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Executive Summary

5.5 million deaths per year are estimated to be caused by poisoning from the heavy metal
lead, which is a greater rate than malaria, HIV and car accidents combined." In India
alone, an estimated 275 million children —50% of the total Indian child population— have
blood lead levels that are greater than the World Health Organization’s reference level.?
This is heartbreaking because pediatricians agree that there is no safe level of lead
exposure for children. Exposure to lead during childhood can have severe implications,
which has resulted in over $236B loss in lifetime economic productivity in India.?

There is, however, good news: Momentum is growing among funders and governments to
decisively tackle the lead challenge. This includes the unprecedented global Partnership
for a Lead-Free Future, launched by the United States Agency for International
Development (USAID) and the United Nations Children’s Fund (UNICEF), and which has
over 50 partners, including Renaissance Philanthropy, Pahlé India Foundation, and
Homeworld Collective.

The core question is where and how to deploy resources for lead poisoning. We argue
that a critical and concrete first step is a scalable solution to blood lead level (BLL)
testing. Better BLL testing, specifically in children, becomes the platform to improve
outreach, interventions, and environmental policy. Today, BLL is the only clinically
acceptable measurement of lead exposure, yet the current technology for BLL detection
is prohibitively expensive and inaccessible for most resource-constrained settings. The
future of lead detection lies in low-cost, portable, and minimally invasive testing methods
that can reach millions of children in areas with limited resources.

To accelerate next-generation BLL measurement technology, we've developed a Target
Product Profile (TPP) as the cornerstone of a more comprehensive program to transform
the entire field of pollutant detection. TPPs are minimally-prescriptive product
requirements with a history of guiding product development, rallying billions in funding to
bring products to market that address an unmet need, most notably for vaccines and
medical treatments.** Accordingly, we created a TPP for BLL testing with feedback from
over 50 leading experts from the U.S,, India and other countries. This TPP illuminates
subtle design decisions and underlying challenges, such as contamination and
interference, which we explain in detail. By convening diverse stakeholders across the
fields of health, medical engineering, chemistry, government and finance, the TPP
specifications can expedite research, evaluation and scaling of solutions.
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Landscape Analysis

Lead exposure has a significant toll on global health, with 5.5 million premature
deaths per year." This mortality rate translates to an estimated one in ten deaths
annually from lead exposure worldwide. Lead is an environmental contaminant
and one of the few pollutants with universal consensus in the scientific
community that there is no safe level.® Children absorb more lead per unit body
mass than adults. One in three children in the world have blood lead
concentrations above the World Health Organization's (WHO) reference level.?
Additionally, pregnant women and workers with occupational exposure are both
high risk groups who can pose additional risks to their children through indirect
exposure (e.g., via placenta or from work attire bringing lead-laden dust into the
home). Health outcomes from lead exposure are incalculably large, with risk of
permanent neurological damage in both brain development and the central
nervous system of young children, leading to a greater prevalence of learning
disabilities and reductions in intelligence quotients (1Q).” This issue is particularly
acute in low- and middle-income countries (LMICs). In India, an estimated 275
million children have blood lead levels above the WHO's reference level

(= 5 pg/dL)? and 9% of India’s GDP is lost due to the impacts that lead poisoning
has on childhood development.’

Lead is an invisible toxicant, having no taste or smell in consumer products or
food. Long-term and potentially long-lasting effects of lead can develop from
chronic exposure. There are consumer products such as metallic cookware,
ceramic foodware, spices, cosmetics, and even toys that have been found to
contain considerably high concentrations of lead.® Waste from informal recycling
centers for lead-acid batteries can also leach lead into the environment, where it
can contaminate the water and soil of nearby communities.®'® In LMICs
especially, identifying the primary sources of lead exposure for each community
is challenging, as the sources are varied and differ across regions and countries.®

A Target Product Profile For Blood Lead Level Testing 5



There are several commercially available tests for lead detection in blood (see
table on Existing Blood Lead Level Testing Methods). The gold standard for
detecting lead is in venous blood samples using inductively coupled plasma
mass spectrometry (ICP-MS), a sophisticated lab-based instrumental technique
that separates ions based on their mass-to-charge ratio and then counts the ions
using a detector. This state-of-the-art method for identifying elements (e.g., lead)
is commonly found in diagnostic labs, but not necessarily available in low
resource settings due to the high cost of the equipment and the considerable
amount of training required for technicians to run the device. In contrast to
ICP-MS, there is just one commercially available, portable device on the market
that only requires a finger-prick of blood, the LeadCare Il analyzer, which is
manufactured and marketed by Magellan Diagnostics. For this
electrochemical-based method, called anodic stripping voltammetry, lead from
the blood sample is treated with a reagent and then accumulates on the
electrode. After several minutes, the analyzer reverses the electric potential, and
the electrical current is measured as the lead is released into the solution. The
instrument is relatively easy to operate and therefore designed for use by
healthcare workers both in and outside of the clinical setting.

