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ABSTRACT
Objective  There is a lack of evidence addressing several 
important human factors questions pertaining to the 
quality of supportive information provided by commercial 
manufacturers that can affect the adoption and use of 
lateral flow serology assays in practice. We aimed to: 
(1) identify and assess the quality of information that 
commercial manufacturers provided for their point-of-care 
tests (POCTs) and (2) examine the implications of these 
findings on real-world settings.
Design  We used a content analysis methodology in two 
stages to systematically, code and analyse textual data 
from documents of commercial manufacturers. A deductive 
approach was applied using a coding guide based on 
the validated Point-of-Care Key Evidence Tool (POCKET) 
multidimensional checklist. An inductive approach was 
used to identify new patterns or themes generated from our 
textual analysis.
Setting  Publicly available supportive information documents 
by commercial manufacturers for lateral flow serology, were 
identified and gathered from online searches.
Participants  Supportive information documents retrieved 
from online searches over 3 months (March 2020 to June 
2020).
Results  A total of 79 POCTs were identified that met the 
study inclusion criteria. Using the POCKET coding guide, 
we found that the quality of information varied significantly 
between the manufacturers and was often lacking in detail. 
Our inductive approach further examined these topics 
and found that several statements were vague and that 
significant variations in the level of details existed between 
manufacturers.
Conclusions  This study revealed significant concerns 
surrounding the supportive information reported by 
manufacturers for lateral flow serology assays. Information 
transparency was poor and human factor issues were not 
properly addressed to mitigate the risk of improper device 
use, although it should be noted that the results of our study 
are limited by the data that manufactures were prepared to 
disclose. Overall, commercial manufacturers should improve 
the quality and value of information presented in their 
supporting documentation.

INTRODUCTION
The global pandemic of the COVID-19, 
caused by the SARS-CoV-2, has illuminated 
significant challenges that health systems face 

in providing comprehensive population-level 
testing to detect and slow the spread of the 
disease and manage the outbreak. Health 
systems have struggled to provide wide-scale 
testing that can match the scale and pace 
of the virus spreading as a result of the long 
turnaround times for results associated with 
conventional laboratory testing,1 shortages 
of supplies to perform tests,2 3 contractual 
restrictions4 and regulations that initially 
limited testing at public health laborato-
ries.5–7 In response, government strategies, 
such as those in the UK and USA, have 
focused on scaling-up diagnostic capaci-
ties by both expanding testing to take place 
outside the public health laboratories,8–10 
and authorising significant research funding 
programmes to stimulate the accelerated 
development and dissemination of diagnostic 
testing devices.11–13

In response, numerous commercial manu-
facturers have rushed to develop diagnostic 
testing devices that are primarily based 
on laboratory molecular techniques and 

Strengths and limitations of this study

►► The study addresses the gap and need for empiri-
cal knowledge concerning the quality of supportive 
information provided by commercial point-of-care 
tests (POCTs) manufacturers.

►► This study explores the implications for efficacy, 
efficiency and value in context-of-use in real-world 
environments.

►► Content analysis was used in two-stages to scru-
tinise the textual data by examining language for 
meaning, identify recurring patterns or themes and 
measuring the frequency of categories reported.

►► This content analysis included 79 publicly available 
commercial documents for POCTs, retrieved from 
three online websites.

►► Results may be biased by the exclusion of tests for 
which the manufacturers did not provide relevant 
documentation.
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point-of-care test (POCT) methods.14 Molecular tech-
niques, such as real-time reverse transcriptase-PCR 
(RT-PCR), are regarded as the current gold standard 
for identifying the SARS-CoV-2 virus, however, scaling 
up this approach to satisfactorily match the speed and 
spread of the virus is challenging because it is a time-
consuming process to generate results, labour intensive, 
and requires specialist training and equipment.15 16 More-
over, the diagnostic sensitivity of molecular tests also risks 
eliciting inconsistent results (false-negative and false-
positive results).17 Consequently, the urgency for faster 
turnaround test times and population-scale testing has 
placed a larger focus on POCTs to support rapid testing 
efforts.18 19 POCTs have the potential to deliver results 
within 10–20 min, be used outside laboratory settings, 
reduce resource burdens, support containment efforts, 
and help policymakers and experts gauge the number of 
symptomatic and asymptomatic cases in a population.20–24 
At the same time, uncertainties have been raised in light 
of the insufficient evidence supporting their scientific 
and clinical validity.25–27

Despite the limited evidence-base, several CE-la-
belled serology-based POCTs have entered the market 
but been plagued by reports of poor inaccuracy. For 
example, tests developed by Chinese manufacturers 
and procured by multiple European governments had 
unacceptably high error rates.28–30 Outside Europe, 
the US Food and Drug Administration (FDA) recently 
tightened the rules for approving serology-based POCTs 
after more than 100 antibody tests were permitted onto 
the market without prior review, consequently leading 
to the dissemination of several dubious quality tests, and 
companies engaging in fraudulent marketing activities, 
and fabricating unsubstantiated claims about testing 
accuracy.31 32

While the discussions surrounding the challenges of 
POCTs have naturally revolved around testing accuracy, 
several important human factors questions pertaining 
to the adoption and use of these devices are equally 
important to bear in mind but remain unaddressed.33 
Particularly, POCTs are affected by several environmental 
and operator-related factors,34 which have important 
implications on the efficacy, effectiveness and value 
of these testing kits in both the clinical and domestic 
settings.35–39 For instance, tests that have been validated 
in a controlled laboratory environment may not perform 
as well in the context of real-world settings if individuals 
operating the device have little or no specialty training in 
POCTs or background laboratory training,40 41 and oper-
ators struggle to understand and adhere to instructions 
included with the kits.42 The ISO 62366 highlights the 
importance of the quality of the information of training 
materials, including accompanying information such as 
instructions for use. This standard identifies the need 
for the manufacturer to develop training materials that 
consider ‘the wording or pictures to be used to ensure 
clarity and understandability; the immediate recipients 
(eg, users, service personnel, installers and patients); and 

the appropriate media for providing the information, 
(eg, instructions for use, labels)’.43

This highlights that manufacturer materials (eg, 
medical device labelling and information package) serve 
as a primary source of information for users, where the 
characteristics of the information conveyed can affect 
how device operators form an understanding of how to 
operate the device safely and effectively.44 Deficiencies 
in the body of information provided by manufacturers 
can lead to negative outcomes and poor operator perfor-
mance,45 46 as related studies on medical devices and 
documents found that there is an increased risk for user 
errors, cognitive overload and adverse events associated 
with incomplete, obscure or confusing information.47–51 
Subsequently, findings from a recent survey found that 
POCT analysts expressed a desire for more manufacturer 
assistance, including better training materials as well as 
understandable and standardised testing protocols.52

Consequently, the combination of questionable test 
performances coupled together with uncertainties in effi-
cient utilisation can lead to misleading results that risks 
fuelling the loss of confidence in POCTs and negatively 
impacting the clinical uptake and utilisation of these 
testing devices.53 54 Unfortunately, regulatory markings 
granted to several POCTs, such as the CE mark in Europe, 
can create a false sense of security for potential users as 
the label is widely considered a poor indicator for test 
efficiency and effectiveness because obtaining it does not 
require a profound demonstration of high‐quality clin-
ical data to receive regulatory approval.55 56

These issues imply that there is a pressing need to 
find the delicate balance between stringent evaluations, 
human factors, and the swift deployment of POTCs to 
efficiently scale up rapid diagnostic testing. Existing 
guidelines and standards for the evaluation for POCTs 
are not applicable to current COVID-19 testing kits, 
as these are ‘specific to a particular evidence domain 
or stakeholder group’.57 As such, the uncertainties 
surrounding the quality of POTCs and readiness for 
integration into real-world settings signals the need to 
generate stronger levels of evidence that also incorpo-
rate a human factors perspective to support the fast-
track assessment of these tests during this pandemic. In 
short, there is a gap and need for for empirical knowl-
edge concerning the quality of supportive information 
provided of commercial POCTs and their implications 
on efficacy, efficiency, and value in context-of-use in 
real-world environments.

OBJECTIVE
We aimed to: (1) identify and assess high-priority areas 
that need addressing regarding the quality of informa-
tion that commercial manufacturers provided for their 
POCTs and (2) examine the implications of these find-
ings on real-world settings and use from a human-factors 
perspective.
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MATERIALS AND METHODS
Study design
We used a content analysis methodology in two stages to 
systematically, comprehensively code and analyse textual 
data from documents of commercial manufacturers.58 
This approach allowed us to scrutinise the textual data 
by examining language for meaning, identify recurring 
patterns or themes, and measure the frequency of cate-
gories reported.59

While not a typical literature synthesis, the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
criteria guided the conduct and reporting of the methods 
and results.60

Search strategy and data sources
Data search and gathering took place between 2 March 
and 13 June 2020 using the Google search engine to 
identify online resources and applied inclusion and 
exclusion criteria, data collection and synthesis methods. 
The following keywords were applied in various forms 
during the search strategy terms to locate websites that 
tracked the development and deployment of testing kits: 
‘COVID-19’, ‘SARS-CoV-2’, ‘rapid diagnostic testing’, 
‘lateral flow immunoassay’, ‘lateral flow assay’, ‘antibody 
testing’, ‘serology testing’, ‘point-of-care’, ‘immunoassay’ 
and ‘tracker’. We identified, selected and reviewed three 
websites until the end of our search period, which provided 
a comprehensive list of publicly available information on 
COVID-19 in vitro diagnostic medical devices (IVDs) for 
point-of-care testing (see box 1). These websites were the 
Foundation for Innovative New Diagnostics,61 the Euro-
pean Commissions ‘JRC COVID-19 In Vitro Diagnostic 
Devices and Test Methods Database’62 and the FDAs 
‘Emergency Use Authorizations (Medical Devices)’.63 In 
addition, we conducted a weekly surveillance of online 

resources that provided updates regarding relevant diag-
nostic technology news, device regulatory changes that 
served as relevant leads to new POCTs developed for 
COVID-19 testing.

Study selection
While systematically reviewing the three websites, we 
compiled a list of commercially available serology-based 
POCTs kits that were categorised or labelled as ‘point-of-
care’ and/or ‘rapid diagnostic tests’. During this process, 
we cross-referenced each of the POCTs for overlap and 
removed all exact duplicates. We manually checked each 
POCTs and reviewed their respective manufacturers 
website to identify, mine and gather documents and 
materials for additional information. Where possible, 
we retrieved and downloaded all publicly available docu-
mentations (eg, product inserts, instructions for use and 
manuals) for the testing kits. If the documentation was 
not publicly available for download, we contacted the 
manufactures and/or distributors via email to request 
copies of the files in PDF form.

All POTCs were screened for inclusion and exclusion 
and any disagreements were resolved through discussion 
and consensus between the first two authors of this manu-
script. The final list of commercial POTCs selected for 
this study was based on manufacturers responsiveness 
to our requests for information, publicly available docu-
ments, accessible information (in English) and regula-
tory status of the POTCs. Of note, all documents for the 
POCTs included in our analysis were provided free of 
charge and none of the manufacturers were involved in 
the assessment and interpretation of the results.

Exclusion criteria
POCTs that had not received CE-IVD, FDA (incl. FDA-
Emergency Use Authorization (EUA)) or national body 
regulatory approval were excluded from this study. POCTs 
that were listed as ‘for research purposes only’ and ‘in 
development’ were excluded from the study. Documents 
that were not available in English were also not consid-
ered for further analysis. Finally, POCTs where it was not 
possible to retrieve any documentation via the website or 
through the manufactures were excluded from the study.

Data extraction, data analysis, and quality assessment
We used content analysis, which allowed us to apply 
both deductive and inductive analytic approaches in two 
stages.64 First, we used deductive approach to measure the 
frequency of manifest content (the surface-level content 
of the documents and does not require interpretation on 
the part of the coder) based on a predetermined cate-
gories and subcategories. Second, we used an inductive 
approach for a more detailed qualitative analysis to gain 
new insight into the meaning of the textual data within 
the key themes, as well as identify new themes or patterns.

Our deductive approach was guided by the multidimen-
sional checklist, known as the Point-of-Care Key Evidence 
Tool (POCKET).65 This study has reported acceptable 

Box 1  Websites with databases or comprehensive lists of 
commercial point-of-care tests for COVID-19

►► The Foundation for Innovative New Diagnostics (FIND) website pro-
vides a list of over +200 testing kits with varying regulatory status. 
Several of the testing kits are part of the self-submissions process 
by manufacturers as part of an expression of interest launched by 
FIND, which invited test developers to submit their testing kits for 
an independent evaluation that they are conducting in collaboration 
with the WHO, the Hôpitaux Universitaires de Genève and others.

