
An evaluation of portable 

screening devices to assess 

medicines quality for national 

Medicines Regulatory 

Authorities 

 

  



1 

 

      

 

 

 

 

 

 

 

 

 

 

RETA 8763: Results for Malaria Elimination and Control of Communicable 

Disease Threats in Asia and the Pacific 

- 

Post Market Surveillance Tools Experts 
 

 

 

Collaboration between The Chancellor, Masters and Scholars of the University of Oxford and 

Georgia Institute of Technology 

 

5 November 2018 

  



2 

 

PROJECT TEAM  

 

This project was conducted as a collaboration between the Lao-Oxford-Mahosot Hospital-

Wellcome Trust Research Unit (LOMWRU), the Georgia Institute of Technology, and the Mahidol 

Oxford Tropical Medicine Research Unit (MORU), with the WorldWide Anti-Malarial Resistance 

Network (WWARN) and the Infectious Diseases Data Observatory (IDDO) of Oxford University. 

 

In the LOMWRU, Mahosot Hospital, Vientiane, Laos, the project coordination and evaluation 

pharmacy work has been led jointly by Dr Céline Caillet and Dr Serena Vickers with Phonepasith 

Boupha and Professor Paul Newton. Mr Lianexay Saisomsaard and Sengkham Symanivong provided 

infrastructure support. 

 

At the Georgia Institute of Technology, Stephen Zambrzycki, and Dr David Gaul led the 

laboratory evaluation. 

In the Mahidol Oxford Research Unit (MORU), Mahidol University, Bangkok, Thailand, 

Professor Yoel Lubell led the cost-effectiveness analysis.  

 

A number of other persons provided substantial input and support: in LOMWRU the Medicine 

Quality Team, Kem Boutsamay and Vayouly Vidhamaly; in the Georgia Institute of Technology, Dr. 

Matthew Bernier, Dr. Marcos Bouza, Laura Winalski, David Donndelinger, William Griggers and 

Professor Facundo Fernandez; in MORU, Dr. Panarasri Khonputsa, and Dr. Nantasit Luangasanatip.   



3 

 

ACKNOWLEDGEMENTS 

 

This work has been a large multicountry effort, larger than we anticipated, and we are extremely 

grateful to the many who have made it possible. 

 

We are very grateful to the Government of the Lao PDR for their support, especially the Bureau of 

Food and Drug Inspection (BFDI), the Food and Drug Department (FDD) and the Food and Drug 

Quality Control Centre (FDQCC) and the University of Health Sciences (UHS). Dr Sourisak 

Sounvoravong of the BFDI kindly supported inspectors Miss Viphavanh Soulaphy, Miss Orlathai 

Saiyasane, Miss Thipphaphone Keonakhone, Miss Sonethalee Senboutthalath, Miss Anousone 

Phengsombut, Miss Viengnakhone Thongphachanh, Miss Toutana Hormkinkeo, Miss Bouakham 

Saiyphimchai, Mr Amkha Senethavysouk, Mr Somboun Nadonhai, Mr Xayasith Sengaroundeth, 

Miss Vilailad Phetlavanh, Miss Veosavanh Keovoravong, Miss Nongluck Xayyalath, Miss 

Maniphone Phimmaleen, Miss Anback Hongsivilay, Mr Lamngern Phodchanthonthavong  who 

played vital roles in the project as inspectors in the Evaluation Pharmacy. Dr Thongvang Latsavong 

from the FDQCC kindly supported the technicians Mr Somchai Chanthapany, Mr Sathaphone 

Bounmala, Mr Soulivong Souphanhthavong to conduct the Minilab analysis of the samples. Dr 

Phetsavanh Chanthavilay guided the team to conduct focus group discussions. 

 

We are very grateful to the Directors and staff of Mahosot Hospital for allowing us to install the 

Evaluation Pharmacy in the hospital grounds and to Assoc. Prof Mayfong Mayxay for his advice. 

 

Mrs Athirat Black and Ms Sengmany Symanivong of LOMWRU kindly helped with the project 

administration. 

 



4 

 

In Oxford University, Dr Ruth Bird of the Infectious Diseases Data Observatory (IDDO), Holly 

Blades, Janine Burke, Paul Hogben and Edward Gibbs of the Centre for Tropical Medicine & Global 

Health invested in the administration of the project. Mr John Minogue assisted with device purchase 

and shipping, 

 

In the Georgia Institute of Technology, Professor Facundo Fernandez provided vital scientific 

expertise. 

 

In MORU-Bangkok, Khun Pimnara Peerawaranun and Dr Mavuto Mukaka provided expert statistical 

advice and helped conduct some of the analyses. 

 

We are very grateful for the useful and vital discussions with the manufacturers and developers of the 

devices, to Mr Lukas Roth and Dr James Austgen and the members of the United States 

Pharmacopeial Convention Expert Panel on ñReview of Surveillance and Screening Technologies for 

the Quality Assurance of Medicinesò, Dr Fred Behringer of Surveillant LLC, Dr Michael Green of 

USA-CDC, Sophie Fullana-Girod of the University of Toulouse III, and Michael Deats of 

Substandard and Falsified Medical Products, World Health Organisation, Geneva. 

 

We are very grateful for the support of ADB, especially Dr Susann Roth, Dr Sonalini Khetrapal, 

Editha S. Santos and ADB Consultant Dr Douglas Ball. 

 

 

 

 

 

 

  



5 

 

FUNDING STATEMENT 

 

This work was funded under the work program of the Regional Malaria and Other 

Communicable Disease Threats Trust Fund (RMTF) which was set up at ADB in December 2013 

with the specific remit to support developing member countries to develop multi-country, cross-

border, and multisector responses to urgent malaria and other communicable disease issues. The 

RMTFôs financing partners are the Government of Australia (Department of Foreign Affairs and 

Trade), the Government of Canada (Department of Foreign Affairs, Trade and Development), and 

the Government of the United Kingdom (Department for International Development). Additional 

funding for project support was provided by the Wellcome Trust. 

  



6 

 

ABBREVIATIONS AND ACRONYMS  

 

ACA Amoxicillin -clavulanic acid 

ACT Artemisinin Combination Therapy 

ACET Acetaminophen 

ADB Asian Development Bank 

AL Artemether-lumefantrine 

API Active pharmaceutical ingredient 

AMR Antimicrobial resistance 

ART Artesunate 

AZITH Azithromycin 

BFDI Bureau of Food and Drug Inspection, Lao PDR 

CD3+ Counterfeit Detection Device version 3+ 

CoDI Counterfeit Drug Indicator 

DALY  Disability Adjusted Life Year 

DHAP Dihydroartemisinin-piperaquine 

FDD Food and Drug Department 

FDG Focus Group Discussion 

FDQCC Food and Drug Quality Control Center, Lao PDR 

FCM Field-collected medicine 

FTIR Fourier-transform infrared 

GMS Greater Mekong Sub-region 

GPHF  Global Pharma Health Fund 

HPLC High-performance liquid chromatography 

ICER Incremental Cost Effectiveness Ratio  

IDDO Infectious Diseases Data Observatory 

Lao PDR Lao People's Democratic Republic 

LMIC Low- and middle-income country 

LOMWRU Lao-Oxford-Mahosot-Wellcome Trust Research Unit 

MIR Mid-infrared 

MORU Mahidol Oxford Tropical Medicine Research Unit 



7 

 

MRA Medicines Regulatory Authority 

NIR Near-infrared 

OFLO Ofloxacin 

PAD Paper analytical device 

PMS Post market surveillance 

TLC Thin-layer chromatography 

USP-PQM United States Pharmacopeial Convention - Promoting the Quality of Medicines 

programme 

WHO World Health Organization 
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DEFINITIONS 

 

- Budget impact analysis : An economic analysis focusing on the overall cost when implementing 

one of the evaluated interventions from the payerôs perspective over a given period of time. 

- Degraded medicine : Medicine with impairment of quality acquired in distribution chains, 

especially though heat and humidity. 

- Device error :In the field evaluation, refers to a error from the device (i.e. without detected user 

error) 

- Disability Adjusted Life Year (DALY)  : A commonly used measure of burden associated with 

a health condition encapsulating life years lost and life years lived with disability. An intervention 

addressing this condition will often be assessed in the number of DALYs it averts. Averting one 

DALY is equivalent to gaining one year of life for an individual at full health. 

- False Negative (FN) : The sample tested is a substandard/falsified medicine and the device 

wrongly identified it as a genuine 

- False Positive (FP) : The sample tested is a genuine medicine and the device wrongly identified 

it as a substandard/falsified 

- Falsified medicine : Medicine with deliberately/fraudulent misrepresentation of its identity, 

composition or source (World Health Assembly, 2017). In this report, the falsified samples used 

contained either no API or the wrong API. 

- Field-collected samples/medicines (FCM) : Field-collected samples/medicines that were 

obtained from outlets (pharmacies, distributors) or from the manufacturers in the GMS states. 

This is in distinction to simulated samples/medicines (SM). 

- Field-tested : Refers to a device assessed near where the medicines were collected, as opposed 

to formal laboratory-based studies. 

- Fixed cost: The expenditures or costs (e.g. machine cost) that do not change based on the output 

rate (e.g. number of samples tested). 

- Incremental Cost-effectiveness Ratio (ICER) : Incremental cost-effectiveness ratio. The 

additional costs per unit of outcome attained with the introduction of a new intervention as 

compared with current practice. For example, an ICER of US$500 per DALY averted means that 

giving a patient one additional year at full health will cost an extra US$500. 

- Net monetary benefit : A summary value of cost and benefit for an intervention in monetary 

terms incorporating the willingness to pay threshold calculated as: [DALYs averted multiplied by 
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willingness to pay threshold minus incremental cost] . A positive net monetary benefit indicates 

that the intervention is cost-effective. 

- Non-destructive : Refers to a device which was used to test intact dosage units of medicines (e.g. 

tablets) either through packaging or without needing to scrape or perturb the dosage unit. 

- Portable : Refers to transportable equipment (i.e. intended to be moved from one place to another 

whether or not connected to a mains electrical supply) able to be carried by a maximum of two 

persons, that requires minimal set-up on arrival at the field detection site (set-up can be managed 

by technician-level staff after short training on the device). 

- Reference library : Refers to a library of measurements of authentic medicines collected by the 

device and with which the device compares the measurements obtained from a test sample. It is 

used most commonly in relation to libraries of spectra of authentic measurements stored within 

the software of a spectrometer (óSpectral Reference Libraryô). 

- Sample : is defined as a single dosage unit from a single blister or primary packaging 

- Sampling : Collecting data about a sample with a device 

- Scan : refers to a single test conducted with a spectrometer on one sample 

- Sensitivity : Proportion of medicines that are detected as poor quality by the device out of all the 

medicines determined as poor quality by a reference technique. 

- Simulated samples/medicines (SM) : Samples/medicines that were prepared from raw active 

ingredients and excipients by chemists at the Georgia Institute of Technology (see methods 

section). 

- Specificity : Proportion of medicines that are identified as genuine by the device out of all the 

medicines determined as genuine by a reference technique. 

- Substandard medicine : Also called ñout of specificationò, these are authorized medical 

products that fail to meet either their quality standards or their specifications, or both (World 

Health Assembly, 2017). In this report, the substandard medicines used contain lower API than 

stated on their packaging or are simulated authentic products containing lower API than their 

authentic equivalents. 

- Test : refers to a single result returned by the device on one sample. This is equivalent to the term 

óscanô for spectrometers. 

- True negative (TN) : The sample tested is a genuine medicine and the device correctly 

identified it as a genuine 

- True positive (TP) : The sample tested is a substandard/falsified medicine and the device 

correctly identified it as a substandard/falsified 
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- User error : Misinterpretation of the device result by the user, leading to the wrong conclusion 

about a sampleôs quality. 

- Variable cost : The expenditures or costs (e.g. reagent cost) that change according to output rate 

(e.g. number of samples tested). 

- Willingness to Pay (WTP) threshold:  In economic evaluation the ICER of an intervention will 

often be compared with a WTP threshold to assess whether the use of the intervention can be 

considered cost-effective. A common definition of the WTP threshold is the GDP/capita where 

the intervention is being considered for use. In Laos for example, an intervention with an ICER 

of US$500 would be considered cost-effective as this is less than the Laos GDP/capita of US$ 

2,353. 
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EXECUTIVE SUMMARY 

 

Medicines Regulatory Authorities (MRAs) are the keystone for the majority of interventions to 

prevent, detect and remove poor quality medicines before they reach patients. Innovative portable 

devices hold promise for empowering medicine inspectors in screening medicine quality in supply 

systems. However, regulators lack information on their performance, limitations and cost-

effectiveness. This project was undertaken as an independent evaluation and comparison of devices 

to provide evidence to allow MRAs to decide whether these new technologies are appropriate for 

screening of medicines quality in their countries.  

In a systematic review of the scientific literature, we found 62 studies in which 41 marketed or 

under-development portable devices were evaluated. This review identified very limited information 

on their performance (particularly in field settings), and major gaps of evidence, such as which APIs 

and which medicine formulations the devices can accurately test, their performance to quantitate APIs 

in finished pharmaceutical products, and abilities to identify substandard medicines.  

We included 11 devices in our study, of which four were included in a laboratory evaluation only 

and seven (in bold), were also tested by 16 medicine inspectors from the Lao MRA in a field 

evaluation study: four handheld spectrometers using infrared (Mi croPHAZIR RX, NIRScan) or 

Raman (Progeny, Truscan RM); five portable devices using infrared (4500 aFTIR, Neospectra 2.5), 

liquid chromatography (C-Vue), thin-layer chromatography (Minilab ), microfluidic technology with 

luminescence detection (PharmaChk); and two single-use disposable devices: one using paper-based 

colour test (PADs) and one using lateral flow immunoassay technology (RDTs).  

