined data).  Please note that correlation alone is 836 

often inappropriately used to assess agreement between the candidate and CM, and 837 

we caution you against such an approach. 838 

 If there are samples with either candidate test or CM values outside of the 839 

corresponding measuring intervals, these samples should be analyzed separately by 840 

appropriate tables. 841 

(5) Candidate test with Medically Important Points at Low Levels  842 

If one of the medically important points of the candidate test includes the Limit of 843 

Blank/Limit of Detection/Limit of Quantitation, then some additional calculations for 844 

samples with very low levels of analyte may be needed for appropriate evaluation and 845 

comparison of the LoB/LoD/LoQ of the candidate test in the hands of untrained 846 

operators [see Refs. 8 and 9]. 847 

(6) Reproducibility Study of Candidate Test with Untrained Operators 848 

We recommend that you include in the reproducibility study samples with the following 849 

levels of analyte:  850 

 Lowest limit of the measuring interval of the candidate test 851 

 A level of analyte below the MDL  852 

 Around the MDL  853 

 A level of analyte above the MDL  854 

 Upper limit of the measuring interval of the candidate test.  855 

                                                           

16. CLSI. Measurement Procedure Comparison and Bias Estimation Using Patient Samples; 

Approved Guideline – Third Edition. CLSI document EP09-A3, Wayne, PA: Clinical and 

Laboratory Standards Institute, 2013. 
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 856 

In addition, you should run the appropriate control samples associated with the 857 

candidate device. If the candidate device has more than one medical decision level, 858 

then samples with concentrations around these medical decision levels should be 859 

evaluated. It is understood that some tests will not have a specific medical decision 860 

levels, but rather a range of values; in such cases, the reproducibility panel should 861 

contain samples scattered throughout the measuring interval of the candidate test.  862 

For analysis of the reproducibility study data, you should refer to CLSI document EP0517. 863 

You should also calculate different components of imprecision such as repeatability, 864 

between-run, between-day, between-untrained operator, between-lot (if applicable) and 865 

between- site. 866 

(7) Performance Characteristics for the Candidate Test 867 

For the ATE zone: 868 

 The percentages of the samples within the ATE zone for the low, medium, and high 869 

subintervals should approach 95% for each subinterval of the candidate measuring 870 

interval. 871 

 The lower 95% two-sided confidence bound of the percentage of the samples within 872 

the ATE zone over the entire measuring interval should exceed 92%.  This is 873 

because, for a study consisting of 360 samples with 95% (342 out of 360) of the 874 

samples within the ATE zone, the lower two-sided 95% score confidence bound is 875 

above 92%.  For details about confidence intervals, see CLSI EP1218 and Appendix 876 

A below. 877 

 878 

For the zone of the LER: 879 

 The upper 95% two-sided confidence bound of the percentage of the samples within 880 

the LER zones over the entire measuring interval should be below 1.1%.  This is 881 

because, for a study consisting of 360 samples and zero (0 out of 360) samples 882 

within the LER zones, the upper two-sided 95% confidence bound is below 1.1%. 883 

 Biases at MDLs calculated for all sites (combined data) should be small and 884 

clinically acceptable. 885 

                                                           

17. CLSI. Evaluation of Precision of Quantitative Measurement Procedures; Approved 

Guideline—Third Edition. CLSI document EP05-A3. Wayne, PA: Clinical and Laboratory 

Standards Institute; 2014. 

 

18. CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline – 

Second Edition. CLSI document EP12-A2, Wayne, PA: Clinical and Laboratory Standards 

Institute, 2008. 
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 Reproducibility estimates, which include repeatability, between-run, between-day, 886 

between-operator, between-lot and between-site components, should be consistent 887 

with ATE. 888 

B. Qualitative Tests 889 

(1) Introduction  890 

For the purposes of this guidance, a qualitative test is a test that provides only two outputs 891 

(e.g., positive/negative or yes/no) or multiple nominal categories.  For purpose of this 892 

guidance, nominal categories are categories with no intrinsic ordering. For example, an IVD 893 

test for genotyping HCV that gives results of multiple categories as 1a, 1b, 2, 3, 4, 5 and 6 is 894 

a qualitative test. A qualitative test is considered accurate for the purposes of CLIA waiver if 895 

the results obtained by untrained operators in CLIA waived settings are comparable either to 896 

the results of a Gold Standard (i.e., the best available method for determining whether a 897 

target condition is present or absent), or to results of a quantitative traceable calibration test 898 

with an appropriate cutoff, or to results of a qualitative traceable cutoff test (i.e., for the 899 

cutoff values have been traced to references of higher order) performed in a laboratory 900 

setting by laboratory professionals. For purpose of this guidance, the “target condition” is 901 

defined as a particular disease, a disease stage,  or any other identifiable condition or 902 

characteristic of interest within a subject, such as staging a disease already known to be 903 

present, or a health condition that could prompt clinical action, such as the initiation, 904 

modification, or termination of treatment.  905 

For qualitative tests, information about bias and random error may not be directly obtainable.  906 

There are different ways to describe performance of a qualitative test with two outputs 907 

(positive and negative).  Qualitative tests discriminating between two classes of subjects 908 

[Target Condition absent (e.g., non-diseased) vs Target Condition present (e.g., diseased)] 909 

can fall into two groups:  910 

(a) Tests used in situations where “Target Condition absent” (e.g., non-diseased) subject 911 

samples have a true zero concentration of the analyte of interest:  912 

“Target Condition absent”=”true concentration of the analyte =0” 913 

“Target Condition present” =”true concentration of the analyte>0”. 914 

(b) Tests used in situations where “Target Condition absent” (e.g., non-diseased) subject 915 

samples have a detectable analyte concentration.  For the latter, the cutoff is chosen to 916 

optimize clinical sensitivity and clinical specificity of the test based on a clinical data set.  917 