A Target Product Profile For Blood Lead Level Testing 6
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Key Issues With Current Blood Lead Level
Measurement Methods

In LMICs, there are a range of different potential sources of lead exposure which
can differ by region, particularly in large countries like India.® Widespread
monitoring of blood lead levels is not only necessary to prioritize those who are
most highly exposed, but also to enable the political will of policymakers to
investigate sources of exposures'' and apply more stringent regulations on
industry. More broadly, conducting routine blood lead level (BLL) testing can
ensure that lower levels of lead exposure are eventually achieved and can act as
an “alarm bell” for new sources of exposure.’ However, there currently are only a
few countries (LMICs and high income countries) that conduct routine BLL
biomonitoring, partly due to the limitations of the tests themselves. Key issues
are summarized in Table 1 and described further below.

Table 1. Issues with blood lead level testing methods

Instrument Performance Convenience
A v A
- High upfront costs - Extremely reliable, - Requires venous blood
ICP-MS ($150-300k) accurate draw
- High marginal costs - LOD (0.049 pg/dL) - Lab-based instrument
for technicians and - Requires ample
maintenance training of technicians
A A v
- Relatively high cost - Inaccurate, unreliable - Requires a fingerstick
LeadCare Il for device ($3,000) - high LOD - Portable device

- Cost per test is high
for LMICs ($10/ea)

- Validation by ICP-MS for
high BLL concentrations
- Frequent deficiencies

- Minimal training
- Transported outside of
clinical setting
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Key Issue 1. Convenience

To ensure that those who are at-risk are easily reached, it is essential that BLL
testing methods are available and accessible. Venous blood draws are generally
required for the gold standard BLL lab test, which adds an extra barrier for the
parents who must seek a phlebotomist for their child’s blood draw. Some LMICs
have limited capacity to test BLLs in diagnostic labs or by using the portable
device (e.g., India, Peru).®'* Other LMICs require the involvement of third parties
(i.e., academic institutions, nonprofits, intergovernmental agencies) that supply
BLL testing devices or the means to send samples internationally for ICP-MS
testing.'®'>'* There are additional operational constraints (e.g., elevation,
humidity’®'”) that may inhibit BLL testing in certain regions of LMICs. If BLL test
results were available at the “point-of-use” in the community setting, this may
also provide the first touch-point to educate families on mitigating exposure.

Key Issue 2. Cost

The current price tag of BLL testing methods is quite expensive for LMICs. The
gold standard of testing, ICP-MS, is high-throughput and accurate, with relatively
low direct costs per sample (a few dollars). However, the up-front costs of
procuring the instrument ($150-$300K) along with the costs of training
technicians and ongoing maintenance are only tenable for large blood diagnostic
companies (such as Lal PathLabs, Tata Tmg, Thyrocare, Apollo Diagnostics in
India). Therefore, ICP-MS has limited capacity to scale up in LMICs due to these
marginal costs. The portable LeadCare Il equipment costs are still exorbitant for
LMIC clinics ($3,000 per device). In addition, each individual test kit has relatively
high costs ($10 each) and has a short shelf-life’®, which adds to the long-term
costs of continuing to use this portable instrument and the associated test kits.
In addition, this type of device requires some degree of training and ongoing
maintenance in order for frontline healthcare workers (e.g., accredited social
health activists in India) to use regularly in more remote areas. These indirect
costs are burdensome for many LMICs, given limits in healthcare infrastructure
and other urgent medical attention needed for young children (e.g., high rates of
mortality from infectious and noncommunicable diseases in children in India™).
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Key Issue 3. Performance