In the laboratory evaluation, all devices tested on simulated and field-collected branded medicines 

containing seven different anti-infectives (within each deviceôs capabilities to detect certain APIs) 

showed 100% sensitivities to correctly identify samples with 0% and wrong API after removal from 

their packaging except the NIRScan (91.5%). Specificities of 100% were observed for all devices, 
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except for the C-Vue (60.0%), PharmaChk (50.0%) and Progeny (95.5%). The two devices with 

stated abilities to quantitate APIs showed high sensitivities to correctly identify 50%/80% API 

samples in a pass/fail configuration (C-Vue : 100% and PharmaChk : 83.3%) whereas the RDTs, able 

to identify samples containing lower API than stated, showed a sensitivity of 17%. Spectrometers 

included in the evaluation were not stated to have the ability to identify medicines with lower API 

than stated using the device stock built-in algorithms available. Accordingly, the mentioned 

spectrometers showed limited sensitivities (from 6% to 50%). Of the field-evaluated devices the 

Minilab was the most sensitive to correctly identify 50%/80% API samples in the laboratory 

evaluation (59.5%), with significantly higher sensitivity than other devices (p<0.05), except the 

MicroPHAZIR (50%). 

The NIRScan was the fastest of the field-evaluated devices to test one sample, followed by the 

MicroPHAZIR RX whilst the PADs and the Minilab were the slowest devices. The time spent to 

inspect the pharmacy was significantly longer when using the devices compared to visual inspection 

only, for all the devices except the NIRScan and Truscan RM. The main errors made by medicine 

inspectors were the selection of the wrong reference library while using the Truscan RM, NIRScan, 

MicroPHAZIR RX (Truscan RM seemed to be less prone to this error) and wrong user interpretation 

of the PADs and 4500a FTIR results. When testing a set of samples, the PADs showed lower accuracy 

than other devices to correctly identify samples as poor or good quality, except the Progeny and the 

Minilab [no significant (p>0.05) statistical difference observed]. An under-development web-based 

reader of the results of the PADs could reduce sample misclassification. 

The Truscan RM had the highest fixed total costs over a 5-years period, followed by the Progeny, 

MicroPHAZIR, 4500a FTIR, NIRScan, and PADs. At the country level, all spectrometers were found 

to be cost-effective in settings with óhighô and ólowerô prevalence of falsified and substandard 

antimalarials and all were cost-effective compared with the baseline of visual inspections alone. The 
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NIRScan, that had the lowest initial cost per device (below US$5,000), was the most cost-effective 

in the two prevalence scenarios. 

Difficulties to assemble batches of quality-assured genuine medicines to create and update 

reference libraries, high costs of most devices, maintenance/calibration and low sensitivity to identify 

substandard medicines without highly trained operators using complex API-specific models were 

perceived as the main obstacles for the implementation of the field-evaluated spectrometers. Sample 

preparation and sourcing of consumables (for the Minilab only), level of training and results that were 

felt too user-dependent (for the PADs only) were the main barriers to the use of PADs and Minilab.  

Although we provide general recommendations of the best strategy to choosing devices adapted 

to different settings, major gaps of evidence were identified by our work: the lack of knowledge about 

the level of training required; the effect of the potential ófalse confidenceô on the device versus visual 

inspection of medicines; the best sampling strategies for field testing (standard operating procedures 

are required in different contexts in the absence of manufacturer guidelines); the APIs and medicines 

formulation each device is able to test (except for a few devices such as the Minilab or the PADs); at 

which level of the supply chain they would be best used (we believe this is highly setting dependent) 

and how the health system should adapt to optimise their use; the impact of tablet coatings, 

packagings and capsule shells on the performance of spectrometers. 

With the current evidence, it is unlikely that any one device would be able to effectively monitor 

the quality of all medicines. Much more work is needed to evaluate devices for the great diversity of 

medicines, and to expand our work with a platform, independent from device manufacturers, to 

evaluate new devices using standard protocols and samples. 
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INTRODUCTION 
 

Although the problem of poor quality medicines has probably been with us since the beginning 

of the trade in medicines (Saunders 1782; Newton et al. 2006a), its impact on global health has been 

largely under-recognised. The problem is not limited to low-resourced countries (Securing Industry 

2016, 2017a, 2017b), but the issue appears to be of greater magnitude there than in wealthier countries 

(Kaur et al. 2016; Tivura et al. 2016; Wafula et al. 2016). According to a recent report from the World 

Health Organization (WHO), ~10% of medical products circulating in low- and middle-income 

countries (LMICs) are either substandard or falsified (World Health Organization 2017c). 

Falsified (or fake) medicines are the result of criminal activity. These falsified medicines purport 

to be real, authorised medicines but are deliberately and fraudulently mislabelled with respect to 

identity and/or source (SF Medical Products Group, Essential Medicines and Health Products 2017). 

They usually have packaging that are copies of that of a genuine product. Falsified medicines may 

contain the correct amount of active pharmaceutical ingredients (APIs) or the incorrect amount, 

wrong APIs and/or, more commonly, they do not contain the stated API(s). The term ófalsified 

medicinesô, adopted by the World Health Assembly in May 2017, references the public health issues 

of poor quality medicines rather than the term ócounterfeitô that refers to trademark infringement. 

Substandard medicines, on the other hand, result from negligence and errors made during the 

manufacturing process by authorized manufacturers. Inspection of the packaging is required to 

determine accurately whether a medicine is falsified. However, as countermeasures vary according 

to the type of ódefectô, understanding the differences between the types of poor quality medicines is 

essential from a public health and regulatory perspective. 

Poor quality medicines have devastating consequences, including increased morbidity and 

mortality, economic losses and diminished public confidence in health systems. Poor quality 

antimicrobials, particularly those containing reduced quantities of APIs, may be key but neglected 
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drivers of antimicrobial resistance (AMR) (Newton et al. 2016). Medicines Regulatory Authorities 

(MRAs) are the keystone for the majority of potential interventions to prevent, detect and remove 

poor quality medicines. However, currently national  MRA medicine inspectors in LMICs performing 

post-marketing surveillance (PMS) largely rely only on their own senses and knowledge to detect 

circulating poor quality medicines (Roth et al. 2018). Samples may be sent to a formal chemical 

analysis laboratory for further advanced chromatographic assays [such as high-performance liquid 

chromatography (HPLC)]. However, these assays are expensive, time-consuming, and not readily 

available in many countries. There is often significant delay between collection of the suspicious 

medicine and confirmation of its poor quality, with its harm spreading unchecked in the interim.  

Rapid detection of poor quality medicines in the field is a key factor to prevent unsafe poor quality 

medicines reaching patients to be able to inform timely actions. Over the last two decades a plethora 

of portable analysis screening tools have been developed to better equip medicine inspectors to detect 

suspect medicines, allowing some degree of objective analysis of medicines in the ófieldô. A review 

published in 2014 compared the suitability of the different existing chemical analysis technologies 

for LMICs (Kovacs et al. 2014), focusing on the different technologies available (e.g. Raman 

spectroscopy, colorimetry) rather than on the existing devices themselves.  

The diversity of devices for medicines quality screening holds great hope for empowering 

medicine inspectors, making their work more cost-effective and actionable, improving MRA capacity 

and protecting patients from the harm of poor quality medicines. However, there are enormous key 

gaps regarding the scientific evidence to inform national medicines regulatory authorities of the 

optimal cost-effective choice of device to detect and combat poor quality medicines (Roth et al. 2018).  

Further key aspects that have received minimal discussion include issues of device maintenance 

and quality assurance/quality control; the amount of training required for accurate use and the 

comparative cost-effectiveness of introducing devices within post market surveillance (PMS) 

systems.  
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This project was undertaken as an initial investigation to meet the urgent need for detailed 

investigation of devices to give evidence to allow MRAs to decide whether these new technologies 

are appropriate for screening of diverse medicines in their countries and if so, which ones, by whom, 

and at what position within the medicine surveillance system they are best used. Without such 

research these innovations will not realize their potential to improve medicine quality. 

The main Annexes can be found at the end of this report. A separate book compiling operating 

procedures of all the devices, training materials provided to the medicine inspectors during the field 

evaluation, as well as the complete publication of the systematic review of the literature submitted 

for publication, is also available (See the content of the book in the Supplementary Annex content 

section at the end of the present report). 

AIMS 
 

As part of the Results for Malaria Elimination and Communicable Diseases Control (RECAP) 

under the Regional Malaria and Communicable Disease Trust Fund (RMTF) at Asian Development 

Bank (ADB), this work aims to assess the accuracy, ease of use and cost effectiveness of different 

portable and handheld devices to identify substandard and falsified (SF) medicines across a variety 

of essential anti-infective medicines commonly used in the Greater Mekong Sub-region (GMS) to 

treat malaria and bacterial infections.  
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METHODS 
 

OUTLINE  

 

 

At the start of the Inception phase we reviewed the published scientific literature on medicine 

quality screening devices, building on the work of  Kovacs et al. 2014, identifying candidate devices 

and reviewing the evidence base, revealing a diverse array of vital gaps. 

Fourteen devices were selected for laboratory evaluation. These devices were evaluated by 

chemists of the Georgia Institute of Technology in Atlanta, USA, who then selected devices to include 

in a field evaluation. The field evaluation was performed by public health scientists of the Lao-

Oxford-Mahosot Hospital-Wellcome Trust Research Unit (LOMWRU) and the Medicine Quality 

Group of the Infectious Diseases Data Observatory (IDDO) in Vientiane, Lao PDR (Laos). 

Concurrently with the laboratory and field evaluations, a cost-effectiveness analysis of the devices 
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selected for the field evaluation was performed by health economists of the Mahidol Oxford Tropical 

Medicine Research Unit (MORU) in the Faculty of Tropical Medicine, Mahidol University, Bangkok, 

Thailand. 

Seven APIs were chosen for testing in both the field and laboratory device evaluations: four 

antibiotics from four commonly used pharmacological classes [ofloxacin (OFLO), sulfamethoxazole-

trimethoprim (SMTM), azithromycin (AZITH) and amoxicillin-clavulanic acid (ACA)], and three 

anti-malarials [artemether-lumefantrine (AL), artesunate (ART) (intravenous/intramuscular 

formulation) and dihydroartemisinin-piperaquine (DHAP)]. 

The amount of the API of all the field collected medicines samples considered as genuine, used 

to test the devices in both the laboratory and field evaluation, was measured by ultra-performance 

liquid chromatography (UPLC), a widely accepted approach to medicine quality analysis, to confirm 

the expected quality of the samples.  

SELECTING  DEVICES  

  

During the Inception phase of this project, prior to the conduct of a systematic review of the 

literature, a list of the available devices was created based on a (non-systematic) search of the 

scientific literature, Google searches, our experience, and advice from diverse stakeholders 

(Supplementary Annex 1).  

The general specifications when considering inclusion of devices were:  

 

¶ Portable, ideally handheld  

¶ Preference for battery-powered devices  

¶ Ideally, requiring minimal training of the user [but those requiring more highly-

skilled users were considered if likely to provide breakthrough in the evaluation of 

the quality of medicines (e.g. quantitative analysis of APIs)] 
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¶ Ideally, the device operates within a wide range of temperatures and conditions 

suited to fieldwork in tropical countries  

¶ Requires minimal sample preparation, ideally none 

¶ Requires minimum consumables and reagents, ideally none  

¶ Ideally it has been tested (published or unpublished work) with at least one 

pharmaceutical(s)  

¶ Must be adaptable for testing at least one of the APIs included in this project  

 

When multiple devices using the same technology (e.g. Raman spectroscopy) were available, 

the scientific literature and discussion with experts were used to guide selection. However, the 

evidence base comparing devices was extremely poor, making objective selection very difficult.  

The included devices, with their main characteristics are presented in Table 1.  

. 
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Table 1. Devices included in the study. Devices in bold were included in both laboratory and field 

evaluation phases 

Device name 
Manufacturer or 

Institution  

Market 

status 

Technology 

Main Specificiation 
Handheld Costc,d 

4500a FTIR 

Single Reflection 
Agilent Technologies M 

FTIR -MIR  

Spectral range  

4000cm-1-650cm-1 

N US$ 31,067 

CD3+ US FDA D 
IR and Vis Camera system 

with various LED sources 
Y Unknowne 

C-Vue C-Vue Ma Liquid chromatography  N 

One unit with 214nm 

detector: ~US$ 4,950 
Stationary Column: ~US$ 

370 
Additional 254 nm 

detector: ~US$ 1,295 

Accessories for sample 
preparation : ~US$ 175 

Minilab  
Global Pharma Health Fund 

E.V. 
M TLC ,  disintegration testb N 

US$ 2,510 (without 

reference standards) 

MicroPHAZIR 

RX analyser 
Thermo Scientific M 

FTIR - NIR 

Wavelength range 

1600nm-2400nm 

Y US$47,500 

Neospectra 2.5 

(SWS62221-2.5) 
Si-Ware M 

FTIR -NIR 

Wavelength range  

1350nm-2500nm 

N 

Neospectra 2.5: US$ 

3,000 
Light Source:  US$1,030 

White Reference Tile: 
US$310 

Fiberoptic Cable and 

Probe: US$1,261 
Probe Holder: US$67.83 

NIRscan (Beta 

version) 

Young Green Energy (the 

Global Good Fund 

developed the smartphone 

application)  

Mg 
NIR - Dispersive 

Wavelength range  

900nm-1,700nm 

Y 
US$1,199 (without 

smartphone) 

Paper Analytical 

Device 

University of Notre-Dame 

and Veripad (Kenya, New-

York and Boston) 

D Paper-based colour test Y (S) US$3 

PharmaChk Boston University D 
Microfluidic device with 

luminescence detection 
N Unknowne 

Progeny Rigaku M 
Raman  

1064 nm laser 
Y (ex-demo model) 

TruScan RM Thermo Scientific M 
Raman  

785 nm laser 
Y 

US$ 62,500 (including 

chemometric software 

package and tablet 

holder) 

Unnamed-Lateral 

flow immunoassay 

China Agricultural 

University of Beijing and 

University of Pennsylvania 

D 
Lateral flow immunoassay 

dipsticks 
Y (S) US$ 2-3f  

Single-quadrupole 

Qda MS 
Waters M Mass spectrometry N US$ 76,169 

Counterfeit Drug 

Indicator (CoDI)  

Centers for Disease Control 

and Prevention (CDC), 

USA 

D 
Laser 

absorption/Fluorescence 
Y Unknowne 

D: Under development, FTIR: Fourier Transform Infrared, LED: Light-emitting diode, M: Marketed, MS: Mass spectrometry, N: No, NIR: 

Near infrared, Y: Yes, HPLC: High Performance Liquid Chromatography, NIR: Near Infrared, MIR: Mid-Infrared, TLC: Thin-layer 

chromatography, S: Single-use device 

a The device is available for purchase but has been only used as an educational tool 

b In this report, we only used the TLC testing (both qualitative and semi-quantitative analysis). According to the developers, weight and 

mass variation check will be provided in the next version of the device. 

c Ordering several devices to the manufacture is subject to potential reduced purchase cost 

d The costs reported here do not include VAT and may vary by country of purchase 

e The device was lent by the developer and is still under development, and not available for purchase as far as we are aware 

f Cost estimated by the manufacturer. The device is not marketed yet and is subject to variation. Purchasing several RDTs is subject to 

potential reduced purchase cost. 

g The near-infrared sampling unit is marketed but the smartphone application is not 
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SYSTEMATIC REVIEW OF THE SCIENT IFIC 

LITERATURE  

 

A previous review compared the suitability of the different existing chemical analysis 

technologies for LMICs (Kovacs et al. 2014), but focused on the different technologies available (e.g. 