In situation (a), clinical performance and analytical accuracy of the qualitative tests are the 918 

same concepts, and therefore, in a most situations, a study for evaluation of analytical 919 

accuracy can be considered as a study for clinical performance evaluation with measures 920 

such as clinical sensitivity and clinical specificity.   921 

 922 

In situation (b), clinical performance related to the Target Condition (for example, cancer 923 

present or absent) and analytical accuracy related to the amount of the analyte detected are 924 

different concepts and the cutoff for the qualitative test is chosen to optimize clinical 925 
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sensitivity and clinical specificity of the test based on a clinical data set.  Note that the 926 

scientific evidence recommended to support a CLIA waived categorization for a qualitative 927 

test in this section is related to the analytical accuracy of the qualitative test. Issues related to 928 

the clinical performance of a qualitative test in situation (b) are out of the scope of the 929 

guidance (please contact FDA for further discussion). 930 

 931 

If a qualitative test with two outputs is being assessed with a clinical study that has N 932 

representative subjects from the target population and each subject has both qualitative test 933 

results and results of the Gold Standard then the results of the clinical study in this case can 934 

be presented as demonstrated in Table 5 below.  935 

 936 

Table 5. Comparison of Qualitative Test vs Gold Standard 937 

 Gold Standard Total 

Target 

Condition 

present 

Target 

Condition 

absent 

Candidate 

Test 

Pos A B A+B 

Neg C D C+D 

Total N1=A+C N0=B+D N 

 938 

 Clinical Sensitivity (Se) = A/(A+C),  939 

 Clinical Specificity (Sp) = D/(B+D),  940 

 Positive Likelihood Ratio (PLR) = Se/(1-Sp) = (A/N1)/(B/N0) 941 

 Negative Likelihood Ratio (NLR) = (1-Se)/Sp = (C/N1)/(D/N0) 942 

 Prevalence (π) = N1/N 943 

 Positive predictive Value (PPV) = A/(A+B) 944 

 Negative Predictive Value (NPV) = D/(C+D) 945 

 Percent of subjects with candidate test positive results=(A+B)/N 946 

 Percent of subjects with candidate test negative results = (C+D)/N 947 

 948 

If the prevalence in the study was different from the prevalence in the target population, then 949 

PPV and NPV for this prevalence can be calculated using the following relationship between 950 

predictive values, likelihood ratios and prevalence:  951 








 11
PLR

PPV

PPV
 and  










1

1
NLR

NPV

NPV
  952 

 953 

Sometimes, the performance of a qualitative test is assessed relative to a quantitative 954 

Comparative Method (CM) with an appropriate cutoff for determination of positive and 955 

negative results by the quantitative CM. The results of the clinical study can also be presented 956 

in a 2 x 2 table as demonstrated in Table 6 below.  957 
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 958 

Table 6. Comparison of Qualitative Test vs Quantitative Test 959 

 CM Total 

Positive Negative 

Candidate 

Test 

Pos A B A+B 

Neg C D C+D 

Total N1=A+C N0=B+D N 

 960 

Positive Percent Agreement (PPA) =A/(A+C) 961 

Negative Percent Agreement (NPA) = D/(B+D). 962 

 963 

The formulas for sensitivity, specificity and positive, negative percent agreements appear to 964 

be the same; however, it is critical to recognize that these two statistics are not 965 

interchangeable (see CLSI EP1219). 966 

 967 

Imprecision of a qualitative test for samples near the cutoff is described by an interval [C5; 968 

C95] or LoD. 969 

 970 

For situation (b) described above (when “Target Condition absent” (e.g., non-diseased) 971 

subject samples have a detectable amount of analyte), the cutoff of the test is higher than the 972 

limit of the blank.  A useful characteristic of the cutoff is that a sample with a concentration 973 

(determined, for example, by the mean signal value of the device from a large series of 974 

replicate measurements) at the cutoff yields a positive result 50% of the time and a negative 975 

result 50% of the time when a large number of replicates of that sample are run under 976 

stipulated conditions.  We denote this concentration as C50 (see Figure 5 below). 977 

 978 

Figure 5. Results of a qualitative test for a sample with concentration at the cutoff 979 

 980 

                                                           

19. CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline – 

Second Edition. CLSI document EP12-A2, Wayne, PA: Clinical and Laboratory Standards 

Institute, 2008. 
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 981 

For samples with concentrations exceeding C50, one expects to see positive results more than 982 

50% of the time, and similarly for samples with a concentration below C50, one expects to see 983 

positive results less than 50% of the time.  In this guidance we refer to an analyte 984 

concentration that yields, upon evaluating many replicates, a positive result 95% of the time 985 

(and a negative result 5% of the time) as a Low Positive concentration (C95 concentration).  986 

We refer to a sample concentration which yields a positive result 5% of the time (and negative 987 

result 95% of the time) as a High Negative concentration (C5 concentration).  See CLSI 988 

EP1220 and Figure 6 below. 989 

 990 

Figure 6. C5, C95 and cutoff concentration C50 991 

 992 
 993 

In situation (a) described above (when “target condition absent” subject samples have a true 994 

zero analyte concentration), there are two types of tests: (1) tests for which samples with zero 995 

concentration have a distribution of numeric signals and the cutoff of the assay is the limit of 996 

blank (with some type I error, for example, 5%); and (2) ultrasensitive tests for which samples 997 

with zero analyte concentration almost always have a negative assay result (type I error is 998 

close to zero).   999 

 1000 

For ultrasensitive tests that employ, for example, a signal amplification methodology (e.g., 1001 

real-time PCR), the concentration range that spans High Negative (around C5) to Low Positive 1002 

