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Point-of-care testing

> 20 definitions (Pai 2008)

POCT
NPT near patient testing
BT    bedside testing

Fast? 3 min – 30 mins

Diagnosis, monitoring…

Self-testing
PST   patient self-testing



Point-of-care testing

Rapid Diagnostic Test

Malaria
Low-resource setting 

Central-Africa
(DR Congto) 



Malaria RDTs: “role model” for other in-vitro diagnostics (IVDs) 

(Platform and principle) 
Production and Market mechanisms
ISO 14385 meets ISO 15189
In-vitro diagnostics: regulatory issues 
Transport, shipment 
Barriers
End-user friendliness
End-user errors

Experiences/lessons learned
Introduction of other RDTs 
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About malaria  

Endemic areas (2012)
3.400.000.000 people at risk
104 countries
207.000.000 cases/yr
627.000 deaths (< 5 years old, Africa)

Travel Medicine 
10.000/yr (but may be 30.000/yr)

Case-fatality 0.6 -3.8% 
60% of diagnosis > office-hours
Visiting friends and relatives, refugees



The global burden of malaria is decreasing

Endemic areas (2006)
109 countries
247.000.000 cases/yr
881.000 deaths

Control
Pre-elimination (Zanzibar, Rwanda)
Elimination
LLIN = long lasting insecticide-treated bed nets
IRIS =  indoor residual spraying
ACT = artemisimine-based comibination therapy



Thick film Thin film

• GE : • FROTTIS

• Parasite detection.
• Quantification   

[parasitaemia /µl of blood].

• Species/Stages 
• Quantification 

[% infected RBC].
50.000/µl    =       1% of Red Blood Cells
100/µl = 0.002% of RBC 





About malaria diagnosis… 

Detection limit
- Expert 50/µl
- Routine 500/µl
- Field? 

Microscope
- Power?
- Dust !
- Maintenance…







Example of Counterfeit (“Fake”)



Quality of stain 



Malaria Rapid Diagnostic Tests: alternative

Dipstick

Card

Plastic casette

Hybrid casette-dipsticks



Lateral flow – principle



Lateral flow – principle



Lateral flow – principle



Antigens targeted by malaria RDTs

HRP-2
Histidine-rich
protein-2

P. falciparum Trophozoites +  young 
gametocytes 

Persistence up to 43 
days after treatment

pLDH
Parasite Lactate 
Dehydrogenase

1. P.falciparum
2. All species (pan)
3. P.vivax

Viable trophozoites 
and gametocytes

No persistence

Aldolase All species No persistence



Two-, three- and four band RDTs



POC: pursuing the ASSURED criteria 

Affordable
Sensitive
Specific
User-friendly
Robust
Equipment-free
Deliverable to end-user 



Diagnostic characteristics of malaria RDTs 

Sensitivity P. falciparum 95 – 100% drops below 100/µl* 
P. vivax 75 – 90%   drops below 500/µl
P. malariae 10 – 50%
P. ovale 10 – 50%

Specificity Rheumatoid factor and antinuclear antibodies
Schistosomiasis, hepatitis B/C, sleeping sickness 
(rare)

* Children and non-immune persons may have symptoms



So  mostly supplied all-in (“Kit” and “Single kit”)  

Single kit meenemen)



… in remote settings, where no microscopy is available



RDTs perform well, equal or superior to routine microscopy

A good RDT is better than “avarage” 
microscopy for diagnosis of 
P. falciparum malaria 

Reliable tool for parasite-based
treatment (WHO)

No species determination
(though presence of P falciparum confirmed)

No treatment follow-up
No parasite density



RDTs : excellent but not fail-proof

(Design and Engineering)
Rolling out
The intended user 
Production
Market
Procurement
Supply
Transport, storage
End-user errors
Harmonization



Design and Engineering I

HRP-2 deletions

Low parasite densities: detection limt
High parasite densities:prozone

HRP-2 persistence:     up to 42 days
- Uncomplicated malaria: recurrence overlooked (Ayden-Schmidt 2014)

- Severe malaria: mostly recent malaria
- Travellers: recent malaria

Line intensity
- Faint test lines: low parasite densities but also product-related
- Faint test lines are disregarded as negative



Detection
antigen

% Sensitivity
median (range)

PfHRP2 71.6% (70.3 %– 71.6%)

Pf-pLDH 98.7% (97.3% - 98.7%)