Raman spectroscopy, colorimetry) rather than on the existing devices themselves.  

With more devices and more data now available, we have undertaken a systematic review to 

understand the performance and main characteristics of portable devices for the field evaluation of 

medicines and identify the gaps in evidence for optimal device selection to inform policy decisions 

on which devices to use where and when. 

Here we present the outlines of the methodology used to conduct this review. The complete 

manuscript, submitted for publication to the BMJ Global Health, is available in the Supplementary 

Annex book (Supplementary Annex 2).  

SEARCH STRATEGY AND SELECTION CRITERIA 

 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines were 

followed. We searched for English language scientific articles on portable technologies used to assess 

the quality of pharmaceutical products, using Embase (from 1947), PubMed (from 1946), Web of 

Science (from 1900) and SciFinder (from 1840) to April 15, 2017. Search terms included those related 

to the equipment (e.g. ódeviceô, óinstrumentô), terms referring to the portability of the equipment (e.g. 

óportableô, óhandheldô) and terms related to the quality of pharmaceutical products (e.g. ósubstandardô, 

ófalsifiedô).  

After removal of duplicates, titles and abstracts were independently screened for eligibility. 

References in English and French provided by colleagues working in the field, in addition to 
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references within reviews of specific techniques, and those in all included articles, were examined to 

identify additional relevant articles.  

All studies evaluating the performances/abilities of portable devices to assess any aspect of 

the quality of pharmaceutical products were included. This includes articles describing the device 

being tested in a laboratory environment, in field surveys, and proof-of-concept articles in which the 

authors stress the potential portability of a method. Devices currently under-development, (although 

not yet marketed) and devices no longer marketed but superseded by other devices, were included. 

Non-portable devices, devices used for testing the quality of non-pharmaceutical products or for 

identification of traditional medicines, devices for measuring APIs in biological fluids, and product 

security technologies were excluded. Patent application publications, articles on the development of 

a method (e.g. a new thin layer chromatography method) not intended for deployment in a field-

detection kit, reviews/general discussions and articles describing or comparing methods for spectral 

analysis (chemometrics) rather than the performance of the device itself, were also excluded. For 

included devices, additional information on objective characteristics (e.g. physical appearance, 

approximate cost and market status) was obtained via the manufacturersô websites and requests to the 

manufacturers.  

KEY VARIABLES AND DEFINITIONS 

 

In this review, óportableô refers to transportable equipment [i.e. intended to be moved from 

one place to another whether or not connected to a mains electrical supply (International 

Electrotechnical Comission 2016) able to be carried by a maximum of two persons], that requires 

minimal set-up on arrival at the field detection site (set-up can be managed by technician-level staff 

after short training on the device). Devices that require an initial laboratory phase set-up from highly 

trained staff (e.g. Raman spectrometers which require creation of a reference library and complex 
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processing of spectral data) but that are subsequently portable and easy-to-use in the field by 

technician-level staff were included.  

DATA ANALYSIS  

 

Data was extracted and entered in Microsoft Excel spreadsheet. For each device, the 

developerôs names, type of technology used, main technical specifications (e.g. resolution, spectral 

range), reported sensitivity, specificity and other laboratory or field-test results, practical aspects of 

the use of the device (e.g. the measurement time per sample, consumables required), and the pluses 

and minuses quoted by the authors were extracted when available. 

The quality of the included studies could not be objectively assessed because of the wide 

heterogeneity of study designs and a lack of consensus guidelines for reporting. 
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LABORATORY EVALUATION  

OVERVIEW - AIMS 

The aims of the laboratory phase evaluation were: 

¶ To set-up the instrumentation and develop protocols based on the instrument manufacturerôs 

default parameters. 

¶ To evaluate the simplicity and resource requirements of each device. 

¶ To evaluate and compare the performances of each device to distinguish between genuine, 

50% and 80% API medicines (mimicking frequent features of substandard medicines), and 

0% and wrong API medicines (mimicking frequent features of falsified medicines) under 

controlled conditions. 

¶ To distinguish instruments/devices that would be suitable for the field evaluation phase within 

this project. 

Each of the devices selected for the laboratory phase underwent the following series of 

evaluations by three investigators: 

1. A survey questionnaire to evaluate the physical, operational, and software characteristics and 

requirements of each instrument (Annex 1). 

2. Tests with a series of samples that were produced at the Georgia Institute of Technology, 

defined as simulated medicines (SM), and with a set of medicines that were collected from 

various sources, defined as field-collected medicines (FCM). 

 

The primary responsibilities were as follows: Investigator 1 focused on the Raman instruments; 

Investigator 2 focused on the NIR instruments, PADs, RDTs, and C-Vue and Investigator 3 focused 

on the Minilab.   
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DEVICE MAIN CHARACTERISTICS 

 

A form was completed by the reviewer of each device as it was being evaluated. The items 

covered included physical and operational aspects of the device (e.g. size, resource requirements, 

sampling details, battery life) and the software characteristics of the instrument (Annex 1). Results 

are presented in Supplementary Annex 3.  

SAMPLES TESTED 

 

To evaluate the various analytical technologies, each device was used to examine sets of field-

collected medicines (FCM) and ósimulated medicinesô (SM) of the seven APIs1 that were prepared at 

Georgia Tech. Antibiotics and anti-malarials medicines were selected for their importance in terms 

of public health (first line treatment for various health conditions) in the Greater Mekong Subregion 

in particular. The APIs were amoxicillin-clavulanic acid (ACA), artemether-lumefantrine (AL), 

artesunate (ART) (intravenous/intramuscular formulation), azithromycin (AZITH) , 

dihydroartemisinin-piperaquine (DHAP), ofloxacin (OFLO), and sulfamethoxazole-trimethoprim 

(SMTM). 

A detailed list of all samples used can be found in Annex 2.  

  

                                                 

 
1 Antibiotics and anti-malarials medicines selected for their importance in terms of public health (first line treatment for 

various health conditions) in the Greater Mekong Subregion. 
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¶ Simulated medicines (SM)  

Tablets were produced using a tablet press after milling and mixing the ingredients. The detailed 

protocol for tablet production is in Annex 3.  

All  simulated medicines were prepared as 100mg tablets (6mm in diameter) except for ART 

which remained as a powder, as in the intravenous/intramuscular finished product, to simulate iv/im 

Artesun®. These simulated medicines included, relative to medicines with API concentrations as 

found in genuine medicines : those with the correct concentration, those with 80% of the correct API 

concentration (mimicking substandard medicines), those with 50% of the correct API concentration 

(mimicking substandard medicines), those containing only excipients without API (mimicking 

falsified medicines), and those containing excipients and acetaminophen (ACET, paracetamol, 

mimicking falsified medicines with the wrong API). Paracetamol has been found in falsified 

medicines, wrongly labelled as another API (Newton et al. 2006b). These chemistry-medicine quality 

classifications are approximate as, for example, substandard medicines containing wrong API 

(Government of Pakistan 2012) and falsified medicines containing reduced API% have also been 

described (Newton et al. 2006b). 

The excipients to constitute the tablet mass consisted of bulking agents (cellulose, lactose, or 

starch) and, a lubricant (magnesium stearate) for the simulated tablets. The lubricant was excluded 

from the intravenous/intramuscular ART formulation because they were not pressed into tablets. Pure 

APIs for ART, AZITH, OFLO, and SMTM were purchased from TCI Chemical (Portland, OR, USA). 

Acetaminophen, cellulose, lactose, starch, and magnesium stearate were purchased from Sigma 

Aldrich (St. Louis, MO, USA). Pure APIs were used to make the tablets, except for ACA, AL, and 

DHAP. These, due to their high cost to purchase at quantities necessary to make enough SM for all 

the experiments, were sourced from genuine medicines obtained from various distributors and 

manufacturers (D-Artepp for DHAP, Coartem for AL, and AMK 1000 mg for ACA) by crushing 
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them, mixing the crushed powder and pressing them into simulated tablets. These re-crushed samples 

were then diluted to create tablets mimicking substandard medicines at the 80% and 50% 

concentrations of APIs using the excipients described above. The samples containing only excipients 

and those containing wrong active ingredients were also created as described above.   

Devices that were not limited to testing specific APIs were initially intended to test 61 

different SMs, including thirteen ógenuineô (100% API), twenty-one 80% API samples, twenty-one 

50% API samples, three excipient only samples, and three wrong API samples.  

¶ Genuine and falsified field-collected medicines (FCM) 

Field-collected medicines, including genuine and falsified medicines, were tested.  

Three to four different batches of genuine medicines were purchased from reliable local 

distributors/outlets in GMS countries or were given by their manufacturers. The falsified medicines 

were acquired from previous investigations and/or studies (Bernier et al. 2016a). Two samples were 

ólook-alikeô medicines i.e. they were stated as containing specific APIs (not one of the seven APIs 

included in this work) but the tablets were visually indistinguishable from genuine medicines included 

in the work [(i.e. the actual medicine is Diabeta® (chlorpropamide), but the tablets looks identical to 

Sulfatrim® (SMTM)] (Caillet et al. 2017), in order to mimic a falsified medicine with a wrong API.  

However, the quality control of the medicines used in our study by UPLC (see section 

Confirmatory testing of the medicines used in both the laboratory and field evaluation) showed that 

one or more batches of genuine medicines used to create the reference library of seven brands of FC 

genuine medicine were unexpectedly out of specification. We therefore had to discard twelve samples 

from the laboratory evaluation: 4 falsified AL, 1 look-alike (SMTM-brand like) and 7 genuine 

medicines (1 DHAP, 1 ACA, 1 AZITH, 2 SMTM and 2 AL). 

 



30 

 

CONSTRUCTION OF REFERENCE LIBRARIES 

Many spectroscopic instruments use libraries of previously recorded reference spectra that are 

stored in the device and are used to compare to the operatorôs acquired test spectra. In this work, when 

possible, spectra of genuine SM and at least two different batches of genuine FCM samples were 

recorded to create each library database. Having at least two different batches of the same brands 

allowed some inclusion of inter-batch variability. 

SM and FCM 0% API, 50% API, 80% API and wrong API samples as well as one extra batch 

of genuine FCM were used in subsequent testing of the devices.  

Libraries were created by the expert chemists for the following devices: Progeny, Truscan RM, 

MicroPHAZIR RX, Neospectra 2.5 and 4500a FTIR. Each device had a unique method for library 

creation and each used different file types to save the libraries. Details can be found in Annex 4. The 

library for the NIRscan was developed at the Intellectual Ventures Laboratory in the USA because 

library creation was not yet available for field users of the product. For many devices requiring the 

creation of a reference library, specific software calculates the similarities between the library and the 

experimental spectra. However, for the Neospectra 2.5 the operators themselves must determine the 

similarity of the test results with the reference spectra. 

When the devices, except the Neospectra 2.5, are used to conduct spectral library comparisons, a 

correlation coefficient is calculated after the experimental spectra and library spectra are 

computationally compared. On devices that output pass/fail results, a threshold value is typically 

established to determine at what correlation coefficient a pass or fail is considered. For the Progeny, 

Truscan RM, and MicroPHAZIR RX that yield output pass and fail results, the threshold used was 

that from the manufacturers default values. For the NIRscan, the values are set by the developer of 

the software and libraries. Although the Agilent 4500 also generates a óhit qualityô score (a correlation 

coefficient), the user must determine the appropriate value to select. 
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DEVICE TESTING 

The wide variety of technologies and built in software required different sampling and data 

collection strategies. However, each instrument was tested following a similar set of guidelines for 

optimal comparability.  

Devices that automatically outputted binary pass/fail results (NIRscan, TruScan RM, 

MicroPHAZIR RX, Progeny) for each sample needed no transcription. For devices that 

computationally compared the experimentally collected spectra with every spectrum in the deviceôs 

master reference spectrum library and listed the most probable matches (Figure 1), a decision 

threshold was established a priori. For example, for the 4500a FTIR instrument, if the tested medicine 

appeared in the six highest matches with a óhit qualityô score > 0.9, the test result would be classified 

as a ópassô. If the tested medicine appeared in the six highest matches with a hit quality score < 0.9, 

it would be flagged as suspicious and the test repeated as per the protocols for the other spectrometers.  

Figure 1. Example of device returning matching values results - 4500a FTIR matching value 

display 

For instruments that gave quantitative results (C-Vue, PharmaChk), a threshold for acceptable 

API concentration was set for a pass or fail result. Because the reference ranges of % API(s) vary 

according to different pharmacopeias and for different APIs (Table 2), we decided for simplicity that 
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medicines containing less than 90% and more than 110% of the manufacturerôs stated amount of 

API(s) were considered as out of specification (OOS) for all the APIs included in this study. 

