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 DEFINITIONS
 calibrator Reference material whose value is used for the independent variable in a calibration function
 Source: (1) definition 3.7
 certified reference material (CRM)
 Reference material, accompanied by a certificate, one or more of whose property values are certified by a procedure that establishes metrological traceability to an accurate realization of the unit in which the property values are expressed, and for which each certified value is accompanied by an uncertainty at a stated level of confidence
 Source: (1) definition 3.8
 commutability of a material Closeness of agreement between the mathematical relationship of the measurement results obtained by two measurement procedures for a stated quantity in a given material, and the mathematical relationship obtained for the quantity in routine samples
 Source: (1) definition 3.9
 control material Substance, material or article used to verify the performance characteristics of an in vitro diagnostic medical device
 Source: (2) definition 3.4
 international conventional calibrator
 Calibrator whose value of a quantity is not metrologically traceable to the international system of units (SI) but is assigned by international agreement NOTE 1: The quantity is defined with respect to the intended clinical application
 NOTE 2: WHO international standards (IS) commonly fall within this category.
 Source: (1) definition 3.11
 limit of detection The lowest value of measurand that an examination procedure can report as present with a specified level of confidence
 Source: (3) paragraph A.2.8
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 1. THE CHALLENGES AND PROPOSED WAY FORWARD FOR CONTROL MATERIALS FOR ANTIGEN-DETECTING MALARIA RAPID DIAGNOSTIC TESTS
 1.1 The problem of preparing universal controls
 In general, it is not possible to make a single control material at a single concentration of analyte that can be used to monitor the RDTs from every manufacturer. (This statement refers specifically to RDTs that claim to detect the same analyte, e.g. HRP2, pLDH pan or species specific, as obviously an HRP2 control cannot be used to monitor a pLDH RDT.)
 This document attempts to substantiate this claim based on publicly available evidence. Moreover, it includes a workplan and possible strategies (annexes 1-5) to prepare and validate appropriate controls for monitoring the state of RDTs and demonstrates why the approach described herein is necessary. This document is based on HRP2 antigens, but the situation is identical for other antigens. In fact, the situation is probably even more complicated with pLDH due to the tetrameric nature of the natural antigen; furthermore, some of the antibodies used in RDTs are sensitive to conformation, which might be difficult to replicate with a recombinant or single wild-type antigen.
 1.2 Purpose of the control material
 The purpose of the control material is to indicate when a batch of RDTs does not meet the required or claimed sensitivity specifications. The control material is not intended to evaluate sensitivity, but monitors the state of the RDT. The control material must indicate when the RDT fails to meet requirements, for whatever reason. For a qualitative RDT, this means, in principle, that the control will be negative when the RDT is unfit for use. It is an ISO 15198 (2) requirement for control materials to give useful information.
 The sensitivity requirement of a malaria RDT is to consistently detect 75% of infected specimens when diluted to 200 parasites/µL (4). Note that RDTs measure the antigen (HRP2, pLDH, aldolase) and do not count parasites. They do not directly measure the analyte required. As there is a weak correlation between parasite concentration and antigen concentration (5), it is only possible at best to establish a statistical relationship between the sensitivity to the antigen and the detection of specimens containing parasites. However, once RDTs are validated as meeting requirements, they can be rigorously monitored for continued functionality based on antigen sensitivity.
 1.3 Root cause of the problem
 Although HRP2 RDTs nominally detect the same thing (HRP2), this is not exactly the case given that HRP2 exists in different molecular forms with variability in repeats of various epitopes. The antibodies used by manufacturers might detect these epitopes differentially (6). A paper from Lee et al. (7) shows how various monoclonal antibodies react differently to peptide mimics of the range of epitopes in HRP2, detecting the various forms of HRP2 with different sensitivities. Baker et al. (6) state that the sequence (epitope) variation of HRP2 has no detectable effect on the sensitivity of an RDT when measured at a parasite concentration of 200/µL. However, there are no data provided on the sensitivities of detection at fixed, low antigen concentrations. As the antigen concentration is only weakly dependent on the number of parasites/µL (5), there is an unquantified confounding variable in attempting to link antigen sensitivity to parasite concentration for any RDT.
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 In sum, the variable structure of HRP2 (and other malaria antigens) and variable detection by different antibodies certainly affect the sensitivity of different RDTs with respect to their target antigens. These differences may not be easy to detect using data based on parasite concentration.
 For each RDT, the control material must monitor the ability of the RDT to detect its target antigen and on average 75% of specimens with 200 parasites/µL, regardless of antigen concentration and epitope structure.
 1.4 The problem already exists in the real world
 It is relatively easy to construct standards and control materials for biological materials that are single chemical entities. With a single molecular form, the relative sensitivity of assays is fixed for the analyte, even though antibodies detect that form with different sensitivities and manufacturers use different antibodies. Problems arise when molecular heterogeneity is present in the analyte. Malaria shares this issue with the hepatitis B surface antigen (HBsAg), which exists in several different molecular forms and the different antibodies used by manufacturers may detect each form differently. The apparent relative sensitivity of assays is then dependent on the molecular form(s) chosen for calibration. Technically, this is a problem of “commutability” (1).
 A dataset (8) exemplifies this problem well. It lists sensitivities of 19 HBsAg RDTs (mostly enzyme immunoassays [EIAs]) measured using two conventional calibration control materials (1): from the Paul Ehrlich Institute (PEI), developed against the major forms of HBsAg (ad and ay), and the 2nd international HBsAg standard (2nd IS), developed using the adw2 subtype of HBsAg. The epitopes in these forms differ only in two or three amino acids out of the 20 or so that constitute the linear epitope. The relative sensitivities of four different assays with these three calibrations of control materials are shown in Fig. 1. It can be seen that assay 1 is the most sensitive of the four assays when measured using the 2nd IS, but it is the least sensitive when measured using the ay calibration control material, indicating an 11-fold difference in absolute sensitivity. The relative sensitivity of assay 3 is the reverse of assay 1: more sensitive on the ay than on the 2nd IS. The absolute sensitivity of this assay is more than four-fold less for the 2nd
 IS than for the ay. Fig. 2 shows the situation with all 19 assays. Depending on which standard is chosen, the relative sensitivities change seemingly at random.
 FIG. 1. Relative sensitivities of four assays for different control materials
 WHO 2nd IS PEI ad PEI ay2
 4
 6
 8
 10
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 14
 16
 18
 20
 Assay 2
 Assay 1
 Assay 3
 Assay 4
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 FIG. 2. Relative sensitivities of 19 assays for different control materials
 WHO 2nd IS PEI ad PEI ay
 2
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 The results show that estimates of antigen content in one calibration of control material will differ from assay to assay and the relative results will depend on the calibration control used. The effect is shown in Table 1, taken from (9). It can be seen that when using the 2nd IS as a calibration control, the estimate of the 1st IS concentration varies from 200 IU/mL to 77 IU/mL (expected = 100), while that of the 3rd varies from 100 IU/mL to 36 IU/mL (expected = 50). One of the assays used, code “ADqII”,
 assigns approximately twice the average value to both the 1st and 3rd standard. Interestingly, this assay is from the same manufacturer, but not the same version of the assay, as assay 1 in Fig. 1.
 TABLE 1.Estimates of potency of the 1st IS for HBsAg and for the 3rd IS relative to the 2nd IS
 1st IS (100 IU/mL)
 Candidate 3rd IS (12/226) (target 50 IU/mL)
 Assay Potency (IU/mL) 95% CI Potency
 (IU/mL) 95% CIcode No.
 ADqII1 196 187-206 93 89-982 218 207-230 108 102-113
 AqI1 75 73-76 56 55-572 79 78-80 64 63-65
 LxL1 104 101-107 60 58-612 109 102-117 70 66-75
 PRq1 95 91-100 45 43-472 82 78-86 47 45-50
 EN61 108 104-112 30 29-322 119 112-127 43 41-46
 Overall GM (% GCV) 111 (43) 58 (46)
 Overall GM excluding ADq (% GCV) 95 (19) 50 (31)
 Source: WHO Expert Committee on Biological Standardization (9)
 Abbreviations: 95% CI = 95% Confidence Interval for the potency result; GM = Geometric mean; % GCV = geometric coefficient of variation. ADqII = ADVIA Centaur HBsAg II, Siemens Healthcare Diagnostics Inc. (product number 10492138); Aql = ARCHITECT HBsAg Qualitative II, Abbott Diagnostics; LxL = LIAISON XL murex HBsAg Quant., Diasorin S.p.A.; PRq = PRISM HBsAg, Abbott Diagnostics; EN6 = Enzygnost HBsAg 6.0, Siemens Healthcare Diagnostics Products GmbH.