(around C95=LoD) is narrow with respect to the observed concentration range of clinical 1003 

specimens  (see Figure 7 below).     1004 

 1005 

                                                           

20. CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline – 

Second Edition. CLSI document EP12-A2, Wayne, PA: Clinical and Laboratory Standards 

Institute, 2008. 
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Figure 7. C5>0 and C95=LoD 1006 

 1007 

(2) Selection of the Comparative Method (CM) 1008 

The following CMs are presented in the order in which we recommend you select them if 1009 

available. Thus, we recommend you use a CM of type A if available. If a CM of type A is 1010 

not available, then we recommend that you use a CM of type B. If neither a CM of type A, 1011 

nor a CM of type B is available, then we recommend you use the best available traceable 1012 

method (CM of type C) and, similarly, for CMs of types D. If you choose a comparative 1013 

method other than type A or B, you should provide justification for this in your application. 1014 

If you are considering use of a CM of types E, or another well-documented method, we 1015 

strongly recommend that you contact FDA prior to conducting the comparison study. 1016 

 CM of type A: A qualitative reference method for determination of the presence or 1017 

absence of the analyte of interest (for examples of qualitative reference methods, consult 1018 

with FDA) or Gold Standard (for example, composite reference method, a clinical 1019 

diagnosis determined by definitive clinical methods). 1020 

 CM of type B: A quantitative reference method such as those outlined in the section on 1021 

quantitative tests with the appropriate cutoff value for the positive and negative results. 1022 

 CM of type C: A quantitative traceable calibration method with measurement results 1023 

traceable to higher-order references such as that outlined in the section on quantitative tests 1024 

with the appropriate cutoff value for positive and negative results. 1025 

 CM of type D: A qualitative traceable cutoff method with cutoff determination traceable to 1026 

higher-order references. 1027 

 CM of type E: A Well-documented quantitative or qualitative method (for example, a 1028 

method that was tested by reference specimen panels (e.g., panels of samples prepared by 1029 

well recognized institutions, such as WHO, CDC, NIST)).  We recommend that you 1030 

contact FDA for input concerning the choice of a well-documented method as a CM. 1031 
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In your Dual Submission you should provide a description of the specific CM, including 1) 1032 

intended use population/target population (those individuals for whom the test (CM) is 1033 

intended), 2) the target condition (a particular disease, a disease stage, health status, or any 1034 

other identifiable condition or characteristic of interest within a subject), and 3) the Gold 1035 

Standard for establishing the presence or absence of the target condition with sources for 1036 

this information (published literature, labeling and others). For the CMs of types C and D, 1037 

you should provide information supporting traceability, e.g., a description of references that 1038 

were used to establish the traceability of the calibrators with values and uncertainties on 1039 

each of those references and other relevant information concerning traceability (for details, 1040 

see CLSI EP3221). 1041 

(3) Comparison Study of Candidate Test with Untrained Operators vs CM 1042 

a. Study Design 1043 

 The goal should be to have a minimum of 120 samples positive by the CM in the 1044 

hands of laboratory professionals and a minimum of 120 samples negative by the 1045 

CM in the hands of laboratory professionals.   However, the overall study size may 1046 

well exceed 240. Tests for low prevalence diseases can present challenges in terms 1047 

of obtaining at least 120 samples positive by the CM.  Some approaches to solving 1048 

these challenges include expanding the duration of the CLIA waiver study, or 1049 

including a site with higher disease prevalence among the study subjects. In some 1050 

cases, the seasonal variations in the prevalence of disease should be taken into 1051 

account for the study design. 1052 

 Some target conditions have low prevalence rates, or if the overall availability of 1053 

positive samples is low, a lower number of samples positive by the CM can be also 1054 

considered (we recommend that you contact FDA to discuss further).  For some 1055 

target conditions, a larger number of samples positive by the CM may be required. 1056 

We recommend that you contact FDA for feedback about the number of samples 1057 

positive by the CM in the comparison study.  1058 

 We believe that actual patient specimens provide the best assessment of the 1059 

candidate device in the hands of untrained operators when available. However, in 1060 

some cases this might be impractical and it may be appropriate to supplement actual 1061 

patient samples with archived or contrived samples.  The samples should be 1062 

approximately equally distributed among the untrained operators. Each untrained 1063 

operator should run the candidate test with a minimum of 5 positive by CM and 5 1064 

negative by CM samples. The patient and contrived samples should be as equally 1065 

distributed among the untrained operators as possible.  1066 

                                                           

21. CLSI. Metrological Traceability and Its Implementation; A Report. CLSI document EP32-R, 

Wayne, PA: Clinical and Laboratory Standards Institute, 2006. 
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b. Statistical Analyses 1067 

You should perform an analysis related to estimation of the performance of the 1068 

candidate test in the hands of untrained operators vs the CM. 1069 

 1070 

 If CM is a Gold Standard for the target condition present/absent or a qualitative test for 1071 

estimation of the performance of candidate test, you should present the results of the 1072 

comparison study by tables for each site and for all sites (combined data) as demonstrated 1073 

in Table 7 below. 1074 

Table 7.  Performance of candidate test vs CM 1075 

 CM Total 

Positive Negative 

Candidate Pos A B A+B 

Neg C D C+D 

Total N1=A+C N0=B+D N 

 1076 

You should estimate sensitivity and specificity as 1077 

Se=A/(A+C) 1078 

Sp=D/(B+D) 1079 

along with 95% two-sided confidence intervals (see CLSI EP1222 and Appendix A).  1080 

