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Abstract 

Background  The use of point of care (POC) tests varies across Europe, but research into what drives this variability is 
lacking. Focusing on CRP POC tests, we aimed to understand what factors contribute to high versus low adoption of 
the tests, and also to explore whether they are used in children.

Methods  We used a comparative qualitative case study approach to explore the implementation of CRP POC tests in 
the Netherlands and England. These countries were selected because although they have similar primary healthcare 
systems, the availability of CRP POC tests in General Practices is very different, being very high in the former and rare 
in the latter. The study design and analysis were informed by the non-adoption, abandonment, spread, scale-up and 
sustainability (NASSS) framework. Data were collected through a review of documents and interviews with stakehold-
ers. Documents were identified through a scoping literature review, search of websites, and stakeholder recommen-
dation. Stakeholders were selected purposively initially, and then by snowballing. Data were analysed thematically.

Results  Sixty-five documents were reviewed and 21 interviews were conducted. The difference in the availability of 
CRP POC tests is mainly because of differences at the wider national context level. In the two countries, early adopters 
of the tests advocated for their implementation through the generation of robust evidence and by engaging with all 
relevant stakeholders. This led to the inclusion of CRP POC tests in clinical guidelines in both countries. In the Neth-
erlands, this mandated their reimbursement in accordance with Dutch regulations. Moreover, the prevailing better 
integration of health services enabled operational support from laboratories to GP practices. In England, the funding 
constraints of the National Health Service and the prioritization of alternative and less expensive antimicrobial stew-
ardship interventions prevented the development of a reimbursement scheme. In addition, the lack of integration 
between health services limits the operational support to GP practices. In both countries, the availability of CRP POC 
tests for the management of children is a by-product of the test being available for adults. The tests are less used in 
children mainly because of concerns regarding their accuracy in this age-group.

*Correspondence:
Shunmay Yeung
shunmay.yeung@lshtm.ac.uk
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-023-09065-8&domain=pdf


Page 2 of 20Dewez et al. BMC Health Services Research          (2023) 23:191 

Conclusions  The engagement of early adopters combined with a more favourable and receptive macro level envi-
ronment, including the role of clinical guidelines and their developers in determining which interventions are reim-
bursed and the operational support from laboratories to GP practices, led to the greater adoption of the tests in the 
Netherlands. In both countries, CRP POC tests, when available, are less used less in children. Organisations considering 
introducing POC tests into primary care settings need to consider how their implementation fits into the wider health 
system context to ensure achievable plans.

Keywords  Comparative health systems analysis, NASSS framework, C-reactive protein, Point-of-care tests, The 
Netherlands, England, Acute childhood infections, Primary care

Background
Fever is a common reason for paediatric consultations in 
primary care [1]. Most febrile children have self-limiting 
infections [2, 3], but differentiating the few febrile chil-
dren with severe bacterial infections from those with 
minor illness is difficult because the clinical features of 
infection in children are often non-specific. The resulting 
diagnostic uncertainty combined with avoidance of risk 
lead to the over-prescription of antibiotics [4], which may 
contribute to antimicrobial resistance [5].

Point-of-care (POC) tests have been widely advocated 
to reduce antibiotic resistance [5]. They can be easily per-
formed in the consultation room, provide rapid results, 
and may optimise antibiotics use and patient care.

Few POC tests are used in the clinical management of 
acute fever in children, and their performance and impact 
seem to vary [6]. These include urine dipsticks to diag-
nose urinary tract infections, rapid throat tests to identify 
Group A Streptococcal infections, and C-reactive protein 
(CRP) POC tests.

CRP is a non-specific marker of acute inflammation 
used to indicated the severity of infections [7]. It is one of 
the most widely used and studied biomarkers in the man-
agement of infections [8].

The clinical accuracy and effectiveness of using CRP 
POC tests in primary care have been studied extensively, 
mainly in the management of adults. Recent systematic 
reviews have concluded that the use of the tests can help 
to reduce antibiotic prescription in adults with respira-
tory tract infections. With regards the use of the tests in 
children, it also reduces antibitoc prescription, but only 
if guidance is provided [9, 10]. However, the cost-effec-
tiveness of using CRP POC tests and the broader factors 
that influence their implementation in routine practice, 
such as clinicians’ attitudes, funding, quality assurance, 
impact on workload, or regulation [9, 11], have received 
less attention [12]. The availability of CRP POC tests in 
primary care varies across Europe with higher availability 
in Scandinavian countries, Switzerland, and the Nether-
lands compared to England or other countries [13, 14]. 
Moreover, whether CRP POC tests are used in the man-
agement of acute childhood infections is unclear.

Understanding the mechanisms that influence the 
availability and use of CRP POC tests is important to 
inform the implementation of current and future POC 
tests for the management of acute childhood infections. 
The aims of this study were to generate an in-depth 
understanding of the factors that contributed to a high 
versus a low availability of CRP POC tests in two coun-
tries with similar primary healthcare systems; and to 
explore whether the tests are used in children.