Detection antigens Nr of RDT 
products

PfHRP2 1

PfHRP2 & pan-pLDH 3

PfHRP2 & Pv-pLDH 5

Pf-pLDH & pan-pLDH 3

PfHRP2 & Pf-pLDH 1



PATIENT FROM NIGERIA

Microscopy: 
- P. falciparum
– Parasitaemia : 30 %

RDT:
– Plasmodium non falciparum
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Example
Example



Example



Example



Prospective field study, Mozambique

Most severely hit HRP-2 RDT: absent HRP-2 line
- 0.05% of patients suspected of malaria
- 0.5% of P. falciparum samples
- 4.4% of P. falciparum samples with high parasite density



Design and Engineering I

Low parasite densities: detection limt
High parasite densities: prozone

HRP-2 persistence:     up to 42 days
- Uncomplicated malaria: recurrence overlooked (Ayden-Schmidt 2014)

- Severe malaria: mostly recent malaria
- Travellers: recent malaria

Line intensity
- Faint test lines: low parasite densities but also product-related
- Faint test lines are disregarded as negative



Field – research setting
Co-infections and/or post-malaria bacterial infections
“Recent” malaria
Hospitalised children – severe malaria
SD 90 = HRP-2 and Pf-pLDH on a single RDT



Equal sensitivity (but overall lower line intensity of Pf-pLDH)
As expected, lower specificity of HRP-2



Example





Specificity decreases in the course of rainy season



Example
False-positive HRP-2 was 
associated with
- Recently installed

treatment
- PCR-positivity

! Referral-track 



WHO 2010: no treatment without diagnosis  (Test, Treat, Track)



Market of Scale

200.000 tests in 2005
220.000.000 tests in 2013



The end-user: from laboratory to decentral testing

Travel medicine
Reference laboratory 
Health center
Health post 
Community health worker
Private sector
Retail outlets & Shops
Home testing
Self testing



Professional use versus Self-testing
Non-endemic settings (Europe):
Diagnostic Laboratories ISO 15189
Point-of-Care ISO 22870

Endemic setting: 
“Intended for professional use” 

ISO 18113: professional user = 
“qualified to perform IVD testing through special education and training”: 
leaves room for community health worker and private sector.

ISO 18113: self-testing = lay-person = 
“no formal training in a relevant medical field or discipline” 



Long-term and expatriates



“Single packs” but no formal (CE) approval for Self-testing



Market of Scale

200.000 tests in 2005
220.000.000 tests in 2013

Pressure on Prices
Pressure on Lead times
Pressure on Manufacturing
Pressure on Cost-savings
Pressure on R & D 



Scaling up of production….
Skills – Human Resources



Production = still manual work



Pressure on cost/No standards       



Pressure on cost/No standards  



Pressure on quality



Select type of RDT 
Estimate needs
Budget (donors) 
Technical “specs”
Diagnostic performance
Manufacturer
Lot-testing
Bidding proces
Custom clearance
Shipment and Distribution
Batch traceability

Procurement/supply pipeline  National Malaria Control Programme 

Global Fund  GF 
Presidents’ malaria initiative PMI
World Bank
NGOs

WHO Prequalification

WHO Global Malaria Programme 
Foundation for Innovative New 
Diagnostics 



WHO Global Malaria Program
Foundation for Innovative New Diagnostics

Side-to-side testing
Lot testing

WHO prequalifcation 
ISO 13485 
audits and post-marketing surveillance

Guidance



Stock management… Example time  and quantity of ordering



Procurement and supply

Unequivocal product name
Unequivocal product code
Meaningful name
Clear labeling
Commercial pressure? 





One box is used for all types of 
malaria RDTs – local
distributor added label with
the targeted antigens



1 label for buffer bottles of all RDT products of 1 company



Internet Sales (Peeling2011, Maltha2013)  

Upon ordering a malaria RDT, we received…



1996 1999 2000





Manufacturer name Probably the same tests
AZOG Carestart, First Response
Biotec Core, Visitect, Paramax-3

Carestart AZOG, First Response
Core Biotec, Visitect, Paramax-3

Nova Century Scientific Paracheck
First Response AZOG, Carestart

ICT Vision
Paramax-3 Biotec, Core, Visitect
SD Bioline Cypress 

Vision ICT
Visitect Biotec, Core, Paramax-3

Cypress diagnostics, ICT

Cypress diagnostics SD bioline 60
Carestart Permier Medical Cooperation 

Span diagnostic Omega pharma
Dialab Humanis

Manufacturer Supplier Distributor Rebrander





35°C stability
Humidity proof packaging
Stress shipments
Long shelf-life

Transport and Shipment



So there we go…



Xxx

Blocked for 4 months now
Temp 40°C 
Humidity 70%
15$/day

Transport by road…



Appropriate space and room for storage
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Type de 