 1081 

You should calculate positive and negative likelihood ratios, prevalence and predictive 1082 

values. If prevalence in the comparison study is different from the prevalence in the 1083 

intended use population, calculate PPV and NPV for a range of prevalences which are 1084 

likely in CLIA waived real-life settings.  1085 

 1086 

 If the CM is a quantitative test or a qualitative test with available signal, you should 1087 

calculate zones around the cutoff of the CM such that samples having an initial CM result 1088 

with an internal signal in these zones could have discordant CM results if repeated 1089 

measurements by the CM were to be made on the same sample.  1090 

Discordant results are to be expected in a zone close to the cutoff. This zone can be 1091 

calculated based on CM precision data (see Appendix A), and an analysis taking into 1092 

account this zone may be able to demonstrate that some disagreement indicated from the 1093 

results described above are acceptable because the samples with discordant results were 1094 

within this zone. 1095 

Using these zones, you should present results of the Comparison study for each site and for 1096 

all sites (combined data) in detailed tables of agreement as demonstrated in Table 8 below. 1097 

                                                           

22. CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline – 

Second Edition. CLSI document EP12-A2, Wayne, PA: Clinical and Laboratory Standards 

Institute, 2008. 
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Table 8. Performance of candidate and CM with numeric signals 1098 

  CM  

  Positive Negative Total 

  High and 

Moderate 

Positive 

Low Positive 

(close to C95 

of CM) 

High Negative 

(close to C5 of 

CM) 

Low and 

Moderate 

Negative 

 

Candidate Pos      

Neg      

Total      

N1=A+C N0=B+D N 

 1099 

You should calculate the percent of positive and negative candidate test results for each 1100 

column in the table above and also calculate PPA and NPA along with 95% two-sided 1101 

confidence intervals. 1102 

(4) Reproducibility Study of Candidate Test with Untrained Operators 1103 

We recommend that you include in the reproducibility study the following samples. 1104 

For situation (b) described above, when “Target Condition absent” (e.g., non-diseased) 1105 

subject samples have a detectable amount of analyte and the cutoff of the candidate test is 1106 

higher than the limit of blank, you should include:  1107 

 true negative samples (samples with a true analyte concentration of zero);  1108 

 high negative samples, samples close to C5 (C5 based on the candidate test in the hands of 1109 

laboratory professionals if CM is a Gold Standard for the target condition or C5 based on 1110 

CM if CM is a quantitative test with an appropriate cutoff). 1111 

 low positive samples, samples close to C95 (C95 based on the candidate test in the hands 1112 

of laboratory professionals if CM is a Gold Standard for the target condition and C95 1113 

based on CM if CM is a quantitative test with an appropriate cutoff.) (see Appendix A) 1114 

 Moderate positive samples, samples with a concentration close to the cutoff and at which 1115 

laboratory professionals observe approximately 100% positive results. 1116 

For situation (a) described above, when “Target Condition absent” (non-diseased) subject 1117 

samples have a true zero analyte and the cutoff of the candidate test is limit of blank (“not 1118 

detected” vs “detected”), you should include: 1119 

 1120 

 true negative samples, 1121 

 low positive samples, samples with concentration close to C95 which is the same as the 1122 

limit of detection (LoD) (LoD based on the candidate test in the hands of laboratory 1123 

professionals if CM is a Gold Standard for the target condition and LoD based on CM if 1124 

CM is a quantitative test) 1125 
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 moderate positive samples 1126 

In addition, you should run the appropriate control samples associated with the 1127 

candidate device.  1128 

For analysis of the reproducibility study data, if the candidate test has available an 1129 

internal numeric signal, you should follow CLSI EP0523 and EP1224. For each sample 1130 

tested, we recommend that you present the mean value with variance components of 1131 

imprecision as repeatability, between-run, between-day, between-untrained operator, 1132 

between-lot (if applicable) and between- site. In addition, you should include the 1133 

percent of values above and below the cutoff of the candidate test for each sample.  1134 

If the candidate test does not have available internal numeric signals, you should 1135 

follow CLSI document EP1225. For each sample tested, you should present the 1136 

percent of positive results stratified by different operators, site and lots (if applicable). 1137 

(5) Performance Characteristics for the Candidate Test  1138 

You should establish acceptable performance characteristics prior to beginning a comparison 1139 

study.  Your acceptable performance characteristics should be based on a benefit-risk 1140 

analysis taking into consideration benefits for patients (e.g., availability of results at the time 1141 

of the doctor’s office visit) and risks (e.g., potential patient harms due to incorrect results 1142 

when performed by untrained operators).  FDA generally recommends that the acceptable 1143 

level for sensitivity (or PPA) and specificity (or NPA) should be 95% or greater, and the 1144 

score lower confidence bound for the two-sided 95% confidence interval should be at least 1145 

89%.  In some cases, tighter performance characteristics may be needed to reasonably assure 1146 

that the candidate test is “accurate”; in other cases, lower performance characteristics may be 1147 

acceptable with sufficient benefit-risk justification. 1148 

 1149 

                                                           

23. CLSI. Evaluation of Precision of Quantitative Measurement Procedures; Approved 

Guideline—Third Edition. CLSI document EP05-A3. Wayne, PA: Clinical and Laboratory 

Standards Institute; 2014. 

 

24. CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline – 

Second Edition. CLSI document EP12-A2, Wayne, PA: Clinical and Laboratory Standards 

Institute, 2008. 