Methods
A comparative qualitative analysis based on two coun-
try case studies of the implementation of CRP POC tests 
was conducted. This approach was chosen as it allows for 
an in-depth understanding of a multifaceted phenomenon 
such as the introduction of diagnostics, which involves 
multiple actors and processes within a wider national 
context. The design of the study was informed by the 
non-adoption, abandonment, spread, scale-up and sus-
tainability of healthcare technologies (NASSS) framework 
[15]. The NASSS framework was developed to identify 
factors that contribute to the adoption of innovations in 
healthcare services by assessing the complexity of seven 
domains: (1) the condition or illness; (2) the technology; 
(3) the value of the innovation for developers and users; (4) 
the adopters and whether the innovation implied a change 
in their identity and practices; (5) the organisations where 
the innovation is implemented, whether they are ready for 
this innovation, how the innovation changes the organisa-
tions’ routines, and the work needed to adopt, fund, and 
normalise the innovation; (6) the wider context including 
the policy and regulatory contexts, the role of professional 
bodies and interorganisational networking; and (7) the 
adaptation of the innovation, its use, and the organisations 
over time (Fig. 1).

The two countries that were purposively selected for the 
comparison were the Netherlands and England. The crite-
rion used to make this selection was to allow for a “more 
similar” type of comparison [16], i.e., countries where 
there is a substantial difference in the outcome of interest 
(high availability of CRP POC tests in primary care in the 
Netherlands and very low in England) [13, 17] but where 
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the context are similar with regards the organisation of 
primary care services and in overall health expenditure. 
In both countries general practitioners (GPs) provide pri-
mary care for children, are the gatekeepers of health ser-
vices, and health expenditure is similar at around 10% of 
GDP [18]. An additional criterion was feasibility in terms 
of working within an established collaboration.

Data were collected through an iterative process 
combining document analysis and interviews with 
stakeholders. The initial document analysis sought to 
explore the wider health system contexts and to inform 
the identification of relevant stakeholders and the 
development of topic guides (supplementary material 
1). This was followed by interviews of stakeholders and 
additional document analyses. The iterative combina-
tion of these two methods allowed the triangulation of 
data for two purposes: (1) to cross-validate findings and 
(2) to extend the understanding of findings.

Documents were included if they pertained to the 
adoption of CRP POC tests in the two countries and 
were published after 2000. Documents included publica-
tions in medical journals, clinical guidelines, information 
for patients, information for implementors of diagnostic 
tests, reports from healthcare organisations, minutes of 
meetings, and proceedings of conferences. Documents 
were identified through a multi-pronged approach: 
a scoping review of the literature; an extensive search of 
the websites of relevant healthcare organisations; inter-
viewee recommendations; and through attendance at 
relevant meetings (see supplementary material 2 for 
additional details).

Stakeholders were selected based on their expert 
knowledge of at least one domains of the NASSS 
framework pertaining to the adoption of CRP POC 
tests in primary care in their country. We also ensured 
that we had at least one representative of the three lev-
els of health systems: micro (stakeholders who used/
could use CRP POC tests), meso (stakeholders directly 
involved in the implementation of diagnostics in GP 
practices) and macro (stakeholders involved in the 
wider national context). Based on the inclusion criteria, 
potential interviewees were identified through personal 
contacts; searching authors of relevant reports; and in 
the UK by attending relevant conferences. Initial inter-
viewees were sampled purposively followed by snowball 
sampling to identify additional stakeholders that could 
provide insights on domains of the NASSS framework 
that were not covered in initial interviews.

In the Netherlands, the interviewees were based in 
Nijmegen where members of the research team worked, 
and in Eindhoven, Leusden and Utrecht. In England, 
interviewees worked in Hertfordshire, Herefordshire, 
Southampton, and London. Potential participants 
were contacted by email or telephone to ascertain their 
interest in being interviewed. Those who agreed, were 
followed-up by JED who provided a participant infor-
mation sheet, obtained written informed consent, and 
arranged the interview date.

JED conducted all the interviews, with SY par-
ticipating in one interview in the Netherlands. The 
interviewers did not know participants beforehand. 
Face-to-face audio recorded interviews took place at 

Fig. 1  The non-adoption, abandonment, spread, scale-up and sustainability of healthcare technologies (NASSS) framework (adapted from 
Greenhalgh et al.) [15]
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the respondents’ workplace between March 2019 and 
February 2020, and by videoconference between March 
2020 and August 2021 because of the restriction due to 
the COVID-19 pandemic. Only the interviewers and 
the participants were present during the interview. 
All interview records were transcribed verbatim by a 
research assistant or JED. Field notes were taken after 
each interview. One transcript was returned to a par-
ticipant who requested this; no corrections were made. 
Two participants were recontacted to clarify the infor-
mation provided in the interviews. No repeat inter-
views were conducted.

The documents and interview transcripts were ana-
lysed thematically. The analysis was deductive based 
on the seven domains of the NASSS framework. JED 
extracted data from the interview transcripts and docu-
ments and collated them per NASSS domain using matri-
ces in Excel, including alternative views, when available. 
EF independently assessed whether each extract was 
assigned to the most relevant NASSS domains. Discrep-
ancies were resolved through discussion and consensus 
between JED and EF. Data from the two countries were 
analysed separately. A summary of each domain was 
produced and the summaries of the two countries were 
then compared descriptively to highlight similarities 
and differences for each domain. All authors verified the 
consistency of each domain summary. Data saturation 
was considered reached when all domains of the NASSS 
framework were covered and each domain was clearly 
understood. Participants did not provide feedback on the 
findings.