►► The JRC COVID-19 In Vitro Diagnostic Devices and Test Methods da-
tabase is hosted by the European Commission and contains publicly 
available information on CE-marked in vitro diagnostic medical de-
vices, including elements of performance, and a collation of relevant 
scientific literature for coronavirus SARS-CoV-2.

►► The Food and Drug Administration website lists a table of test kit 
manufacturers, commercial and non-commercial laboratories who 
have received Emergency Use Authorizations. The website hosts 
publicly available documents for each authorised testing kit includ-
ing the Letter of Authorisation, Fact Sheet for Healthcare Providers, 
Fact Sheet for Patients, and Manufacturer Instructions/Package 
Insert, and other documents.
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face and content validity for research of this nature. We 
opted to use the POCKET because of its customisability 
as a rapid assessment tool grounded in human factors 
design to support multidimensional evidence reporting 
of novel point of care diagnostics. The POCKET check-
list is intended for real world application, with the aim 
to reduce the lead time for new POCTs to reach clinical 
practice. As a result, it should be periodically refined using 
rich data sources to prioritise the checklist statements, in 
order to guide the investment of evidence generation 
according to the device development stage.65

To guarantee its applicability for serology-based rapid 
diagnostic testing, we aligned the items of the POCKET 
with the specifications criteria defined in the Target 
Product Profile (TPP) issued by the British ‘Medicines 
and Healthcare products Regulatory Agency’ (MHRA) 
for serology POCTs and self-tests.66 We opted to align 
the POCKET with a TPP as they are strategic documents 
that summarise the desirable and minimally acceptable 
characteristics for a new test and communicate to key 
stakeholders and device developers the attributions that 
a new device is expected to conform to.67–70 Thus, we 
reviewed the MHRA’s preferred and minimally accept-
able characteristics and directly mapped the applicable 
POCKET checklist items to it order to ensure one-to-one 
equivalence between both documents (see online supple-
mental file 1). A final version was developed for this study 
after piloting five randomly selected instructions for use 
documents.

The main categories included: (1) clinical pathway; (2) 
technical description; (3) performance measurement 
and (4) usability and training. Box 2 provides an overview 
of the final version of the POCKET categories and subcat-
egories that we used for our codebook for the first stage 
of our analysis.

We created a data matrix using Microsoft Excel 365, 
where each row corresponded to a commercial manu-
facturer to prepare and extract the data for analysis. The 
columns of the matrix formed the key descriptors that 
we wished to extract textual data and match them to the 
corresponding columns of the data matrix derived from 
the pre‐determined list of categories and subcategories 
from the POCKET checklist.

For the first stage of the analysis, documents and related 
materials from the manufactures were read by two authors 
(PK, AM) to gain a general understanding of the content 
and achieve data immersion. We then extracted, mapped 
and measured the findings from our readings against the 
descriptive indicators derived from the POCKET check-
list. For instance, textual data such as, ‘The result should 
be read at 10–15 min. Do not interpret the result after 
30 min’, would be extracted and mapped to the subcate-
gory ‘turnaround time for a single test result’. Similarly, 
textual data such as ‘All specimens might be potentially 
infectious. Proper handling and disposal methods should 
be established. Wear protective clothing such as labora-
tory coats, disposable gloves and eye protection when 
specimens are being tested’, would be coded to the 

subcategory ‘List risks of the test procedure to personal 
performing the test’. Descriptive statistical analysis was 
used to assess the frequency of each code and synthesised 
into the categories established by the POCKET checklist.

For the second stage of our analysis, all extracted data 
were read line by line for comprehension. We selected 
relevant lines of text to be ‘coded’ or sorted into themes. 
For example, the following excerpt was coded under the 
‘broad descriptors to identify intended users’ category: 
‘for professional use only’, while ‘whole blood (from 
venipuncture or fingerstick), serum or plasma’ was coded 
as ‘definition of whole blood sample’. A process of iter-
ative assessing, revising and testing were conducted for 
10 randomly selected POCTs, and coding guidelines were 
confirmed. The findings from this analysis are presented 
using typical quotations to illustrate article content.

Overall, the type of data that we could extract was based 
on the availability of the information made available by 
the manufacturers. When we were uncertain or informa-
tion was not available for certain criteria, we attempted to 
contact the manufacturers directly to ask for more details. 
If manufacturers were unable to assist us, we made a note 
in our database that the information was not available or 
not specified.

Two researchers (PK and AM) independently coded 
the data. Both researchers brought different disciplinary 
perspectives to the data (PK is an experienced qualitative 
researcher with a health services research and informatics 

Box 2  Overview of the categories from the Point-of-Care 
Key Evidence Tool checklist that were used for coding 
during content analysis

►► Clinical pathway
This refers to statements relating to the current clinical pathway and 
the impact to the user and patient when a new test is introduced. For 
example, subcategories include: the intended use, indicated population, 
and setting of the test, the clinical pathway incorporating the new test, 
as well as the consequences of the correct and incorrect test result to 
the patient.

►► Technical description
This category broadly covers the technical requirements of the test, 
examples of which include; the test turnaround time, associated equip-
ment required to perform the test, equivalence to a laboratory test and 
evidence of regulatory approval.

►► Performance measurement
This category relates to a brief understanding of the test performance 
based on the available data. For example, the subcategories included 
statements relating to the sensitivity, specificity and accuracy of the 
test result.

►► Usability and training
This category encompasses statements in relation to the use and as-
sociated training required for the test to be performed safely and effec-
tively. Subcategories include, suggested standard operating procedure 
for the test, instructions appropriate to the end user, risks associated 
to the patient and personnel conducting the test, as well as the sample 
disposal procedure. Examples of the training element include training 
requirements for sampling, using the test and interpreting the test 
results.
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background, AM is a biomedical engineer with expe-
rience in qualitative methods). They individually read 
the documents and undertook independent analysis for 
each type of POCT. The researchers extracted data and 
matched themes and concepts from the documents to the 
coding guide (see table 1).

To ensure interobserver consistency, differences in 
interpretation were resolved by consensus of the two 
reviewers through detailed discussion, or by referencing 
the developer’s original documents, rather than statistical 
calculation of levels of agreement. A total of six statements 
were discussed in detail to decide whether they should be 
included, excluded or modified for the codebook.

As several of the documents analysed were not available 
in the public domain but instead provided directly from 
the manufacturer and distributor, all identifying informa-
tion concerning manufacturer names and their products 
have been anonymised and assigned a unique identifier.

 

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or the dissemination plans of this 
research.

RESULTS
Search results
An initial search and repeat searches until the 13 June 
2020 revealed a total of 206 POCTs. After duplicates were 
removed, 202 testing kits were screened for inclusion with 
66 excluded based on the predefined criteria. From the 
136 POCTs, a further 57 were excluded after manufac-
tures did not respond to our request for further informa-
tion, opted to not provide us with relevant documents, 
or chose to send us non-relevant material (eg, brochures, 
flyers and product catalogue). See figure 1 for an illustra-
tive overview of this process. In total, a thorough review 
of 79 POCTs was completed and included in this study.

The commercial POCTs that were included for exam-
ination in this study were manufactured in 13 different 
countries. More than half of POCTs were developed in 
China (43/79), followed by the USA (10/79), UK (5/79), 
Republic of Korea (5/79), Germany (3/79), Singa-
pore (3/79), Canada (2/79), India (2/79), Switzerland 
(2/79), Austria (1/79), Belgium (1/79), Netherlands 
(1/79), and Norway (1/79).

POCKET results
In the following section, we provide an overview of the 
characteristics that we found during our examined of 
the documents for the POCTs in accordance with the 
POCKET criteria (see table 2). See online supplemental 
file 2 for a complete overview of the test scores for the 
individual test kits evaluated in this study.

Category 1 (clinical pathway)
All manufacturers (79/79) instructions for use documents 
included a ‘test indication and function’ section, which 

Table 1  Code guide for content analysis

Section Statement Evidence

Clinical 
pathway

C1. Test indication and function (eg, 
diagnosis/risk prediction/monitoring)

C2. Sample type

C3. Description of the intended user

C4. Intended setting for test

C5. Description of indicated 
population

C6. Description how the current 
clinical pathway is changed by 
incorporating the test device

C7. Consequences of the test result 
to patient

C8. Consequences of an incorrect 
test result to patient

Technical 
description

T1. Regulatory approval

T2. Details of equivalent laboratory 
test

T3. Description of how results are 
presented to the user

T4. List of all associated equipment/
consumables required to perform 
the test

T5. Listed number of test kits per 
box

T6. Turnaround time for a single test 
result

Performance 
measurement

P1. Sensitivity of test in an 
optimised or laboratory setting

P2. Specificity of test in an 
optimised or laboratory setting

P3. Analytical specificity

P4. Interference

Usability and 
training

U1. Standard operating procedure 
for test device and process

U2. Instructions appropriate to the 
end-user

U3. Identification of operator 
dependent steps

U4. Potential risks of the test 
procedure to the patient

U5. Potential risks of the test 
procedure to personal performing 
the test

U6. Sample disposal procedure, 
including sharps

U7. Have an internal quality control 
protocol

U8. Test device maintenance 
required and level of expertise 
necessary to personal performing 
the test

U9. Training requirement for those 
undertaking the sampling procedure

Continued
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typically contained general information concerning the 
technical purpose of the test. This section often encom-
passed key information stating that the test sought to 
measure immunoglobin in response to the SARS-CoV-2 
virus. All documents (79/79) included the ‘sample type’ 
in the description of the intended use and specimen/
sample collection procedure. Sample types were always 
categorised as blood, serum and plasma. Not all tests 
included a ‘description of the intended user’ of the test 
we found that most (70/79) of the documents referred to 
the intended user as a ‘professional’ or ‘medical worker’. 
Less than half (36/79) of the documents that we exam-
ined specified the ‘intended setting for the test’. When 
mentioned, the documents would state laboratories and 
medical institutions.

Few manufacturers (28/79) described the ‘indicated 
population’. In this event, individuals considered suit-
able for testing with the device would be mentioned as 
those who were displaying symptomatic conditions or 
were suspected infected patients. It was extremely rare 
(2/79) for any manufacturers to provide any informa-
tion concerning ‘how the current clinical pathway will be 
changed by incorporating the test device’. Only two tests 
provided diagrams as to how they anticipated the tests 
would affect the triaging process.

Most of the documents (62/79) provided information 
concerning ‘the consequences of the test result to the 
patient’, and typically cautioned individuals that all results 
must be interpreted together with other clinical informa-
tion and other test methods available. We observed that 
most (64/79) of the documents also included informa-
tion concerning ‘consequences of an incorrect test result 
to patient’. These were often stated in the ‘limitations’ 
section warning users that a false negative result can 
occur if the antibody concentration of the tested sample 
is below the lower detection limit of the test.

Category 2 (technical description)
All tests (79/79) evaluated obtained the CE-IVD approval 
for market use in Europe. In addition, three tests also 
received FDA-EUA approval for use in the USA and one 
other test received national approval from India Central 
Drugs Standard Control Organisation. Several of the 
documents (53/79) used molecular test methods (eg, 
PCR) as the comparator device or ‘Gold Standard’, and 
no details were provided concerning any other equivalent 
laboratory test. Almost all (77/79) documents contained 
a description of ‘how tests results were presented to the 
user’.

Most documents (75/79) provided a ‘list of all asso-
ciated equipment/consumables required to perform 
the test’. Composition of kits varied between manufac-
turers but mostly comprised sealed pouches containing 
a test cassette, a dropper and a desiccant, and buffer. 
The majority required additional components (such as 
timer, disposable gloves, blood collection device, safety 
lancets, alcohol prep-pad, etc) under the heading ‘mate-
rial required but not provided’. Only a select few were 
complete kits that did not require additional components. 

Section Statement Evidence

U10. Training requirements for using 
the test device

U11. Training requirements for 
interpreting the test results

Table 1  Continued

Figure 1  Search strategy and results for point-of-care test kits considered eligible for inclusion in this study.
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Many of the documents (60/79) ‘listed the number of 
test kits per box’. These varied and typically ranged from 
5, 10, 25 or 50 tests per kit. All (79) tests provided details 
concerning the ‘turnaround time for a single test result’. 
In most cases, users were instructed to wait 10–15 min and 
then read the result visually within 20 min.