Table 2. US, International, Chinese and British pharmacopeia standards for  the seven study 

APIs 

API US 

Pharmacopeia  

2017 

International 

Pharmacopeia 

2018 

Chinese 

Pharmacopeia 

2010 

British 

Pharmacopeia 

2018 

Artesunate (IV/IM  powder) N/A 90-110% 93-110%  N/A 

Amoxicillin/Clavulanic acid (tablet)  90-110% 90-120%** 90-120% 90-105% 

Azithromycin (tablet)  90-110% N/A 90-110% 95-105% 

Sulfamethoxazole/Trimethoprim 

(tablet) 

93-107% 90-110% N/A 92.5-107.5%  

Ofloxacin (tablet) 90-110% N/A 90-110% N/A 

Dihydroartemisinin/Piperaquine 

(tablet) 

95-105%* N/A  N/A  N/A  

Artemether/Lumefantrine (tablet)  N/A  90-110% N/A  N/A  

 

*USP monograph, 2013 - Dihydroartemisinin/Piperaquine tablets monograph was not available 

in USP 2017 

 

** Draft in preparation  

 

Neospectra 2.5, PADs, Minilab, and RDTs require visual interpretation by the operator to interpret 

pass/fail results. For some devices, in the absence of standardized procedures for interpretation of the 

device results (i.e. what to do if a sample fails the device test), the following testing procedure and 

interpretation were followed. More details can be found in each deviceôs experimental protocol 

(Annex 5). 
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For the spectrometers tested (4500a FTIR, MicroPHAZIR RX, Neospectra 2.5, NIRScan, Progeny, 

Truscan RM), if the first scan resulted in a ópassô, then the result was recorded as a ópassô. If the first 

scan resulted in a ófailô, then two more scans were performed (when possible, the tablet would be 

scanned on the reverse ófaceô for the second scan, and another tablet would be scanned as a third scan; 

see the devicesô experimental protocols). The interpretation of the three scan results was conducted 

as follows: if the two subsequent scans were ófailô then the sample was considered as ófailô; if the two 

subsequent scans were ópassô then the sample was considered as ópassô; if one subsequent scan was 

ópassô and one was ófailô then the sample was considered as a ófailô. 

 

 

For quantitative devices (PharmaChk, C-Vue), a similar protocol to that followed for spectrometers 

was followed. If the first test resulted in a ópassô (see above), then the result was recorded as a ópassô. 

If the first test resulted in a ófailô, then two more tests were performed. The interpretation of the three 

test results was carried out as follows: if the two subsequent experiments were a ófailô then the sample 

was considered as ófailô; if the two subsequent experiments were a ópassô then the sample was 

considered as ópassô; if one subsequent experiment was a ópassô and one was a ófailô then the sample 

was considered as a ófailô. 

Spectrometers  

After shining a specific light onto a medicine, a signal (óspectrumô) specific to the API and excipients 

contained in the sample is recorded by the instrument. The software in the instrument then classifies a 

sample as authentic or substandard/falsified, by comparing the similarity of he  sample spectrum to that 

of the genuine product. For devices with no software (Neospectra 2.5) the user has to visually compare 

the sample spectrum to reference spectrum to classify a sample as poor quality of not. 

PharmaChk; microfluidic device designed to quantify the amount of API in a sample 

C-Vue: different ingredients in a mixture are separated to obtain pure compounds to show their presence 

(or absence) and their quantity using specific detectors.  
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For the single-use RDT devices, for each experiment two RDTs were used as per the device protocol. 

The first RDT was used to test the most dilute solution to evaluate if a sample was genuine. The 

second RDT used a more concentrated solution to test if the sample was falsified or substandard. Two 

different batches of RDTs were tested for each set of experiments. Freshly prepared standard API 

solutions were used in all cases. If the first set of experiment resulted in a ópassô, then the result was 

recorded as a ópassô. If the first set of experiments resulted in a ófailô, then the sample was tested again 

once.  

 

 

For PADs, the failing samples were re-run once, as recommended by the developer. If the sample 

failed again, the sample was deemed poor quality. If the sample passed, it was retested one more time 

and best two out of three results were taken to determine the quality of the medicine.   

 

For the Minilab, extraction and dilution were performed once for each sample tested. Two reference 

samples on the plate (as per protocol) and three of the same sample dilutions were run in triplicate. If  

one of the sample spots was dissimilar from the other two, the experiment was rerun with a new 

sample preparation to confirm the quality of the sample.  

The Rapid Diagnosis Test (RDT) is a single use disposable API-specific immunoassay test.  Antibodies 

interact with the API and result in a red test line when there is insufficient or zero API. 

The Paper Analytical Device (PAD) : on a card are embedded 12 lanes, each containing a chemical 

compound that interacts with a specific functional group on a molecule of the product tested, to produce a 

colour barcode that is read by the user. 

The Minilab kit contains all the equipment necessary to conduct thin-layer chromatography and 

disintegration testing to test the quality of medicines. 
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For the spectrometers with ability to test intact tablets, manufacturer-supplied tablet holders 

were utilized if available (Progeny and Truscan RM). For the MicroPHAZIR RX and Neospectra 2.5, 

the laboratory team fashioned tablet sample holders using equipment that arrived with the device but 

was not specifically designed by the manufacturer for that purpose (see device specific section 

results). Most devices utilized a simplified operating protocol that was developed by the 

manufacturers, except for the Neospectra 2.5 and the C-Vue. More details about each deviceôs 

operating protocol can be found in the Supplementary Annex 4 to 14.    

Where applicable, FCM in transparent blister packaging (n=20 initially, 13 after removing the 

brands discarded because of poor quality reference library samples) were tested both in and out of the 

packaging for spectrometers that stated that could scan through packaging. One exception is for the 

intravenous/intramuscular formulation of ART samples due to this medicine consisting of a powder 

in a glass vial. NIR instruments could analyse the sample within the medicine vial while all the other 

instruments required the removal of the powder from the vial. For the Raman instruments, the ART 

powder was transferred into a polyethylene bag to accumulate enough of the powder into a thick-

enough sample for testing due to complications of getting a consistent signal while in a glass vial 

containing such small amounts of powder.  

The tests conducted in the laboratory evaluation phase were not conducted by investigators 

blinded to the quality of the medicines being tested. One of the primary reasons for this decision was 

that most of the data analysis was conducted by the instrument and/or software itself, with little to no 

user intervention. For example, the NIRscan, Progeny, Truscan RM, and MicroPHAZIR RX 

immediately outputted pass/fail results, for which the user had no data analysis input. The Neospectra 

2.5 spectra data were acquired in a blinded fashion and analysed by another blinded investigator as 

no library analysis capabilities were provided with the deviceôs software. Devices that required a 

visual inspection step (PADs, RDTs, Minil ab) clearly include statements in the protocols indicating 

that any deviation from the reference sample would render a test sample to be classed as poor quality. 
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For quantitative devices, the results need to fall within pharmacopeia standards for a ópassô result, 

(Table 2) so these cannot be biased by unblinded experiments. For example, the PharmaChk offers 

automatic API calculations and integration, respectively.  

An additional key reason for not conducting blinded analysis was the time constraints for the 

project and the tight deadlines to be met for shipping the devices for the start of the field phase in 

Laos. If blinded analysis would have been performed in the laboratory phase, these would have only 

revealed problems with instrumentôs performance later, during the data analysis phase, meaning that 

correction of instrument protocols would not have been possible. Non-blinded analysis thus enabled 

rapid troubleshooting of the instrumental methods to ensure the data generated was of the highest 

quality while still meeting the projectôs tight schedule.    

DATA ANALY SIS 

 

The binary pass and fail results for each sample were used to calculate the sensitivity and 

specificity values for each instrument. In this study, sensitivity was defined as the percentage of true 

positives over the total of true positives and false negatives. Specificity was defined as the percentage 

of true negatives over the total of true negatives and false positives. A true positive was defined as 

the sample being poor quality (substandard or falsified SM or FCM) with the device correctly giving 

a fail result. A false positive was defined as the sample being genuine (100% API SM or genuine 

FCM) but the device incorrectly giving a fail result. A false negative was defined as the sample being 

poor quality (substandard or falsified SM or FCM) and the device incorrectly giving a pass result. A 

true negative was defined as the sample being genuine (100% API SM or genuine FCM) and the 

device giving a pass result.  
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Results for the spectrometers that were stated to be able to scan the samples óthrough 

packagingô, ónot through packagingô, or óthrough replacement packagingô (e.g. a glass vial was used 

to scan the artesunate powder simulated samples) are presented separately in this report. 

Sensitivity and specificity are expressed as percentages and their 95% confidence intervals 

(95% CI). The exact confidence interval was based on Jeffreysô confidence interval formula (Brown 

et al. 2001). When the lower limit of the interval was less than 0%, the lower limit is set to 0 and 

when the upper limit of the interval was more than 100%, the upper limit is set to 1. Sensitivities and 

specificities were compared using McNemar tests. 

Data analysis was carried out using Microsoft Excel 2013 and STATA 14.2. The level of 

significance was set at p=0.05 (two-sided).  

DEVICES SELECTED FOR THE FIELD EVALUATION  

The suitability of each device for the field study portion of the review was based on the device 

characteristics and operation and from the use of the devices in the laboratory. The devices selected 

for further evaluation in the evaluation pharmacy and their main characteristics are given in Table 3. 

We give clarification for some specific device issues below.  
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Table 3. List of devices tested in the laboratory evaluation that were selected for field -

evaluation (in green - those able to analyze the sample through transparent packaging, in red - 

those not able to analyze through transparent packaging) 

Device name Manufacturer/ 

Institution  

Technology API Sample 

set* 

Truscan RM  Thermo Scientific Raman All seven All  

MicroPHAZIR RX Thermo Scientific FTIR - NIR All seven All  

Progeny  Rigaku Raman 

Technologies 

Raman All seven All  

NIRScan Young Green Energy NIR- dispersive All seven All  

CD3+ US FDA Photometric analysis All seven All  

Paper Analytical 

Device (PAD) 

University of Notre-

Dame and Veripad 

Paper-based colour test Not AL, 

ART 

SMTM, 

OFLO 

Unnamed-Rapid 

diagnostic Test (RDT) 

Penn State University, 

USA 

Lateral flow 

immunoassay 

Only AL, 

ART, DHAP 

AL 

4500a FTIR Agilent FTIR-MIR 

 

All seven All  

GPHF-Minilab Global Pharma Health 

Fund, Germany 

TLC  All seven N/A 

 

NIR: near-infrared; FTIR: Fourier-transform infrared; óAllô refers to all of the medicines evaluated at Georgia Tech in 

the laboratory phase (see Appendix 1 for details); RDT: rapid diagnostic test; AL: artemether-lumefantrine; ART: 

artesunate; DHAP: dihydroartemisinin-piperaquine: N/A: not applicable : SMTM, Sulfamethoxazole-Trimethoprim; 

TLC: Thin-layer chromatography 

 

*see Phase 2, Step 3: Testing a sample set of medicines 

 

 

Although the RDTs were considered suitable for field testing, the developer was unable to 

supply sufficient samples of the devices within the timeframe of the project. As a result, RDTs were 

evaluated during the laboratory evaluation phase only.  

The CoDI could not be assessed at the Georgia Institute of Technology because of intellectual 

property issues. Tablets of SM and FCM were thus shipped to the developer for an internal assessment 

with the reviewer blinded to the identity and quality of the samples being assessed. The CoDI was 

then shipped to Laos for the field evaluation phase but the training given to the team in Laos was 

significantly limited compared to the other devices, for which the team was provided with face-to-

face training and practice with an expert chemist. For the CoDI, the Lao team followed the protocol 

provided by the developer but practice with an expert could not be organized. Consequently, although 

the field evaluation was still conducted in Laos with medicine inspectors, it was decided not to include 
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the results for the device in this report as it was felt that presenting the results would be an unfair 

picture. 

  The CD3+ is a unique device of its kind, since it is the only device with the ability to reveal 

differences in the packaging (including primary, secondary packaging and leaflets) as compared to 

its genuine counterparts. The device can also assess differences between the surface of tablets, either 

after removal, or even through transparent blisters. The testing of this device could not be completed 

on time and therefore the results of the device testing are not included in this report. Indeed, the CD3+ 

operates with two different types of lenses. A zoom lens is used to analyze dosage units and a wide-

angle fish eye lens for package and blister analysis. However, during the field-work, a 

misunderstanding led to medicine inspectors using only the zoom lens, risking significant bias in the 

performance results of the device. 

 The QDa mass spectrometer underwent a malfunction during the laboratory evaluation phase 

that therefore could not be completed on time. The results of the device testing will  thus not be 

presented in this report. Further work will be conducted to complete this evaluation and presented at 

a later stage. 

  



40 

 

CONFIRMATORY TESTING  OF THE MEDICINES 

USED IN BOTH LABORAT ORY AND FIELD 

EVALUATIONS  

 

 The amount of the active pharmaceutical ingredient(s) (API) of all the field collected 

medicines samples considered as ógenuinesô, used to test the devices in both the laboratory and field 

evaluation, was measured by ultra-performance liquid chromatography (UPLC), a widely accepted 

approach to medicine quality analysis, to confirm the expected quality of the samples. UPLC analysis 

was performed by an independent laboratory and each API of each sample was, when possible (i.e. 

when the number of samples available was sufficient), measured twice with two different extractions 

that were conducted over a three months period (August and November 2017). Pharmacopeial 

methods using HPLC were adapted for UPLC primarily by using columns with smaller particle sizes 

and dimensions. This resulted in lower flow rates, smaller injection volumes and significantly 

shortened cycle times, while maintaining the required quality of separations.  Except for 

sulfamethoxazole and trimethoprim, the C18 column chemistry specified in the pharmacopeial 

methods was used. Separations by UPLC provided the additional benefit of significant reductions in 

solvent use.  