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 One can also observe that the concentrations assigned by each assay to the 1st and 3rd IS controls are not at the same ratios.
 It follows that attempting to quantitate different positive specimens of wild-type HRP2 using the same preparation of recombinant HRP2 antigen as a calibration control when using assays from different manufacturers will result in a range of different concentrations being assigned to the wild-type specimens. In addition, even if the different assays are assigned a sensitivity using a particular lot of a recombinant HRP2 antigen, this assignment might not reflect the sensitivity of the assays against:
 • the range of wild types found in different geographical regions, and
 • particular panels of specimens.
 This disparity is expected to be magnified when taking into account the variability of parasite counts against an assigned HRP2 concentration.
 1.5 Explanation of the differences, using calibration graphs
 Fig. 3 displays a fictional graph of the calibration curves of two assays using different monoclonal antibodies against HRP2. Assay 1 is more sensitive in detecting the recombinant antigen used as calibration control than assay 2, but it is conceivable that assay 1 can detect the specimen of wild-type HRP2 with a lower signal than assay 2. The signals would depend on the antibodies used and the epitopes in the wild type. The resulting estimates of wild-type HRP2 differ in a manner similar to HBsAg in Table 1 for exactly the same reasons. These fictional data are what might be expected from an EIA, but are equally valid for a flow-based RDT.
 FIG. 3. Calibration curves of two assays using different monoclonal antibodies against HRP2
 1 2 3 4 50
 12
 10
 8
 6
 4
 2
 0
 Signal
 Concentration, ng/ml
 Calibration line, assay 1
 Calibration line, assay 2
 Signals from wild type antigen
 1.5 ng/ml 3.25 ng/ml
 1.6 Explanation of the failure of a universal calibrator for malaria antigen assays
 If the recombinant antigen used to draw up the calibration curves of Fig. 3 were submitted as a single, universal control material with an expected signal near the cut-off of one of the assays (with failure detected when the assay was no longer as sensitive as required), it is clear that the control would not work with the other assay. Either the control material would be too weak to be detected at all or too concentrated
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 5
 to monitor loss of activity. It is hence exceedingly unlikely that such a control material with a single, fixed required value could ever be prepared.
 1.7 Use of a recombinant antigen to control assays: a proposed way forward
 It is apparent from the preceding paragraphs that for a control material to monitor functionality, it must be matched to the assay it is intended to control. While an independent laboratory could do this assay by assay, it would be much more efficient for the manufacturer to prepare the control material either from a provided recombinant antigen or by self-sourcing.
 To validate the control, the manufacturer would need to have several lots of the RDT known to meet consistently the 75% of 200 parasites/µL requirement. This would have to be ascertained either from a panel of specimens provided by WHO to all manufacturers or from a well-validated manufacturer’s quality assurance panel related to the RDT known to meet the requirement from the WHO product testing rounds (5). Using the lots known to meet requirements, the manufacturer could then derive a concentration of recombinant antigen that would be detected at a level of statistical confidence by a functional RDT, but not by an impaired RDT. Due to the limitations presented above, this procedure would have to be done by each manufacturer and for each of that manufacturer’s different RDTs.
 A suggested work plan accompanied by a series of protocols has been developed to illustrate how this could be achieved at the manufacturing level. These are included as Annexes 1-4.
 2. WORKPLAN FOR CONTROL MATERIALS FOR MALARIA RAPID DIAGNOSTIC TESTS
 2.1 Rationale
 Experience with rapid diagnostic devices intended to detect malarial infection shows that there is a need to verify that batches of devices function as required after delivery to evaluators or users and before use.
 The “control lines” on flow devices rarely demonstrate correct functioning of the device. Usually, control lines merely indicate that flow has occurred – not that all the critical components of the device have retained their required functionality. Similarly, there is rarely evidence that the “positive control” materials provided with microwell assays actually indicate that the critical components have maintained the required level of activity, even when meeting the manufacturer’s criteria for a valid run. Usually, such positive controls show that the components have retained some activity, but not necessarily that they have retained sufficient activity to meet the established requirements or claims.
 This workplan follows on from the challenges described on developing controls and provides background information on manufacturing control materials as well as e suggestions for detailed manufacturing methods in a set of accompanying protocols (Annex 1-5). Together, these documents explain and exemplify one way to meet the requirement that:
 “The quality control procedures shall include a method of detection (e.g. quality control material…) and acceptability criteria that will determine when a critical failure occurs…” (ISO 15198:2004 (2) paragraph 4.2).
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 2.2 Framework
 Control materials and associated criteria provided with or for an RDT will demonstrate that the tested device meets all the claims and requirements stated in the instructions for use (IFU), publicity, regulatory files and regulatory requirements at the time of use. The critical function of control materials is to indicate whether there has been any failure of the RDT for any reason. The potential causes of failure include but are not limited to impairment during manufacture, transport and storage, and systematic incorrect use (e.g. systematic use of incorrect volumes or timings). These causes of failure will be identified during the risk analyses conducted during product design and development, and through in-use surveillance. Such risk analyses are requirements of ISO 13485:2016 (10), which makes reference to ISO 14971 (11). The function of the control materials will be validated against user needs. WHO’s Technical Specification Series 3 (TSS-3) (12) presents an expected set of characteristics derived from an analysis of user needs for control materials for malaria RDTs. An absolute minimum is that the control materials will function correctly on all lots of the RDT and will be stable at the point of use if stored as stated in their documentation. Requirements not listed in (12) might need validation, depending on the claims of the RDT.
 In order to show that an RDT will function as required, probably the most simple and secure approach is to demonstrate that any loss of sensitivity is not sufficient to negate any claim. Unless risk assessment shows otherwise, the process will be to assess the sensitivity on the control material and to validate by demonstration that a variety of stresses affecting the sensitivity of the RDT on critical natural specimens are reflected in the behaviour of the RDT with the control material at the chosen concentration. The control material will be prepared at a concentration above the cut-off value that ensures a predefined statistical confidence of demonstrating critical failure of the RDT. For a qualitative capillary flow-based RDT, the cut-off value will be detection or not of the control material when read according to the IFU. A satisfactory confidence level is that failure will be detected on 75% of occasions, allowing for repeat testing of the control material in duplicate before declaration of failure. Note that this 75% applies to the capability of the control material to detect failure of an RDT (see 3.1 below). It is different in concept and distinct from the requirement that for satisfactory performance each lot of RDT must have a panel detection score of 75% when tested against the WHO evaluation panel. This requirement is described in detail in (5).
 If the RDT is intended to detect or distinguish different species of Plasmodium, the control material will be required to prove that each claim can be fulfilled by the RDT at the time of use. This will require either a control material for each species claimed, or a rigorous documented risk evaluation and satisfactory validation procedure to indicate that multiple control materials are not necessary.
 2.3 Process for preparation and evaluation of control material
 A number of protocols are provided, giving suggested methods for each of the following steps (Annex 2-5). An overall flow diagram (Annex 1) is also provided, with each substantial protocol presenting a flow diagram towards the end.
 2.3.1 Choice of lots of materials to be used
 2.3.1.1 Choice of lots of RDTsA requirement from (2) is that all sources of variability must be considered when developing and validating control materials. It is commonly found that the critical materials, and not usually the manufacturing processes, are the primary source of variability in RDTs. For this reason, it will not be acceptable to use a single lot of an RDT or multiple lots prepared with the same lots of critical materials. This is standard Good Manufacturing Practice (GMP) stated in regulatory and guidance documentation, e.g. (13). Since three lots are required
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 for stability work of RDTs (14) and these lots should be of different critical reagents (15), at least three different lots should be available for this work – either from development work or from routine manufacture.