Category 3 (performance measurement)
Most documents (65/79) provided details concerning test 
‘sensitivity and specificity’. Presentation of these results 
varied from displaying matrix tables to a few sentences 
providing the numeral value. Some tests provided sensi-
tivity and specificity scores separately for individual IgM 
and IgG, whereas others provided a combined IgM/
IgG sensitivity and IgM/IgG specificity measurement. 
Following this, we also found that many tests (53/79) 
provided information concerning ‘analytical specificity’. 
It was often reported in the form of cross-reactivity, where 
manufactures stated that they tested positive samples with 
antibodies from other diseases, for example, parainflu-
enza virus antibody, influenza A virus antibody, influenza 
B virus antibody, adenovirus antibody, respiratory syncy-
tial virus antibody and so on. Similarly, some (48/79) tests 
included details concerning testing with potential ‘inter-
ferences’ present in the blood. This included commonly 
used anticoagulants, mediations, some therapeutic drugs 
and commonly used consumables like coffee and alcohol 
were tested with negative and positive negative specimens.

Category 4 (usability and training)
Nearly all (78/79) of the tests contained a ‘standard oper-
ating procedure for test device and process’. Likewise, 
nearly all (78/79) were considered to have ‘instructions 
that were appropriate for the end user’. Most (78/79) 
documents provided ‘identification of operator depen-
dent steps’, which were provided as numbered illustrative 
step-by-step processes and accompanying texts. ‘Potential 
risks of test procedure to patient’ was poorly addressed 
(4/79). In this case, the document warned of possible 
discomfort or other complications that can happen 
during sample collection. We found that most documents 
(70/79) included information concerning ‘potential 

Table 2  Overview of the overall test scores for the 
characteristics that met the Point-of-Care Key Evidence Tool 
criteria

Section Statement

Total 
out of 
79

Clinical 
pathway

C1. Test indication and function (eg, 
diagnosis/risk prediction/monitoring)

79

C2. Sample type 79

C3. Description of the intended user 70

C4. Intended setting for test 36

C5. Description of indicated 
population

28

C6. Description how the current 
clinical pathway is changed by 
incorporating the test device

2

C7. Consequences of the test result 
to patient

62

C8. Consequences of an incorrect 
test result to patient

64

Technical 
description

T1. Regulatory approval 79

T2. Details of equivalent laboratory 
test

53

T3. Description of how results are 
presented to the user

77

T4. List of all associated equipment/
consumables required to perform 
the test

75

T5. Listed number of test kits per 
box

60

T6. Turnaround time for a single test 
result

79

Performance 
measurement

P1. Sensitivity of test in an optimised 
or laboratory setting

65

P2. Specificity of test in an 
optimised or laboratory setting

65

P3. Analytical specificity 53

P4. Interference 48

Usability and 
training

U1. Standard operating procedure 
for test device and process

78

U2. Instructions appropriate to the 
end-user

78

U3. Identification of operator 
dependent steps

78

U4. Potential risks of the test 
procedure to the patient

4

U5. Potential risks of the test 
procedure to personal performing 
the test

70

U6. Sample disposal procedure, 
including sharps

58

U7. Have an internal quality control 
protocol

49

Continued

Section Statement

Total 
out of 
79

U8. Test device maintenance 
required and level of expertise 
necessary to perform

76

U9. Training requirement for those 
undertaking the sampling procedure

55

U10. Training requirements for using 
the test device

53

U11. Training requirements for 
interpreting the test results

53

Table 2  Continued
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risks of test procedure to personnel performing test’. 
Warnings typically cautioned operators to handle all 
specimens cautiously as if they contain infectious agents 
and to wear protective clothing such as laboratory coats, 
disposable gloves and eye protection. We also found that 
some (58/79) documents provided warnings concerning 
proper ‘sample disposal procedure including sharps’.

Some of the instructions (49/79) provided instructions 
concerning the ‘internal quality control protocol’. These 
were often listed in a separate section that stated that an 
internal procedural control is included in the test, with a 
coloured line appearing in the control line region (C) as 
an internal valid procedural control. Texts would usually 
caution the user to follow standard laboratory procedure 
and biosafety guidelines for the handling and disposal 
of potentially infectious specimens. Most documents 
(76/79) included guidance concerning ‘test device 
maintenance required, and level of expertise required 
to perform it’, more than often this involved instructions 
regarding the proper storage of testing kits and avoiding 
use beyond the expiration date.

Documents provided some guidance (55/79) 
pertaining to the ‘training requirements required for 
undertaking the sampling procedure’. Some (53/79) 
documents also mentioned the ‘training requirements 
for using the test device’. For example, some explicitly 
stated that testing should be professionally trained oper-
ators or trained clinical professionals working in certi-
fied labs or clinics. Similarly, some (53/79) documents 
mentioned the ‘training requirements for interpreting 
the test results’. There were occasions where the instruc-
tions informed users that laboratory personnel using the 
product must be appropriately trained in immunochro-
matographic techniques.

Qualitative findings
We identified seven themes relating to the textual data. 
The themes to emerge around were: (1) underlying 
purpose for testing; (2) broad descriptors of intended 

users; (3) identification of appropriate test setting; (4) 
definition of whole blood sample; (5) minimal compar-
ator details; (6) information underlying test accuracy 
scores and (7) variations in cross-reactive substances and 
interfering substances details (see table 3).

Manufacturers generally applied similar descriptions 
to explain what testing kits technically sought to achieve. 
Typically, they used phrases akin to ‘the qualitative detec-
tion of IgG and IgM antibodies to SARS-CoV-2’. We 
observed that many manufacturers did not often imme-
diately build on this statement to clarify the underlying 
purposes of antibody in relation to diagnostic testing. For 
instance:

The <name of test> is an in vitro diagnostic test used 
for the detection of novel coronavirus (SARS-CoV-2) 
IgM and IgG antibodies (Manufacturer Test ID: 
M042)

<name of test> is used for qualitative detection of the 
IgM and IgG antibodies of COVID-19 in human se-
rum/plasma or whole blood (Manufacturer Test ID: 
M026)

However, some manufacturers did provide additional 
text to supplement these types of statements, which 
explained the underlying intended use of the test. We 
also observed subtle differences describing the purpose 
of the testing kits, where the additional text indicated that 
the tests provided added value to diagnostics, where they 
served as ‘an aid’, ‘screening’ or ‘supplementary detec-
tion marker’ in the diagnosis of infection. In these exam-
ples, two manufacturers wrote:

The <name of test> is a rapid chromatographic im-
munoassay for the qualitative detection of IgG and 
IgM antibodies to SARS-CoV-2 in human whole 
blood, serum, or plasma as an aid in the diagnosis 
of primary and secondary SARS-COV-2 infections 
(Manufacturer Test ID: M073)

Table 3  Overview of qualitative findings

Theme Description

Underlying purpose for testing Instances where documents varied in terms of providing details regarding the 
diagnostic purpose for using the test.

Broad descriptors of intended users Situations where the intended users of the tests were referred to test operators as 
‘professionals’ but did not provide define what qualified a user as a professional.

Appropriate test setting Instances where the test setting and relevant population for testing were not specified.

Definition of whole blood sample Situations of ambiguity and variability concerning manufacturers definition of ‘whole 
blood’ in relation to the ‘type of sample’ required for testing.

Minimal comparator details Occurrences where manufacturers varied in terms of providing details concerning 
equivalent laboratory tests.

Details underlying test accuracy 
scores

Cases where manufacturers test performance data varied in explaining the relationship 
between infection stage, immune response and test accuracy.

Variations in cross-reactive 
substances and interfering 
substances details

Situations of discrepancies existed when comparing manufacturer lists of preanalytical 
issues potentially affecting the sample collected.
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<name of test> is a supplemental tool to detect antibod-
ies in patients suspected of Covid-19. (Manufacturer 
Test ID: M043)

We found that manufacturers applied broad descrip-
tors to identify intended users. More than often, intended 
users were referred to as ‘professionals’. Typically, the 
statement ‘For professional in vitro diagnostic use only’, 
was included in the ‘intended use’ section of the instruc-
tions of use documents or it was mentioned in the ‘limita-
tions’, ‘warning’ or ‘precautions’ sections. In most cases, 
no additional information was provided that helped 
define what qualified a user as a professional.

We did observe some situations where manufacturers 
did specify the expected occupations or training of the 
intended users. Here, the intended users were identi-
fied as professionals working in clinical laboratories or 
healthcare workers working in a medical institution. For 
example:

For professional and in vitro use only. For healthcare 
professionals and professionals at point of care sites. 
(Manufacturer Test ID: M069)

Most testing kits did not include information to clearly 
define the ‘appropriate test setting’ of where POCTs 
should be used in. However, we observed a tendency of 
where manufacturers who defined the professions of 
the intended users often included more specific details 
concerning the intended setting, which they referred to 
as ‘medical institutions’ and ‘laboratories’. For example:

Testing has to be done in a laboratory with proper 
testing conditions. All samples and materials in the 
testing process shall be handled according to the op-
eration specifications of infectious diseases laborato-
ries (Manufacturer Test ID: M060)

<name of manufacturer and test> is only provided for 
use by clinical laboratories or to healthcare workers 
for point-of-care testing, and not for at home testing 
(Manufacturer Test ID: M027)

Interestingly, POCTs that had received Emergency Use 
Authorization (EUA) from the FDA were very specific in 
terms of defining that the use of their kits was limited to 
CLIA laboratories. For example:

Testing is limited to laboratories certified under the 
Clinical Laboratory Improvement Amendments of 
1988 (CLIA), 42 U.S.C. 263a, to perform moderate 
and high complexity tests. (Manufacturer Test ID: 
025)

Some commercial manufacturers who specified the 
setting and intended users also mentioned a level of 
‘expected professional training’ as part of the require-
ment to operate their testing kit.

Administration of the test and interpretation of re-
sults should be done by a trained health professional 
(Manufacturer Test ID: M083)

Testing should be applied by professionally trained 
staff working in certified labs or clinics (Manufacturer 
Test ID: M035)

We also observed several instances of ambiguity and 
variability around the ‘definition of whole blood sample’. 
Most manufacturers would generally define the sample 
type as ‘human serum, plasma or whole blood’. However, 
the term whole blood was also presented differently by a 
few manufacturers where fingerstick (or capillary blood) 
and venous blood was mentioned separate from whole 
blood or included them jointly under the terminology. 
For instance:

A rapid test for the qualitative detection of IgM and 
IgG antibodies to the SARS-CoV-2 in serum, plasma, 
venous whole blood, or capillary fingertip blood. 
(Manufacturer Test ID: M006)

The <name of test> is a colloidal gold enhanced, rap-
id immunochromatographic assay for qualitative de-
tection of IgG and/or IgM to SARS-CoV-2 in human 
whole blood (venous and fingerstick), serum or plas-
ma specimens (Manufacturer Test ID: M035)

Although most manufacturers mentioned at the start of 
manual that the test was human serum, plasma or whole 
blood, we noted some circumstances where a few manu-
facturers cautioned that the test were not to be used for 
fingerstick blood.