Structure

stock 
Total

0 to < 25 25 to 100 100 to 250 > 250
Referral

Hospital
65 26 22 32 145

Referral Health
Center 50 26 25 6 107

Health Center 230 151 100 47 528

Health Post 39 10 50 1 100

Other 12 4 3 3 22

Total 396 217 200 89 902

% 43.9 24.1 22.2 9.9 100.0
*: Including 1 Provincial laboratory

Table 15: Stock of malaria RDT available in health facilities at the time 
of survey (n= 902) (1)
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Type de Structure Stock out
Total

Yes No
Referral Hospital 95 (69.3%) 42 (30.7%) 137

Referral Health Centre 75 (72.1%) 29 (27.9%) 104

Health Center 364 (71.1%) 148 (28.9%) 512

Health Post 30 (30.3%) 69 (69.7%) 99

Other 16 (76.2%) 5 (23.8%) 21

Total 580 293 873

% 66.4 33.6 100.0

Table 16: Stock out of malaria RDT reported by health facilities 
during 1 year (July 2012 to October 2013).  Eligible answers: 873 (1)





End-user errors 

Community 
Health Workers

Laboratory Staff

Clinical staff

Travellers



End-user’s errors

1. Reading beyond the recommended time
2. Application of too much volume
3. Disregarding faint lines as positive
4. Problems with species identification
5. Failure to recognize invalid results
6. Buffer replacement or exchange



Delayed Reading (Backflow) 



Application of too much blood…



and again…



Reading and interpretation



(i) Overlooking faint/weak test lines as negative results 
(A, D, G, H) : 1.5 to 29.1%

Ph
ot

og
ra

ph Reported result (%) N= 2344

Invalid Negative P. falciparum
P. falciparum, 

mixed infection 
possible

P. non-
falciparum

Positive, 
but species 
not known

A 6.9 29.1 54.8 3.0 1.7 4.5
D 5.1 1.5 24.3 65.7 1.3 2.1
G 6.4 7.2 6.1 4.7 70.7 4.9

H (weak) 3.5 1.5 85.9 4.4 2.9 1.8

81



Night shifts

+ 38 

Faint test lines



(ii) Failure to distinguish the correct Plasmodium species  
(D, F, H, I) : 3.4 to 7.0%

Ph
ot

og
ra

ph Reported result (%) N= 2344

Invalid Negative P. falciparum
P. falciparum, 

mixed infection 
possible

P. non-
falciparum

Positive, but 
species 

not known
D 5.1 1.5 24.3 65.7 1.3 2.1
F 3.9 3.3 82.8 3.0 3.2 3.8
H 3.5 1.5 85.9 4.4 2.9 1.8
I 2.0 0.6 4.1 89.9 1.1 2.3
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iii) Overlooking negative test (B, E): 10.0 & 12.4%
Ph

ot
og

ra
ph Reported result (%) N= 2344

Invalid Negative P. falciparum
P. falciparum, 

mixed infection 
possible

P. non-
falciparum

Positive, but 
species 

not known

B 5.2 90.0 2.6 0.4 0.7 1.0

E 6.5 87.6 2.1 1.8 1.0 1.0



iv) Not detecting Invalid test (C, J): 8.4 & 23.6%

 No control line, no test line: 8.4%

 No control line, 

presence of test line: 23.6%

Ph
ot

og
ra

ph Reported result (%) N= 2344

Invalid Negative P. falciparum
P. falciparum, 

mixed infection 
possible

P. non-
falciparum

Positive, but 
species 

not known

C 91.6 6.1 0.9 0.6 0.3 0.4

J 76.4 6.6 7.4 1.0 1.0 7.6



Can we use water when 
we are running out of 

buffer? 





Compliance with results: the clinician

Disregarding negative RDT result
(17% – 50%)

More prescription of antibiotics

Anecdotal failures or perceived
errors may erode confidence
(prozone, HRP-2 deletions…) 

Clinical algorithms – mixed 
malaria/bacterial infections

Diagnostic tools for non-malaria 
febrile illness are required to
increase compliance 



Patient looks “over the shoulder” 
(at the cost of the doctor’s clinical eye)

Patient wants to be taken seriously
- antibiotic prescribing? 