Results
Sixty-five documents including research publications, 
clinical guidelines, reimbursement decisions, health sys-
tems reviews, and policies were included in the analysis 
(Table  1). A total of 21 stakeholders were interviewed, 
including GPs, POCT implementors (i.e., the head of 
a laboratory implementing POC  tests in primary care, 
and a nurse in charge of implementing a pilot study with 
CRP POC  tests) and representatives of a Clinical Com-
missioning Group, a health insurance company, NHS 
improvement (a professional body supporting quality 
improvement in the English National Health Service), 
clinical guideline development bodies, and the in-vitro 
diagnostics industry (Table 2). All the included GPs from 
the Netherlands used CRP POC tests because despite our 
efforts we were unable to identify GPs who did not; in 
England four of the six GPs had used the test as part of 
pilot studies. Three GP practices did not reply to the invi-
tation: one in the Netherlands and two in England. Four 
successive industry representatives did not reply to the 
invitation in England. Interviews lasted 32–73 minutes.

The analysis identified similarities and differences in 
the seven NASSS domains between the two countries 
(Table  3) and are presented narratively below. In the 
narrative we intertwined data from the documents and 
the interviews pertaining to each domain of the NASS 
framework to synthesise the findings.

The condition
The condition is acute fever in children. There are few 
differences between the two countries regarding the 
burden of the condition in primary care. Fever in chil-
dren usually indicates the occurence of an infection and 
is a common cause of consultation: in the Netherlands 
it is  estimated that around 31% of children consulting 
in primary care are presented by their carers because of 
fever [19], while  in England it is  20–39% [1]. Infections 
are one of the leading causes of death in children, with 23 
and 20% of child deaths caused by infections in the Neth-
erlands [20] and in England [21], respectively. However, 
< 5 and 3.5% of children presenting to primary care ser-
vices are estimated to have severe infections in the Neth-
erlands [22] and in England [23], respectively.

In both countries, most of the interviewed GPs 
expressed concern about missing severe infections in 
children:

“We send too many children to a paediatrician 
because we are just afraid to miss one case of severe 
infection” (GP3-Netherlands).

“[we are] … very, very careful (with children)” 
(GP4-England).

The technology
Material features and type of data generated
CRP POC tests were initially developed in Norway [24] 
and Finland [25]. They are available as a quantitative or a 
semi-quantitative test. We only considered the quantita-
tive devices, as these are the devices implemented in the 
two countries and that are the object of the documents 
included in this study. There are currently twelve quan-
titative CRP tests available [25]. They are cartridge based 
tests where a droplet of blood, usually obtained by finger 
prick, is placed in a cartridge that is then inserted into 
a small mains-powered analyser. The results are usually 
available within 5 minutes and displayed as a digital read 
out of blood CRP concentration in mg/L.

The accuracy of CRP POC tests varies according to 
the condition for which the test is used [25]; Several 
studies found that the accuracy of CRP in the manage-
ment of low respiratory tract infection in adults is good, 
although not perfect [26–28]. With regards the accuracy 
in febrile children, CRP is one of the best biomarkers to 
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identify severe infections in children [29]. However, the 
accuracy of rapid CRP POC tests in febrile children in 
primary care settings is still debated [30]. In this study, 
GPs reported using the tests mainly for managing adults 
with cough and were more uncertain about the accuracy 
of the test in children:

“I am not quite so convinced that a normal CRP 
would mean they actually are quite well, they don’t 
have a bacterial infection” (GP3-England).

Knowledge and support to use the tests
Most participants in both countries thought that the tests 
were quick and easy to use:

“much easier (than venous sampling), it’s quicker, it’s 
simple, it’s clean” (GP2-Netherlands).

“to get the test back in four minutes is fantastic” 
(GP1-England).

Ideally, the use and interpretation of results should be 
informed by clinical guidelines. Guidelines from the Dutch 
Royal College of GPs recommend the use of CRP POC 
tests for the management of adults with cough [31], sus-
pected diverticulitis [32], and exacerbation of COPD [33]. 
The tests are only recommended in patients with diag-
nostic uncertainty to help in deciding whether antibiotics 
should be prescribed. In England, one guidelines from the 
National Institute for Health and Care Excellence (NICE) 
recommends the use of CRP POC tests in adults with sus-
pected pneumonia which is similar to the Dutch guidelines 
[34]. In both countries, there are no guidelines that recom-
mend the use of CRP POC tests in primary care in children.

Support of actual implementation of the tests is cov-
ered in The organisations.

Adaptation of the technology and supply model
The implementation of POC tests is complex and 
involves several actors and processes (see The 
adopters (healthcare providers and patients), The 
organisations, and The wider system) but from a 
technological point of view, CRP POC tests are rela-
tively straightforward devices that do not need to be 
specifically adapted prior to their implementation in 
any healthcare facility.

Some of the manufacturers of the tests are large multina-
tional companies [25] which supply both the Netherlands 
and England. This means that the tests can be purchased 
and obtained in the two countries in similar ways.

The value proposition
In the Netherlands, the availability of CRP POC tests in 
GP practices is high with estimates of between 48% [13] 
and 80% [17] in 2014–2015. By contrast, the availability 
of CRP POC tests in GP practices in England is much 
lower but data are scanty. One survey conducted in 2014 
reported availability to be 15% in 2014 [13].

The potential “value” of the test depends on the per-
spective i.e., whether it is the perspective of industry 
(“supply-side), or individual GPs or health care commis-
sioners (“demand-side”).