The <name of test> has not been evaluated with fin-
gerstick specimens. Use of this test with fingerstick 
blood is not recommended. (Manufacturer Test ID: 
M038)

The kit is not intended for finger prick testing. 
(Manufacturer Test ID: M020)

Most performance measurements of the POCTs sensi-
tivity and specificity were compared with molecular 
testing as the reference standard. However, ‘minimal 
comparator details’ of the molecular tests used were often 
presented within the product inserts as some manufac-
turers opted to describe the comparator as a commer-
cial PCR without further detail as to how the molecular 
tests were conducted to confirm samples type and testing 
method. For instance:

The <name of test> was compared with a leading 
commercial PCR; the results show that <name of test> 
has high sensitivity and specificity (Manufacturer Test 
ID: M042)

The <name of test> was compared with a leading 
commercial PCR; the results show that <name of test> 
has a high sensitivity and specificity (Manufacturer 
Test ID: M062)

Overall, most manufacturers presented the results using 
an overall score for both the sensitivity and specificity to 
confirm test accuracy. However, we noticed that the level 
of information underlying these scores (eg, number of 
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positive/negative samples and date of collection) varied 
significantly between manufacturers. For example:

All the 20 positive specimens were collected from 
hospitalized individuals who were clinically con-
firmed positive for SARS-CoV-2 infection. At the 
time of sample collection these individuals exhibit-
ed severe symptoms or they were in recovery stage. 
(Manufacturer Test ID: M037)

In order to test the detection sensitivity and speci-
ficity of this test, blood samples were collected from 
clinically diagnosed COVID-19 patients in Wuhan. A 
total of 272 cases were tested: 127 (positive) clinical-
ly confirmed patients and 145 non-infected patients 
(negative). The 127 positive patients were tested 7 
days after being clinically diagnosed by PCR and CT. 
Among the 127 clinically confirmed samples, 125 
were detected by the test reagents, with a positive de-
tection rate (sensitivity) of 98.43%. Of the 145 clini-
cally negative samples, 144 were detected by the test 
reagent, and the negative coincidence rate (specifici-
ty) was 99.31%. (Manufacturer Test ID: M028)

There were also a few manufacturers who provided spec-
ificity and sensitivity data based on ‘timeframe of disease 
onset’ with consideration for samples tested to reflect the 
infection stage and immune response. For example:

The clinical performance of the <name of test> was 
evaluated by testing a total of 196 clinical samples: 45 
positive and 151 negative serum samples confirmed 
by RT-PCR. Positive samples consisted of 16 samples 
were collected 1~6 days after symptom onset, 27 sam-
ples were collected 7 days after symptom onset and 2 
samples were asymptomatic. Out of symptomatic sam-
ples, clinical sensitivity was 93.8% (15/16) at 1~6 days 
after symptom onset and 96.3% (26/27) at 7 days af-
ter symptom onset (Manufacturer Test ID: M036)

The <name of test> is a lateral flow chromatograph-
ic immunoassay for the qualitative detection of anti-
SARS-CoV-2 IgG and IgM in human whole blood, 
serum or plasma specimens of symptomatic patients 
(see section 12 ‘Limitations’). Note that in the early 
stages of infection (3 to 7 days after the onset of symp-
toms) anti-SARS-CoV-2 IgG and IgM may be below the 
detection limit of the test. This test is intended for use 
as an aid in the diagnosis of SARS-CoV-2 infections. 
The test procedure is not automated and requires no 
special training or qualification (Manufacturer Test 
ID: M054)

We noted that the information’s concerning ‘cross-
reactive substances and interfering substances’ varied 
significantly between manufacturers. For example, 
some were more extensive with the list of cross-reactive 
substances when compared with another manufacturers 
kit:

The cross-reactivity was evaluated using serum or plas-
ma specimen samples known to contain antibodies to 

HCoV-SARS, HCoV-OC43, HCoV-HKU1, influenza A 
and B virus, adenovirus, Staphylococcus aureus, or 
Klebsiella pneumoniae. No cross-reactivity was ob-
served (Manufacturer Test ID: M011)

The <name of test> has no interference with infec-
tions that are non-COVID-19 based on validated tests 
performed on sera that are positive for IgM or IgG 
of the following pathogens; non-2019-nCoV strains 
(HKU1, OC43, NL63, and 229E), Influenza (A/
H1N1-2009, A/seasonal H1N1, A/H3N2, A/H5N1, 
A/H7N9, B/Yamagata, B/Victoria), Respiratory 
Syncytial Virus (RSV), Rhinovirus (Group A, B, C), 
Adenovirus (Type 1, 2, 3, 4, 5, 7, 55), Enterovirus 
(Group A, B, C, D), Epstein-Barr virus (EBV), Rubeola 
Virus, Human Cytomegalovirus (HCMV), Rotavirus, 
Norovirus, Mumps Virus, Varicella-zoster Virus (VZV) 
and Mycoplasma Pneumoniae. (Manufacturer Test 
ID: M075)

Similarly, we observed that the data provided around 
interfering substances was either extensive or limited 
when comparing manufacturers.

No Interference for Respiratory Specimens (Mucin: 
bovine submaxillary gland type I-S, Blood (human), 
EDTA anticoagulated, Biotin), Nasal sprays (Neo-
Synephrine, Afrin Nasal Spray, Saline Nasal Spray), 
Homeopathic allergy relief medicine (Homeopathic 
Zicam Allergy Relief Nasal Gel, Sodium Cromoglycate, 
Olopatadine Hydrochloride), Anti-viral drugs 
(Zanamivir, Oseltamivir, Artemether-lumefantrine, 
Doxycycline hyclate, Quinine, Lamivudine, Ribavirin, 
Daclatasvir), Anti-inflammatory medication 
(Acetaminophen, Acetylsalicylic acid, Ibuprofen), 
Antibiotic (Mupirocin, Tobramycin, Erythromycin, 
Ciprofloxacin), Human anti-mouse antibody, 
Pregnant woman, Elevated levels of C-reactive pro-
tein for IgM and IgG (Manufacturer Test ID: M061)

The test result of <name of test> do not be interfered 
with the substance at the following concentration: 
Substance Concentration Hemoglobin ≤ 10 g/L; 
Triglyceride ≤ 6 mmol/L; Bilirubin ≤ 1000μmol/L. 
No interference from rheumatoid factors, antinu-
clear antibodies and antimitochondrial antibodies 
(Manufacturer Test ID: M048)

DISCUSSION
To our knowledge, this is the first analysis of commercial 
POCTs developed in response to the COVID-19 pandemic 
that applies a content analysis approach using a human 
factors perspective. Overall, we identified and uncov-
ered several concerns regarding the quality of supportive 
information provided by commercial manufacturers. We 
found notable discrepancies between POCTs in terms 
of the types of information manufacturers provided, 
particularly the absence of details underlining testing 
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kit performance and a general lack of human factors 
emphasis pertinent to optimal context-of-use.

Ambiguous and unspecific terms
First, the defining and descriptive attributes of POCTs 
needs to be communicated more clearly. While most 
manufacturers included the ‘type of test’ as part of their 
product nominal identity, we noted variabilities when 
manufacturers described the ‘intended use’ of the tests. 
Several of the documents did not address the purpose 
underlying the use, whereas others included accompa-
nying texts describing that the tests can aid or supple-
ment diagnosis. However, these statements are descriptive 
of the test function and do not explain that the primary 
purpose of serology-based tests is to identify individ-
uals with previous infections and not to diagnose acute 
or recent cases of COVID-19.71–73 The absence of this 
information can lead to potential misunderstandings of 
when to optimally use serological tests if the underlying 
intended use is not evident.

There was some ambiguity concerning what consti-
tuted ‘whole blood’ in relation to the ‘type of sample’ 
required for testing. Variations with reference to the 
‘definition of whole blood sample’ were frequent, where 
the distinction between finger-stick capillary blood and 
venous blood were rarely made clear and both types were 
lumped together under the umbrella of whole blood or 
presented a separate sample type with plasma and serum. 
This raises some concerns as results between finger-stick 
capillary blood and vein blood can vary depending on 
stage of clinical illness and method of collection.74 As 
finger-stick capillary blood and vein blood are not iden-
tical, it is important to bear in mind that these two sample 
types can lead to different results when measured on the 
same device,40 although two recent studies concluded that 
finger-stick capillary blood were comparable to venous 
blood samples.20 75 Given the mixed evidence concerning 
these samples, it is important that manufacturers disclose 
what type of whole blood samples were used during the 
test validation as well as inform decision-makers that the 
accuracies reported need to be interpreted with caution 
by virtue of the specific sample types used during the vali-
dation process.

We also noted that the ‘intended setting’ and ‘intended 
population’ were seldom specified. This has implications 
with respect to ensuring that the type of sample collected 
is prepared for use in the appropriate test setting and 
with the relevant population for testing. For instance, 
POCTs for capillary blood sampling may be more suitable 
and acceptable in non-clinical settings (such as nursing 
homes),76 as drawing venous whole bloods requires well-
trained medical workers and are considered invasive and 
challenging in older adult populations.77 We also found 
that the ‘potential risks of test procedure to patient’ 
were poorly addressed. Considering that pain, anxiety 
and discomfort are associated with blood collection 
methods,78–80 efforts are needed to increase awareness 
of these risks to help test operators consider non-invasive 

pain and safety management strategies to mitigate distress 
and pre-procedural anxiety.81 82

Nearly half of the manufacturers listed that their 
POCTs were ‘for professional use only’, without spec-
ifying the conditions or referencing definitions set by 
medical and health regulators as to what professional 
use entails. Because the definition of what constituted 
‘intended user groups’ was unclear, the broad interpreta-
tion of who should administer and manage the tests could 
introduce some confusion as there was little information 
to differentiate between the professional characteristics 
and anticipated skill-level required to operate the POCTs. 
Given that POCTs are prone to errors and robustness is 
dependent on the skill level of the individual operating 
the test,37 clear guidance concerning the prerequisite skill 
and training levels of the intended users should be made 
explicit in the documentation together with the training 
requirements for collecting samples, performing the test 
and interpreting the results. Also, there is a potential 
for users to operate the test incorrectly if these factors 
are not specified. For example, non-medically trained 
staff collecting blood samples could compromise the test 
results as ‘capillary blood can easily become diluted with 
tissue fluid if the puncture site is subjected to excessive 
pressure’,40 and tests administered by non-laboratory 
trained users can result in inaccuracies and potential 
biosafety issues.83

Fit for purpose and use context
Second, we identified several concerns related to the read-
iness of integrating these tests into real-world settings. 
The integration processes of implementing POCTs tests 
into existing ‘clinical pathway’ was lacking in detail. Deter-
mining these factors are imperative to ensure that devices 
are sustainable in the real-world context as existing work-
flow patterns and professional boundaries may be affected 
within the already complex and dynamic sociotechnical 
nature of daily clinical work.84 85 Workflow integration 
issues are critical to consider and failing to address it 
adequately can lead to low uptake and support.86 87 
Medical devices that have been validated and evaluated 
in a controlled laboratory environment may not perform 
as well in the context of real-world settings.35 40 41 Given 
this, unanticipated challenges could arise from embed-
ding POCTs into complex environments that can lead to 
usability problems when used outside highly controlled 
settings.88 Precautionary measures should be included in 
the documents that inform users of resultant potential 
impact relevant to integrating these POCTs into different 
testing facilities as well as help them anticipate potential 
workflow disruptions and consider appropriate imple-
mentation and adoption strategies.

We found variabilities between manufacturers in terms 
of providing ‘details of equivalent laboratory test’. Most 
manufactures offered ‘minimal comparator details’ when 
benchmarking the accuracy of their tests with RT-PCR 
methods. This method is fraught with several chal-
lenges as serology and RT-PCR-based tests fundamentally 
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different. More so, it is even more difficult to draw 
comparisons as we observed an overall lack of information 
to help decision-makers assess the quality of the molec-
ular comparator device. For example, it was generally 
unclear where the validation samples were sourced from, 
the type of sample used, when in the course of COVID-19 
infection each sample was taken, which RT-PCR assay 
was used as a gold-standard, where RT-PCR testing was 
performed, and the nature of antigens used.89–91 Conse-
quently, the accuracy of RT-PCR still raises questions as it 
is prone to producing false negative and positive results 
for a variety of reasons such as mismatches between the 
testing primers and viral genome, different viral load 
kinetics in different anatomic sites, sampling procedures 
and timing of disease.17 92

We observed several cases where the accuracy scores did 
not take in account the ‘timeframe after disease onset’. As 
such, the ‘interpretation of results’ could be negatively 
impacted if users are not presented with different levels of 
performance characteristics based on the window period 
for antibody tests. For example, higher levels of detect-
able levels of antibody are available in the second and 
third week of symptom onset.93–95 Testing too early may 
lead to a false negative result if performed in the early 
stages of infection as a result of low antibody concen-
trations, while testing too late can mean IgM antibodies 
have decreased.90 96 These factors suggest that test perfor-
mance data presented by manufacturers need to be strat-
ified by the time of onset of symptoms to properly reflect 
the relationship between disease stage the detection of 
viral antibody. A recent Cochrane review asserted that 
that timing is important, where detection is more accu-
rate in people two or more weeks after their symptoms 
started.97 In relation, any attempts to compare PCR- and 
serology testing needs to compare samples taken during 
the different stages of infection (early vs late) and the 
immune response (convalescence period).90 Further-
more, comparing results with other serology POCTs may 
be moot and not reflective of testing efficiency, as studies 
have found variable performances between kits and high 
rates of false-positives.98–101

We also noted discrepancies between manufacturer lists 
of preanalytical issues potentially affecting the sample 
collected. Testing for ‘cross-reactive and interference 
substances’ varied considerably between manufacturers. 
Some listed a few items whereas others were more exten-
sive with their listings. There is an inherent risk for tests 
to produce false positives results if other antibodies have 
already been generated against other coronaviruses and 
influenza viruses,102 103 or interfering substances are 
present in the specimens.104 A standardised and exten-
sive list of substances during test validation should be 
followed by manufacturers in accordance to a target 
product profile. Informing intended users and test recip-
ients of these results can increase transparency as to how 
robust the test is against cross-reactive and interference 
substance.