 

25. CLSI. User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline – 

Second Edition. CLSI document EP12-A2, Wayne, PA: Clinical and Laboratory Standards 

Institute, 2008. 
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 For the comparison study, estimates of the candidate test performance in the hands of 1150 

untrained operators (Sensitivity and Specificity or PPA and NPA) should be equal to or 1151 

higher than acceptable sensitivity (Or PPA) and acceptable specificity (or NPA). 1152 

 For the reproducibility study, the percent of positive results for the candidate test in the 1153 

hands of untrained operators for the Low Positive sample (or LoD) should be close to 1154 

95%.  If applicable, the percent of negative results of the candidate test in the hands of 1155 

untrained operators for the high negative samples should be close to 95%.   Any 1156 

differences found between the candidate test performances near the cutoff in the hands of 1157 

untrained operators should be investigated to determine whether these differences are 1158 

clinically significant (e,g., what percentage of the intended use population would be 1159 

affected by this difference). 1160 

C. Semi-Quantitative Tests 1161 

(1) Introduction 1162 

For the purposes of this guidance, a semi-quantitative test is a test with a few ordinal 1163 

categories (e.g., negative, trace, +, ++, +++) where the order of categories together with the 1164 

definitions of these categories contain information used during the interpretation of the test 1165 

results.  A semi-qualitative test is considered accurate for the purposes of CLIA waiver if the 1166 

results obtained by untrained operators in CLIA waived testing settings are comparable to the 1167 

results of a traceable calibration test with appropriate cutoffs for defining ordinal categories 1168 

performed by laboratory professionals.  1169 

An example of a semi-quantitative test with 4 categories is presented below in Figure 8. 1170 

 1171 

Figure 8. Semi-quantitative test with 4 categories based on 3 cutoffs for numeric values 1172 

 1173 

 1174 
 1175 

 Semi-quantitative Test vs another Semi-quantitative test 1176 

For N samples from the intended use population, the performance of a semi-quantitative test 1177 

with four categories (for example, candidate test in the hands of untrained operators) vs 1178 

another semi-quantitative test should be presented as demonstrated in Table 9 below. The 1179 

grey shaded cells represent samples for which there was agreement between the two semi-1180 

quantitative tests: 1181 

 1182 

Table 9. Comparison of Two Semi-Quantitative Tests 1183 

  Comparative Semi-Quantitative Test  
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  Category1 Category2 Category3 Category4 Total 

Candidate 

Semi-

Quantitative  

Test 

Category1 A1 B1 C1 D1  

Category2 A2 B2 C2 D2  

Category3 A3 B3 C3 D3  

Category4 A4 B4 C4 D4  

Total A1+A2+A3+A4 B1+B2+B3+B4 C1+C2+C3+C4 D1+D2+D3+D4 N 

 1184 

Performance of the semi-quantitative test is described by the Percent Agreements (PA) of the 1185 

candidate test categories with categories of the comparative semi-quantitative test as 1186 

PACategory1|Categoryl =A1/(A1+A2+A3+A4) 1187 

PACategory2|Category1 = A2/(A1+A2+A3+A4), 1188 

PACategory3|Category1 = A3/(A1+A2+A3+A4), 1189 

PACategory1|Category2 = B1/(B1+B2+B3+B4) and so on. 1190 

 1191 

It should be noted that when a semi-quantitative test is compared to another semi-quantitative test 1192 

and the level of agreement is not high, this study design does not provide enough information to 1193 

evaluate whether the levels of disagreement are acceptable.  Generally, this is because one cannot 1194 

determine whether the samples with discordant results were close to the cutoffs (where some 1195 

level of disagreement would be expected) or far from the cutoffs (where a very high level of 1196 

agreement is anticipated).  In contrast, in a comparison study of a semi-quantitative test with a 1197 

quantitative test, numeric results of the quantitative test provide information about the location of 1198 

the sample concentrations with regard to the cutoffs used to define the semi-quantitative 1199 

categories. This additional information allows one to determine whether semi-quantitative test 1200 

categories are comparable to the quantitative test results. Therefore, FDA advises that you use 1201 

quantitative traceable calibration tests as a CM in the comparison study. 1202 

 1203 

 Semi-quantitative test vs CM (quantitative traceable calibration test) 1204 

If one performs two measurements of the same sample with a quantitative test, there will be some 1205 

difference in the two values because of random measurement errors of the quantitative test. Thus, 1206 

a sample close to a cutoff C, and with an initial result above the cutoff C, has some chance that a 1207 

repeated measurement of this sample will be below the cutoff C.  This means that, with regard to 1208 

categories defined by cutoff C, these two results are in different categories. Therefore, the samples 1209 

close to cutoff C may have discordant results when tested multiple times by the quantitative test 1210 

and, accordingly, one can anticipate that these samples may also have discordant categories when 1211 

tested by a semi-quantitative test.  Based on the imprecision of the quantitative test (%CV or SD), 1212 

a zone around each cutoff can be constructed such that 95% of the differences between two 1213 

repeated measurements of the quantitative test, X2 and X1, are inside of this zone (see Figure 9 1214 

below and Appendix A).  These boundaries are symmetrical around the diagonal when the 1215 

distance is calculated perpendicular to the diagonal.  See Appendix A. 1216 

 1217 
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Figure 9. Two Repeated Measurements from a Quantitative Test 1218 

 1219 
 1220 

When comparing a semi-quantitative candidate test to a quantitative traceable calibration CM, 1221 

near- cutoff ranges should be established around each cutoff using the 95% zone as described 1222 

above. Samples with measurements by the CM within one of these ranges may fall into either 1223 

of the categories bordering the cutoff.  This analysis should be presented in the detailed table 1224 

of agreement between semi-quantitative and quantitative tests, as shown in Table 10 below.  1225 

 1226 

  1227 



Contains Nonbinding Recommendations 

 

Draft – Not for Implementation 

 

41 

 