Supply‑side value
From the perspective of the in-vitro diagnostic industry, 
there is revenue potential in Netherlands:

“Everybody says that they expect that it is becom-
ing more and more, popular, and that the growth in 
diagnostic industry will be in point of care and not 
in lab tests.” (In-vitro diagnostics industry represent-
ative-Netherlands).

Table 2  Characteristics of stakeholders

F Female, M Male

Stakeholders Netherlands England

In vitro diagnostics industry representatives 1 (F) 1 (M)

Health insurance company representative 1 (M) –

Clinical commissioning group member – 1 (M)

Clinical guidelines development group member 1 (M) 1 (M)

Member of NHS quality improvement programme (NHS Improvement) – 1 (F)

CRP POCT tests implementors in primary care 1 (M, head of hospital laboratory) 1 (F, Nurse 
Practi-
tioner)

General practitioners

  Consultants 4 (2F) 5 (1F)

  Trainees 2 (1F) 1 (F)

Total 10 11
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Table 3  Summary of differences in the NASSS domains that explain the difference in adoption of CRP POCT between the Netherlands and England

CRP C-reactive protein, POCT Point-of-care test, GPs General practitioners, COPD Chronic obstructive pulmonary disease, NICE National Institute for Health and Care Excellence
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Whereas with regards the market in England, POC 
tests in general were seen as “a tough sell still” and 
whether there was demand for it in primary care was 
perceived “debatable” (In-vitro diagnostics industry 
representative-England).

Demand‑side value
There is strong evidence that the introduction of CRP 
POC tests can reduce antibiotic use. This includes two 
randomized controlled trials (RCT) conducted in the 
Netherlands [35, 36] and one conducted in five countries 
(including the Netherlands and England) [37]. A before-
and-after evaluation based on routine data collected 
from GP practices also found that the use of antibiotics 
decreased after the introduction of the tests [38]. How-
ever a long-term impact analysis of the multi-country 
RCT showed that the effect of the intervention did not 
last at 12 months of follow up [39]. With regards cost-
effectiveness, studies also suggest that the use of CRP 
POC tests is cost-effective in the pathway of care for 
adults with pneumonia in both countries [34, 40, 41]. 
Cost-effectiveness of using the tests in children in pri-
mary care has not yet been examined.

All the GPs in the Netherlands said that they found 
the tests very useful and none of them knew of other 
GPs who did not use them. Some said that although ini-
tially they were not particularly interested in the tests, 
this changed rapidly:

“We had it and, as soon as we use it, we didn’t want 
to give it back.” (GP2-Netherlands).

 As with their counterparts in Netherlands, all the 
GPs in England who had experience of using the tests in 
pilot studies said that they found them useful, but recog-
nized that their views were not always shared by others:

“The other doctors are not at all convinced and so 
I think we never really got into a culture of using 
them a lot except for me” (GP1-England).

In both countries CRP POC tests were commonly 
said to help the decision to prescribe antibiotics, result-
ing in a perceived reduction in antibiotic use athough 
one interviewee from the Netherlands expressed that 
this effect might not last, based on the long-term 
impact analysis of the multi-country trial referred to 
above [39]. 

CRP POC tests were also perceived as helping to avoid 
sending patients to distant laboratories, a major difficulty 
expressed by most respondents from both countries.. 
Another advantage of CRP POC tests for GPs in both 
countries was that it supported decisions and improved 
communication with patients, including with children:

“If I can’t convince them (that antibiotics are not 
needed) myself I do it with the test” (GP2-Netherlands).

“They (children) loved having the test done and they 
wanted to know about it, and it was a chance to say 
most infections are viral and this shows you don’t 
need antibiotics” (GP1-England).

Most GPs in both countries thought that CRP POC 
tests were not useful to inform decisions as to whether 
to refer a patient to hospital or not. However, a few GPs 
disagredd and did think they helped with this decision:

“If that (the need to refer) is really the case then you 
should already be able to see if the patient is really 
ill, and I don’t think that the CRP, should make any 
difference in that” (GP3-Netherlands).

“It’s more than just “I’ll prescribe some antibiotics”, 
it also helps to decide whether someone should be 
admitted to hospital” (GP3- England).

There were mixed views in both countries about the 
utility of using the tests in children, some expressing 
uncertainty about their added value, whilst others being 
more positive:

“There are lots and lots of kids we see with high 
fever, no diagnostic, no pointers to anything serious 
– it’s a very common situation, and in that situa-
tion point-of-care testing would be very helpful” 
(GP1-England).

None of the interviewees were aware of whether the 
tests were considered cost-effective despite there being 
several studies as mentioned above.

Patients were not interviewed as part of this study. 
However, from the perspective of the GPs, some of 
them in the Netherlands reported that some patients 
wanted the tests to be used, particularly when they 
disagreed with the GP’s decision or when they sought 
reassurance. In England, GPs reported mixed reactions 
with some patients liking the tests as it suggested to 
them that they were being taken seriously, whilst others 
being more mistrustful:

“It’s almost like they go to hospital, and they turn up 
in Accident & Emergency” (GP2-England)

“Some patients go: “I don’t trust your machine doc-
tor”” (GP3-England).

For GPs from practices where CRP POC tests were 
unavailable in England, there was a perception that if they 
were made available there would be demand for their use, 
which may not necessarily be a good thing:
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“It would increase demand and then you risk that 
any child with an upper respiratory tract infection 
will cost you four pounds” (GP4-England).