Pharmacopeial protocols called for isocratic elution chromatography for all APIs except for 

artemether/lumefantrine. The UPLC methods therefore used isocratic mobile phase programs for all 

methods used. Relative proportions of mobile phases A and B were modified to improve separations 

and reduce cycle times. Mobile phase composition and detection wavelengths were identical or 

slightly modified from their pharmacopeial versions (Supplementary Annex 15). Detection 

wavelengths had to be altered when two APIs with different absorbance spectra were being analyzed 

(e.g. sulfamethoxazole and trimethoprim). These changes improved measurements significantly.  

In most instances the solvents used for extractions were the same as used in the pharmacopeial 

methods. When these were altered, it simplified the solvents while ensuring the solubility of the active 
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ingredients. Whereas pharmacopeial methods often specify the extraction of multiple tablets, in this 

study samples were analyzed on a per tablet basis, often sampling a fraction of the ground tablet. 

Details about the analytical methods used and the calibration and standard metrics of the 

assays for each of the seven APIs are provided in Supplementary Annex 15. 

 

A pharmacopeial method was not available for dihydroartemisinin-piperaquine. Therefore, an 

HPLC method from the literature (Petersen et al. 2017) was adapted. 

 The simulated medicines could not be tested by UPLC at the time this report was being written 

because of the limited number of tablets available. These samples were kept until the end of the study 

as back-ups to make sure the investigators had enough material for testing. Consequently, the 

óqualityô of the simulated samples was considered as of ócontrolled qualityô. Two investigators were 

always present to minimize the risk of error during the preparation process. Falsified field-collected 

medicines were tested in previous work by mass spectrometry (Bernier et al. 2016a).  

 Because standard range of API(s) varies according to different pharmacopeias ( 

Table 2), medicines containing less than 90% and more than 110% of the manufacturerôs stated 

amount of API(s) were considered as out of specification (OOS) for all the medicines included in this 

study. 

  



42 

 

FIELD EVALUATION  

BACKGROUND 

Inspection of medicines quality in the Lao People's Democratic Republic (Lao PDR) is 

conducted by medicine inspectors from the Bureau of Food and Drug Inspection (BFDI) within the 

Ministry of Health. Inspectors undertake routine inspection of pharmacies (as well as manufacturers, 

wholesalers and distributors) bi-annually, focusing on adherence to legislation (i.e. appropriate 

paperwork is completed; appropriate medicine storage facilities; appropriately qualified personnel) 

and drug registration. A small proportion of the time during the routine inspections is allocated to 

assessment of the quality of medicines. 

In addition to these routine inspections, convenience sampling of certain medicines, such as 

particular anti-malarials and anti-retrovirals, is undertaken as part of specific projects supported by 

donors, including the United States Pharmacopeial convention-Promoting the Quality of Medicines 

programme (USP-PQM), and the Global Fund to Fight AIDS, Tuberculosis and Malaria. These 

samples undergo initial screening using the GPHF-Minilab to identify samples which require 

pharmacopeial testing.  

Each of the 18 provinces in Lao PDR is supplied with a GPHF-Minilab, with one additional 

Minilab at three border checkpoints (a further 26 border crossing sites do not have Minilabs available 

for initial screening). The necessary consumables are provided under grants of the Global Fund to 

Fight AIDS, Tuberculosis and Malaria. Typically, samples are purchased from a selection of 

pharmacies in each district, and brought back to a central location in the province to be screened by 

thin layer chromatography, as per Minilab protocol. 

All  samples which fail Minilab screening, and a further 10% of those which pass are then sent 

to the Food and Drug Quality Control Center (FDQCC) for confirmatory testing.  
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The aim of the field phase was to evaluate the utility and usability of the selected screening 

devices for drug inspection in a drug outlet in a LMIC setting, compared to current practice. The 

evaluation was conducted in Laos between September and December 2017. 

OVERVIEW  

An outline of the field evaluation phase is given in Figure 2. 

 

Figure 2. Outline of the Field Evaluation Phase 

An Evaluation Pharmacy was constructed at Mahosot Hospital to resemble a Lao Class 2 

pharmacy (Caillet et al. 2015). After training the BFDI medicine inspectors on the use of devices, 

simulated drug inspections with the devices (four inspections per device) were carried out in an 

óEvaluation Pharmacyô specially prepared by the LOMWRU team at Mahosot Hospital, with the 

consent of the hospital. The GPHF-Minilab was tested by FDQCC inspectors, already trained in 

Minilab use, at their laboratory, in line with the current use of the Minilab in Laos. 

After each drug inspection, another set of testing with the devices was performed in an office 

outside the evaluation pharmacy: the quality of a pre-determined ósample setô of medicines was tested 

by each medicine inspector in order to 1) facilitate direct comparison between the devices and 2) 

mimic a scenario where the devices are used in a similar manner to the current use of the Minilab in 

Laos i.e. are not performed in the inspected outlet. Minilab testing of selected samples was also 

performed to allow a comparison of the devices use with the current practice in Laos. Additionally, 
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focus group discussions with the field-evaluation BFDI participants were held to give further insight 

into the utility and usability of the field-tested devices to support PMS systems. 

CONSTRUCTION OF THE EVALUATION PHARMACY   

 

 

A room at Mahosot Hospital was set up to mimic a typical class 2 private pharmacy in Lao 

PDR (Caillet et al. 2015), stocked with a comparable range of APIs and volume of stock. In Laos 

there are three classes of pharmacy. Class 2 pharmacies are run by mid-level assistant pharmacists 

(non University degree) and are allowed to dispense about 200 chemical entities.  The pharmacy had 

mains electricity, running water, and electric light, but no other equipment in addition to what would 

be found in a normal pharmacy.  

A TinyTag (Gemini Ltd) miniature monitor was used to record ambient temperature to 

account for any variation in device performance due to ambient conditions.  

All stock was taken from existing or newly field-collected (medicines outlets, manufacturers 

or distributers from Laos and from GMS countries) LOMWRU samples. When possible, the stock 

consisted of complete blisters, in original packaging. The majority of the medicines containing the 

API of interest in the pharmacy were genuine medicines. The number of different APIs or 
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combinations of APIs in the evaluation pharmacy was forty-one, including the seven targeted APIs. 

However, during inspection, the inspectors were asked to focus on the seven APIs tested at the 

Georgia Institute of Technology during laboratory evaluation. The details on the samples stocked in 

the evaluation pharmacy for the APIs of interest are given in Annex 2. 

TRAINING THE TRAINERS 

Prior to drug inspection of the evaluation pharmacy with the devices, five members of the 

LOMWRU Medicine Quality Team were trained in the use of the devices, by the chemist overseeing 

the laboratory evaluation phase at the Georgia Institute of Technology over a period of 9 days. This 

training included: 

- Instruction and practice in basic operation, including switching on/off, calibration, and 

running a sample test. 

- An overview of the chemistry underlying each device. 

- Common potential errors encountered in using each device and how to avoid them. 

- Instruction and practice in retrieving stored data on the devices. 

- How to make new entries in the reference library (where applicable). 

Following the training, written SOPs and quick-start guides for all devices were produced in 

English and then translated into Lao for use in training the medicine inspectors (Supplementary 

Annex 4 to 14). 
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DEVICE INSPECTION OF THE EVALUATION 

PHARMACY 

 

Sixteen medicine inspectors, ten from the central Vientiane BFDI office and six from 

Vientiane City district offices, participated in the field evaluation. The medicine inspectors were all 

current employees of the Bureau for Food and Drug Inspection (BFDI) and carried out routine 

inspection of pharmacies as part of their roles.  

Each inspector was asked to carry out two to four inspections of the evaluation pharmacy: 

1. All performed an initial inspection, with no device (visual inspection only), as a baseline. 

2. One to three inspections, with one to three different devices (see below). 

All inspections were carried out independently by a single medicine inspector working alone. 

During the inspections, a ótime and motion studyô was conducted. Two members of the LOMWRU 

Medicine Quality Team unobtrusively, with no conversation allowed, recorded what each investigator 

did on a form recording time and action, including which samples were chosen, the actions performed 

with the device and what errors were made whilst using the device. 

In total, four drug inspections (by four different inspectors) per each device (except for the 

Minilab) were conducted. 
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¶ Pilot study 

A pilot run of three initial inspections by three current pharmacy students from the Faculty of 

Pharmacy, UHS, was undertaken prior to the round of initial inspections described below in order to 

refine the time and motion study, the instructions given, and the actions recorded.  

¶ Initial inspection 

Inspectors were invited to Mahosot Hospital for 60-minute slots, and asked to carry out their 

inspection/sampling, without the devices, with the following scenario:

* 2015 was mentioned in the scenario to avoid bias because some of the medicines included in the 

evaluation pharmacy were meant to be expired at the time of the study in 2017.  

óAssume it is June 2015*, and that all blisters have no tablets missing. A funder is 

conducting a project in Laos to look for suspicious, or poor quality, samples of the 

medicines containing the following active pharmaceutical ingredients: ofloxacin, 

azithromycin, amoxicillin-clavulanic acid, artemether-lumefantrine, 

dihydroartemisinin-piperaquine, artesunate (IV) and sulfamethoxazole-trimethoprim. 

Please inspect this pharmacy, looking for suspicious or poor quality medicines 

containing these APIs. Collect any medicines that you would like to take for further 

quality testing, assuming that budget is no restriction. Please make a note of the sample 

codes of the collected medicines. If all medicines appear to be not suspicious, please 

select a random sample of 10% of those which passed, as per Minilab protocol. You 

have no time limit to complete your inspection and sampling.ô 
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Training requirements: 

For each device the four medicine inspectors were given two different types of training: 

ǒ Two inspections were performed by two independent inspectors who received intensive 

written and verbal training. 

ǒ Two inspections were performed by two inspectors who received only rudimentary verbal 

training. 

The inspectors who received the intensive training also received the rudimentary training prior to the 

inspection visit. 

All training was delivered by Lao pharmacists from the LOMWRU Medicine Quality Team, 

who had previously received intensive training.  

Inspectors were randomly assigned to a combination of training and devices, with the 

constraint that no inspector would test more than one handheld spectrometer (Progeny, 

MicroPHAZIR RX or Truscan RM) due to the similarity in their operating procedure, and that only 

inspectors from the district office would test the NIRScan. This was because some inspectors from 

the BFDI central Vientiane office had tested the NIRScan as part of a previous project.  

Randomisation was performed using an online random number generator. 

Intensive training  

 

Intensive training was delivered not less than 3 days prior to the inspection visit.  

This training consisted of: 

1. Presentation/overview of the device and underlying technology.  

2. Written SOP instructions. 

3. Opportunity to test the device on a ótraining setô of medicines, consisting of two to seven 

different APIs, depending on the device used (different from the APIs of interest), under the 

supervision and instruction from the trainers, with the SOP available for reference. 
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During this training session, the Lao pharmacist observers from the LOMWRU Medicine Quality 

Team noted common problems that the inspectors experienced with the devices in order to refine the 

time and motion recording form for the inspection phase.  

Rudimentary training  

Rudimentary training was given separately for each device immediately prior to the inspection 

visit. On arrival for the inspection visit, all inspectors (including those who had received intensive 

training) received verbal instructions on how to use the device, and had 15 minutes to practise using 

the device on a single blister of genuine medicine. During this 15-minute period, the trainer was 

available to answer questions.  

All the inspectors were provided with a Quick guide (Supplementary Annex 4 to 14) in Lao 

language, irrespectively of the type of training.  

For further information on the content of intensive and rudimentary trainings for each device, 

please refer to Supplementary Annex 4 to 14. 

The following steps were followed for each inspection visit: 

1. Rudimentary training in the LOMWRU office room prior to the inspection. 

2. Provision of a set of óquick startô instructions for reference. 

3. Provision of a written scenario: 
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4. Drug inspection in the evaluation pharmacy, accompanied by the Lao observer. 

 

The work plan for the drug inspections was constructed so that no inspector would test more 

than one of either the MicroPHAZIR RX, TruScan RM or Progeny due to the similarity in operating 

procedure for each of the devices.  

For devices able to test through packaging, the inspectors were encouraged to scan through 

the blister when possible (only transparent blisters can be scanned through). However, an unpackaged 

sample of the tablet was provided in a small zipped bag attached to each blister in the pharmacy for 

all medicines if the inspector wished to test the unpackaged medicine. This was because of the limited 

number of medicines in the evaluation pharmacy, and to preserve the complete blisters/ampoules as 

much as possible to avoid inspection bias introduced by progressively having more incomplete 

blisters/fewer ampoules stocking the pharmacy. No sample of unpackaged artesunate powder was 

* 2015 was mentioned in the scenario to avoid bias because some of the medicines included in the 

evaluation pharmacy were meant to be expired at the time of the study in 2017.  

Assume it is June 2015*, and that all blisters have no tablets missing. A funder is 

conducting a project in Laos to look for suspicious, or poor quality, samples of the 

following APIs: ofloxacin, azithromycin, amoxicillin-clavulanic acid, artemether-

lumefantrine, dihydroartemisinin-piperaquine, artesunate (IV), sulfamethoxazole-

trimethoprim.   

Please inspect this pharmacy, looking for suspicious or poor quality medicines 

containing these APIs, using the device as you think appropriate. Where medicines 

need to be removed from the packaging prior to testing, we will provide you with an 

alternative equivalent sample.  

Please record the sample number and result (pass/fail) of every assessment you make 

with the device on the sheet provided (record samples twice if you assess them twice; 

3 times if assessed 3 times etc). Collect any medicines that you would like to take for 

further quality testing, assuming that budget is no restriction. Please also select a 

random sample of 10% of those which passed, as per Routine Drug Inspection 

Protocol. 

Please make a note of the sample numbers of the collected medicines. You have no 

time limit to complete your inspection and sampling. 
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provided due to limited stock. For the 4500a FTIR which required testing of the unpackaged powder, 

the observers assisted in opening the ampoule with scissors. 

No feedback was given during the inspections as to whether the chosen samples were good or 

poor quality medicines.  

Prior to the initial inspection, the participants were asked to sign a document stating that they 

would not discuss the work with other participants to the study. All the participants were then invited 

at the end of the study to focus group discussions on their views on both the study design and issues, 

if any, they had with the devices.  