Table 10. Agreement of Semi-Quantitative Candidate Test and Quantitative CM 1228 

  Quantitative CM 

   Near 

cutoff 

C1 

 Near 

cutoff 

C2 

 Near 

cutoff 

C3 

 Total 

Expected candidate 

test categories 

Only 

Cat.1 

Cat.1 or 

Cat.2 

Only 

Cat.2 

Cat.2 or 

Cat.3 

Only 

Cat.3 

Cat.3 or 

Cat.4 

Only 

Cat.4 
 

Candidate 

test 

Cat.1         

Cat.2         

Cat.3         

Cat.4         

Total         

 1229 

 Imprecision for samples near the cutoffs  1230 

A candidate semi-quantitative test has multiple cutoffs and the imprecision of the test for 1231 

samples around each cutoff is described by an interval [C5;C95] for each cutoff (similar to a 1232 

qualitative test with one cutoff). For details see Section B.1 “Introduction” above for a 1233 

qualitative test. 1234 

 1235 

(2) Selection of the Comparative Method (CM) 1236 

The following CMs are presented in the order in which we recommend you select them, if 1237 

available. Thus, we recommend you use a CM of type A if available. If a CM of type A is 1238 

not available, then we recommend that you use a CM of type B. If neither a CM of type A, 1239 

nor a CM of type B is available, then we recommend you use a well-documented quantitative 1240 

method (CM of type C) and, similarly, if a CM of type C is not available then another semi-1241 

quantitative test can be considered as a CM (type D). If you choose a comparative method 1242 

other than type A or B, you should provide justification for this in your application. If you 1243 

are considering use of a CM of types C and D, we strongly recommend that you contact FDA 1244 

prior to conducting the clinical study in support of a CLIA Waiver application. 1245 

 CM of type A: A quantitative reference method such as those outlined in the section on 1246 

quantitative tests with the appropriate cutoff values for determination of different 1247 

subintervals corresponding to the ordinal categories of the semi-quantitative test. 1248 

 CM of type B: A quantitative traceable calibration method with measurement results 1249 

traceable to higher-order references (such as that outlined in the section on quantitative 1250 

tests) with the appropriate cutoff values for determination of different subintervals 1251 

corresponding to the ordinal categories of the semi-quantitative test. 1252 

 CM of type C: A well-documented quantitative method. 1253 

 CM of type D: A semi-quantitative method with similar categories and with cutoff values 1254 

traceable to higher-order references (such as that outlined in the section on quantitative 1255 

tests).  1256 

 1257 
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We recommend that you contact FDA for input concerning your choice of well-documented 1258 

quantitative method or a semi-quantitative method as a CM. 1259 

 1260 

In your Dual submission, you should provide a description of the specific CM, including 1) 1261 

intended use population/target population (those individuals for whom the test (CM) is 1262 

intended); 2) cutoff values for defining the subintervals corresponding to the ordinal 1263 

categories of the semi-quantitative test; and 3) estimates of imprecision (%CV or SD) for 1264 

the quantitative CM, if available. For the CMs of type B and D, you should provide 1265 

information supporting traceability, e.g., a description of references that were used to 1266 

establish the traceability of the calibrators with values (type B) or traceability of cutoff 1267 

values (type C) and other relevant information concerning traceability (for details, see CLSI 1268 

EP3226). 1269 

(3) Establishing Allowable Total Error (ATE) Zones and Limits of 1270 

Erroneous (LER) Zones 1271 

In order to establish the ATE zones for a semi-quantitative candidate test, you should first 1272 

establish the ATE zone for the quantitative CM. FDA recommends that you use the 1273 

approaches and sources of information described in Section A.3 “Allowable Total Error (ATE) 1274 

Zone and Limits of Erroneous Results (LER) Zone for quantitative tests. FDA encourages Pre-1275 

Submissions related to establishing performance characteristics for Dual Submissions. Using 1276 

%ATE (or ATE), consider acceptable imprecision such as %CVA=%ATE/2 (or SDA=ATE/2).  1277 

Then construct ranges around the cutoffs such that a quantitative test with an acceptable level 1278 

of imprecision %CVA (or SDA) can have discordant results for the samples in these ranges.  1279 

The ATE zone for a semi-quantitative candidate test coincides with the ATE zone for the 1280 

quantitative CM test if the quantitative CM is reported not in numeric values but in categories. 1281 

To summarize, the allowable total error (ATE) zones for semi-quantitative candidate tests are 1282 

the allowable bins for the different ranges of the quantitative CM values.  For CM results in 1283 

the near-cutoff range, both semi-quantitative candidate test bins are allowable and only one 1284 

corresponding bin of the semi-quantitative candidate test is allowable for the CM values 1285 

outside of these near-cutoff ranges. See Table 11 below where the grey shaded cells represent 1286 

the ATE zones. 1287 

 1288 

Table 11.  ATE and LER Zones for Semi-Quantitative candidate test 1289 

  Quantitative CM 

   Near 

cutoff 

C1 

 Near 

cutoff 

C2 

 Near 

cutoff 

C3 

  

Expected candidate Only Cat.1 Only Cat.2 Only Cat.3 or Only  

                                                           

26. CLSI. Metrological Traceability and Its Implementation; A Report. CLSI document EP32-R, 

Wayne, PA: Clinical and Laboratory Standards Institute, 2006. 
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test categories Cat.1 or 

Cat.2 

Cat.2 or 

Cat.3 

Cat.3 Cat.4 Cat.4 

Candidate 

test 

Cat.1         

Cat.2         

Cat.3         

Cat.4         

 1290 

The LER zones for a semi-quantitative test are defined as the categories of the semi-1291 

quantitative test that differ from the ATE bins by more than one category. In Table 11, these 1292 

are the dark grey shaded cells. 1293 

(4) Comparison Study of Candidate Test with Untrained Operators vs CM 1294 

a. Study Design  1295 

 You should ensure that the samples span the measuring range of the candidate test 1296 

for the combined data (and at each site if possible) and adequately represent all 1297 

possible values of the CM test consistent with the categories of the candidate test. 1298 