The adopters (healthcare providers and patients)
Changes in staff roles, practices, and identities
In this study the staff are GPs and practice nurses or 
assistants. In both countries, the implementation of CRP 
POC tests was not perceived to have changed their iden-
tities or practices, with the GPs being  responsible for 
seeing the patient and ordering the test, and the test then 
usually being performed by nurses or assistants. GPs saw 
the patient a second time only if the results were out 
of the normal range. This care pathway was like other 
pathways including the use of urine dipsticks or elec-
trocardiograms and was perceived as “the normal work” 
(GP5-Netherlands). Having to see the patient a second 
time was perceived by all GPs in the Netherlands as 
acceptable. This could have contributed to the adoption 
of the tests by all interviewed GPs in the Netherlands.

By contrast, in England, GPs had more mixed views. Some 
thought the disruption was acceptable, while others thought 
using CRP POC tests extended the consultation time 
because they had to provide more information to patients 
and any increase in consultation time, even marginal, and/
or seeing the patient again was perceived as difficult:

“We had to tell them what is CRP, what does it 
mean, why does it mean that they don’t need antibi-
otics, and what is the difference between a virus and 
a bacteria. It actually added more layers, layers of 
communication” (GP3-England).

“(Doctors and nurses) … ..don’t want to be messing 
around with three minutes, they are busy, very, very 
busy” (POC test implementor-England).

With regard to using the tests in children, in the Neth-
erlands some GPs never used them in this age group 
while some did, but much less frequently than in adults. 
In England only one GP used CRP POC tests in children 
but also less frequently than in adults. In both countries, 
the reasons given included concerns about their accuracy 
and the absence of any reference to their use in children 
in guidelines. Some GPs in England also found that finger 
pricking in children was invasive, and causing pain was 
perceived as undesirable.

Percieved acceptability by patients
All GPs in the two countries expected and reported that 
patients, including children, accepted the tests, if the GP 
decided to use it.

The organisations
In this study “organisations “refers to GP practices. In both 
countries GP practices are businesses that are run by GPs 
[42, 43]. Their role in the care pathways for febrile children 
in the two countries is similar: they are the recommended 
first point of care and act as gatekeepers of other health 
services. However, some parents present directly to emer-
gency departments, call an ambulance, or ask for advice 
from a pharmacist [19, 42, 44, 45]. There are a few more 
options in England, such as telephone and online triage 
services and urgent treatment centres that can be accessed 
without appointments (Figs. 2 and 3) [42, 46, 47].

Capacity to innovate
Most participants in both countries reported that 
the willingness and leadership to implement innova-
tions varied across workplaces; some practices being 
keen to take-up innovations while others were per-
ceived as being conservative and reluctant to try new 
approaches. As independent businesses, GP practices 
are free to decide whether they want to adopt diagnos-
tics in both countries. However, the GPs interviewed 
in England expressed that their capacity to adopt CRP 
POC tests was limited by their  perceived heavy work-
loads, which made training and integrating new ways 
of working difficult, and because of the lack of financial 
support (see below).

Readiness for the implementation of CRP POC tests
In the Netherlands, hospital laboratories and primary 
care laboratories play an important role in implement-
ing the tests in GP practices and in ensuring the tests 
are used in line with regulatory standards (see The 
wider system) [48], as per the recommendations of the 
Dutch College of General Practitioners (NHG), the 
Dutch Association for Clinical Chemistry and Labora-
tory Medicine (NVKC), the Dutch Society for Medical 
Microbiology (NVMM), and the Laboratories Physi-
cians Collaboration Netherlands (SAN) [49]. The exist-
ing operational support of laboratories to GP practices is 
likely to contribute to the readiness of the latter to imple-
ment CRP POC tests. In this study two of the three GP 
practices reported already having contracts with hospital 
laboratories that supported the implementation of other 
diagnostics prior to the introduction of CRP POC tests.

In England, there are very few primary care laboratories 
[50] and the capacity of hospital laboratories to support the 
implementation of diagnostic tests in GP practices is lim-
ited. Several participants mentioned that GP practices were 
not ready to implement CRP POC test at scale and in a sus-
tainable way, and that this was in part because of the lack of 
support from hospital laboratories:
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“They are busy enough inside (the hospital), if they 
want to come to see five practices within 20 miles, one 
person in a car driving out, whereas they got hundreds 
of machines in the lab, so they don’t want to spend 
time travelling” (POC tests implementor-England).

Integration of health services  (or the lack of ) appears 
to be  an important factor in the adoption of CPR POC 
tests in GP practices. This is explored more in detail  in 
The wider system.

Funding decision
In the Netherlands, GP practices are financed by health 
insurance companies. These companies are mainly 
funded by the premiums received from the insured 
population (i.e., all residents, as being covered by health 
insurance is mandatory in the Netherlands) [42]. The 
funding that GP practices receive consists of a combi-
nation of capitation, fee-for-consultations, bundled pay-
ments for integrated multidisciplinary care for chronic 
conditions, and pay-for-performance focused on acces-
sibility and referral patterns [51]. In addition, few fee-
for-service schemes exist, including a scheme that 
partially reimburses the use of CRP POC tests. As men-
tioned earlier, only the consumables to operate each test 

are reimbursed. The analyser must be purchased with-
out reimbursement by the primary care or hospital lab-
oratory that supports and implements the test in the GP 
practices as a capital investment.