 The lots of RDTs chosen for this work will be made according to finalized documentation (including quality assurance (QA) and quality control (QC) checks). Each lot will be shown to meet the requirement of reproducibly detecting 75% of specimens diluted to 200 parasites/µl (the same specimens by each lot, the WHO panel detection score requirement ) or the QA panels used (for example, the panel provided for this purpose by WHO) will be traceable and validated to prove this required detection capability.
 2.3.1.2 Choice of control materialThe manufacturer will choose the control material to provide to users. The critical requirement of the material is that it will be stable as provided and of a concentration that will indicate failure of the RDT concerned.
 As international conventional calibrators or WHO international standards become available, it is likely that eventually a specified sensitivity will become a regulatory requirement. Without further validation by the manufacturer, such sensitivity might be unrelated to the functionality claims for any particular device for the reasons described above. This issue is also recognized by ISO 17511 (1) in paragraph 4.2.6 and 4.3.1:
 “This problem is typically met in immunoprocedures, where antibodies used in different procedures can have different reactivity towards the epitope(s) of the analyte antigen.”
 The manufacturer will have to source and select the control material. Even if international conventional calibrators or certified reference materials become available, they will not be suitable for use as manufacturers’ control materials due to availability and cost.
 The manufacturer might choose to assign the control material a sensitivity and a measurement uncertainty related to potential international conventional calibrators. However, one must bear in mind that, in general, that sensitivity will be relative, dependent on the antibodies in the device and on the epitope structure of the chosen control material. The control material will be specific to a single RDT product code, since the antibodies used and their concentrations will both affect the relative apparent sensitivity, i.e. there will almost inevitably be a lack of commutability. Annex 5 contains a protocol on choice of control materials and approximate assignment of unit values is provided.
 Each lot of the sourced control material will be validated. However, this might prove difficult if only one lot is available from a regulatory or commercial supplier. If this is the case, each time a new lot of control material is procured, it should be shown to have identical characteristics to the lot used for the validation described here (not merely identical to a previous lot, as that permits drift). For recombinant antigens, this identity will include conformational analysis in addition to sequence and purity, as many monoclonal antibodies used in RDTs are at least partially specific to the conformation of their target epitope and different lots of recombinant antigens are known to potentially differ in conformation.
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 2.3.1.3 Choice of diluentTo determine the sensitivity and preparation of the control material, a diluent needs to be selected. The manufacturer of the material might suggest a diluent in which the control material is known to be stable, but it might be necessary or possible to select a different diluent, subject to risk evaluation related to the RDT concerned. Usually, the simpler the diluent, the better. For example, there will frequently be no need to include serum, but protein stabilizers and biocides will almost certainly be necessary. Accelerated stability studies will be helpful in selecting the diluent, and it would be wise to make sure that the diluent is appropriate for both allowing RDT function and ensuring control material stability prior to proceeding with the ensuing suggestions.
 2.3.2 Determination of parameters
 The expectation of a control material is that it will indicate when the RDT being monitored does not perform as required (detection of 75% of specimens diluted to 200 organisms/µL, the panel detection requirement as reflected in the specimens provided by WHO for use in preparation of control material). Failure to perform as required (i.e. impairment) might result from damage to the device, user error or failure in manufacture. The allowable impairment will vary depending on the normal performance of the RDT: Those manufactured to meet the requirement easily, perhaps detecting more than 80% or 90% of such specimens, will in all probability tolerate more impairment than other RDTs that detect the 75% only in a borderline fashion. In this way, more capable RDTs might be able to suffer a 50% loss of activity and still meet the requirement, whereas less capable RDTs might only be able to suffer a loss of a few percent. This point further emphasizes that a universal control material is improbable. The control material will be set at concentrations designed specifically to monitor the allowable loss and hence will be product-code-specific. To enable specific preparation of the control material, it is necessary to know three parameters of the RDT: the allowable impairment, the sensitivity of detection of the control material, and the variability of the RDT measured near the cut-off. The sensitivity and variability will be estimated in the same experiments, but the allowable impairment will be obtained independently.
 2.3.2.1 Sensitivity of the RDT for the control materialSensitivity in this context is best expressed by a limit of detection (LoD). As will be seen from section 3 below, for the purpose of this work, the LoD is defined as the concentration of control material that is detected on 50% of testing occasions, that is, the concentration that is as likely to be detected as not – the concentration that provides a signal at the nominal cut-off. This is referred to as C50 in (15).
 For quantitative RDTs such as microplate-based assays, C50 can be determined by performing a linear regression on a dilution series from above to below the cut-off value, although probit (or logistic) regression might be more appropriate. For qualitative assays, C50 can be determined using logistic regression methods. Appropriate experimental procedures and mathematical analyses are described in documents from the Clinical and Laboratory Standards Institute (CLSI) (15, 16). Most statistical software will calculate C50 and its uncertainty by logistic or probit regression in properly designed experiments.
 The overall expected C50 and its uncertainty can be calculated by combining the results from the individual lots of the RDT. Care must be taken to demonstrate that there are no differences of practical importance between lots; for example, no lot should have a C50 outside the confidence intervals of the other lots.
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 2.3.2.2 Estimation of allowable impairmentEstimation of the allowable impairment for quantitative RDTs is comparatively direct. The signals from the required specimens are measured numerically and the proportionate loss of signal that would still allow for detection (at 95% confidence over all lots of RDT) of the weakest specimens is derived by linear interpolation. For example, if the cut-off value is 0.2 OD (corrected for any reagent background signal) with a standard deviation of ±0.014 (obtained from the regression data used to obtain C50), a specimen will need to give a signal at 1.65 standard deviation above the nominal cut-off (≈ 0.2+1.65*0.014 ≈ 0.23 OD) to be detected statistically on the required 95% of testing occasions. If the weakest critical specimen were to give a signal of 0.25 OD with a routine lot of the RDT, then a loss of ≈ 0.027 OD (i.e. an impairment of 10%) would be the maximum acceptable.
 As an aside, it is typical for such a small loss to be the maximum acceptable. This is not fully appreciated by many device developers who do not validate their stability methods as being capable of detecting such small changes with critical specimens. For this reason, assigned lives are rarely valid, even if they might be functionally satisfactory. One frequently notes seroconversion specimens claiming a sample to cut-off signal of 1.1 (on newly made RDTs) and a control material with an allowed loss of 70%. Clearly, such a control would have no value in monitoring the claimed functionality of the RDT.
 For qualitative RDTs read by eye, the cut-off is when the specimens do not give rise to detectable signals. Estimating the acceptable loss is more difficult than for quantitative assays, but a useful approximation would be to test the critical specimens in several volumes less than that required by the IFU. In doing so, one can define the lowest permissible (95% probability of detection) volume and, by proportion, the allowed impairment. Ideally, this would be done by probit regression of multiple repeat estimates.
 In fact, this might be too stringent, as the number of test runs required could be impractical. Since probit analysis requires knowledge of the proportions detected and not detected, to monitor these proportions satisfactorily requires many replicates. For the purposes of developing a control material, it is probably satisfactory to estimate an overall 95% confidence value from duplicate measurements of the series of volumes on each of the three lots being used.
 Volume change is an appropriate impairing factor, since it reflects a potential systematic user error that a control material must detect. Under some circumstances, dilution of critical specimens and use of a single volume may be more appropriate, but each RDT should be evaluated by risk assessment. For example, if the probit analysis showed that 85% of the normal volume (or concentration) of the weakest critical specimens would allow detection with 95% confidence, 15% would be the maximum acceptable impairment.
 2.3.3 Preparation of control material
 Once the C50 for the putative control material and acceptable impairment for the RDT have been determined, trial working dilutions can be made. It would be prudent to prepare working dilutions above and below the calculated concentration so that the work can be performed in parallel. This will enable the definition and validation of the optimum dilution most efficiently.