After each evaluation pharmacy inspection with devices, each inspector was asked to 

participate in testing of a sample set of medicines (see next section).  

TESTING OF A SAMPLE SET OF MEDICINES 

To facilitate direct comparison between the devices for the time taken for actions, and to 

mimic a scenario where the devices are used in a similar manner to the current use of the Minilab, 

three sample sets of medicines were prepared (Table 4). One sample set contained genuine and 

falsified samples of artemether-lumefantrine (AL), one contained genuine and simulated falsified 

samples of sulfamethoxazole-trimethoprim (SMTM), and one contained genuine and simulated 

substandard samples of ofloxacin (OFLO). The use of three sample sets ensured that no inspector 

assessed each sample set more than once over all the inspections they performed.  

Sample sets consisted of single tablets of each sample, with packaging removed, presented in 

transparent zip-lock plastic bags labelled with the brand name, manufacturer, and dosage. 
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Table 4. Details of sample testing sets 

API  Study Code Brand name Quality  

SMTM  

G269/SPS20 Sulfatrim  G ï Field-collected 

G541/SPS21 Sulfatrim  G ï Field-collected 

G558/SPS16 Diabeta 250 ñFò - Look-alike (resembles 

Sulfatrim) - Field-collected 

SPS03 Simulated medicine* (made by 

Georgia Tech) 

G ï simulated medicine 

SPS04 Simulated medicine* (made by 

Georgia Tech) 

S ï 50% API simulated medicine 

SPS02 Simulated medicine* (made by 

Georgia Tech) 

F ï 0% API simulated medicine 

AL  

MM17-

01/SPS06 

IPCA G - Field-collected 

SS0044/SPS07 IPCA F - Field-collected 

G592/SPS22 Coartem (exp) S ï field-collected (artemether = 

88% by UPLC) 

G593/SPS09 Coartem (in-date) G - Field-collected 

LC6/SPS10 Coartem F - Field-collected 

LC10/SPS11 Coartem F ï field collected 

OFLO 

G569/SPS14 Oflocee G - Field-collected 

G557/SPS15 Ofloxacin G - Field-collected 

G555/SPS13 Di-Flo G- Field-collected 

SPS05 Simulated medicine * (made by 

Georgia Tech) G - Simulated medicine 

SPS01 Simulated medicine * (made by 

Georgia Tech) S - 50% API simulated medicine 

SPS02 Simulated medicine* (made by 

Georgia Tech) 

F ï 0% API simulated medicine 

 

G: genuine; F: falsified; S: substandard 

 

 

Medicine inspectors were asked to use the instrument to determine the quality of the 

medicines in the sample set after the drug inspection of the evaluation pharmacy.  

For each sample set, the Lao observer unobtrusively, and with no conversation allowed, 

recorded what each investigator did on a form recording time and action, including which samples 

were chosen and actions with the device and what errors were made (Annex 6). 
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ASSESSING THE BASELINE: GPHF-MINILAB  TESTING 

All samples selected as suspicious, and a random sample of 10% of the samples considered 

ógenuineô and therefore not chosen by the inspectors in the initial evaluation pharmacy inspections, 

were selected for testing with the Minilab.  

One tablet per blister or one ampoule were tested. Three laboratory technicians from the 

FDQCC familiar with use of the Minilab (they had received formal training and are involved in 

training provincial inspectors in the use of the Minilab) were asked to assess the selected samples, 

blinded to their quality, using the procedure outlined in the Minilab manual for each API. This 

included disintegration testing and TLC. Samples were divided by API, and each inspector tested all 

samples of two or three APIs of interest. Each technician was also given all the medicines used in one 

of the three sample sets (AL, OFLO, SMTM) to assess, whilst being observed by a member of the 

LOMWRU study team. During sample set testing, time and motion results were recorded for each 

sample, using the same categories as for the novel devices.  

TIME AND MOTION STUDY 

A time and motion method was used. The actions of the inspectors, including any mistakes 

made, and the time taken to perform different tasks (see below), were recorded by independent 

observers from the LOMWRU study team as the inspector completed the specific tasks as described 

in the previous sections (inspection of the evaluation pharmacy and inspection of the sample sets).  

Times were recorded (when applicable) by the observers while the medicine inspectors were 

completing the tasks during the initial inspection and inspections with the devices in the evaluation 

pharmacy: 

¶ Calibration  (when applicable): starts at beginning of calibration process, finishes when 

device is ready to perform a test 
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¶ Inspecting stock: begins when the inspector starts to inspect stock for APIs of interest; ends 

when the inspector opens the packaging of an API of interest. This has not been included in 

the results as it is an artefact of the experimental set-up and does not adequately represent a 

óreal-lifeô process ï partly because the inspectors repeated inspections of the pharmacy over 

the course of the project, and the time spent inspecting stock during each consecutive 

inspection reduced as the inspectors became more familiar with the experimental set-up. 

¶ Visual inspection: starts when the inspector opens the secondary packaging or takes a look 

at primary packaging to inspect, ends when the inspector brings his/her hand to the device.2  

¶ Sampling: starts when the inspector is about to start using the device (e.g. touches device, or 

removes tablet from zip-lock bag to begin testing). Ends when the inspector puts pen to paper 

to record result or when the device returns result (for devices which require result 

interpretation).  

¶ Recording: starts when the inspector puts pen to paper to record the result and ends when the 

pen is put back down and the inspector begins one of the earlier phases again. For the PADs 

and the 4500a FTIR devices this starts when the inspector starts to read the result of the test.   

The same time phases were recorded during the sample set evaluation, except for visual inspection 

(no medicine packaging was provided for this evaluation), instrument set-up and device calibration. 

Timing definitions of the different phases were adapted for the sample set evaluation, as follows: 

- Sampling: begins when the inspector starts to use the device (e.g. opens bag containing tablet 

to begin sampling; touches and starts to use device). Ends when the process to obtain a result 

is started (e.g. óscanô button is pressed; or PAD is put into the solvent). 

                                                 

 
2 For initial inspection, this step ends either when the inspector went back to inspecting stock, or when they put pen to 

paper to start recording 
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- Analysing: begins when the process to obtain a result is started, ends when the device returns 

the result. 

- Interpreting and recording: begins when the inspector starts looking at the result, ends when 

the pen is put down from recording the result on the record sheet. For devices returning results 

which require interpretation (e.g. PADs, CoDI, 4500a FTIR), this includes time take to 

interpret the result. 

USER OPINION QUESTIONNAIRE AND FOCUS GROUP 

DISCUSSION 

After completion of each inspection of the evaluation pharmacy and sample set testing with the 

devices, the medicine inspectors were asked five open-ended questions, developed for the purpose of 

this study, by face-to-face interviews. These questions aimed to get valuable immediate insights into 

device usability from the inspectors (Annex 7). The questions were administered in Lao language by 

Lao research assistants with no prompting as to the expected responses. 

Focus group discussions were organized following completion of the inspection phase to add 

depth to these initial opinions, and to hear inspector views on both study design and the issues, if any, 

they had with the devices. Outline of the discussions are available in Annex 8. 

MEASURED OUTCOMES 

The overall aim of the field evaluation was to assess device usability (degree to which a device 

can be used by users to achieve device objectives) from the perspective of Lao medicine inspectors, 

all of whom can be considered potential end users of the devices.  
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Usability was assessed within the following domains (ISO 2017): 

1. Effectiveness: the ability of users to complete tasks using the system, and the quality of the 

output of those tasks. It is the efficacy in the real world clinical environment of the device.  

2. Efficiency: the level of resource consumed in performing tasks 

3. Satisfaction: usersô subjective reactions to using the system 

Effectiveness was measured by: 

1) The extent to which the protocol for device use was followed by the inspectors, 

determined by: 

a. Real time observation of device use in the evaluation pharmacy and sample set 

testing, with observed mistakes recorded by the observer. 

b. Review of the stored data in the device (when available). 

2) The number of samples wrongly categorised (when the inspectorôs final decision about 

sample quality differed from the UPLC result) per inspection of the evaluation 

pharmacy. Wrong categorisation can be due to error(s) at any point in the process of 

testing: 

a. Preparation of the sample and device prior to testing. 

b. During device analysis.  

c. User reading of the result. 

d. User interpretation of the result. 

The final result for the sample (reached at point d) above) is the sum of the previous steps; 

errors introduced at any stage may result in the sample being wrongly categorized. For example, a 

sampling error may be made, but not realised by the user and unobserved by the observer, and the 

device will return a wrong result. Due to a failure to observe the error at step a), the error in reading 



57 

 

at step b) will be wrongly attributed to an inherent error from the device (termed a ódevice errorô in 

the analysis). 

 The overall effectiveness of the inspection is thus a combination of the inspectorôs ability to 

correctly use the device and the device ability to deliver the correct test result (ócorrectô where the 

result returned by the device is the same as that given by UPLC, the current gold standard test).   

In this report, the ótestô results are presented in parallel to the ósampleô results. A ótestô refers 

to a single result returned by the device on one sample. The ótestô result is the result returned by the 

device at step b) above (regardless of whether the correct protocol was followed in step a), but 

assuming that the result is interpreted correctly by the user in step c) (e.g. for the PADs, the result of 

the test (c) is reported by interpretation of the lanes results in (b), assuming that the result in each lane 

was correctly reported on the record sheet). A ósampleô is defined as a single dosage unit from a 

unique blister stocked in the evaluation pharmacy. The ósampleô result is the overall inspector 

classification of the sample (the result reported in step d) above), as recorded on the inspector record 

sheet, regardless of error in the preceding steps.  

Efficiency 

We assessed the level of resource (primarily time) consumed by the device in performing 

the desired task. 

DATA ANALYSIS  

For evaluation pharmacy inspection  

- Total time spent in evaluation pharmacy inspection at initial inspection and using devices 

was described using median and range. Wilcoxon rank-sum tests were performed to test the 

differences between each device and the initial inspection. 
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- Number of samples wrongly categorized: the percentage of the number of samples 

wrongly categorized out of the total number of samples tested over all the inspections per device, 

with 95% confidence intervals, are presented, and compared by device pairs using Fisherôs exact tests.  

Wilcoxon rank sum tests was used to compare the number of samples wrongly categorised in 

inspections with devices versus initial inspections without devices. 

- Number of samples tested per evaluation pharmacy inspection was described using median 

and range. The Dunn test was then used for pairwise comparisons of the devices. 

 

For sample sets 

- The total time spent per sample and the time spent in the different phases (sampling, 

analyzing and recording phases) among devices were described using medians and ranges. 

Differences of the times between devices were examined using mixed effect generalised linear 

regression models to obtain the estimated devicesô effect compared to the reference devices adjusted 

for training group and sample set as factors and inspectors and observers as cluster specific random 

effect. The assumption of the linear model is that time has a normal distribution. Our data 

demonstrated a skewed distribution for time and we therefore used the variable transformed to natural 

logarithm.  

- Correct/wrong classification of samples during sample set testing among devices was 

described using frequency, percentage, and 95% CI of the percentage of samples wrongly/correctly 

categorized as good or poor quality. Difference in the success in correctly classifying samples during 

sample set testing between devices was examined using mixed effect logistic regression to obtain 

adjusted odds ratios, adjusted for training group and sample set as factors and inspectors as cluster 

specific random effect. 

All tests were performed using a 5% (0.05) significance level. Microsoft Excel 2013 and 

STATA version 14.0 were used for analyses. 
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User satisfaction 

The information collected by questioning immediately after inspection, and then later in focus 

group discussion are summarized and presented as narratives with emerging common themes. 
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COST-EFFECTIVENESS ANALYS IS 

OVERVIEW  

The incremental costs and cost-effectiveness of six portable devices for medicine quality 

testing when used for inspections at drug outlets in Laos were estimated. All devices were compared 

with a baseline of visual inspections alone. This analysis conservatively focuses only on the benefit 

of the devices in detecting falsified and substandard antimalarial artemisinin combination therapies 

(ACTs) and aims to explore whether deployment of the devices is justified from an economic 

perspective, considering any incremental costs of inspection and sampling, and benefits measured in 

disability adjusted life years (DALYs) averted by removing substandard or falsified medicines from 

distribution in the specific drug outlets where they are detected. It is vital to note that this analysis is 

highly context specific. 

LIST OF EVALUATED PORTABLE DEVICES 

Six of the fourteen devices included in the laboratory evaluation are included in this cost-

effectiveness analysis. Eight were excluded due to either limited data or practical limitations in terms 

of whether the device could realistically be used in the routine field inspections. The C-Vue, 

Neospectra 2.5, PharmaChk, Lateral flow immunoassay, and CoDI are thus not included. This 

pertains specifically to the Minilab, which is currently used for the nationwide drug surveys in Laos, 

but the size of the device is considered too big and its operation too complicated to be used in routine 

inspections in or near medicine outlets. The evaluated devices were: 

1. TruScan RM 

2. MicroPHAZIR RX 

3. 4500a FTIR 
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4. Progeny 

5. NIRScan 

6. PADs 

MALARIA BURDEN  

The annual confirmed number of patients with malaria in Laos was reported as 36,043 in 2015 

by WHO (World Health Organization 2016). All  these cases are assumed to occur in 5 provinces 

comprising of 42 districts where almost all falciparum malaria in Laos is concentrated: 1) 

Savannakhet, 2) Salavan, 3) Sekong, 4) Champasak, and 5) Attapeu. Patients are assumed to be 

equally distributed across the five districts and they are assumed to have equal access to 10 drug 

outlets per district. 

PREVALENCE OF SUBSTANDARD AND FALSIFIED 

ANTIMALARIALS  

The relative prevalence of substandard and falsified medicines is one of the key determinants 

of the cost-effectiveness of the devices. This analysis was therefore performed under two hypothetical 

scenarios with high and lower prevalence of substandard and falsified medicines (see details below). 