In England, GP practices are funded by clinical com-
missioning groups (CCGs). CCGs are groups of general 
practices which commission health services for the popu-
lation of their area. CCGs receive their funding from the 
national health service (NHS England) and allocate funds 
to each GP practice. The amount of funding received by 
GP practice is made up of a combination of capitation, 
pay-for-performance, fee-for-service, and additional 
funding for the maintenance of premises and seniority 
primes [43, 52, 53]. There are no pay-for -performance 
or fee-for-service schemes that fund the use of CRP POC 
tests, which means that GP practices need to pay for the 
full cost of using the tests from their budget.

Work needed to implement change
The implementation of CRP POC tests was seen as easy 
and straightforward by GPs in the Netherlands and, for 
some GPs, the absence of CRP POC tests was actually 
more problematic than its implementation, suggesting 
that test is highly normalised:

Fig. 2  General Practitioner practices in the care pathways for febrile children in the Netherlands. GP: General practitioner
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“We only had to make room for the machine. And 
our assistants got some guidance of how they had to 
do the test” (GP5-Netherlands).

“Sometimes it’s broken, then we don’t have one … That’s 
the problem. That’s basically it.” (GP-5 Netherlands).

By contrast, in England, implementation was perceived 
as difficult. All the interviewed GPs mention that their 
practice would not want to pay for the tests from their 
budget. They would need to obtain funding form chari-
ties or convince the CCGs to allocate additional fund-
ing and then set up an agreement with a local hospital or 
directly with a diagnostic test company for technical sup-
port. All of this was perceived as very difficult:

“Why should they (the CCG) invest this amount of 
money in a CRP project. So, I must say the fight to 
get mine was quite intense and I had to be very per-
sistent” (POC tests implementor-England).

This was mainly caused by the funding constraints that 
CCG face (see The wider system). Because of this, GP 
practices had to conduct pilot studies to convince CCGs 
of the clinical and cost-effectiveness of CRP POC tests use 

in the local care pathways. This led to the proliferation of 
pilot studies: In 2017, there were 34 pilot studies across the 
UK involving the use of CRP POC tests in primary care 
[54].

The wider system
Policy context
Policies pertaining to antimicrobial resistance (AMR) 
were examined because the use of diagnostic tests has 
been advocated as a means to reduce antibiotic use. The 
Dutch AMR policy recommends the use of new diagnos-
tics to contain AMR but does not specifically mention 
POC tests [55]. Despite this, the implementation of CRP 
POC tests is one of the main antimicrobial stewardship 
measures in primary care [38]. The already low rate of 
antibiotic prescription in primary care decreased by 14% 
since 2011 [56], and the use of CRP POC tests has proba-
bly contributed to this decrease. In England, the UK AMR 
policy supports the use of POC tests generally but do 
not specifically mention CRP [57]. CCGs usually choose 
other antibiotic stewardship measures that have no or lit-
tle additional costs over diagnostics (such as setting anti-
biotic prescription targets, or benchmarking the use of 

Fig. 3  General Practitioner practices in the care pathways for febrile children in the England. GP: General practitioner.
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antibiotics across GP practices and CCGs). The prescrip-
tion of antibiotics decreased by 16% in primary care in the 
UK between 2014 and 2019 [56], and some participants in 
England stressed that this was achieved because of these 
alternative antimicrobial stewardship (AMS) interven-
tions [58].

We also examined policies pertaining to the integration 
of health services, because the support of primary care 
and hospital laboratories to GP practices for the imple-
mentation of CRP POC tests was an important factor in 
the Netherlands. The concept of “transmural care” i.e., the 
integration within primary care and between primary and 
secondary care has been promoted to improve the qual-
ity of healthcare since the 1990s in the Netherlands. Since 
then, transmural care has become a common aspect of 
the organisation of health services, even though there is 
still room for improvement [59]. By contrast, integration 
within and between levels of healthcare is still in develop-
ment in England, despite several policies promoting it [60].

Regulatory context
All available CRP POC tests are CE marked in accord-
ance with the European Union IVD Directive (98/79/
EC) [25]. CE marking is a process through which the 
manufacturer self-declares that the device conforms 
with EU regulatory standards [61]. This allows manu-
facturers to commercialise their products legally in 
the EU, including the Netherlands and England (until 
December 2020 for the latter).

The relevant International Standards Organization 
(ISO) standards are followed  in both countries. These 
are ISO 15189 for the general laboratory activities of 
laboratories supporting GP practices and ISO 22870 for 
the specific use of POC tests [49, 62].

Role of professional bodies
In the Netherlands, the Dutch Royal College of GPs 
played a key role in establishing the role of CRP POC 
tests in primary care. The use of these tests was recom-
mended in clinical guidelines developed by the Dutch 
Royal College of GPs since 2011. This led the Dutch 
Healthcare Authority (NZA), an independent organi-
sation that sets tariffs for the reimbursement of health 
services, to include CRP POC tests (but not the ana-
lyser) in the list of medical devices that can be reim-
bursed to primary care services [63]. A tariff listed by 
the NZA mandates the reimbursement of the tests by 
health insurance companies:

“And we have to pay because by law, we have to 
ensure that they can get all the necessary care they 
need” (health insurance company representative-
Netherlands).