Page 18
                        

10
 2.3.3.1 Calculation of required concentrationThe control material must indicate with 75% confidence that the RDT will not meet its requirement due to impairment, that is, one in every four evaluations of a maximally impaired lot will be incorrectly accepted. This level can be achieved for a lot with maximum allowable impairment if the appropriate control material is tested twice ie. in duplicate, with the lot being rejected if both replicates are below the cut-off (or not detectable in qualitative assays). If one of the replicates is below the cut-off, the control material must be run twice more. If both of these replicates are detected, the lot may be regarded as suspect but usable. This requires that the control material would be detected on no more than half of the test runs in the long run, that is, it would give a signal with the cut-off value.
 The chance of accepting (incorrectly) a lot with maximum acceptable impairment is 25% if the two initial replicates are detected, and 30% if the repeat replicates are both detected (i.e. three of four are detected in this case). This seems reasonable (and close to the 75% rejection requirement) for both user and manufacturer, since even with a lot that is at the maximally allowed impairment, critical specimens should still be detected at marginally less than 95% confidence.
 From all this, it can be seen that the control must give a signal equivalent to:
 with an unimpaired device if it is to give a signal at the cut-off with a lot at the maximum acceptable impairment.
 This assumes that the signal is proportional to the concentration over small ranges and to the approximations involved that appear satisfactory.
 From the manufacturer’s point of view, the probability of an unimpaired lot failing with the above testing scheme depends on the variability at the cut-off and the acceptable loss. The probability of the lot being rejected on the initial testing of duplicates of the control material would be:
 Allowable impairment 10% 20% 50% 70% 80%
 Required concentration 1.11 C50 1.25 C50 2.00 C50 3.33 C50 5.00 C50
 SD
 5% < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
 10% 0.02 < 0.001 < 0.001 < 0.001 < 0.001
 20% 0.08 0.01 < 0.001 < 0.001 < 0.001
 Even for an RDT that is barely fit for purpose (critical specimens only just detected, allowable loss 10%; variability SD = 20%), about one in three test occasions would need to be repeated with the second replicates of control material. This would yield an approximately 1 in 13 rejection rate. This seems a satisfactory manufacturer’s risk for such a marginal RDT.
 100100 – allowable impairment (%) *C50
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 11
 2.3.3.2 Preparation of working dilutionsOnce the calculations in the previous section are complete, it is a simple task to dilute the proposed control material to the required concentration in the selected diluent. For efficiency in validation concentrations, 10–15% above and below the calculated concentration should be prepared.
 2.3.4 Validation of the control material
 Validation of the control material requires proof that the prepared concentration meets the user’s requirements, that is, that it can be used by typical users and the outcome meets the requirement of 75% rejection of lots (see 3.1) impaired to such an extent that they fail to meet the WHO requirement of detecting 75% of specimens at 200 parasites/µL.
 A risk evaluation will show whether users are able to use the control correctly following the IFU of the RDT, and thus whether a clinical evaluation is necessary. It is very unlikely that a clinical evaluation will be required.
 To show that the control material actually serves its purpose, the RDT must be impaired. As noted previously, one simple way to do this is to merely use reduced sample volumes. This is useful, but insufficient, and other methods of impairing the device can be determined by risk evaluation of the transport and storage chains. Effects from humidity and temperature extremes should be considered. The stress to damage the RDT may well go beyond those likely or may even be extremely unlikely, but the point is that the RDT must be damaged in order to evaluate the control material.
 The protocol makes suggestions on how this should be done technically, but for validation, RDTs that have been damaged sufficiently to fail the regulatory requirement must fail with the control material. If not, the concentration is incorrect and must be reworked as in paragraph 2.3 above (It is in the manufacturer’s best interest to not provide a control that is too weak).
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 ANNEX 1: FLOW DIAGRAM FOR CONTROL PREPARATION
 Proof RDT meets requirements
 1 At least three lots
 Routine manufacture Different lots of critical reagents
 Evaluate withValidated QA panel or WHO panel
 Estimate allowable impairment
 Validation of control material
 4 Proof of giving warning of RDT not meeting requirements
 Proof of stability of control in chosen presentation
 Impair the RDTdifferent potential failure modes temperature humidity volume ...
 3a Recalculate, rework
 5 Submit for REGULATORY REVIEW prior to commercialization
 Preparation of control material
 3 Calculate antigen concentration required from parameter determination
 Prepare working dilutions
 Determination of parameters
 2 Using chosen manufacturer’s calibrator with at least three valid lots of the RDT
 Statistical fitting of dilution curves
 Estimate C50
 ValidatesNO
 YES
 Manufacture, QA and release
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 ANNEX 2: PROTOCOL 1.0: EVALUATION OF LOTS OF A QUALITATIVE MALARIA RAPID DIAGNOSTIC TEST (RDT) WITH THE WHO MALARIA PANEL PRIOR TO PREPARATION OF CONTROL MATERIAL
 1 Summary
 This is one of a series of protocols that together suggest methods for preparing control materials with which users might monitor the efficacy of qualitative malaria RDTs.
 For an RDT intended to detect more than one measurand (e.g. HRP2 and pLDH), the work described in this series of protocols must be repeated independently for each measurand, unless there is documented stringent evidence that failure of the RDT for one measurand is reflected precisely by each of the others.
 This protocol describes the choice of lots of RDT and their verification to meet the required sensitivity of detection of at least 75% of the malarial specimens in the panel from WHO, which are provided pre-diluted to 200 parasites/µL. It then describes the methods for establishing the maximum allowable loss of sensitivity following which the RDT will continue to meet the requirement – the allowable impairment. This version of the protocol is written for qualitative lateral flow RDTs.
 The protocol must be re-written in the style of the organization using it, while maintaining the intent and criteria outlined in this example protocol. Raw data must be recorded and stored with the protocol, and staff performing the work must be clearly identified along with their responsibilities. Routine document control (version number, dates of validity, authorization, etc.) is expected.
 Note that in this example version of the protocol, several tables are presented with only a few rows. A working protocol may need more rows.
 2 Safety
 There are no specific safety instructions, except that the panel must be handled as a biological substance, Category B (www.un3373.com/category-biological-subtances/category-b/).
 3 Training requirements and responsibilities
 3.1 As expected by the institution using the protocol.
 3.2 Training must be provided on the use of the colour scale, either one developed in-house or a generic version available from WHO, so that technical staff can be as consistent as possible when interpreting the results of an RDT. Consistency should be evaluated both between staff members and between devices.
 Choose and evaluate lots for the work
 4 Obtain the WHO malaria parasite panel via request to [email protected]
 4.1 Store the panel in aliquots as instructed.
 4.2 As necessary, remove the panel from storage and use immediately after bringing it to the operating temperature for the RDT.
 http://www.un3373.com/category-biological-subtances/category-b/
 http://www.un3373.com/category-biological-subtances/category-b/
 mailto:malaria_RDT%40who.int?subject=
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 5 Choose the lots of RDT for evaluation
 5.1 Select three distinct lots of the RDT.
 5.1.1 There must be a sufficient number of devices available to complete the work described in this protocol, replicated for each lot.
 5.1.2 The lots of RDT must be:
 from routine manufacture and passed by routine QA;
 manufactured from critical reagents of different lots;
 in date but not necessarily newly manufactured.
 5.1.3 Write the critical reagent component name and stock code in the following table.
 TABLE A
 Critical reagent component
 Lot A # Lot B # Lot C #
 1
 2
 3
 4
 6 Evaluate the chosen lots with the WHO malaria parasite panel
 6.1 Test the panel separately with each lot.
 6.1.1 Use a single device from each lot for each specimen.
 6.1.2 Write the specimen identifications on the devices.
 6.1.3 Perform the assays exactly as in the device information for use (IFU), but additionally:
 6.1.4 Record the result as reactive or not reactive and the band intensity according to the colour chart (3.2); then immediately provide the completed assays, but not the results, to a second reader.
 The readings must be independent: no reader must know the result of any other reader until the work for the whole of this section of the protocol has been completed.
 6.2 Record the outcome for each specimen read by the two readers independently.
 6.2.1 Each reader must separately provide the results immediately to a member of the Quality Assurance (QA) department who will ascertain whether step 6.2.2 must be completed.