The performance, including accuracy, precision, and sensitivity, of BLL
diagnostics is imperative. Deficiencies in performance metrics can cause lack of
trust and credibility of BLL testing by clinicians and regulators. BLL detection
requires a clinically meaningful limit of detection (LOD), which is the minimal
concentration that can be recorded by a device. The ICP-MS instrument (gold
standard) is highly accurate and sensitive with an LOD of 0.049 pg/dL
(micrograms/decil.iter). The only portable commercially available device, the
LeadCare Il analyzer, can have unreliable readings at low levels®***' and potential
for cross-contamination from external lead sources in the process of obtaining
the capillary blood sample.??~?* Accordingly, high lead concentrations reported
using the LeadCare Il device require validation with ICP-MS due to this known risk
of contamination during sampling. Despite the longstanding technology and
manufacturing of the device, the LeadCare Il analyzer has had multiple
recalls.>?’ Improvements in performance metrics for future portable devices
will be essential for maintaining reliability and meaningful interpretability of
results to address BLL testing in LMICs at scale.

A Target Product Profile For Blood Lead Level Testing 9



Challenging Constraints Call for a TPP Process

The shortfalls of current BLL test usability in LMICs along with issues in
commercializing new BLL methods are responsible for several market failures.
Firstly, the opportunity costs to innovators working on environmental diagnostics
is substantial given that capital investment for a diagnostic test is on average
$75M and the global diagnostics testing market that is focused on screening for
disease is expected to grow at CAGR of 7.9% between 2024-2033.2% Secondly,
simple estimates show that the total addressable market (TAM) for lead (and
other heavy metals) in high income countries (HIC) is relatively small (given
estimates of $10 per test and approximately 16 million children in need of a test
each year in the U.S.), and so there is little incentive for development and
production of solely a BLL test for HICs. Lastly, there are underlying technical
issues with the current BLL testing method that prevent development of a viable
alternative to the current electrochemical-based device.

In the U.S., progress towards improving the technology for BLL testing has
already begun. The U.S. Centers for Disease Control and Prevention (CDC) has
been a beacon in spearheading a call for new innovation. The call is specifically
for point-of-care BLL tests in the clinical setting, focusing on greater sensitivity at
a lower LOD to accurately assess the new CDC reference level of 3.5 pg/dL.% In
collaboration with Luminary Labs, the CDC launched the $1 million Lead Detect
Prize in November 2023 and recently announced the winners from this two-phase
program®’. Along with analytical performance, error mitigation and human factors
engineering were among the additional evaluation criteria. Prize winning
technologies included those that were transferred from their current applications
(i.e., other aqueous solutions or other analytes) to targeting lead in blood.

While this is a step forward for U.S. clinical settings, the solutions space for
development of BLL testing in LMICs needs exploration. Gaps in delivery of BLL
testing to LMICs and the overarching need for tools to address
resource-constrained settings has been well-described by a roundtable of experts
convened by the Center for Global Development, including those in public health,
policy, medicine, epidemiology and academic research.®' For LMICs, where
many child populations have a relatively higher burden of chronic lead exposure
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as compared to the U.S,, there is a need to enhance portability and accessibility
with a low-cost test that can maintain accuracy in more rugged environments.
Here, we generated a Target Product Profile (TPP) for such a device (see p17-22).
The purpose of a TPP is to derive a set of minimally prescriptive specifications to
guide product development towards maximal utility in the LMIC context.

TPPs have traditionally been used to frame new technologies, diagnostics,
vaccines, or treatments with specific constraints based on the context, setting,
and needs of the population. Some of these new innovations would not be
brought to market without the TPP pairing with market shaping mechanisms. The
first TPP was developed for the pneumococcal vaccine in 20074 that was initially
paired with a large advanced market commitment for the vaccine, $1.5B from five
countries and the Gates Foundation, and ultimately resulted in another $1.3B a
year later from the Global Alliance for Vaccines and Immunizations (GAVI)
composed of UNICEF, WHO, Gates Foundation and others. These large sum
purchases helped to de-risk the development of the vaccine and disseminate it to
150 million children worldwide by 2020.%