Regulatory concerns
Third, there are significant implications for policies related 
to medical device regulation. All of the POCTs were already 
approved for market dissemination in Europe as they had 
received the European CE-IVD marking, whereas only a 
handful of lateral flow immunoassay serology tests received 
EUA from the US FDA. This highlights the differences in 
regulatory control measures between two major medical 
devices markets. Considering the number of high-profile 
cases, the procurement of inaccurate POCTs may reflect 
these differences,105 as the CE-mark does not presuppose 
a demonstration of clinical data relating to effectiveness 
of medical devices.106 This raises questions regarding the 
reported accuracies provided by manufacturers. Inde-
pendent evaluations of CE-labelled devices have found 
performance characteristics to be significantly lower to that 
reported by commercial manufacturers.89 96 107 Inaccurate 
tests can lead to incorrect results and a resultant increase 
in the risk of community transmission.108 These issues 
amplify concerns surrounding the diagnostic accuracy and 
lack of confidence in the tests results for POCTs.109–111 The 
COVID-19 pandemic has further illuminated the existing 
shortcomings of current European regulations, bringing 
to light the need for more market vigilance, transparency 
and validation by accredited laboratories to evaluate the 
premarket and postmarket evidence, at least until the adop-
tion of the new In Vitro Diagnostic Medical Device Regula-
tion (2017/746) takes effect on 26 May 2022.91

Overall, the application of the POCKET has yielded 
important lessons for implementing the checklist as a guide 
to rapidly assess POCTs serology tests for COVID-19. It 
demonstrated its usefulness in terms of heuristically iden-
tifying whether commercial manufacturers have provided 
necessary supportive information. However, it is important 
to bear in mind that the POCKET is neither a ‘quick-fix’ 
nor a tool that can be effectively used to thoroughly screen 
the quality of POCTs. It is unable to evaluate broad assump-
tions encoded into the language of supportive information. 
This implies that the optimal use of the POCKET requires 
an inductive content analysis to examine assumptions and 
assess the quality and value of the information reported. 
The POCKET checklist should be viewed as a practical 
support tool for assessment during the early premarket and 
design phases of POCTs prior to evaluate market readiness 
and could potentially help streamline standards for medical 
device regulation concerning information transparency 
and validation.

Limitations and strengths
Study limitations were that the data retrieved was depen-
dant on what the manufactures were prepared to disclose. 
Also, our analysis is quite specific to the topic of serological 
point-of-care testing in relation to rapid diagnostic testing, 
and thus it was possible that we overlooked important 
conversations around topics of innovative POCTs that are 
based on molecular and antigen-based techniques. In addi-
tion, the landscape surrounding POCTs is fast evolving 
with a rapidly expanding range of POCTs approved by 
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regulatory agencies. Thus, this study may not represent 
the most current landscape of testing kits by time of publi-
cation. Our exclusion methodology for POCT, which 
included eliminating testing kits that had not yet received 
regulatory approval but were available under the classifica-
tion ‘for research use only’, may have led to an underesti-
mation of the true number of available POCTs. However, 
we believe that by limiting our study to testing kits that have 
received regulatory approval, our findings remain useful to 
gain a general understanding of the POCT landscape for 
use in clinical and potential non-clinical settings. Addition-
ally, we were unable to perform an economic evidence eval-
uation as manufacturers did not provide the pricings for 
their testing kits. Finally, some of the studies we referenced 
in our discussion section that analysed different testing kit 
performances were retrieved from a preprint platform (eg, ​
medrxiv.​org).

Despite these limitations, there were many strengths of 
this study. Our study accessed data from 79 commercially 
approved POCTs and the analysis was carried out over a 
critical period during the expansion of rapid diagnostic 
testing landscape for COVID-19. Future studies may be 
interested in using less restrictive relevance criteria based 
on molecular and antigen-based devices as well as explore 
manufacturers reasonings for including and excluding 
specific types of information in their documents. Our 
study raises important public health issues related to the 
expansion of POCTs to non-expert users,112 113 where 
potential misunderstandings of can be averted with 
strategies designed to improve the link between health 
literacy and testing.114 This is a particularly pressing issue 
in light of existing health inequalities, where groups of 
lower socioeconomic and specific ethnic minorities are 
disproportionately affected by the burden of low health 
literacy and associated with severe disease and mortality 
and experience worse health outcomes.115–117

CONCLUSION
Point-of-care testing can significantly help improve the scal-
ing-up of testing capacities for COVID-19. Despite the rapid 
developments in this field, there are significant concerns 
surrounding POCTs in terms of both performance and 
readiness for use. For the former, information transparency 
was generally not evident in terms of reporting how tests 
were internally validated, and accuracies assessed against 
comparator devices. For the latter, the frequently broad 
use and lack of definitions is a source of confusion that can 
increase risks of the tests being inappropriately operated. 
Commercial manufacturers need to improve the quality of 
information they provide for POCTs. The POCKET check-
list can help guide this process. Addressing these issues will 
positively contribute to the evidence-base of point-of-care 
testing for COVID-19.

Acknowledgements  Thank you to Drs Massimo Micocci and Melody Ni of the 
NIHR London In Vitro Diagnostic Co-operative (IVD) group at Imperial College 
London who helped provide valuable feedback during the writing of this paper. 
Thank you to the clinicians and laboratory technicians who helped provide us with 

information in terms of identifying important device specifications criteria for rapid 
point-of-care tests.

Contributors  PK drafted the first iteration of the manuscript. AM contributed to the 
manuscript preparation and editing. PB provided valuable feedback and contributed 
to the editing. All authors reviewed the final version of the manuscript for content 
and contributed to the conclusions of this manuscript.

Funding  This research was supported by the National Institute of Health Research 
(NIHR) In-Vitro Diagnostic Co-operative London at Imperial College Healthcare NHS 
Trust. The views and opinions expressed by authors in this publication are those 
of the authors and do not necessarily reflect those of the NHS, the NIHR or the 
Department of Health. Award/grant number: N/A.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  The study did not involve active treatment of human participants, 
ethics review and approval was not necessary because all the material was publicly 
available or voluntarily provided by the manufacturers or authorised distributors.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. Data are 
available upon reasonable request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iD
Patrick Kierkegaard http://​orcid.​org/​0000-​0001-​8600-​7956

REFERENCES
	 1	 Grimm CA. Hospital experiences responding to the COVID-19 

pandemic: results of a national pulse survey March 23–27, 2020, US 
Department of Health & Human Services 2020.

	 2	 Herper M, Branswell H. Shortage of crucial chemicals creates new 
obstacle to U.S. coronavirus testing: STAT, 2020. Available: https://
www.​statnews.​com/​2020/​03/​10/​shortage-​crucial-​chemicals-​us-​
coronavirus-​testing/ [Accessed 16 Mar 2020].

	 3	 Chris Smyth OW, Moody O. Global shortage of coronavirus testing 
kits threatens expansion plan. The Times 2020.

	 4	 Maxmen A. Thousands of coronavirus tests are going unused in US 
Labs Springer nature limited, 2020. Available: https://www.​nature.​
com/​articles/​d41586-​020-​01068-​32020

	 5	 Sharfstein JM, Becker SJ, Mello MM. Diagnostic testing for the 
novel coronavirus. JAMA 2020;323:1437.

	 6	 Iacobucci G. Covid-19: what is the UK’s testing strategy? BMJ 
2020;368:m1222.

	 7	 Phe novel coronavirus diagnostic test rolled out across UK, 
2020Public Health England. Available: https://www.​gov.​uk/​
government/​news/​phe-​novel-​coronavirus-​diagnostic-​test-​rolled-​
out-​across-​uk [Accessed 31 March, 2020].

	 8	 Kaplan A, Georgiev P, Enright M. Coronavirus testing: information 
on COVID-19 tests according to state health departments. NBC 
News 2020.

	 9	 US Food and Drug Administration. Coronavirus (COVID-19) update: 
FDA issues new policy to help expedite availability of diagnostics 
2020.

	 10	 Gostin LO, Hodge JG, Wiley LF. Presidential powers and response 
to COVID-19. JAMA 2020;323:1547.

	 11	 PM announces new funding in fight against spread of 
coronavirus: Department for International Development, Foreign 
& Commonwealth Office, Prime Minister’s Office, 10 Downing 

by copyright.
 on M

arch 23, 2021 at Im
perial C

ollege London Library. P
rotected

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-047163 on 19 M
arch 2021. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8600-7956
https://www.statnews.com/2020/03/10/shortage-crucial-chemicals-us-coronavirus-testing/
https://www.statnews.com/2020/03/10/shortage-crucial-chemicals-us-coronavirus-testing/
https://www.statnews.com/2020/03/10/shortage-crucial-chemicals-us-coronavirus-testing/
https://www.nature.com/articles/d41586-020-01068-32020
https://www.nature.com/articles/d41586-020-01068-32020
http://dx.doi.org/10.1001/jama.2020.3864
http://dx.doi.org/10.1136/bmj.m1222
https://www.gov.uk/government/news/phe-novel-coronavirus-diagnostic-test-rolled-out-across-uk
https://www.gov.uk/government/news/phe-novel-coronavirus-diagnostic-test-rolled-out-across-uk
https://www.gov.uk/government/news/phe-novel-coronavirus-diagnostic-test-rolled-out-across-uk
http://dx.doi.org/10.1001/jama.2020.4335
http://bmjopen.bmj.com/


14 Kierkegaard P, et al. BMJ Open 2021;11:e047163. doi:10.1136/bmjopen-2020-047163

Open access�

Street, The Rt Hon Boris Johnson MP, and The Rt Hon Anne-Marie 
Trevelyan MP 2020.

	 12	 US Department of Health and Human Services. HHS funds 
development of COVID-19 diagnostic tests 2020.

	 13	 US Department of Health and Human Services. BARDA’s novel 
coronavirus medical countermeasure portfolio, 2020. Available: 
https://www.​phe.​gov/​emergency/​events/​COVID19/​Pages/​BARDA.​
aspx [Accessed 31 Mar 2020].

	 14	 WHO. Coronavirus disease (COVID-19) technical guidance: 
laboratory testing for 2019-nCoV in humans, 2020. Available: 
https://www.​who.​int/​emergencies/​diseases/​novel-​coronavirus-​
2019/​technical-​guidance/​laboratory-​guidance [Accessed 4 Apr 
2020].

	 15	 Corman VM, Landt O, Kaiser M, et al. Detection of 2019 novel 
coronavirus (2019-nCoV) by real-time RT-PCR. Eurosurveillance 
2020;25:2000045.

	 16	 Cassaniti I, Novazzi F, Giardina F, et al. Performance of VivaDiag 
COVID-19 IgM/IgG rapid test is inadequate for diagnosis 
of COVID-19 in acute patients referring to emergency room 
department. J Med Virol 2020;92:1724–7.

	 17	 Tahamtan A, Ardebili A. Real-Time RT-PCR in COVID-19 detection: 
issues affecting the results. Expert Rev Mol Diagn 2020;20:453–4.

	 18	 Hadaya J, Schumm M, Livingston EH. Testing individuals for 
coronavirus disease 2019 (COVID-19). JAMA 2020;323:1981.

	 19	 Cheng MP, Papenburg J, Desjardins M. Diagnostic testing for 
severe acute respiratory syndrome–related coronavirus-2: a 
narrative review. Ann Int Med 2020.

	 20	 Li Z, Yi Y, Luo X, et al. Development and clinical application of a 
rapid IgM-IgG combined antibody test for SARS-CoV-2 infection 
diagnosis. J Med Virol 2020;92:1518–24.

	 21	 Nguyen T, Duong Bang D, Wolff A. 2019 novel coronavirus disease 
(COVID-19): paving the road for rapid detection and point-of-care 
diagnostics. Micromachines 2020;11:306.

	 22	 European Commission. COVID-19: EU recommendations for testing 
strategies, 2020. Available: https://​ec.​europa.​eu/​info/​sites/​info/​files/​
covid19_-_​eu_​recommendations_​on_​testing_​strategies_​v2.​pdf

	 23	 Petherick A. Developing antibody tests for SARS-CoV-2. Lancet 
2020;395:1101–2.

	 24	 Yong SEF, Anderson DE, Wei WE, et al. Connecting clusters of 
COVID-19: an epidemiological and serological investigation. Lancet 
Infect Dis 2020;20:809–15.