 6.2.2 If the two individuals do not agree on the result of any of the specimens, the results for the whole panel must be re-read independently by a third individual and decision made on the basis of a majority of two of the three outcomes.
 Re-reading the whole panel minimizes the chance of bias.
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 6.2.3 Transfer the data to the following Table B and Table C (para 8.1.2):
 TABLE B
 Lot A Lot B Lot C
 Reader Reader Reader
 1 2 3
 Result
 1 2 3
 Result
 1 2 3
 Result
 Reactive/not reactive (+/-) and band intensity (0-4)
 Spec
 imen
 #
 1
 2
 3
 4
 5
 6
 7
 8
 9
 10
 # reactive: # reactive: # reactive:
 7 Evaluate the testing
 7.1 Evaluate whether each lot meets the WHO required sensitivity of detection of at least 75% of the malarial specimens in the panel.
 Do all lots meet the criterion? NO GO TO STEP 7.2
 YES GO TO STEP 7.3Criterion: At least 7 of the specimens must be detected on every lot.1
 If any lot does not meet the criterion, it is likely that the overall manufacture does not meet the WHO requirement of reproducible detection of 75% of specimens diluted to 200 parasites/µL.
 1 If the true rate of detection in a population is 75% and the specimens have been chosen randomly from the same population, the chance of the result being as bad as only 60% detected is 1 in 10. Choice of ≥ 7 comes from discussion with malaria experts.
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 7.2 STOP until the reason for the lots not meeting the criterion is understood; then begin again.
 7.3 Evaluate whether the lots are reproducible.
 Are the lots reproducible?NO GO TO STEP 7.4
 YES GO TO STEP 8.2
 Criterion: Those specimens where the first two readers agree on the classification (reactive or not reactive) must be classified in that same way on each lot.
 7.4 Continue with this protocol (step 8), but identify the source of variability (likely to be related to critical reagents) and eliminate it to improve manufacturing lot quality.
 8 Identify weakly reactive specimens
 8.1 Identify and record in Table C each specimen that was identified differently by the first two readers and so had to be adjudicated by a third reader.
 8.1.1 Separately identify those with final adjudication as reactive and those adjudicated as non-reactive.
 8.2 Identify and record in Table C those that were observably less reactive (weak test line relative to others on the colour chart (see step 6.1.4), whether or not adjudication was required.
 TABLE C
 Adjudicated reactive *
 Adjudicated not reactive
 Read as weak *
 Reader 1 Lot A specimen #
 Reader 2 Lot A specimen #
 Reader 1 Lot B specimen #
 Reader 2 Lot B specimen #
 Reader 1 Lot C specimen #
 Reader 2 Lot C specimen #
 -
 -
 * These are likely to be weakly reactive specimens or to display epitopes not well recognized by the antibodies in the RDT.

Page 27
                        

GUI
 DAN
 CE
 ON
 CO
 NTRO
 L M
 ATER
 IALS
 FO
 R AN
 TIG
 EN D
 ETEC
 TING
 MAL
 ARIA
 RD
 TS
 TOO
 LS F
 OR
 PREP
 ARAT
 ION
 AN
 D V
 ALID
 ATIO
 N
 19
 Evaluation of the allowable impairment
 9 Select the least reactive specimens in the WHO parasite panel
 Are appropriate specimens available? NO GO TO STEP 10
 YES GO TO STEP 9.1Criterion: Specimens from Table C adjudicated as reactive or observably weak or both.
 9.1 Record the adjudicated reactive and the weakly reactive specimens in Table E.
 9.1.1 CONTINUE from step 11 .
 10 Prepare dilutions of all panel members
 10.1 Make 1:4 and 1:8 dilutions.
 10.2 Test the 1:4 and 1:8 dilutions from 10.1 in singlicate on two of the lots of RDT.
 10.2.1 Record the dilution as positive if reactive on both lots; otherwise, record as not reactive in the following Table D.
 TABLE D
 Specimen# Dilution Lot A LOT B Result
 1 1:4
 1 1:8
 2 1:4
 2 1:8
 etc... 1:4 …
 10.3 Select the least reactive dilutions.
 Are there suitably weak dilutions? NO GO TO STEP 10.4
 YES GO TO STEP 10.5Criterion: At least one dilution must be not reactive on both lots.
 10.4 Evaluate the dilutions reactive on one lot but not on the other.
 Do such dilutions exist? NO GO TO STEP 10.4
 YES GO TO STEP 10.5Criterion: The dilutions must be reactive on one lot but not on the other.
 10.4.1 Record the maximal allowable impairment as 90% in Table H (section 12) and STOP this evaluation.
 If all panel members are reactive at a dilution of 1:8, the RDT is sufficiently sensitive on these specimens to tolerate at least this impairment.
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 10.4.2 Select the least reactive of the panel members.
 These are those that are reactive on only one lot at a dilution of 1:4, or if there are none, those reactive on only one lot at 1:8.
 10.4.3 Record the selected panel members in Table E.
 10.4.4 CONTINUE from step 11.
 10.5 Select the least reactive panel members.
 These are those that are not reactive on either lot at 1:4, or if there are none, those not reactive on either lot at 1:8.
 10.5.1 Record the selected panel members in Table E.
 10.5.2 CONTINUE from step 11.
 11 Obtain the allowable impairment
 TABLE E
 Selected panel members
 11.1 Select, if possible, two of the panel members from Table E.
 11.1.1 If only one panel member is available, proceed using that.
 11.1.2 Prepare the following dilutions of the selected panel members: undiluted, 75%, 50%, 25%, 10%
 e.g. 75% = 750µL diluted to 1000µL
 11.2 Test the dilutions in singlicate on each of the three chosen lots.
 11.2.1 Ensure agreement between two readers, who may collaborate to reach a conclusion.
 11.3 Record the results in Table F.
 11.3.1 The overall result is the consensus of at least two of the lots.
 e.g. two of three not reactive = not reactive, one of three reactive = not reactive, three of three not reactive = not reactive.
 TABLE F
 PANEL MEMBER Dilution Lot A LOT B LOT C Overall Result
 # Undiluted
 75%
 50%
 25%
 10%
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 PANEL MEMBER Dilution Lot A LOT B LOT C Overall Result
 # Undiluted
 75%
 50%
 25%
 10%
 11.4 Select and record details of the least reactive specimen and the dilution at which its overall result becomes non-reactive.
 If the least reactive specimen is found to be not reactive when undiluted, the data are hardly consistent with earlier findings – i.e. the RDT is only barely capable of meeting the requirement of 75% detection of specimens at 200 parasites/µL.
 TABLE G
 Least reactive specimen # Dilution at which not
 reactive %
 11.5 Calculate and record in Table H the allowable impairment as (100 – % dilution) from Table G.
 e.g. not reactive at 25%, allowable impairment = (100 – 25) % = 75%.
 12 The maximum allowable impairment:
 TABLE H
 Allowable impairment: %
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 5 Choose the lots of RDT for evaluation
 Select three routine lots of the RDT
 6 Evaluate the chosen lots with the WHO panel
 Test the panel separately with each lot Record the outcome for each specimen: two readers independently
 8, 9 Identify weakly reactive specimens
 Those adjudicated as reactive Those giving weak response
 11 Obtain the allowable impairment
 Test dilutions of the chosen weak specimens
 7.2 STOP
 Investigate failure
 10.4.1 STOP
 Prepare control material
 10.4.2 or 10.5 Select the least reactive of the panel members
 7.4 CONTINUE
 Investigate failure
 10 Prepare dilutions of all panel members
 Make 1:4 and 1:8 dilutions Test in singlicate on two lots of RDT
 7.1 Evaluate the testing
 ≥ 7 reactive
 NO
 YES
 7.3 Evaluate reproducibility
 ? similar results
 ? Weak specimens present
 ? Weak specimens present
 NO
 NO
 NO
 YES
 YES
 YES
 Flow diagram for the protocol
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 ANNEX 3: PROTOCOL 2.0: EVALUATION OF CRITICAL PARAMETERS OF A QUALITATIVE RAPID DIAGNOSTIC TEST (RDT) FOR MALARIA DETECTION
 1 Summary
 This is one of a series of protocols that together suggest methods for preparing control materials with which users might monitor the efficacy of qualitative malaria RDTs.