TPP Findings

Finding 1. Intended Use

The TPP for Blood Level Testing could yield a multitude of different products. In
the diagnostics space, there are generally two types of tests, clinical and
non-clinical (i.e, “take-home”). Both clinical and take-home tests have distinct
purposes in testing for pregnancy, COVID, HIV, and yeast infections. An important
difference between diagnostics for infectious agents and environmental
contaminants is that infections are usually binary (e.g., absence vs. presence)
and environmental contaminants are along a continuous scale with clinical
action set at specific concentration thresholds. Therefore, different tools may be
used to measure the pollutant based on the concentration (dose) and the
duration of the exposure (acute vs. chronic). Table 2 presents a matrix describing
how the specific intended use of the blood lead level device is inextricably linked
to the product requirements. For example, investigative screening would be most

A Target Product Profile For Blood Lead Level Testing 11



useful for applications following an acute contamination event that may require a
“lower-tech” solution. Active surveillance is generally used for an ongoing study,
sampling from a large, representative subgroup. Passive surveillance is usually
conducted in a clinical setting alongside a battery of other tests. This TPP could
potentially satisfy one or all three use cases. Hence, both the minimal and
optimal requirements for this TPP can reflect either a physical device or
instrument-free test.

Table 2. Matrix of specific intended use cases and corresponding product requirements

Product Investigative Screening Active Surveillance® Passive Surveillance®
Requirement (population-level sampling) | (analytical research) (clinical assessment)
- Rapid determination of - National sampling i Ll)kiﬁ!t)-,oa:‘zgree with other
Purpose/Setting main hotspots of exposure | - Potential for repeated pI' ical I
throughout an entire LMIC sampling or validation cinical ana yte; .
- No need for validation
Bulkier, less portable
Assay Type Instrument-free/disposable | Portable device/rugged | device with extraneous
equipment
Assay Units Semi-quantitative (gradient) | Quantitative Quantitative
Measurement
range (LOD to 3.3-100 pg/dL 3.3-100 pg/dL 0.5-100 pg/dL
upper limit)
Compared with Compared with venous | Compared with
Sensitivity/ venous measurement: measurement: venous measurement:
Specificity - Sensitivity >80% - Sensitivity >91% - Sensitivity >91%
- Specificity >80% - Specificity >90% - Specificity >99%
Relative Cost !_east expensive (no : Middle range Most expensive
instrumentation required)

A Target Product Profile For Blood Lead Level Testing
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Finding 2. Assay Type

A reliable portable device could allow for more broadscale testing throughout a
nation, especially with the ability to reach high-risk, low-resourced populations
and in rural and rugged areas. Given the limitations of the current portable device,
new innovations for clinic-based point-of-care tests would hinge upon
reproducible detection at low concentrations. Recent advancements in these
types of technologies have been highlighted by the winners of the CDC lead
challenge.® This includes use of biosensor-based devices (e.g., glucometers,**
FRET-based sensors®*3¢) which readout a signal that is proportional to the lead
concentration and laser-based spectroscopy using nanoparticles® to detect lead.
In addition, immunoassays for heavy metals have been explored for decades,*®
however it can be challenging to attach lead to the immunoassay'’s antibodies
without a chelator. For lower cost methods to be used outside of the clinic,
alternative solutions may include disposable tests that have less sensitivity but
can be disseminated more quickly to survey for the overall health hazard across a
large population or within a given region. For this purpose, discoveries in lateral
flow assays (e.g., over-the-counter pregnancy tests and COVID tests) have shown
promise for lead detection by binding lead to nucleic acids that are tethered to
graphite.®

Finding 3. Limit of Detection (LOD)

A sensitive device is crucial for routine testing, under the conditions of clinical
monitoring described in Table 1. Although the minimal limit of detection for the
TPP is set at 3.3 ug/dL (to be competitive with the LeadCare Il product), there is
evidence from the peer-reviewed literature that new candidate assays, such as
the aforementioned biotech-based assays, are far below the optimal (0.5 pg/dL)
TPP requirements. For example, a plausible ultra-sensitive immunoassay for lead
in blood plasma has a LOD of 0.002 pg/dL.* Furthermore, a recent
aptamer-based lateral flow assay for lead, still in early stages of R&D has the
potential for reaching an LOD of 0.14 ug/dL.*' Other biosensor-based solutions
have a potential LOD of 0.2 pg/dL.*® Assay sensitivity is particularly important if a
population may be broadly exposed at lower concentrations.
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Finding 4. Data Acquisition and Use

Data storage and transfer requirements in the TPP include local storage and
syncing to servers (when available), as well as aggregating results in an
interpretable manner. For assays that are instrument-free, self-reporting could
occur via an app or other digital mechanism. For assays that have a
device-component, there would be the requirement for data storage on the device
memory with the ability for eventual uploading to a server/cloud upon connection
to the internet. Interoperability may be required in some LMICs, so that data can
be captured in existing health systems, while maintaining security and
confidentiality. There is already precedence for these system integrations in
LMICs, such as an application-based user-centered system (simple.org) deployed
in 11,400 primary care facilities in multiple countries with over 5 million patients
enrolled for management of hypertension and diabetes.*?