 The following table provides the minimum number of samples FDA recommends 1299 

for each candidate test category depending on the number of candidate test 1300 

categories, K.  1301 

Table 12. Minimum Number of Samples in Each Candidate Test Category 1302 

 Candidate Test Categories  

 Cat.1 Cat.2 Cat.3 Cat.4 Cat.5 Cat.6 Cat.7 Total 

K=3 120 120 100     340 

K=4 120 120 90 90    420 

K=5 120 120 80 80 80   480 

K=6 120 120 70 70 70 70  520 

K=7 120 120 60 60 60 60 60 540 

 1303 

 If some categories are more clinically important for the medical decision making 1304 

process then a larger number of samples than the number presented in the table above 1305 

may be needed for this category.  1306 

 1307 

 If some target conditions have low prevalence rates or some concentration levels 1308 

are rare, a lower number of samples can be also considered, but FDA recommends 1309 

that you contact FDA to discuss.  For some target conditions, a larger number may 1310 

be required. We recommend that you contact FDA for feedback about the number 1311 

of samples in the comparison study. 1312 

 The samples should be approximately equally distributed among the untrained 1313 

operators. Each untrained operator should run the candidate test with a minimum of 1314 
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5 samples from each category of the candidate test. The patient and contrived 1315 

samples should be as equally distributed among the untrained operators as possible. 1316 

b. Statistical Analyses 1317 

 For each site separately and for all sites (combined data), you should estimate the 1318 

percent of results in the ATE zones for each category separately and then for all 1319 

categories combined.  You should perform a similar analysis for the LER zone. 1320 

You should present the results of your analyses in tables, as demonstrated in Table 1321 

13 below. 1322 

1323 
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Table 13. ATE and LER Analysis for Semi-Quantitative Candidate test 1324 

 Quantitative CM  

 Near 

cutoff 

C1 

 Near 

cutoff 

C2 

 Near 

cutoff 

C3 

 Total 

Expected Candidate 

Test categories 
Only 

Cat.1 

Cat.1 

or 

Cat.2 

Onl

y 

Cat.

2 

Cat.2 

or 

Cat.3 

Only 

Cat.3 

Cat.3 

or 

Cat.4 

Only 

Cat.4 

Candidate 

Test 

Cat.1 A1 B1 C1 D1 E1 F1 G1  

Cat.2 A2 B2 C2 D2 E2 F2 G2  

Cat.3 A3 B3 C3 D3 E3 F3 G3  

Cat.4 A4 B4 C4 D4 E4 F4 G4  

Total A B C D E F G N 

         

Anticipated percent in 

ATE 

97.5

% 

97.5% 95.0

% 

95.0% 95.0% 97.5% 97.5

% 

 

Observed percent in 

ATE 

A1/A (B1+B2)/

B 

C2/C (D2+D3)/

D 

E3/E (F3+F4)/F G4/G  

 Percent in ATE=(A1+B1+B2+C2+D2+D3+E3+F3+F4+G4)/N 

with 95% two-sided confidence interval. 

 

 Percent in  

LER=(A3+A4+B4+C4+E1+F1+G1+G2)/N 

with 95% two-sided confidence interval, 

 

 1325 

(5) Reproducibility Study of Candidate Test with Untrained Operators 1326 

 For quantitative CM with the allowable %CVA (or SDA), you should calculate C5 and C95 1327 

concentrations for each cutoff (see Appendix A below).  1328 

 In order to compare the candidate test performance in the hands of untrained operators 1329 

with analyte concentrations near the cutoffs, you should prepare two samples C5 and C95 1330 

based on the CM for each cutoff.  1331 

 Note that a semi-quantitative test with K categories has (K-1) cutoff values and 1332 

conceptually, 2•(K-1) samples close to the cutoffs should be included in reproducibility 1333 

study.  Some categories and, consequently, cutoffs can be less clinically important; 1334 

therefore, FDA recommends that you contact FDA for discussion about whether all 2•(K-1335 

1) samples should be included in the study or whether a smaller number of the samples 1336 

close to the cutoffs may also acceptable.  1337 

 For each sample in reproducibility study, provide percent of results in each category for 1338 

the candidate test in the hands of untrained operators, as demonstrated in Table 14 below. 1339 

Present similar information stratified by untrained operator, site and lot if applicable. 1340 
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Table 14. Performance of candidate test for Samples Near the cutoffs  1341 

  Number and percent for each category 

 N Cat.1 Cat.2 Cat.3 Cat.4 

Sample #1, C5      

Sample #2, C95      

….      

 1342 

(6) Performance Characteristics for the Candidate Test 1343 

 For the zone of the ATE: the percentage of the samples within the ATE zone should be 1344 

close to 95% for each category. The percentage of samples within the ATE zone for all 1345 

sites combined and all categories combined should be ≥95%. 1346 

 For the zone of the LER: the percentage of samples within the LER should be very low 1347 

(close to 0%) with the upper bound of 95% two-sided confidence interval ≤1.1%. 1348 

 For each sample in the reproducibility study, the percent of results by the candidate test in 1349 

the hands of untrained operators and by the CM should be close. Any differences found 1350 

between the candidate test performances in the hands of untrained operators and the CM 1351 

performance for the samples near the cutoffs should be investigated to determine what 1352 

percentage of the intended use population would be affected by this difference. 1353 

 1354 

  1355 
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Appendix A: Statistical Notes 1356 

A.1 Calculations of Confidence Intervals for Sensitivity (or PPA) and Specificity (or NPA) 1357 