This is because  health insurers must reimburse 
health interventions that are included in a package 
called the Basic Package of Care [42, 64]. The govern-
ment decides the content of the Basic Package of Care 
[42, 65] usually  following the recommendations of the 
Zorg Instituut Nederland, another independent body 
in charge of health technology assessments (HTAs) [42, 
45, 64, 66]. In theory, healthcare, including diagnostics, 
must be “normally provided by healthcare workers” 
and supported by “evidence of clinical and cost effec-
tiveness” to be supported by the Zorg Instituut [65, 67]. 
In practice, healthcare that is recommended in clinical 
guidelines is considered “normal” care and is almost 
automatically included in the Basic Package of Care;  a 
reimbursement tariff is then set by the NZA. The Zorg 
Institute does not necessarily carry out prior HTAs, 
particularly if the innovation is not substantially expen-
sive, which is the case of CRP POC tests [42, 65, 67].

In England, although the 2014 NICE guideline on 
pneumonia recommended the use of CRP POC tests in 
the management of adults with suspected pneumonia 
[34], these had limited impact in terms of their imple-
mentation in GP practices. The guidelines were pro-
duced with input from key stakeholders including the 
Royal College of GPs, however, NICE guidelines are 
only advisory and do not mandate the funding deci-
sions of CCGs.

Financing issues
Both the UK and the Netherlands spend about 10% of 
GDP in healthcare [18]. However, health expenditure 
per capita in the UK is 16% lower than in the Nether-
lands, given than GDP per capita is lower in the UK. 
Containment of healthcare costs is a common issue 
across European countries but has been particularly 
important in the UK since 2010 [68, 69] As a result, 
funding available to CCGs is relatively limited, and 
interview participants perceived that CCGs were very 
constrained financially and had to make difficult deci-
sions about what type of healthcare to prioritise. This 
was perceived by some participants to lead to more 
precedence to the treatment of adult non-communi-
cable diseases, because of their greater contribution to 
the country’s burden of diseases [70].

Interorganisational networking
In both countries, there are regional support structures 
which role is to disseminate healthcare innovations, such 
as for example ROS Robust [71] in the Netherlands and the 
Academic Health Sciences Network (AHSNs) in England 
[72]. Additionally, some participants in the Netherlands 
mentioned the important role that early Dutch adopters 
played in generating local clinical, cost-effectiveness, and 
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broader evidence about the use of CRP POC tests. They 
proactively disseminated the evidence and engage with 
all actors involved in the key decisions and processes 
that lead to the adoption of diagnostics in primary care. 
There are also “champions” in England who promoted 
and continue to promote the implementation of the tests 
[37, 73–76]. It is difficult to estimate whether the work 
and intensity of efforts of these early adopters was greater 
or different across the two countries. However, the overall 
context described in detail across this paper was, and still 
is, more favourable and more receptive to the engagement 
of these actors in the Netherlands.

Adaptation of the technology, its use, 
and the organisations over time
Scope of adaptation over time
CRP POC tests devices cannot be physically changed or 
adapted. However, a few GPs in both countries reported 
that their use had extended beyond the conditions which 
are the scope of current guidelines (cough, diverticulitis 
or COPD in the Netherlands; pneumonia in England). 
In England, a few participants mentioned that this had 
a negative impact on the perceived value of the tests by 
CCGs. There were also explorations in England to shift 
the use of the test to pharmacies [77], yet this has not so 
far led to its implementation in those settings.

Organisational resilience
The concept of “diagnostic stewardship” with regards 
CRP POC tests has been gaining attention in the 
Netherlands. In 2018 the Zorginstituut launched a 
consultation of experts to improve the management 
of respiratory infections in primary care. One area of 
concern was the use of CRP POC tests in children,  as 
this is not recommended in current guidelines and was 
reported to the Zorginstituut by primary care experts 
informing the consultation [78]. The consultation will 
provide its recommendations in 2023.

In England, several recent reviews commissioned by 
the department of health on AMR and on improving the 
diagnostic capacity of the NHS have advocated for more 
adoption of POC tests [50, 79]. CRP POC tests are cited 
as an example of POC tests which could contribute to 
improving antibiotics use, which suggest that these tests 
have not completely been ruled out, despite the current 
barriers to their implementation. Many participants felt 
that the only way to implement CRP POC tests at scale 
in England would be that it is mandated by NHS England 
with a specific funding scheme:

“It’s only, it’s only when things are mandated that 
things will get, done, really done” (Clinical commis-
sioning group member-England).

Discussion
Summary of principal findings
A more favourable and receptive macro level environ-
ment combined with the endeavour and engagement 
of early adopters led to the successful adoption of the 
tests in the Netherlands. In the two countries, early 
adopters of the tests advocated for their implementa-
tion through the generation of robust evidence and 
by engaging with all relevant stakeholders. Their work 
was essential in creating awareness about the tests and 
the evidence supporting their use among the actors 
involved in the adoption of diagnostics in health ser-
vices. This led to the inclusion of CRP POC tests in 
national clinical guidelines in both countries. In the 
Netherlands, this resulted in the cost of the tests being 
partially reimbursed under a fee-for-service reimburse-
ment mechanism. Moreover, the prevailing integration 
of health services enabled operational support from 
primary care and hospital laboratories to GP practices 
for the implementation of the tests. In England, the 
guidelines were only advisory and did not result in any 
mandates in relation to the use of or the reimbursement 
for CRP POC tests. Moreover, funding constraints and 
the resulting prioritization of less expensive antimicro-
bial stewardship interventions, the lack of integration 
across health services, the lack of operational support 
to GP practices, and the resulting perception that the 
introduction of CRP POCs would be a source of addi-
tional expenses and workload have all contributed to 
CRP POC tests not being adopted.