In addition, it would be advantageous for the governments to weigh in a priori so
that there is multilateral agreement of how the data will be acted upon once it is
acquired. This process already has been successfully undertaken by the Lead
Exposure Elimination Project (LEEP), where the team engages with the
policymakers prior to conducting any lead tests on products (e.g., paint).*?

Finding 5. Test Adaptability to Other Heavy Metals and
Environmental Matrices

The potential for sustained commercial viability of a BLL test would be greater if
the product could also address multiple analytes or matrices. There are
promising advancements in several types of technology platforms that can
measure multiple heavy metals, including devices based on electrochemistry*4~#°
and a class of biosensors called functional nucleic acids.*'*” This type of
multiplexing on the same platform could allow for expansion into other target
populations, especially pregnant women**-*° or workers®'*> who have exposure to
multiple hazards beyond just lead. Another potential avenue is to test for lead in
biological matrices and environmental media using the same device. For
example, X-Ray Fluorescence (XRF) detection of lead in dried blood spots is
currently an experimental method with impressive sensitivity (LOD, 1.7 pg/dL),*
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and the same technology can also be used to detect lead in food products and
even cookware®. In addition, there is evidence that methods involving
electrochemistry, spectroscopy, and biosensors can be applied to heavy metals
found in multiple aqueous solutions. 37345

Finding 6. Affordability

For a standalone instrument-free test, the cost for a BLL product must be
markedly lower than the average $18 USD per kit for the LeadCare Il analyzer. For
LMICs, $1-83 per kit would reach price parity with other take-home tests. In India,
the current pregnancy test costs are approximately $1 per test (and COVID tests
are slightly higher, $5-$8). For a highly portable instrument-based at-home
solution (e.g., a blood pressure monitor) the price point would be slightly higher,
at $10 per device. Diagnostic tests that are standalone in the clinical setting for
routine (passive) surveillance would be substantially more expensive if data
capturing was included.

Finding 7. Practical Roadblocks

Significant technical hurdles were identified in the TPP building process,
including lead contamination and interference by other signals. The current
point-of-care technology that requires a fingerstick (capillary blood draw), suffers
from aberrant readings in part due to lead contamination from other sources.
Therefore, any reading at lead concentrations above the reference level requires a
separate confirmatory test using the gold standard (ICP-MS). Contamination can
not only occur if the patient’s finger is not thoroughly cleaned before puncturing,
but also from residual lead in blood collection tubes, needles, or even paper
towels.?* Interference by other analytes (e.g., heavy metals) found in the blood
can disrupt the lead signal, resulting in inaccurate reporting. In particular,
interference has been an issue in multiple approaches described herein, including
in development of biosensors® and electrochemistry devices.> Overcoming
these types of obstacles embedded in new devices or as separate ancillary
products will help to steer the field towards more accurate and reliable testing of
lead and other pollutants in human biological samples.
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Conclusion

The development of this Target Product Profile represents a crucial step toward
addressing the global crisis of lead exposure, particularly in LMICs. The test
characteristics delineated in this TPP are minimally-specific to maintain a large
solution space for prospective innovators, that includes multiple products
depending on the specified use case. Recent technological advancements
suggest that meeting the proposed test characteristics is technically feasible.
However, successful implementation will require not only technical innovation but
also careful consideration of market dynamics, policy frameworks, and
healthcare integration. As this TPP is a working draft and still under an iterative
review process by a broader pool of experts, a final version will be published
upon completion. As the first TPP developed for an environmental contaminant,
this work sets an important precedent for addressing other environmental health
challenges through structured guidance in product development.
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Target Product Profile for Rapid, Accessible, and Low-Cost
Blood Lead Level Testing: Minimal and Optimal Characteristics

MINIMAL
Refers to the lowest acceptable or bare
minimum

PRODUCT
REQUIREMENT

OPTIMAL
Refers to the ideal target

ANNOTATIONS/REFERENCES

USE CASE

Testing could fall under one of

three scenarios — investigative
Intended Use Point of use detection Point of use detection screening, active surveillance, or

passive surveillance

(See Table 2 for details)

Depending on the level of

Low-skilled, trained healthcare staff, complexity of the device wil

End user Minimal training required especially if | Community health level (lay person) | dictate the requirements of the
profile contamination is a concern (e.g., from or self-administered (if not a child) end user. Ideally the product
skin, environment or instrument) could be used without

formalized training.