 For an RDT intended to detect more than one measurand (e.g. HRP2 and pLDH), the work described in this series of SOPs must be repeated independently for each measurand, unless there is documented stringent evidence that failure of the RDT for one measurand is reflected precisely by each of the others.
 This protocol describes the methods for evaluating the sensitivity of detection of the chosen manufacturer’s calibrator – estimation of the C50, i.e. the concentration of calibrator at which 50% would be detected, on average.
 The protocol must be re-written in the style of the organization using it, while maintaining the intent and criteria outlined in this example protocol. Raw data must be recorded and stored with the protocol, and staff performing the work must be clearly identified along with their responsibilities. Routine document control (version number, dates of validity, authorization, etc.) is expected.
 Guidance on stability studies is given in TGS 2 Establishing stability of in vitro diagnostic medical devices: http://apps.who.int/iris/bitstream/10665/259742/1/WHO-BS-2017.2304-eng.pdf.
 2 Safety
 There are no specific safety instructions, except that the panel should be handled as a biological substance, Category B (www.un3373.com/category-biological-subtances/category-b/).
 3 Training requirements and responsibilities
 3.1 As expected by the institution using the protocol.
 3.2 Training must be provided on the use of the colour scale, either one developed in-house or a generic version available from WHO, so that technical staff can be as consistent as possible when interpreting the results of an RDT. Consistency should be evaluated both between staff members and between devices.
 4 Obtain the WHO malaria parasite panel and chosen manufacturer’s calibrator
 4.1 Store the materials in aliquots as instructed.
 4.1.1 For a discussion of the choice of manufacturer’s calibrator, see paragraph 2.3.1.2 and also Annex 5: Protocol 4.
 4.2 As necessary, remove from storage and use immediately after bringing to the operating temperature for the RDT.
 http://apps.who.int/iris/bitstream/10665/259742/1/WHO-BS-2017.2304-eng.pdf
 http://apps.who.int/iris/bitstream/10665/259742/1/WHO-BS-2017.2304-eng.pdf
 http://www.un3373.com/category-biological-subtances/category-b/
 http://www.un3373.com/category-biological-subtances/category-b/
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 5 Choose an appropriate diluent for the panel and the chosen manufacturer’s calibrator
 5.1 Select the diluent based on knowledge of the behaviour of the RDT.
 The manufacturer of the chosen manufacturer’s calibrator might propose an acceptable diluent.
 The diluent must read as completely non-reactive on the RDT.
 The diluent may be device-type specific.
 5.1.1 Evaluate the stability of the chosen manufacturer’s calibrator in the chosen diluent(s).
 Accelerated stability, which should follow the usual methods, will be useful for this work.
 6 Repeat sections 7 to 10 independently with each of three chosen RDTs
 6.1 Use the lots of RDT previously validated.
 Estimation of the sensitivity with the recombinant antigen
 7 Prepare a series of doubling dilutions of the chosen manufacturer’s calibrator
 7.1 Prepare the dilutions in the diluent from 5.1.
 7.1.1 Start the dilution series from a concentration that is clearly reactive.
 7.1.2 End the dilution series at a concentration that is clearly non-reactive on all the lots to be used in this work.
 7.1.3 This will require some exploratory work; no further advice is given.
 7.1.4 Record the results after any exploratory work in the following table:
 Result ( + or - )
 Concentration Lot A Lot B Lot C
 +/- 0-4 +/- 0-4 +/- 0-4
 1:
 Diluent
 7.2 Choose the dilution that is one step more concentrated than the weakest dilution found reactive on all the lots.
 Dilution chosen 1:
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 8 Prepare a set of dilutions crossing the detection limit (C50) of the RDT
 8.1 Start with the dilution chosen at 7.2.
 8.1.1 Make dilutions with 60%, 45%, 35%, 25%, 20% and 10% of the concentration of the chosen dilution.
 e.g. 65% = 0.65mL made up to 1.0mL
 8.1.2 Test the dilutions in singlicate on each lot of the RDT and record the results here:
 Result ( + or - )
 Concentration % Lot A Lot B Lot C
 60
 45
 35
 25
 20
 10
 Diluent
 8.2 Evaluate against the criterion.
 Do all lots meet the criterion? NO GO TO STEP 8.2.1
 YES GO TO STEP 9Criterion: The result at 20% must be negative on at least two of the lots.
 8.2.1 Re-evaluate the data from 7, and rework if necessary.
 If there is more than a 4-fold difference between lots in the dilution at which the specimen becomes negative, the RDT is unacceptably variable and the manufacturing procedure or release specification needs to be amended.
 9 Evaluate the detection limit (C50) of the RDT
 9.1 Prepare a copy of Table A at the end of this protocol for each lot.
 i.e. three copies of the table
 9.2 Evaluate each chosen lot of RDT independently.
 9.3 Assay each of the dilutions from 8.1.1 in 6-fold replicates on each lot.
 This might seem excessive testing, but for probit or logistic testing, at least this number is required to provide a reasonable estimate of C50 and uncertainty.
 Ideally, the testing would be organized at random, with the reader unaware of the concentration on the device. This might be logistically difficult, but should be attempted.
 9.3.1 Record the results as reactive or not reactive.
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 9.4 Count and record in Table B the numbers of tests that were reactive and not reactive for each concentration from Table A.
 9.4.1 Do this for each lot separately.
 • This will give six results for each concentration on each lot, 18 results in total for each % concentration.
 9.4.2 Store the raw data in Table A of this protocol when the work is completed.
 TABLE B
 Lot A LOT B LOT C TOTAL
 Concentration % + - + - + - + -
 100 6 0 6 0 6 0 18 0
 60
 45
 35
 25
 20
 10
 The completed line at 100% is assumed from section 7.1.4 and presented as an example to aid some programmes in calculating C50.
 10 Estimate the detection limit (C50) and its variability by probit or logistic analysis
 10.1 Use validated statistical software.
 10.1.1 Calculate C50 in terms of concentration of the recombinant antigen as provided.
 An example of the whole calculation is given at the end of this protocol.
 10.2 Record C50 and standard deviation values here in Table C
 Eg. Assume the concentration used for calculation of 65% – 10% dilution (see section 7 ) is 1:10; then C50 = 33% gives C50 = 1:30, and the confidence bounds are at 29% of a 1:10 dilution ≈ 1:35 and 37% of 1:10 ≈ 1:27.
 C50 1: ≈30
 95% confidence interval 1: ≈27 – 1: ≈35
 Sensitivity and its variability
 TABLE C
 C50 1:
 95% confidence interval
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 Table A for copying and distribution to operators:
 TABLE A
 Lot: Operator:
 ReplicateNumber + Number -
 Concentration % 1 2 3 4 5 6
 60
 45
 35
 25
 20
 10
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 Example results and calculations for logistic regression:
 TABLE A (SEE SECTIONS 8 & 9 )
 Lot: A Operator: Jo Smythe
 ReplicateNumber + Number -
 Concentration % 1 2 3 4 5 6
 60 + + + + + + 6 0
 45 + + + + - + 5 1
 35 + + - + - - 3 3
 25 + - - - + - 2 4
 20 - - - - - - 0 6
 10 - - - - - - 0 6
 TABLE A
 Lot: B Operator: Pat Allyene
 ReplicateNumber + Number -
 Concentration % 1 2 3 4 5 6
 60 + + + + + + 6 0
 45 + + + + + + 6 0
 35 + + - - - - 2 4
 25 + - - - + - 2 4
 20 - - - - + - 1 5
 10 - - - - - - 0 6
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 TABLE A
 Lot: C Operator: Pat Allyene
 ReplicateNumber + Number -
 Concentration % 1 2 3 4 5 6
 60 + + + + + + 6 0
 45 + + + + + + 6 0
 35 + + - - - - 2 4
 25 + - - - + - 1 5
 20 - - - - + - 0 6
 10 - - - - - - 0 6
 TABLE B
 For this example
 Lot A LOT B LOT C TOTAL
 Concentration % + - + - + - + -
 100 6 0 6 0 6 0 18 0
 60 6 0 6 0 6 0 18 0
 45 5 1 6 0 6 0 17 1
 35 3 3 2 4 2 4 7 11
 25 2 4 2 4 1 5 5 13
 20 0 6 1 5 0 6 1 17
 10 0 6 0 6 0 6 0 18
 Logistic regression analysis output
 50% confidence of + 33%
 Upper 95% confidence bound 37%
 Lower 95% confidence bound 29%
 Values rounded to nearest whole number.