	 25	 Bell J. Trouble in testing land: University of Oxford, 2020. Available: 
https://www.​research.​ox.​ac.​uk/​Article/​2020-​04-​05-​trouble-​in-​
testing-​land [Accessed 11 Apr 2020].

	 26	 Sheridan C. Fast, portable tests come online to curb coronavirus 
pandemic. Nat Biotechnol 2020;38:515–8.

	 27	 WHO. Advice on the use of point-of-care immunodiagnostic tests 
for COVID-19: scientific brief. World Health Organization, 2020.

	 28	 Iacobucci G. Covid-19: antibody tests will not be rolled out in UK 
until at least may, MPS hear. BMJ 2020;369:m1449.

	 29	 Roxanne Liu AH. China clamps down on coronavirus test kit 
exports after accuracy questioned: Reuters news agency, 2020. 
Available: https://www.​reuters.​com/​article/​us-​health-​coronavirus-​
china-​testkits/​china-​clamps-​down-​on-​coronavirus-​test-​kit-​exports-​
after-​accuracy-​questioned-​idUSKBN21J51S [Accessed 1 Apr 
2020].

	 30	 Loh T. New tests could turn tide against Coronavirus—If they work: 
Bloomberg L.P, 2020. Available: https://www.​bloomberg.​com/​news/​
articles/​2020-​03-​31/​new-​tests-​could-​turn-​tide-​against-​coronavirus-​
if-​they-​work [Accessed 1 Apr 2020].

	 31	 Shah A. Insight into FDA’s revised policy on antibody tests: 
prioritizing access and accuracy: U.S. Food and Drug 
Administration, 2020. Available: https://www.​fda.​gov/​news-​events/​
fda-​voices/​insight-​fdas-​revised-​policy-​antibody-​tests-​prioritizing-​
access-​and-​accuracy [Accessed 19 May 2020].

	 32	 Hagemann H. Antibody tests go to market largely unregulated, 
Warns house Subcommittee chair. National Public Radio 2020.

	 33	 Chen M, Chen Z, Kong L. Analysis of medical devices design 
requirements. J Int Design Process Sci 2005;9:61–70.

	 34	 Plebani M. The detection and prevention of errors in laboratory 
medicine. Ann Clin Biochem 2010;47:101–10.

	 35	 Borsci S, Buckle P, Hanna GB. Why you need to include human 
factors in clinical and empirical studies of in vitro point of care 
devices? Review and future perspectives. Expert Rev Med Devices 
2016;13:405–16.

	 36	 Meier FA, Jones BA. Point-of-care testing error: sources and 
amplifiers, taxonomy, prevention strategies, and detection monitors. 
Arch Pathol Lab Med 2005;129:1262–7.

	 37	 Bissonnette L, Bergeron MG. Diagnosing infections—current and 
anticipated technologies for point-of-care diagnostics and home-
based testing. Clin Microbiol Infect 2010;16:1044–53.

	 38	 Manocha A, Bhargava S. Emerging challenges in point-of-care 
testing. Curr Med Res Pract 2019;9:227–30.

	 39	 Bitkina OV, Kim HK, Park J. Usability and user experience of 
medical devices: an overview of the current state, analysis 
methodologies, and future challenges. Int J Ind Ergon 
2020;76:102932.

	 40	 Lewandrowski K, Gregory K, Macmillan D. Assuring quality in point-
of-care testing: evolution of technologies, informatics, and program 
management. Arch Pathol Lab Med 2011;135:1405–14.

	 41	 Fox GN. Sensitivity and specificity of urinary nitrite for UTIs. Am 
Fam Physician 2005;72:2180.

	 42	 Gharizadeh B, Yue J, Yu M, et al. Navigating the pandemic 
response life cycle: molecular diagnostics and immunoassays in 
the context of COVID-19 management. IEEE Rev Biomed Eng 
2020;14:30–47.

	 43	 ISO. ISO 62366: 2008 medical devices–application of usability 
engineering to medical devices. Geneva: International Organisation 
for Standardisation, 2008.

	 44	 Songara RK, Sharma GN, Gupta VK, et al. Need for harmonization 
of labeling of medical devices: a review. J Adv Pharm Technol Res 
2010;1:127–44.

	 45	 Clark RC, Nguyen F, Sweller J. Efficiency in learning: evidence-
based guidelines to manage cognitive load. John Wiley & Sons, 
2011.

	 46	 Lattanzio D, Patankar K, Kanki BG. Procedural error in 
maintenance: a review of research and methods. Int J Aviat Psychol 
2008;18:17–29.

	 47	 Carneiro J, Muller E, Almeida R. Medical device manuals analysis 
using heuristic evaluation 2018.

	 48	 Applying heuristic evaluation on medical devices user manuals. 
World Congress on medical physics and biomedical engineering, 
June 7-12, 2015, Toronto, Canada; 2015. Springer.

	 49	 Martin JL, Murphy E, Crowe JA, et al. Capturing user requirements 
in medical device development: the role of ergonomics. Physiol 
Meas 2006;27:R49–62.

	 50	 The use of medical devices in self monitoring of chronic diseases. 
International Conference on advancements of medicine and health 
care through technology 2011.

	 51	 Ganier F. Factors affecting the processing of procedural 
instructions: implications for document design. IEEE Transactions 
Prof Commun 2004;47:15–26.

	 52	 Westgard SA, Goldschmidt HMJ, Ehrmeyer SS. POCT Analysts' 
perspective: practices and wants for improvement. J Appl Lab Med 
2020;5:480–93.

	 53	 Hardy V, Thompson M, Alto W, et al. Exploring the barriers and 
facilitators to use of point of care tests in family medicine clinics in 
the United States. BMC Fam Pract 2016;17:149–49.

	 54	 Jones CHD, Howick J, Roberts NW, et al. Primary care clinicians' 
attitudes towards point-of-care blood testing: a systematic review 
of qualitative studies. BMC Fam Pract 2013;14:117–17.

	 55	 Boudard A, Martelli N, Prognon P, et al. Clinical studies of 
innovative medical devices: what level of evidence for hospital-
based health technology assessment? J Eval Clin Pract 
2013;19:697–702.

	 56	 Olberg B, Fuchs S, Panteli D, et al. Scientific evidence in 
health technology assessment reports: an in-depth analysis of 
European assessments on high-risk medical devices. Value Health 
2017;20:1420–6.

	 57	 Huddy JR, Ni M, Mavroveli S, et al. A research protocol for 
developing a Point-Of-Care Key Evidence Tool 'POCKET': a 
checklist for multidimensional evidence reporting on point-of-care 
in vitro diagnostics. BMJ Open 2015;5:e007840.

	 58	 Krippendorff K. Content analysis: an introduction to its 
methodology. Sage publications, 2018.

	 59	 Hsieh H-F, Shannon SE. Three approaches to qualitative content 
analysis. Qual Health Res 2005;15:1277–88.

	 60	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. 
PLoS Med 2009;6:e1000097.

	 61	 SARS-COV-2 diagnostic pipeline: foundation for innovative new 
diagnostics, 2020. Available: https://www.​finddx.​org/​covid-​19/​
pipeline/ [Accessed 7 Dec 2020].

	 62	 Joint Research Centre. JRC COVID-19 in vitro diagnostic devices 
and test methods database: European Commission, 2020. 
Available: https://​covid-​19-​diagnostics.​jrc.​ec.​europa.​eu/ [Accessed 
1 Jun 2020].

	 63	 Coronavirus test Tracker: commercially available COVID-19 tests, 
2020. Available: https://www.​360dx.​com/​coronavirus-​test-​tracker-​
launched-​covid-​19-​tests [Accessed 16 Mar 2020].

	 64	 Elo S, Kyngäs H. The qualitative content analysis process. J Adv 
Nurs 2008;62:107–15.

by copyright.
 on M

arch 23, 2021 at Im
perial C

ollege London Library. P
rotected

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-047163 on 19 M
arch 2021. D

ow
nloaded from

 

https://www.phe.gov/emergency/events/COVID19/Pages/BARDA.aspx
https://www.phe.gov/emergency/events/COVID19/Pages/BARDA.aspx
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
http://dx.doi.org/10.1002/jmv.25800
http://dx.doi.org/10.1080/14737159.2020.1757437
http://dx.doi.org/10.1001/jama.2020.5388
http://dx.doi.org/10.1002/jmv.25727
http://dx.doi.org/10.3390/mi11030306
https://ec.europa.eu/info/sites/info/files/covid19_-_eu_recommendations_on_testing_strategies_v2.pdf
https://ec.europa.eu/info/sites/info/files/covid19_-_eu_recommendations_on_testing_strategies_v2.pdf
http://dx.doi.org/10.1016/S0140-6736(20)30788-1
http://dx.doi.org/10.1016/S1473-3099(20)30273-5
http://dx.doi.org/10.1016/S1473-3099(20)30273-5
https://www.research.ox.ac.uk/Article/2020-04-05-trouble-in-testing-land
https://www.research.ox.ac.uk/Article/2020-04-05-trouble-in-testing-land
http://dx.doi.org/10.1038/d41587-020-00010-2
http://dx.doi.org/10.1136/bmj.m1449
https://www.reuters.com/article/us-health-coronavirus-china-testkits/china-clamps-down-on-coronavirus-test-kit-exports-after-accuracy-questioned-idUSKBN21J51S
https://www.reuters.com/article/us-health-coronavirus-china-testkits/china-clamps-down-on-coronavirus-test-kit-exports-after-accuracy-questioned-idUSKBN21J51S
https://www.reuters.com/article/us-health-coronavirus-china-testkits/china-clamps-down-on-coronavirus-test-kit-exports-after-accuracy-questioned-idUSKBN21J51S
https://www.bloomberg.com/news/articles/2020-03-31/new-tests-could-turn-tide-against-coronavirus-if-they-work
https://www.bloomberg.com/news/articles/2020-03-31/new-tests-could-turn-tide-against-coronavirus-if-they-work
https://www.bloomberg.com/news/articles/2020-03-31/new-tests-could-turn-tide-against-coronavirus-if-they-work
https://www.fda.gov/news-events/fda-voices/insight-fdas-revised-policy-antibody-tests-prioritizing-access-and-accuracy
https://www.fda.gov/news-events/fda-voices/insight-fdas-revised-policy-antibody-tests-prioritizing-access-and-accuracy
https://www.fda.gov/news-events/fda-voices/insight-fdas-revised-policy-antibody-tests-prioritizing-access-and-accuracy
http://dx.doi.org/10.1258/acb.2009.009222
http://dx.doi.org/10.1586/17434440.2016.1154277
http://dx.doi.org/10.5858/2005-129-1262-PTESAA
http://dx.doi.org/10.1111/j.1469-0691.2010.03282.x
http://dx.doi.org/10.1016/j.cmrp.2019.11.006
http://dx.doi.org/10.1016/j.ergon.2020.102932
http://dx.doi.org/10.5858/arpa.2011-0157-RA
http://www.ncbi.nlm.nih.gov/pubmed/16342841
http://www.ncbi.nlm.nih.gov/pubmed/16342841
http://dx.doi.org/10.1109/RBME.2020.2991444
http://www.ncbi.nlm.nih.gov/pubmed/22247840
http://dx.doi.org/10.1080/10508410701749381
http://dx.doi.org/10.1088/0967-3334/27/8/R01
http://dx.doi.org/10.1088/0967-3334/27/8/R01
http://dx.doi.org/10.1109/TPC.2004.824289
http://dx.doi.org/10.1109/TPC.2004.824289
http://dx.doi.org/10.1093/jalm/jfaa037
http://dx.doi.org/10.1186/s12875-016-0549-1
http://dx.doi.org/10.1186/1471-2296-14-117
http://dx.doi.org/10.1111/jep.12024
http://dx.doi.org/10.1016/j.jval.2017.05.011
http://dx.doi.org/10.1136/bmjopen-2015-007840
http://dx.doi.org/10.1177/1049732305276687
http://dx.doi.org/10.1371/journal.pmed.1000097
https://www.finddx.org/covid-19/pipeline/
https://www.finddx.org/covid-19/pipeline/
https://covid-19-diagnostics.jrc.ec.europa.eu/
https://www.360dx.com/coronavirus-test-tracker-launched-covid-19-tests
https://www.360dx.com/coronavirus-test-tracker-launched-covid-19-tests
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://bmjopen.bmj.com/


15Kierkegaard P, et al. BMJ Open 2021;11:e047163. doi:10.1136/bmjopen-2020-047163

Open access

	 65	 Huddy JR, Ni M, Misra S, et al. Development of the point-of-care 
key evidence tool (pocket): a checklist for multi-dimensional 
evidence generation in point-of-care tests. Clin Chem Lab Med 
2019;57:845–55.