- Young children (ages 1-4) and
Target primary school age children
Population - Pregnant women

- Workers with high risk of exposure

All ages, including infants

TPP for point-of-care CD4 tests
to support the identification of

All levels including community-based individuals with advanced HIV

testing, mobile testing, health centers, disease’
['::eltlh Care hospitals; centralized and Highly mobile (e.g., house-to-house)
decentralized; low- and high-volume Emphasis on incorporating
settings ethical considerations for use by
trained healthcare workers
(from house-to-house)
Target Sample | Capillary blood (whole) Capillary blood (whole) ;uglﬂfeaﬁrﬂ;ﬁégncso(r:gllill?)od
Media from finger prick from finger prick

during birth

ANALYTICAL PERFORMANCE

Target
Molecule Lead Pb(Il) Lead Pb(ll)
Analytlc.a | Cross-reactivity is limited (99%) Cross-reactivity is limited (99%)
specificity
Instrument-free assays will
facilitate investigative screening
Assay Instrument-free or Instrument-free or in highly exposed areas while
design/format | portable hardware device Portable hardware device equipment-based solutions

could be used for routine use.
(See Table 2 for details)
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REQUIREMENT

MINIMAL

ANALYTICAL PERFORMANCE (continued)

Assay Type

Result
Interpretation

Calibration
(for hardware)

Sample
throughput

Volume
sample

Manual sample
prep

Internal quality
control
(for hardware)

Reproducibility

Invalid Rate

Semi-Quantitative

Ensure methodology is acceptable
to health officials a priori

Visual manual or hardware reader
for interpretation

Required prior to a period of
operation

<15 min

Capillary draw
50 pL to 200 pL

OPTIMAL

Quantitative

Includes potential for
at least one of the following:

- Ensure methodology is acceptable to
health officials a priori

- Device modularity, as components,
for multiple sample types

- Multiplex with other analytes (e.g.,
arsenic cadmium, mercury) or
potential to test separately

Visual manual read and readout via
smartphone application reader

>6-months

<5 mins

Capillary draw
<50 pL

No more than 3 steps

- Controls provided in kit or
external (compatible) quality
assessment

- Used prior to each period of
operation

CV<10%
CV <25% at LLOQ, ULOQ

<2% invalid results with
correct use by operator

- Controls provided in the kit
- External quality assessment
material compatible

Used only for new lot/shipment of

kits, training, troubleshooting,
suspicion of improper storage

CV <10%

<0.5% invalid results with
correct use by operator

ANNOTATIONS/REFERENCES

Qualitative methods can be
considered for investigative
screening purposes

By demonstrating superior
sensitivity and specificity using a
portable device, it is anticipated
that lab follow-up to confirm high
BLL will no longer be required

TPP for diagnostics to support
response to the COVID-19
pandemic®

Upper management (at site or
multisite level) will ensure routine
quality assurance tests

Minimal from CDC Lead Detect
Prize criteria®®

50-200 pL is typical for dried
blood spots®

50 pL use in LeadCare Il Analyzer

TPP for point-of-care CD4 tests to
support the identification of
individuals with advanced HIV
disease®

TPP for diagnostics to support
response to the COVID-19
pandemic®

Typical ranges

TPP for diagnostics to support
response to the COVID-19
pandemic®

18



OPTIMAL

ANNOTATIONS/REFERENCES

REQUIREMENT MINIMAL
VALIDITY
Limit of
Detection <3.3 pg/dL
(LOD)
Capillary draw
Compared with venous
Performance
Metrics measurement
- Sensitivity of 87-91%
- Specificity >90%