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 Plot of the data (as proportions) with 95% confidence bounds2
 Proportion of replicates found reactive
 Antigen Concentration
 10 20 30 40 50 60 700
 1
 0.9
 0.8
 0.7
 0.6
 0.5
 0.4
 0.3
 0.2
 0.1
 0
 proportion observed
 proportion predicted
 2 The confidence interval is as calculated in Montgomery, Peck & Vining, ISBN 978-0-470-54281-1. It was verified against StatsDirect.com
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 Flow diagram for the protocol
 6 Choose a diluent
 7 Prepare doubling dilutions of the calibrator
 Select the dilution for subsequent work
 10 Calculate and record the C50
 9 Evaluate the C50
 Three lots of RDT Sixfold replicates
 8.2.1 Re-evaluate8.2 ? Correct
 concentration chosen
 NO
 YES
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 ANNEX 4: PROTOCOL 3.0: PREPARATION AND VALIDATION OF CONTROL MATERIAL FOR A QUALITATIVE RAPID DIAGNOSTIC TEST (RDT)
 1 Summary
 This is one of a series of protocols that together suggest methods for preparing control materials with which users might monitor the efficacy of qualitative malaria RDTs.
 For an RDT intended to detect more than one measurand (e.g. HRP2 and pLDH), the work described in this series of protocols must be repeated independently for each measurand, unless there is documented stringent evidence that failure of the RDT for one measurand is reflected precisely by each of the others.
 This protocol describes a method for diluting the chosen manufacturer’s calibrator (see Protocol 2.0 in this series) ”) to a satisfactory concentration for verification of the required sensitivity of the RDT and for validation of the prepared control material.
 The protocol must be re-written in the style of the organization using it, while maintaining the intent and criteria outlined in this example protocol. Raw data must be recorded and stored with the protocol, and staff performing the work must be clearly identified along with their responsibilities. Routine document control (version number, dates of validity, authorization, etc.) is expected.
 Guidance on stability studies is given in TGS 2 Establishing stability of in vitro diagnostic medical devices: http://apps.who.int/iris/bitstream/10665/259742/1/WHO-BS-2017.2304-eng.pdf.
 2 Safety
 There are no specific safety instructions, except that the panel should be handled as a biological substance, Category B (www.un3373.com/category-biological-subtances/category-b/).
 3 Training requirements and responsibilities
 3.1 As expected by the institution using the protocol.
 3.2 Training must be provided on the use of the colour scale, either one developed in-house or a generic version available from WHO, so that technical staff can be as consistent as possible when interpreting the results of an RDT. Consistency should be evaluated both between staff members and between devices.
 Calculate the required dilution of the chosen RDT manufacturer’s calibrator
 4 Obtain the C50 values and the % allowable impairment
 4.1 Obtain the C50 values and confidence interval from Table C of “Protocol 2.0: Evaluation of critical parameters of a qualitative rapid diagnostic test (RDT) for malaria detection”.
 C50 1:
 95% confidence interval
 http://apps.who.int/iris/bitstream/10665/259742/1/WHO-BS-2017.2304-eng.pdf
 http://apps.who.int/iris/bitstream/10665/259742/1/WHO-BS-2017.2304-eng.pdf
 http://www.un3373.com/category-biological-subtances/category-b/
 http://www.un3373.com/category-biological-subtances/category-b/
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 4.2 Obtain the % allowable impairment from Table H of “Protocol 1.0: Evaluation of lots of a qualitative rapid diagnostic test (RDT) with malaria panel prior to preparation of control material”.
 Allowable impairment: %
 5 Calculate median C50 as a proportion
 5.1 Express the median C50 value as a proportion of the concentration of the chosen manufacturer’s calibrator solution as provided.
 5.1.1 Proportion = 1/median C50.
 Median C50 as proportion
 e.g. If the median C50 were a dilution of 1:55, the proportion would be 1/55 = 0.018, and for 1:40, the proportion would be 1/40 = 0.025.
 6 Calculate the dilution for the control material
 6.1 Calculate the proportional concentration of the chosen manufacturer’s calibrator that would, following the maximum allowable impairment, give the same assay response as the C50 concentration3.
 6.1.1 Required proportional concentration =
 (100 * (median C50 as a proportion))
 (100 — allowable impairment %)
 Required proportional concentration:
 6.2 Calculate the required concentration as a dilution of the chosen manufacturer’s calibrator.
 6.2.1 Required dilution =
 1: 1/(required proportional concentration)
 Required dilution: 1:
 7 Calculate the manufacturer’s risk at this dilution
 7.1 See the Annex to this protocol for this calculation.
 If the manufacturer is unable to accept this level of risk, the RDT performance is too variable. In the long term, the RDT would not meet the requirement of detecting 75% of specimens with an organism concentration of 200 parasites/µL with 95% confidence, even when unimpaired.
 3 This assumes that the response is linear with concentration. Over the limited concentration range involved, however, this is probably acceptable.
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 Prepare the control material
 8 Dilute the chosen manufacturer’s calibrator
 8.1 Use the selected diluent to prepare the bulk control material with a dilution, as in section 6.2.1.
 8.2 Prepare sufficient volume for both stability and validation work.
 8.2.1 Prepare also bulk control material at concentrations 10% above and below the required concentration.
 This provides control material for validation if the required concentration proves to be marginally inappropriate.
 8.3 Dispense the control material into labelled containers intended for distribution to users.
 8.4 Store the control materials as intended.
 9 Write the instructions for use (IFU) for the control material
 Validate the control material
 10 Verify the stability of the control material
 10.1 Perform stability studies according to the usual protocol in the company’s quality manual for RDT components.
 A requirement is that the control material should be at least as stable as the RDT and will continue to function as expected at the end of the assigned life of the RDT.
 11 Validate the performance of the control material
 11.1 Perform validation studies according to the usual protocol in the company’s quality manual for RDT components.
 11.1.1 Ensure that the requirements for documentation, risk evaluation, planning and reporting are observed.
 11.1.2 Ensure that forms are available for recording the information described in section 11.4.
 11.2 Validate against user needs and intended uses, including those of regulators and purchasers.
 11.2.1 Include the IFU (section 9) in the validation work.
 11.3 Perform a risk evaluation to understand whether the validation requires clinical studies by users or whether in-house studies are sufficient.
 11.3.1 Perform any necessary clinical evaluation according to the company’s quality manual. This should be subsequent to successful validation as described in the following sections.
 11.4 Stress the RDT so that it begins to fail.
 11.4.1 Choose conditions that are likely to impair the device, perhaps known or deduced from the stability studies performed during the development of the RDT.
 The conditions must ensure that the device will fail to meet requirements after a reasonable amount of time.
 Conditions could include elevated temperatures, extended time with the device exposed to the environment (open pack), possibly at high temperature and humidity, multiple freeze and thaw.
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 Conditions should include likely user systematic errors, such as low input volumes and incorrect reading times.
 11.4.2 Test the RDT against the control material (all three concentrations from section 8.2.1 ) at regular intervals so that it can be seen when impairment is in progress.
 This should be done for all the chosen stress conditions, as the RDT might fail through different mechanisms and the control material must detect them all.
 11.4.3 Evaluate the RDT in parallel with the WHO malaria parasite panel (at least the critical, weak specimens) as impairment is in progress.
 Take care to evaluate within a short time of loss of signal from the control material and show that the WHO panel of critical specimens are barely detected (not detected on all replicates or detected weakly).
 Once impairment starts, it is sensible to test frequently so that this step can be performed with the control materials just past the C50 response.
 11.5 Record which of the three concentrations from section 8.2.1 is most appropriate for use as a control material.
 Is one of the three concentrations appropriate?