	 66	 Medicines and Healthcare products Regulatory Agency. 
Specification criteria for serology point of care tests and self-tests 
MHRA, 2020. Available: https://www.​gov.​uk/​guidance/​guidance-​
on-​coronavirus-​covid-​19-​tests-​and-​testing-​kits [Accessed 20 Apr 
2020].

	 67	 Cocco P, Ayaz-Shah A, Messenger MP, et al. Target product profiles 
for medical tests: a systematic review of current methods. BMC 
Med 2020;18:119–19.

	 68	 IEEE. Incorporating user needs into product development for 
improved infection detection for malaria elimination programs. IEEE 
global humanitarian technology conference (GHTC 2014), 2014.

	 69	 Food U, Administration D. Guidance for industry and review staff 
target product profile—a strategic development process tool, 2007.

	 70	 Tyndall A, Du W, Breder CD. Regulatory watch: the target product 
profile as a tool for regulatory communication: advantageous but 
underused. Nat Rev Drug Discov 2017;16:156–56.

	 71	 Winter AK, Hegde ST. The important role of serology for COVID-19 
control. Lancet Infect Dis 2020;20:758–9.

	 72	 Xu Y, Xiao M, Liu X. Significance of serology testing to assist timely 
diagnosis of SARS-CoV-2 infections: implication from a family 
cluster. Emerg Microbes Infec 2020:1–12.

	 73	 Stowell S, Guarner J. Role of serology in the COVID-19 pandemic. 
Clin Infect Dis 2020:ciaa510.

	 74	 Strecker T, Palyi B, Ellerbrok H, et al. Field evaluation of capillary 
blood samples as a collection specimen for the rapid diagnosis of 
Ebola virus infection during an outbreak emergency. Clin Infect Dis 
2015;61:669–75.

	 75	 Black MA, Shen G, Feng X, et al. Analytical performance of lateral 
flow immunoassay for SARS-CoV-2 exposure screening on venous 
and capillary blood samples. J Immunol Methods 2021;489:112909.

	 76	 Daneau G, Gous N, Scott L, et al. Human Immunodeficiency Virus 
(HIV)-Infected patients accept finger stick blood collection for point-
of-care CD4 testing. PLoS One 2016;11:e0161891.

	 77	 Tang R, Yang H, Choi JR, et al. Capillary blood for point-of-care 
testing. Crit Rev Clin Lab Sci 2017;54:294–308.

	 78	 Hamilton JG. Needle phobia: a neglected diagnosis. J Fam Pract 
1995;41:169–82.

	 79	 Windich-Biermeier A, Sjoberg I, Dale JC, et al. Effects of distraction 
on pain, fear, and distress during venous port access and 
venipuncture in children and adolescents with cancer. J Pediatr 
Oncol Nurs 2007;24:8–19.

	 80	 Blicharz TM, Gong P, Bunner BM, et al. Microneedle-based device 
for the one-step painless collection of capillary blood samples. Nat 
Biomed Eng 2018;2:151–7.

	 81	 Al‐Qarqaz F, Al‐Aboosi M, Al‐shiyab D. Using cold air for reducing 
needle‐injection pain. Int J Dermatol 2012;51:848–52.

	 82	 Birnie KA, Noel M, Chambers CT. Psychological interventions 
for needle‐related procedural pain and distress in children and 
adolescents. Cochrane Database Syst Rev 2018;10.

	 83	 Raffle AE, Pollock AM, Harding-Edgar L. Covid-19 mass testing 
programmes. BMJ 2020;370:m3262.

	 84	 Pai NP, Vadnais C, Denkinger C, et al. Point-of-care testing for 
infectious diseases: diversity, complexity, and barriers in low- and 
middle-income countries. PLoS Med 2012;9:e1001306.

	 85	 Stricklin M, Struk C. Point of care technology: a sociotechnical 
approach to home health implementation. Method Inform Med 
2003;42:463–70.

	 86	 Quinn AD, Dixon D, Meenan BJ. Barriers to hospital-based clinical 
adoption of point-of-care testing (POCT): a systematic narrative 
review. Crit Rev Clin Lab Sci 2016;53:1–12.

	 87	 Hardy V, Thompson M, Alto W, et al. Exploring the barriers and 
facilitators to use of point of care tests in family medicine clinics in 
the United States. BMC Fam Pract 2016;17:149.

	 88	 Kendler J, Strochlic AY. Usability testing of medical devices. CRC 
press, 2015.

	 89	 Bond K, Nicholson MS, Hoang MT. Post-market validation of three 
serological assays for COVID-19. Doherty Institute, 2020.

	 90	 Sethuraman N, Jeremiah SS, Ryo A. Interpreting diagnostic tests for 
SARS-CoV-2. JAMA 2020;323:2249.

	 91	 Nuccetelli M, Pieri M, Grelli S, et al. SARS-CoV-2 infection serology: 
a useful tool to overcome lockdown? Cell Death Discov 2020;6:38.

	 92	 Tang Y-W, Schmitz JE, Persing DH, et al. Laboratory diagnosis of 
COVID-19: current issues and challenges. J Clin Microbiol 2020;58.

	 93	 Long Q-X, Liu B-Z, Deng H-J, et al. Antibody responses to SARS-
CoV-2 in patients with COVID-19. Nat Med 2020;26:845–8.

	 94	 Qu J, Wu C, Li X, et al. Profile of immunoglobulin G and IgM 
antibodies against severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). Clin Infect Dis 2020;71:2255–8.

	 95	 Hoffman T, Nissen K, Krambrich J, et al. Evaluation of a COVID-19 
IgM and IgG rapid test; an efficient tool for assessment of past 
exposure to SARS-CoV-2. Infect Ecol Epidemiol 2020;10:1754538.

	 96	 Imai K, Tabata S, Ikeda M, et al. Clinical evaluation of an 
immunochromatographic IgM/IgG antibody assay and chest 
computed tomography for the diagnosis of COVID-19. J Clin Virol 
2020;128:104393.

	 97	 Deeks JJ, Dinnes J, Takwoingi Y. Antibody tests for identification of 
current and past infection with SARS‐CoV‐2. Cochrane Database 
Syst Rev 2020;6.

	 98	 Whitman JD, Hiatt J, Mowery CT, et al. Test performance 
evaluation of SARS-CoV-2 serological assays. medRxiv 2020 
doi:10.1101/2020.04.25.20074856

	 99	 Riccò M, Ferraro P, Gualerzi G, et al. Point-of-care diagnostic tests 
for detecting SARS-CoV-2 antibodies: a systematic review and 
meta-analysis of real-world data. J Clin Med 2020;9:1515.

	100	 Adams ER, Ainsworth M, Anand R. Antibody testing for COVID-19: 
a report from the National COVID scientific Advisory panel. medRxiv 
2020.

	101	 Tuaillon E, Bolloré K, Pisoni A, et al. Detection of SARS-CoV-2 
antibodies using commercial assays and seroconversion patterns in 
hospitalized patients. J Infect 2020;81:e39–45.

	102	 Udugama B, Kadhiresan P, Kozlowski HN, et al. Diagnosing 
COVID-19: the disease and tools for detection. ACS Nano 
2020;14:3822–35.10.1021/acsnano.0c02624

	103	 Lv H, Wu NC, Tsang OT-Y, et al. Cross-reactive antibody response 
between SARS-CoV-2 and SARS-CoV infections. Cell Rep 
2020;31:107725.

	104	 Bohn MK, Lippi G, Horvath A, et al. Molecular, serological, 
and biochemical diagnosis and monitoring of COVID-19: IFCC 
Taskforce evaluation of the latest evidence. Clin Chem Lab Med 
2020;58:1037–52.

	105	 Olberg B, Fuchs S, Matthias K, et al. Evidence-Based decision-
making for diagnostic and therapeutic methods: the changing 
landscape of assessment approaches in Germany. Health Res 
Policy Syst 2017;15:89.

	106	 Fuchs S, Olberg B, Panteli D, et al. Hta of medical devices: 
challenges and ideas for the future from a European perspective. 
Health Policy 2017;121:215–29.

	107	 Lassaunière R, Frische A, Harboe ZB. Evaluation of nine commercial 
SARS-CoV-2 immunoassays. Medrxiv 2020.

	108	 Woloshin S, Patel N, Kesselheim AS. False negative tests for SARS-
CoV-2 infection — challenges and implications. N Engl J Med 
Overseas Ed 2020;383:e38.

	109	 Turner PJ, Van den Bruel A, Jones CHD, et al. Point-of-care testing 
in UK primary care: a survey to establish clinical needs. Fam Pract 
2016;33:388–94.

	110	 Brown JB, Harris SB, Webster-Bogaert S, et al. Point-of-care 
testing in diabetes management: what role does it play? Diabetes 
Spectrum 2004;17:244–8.

	111	 Fraser AG, Butchart EG, Szymański P, et al. The need for 
transparency of clinical evidence for medical devices in Europe. 
Lancet 2018;392:521–30.

	112	 Nundy S, Patel KK. Self-service diagnosis of COVID-19—Ready for 
prime time? JAMA Health Forum 2020;1:e200333.

	113	 Torjesen I. Covid-19: home testing programme across England aims 
to help define way out of lockdown. BMJ 2020;369:m1799.

	114	 Castro-Sánchez E, Chang PWS, Vila-Candel R, et al. Health 
literacy and infectious diseases: why does it matter? Int J Infect Dis 
2016;43:103–10.

	115	 Pareek M, Bangash MN, Pareek N, et al. Ethnicity and COVID-19: 
an urgent public health research priority. Lancet 2020;395:1421–2.

	116	 Pan D, Sze S, Minhas JS, et al. The impact of ethnicity on clinical 
outcomes in COVID-19: a systematic review. EClinicalMedicine 
2020;23:100404.

	117	 Abuelgasim E, Saw LJ, Shirke M, et al. COVID-19: unique public 
health issues facing black, Asian and minority ethnic communities. 
Curr Probl Cardiol 2020;45:100621.

by copyright.
 on M

arch 23, 2021 at Im
perial C

ollege London Library. P
rotected

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-047163 on 19 M
arch 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1515/cclm-2018-1089
https://www.gov.uk/guidance/guidance-on-coronavirus-covid-19-tests-and-testing-kits
https://www.gov.uk/guidance/guidance-on-coronavirus-covid-19-tests-and-testing-kits
http://dx.doi.org/10.1186/s12916-020-01582-1
http://dx.doi.org/10.1186/s12916-020-01582-1
http://dx.doi.org/10.1038/nrd.2016.264
http://dx.doi.org/10.1016/S1473-3099(20)30322-4
http://dx.doi.org/10.1093/cid/civ397
http://dx.doi.org/10.1016/j.jim.2020.112909
http://dx.doi.org/10.1371/journal.pone.0161891
http://dx.doi.org/10.1080/10408363.2017.1343796
http://www.ncbi.nlm.nih.gov/pubmed/7636457
http://dx.doi.org/10.1177/1043454206296018
http://dx.doi.org/10.1177/1043454206296018
http://dx.doi.org/10.1038/s41551-018-0194-1
http://dx.doi.org/10.1038/s41551-018-0194-1
http://dx.doi.org/10.1136/bmj.m3262
http://dx.doi.org/10.1371/journal.pmed.1001306
http://dx.doi.org/10.3109/10408363.2015.1054984
http://dx.doi.org/10.1186/s12875-016-0549-1
http://dx.doi.org/10.1001/jama.2020.8259
http://dx.doi.org/10.1038/s41420-020-0275-2
http://dx.doi.org/10.1128/JCM.00512-20
http://dx.doi.org/10.1038/s41591-020-0897-1
http://dx.doi.org/10.1093/cid/ciaa489
http://dx.doi.org/10.1080/20008686.2020.1754538
http://dx.doi.org/10.1016/j.jcv.2020.104393
http://dx.doi.org/10.1101/2020.04.25.20074856
http://dx.doi.org/10.3390/jcm9051515
http://dx.doi.org/10.1016/j.jinf.2020.05.077
http://dx.doi.org/10.1021/acsnano.0c02624
http://dx.doi.org/10.1016/j.celrep.2020.107725
http://dx.doi.org/10.1515/cclm-2020-0722
http://dx.doi.org/10.1186/s12961-017-0253-1
http://dx.doi.org/10.1186/s12961-017-0253-1
http://dx.doi.org/10.1016/j.healthpol.2016.08.010
http://dx.doi.org/10.1056/NEJMp2015897
http://dx.doi.org/10.1056/NEJMp2015897
http://dx.doi.org/10.1093/fampra/cmw018
http://dx.doi.org/10.2337/diaspect.17.4.244
http://dx.doi.org/10.2337/diaspect.17.4.244
http://dx.doi.org/10.1016/S0140-6736(18)31270-4
http://dx.doi.org/10.1001/jamahealthforum.2020.0333
http://dx.doi.org/10.1136/bmj.m1799
http://dx.doi.org/10.1016/j.ijid.2015.12.019
http://dx.doi.org/10.1016/S0140-6736(20)30922-3
http://dx.doi.org/10.1016/j.eclinm.2020.100404
http://dx.doi.org/10.1016/j.cpcardiol.2020.100621
http://bmjopen.bmj.com/