Patient and Public perception



The expanded market : need for harmonization

Expansion of RDT market = unprecedented
200 RDT products, 60 manufacturers

Diversity of products and issue of quality
shape, transfer device device
volume specimen numbers of drops, reading time…

ASSURED
Training
Procurement and Supply
Switching from one product to another (market strategy)



Design and labeling of cassettes



Accessories



Accessories



Accessories



Instructions for use: readability

- Too high readability level (>9 years of education needed)
- User-unfriendly typography
- Poor printing/paper quality



Point-of-care testing



Figure 4.
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Compilation of “best practices”
Harmonization Task Force 
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HarT members & ITM team
First name Last name Organization
Michael Aidoo PMI
Larry Barat PMI
Duncan Blair SD/ALERE
Agaba Bosco MoH Uganda
Jane Cunningham WHO/GMP 
Jen Daily Consultant
Joelle Daviaud GFATM
Martin deSmet MSF
Charles Didier Burkina Faso
Emmanuel Forlack MoH Cameroon
Young Hong ABI
Sandra Incardona FIND
Jan Jacobs ITM
Mohamed Keita Mali
Toby Leslie GFATM
Neil Mehta PMC
Mwinyi Msellem MoH Zanzibar
Sriram N. Tulip
John Nyamuni MoH Kenya 
Mark Perkins FIND
Anita Sands WHO/PQ
Ludo Scheerlinck UNICEF
Elizabeth Streat MC
Jan Van Erps RBM Secretariat
Theodoor Visser CHAI

ITM Team
Jan Jacobs
Barbara Barbe
Philippe Gillet

Procurers
Implementers NMCP
NGOs
Regulatory experts
Funding agencies
WHO 
Regulatory experts



In-vitro diagnostics: risk management, labeling  

IVDs are part of Medical Devices
(tongue depressors to pacemakers)

Labeling = labels + instructions for use

Regulation of IVDs targets = based on risk assessment. 
Risks of IVDs are minimized by design, construction and manufacturing . 
Communication of any residual risk = provided by labeling. 

Labeling should target the user’s profile
= explicit regulatory responsibility of the manufacturer 

Guidelines for lay-out and readability are not easy to compile



International Medical Device Regulators Forum (IMDRF) 
(http://www.imdrf.org/)

Australia, Brazil, Canada, the European Union, 
Japan, nited States of America, China and the 
Russian Federation

WHO is observer

Guidance documents but non-binding
Open-access, no restrictions on reproduction 
and diffusion

“Label and Instructions for Use for Medical 
Devices” (GHTF/SG1/N70:2011)



International Organization for Standardization (ISO) 
(http://www.iso.org/iso/home.html)

Federation of national standard bodies 

ISO 18113 “In vitro diagnostic medical 
devices - Information supplied by the 
manufacturer (labelling)” 

ISO 15223 “Medical devices-Symbols 
to be used with medical device labels, 
labelling and information to be 
supplied” 

ISO documents are copyrighted



European Union (EU) : IVDD 98/79/EC

Regulatory framework = EU Directive 
“In Vitro Diagnostic Medical Device Directive (IVDD 98/79/EC)” 
- currently under revision
- to be adopted by each of the member countries

CEN-documents:   The European Committee for Standardization (CEN) 
works out the Directives
- European Standard EN 980 "Symbols for Use in the Labeling of Medical 
Devices”. 
- ISO and CEN have close interaction EN980 = ISO 15223 standard

MEDDEVs = guidelines  produced by experts 
MEDDEV.2.14/3 rev.1 ”IVD GUIDANCES: Supply of Instructions for Use (IFU) 
and other information for In-vitro Diagnostic (IVD) Medical Devices”



USA Food and Drug Administration (FDA) 
(http://www.fda.gov/)

Title 21 of the Code of Federal 
Regulations, Part 809 (21 CFR 
809.10)
Requirements are in line with 
those described in IMDRF 
guidelines and ISO/CEN 
standards
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Harmonization/Standardization & User friendliness
“Bluebox” = labeling, instructions



Harmonization of RDTs “Blue Box” 



Generic Instructions
for Use



To design an excellent POC/RDT is one thing, to make it properly
work at the point of care is another one… 

To implement an excellent RDT is challenging
- production - transport, shipment
- quality - user
- regulations - clinicians and patients

To be taken into account when developing new targets 
(AB resistance!)

Take home messages
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