With regards the use of CRP POC tests in children with 
fever, this was often seen  to be a by-product of the test 
being made available for adult patients. In both coun-
tries, the tests are rarely used in children. This is mainly 
because of concerns about the accuracy of the tests in 
children, the lack of guidelines specific for this age-
group, and the perceived invasiveness of finger pricking 
in children.

Comparison with other literature
Other studies have investigated some of the different 
facilitators and barriers to the availability and use of POC 
tests in primary care presented in this paper.

We found that CRP POC tests were valuable for GPs 
for various reasons, with no distinctive pattern per coun-
try. Another study exploring the value of POC tests for 
GPs across European countries found that there was a 
variety of positive and negative views, and that these were 
shared across countries [80]. Better targeting of antibiotic 
use and supporting decisions and communication with 
patients were among the most cited values, which is in 
keeping with our findings.
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We found that the interplay between early adopters 
and the overall context contributed to the adoption of the 
tests. In a study exploring the facilitators and barriers to 
the adoption of CRP POC tests in Northern European 
countries, Huddy and colleagues found that the work of 
early adopters was essential in facilitating the adoption 
of the tests because the early adopters acted in a favour-
able environment that encouraged POC technology and 
the reduction of antibiotic prescription. This in turn 
allowed the development of reimbursement schemes 
that supported large-scale adoption [14] and is line with 
our study. A recent health technology assessment of 
CRP POC tests found that of 11 European countries that 
implemented CRP POC tests in primary care, a reim-
bursement scheme was available in seven countries (not 
data was available for the remaining four countries) [25], 
which suggest that reimbursement schemes contribute to 
the adoption of the test, which is again  in keeping with 
our findings.

Funding constraints in England was one of the major 
barriers to the implementation of CRP POC tests in our 
study. An independent review about the introduction of 
innovations in the NHS found that funding restrictions 
was limiting the adoption of innovations [81]. The most 
recent UK National Action Plan against AMR suggests 
that this was particularly true for diagnostics and that “if 
a new promising diagnostic came out tomorrow, the NHS 
is not equipped to get it into front-line use quickly” [82].

Our study found that the tests were reportedly used 
less in children than in adults. Schot and colleagues in a 
qualitative study with GPs in the Netherlands also found 
that GPs use substantially less CRP POC tests in children 
because of concerns regarding the lack of accuracy and 
the invasiveness of the tests [83].

Strengths and limitations
To the best of our knowledge, this is the first study to 
use the NASSS framework to compare the adoption of a 
healthcare innovation in two countries. Using the frame-
work allowed us to conduct an in-depth, comprehensive, 
and consistent comparative health systems analysis. We 
conducted a document analysis in combination with 
interviews of a wide range of stakeholders in the two 
countries which allowed us to triangulate most of the 
findings presented in this article. Moreover, most stud-
ies on the adoption of POC tests focus on the adoption 
of the tests in adult patients; this is one of the few stud-
ies exploring the adoption of POC tests for the manage-
ment of childhood infections. Our findings should be 
interpreted in light of some limitations, such as the small 
sample size for the different subgroups of stakeholders, 

the fact that we couldn’t interview children and their car-
ers, and the possibility that the background and experi-
ence of using POC tests by some of the authors may have 
created bias in the interpretation of data, despite the best 
attempts to limit this. Moreover, it is important to bear 
in mind that the qualitative data obtained from the inter-
views are the perceptions of participants and are not nec-
essarily factual data.

Implications for organisations implementing POCT tests 
and future research
This study shows that an in-depth analysis is needed to 
understand the reasons for the variability in the adop-
tion of diagnostic tests in different countries. The NASSS 
framework is very useful in this regard.

There is evidence that the use of CRP POC tests can 
reduce antibiotic use in primary care. As noted earlier, 
the NHS in England achieved a 16% reduction in anti-
biotic prescriptions through alternative antimicrobial 
stewardship measures. This is encouraging, but this 
rate might be reduced even further if those measures 
are complemented by the implementation of technolo-
gies such as CRP POC tests. However, organizations 
considering the implementation of POC tests in pri-
mary care should carefully consider how the imple-
mentation of the tests realistically fits into the wider 
national context.

Most participants questioned the accuracy and effec-
tiveness of CRP POC tests for the management of febrile 
children in primary care. Additional research is needed 
to address these concerns and it may well be that newer 
and better tests could be transformative. Additional com-
parative analyses in other settings (i.e., hospitals) and 
countries and with other POC tests would also be useful 
to provide additional insights for the implementation of 
current and future POC tests.

Conclusion
A more favourable and receptive macro level environ-
ment including the influence of clinical guidelines, the 
funding environment, and the operational support from 
laboratory services to GP practices, combined with the 
endeavour and engagement of early adopters have led to 
the widespeard adoption of CRP POC tests in the Neth-
erlands. In both countries CRP POCT tests, when avail-
able, are used much less frequently in children than in 
adults. This sis mainly because of concerns about their 
accuracy, the lack of specific guidelines, and the inva-
siveness of blood testing. These are important factors to 
consider for any organisation or individuals involved in 
the development and implementation of POC tests.
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