Supplementary File 1: Alignment between the POCKET checklist items and MHRA Target Product Profile for serology point 

of care tests and self-tests (version 2, last updated 15th Oct 2020) 

 POCKET Checklist MHRA TPP 

Key Feature 

Statements included in the codebook for 

content analysis 

Technical 

Description 

  

  

Target Analyte  

Pack size T5. Listed number of test kits per box 

Size and weight of test device  

  
Size 

 
Power source of test device (including details about mains 

supply, battery life charging time etc)  

Power requirement 

 

Details of equivalent laboratory test (turnaround time / 

cost / availability)  
 

T2. Details of equivalent laboratory test  

 

Associated equipment required to perform test 

(device/cartridges/other consumables)  

Sample Collection Equipment 
T4. List of all associated equipment/consumables required to 

perform the test 

Test format  

Turnaround for a single test  Time to result T6. Turnaround time for a single test result 

Maximum throughput of test device (number of tests able 

to be performed over a given time period)  
 

 

Description of the sample collection process  

Need for operator to transfer a precise volume of sample 

or reagents 

Requirement to add reagents e.g. sample diluent or buffer 

Volume of sample 

Sample preparation 

Sample Type C2. Sample Type 

Description of the test process   
 

  

Description of how results are presented to user (including 

whether units are the same as current laboratory test)  

  

Result Output 

Results T3. Description of how results are presented to the user 

Identification capability  

Date regulatory approval obtained (CE mark/ FDA 
Regulatory status T1. Regulatory Approval  

Design and manufacturing environment  

Clinical 

Pathway 

Test indication and function (e.g. diagnosis/risk 

prediction/monitoring)  

 

Intended Use 

C1. Test indication and function (e.g. diagnosis/risk 

prediction/monitoring)  

Clinical need for test    
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Description of indicated population  Target Population C5. Description of indicated population 

Intended setting for test  Target Use Setting C4. Intended Setting for test  

Description of the intended user  Target User C3. Description of the intended user 

Rationale for point-of care strategy  

 

 

A written description or diagram of the current clinical 

pathway  

A written description or diagram of the clinical pathway 

incorporating the new test device  

A description of how the clinical pathway is changed by 

incorporating the test device  

C6. Description how the current clinical pathway would be 

changed by incorporating the test device  

Consequences of the test result to patient. Including 

description of effectiveness of any treatment instigated as 

a consequences of test result; Including any patient 

counselling required  

C7.  Consequences of the test result to patient. 

Consequences of incorrect test result to patient  C8. Consequences of an incorrect test result to patient 

Advantages and disadvantages of POC test pathway to the 

patient  

 

Advantages and disadvantages of POC test pathway at an 

institutional or regional level  

Guidelines that incorporate test device  

Stakeholders Description of patient acceptability and their attitudes to 

test (including how this was determined)  

Stakeholder analysis (identification of individuals/groups 

likely to be affected by test adoption and their attitudes)  

Economic 

Evidence 

Cost of test including: cost of device, cost of extra, 

equipment needed to perform, test/store test, 

consumables, any other costs e.g. including capital, costs 

other fixed costs, variables, costs and professional costs  

Evaluation that compares costs before and after 

introduction of test to a clinical pathway  

An economic analysis with quality adjusted life years 

(QALY) and incremental cost effectiveness ratio (ICER)  

Ability to incorporate local population data into economic 

model/analysis  

Test 

Performance 

Sensitivity and specificity of test device in an optimised or 

laboratory setting (Sensitivity - proportion of people with 

disease who have a positive test result; Specificity - 

proportion of people without disease who have a negative 

test result)  

P1. Sensitivity of test in an optimized or laboratory setting 

P2. Specificity of test in an optimized or laboratory setting 

Sensitivity and specificity of test device in real world or 

clinical setting (Sensitivity - proportion of people with 

disease who have a positive test result; Specificity - 

Clinical Sensitivity  
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proportion of people without disease who have a negative 

test result)  
Clinical Specificity 

Negative and positive predictive value of test results    

  

  

Analytical Specificity P4. Analytical specificity 

Invalid rate 

 Receiver Operating Curve (ROC) and Area Under Curve 

(AUC) analysis of continuous diagnostic test results  

 

Reproducibility of test result  

Repeatability of test results  

Biological variation of test results  P5. Interference 

Evidence that diagnostic/therapeutic thresholds are the 

same as in laboratory/gold-standard test results  

 
Overview of alternative/competitor devices available and 

how they compare  

  
End point stability (time window 

during which signal remains valid) 

Usability 

&Training 

Suggested standard operating procedure for test device 

and process  
 U1. Standard operating procedure for test device and process  

Instructions appropriate to end user 

(written/internet/DVD)  
Labelling and instructions for use U2. Instructions appropriate to the end-user 

Identification of operator dependent steps  Number of steps to be performed by the operator U3. Identification of operator dependent steps 

Training requirement for undertaking sampling procedure 

(including provider)  
 

U9. Training requirement for those undertaking the sampling 

procedure 

Training requirements for using the test device  
Training needs (Time dedicated to training session for end 

users) 
U10. Training requirements for using the test device 

Training requirements to interpret the test results  Ease of use U11. Training requirements for interpreting the test results 

Suggested methods for competency assessment  
 

 

Potential risks of test procedure to patient  U4. Potential risks of the test procedure to the patient 

Potential risks of test procedure to personnel performing 

test  
Biosafety 

U5. Potential risks of the test procedure to personal performing 

the test 

Sample disposal procedure including sharps  Disposal requirements U6. Sample disposal procedure, including sharps 

Test device calibration procedure and internal quality 

control protocol including level of expertise necessary to 

perform  

Reader to reader variation 
U8.  Test device maintenance required and level of expertise 

necessary to perform 

Internal controls U7. Have an internal quality control protocol 

‘Invalid’ tests 

 

Need for calibration/spare parts 

Test device maintenance required and level of expertise 

necessary to perform 

Test kit storage conditions 

operating conditions 

Kit reagent stability 

In use stability 
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Reagents reconstitution (need to prepare the reagents 

prior to utilisation) 

End point stability (time window during which signal 

remains valid) 

Reader to reader variation 

Support infrastructure provided (e.g. service, agreement, 

helpline, website)  

 

Reported adverse events  

Description of robustness of test device  

Clinical Trials  Clinical Trial Results (including funding, limitations and 

descriptions of potential sources of bias 

in clinical trials undertaken)  

Linked evidence approach (the synthesis of acquired 

evidence on test accuracy, impact of decision making and 

effectiveness of consequent treatment to evaluate overall 

test effectiveness)  

Diagnostic accuracy study  

National/Regional dataset (to provide number of tests 

performed, incidence/prevalence of disease or outcomes)  

List of relevant publications  

Systematic review/meta-analysis  

Evidence that the new device changes practise  

Timeline of any device modifications since evidence 

obtained and justification that evidence remained reliable  

Local pilot or case study of where tests device has been 

used  
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Supplementary File 2: Results from the POCKET Checklist evaluation 

 
Clinical Pathway Technical Description 

Performance 

Measurement 
Usability & Training 

Manufact

urer Test 

ID 
C1 C2 C3 C4 C5 C6 C7 C8 T1 T2 T3 T4 T5 T 6 P1 P2 P 3 P4 U1 U2 U3 U4 U5 U6 U7 U8 U9 

U 

10 

U 

11 

Total 

/79 
79 79 70 36 28 2 62 64 79 53 77 75 60 79 65 65 53 48 78 78 78 4 70 58 49 76 55 53 53 

M001 
1 1 1 0 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

M002 
1 1 0 0 0 0 0 0 1 0 1 1 1 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0 0 

M003 
1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M004 
1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 

M005 
1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 

M006 
1 1 1 1 1 0 1 1 1 0 1 1 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 

M007 
1 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 1 1 0 1 1 1 1 

M008 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

M009 
1 1 1 1 0 0 1 1 1 0 0 0 1 1 0 0 0 0 1 1 1 0 1 0 0 1 1 1 1 

M010 
1 1 1 1 0 0 1 1 1 0 0 0 1 1 0 0 0 0 1 1 1 0 1 0 0 1 1 1 1 

M011 
1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 1 

M012 
1 1 1 0 0 0 1 0 1 0 1 1 1 1 0 0 1 1 1 1 1 0 1 1 1 1 1 0 1 
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M013 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 

M014 
1 1 1 1 0 0 0 1 1 1 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 

M015 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M016 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 0 1 1 1 1 1 

M017 
1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 

M018 
1 1 1 1 1 0 1 1 1 0 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 

M019 
1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M020 
1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M021 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M022 
1 1 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M023 
1 1 1 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 1 

M024 
1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 

M025 
1 1 0 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0 1 1 1 0 0 0 0 1 0 0 0 

M026 
1 1 1 1 0 0 0 0 1 0 1 0 1 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 

M027 
1 1 1 0 1 0 0 0 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 

M028 
1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 0 0 0 1 1 1 0 1 0 0 1 1 1 1 

M029 
1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 0 0 0 1 1 1 0 1 0 0 1 1 1 1 

M030 
1 1 1 0 0 0 1 0 1 0 1 1 1 1 0 0 0 0 1 1 1 0 1 1 0 1 1 1 1 
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M031 
1 1 1 1 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M032 
1 1 1 0 0 0 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 

M033 
1 1 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M034 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M035 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 0 0 0 

M036 
1 1 1 0 0 0 1 0 1 0 1 1 0 1 0 0 0 0 1 1 1 0 1 0 0 1 0 0 0 

M037 
1 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 0 0 0 

M038 
1 1 1 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 

M039 
1 1 0 0 0 0 1 1 1 0 1 1 1 1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 1 

M040 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 

M041 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 

M042 
1 1 0 0 0 0 0 0 1 1 1 1 0 1 1 0 0 0 1 1 1 0 1 0 1 1 0 0 0 

M043 
1 1 1 1 1 0 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 1 0 0 0 

M044 
1 1 1 1 0 0 1 1 1 1 1 1 0 1 0 1 1 1 1 0 0 0 1 1 1 1 0 0 0 

M045 
1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 

M046 
1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 1 1 1 0 0 0 

M047 
1 1 1 0 1 0 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 1 

M048 
1 1 1 0 1 0 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 
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M049 
1 1 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 

M050 
1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M051 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M052 
1 1 1 0 0 0 1 1 1 0 1 1 0 1 0 0 0 0 1 1 1 0 1 1 1 1 1 1 1 

M053 
1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 0 0 0 

M054 
1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 0 1 0 0 0 

M055 
1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 

M056 
1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 

M057 
1 1 1 0 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 

M058 
1 1 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M059 
1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 

M060 
1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 0 

M061 
1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 0 0 0 1 0 0 0 

M062 
1 1 0 0 0 0 0 1 1 0 1 1 1 1 0 0 0 0 1 1 1 0 1 1 1 1 0 0 0 

M063 
1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 0 

M064 
1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 1 1 1 0 0 0 

M065 
1 1 1 1 0 0 0 1 1 0 1 1 1 1 0 0 1 1 1 1 1 0 1 0 1 1 1 1 1 

M066 
1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-047163:e047163. 11 2021;BMJ Open, et al. Kierkegaard P



M067 
1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 

M068 
1 1 1 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 0 0 0 

M069 
1 1 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M070 
1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 

M071 
1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 0 0 1 1 0 0 0 

M072 
1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 

M073 
1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

M074 
1 1 1 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 0 

M075 
1 1 1 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 1 1 

M076 
1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 

M077 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 0 1 1 0 1 0 0 0 

M078 
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

M079 
1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 0 0 1 1 1 1 1 

Total 

/79 
79 79 70 36 28 2 62 64 79 53 77 75 60 79 65 65 53 48 78 78 78 4 70 58 49 76 55 53 53 
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