INFRASTRUCTURE REQUIREMENTS

Results kept on device memory
and syncs to server when
connection is available

Consent to store and use personal
identifiable information

Data capture

Security and confidentiality
safeguards in place

10-40°C and up to 90%
non-condensing humidity at an
altitude up to 2,500 meters; able to
withstand dusty conditions, water
splashes, shock and vibration

Temperature
and humidity,
environmental
conditions for
conducting the
test

Modular design with replacement
parts and/or ancillary devices (if
hardware)

Maintenance

<0.5 pg/dL

Capillary draw

Compared with venous measurement
- Sensitivity of >91%
- Specificity >99%

Results input stored on device
memory and syncs to server when
connection is available

Security and confidentiality
safeguards in place

Consent to store and use personal
identifiable information

Storage on app with software for:

- Exposure questionnaire

- Results/interpretation of data

- send/print data for patient/provider
- software to visualize and
summarize aggregated data

5-50°C and up to 98%
non-condensing humidity at an
altitude up to 4,000 meters; able to
withstand dusty conditions, water
splashes, shock and vibration

Modular design with replacement
parts and/or ancillary devices (if
hardware)

LeadCare® Il Blood Lead Analyzer
User’s Guide®

While the minimal detection limit
will not be able to capture
extremely low levels, it will still be
a warning signal of action
required near the reference level
of concern by the WHO

From Screening for Elevated
Blood Lead Levels in Children: A
Systematic Review for the U.S.
Preventive Services Task Force -
NCBI Bookshelf®'

Data acquired would be used to
inform health authorities and
regulators

Potential for interoperability with
existing healthcare information
system

TPP for readers of rapid
diagnostic tests®?

TPP for a test for rhodesiense
human African trypanosomiasis
diagnosis usable in peripheral
health facilities®®
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REQUIREMENT

MINIMAL

INFRASTRUCTURE REQUIREMENTS (continued)

Manufacturing

Additional 3rd

party
consumables
or additional
ingredients

Additional
Equipment

Storage
conditions/
shelf life /
stability

Test size and
portability

Waste Disposal

Power
Requirements

Cold Chain

ISO 13485: 2016 compliant

- Potentially quality control material
- Potentially additional reagents
- No water requirement

OPTIMAL

WHO or stringent regulatory authority
(SRA) emergency use
listing/authorization or WHO
Prequalification or other stringent
regulatory authority approval

- Minimum 3 months for consumables produced in country
- Minimum 3 years for consumables produced outside of country
- Not classified as dangerous goods and thereby be transportable by air

- Handheld or on desktop,

<1kg

- Battery or solar power operated

- > 8 hours rechargeable battery life

- 12 months at 10-30°C
- 25-70% non-condensing humidity
at an altitude up to 2,500 meters

- Any associated equipment must
meet or exceed these
requirements.

- <5 |bs, carried in a backpack
- Warm-up time needed (may
require recalibration, QA/QC tests)

Following best practices for
disposal or destruction of
biohazardous waste®®

If device is included:
- Battery or solar-power operated
- > 6 hrs rechargeable battery life

No additional equipment required, but
if required, it should have potential for
digital connectivity through
smartphone application(s)

- 18-24 months 2-40°C
- 25-85% non-condensing humidity at
an altitude up to 4,000 meters

- Any associated equipment must

meet or exceed these requirements

Short start-up time for maximal
mobility (e.g., house-to-house)

“Green” injection techniques®

If device is included:
- Battery or solar-power operated
- > 6 hrs rechargeable battery life

None required

ANNOTATIONS/REFERENCES

TPP for diagnostics to support
response to the COVID-19
pandemic®

TPP for point-of-care CD4 tests to
support the identification of
individuals with advanced HIV
disease®

TPP for Fecal Sludge and
Wastewater Management in
Emergencies — Treatment
products®

TPP for diagnostics to support
response to the COVID-19
pandemic®

TPP for point-of-care CD4 tests to
support the identification of
individuals with advanced HIV
disease®

TPP for diagnostics to support
response to the COVID-19
pandemic®

LeadCare® Il Blood Lead Analyzer
User’s Guide®

Likely more education will be
needed on waste disposal®®

TPP for point-of-care CD4 tests to
support the identification of
individuals with advanced HIV
disease®
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REQUIREMENT

MINIMAL

USABILITY / HUMAN FACTORS

Sample
Preparation

Accessibility

User Interface

Biosafety
Requirements

Safety
Precautions

Patient
Interface

- Butterfly needles used for sample
collection from children

- Reconstitution of reagents
acceptable if very simple to do

- Transfer of precise volumes if
autofill or graduated volume
markings are provided