The actual prevalence of poor quality ACTs in Laos is not well described, although the available 

evidence indicates a large decline in recent years in the prevalence of falsified antimalarials and 

modest falls in the prevalence of substandard antimalarials (Tabernero et al. 2015). These prevalence 

scenarios are for illustrative ówhat ifô purposes only and do not represent the current position of ACT 

quality in Laos. Importantly ACTs in Laos are currently available for free at the Village Health 

Worker level whilst others are available to purchase through the Public-Private Mix (PPM) system at 

pharmacies. More data are needed on health seeking behaviour to inform these models. In the baseline 
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comparator, visual inspection was assumed to be able to detect 25% of substandard and 50% of 

falsified ACTs in each of the two scenarios. 

  High prevalence Lower prevalence 

  scenario scenario 

Genuine 60% 85% 

Substandard 20% 10% 

Falsified 20% 5% 

MODEL STRUCTURE (MEDICINES AND PATIENTS) 

Medicines Model  

 

 
 
  



63 

 

Patients Model  

 

 
 

MODEL DESCRIPTION 

A decision tree model with two components was developed to simulate inspection scenarios 

at the pharmacy level where the devices could be deployed, as compared with visual inspection alone 

(see Model Structure). The first component is the Medicine model that simulates the inspections at 

the pharmacy level where the stocks of ACT brands are screened by inspectors. The Patients model 

simulates health outcomes for malaria cases prescribed with an ACT from the stock (which can be 

genuine, substandard, or falsified). Each pharmacy was assumed to stock three ACT brands which 

are used with equal frequency amongst malaria patients obtaining treatment from the pharmacy.   

The modelled scenarios assume that one device is available for each of the 42 districts for 

biannual inspections of 10 pharmacies per district. In each pharmacy and for each medicine the 

inspectors take either one, two, or three samples in each sampling strategy. Higher numbers of 

samples taken by the inspectors imply a higher probability of the device correctly detecting 

substandard and falsified medicines, but also an increased probability of false positives (i.e. the device 

mistakenly indicating that a sample is not genuine). Performance of the six devices was derived from 

the laboratory evaluation results at Georgia Tech, estimating the probabilities for the device providing 

a correct result for either genuine medicines (APIÓ80%), substandard (80%>API>0%) or falsified 
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medicines (API=0% or wrong API). For two and three repeat sample strategies, the probability of the 

device indicating a non-genuine sample was raised to the power of the number of samples taken. The 

accuracy estimates were derived from the samples tested after removal from their packaging (see 

Estimates for the Performance of devices used in the model; Table 6). 

Samples classed as fail by the device are assumed to be sent for formal reference laboratory 

testing by high cost high-performance liquid chromatography (HPLC). The whole batch of ACTs 

with the suspected poor quality results in the outlet was assumed to be replaced with genuine ACTs, 

implying a, at least, temporary improvement in the proportion of genuine medicines at the outlets. 

This was assumed to last for one month before returning to the previous baseline level. False positive 

test results, wrongly classifying a genuine sample as a fail by the portable devices, incur unnecessary 

and high costs of HPLC testing. If the device indicates a genuine medicine no further action is taken 

and therefore if the sample was in fact substandard or falsified, patients remain at higher risk of severe 

outcomes. The devices therefore can provide a temporary reduction in the probability of patients 

being treated with substandard and falsified antimalarials which we assume have no therapeutic 

effect. Patients who are treated with substandard or falsified medicines would therefore have a higher 

probability of progressing to severe malaria which increases their risk of death (See Table 5). 

It is important to recognise that this analysis centres on the ability of devices to detect both 

falsified and substandard medicines, whereas not all devices are in fact marketed as being able to 

quantify API; therefore, their capability to detect substandard (as opposed to falsified) medicines is 

likely to be limited. The cost-effectiveness of the devices will therefore be dependent on the relative 

abundance of these different types of poor quality medicines in a community. As the prevalence of 

different poor quality medicines will change through time and space making concrete cost-

effectiveness analysis difficult and very context specific. 
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LIST OF MODEL PARAMETERS 

Table 5. List of parameters used in the cost-effectiveness analysis model 

Parameters  Values Reference 

Total malaria cases per year (Laos, year 2015) 36,056  (World Health Organization 2016) 

Number of districts (where malaria cases were reported) 42 
 

Number of pharmacies inspected, per district per inspection 10 Laos MRA (current practice) 

Number of ACT brands, per pharmacy 3 Assumed 

Ratio between ACT stock and number of malaria case 3 Assumed 

Total number of malaria cases, per pharmacy per year  86  Cases/facility 

Total ACT stock of all brands, per pharmacy 258  

Number of sample, per brand  1-3 Assumed 

Number of inspection, per pharmacy per year 2 Laos MRA 

Number of months genuine replacement ACTs in place until 

returning to baseline levels 1 Assumed 

Economic data     

Number of inspectors, per visit 5 Laos MRA 

Hours of inspection, per pharmacy 1 Assumed 

Number of pharmacy visit, per day 2 Assumed 

Inspectorôs salary per hour (US$ 144 or 1.2 million LAK per 

month) 0.9 Hospital data 

Per diem (per day) (250,000 LAK) 30 Hospital data 

Cost of device (up front and subsequence over 5 years) See table below Data collection 

Cost of test, per sample (consumable material and reagents) See table below Data collection 

Cost of confirmation quality analysis with HPLC (1.245 million 

LAK), per sample   US$ 149.4 

Cost of ACT, per tablet   US$ 0.78 (Lubell et al. 2014) 

Cost of inpatient care for severe malaria (per case)      US$ 65 (Lubell et al. 2014) 

Years of life with disability (YLD) 0.02 Assumed 

Years of life lost (YLL) 20 Assumed 

Willingness to pay (GDP per Capita) threshold (Lao) US$ 2,353 United Nations data 2016 

Transition Probability  
 

  

 Risk of severe malaria (Standard) 0 (Lubell et al. 2011) 

 Risk of severe malaria 

 (average of children and adults) 0.24 

 Risk of death severe malaria 0.15 

 Risk of death non-severe malaria 0 
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PARAMETER INPUTS 

The total cost of inspections includes the costs of devices, consumables and inspectors. Costs 

of devices were estimated based on the fixed costs and variable costs and were derived from either 

the manufacturerôs response to a list of questions sent by email, quotations, or the supplierôs website.  

The fixed cost was composed of the instrument purchase costs and maintenance costs assuming a 

five-year shelf life. Variable costs were estimated based on the consumable items including reagents 

and supporting material used for each assay as well as additional time spent per sample by inspectors 

for each device as observed in the field evaluation. These variable costs depend on the sampling 

strategy of either one, two, or three samples and the number of ACT brands assuming there are three 

ACT brands at every pharmacy. The cost of HPLC confirmatory testing and ACT replacement were 

also calculated assuming that all samples failing a device test were tested with HPLC, and non-

genuine stocks replaced with genuine ACTs. 

The costs of inspections were estimated based on the assumption that there are 5 inspectors 

(pharmacists) per district to perform inspections at 10 pharmacies. All inspectors visit 2 pharmacies 

per one field trip. The number of total hours and visits is affixed to their salary and per diem rate to 

calculate the total cost per inspection. Cost of additional inspection time for each device was derived 

from the time spent per sample recorded in the ótime and motion studyô applied with the pharmacistsô 

salary rate (See Table 56). 

Patients treated with a non-genuine medicine are at higher risk of becoming severely ill and 

dying of malaria, and these adverse outcomes are converted into Disability Adjusted Life Years 

(DALYs), using the duration of disability due to malaria illness and the number of years of life lost 

from early deaths due to malaria. The disability weight and number of life years lost per death due to 

malaria was taken from the literature (Lubell et al. 2014). The full economic evaluation model in the 

excel file can be accessed from the link provided in Annex 11. 
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The incremental cost-effectiveness ratios (ICER) of each device in both scenarios (high and 

lower prevalence of substandard and falsified antimalarials) were calculated3, and the model for each 

single ACT brand is then scaled up to the pharmacy level for all three ACTs, then to the district and 

country levels to estimate their respective total costs and DALYs averted. Devices are considered 

cost-effective when the incremental cost per DALY averted is below the assumed willingness to pay 

threshold (WTP) of US$ 2,353, the 2016 Laos GDP per capita, as recommended by the WHO. 

A series of one-way sensitivity analyses to determine the effect of results if the parameter 

values deviated from the point estimates was performed. A plausible range for key parameters 

including the cost of the devices (-50% and +20%), test performance (-30% and +30%), and DALYs 

(-20% and +20%) were applied to the model. The results are presented in a tornado diagram to show 

the magnitude of the effect on the cost-effectiveness of each device. In addition, an alternative 

scenario of purchasing one device per province instead of one per district (5 instead of 42), was also 

evaluated. A comparative cost-effectiveness analysis and budget impact analysis were also 

performed. 

                                                 

 
3 Note that the ICER for each device are currently calculated individually as compared with no inspection. If all devices 

are available and policy makers need to choose between them then the ICER needs to be recalculated by comparing the 

more costly and effective devices with less costly and effective ones. 

ICER: Incremental Cost Effectiveness Ratio; the additional cost due to the inspection divided by the additional health 

benefits in terms of DALY averted. 

DALYs: Disability Adjusted Life Years; number of life year with full disability. 
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ESTIMATES FOR THE PERFORMANCE OF DEVICES 

USED IN THE MODEL 

Accuracy of all devices are derived from the laboratory evaluation on ACTs (not using assays 

through packaging) adapted from the laboratory investigation results at the Georgia Institute of 

Technology in the first phase of the study (Table 6). 

 

Table 6. Device probabilities to identify genuine, substandard and falsified medicines used in 

the cost-effectiveness analysis 

 

  

Device 
Medicine 

quality*  

1-sample 2- sample** 3-sample**  
Device:   

Fail 
Device: Pass Device:   

Fail 
Device:  

Pass 
Device:   

Fail 
Device: 

Pass  
Genuine 0 1 0 1 0 1 

 TruScan RM Substandard 0.42 0.58 0.66 0.34 0.80 0.20 
  Falsified 1 0 1 0 1 0  

Genuine 0 1 0 1 0 1 
 MicroPHAZIR 

RX 

Substandard 
0.5 0.5 0.75 0.25 0.88 0.13 

  Falsified 1 0 1 0 1 0  
Genuine 0 1 0 1 0 1 

 4500a FTIR Substandard 0.33 0.67 0.56 0.44 0.70 0.30 
  Falsified 1 0 1 0 1 0  

Genuine 0 1 0 1 0 1 
Progeny  Substandard 0.08 0.92 0.16 0.84 0.23 0.77 

  Falsified 1 0 1 0 1 0  
Genuine 0 1 0 1 0 1 

 NIRScan  Substandard 0.33 0.67 0.56 0.44 0.70 0.30 
  Falsified 0.95 0.05 1 0 1 0  

Genuine 0 1 0 1 0 1 
 PADs Substandard 0 1 0 1 0 1 

  Falsified 1 0 1 0 1 0 
 

*Genuine drugs (APIÓ80%), Substandard (80%>API>0%) and Falsified medicine (API=0%) 

**Probabilities to detect quality of medicines of 2- and 3-sample strategy were derived from the probability of getting positive outcome of 

individual sample (1-sample test) with multiplicative property. 
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MULTI -STAKEHOLDERS MEETING  

 

The meeting aimed to enable discussions of the advantages/disadvantages, cost-effectiveness 

and optimal use of medicine quality screening devices in the medicine supply chains between major 

stakeholders, to develop policy recommendations for MRAs and partners. This meeting was held in 

Vientiane in April 2018. 
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METHODOLOGY LIMITATI ONS 

 

This study is the first attempt, as far as we are aware, of a comparison of the diagnostic 

accuracy and cost-effectiveness of a diversity of different medicine quality screening tools across a 

range of different APIs. It has been pilot and exploratory in nature and we hope that the data within 

and the limitations and difficulties we encountered will form the basis for much-needed further work 

to clarify the advantages and disadvantages of devices with different medicines used at different 

positions within the supply chains of different countries. Here, we list some of the issues we 

encountered that we hope will help inform further work after this project. 

 

 

1. General 

 

 

a) Only one unit of each device was evaluated, limiting reproducibility and reliability 

evaluations. We did not investigate the potentials for variability between devices of the same 

model. 

b) Only seven APIs (11 if we count four co-formulated formulations), all antimicrobials and all 

sourced from one region, were evaluated. As there are 424 single or co-formulated APIs on 

the WHO Essential Medicines List (including 141 single or co-formulated anti-infective 

APIs), this represents a small minority of the global medicine supply. This limits the 

generalisability of these findings.  How, for example, these devices will perform for anti-TB 

medicines, oral contraceptives and thyroxine, is unknown. 

c) Reference libraries for the devices were made by recording the spectra of medicine samples 

which were assumed to be genuine medicines (obtained from large wholesalers or directly 

from manufacturers). All samples were sent for UPLC analysis, but results were not received 

until after completion of much of the laboratory and field-testing. Some of the samples whose 
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spectra were recorded as reference library entries were found to be poor quality. As a result, 

we did not have access to good reference library comparators, and it was decided to discard 

results from testing of all affected brands (7 brands in laboratory evaluation and 3 brands in 

the field evaluation). 

d) The disintegration test available in the Minilab kit was not used in this study which may have 

resulted in biased performance results. 

 

2. Laboratory evaluation 

 

a) For devices that required threshold values to output pass/fail results, we only used the default 

parameters. Hence, potential enhancements in sensitivity and specificity could be made by 

optimizing these threshold values for specific medicines.  

b) Reference library creation differed between all instruments due to the wide variety of data 

capture and software capabilities of each device (see methods section Construction of 

reference libraries).  

c) The tests conducted in the laboratory evaluation phase were not conducted blinded from the 

identity of the medicine quality which may resulted in distortion of the device performance 

findings. 

d) There was very limited medicine batch to batch variation in generation of reference library 

spectra. For the simulated medicines only one batch of samples was available due to the time 

constraints of the project. For field collected samples, 2-4 batches per medicine were utilized. 