 Note that performance of an assay is characterized by both sensitivity and specificity.  The 1358 

95% confidence interval for sensitivity and 95% confidence interval for specificity yield a 1359 

rectangular region that contains both population parameters with confidence level 90% 1360 

(≈0.95•0.95). A 95% confidence region for both population sensitivity and specificity is 1361 

constructed from 97.5% (0.975• 0.975≈0.95) univariate confidence intervals. Therefore, one 1362 

needs to calculate one-sided 97.5% confidence interval for sensitivity and one-sided 97.5% 1363 

confidence interval for specificity (note that the lower bound of a one-sided 97.5% confidence 1364 

interval is the same as the lower bound of a two-sided 95% confidence interval). Therefore, 1365 

you should calculate 95% two-sided confidence interval for sensitivity and 95% two-sided 1366 

confidence interval for specificity. 1367 

 Confidence limits for sensitivity and specificity can be calculated using formulas for 1368 

calculating a confidence interval for a binomial proportion. There are several different 1369 

methods available, and they can be obtained from many software packages or can be obtained 1370 

from published tables. We suggest using a score method27. The score method is advantageous 1371 

in that it has better statistical properties and it can be calculated directly. Score confidence 1372 

bounds tend to yield narrower confidence intervals than “exact” (Clopper-Pearson) confidence 1373 

intervals, resulting in a larger lower confidence bound.  For example, with n=30 samples and 1374 

29/30=96.7%,  the score lower bound of two-sided 95% confidence interval is 83.3% whereas 1375 

the “exact” lower bound is 82.8%. 1376 

 For convenience we provide the formulas for the score confidence interval. A 95% two-sided  1377 

confidence interval for the proportion of A/B is calculated:  1378 

           ,  1379 

where the quantities Q1, Q2, and Q3 are computed from the data using the formulas below.  1380 

For the proportion of A/B: 1381 

     
1382 

     
1383 

    
 1384 

 1385 

In the formulas above, 1.96 is the quantile from the standard normal distribution that 1386 

corresponds to 95% confidence. 1387 

  1388 

                                                           
27 Altman D.A., Machin D., Bryant T.N., Gardner M.J. Statistics with Confidence. 2nd ed. British Medical Journal; 

2000. 
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A.2 Evaluation of C5 and C95 of the CM from Precision Studies 1389 

 1390 

If the standard deviations (SD) in the precision studies of the CM for concentrations near the 1391 

cutoff value C are almost constant, then 1392 

C95 = C +1.645•SD and C5 = C – 1.645•SD 

For example, if the cutoff value =1.00 and the SD around the cutoff is approximately 0.10, then 1393 

C95 is approximately 1.16 and C5 is approximately 0.84.  In other words, a sample with actual 1394 

concentration corresponding to 1.16 produces positive results (above 1.00) approximately 95% 1395 

of the time and a sample with actual concentration corresponding to 0.84 produces negative 1396 

results (below 1.00) approximately 95% of the time. 1397 

If the coefficient of variation (CV) in the precision studies of the CM for concentrations around 1398 

the cutoff value are almost constant, then C95=C + 1.645•CV• C95 and C5=C – 1.645•CV• C5. 1399 

From here, 1400 

C95 = C/(1 – 1.645• CV) and C5 = C/(1 + 1.645•CV) 

For example, if the cutoff value =1.00 and %CV around the cutoff is approximately 10% (i.e., 1401 

CV=0.10), then C95 is approximately 1.20 and C5 is approximately 0.86. 1402 

 1403 

A.3 Allowable Total Difference 1404 

 1405 

For two repeated measurements X1 and X2 by CM, calculate a difference X2-X1 and (X2+X1)/2.  1406 

Plot the difference between X2-X1 against their mean (X2+X1)/2.  On the plot of (X2-X1) vs. 1407 

(X2+X1)/2, provide the Allowable Total Difference (ATD) zone around the axis, (X2+X1)/2.  The 1408 

ATD zone is established in such a way that 95% of differences X2-X1 fall within the ATD.  The 1409 

ATD zone is expressed as: 1410 

±1.96• •CV•(X2+X1)/2 = ± 2.77•CV•(X2+X1)/2 for larger values of CM and ±1.96• •SD= 1411 

± 2.77•SD for the low values of CM. 1412 

 1413 

An example of the ATD zone is provided below (Figure 10): 1414 

 1415 

2 2
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 1416 
Figure 10. Allowable Total Difference Zone Based on the Precision of the CM 1417 

 1418 

By the appropriate transformation, a similar ATD zone can be presented on the plane of X2 vs 1419 

X1; and X2 is replaced by Y. The expressions of the lines of the ATD zone on the plane Y vs. X 1420 

are the following. 1421 

Lines parallel to the diagonal of the ATD zone: 1422 

1.96 2  =X 2.77 SD,   if  0 Y+X 2Y X SD A          1423 

For CV≤10% and when each sample in the comparison panel is measured one time by the old 1424 

system, lines for the “expanding” part of the ATD zone are: 1425 

1.96 2 2.77
(1 ) (1 )

1 1.391 1.96 2 / 2

1.96 2 2.77
(1 ) (1 )    if Y+X>2 A

1 1.391 1.96 2 / 2

CV CV
Y X X

CVCV

CV CV
Y X X

CVCV

  
     

   

  
      

   

 1426 

where A is SD/CV. 1427 

For CV>0.10, an approach based on a ratio of two normal variables is recommended28. 1428 

 1429 

                                                           
28 Zhang L., Mathew T., Yang H., K. Krishnamoorthy, Iksung Cho I. (2009): Tolerance Limits for a Ratio of 

Normal Random Variables, Journal of Biopharmaceutical Statistics, 20;1, 172-184. 
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