 Criterion: The control material must fail marginally before the critical specimens
 NO GO TO STEP 11.6
 YES GO TO STEP 12
 11.6 Start again from step 8.2.1 with the concentrations adjusted as judged from the work in section 11 .
 12 Record the outcome of the validation according to the procedure in the company’s quality manual
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 Flow diagram for the protocol
 6 Calculate the dilution for the control material 7 Calculate the manufacturer’s risk at this dilution 8 Prepare the control material 9 Write the instructions for use for the control material
 5 Calculate the median C50 value
 4 Obtain the C50 values and the % allowable impairment
 From protocol 2.0
 Validate the control material 10 Verify the stability of the control materialallowable impairment 11 Validate the performance of the control material
 According to the usual protocol in the company quality manual against user needs and intended uses
 Evaluate the RDT with the WHO parasite panel and the control material
 Stress the RDT so that it begins to fail
 Record the validation
 Prepare the reports
 11.6 Recalculate11.5 ? Concentration valid
 NO
 YES
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 ANNEX 5: PROTOCOL 4.0: SELECTION OF MATERIAL FOR A MANUFACTURER’S CALIBRATOR FOR A MALARIA RAPID DIAGNOSTIC TEST (RDT) AND ASSIGNMENT OF A CONCENTRATION RELATIVE TO A STANDARD
 1 Summary
 This is one of a series of protocols that together suggest methods for preparing control materials with which users might monitor the efficacy of qualitative malaria RDTs.
 For an RDT intended to detect more than one measurand (e.g. HRP2 and pLDH), the work described in this series of protocols must be repeated independently for each measurand, unless there is documented stringent evidence that failure of the RDT for one measurand is reflected precisely by each of the others.
 This protocol describes a method for choosing material suitable for preparing a working control material. Calibrators made according to this protocol are intended for use only in preparing control materials for a qualitative RDT and not for quantitative purposes.
 For some regulatory purposes, it might be necessary to demonstrate metrological traceability1 to higher order reference materials, such as international conventional calibrators (e.g. potential WHO international standards) and validated secondary calibrators from commercial suppliers. This protocol provides a method for satisfying such a regulatory requirement. The availability of higher order reference materials is always restricted, and such materials are neither suitable nor intended for routine use.
 This protocol does not provide a method for preparing quantitative commutable calibrators with a specified uncertainty in value. For such materials (e.g. calibrators for quantitative measurements), reference must be made to ISO 17511:2003 (1), to Annex 6 of WHO TRS N°1004 (2), and to Evaluation of measurement data – Guide to the expression of uncertainty in measurement (3).
 The protocol must be re-written in the style of the organization using it, while retaining the intent and criteria outlined in this example protocol. Raw data must be recorded and stored with the protocol, and staff performing the work must be clearly identified along with their responsibilities. Routine document control (version number, dates of validity, authorization, etc.) is expected.
 2 Safety
 There are no specific safety instructions except that the panel should be handled as a biological substance, Category B (www.un3373.com/category-biological-subtances/category-b/).
 3 Training requirements and responsibilities
 3.1 As expected in the institution using the protocol.
 3.2 Training must be provided in the use of the colour scale, either one developed in-house or a generic version available from WHO, so that technical staff can be as consistent as possible when interpreting the results of an RDT. Consistency should be evaluated both between staff members and between devices.
 http://www.un3373.com/category-biological-subtances/category-b/
 http://www.un3373.com/category-biological-subtances/category-b/
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 4 Selection of substance from which to prepare control materials
 4.1 Choose type of substance.
 Among the possibilities are recombinant proteins, cultured parasite strains and natural blood-borne parasites.
 4.2 Ensure that the substance is in sufficient supply and adequately characterized.
 4.2.1 Ensure continuity of supply.
 As in the manufacturer’s quality manual: Normally, this would imply ensuring that sufficient material for the expected commercial life of the product is available, stable at -70°C, and in stock, as for all routine quality control (QC) materials.
 4.2.2 Ensure adequate characterization.
 For control materials, the critical characteristics are stability and homogeneity over time and upon replacement. For qualitative, non-commutable use, the exact antigenic structures are irrelevant.
 For recombinants (possibly in-house, possibly supplied), terminal amino- and carboxyl- amino-acid identity should have a Western blot profile to show intact molecular weight and lack of antigenic fragments, as well as proof of conformational stability over time in storage and between purification lots.
 For cultured parasites, there should be evidence of strain stability (in case control material replacement is required).
 For blood-borne parasites (the least attractive option given that it would be extraordinarily difficult to replace expired or exhausted stock with an exact equivalent), the stock should be large and stable over time under chosen storage conditions.
 Despite the previous point, natural parasites might be the best option under some circumstances, for example, if a sufficiently large pool can be prepared that would never need replacement and would be stable in aliquots for long-term storage.
 4.3 Use this chosen substance as the starting material for the processes described in the other protocols in this series.
 Suggested protocol for assigning a unitage to the chosen bulk substance
 5 Measure the relative sensitivity of the RDT against the selected international calibrator or certified reference material
 5.1 Ensure that the relationship between this suggestion and the formal methods for obtaining commutable metrological traceability (as defined in footnotes 1–3 on page 1) is completely understood.
 5.1.1 Understand that this procedure will not produce a traceable, commutable unitage with an uncertainty as required by ISO 17511:2003 (1) when applied to other qualitative assays.
 5.2 Prepare a calibration curve using the nominated international calibrator or certified reference material
 5.2.1 Prepare a series of doubling dilutions of the calibrator
 Use a diluent known to be totally non-reactive on the RDT involved.
 5.2.2 Test the dilutions in duplicate on the RDT.
 5.2.3 Obtain the dilution in one dilution step greater than that which is not detectable by the RDT, as seen in both duplicates independently by at least two trained readers.
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 5.2.4 Prepare a series of dilutions with concentrations of 90%, 75%, 60%, 45%, 30%, 15%, 10% and 0% of the chosen dilution from 5.2.3.
 5.2.5 Test these dilutions with the RDT in at least 6-fold replicates.
 5.2.6 Use logistic or probit analysis to obtain the dilution that is detectable with 90% (or 95%) confidence.
 With qualitative assays, logistic or probit analysis is required to obtain a measure of the uncertainty of measurement; this number of replicates has been found to be necessary for the estimate of uncertainty to be reasonable.
 5.2.7 Calculate from 5.2.6 the unitage and the uncertainty of measurement that corresponds to the stated probability of detection.
 Technically, for uncertainty statements following the methods described (1-3), allowance should be made for errors in dilution of the calibrator and in pipetting volumes. These errors are likely to be small, however, compared to the uncertainty from the curve fitting and can usually, but not always, be ignored.
 5.3 Report the unitage and its uncertainty as the sensitivity of the RDT for the nominated calibrator material.
 This should satisfy any regulatory requirement to provide the sensitivity of the RDT, in alignment with ISO 17511:2003 (1).
 6 Measure the unitage of the substance chosen for preparation of the control material
 6.1 Repeat the entirety of 5.2 but using the substance chosen for preparation of the control material.
 The dilution that is detectable with the stated level of confidence will have the same unitage, as found by the RDT, as the unitage of sensitivity for the calibrator material.
 The uncertainty of the measurement is to be obtained from the logistic or probit curve fitting.
 6.1.1 Calculate the unitage and uncertainty of measurement of the bulk substance chosen for preparation of the control material from the detection limit and the corresponding dilution.
 6.2 Calculate and report the concentration of the control material itself (when it has been prepared and validated (“Preparation and validation of control material for qualitative RDT_nn”)) in terms of the unitage of the chosen international calibration material.
 6.2.1 Report the uncertainty in the measurement of the control material as that of the chosen bulk volume, including any significant uncertainties from dilution and pipetting.
 The uncertainty of measurement must be reported along with the measurement itself. (This is a requirement to enable compliance with ISO/IEC 17025:2005 (4) for many user laboratories.)
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 For further information please contact:
 Global Malaria ProgrammeWorld Health Organization20, avenue AppiaCH-1211 Geneva 27SwitzerlandEmail: [email protected]
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