Different ingredients and batches may have slightly different specifications for the same 

materials that may manifest in difference reference spectra. Ideally, five different batches or 

lots are required for a library based on the MicroPHAZIR RX instruction book. How this 
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differs between medicines and devices, and how the number of batches would affect the 

results of the performances of the devices is unknown. 

e) There are also differences in device specific library creation methods when attempting to 

introduce variability with batch to batch variation. For the NIRscan and MicroPHAZIR RX 

some variability was introduced into a single library entry. For the Progeny and Truscan RM 

variability was introduced by creating different library entries for different samples.  

f) The simulated medicines did not have tablet coatings. Field-collected medicines containing 

ACA, OFLO, and DHAP had coatings. For the field-collected coated tablet analysis using the 

non-destructive devices, the medicines were not destroyed to test the internal contents of the 

medicine. Assuming a tablet coating is a barrier to interrogate the internal contents of the 

tablet, analysis of the coated tablet is unlikely to accurately reflect API concentration in the 

tablet core. This issue is likely to lead to problems with detection of substandard medicines if 

the degradation/poor manufacturing of the internal contents of the tablet differ from the 

degradation/poor manufacturing of the coating. For example, if the internal content of the 

medicine degrades faster than the coating, there may not be a significant signal change in 

coating analysis to indicate that the sample is suspicious. Coating analysis could potentially 

scrutinize deviations from the coating of a good quality to a poor quality medicine as poor 

coatings could degrade faster. 

g) Because of time constraints of the project for devices in which operational protocols needed 

to be developed in the laboratory (Neospectra 2.5, C-Vue), only basic experiments were 

conducted. For example, for data analyses and processing for the Neospectra 2.5 and the C-

Vue, basic extractions, solvent optimizations, and experimental optimizations were utilized. 

Further optimization of these devices would enhance these analyses.   

h) The non-significant results of the paired comparisons of sensitivity and specificity should be 

interpreted with caution. For example, the sensitivity of the NIRScan (91.5%) and that of the 
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4500a FTIR (100%) were found not significantly different (see Comparative evaluation of 

devices - Laboratory evaluation p195). This is potentially because of the limited sample size 

to perform this test. Based on these results, the number of samples needed to conclude to a 

statistical difference of sensitivities, with an alpha error of 5% and a statistical power of 80%, 

would be at least 90. The results of our study could be used to calculate the appropriate sample 

size to compare the sensitivity or specificity between different devices. 

i) Using spectrometers, we tested SM samples containing 0% API against SM samples 

containing 100% of the API of interest and the same excipients. The NIRScan wrongly 

identified SM 0% API samples as ógood qualityô when compared to SM 100% ofloxacin 

samples (because the ofloxacin peak was slightly out of the spectrum, see p.131). Falsified 

medicines are likely to contain different excipients than the authentic medicines, although 

scientific evidence to support this assumption is lacking. Therefore, it is very likely that the 

óreal-lifeô sensitivity of the NIRScan to identify falsified medicines would be higher than that 

observed in our study. It is important to note that, however, other IR and Raman devices have 

successfully detected the 0%API containing samples versus their 100%API counterparts. 

 

3/ Field evaluation 

 

a) Repeated inspection by the same inspectors of the same ópharmacyô will increase familiarity 

and therefore reduce the time taken to inspect (the 4th inspection is likely to be faster than the 

1st inspection, independently of the device used). Deviations from the original block 

randomization plan occurred during the evaluation due to limited availability of the medicine 

inspectors.  

b) Not enough tablets were available to scan after removal from the blisters. Therefore, tablets 

removed from their blisters were provided in a small zipped bag attached to each blister in the 

pharmacy for all medicines if the inspector wished to test the unpackaged medicine. 
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c) There was limited availability of inspectors due to their other work commitments. According 

to the protocol there should have been at least 7 days between inspections. In practice some 

inspectors conducted different inspections with different devices on the same day. 

d) In the Evaluation Pharmacy, samples were taken from multiple lots and brands. Inspectors 

were specifically told not to take expiry date into account when inspecting as our stock 

contained samples past-expiry that were still of good quality. They were also advised to 

overlook other important normal cues for visual inspection (inclusion on national list of 

registered medicines, condition of packaging, storage conditions) during their inspection, 

limiting the resemblance of the experimental set-up to their standard practice. 

e) For the Truscan RM and Progeny (the two Raman devices) the reference library entry for 

artesunate powder was created through a polythene bag in which the powder was placed. At 

the time of field-testing, the inspectors were mistakenly told that these two devices could 

examine artesunate through the vial. In addition, artesunate samples could not be tested 

outside of the glass vial packaging in the pharmacy because of difficulty in opening the 

packaging. All inspectors thus chose to sample through the vial, and almost all of the samples 

failed the device evaluations. Artesunate is not therefore included in the true positive/true 

negative values quoted for these two devices, but is counted in the total number of samples 

and scans performed in the pharmacy, because those numbers are used more as a marker of 

how much the inspectors were able to do in the time they spent in the pharmacy. 

f) We did not include evaluation of inter-observer variability in using the devices in the 

evaluation pharmacy data analyses 

g) We have attempted to record the common mistakes made by inspectors in using these devices, 

by direct observation and by review of the device memory after testing (where memory 

exists). However, it should be noted that the ability to detect an error was limited by the 
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observersô ability to identify these errors, which was in turn limited by their non-expert status 

and inexperience in conducting such studies.  

h) The field-study team received training, from the laboratory team, in device use in a language 

that were not their first language. There was no direct training from the 

manufacturer/developer, and limited time to gain experience with the devices prior to training 

the inspectors. As a result, some mistakes were made in training delivery, particularly in 

advice about interpretation of results with the 4500a FTIR (see device-specific results 

section).  

4/ Cost-effectiveness analysis 

 

The cost-effectiveness analysis is reliant on many assumptions as to how the devices will 

eventually be used in the field, which to a great extent is not yet known. The results are also heavily 

dependent on the context in which they may be used. We assumed, for instance, that one device is 

purchased per district, whereas in reality fewer devices could be purchased and circulated between 

districts, implying a lower cost per inspection than used in our analysis, and further improving their 

cost-effectiveness; this is briefly demonstrated in the sensitivity analysis. The results of the analysis 

therefore should be interpreted as conservative (i.e. more likely to under- rather than over-estimate 

the cost-effectiveness of the devices) and as general 'ballpark' figures as to how cost effective they 

may actually be. 

We also focus only on the benefits of detecting substandard and falsified artemisinin 

combination therapies (ACTs), whereas in fact most devices would be used to test the quality of a 

broader range of medicines. We also focus only on the benefits of assuring high quality medicines in 

terms of their therapeutic effect for patients. There are, however, other potential benefits to medicine 

quality testing, such as averting toxic effects of other substances that have been found in falsified 
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medicines, and potentially the impact poor quality medicines could have on the development and 

spread of antimicrobial resistance, itself a global health concern. 

Our model aims to capture the costs and benefits of the devices when used at the final drug 

outlet points, rather than higher up the distribution chain where they could potentially have a greater 

impact. If for example the devices are used at border customs check points where larger drug batches 

are concentrated and transit, the detection of substandard or falsified medicines might result in the 

removal of a larger volume of poor quality medicines than that achieved at the final drug outlet points. 
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RESULTS AND DISCUSSION 
 

Results are presented in sub-sections dedicated to each device individually, including general 

information on the device (i.e. basic specifications and how it functions), the results of the laboratory 

evaluation and user opinion, the field testing and the cost-effectiveness analysis. For more detailed 

information on the operating procedures of each device and specifications, please refer to 

Supplementary Annex 4 to 14. 
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SYSTEMATIC REVIEW OF  THE SCIENTIFIC  

LITERATURE  

 

The systematic review of the literature of scientific evidence on portable technologies used to 

assess the quality of pharmaceutical products, demonstrated a burgeoning diversity of technologies 

and devices becoming available for the field detection and evaluation of medicines (See complete 

manuscript submitted to the BMJ Global Health in Supplementary Annex 2)  

Of the 5,718 reports screened, 282 full text papers were assessed for eligibility. Of these, 62 

matched the inclusion criteria and were included in the review.  

In total, 41 devices (including 21 handheld devices, 4 lab-on-a-chip single use devices and 12 

under development), were identified (Table 7). Additional devices are available but there is no 

scientific evidence regarding their performance in the public domain. 
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Table 7. Main characteristics of portable devices included in the literature review. 
Devices in italics have been superseded. See supplementary Annex 2 for reference articles 

details 

Technology Name of the device (developer) Market status*§ 

Approximate 

Purchase cost 

(USD)§ 

Handheld 

**  

Raman 

TruScan RM (Thermo Scientific, previously Ahura) M >20,000 Y 

FirstDefender TruScan (Thermo Scientific) N-Superseded by TruScan RM - Y 

NanoRam (B&W Tek) M >20,000 Y 

MiniRam II (B&W Tek) 
N-Superseded by i-Raman (B&W 

Tek) 

N/A (i-Raman: 

>20,000) 
N 

MIRA (Metrohm) M >20,000 Y 

Raman Rxn1 Microprobe (Kaiser Optical) M Unknown N 

EZRaman-I (TSI, Inc) M Unknown N 

EZ Raman M Analyzer (Enwave Optronics) Unknown - Y 

 CBEx (Metrohm Raman) M 5,000-20,000 Y 

NIR - Fourier Transform  

MicroPhazir (Thermo Scientific) M >20,000 Y 

Phazir RX (Polychromix) 
N-Superseded by MicroPhazir 

(Thermo Scientific ) 
N/A Y 

Phazir RX (Thermo Scientific) 
N-Superseded by MicroPhazir 

(Thermo Scientific ) 
N/A Y 

Luminar 5030 (Brimrose) M Unknown Y 

Target Blend Analyzer (Thermo Scientific) M Unknown N 

Multipurpose Analyzer (Bruker Optics) M Unknown N 

NIR - Dispersive 

MicroNIR (JDSU) ¥ 
M - Taken over by Viavi 

Solution 
>20,000 Y 

D-NIRS (School of Science and Technology, Kwansei 

Gakuin University) ¥ 
D Unknown N 

SCiO (Consumer Physics) M 10-500 Y 

RxSpec 700Z (ASD) 
N-Superseded by other 

technologies from ASD 
Unknown N 

MIR - Fourier Transform  

MLp (A2 technologies) 

N-Superseded by 4500 Series 

Portable FTIR (Agilent 

Technologies) 

Unknown N 

Nicolet iS 10 (Thermo Scientific) M Unknown N 

Exoscan (A2 Technologies) 
N ïNow commercialized by 

Agilent (Exoscan 4100) 
>20,000 Y 

Combined NIR/MIR - 

Fourier Transform  

TruDefender FT (Thermo Scientific) M Unknown Y 

FT/IR-4100 (JASCO, Tokyo, Japan) 
Superseded by FT/IR-4600 

(JASCO) 
Unknown N 

Cary 630 (Agilent) M >20,000 N 

TLC , disintegration test Ŭ GPHF Minilab (Global Pharma Health Fund E.V.) M 5,000-20,000 N 

Camera system with various 

LED sources 

CD3/CD3+ (Counterfeit Detection Device version 

3/3+) (US FDA) ¥ 
D 500-5,000 Y 

Lateral flow immunoassay 

dipsticks 

Unnamed (China Agricultural University, Beijing and 

University of Pennsylvania) ¥ 
D <10 L 

Paper-based devices 

PAD (Paper Analytical Devices) (University of Notre 

Dame) ¥ 
D <10 L 

aPAD (Iodometric titration on paper card) ¥ 

(University of Notre Dame)  
D <10 L 

Paper-based microfluidic strip (Unnamed) ¥ (Oregon 

State University) 
D Unknown L 

Ion mobility spectrometry  
IONSCAN-LS (Smiths Detection, Danbury) M Unknown N 

SABRE 4000 (Smiths Detection, Danbury) M Unknown Y 

Capillary electrophoresis Unnamed (Hanoi University of Science) ¥ D Unknown N 

Reflectance 

SOC-410 Directional Hemispherical reflectometer M >20,000 Y 

Glossmeter-Unnamed (University of Eastern Finland) 
¥ 

D Unknown Y 

Dissolution microfluidics with 

luminescence detection 
PharmaChk beta 1.1 (Boston University) ¥ D Unknown N 

Mass spectrometry 
Mini 10 mass spectrometer (Purdue University) D Unknown Y 

QDa single quadrupole (Waters) M 50,000 N 

Nuclear quadrupole 

resonance (NQR) 
Unnamed  (Kingôs College, London) ¥ D Unknown N 

Reflectance colour 

measurement 
X-rite eye-one (Regensdorf) M Unknown Y 

Low-cost laser 

absorption/fluorescence 

CoDI (Counterfeit Drug Indicator) (Centres for 

Disease Control and Prevention) 
D 10-500 Y 

Refractometry AR200 digital refractometer (Leica Microsystems) M 500-5,000 Y 

Pressure changes 

measurement (respirometer) 
Speedy Breedy (Bactest) M 500-5,000 N 

*D: Under development; M: marketed; N: no longer marketed 

**Y: Yes; N: No; L: Lab-on-a-chip or disposable device 

§: Information from manufacturer website or direct contact with manufacturer 
¥ Indicates devices for which all articles found in our review were written by author(s) not independent from the manufacturer/develeoper 

Ŭ According to the developers, weight and mass variation check will be provided in the next version of the device. 

LED: Light-emitting diode 
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Sensitivity data were found for few devices and were mostly derived from results of laboratory 

testing on a small number of samples of a few APIs. The median (range) number of APIs that were 

assessed per device was only 2 (1-20), a very meagre proportion of the ~7,000 global international 

non-proprietary names of pharmaceutical substances (World Health Organization, Guidance on INN). 

The main conclusion of the review is that there is a vitally important lack of independent 

evaluation of most devices, particularly in field settings. Many gaps of evidence were highlighted.   
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DEVICE  PERFORMANCE  

The devices are described in alphabetical order, according to name.  
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4500A FTIR SINGLE REFLECTION 

 

  

 




























































































































































































































































































































































































































































































