- 1-3 steps needed to process the
sample before performing the test
- No water required

- Guidelines for preparation should
include hygiene conditions
description

OPTIMAL

- Butterfly needles used for sample
collection from children

- All reagents ready to use

- No precise measurement or limited
to a number of drops

- <2 steps needed to process the
sample before performing the test
- No water required

- Guidelines for preparation should
include hygiene conditions
description

To maximize accessibility, all product manufacturers should have the
capability to rapidly scale-up production and stabilize cost for broad use

Applying Human Factors and Usability Engineering to Medical Devices as
outlined by the Center for Devices and Radiological Health

- Personal protective equipment (e.g., gloves) required for healthcare worker

- Handwashing and changing gloves must be done before each test, ensuring

adherence to sustainable glove disposal procedures

- Device must also come with necessary wipes/cleaners validated to eliminate

the potential for skin and environmental contamination

- Only standard blood collection safety precautions needed and all materials

are free of components with a GHS classification H (e.g., H350, H340, H360)*

- Must be established a priori and communicated to each site

Educational material provided using human-centered approaches to:
1) Community awareness of the hazards of lead
2) Consent procedures for blood sampling and data acquisition
3) Ethical considerations including streamlined clinical workflows for
advice to those with measured high exposure

4) Information to the community/exposed individuals on point sources

of lead exposure are suspected

ANNOTATIONS/REFERENCES

Drops is not considered “precise
volume”

TPP for diagnostics to support
response to the COVID-19
pandemic®

TPP for diagnostics to support
response to the COVID-19
pandemic®

Applying Human Factors and
Usability Engineering to Medical
Devices Guidance for Industry
and Food and Drug
Administration Staff®’

Product may include prompts for
next steps for plausible
interventions

TPP for point-of-care CD4 tests
to support the identification of
individuals with advanced HIV
disease®

Culture and literacy of
population must be considered

*Globally Harmonized System of Classification and Labeling of Chemicals; H350: may cause cancer; H340: may cause
genetic defects; H360: may damage fertility of the unborn child
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REQUIREMENT

MINIMAL

QUALITY ASSURANCE

Connectivity

Internal memory on device if power

is cut

TRAINING AND MAINTENANCE

Training
needs
(sample
collection,
test
procedure,
interpretation,
QC, biosafety)

User Manual

Decontam-
ination

<6 hours with instructions for use
and quick reference guide(s)

OPTIMAL

- Compatible with readers and other
third- party devices (e.g., app
including geolocation) and/or internal
memory on device if power is cut

- Ability to report to country health
information management systems
using an onboard unique identifier or
other personal data protection
safeguard, linking the test to the user
(e.g., QR codes, 2-D barcoding, etc.)

<2 hours with instructions for use and
quick reference guide(s) including
through smart phone application(s) to
ensure ongoing compliance and
up-to-date training

- Include full description as well as pictograms and/or videos for installation,
collection, configuration, calibration, troubleshooting, maintenance

- Written in English and major languages of regions in which product is used
- Must include critical spares list and operation and maintenance schedule

- A quick reference guide to be placed in the facility in which the tests will be
conducted or in accompaniment with device

Required at intervals outlined in
manual

PURCHASING CONSIDERATIONS

Target Price
for device

Target Price
per kit

<$3,000 at volume production

<$3 per single kit at volume
production

Notification or alert when the
equipment is not clean or
contaminated

Not required for instrument-free assay

<$1 per single kit at volume
production

ANNOTATIONS/REFERENCES

TPP for diagnostics to support
response to the COVID-19
pandemic®

TPP for diagnostics to support
response to the COVID-19
pandemic®

These instructions requirements
are for authorized healthcare
workers only. Less instruction
time should be required if for lay
persons

Culture and literacy of
population must be considered

TPP for Fecal Sludge and
Wastewater Management in
Emergencies — Treatment
products’

LeadCare Il Analyzer price parity

Tools for Measuring Human Lead
Exposure: A Review of Methods
and Implications for Future
Research and Practice®

LeadCare Il Analyzer price parity

Tools for Measuring Human Lead
Exposure: A Review of Methods
and Implications for Future
Research and Practice®®
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