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Editorial
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Recently, a friend had to take their cat to the veterinary surgeon as she was out of sorts. After a thorough
examination, the veterinarian felt that a haematology
and biochemistry screen would be helpful in excluding
some of the less obvious conditions that could be present. The friend agreed and asked if they should call
back for the results at the end of the week, to which he
responded that if they can hold on for 10 minutes, the
two of them could discuss the results and any future
management coming out of them. We were astonished
and wondered why currently such service seemed to be
easier to access for animals than for humans.
Point-of-care tests (POCTs) have increased in number in recent years in parallel to other technological
advances. And, more than ever before, the current
coronavirus disease (COVID-19) pandemic has brought
the need for the widespread adoption of sensitive and
specific POCTs to the fore. The diagnosis of COVID-19
in the absence of specific symptoms, a robust and consistent clinical syndrome and high rates of asymptomatic infections relies on testing to identify cases and
enable the institution of appropriate clinical and public health measures. A POCT performed at, or near the
point of patient care, can improve accessibility, provide
timely advice, allow for immediate action and increase
the likelihood of those infected adopting self-isolation
from the start.
The eight articles in this special issue of Eurosurveillance
highlight the benefits of POCT and identify issues that
need to be taken into account when they are introduced
into a clinical setting or implemented as part of surveillance that may form the basis for public health action.
The paper by Fernàndez-López et al. [1] describes an
assessment of a community-based HIV testing service in Catalonia, Spain, that used POCT to increase
the availability and accessibility of testing, particularly opportunistic testing. During the period of the
2

assessment, from 1995 to 2018, the researchers were
able to show a substantial increase in the number of
tests undertaken particularly in people who inject
drugs, a group that can be hard to engage with, and
many cases were subsequently linked to care. In addition, the increased accessibility and uptake of testing
provided some reassurance that the fall in cases seen
following the peak in 2014, was likely real, and not a
consequence of under-ascertainment.
Celma et al. [2] illustrate the importance of recognising the limitations of POCT and the need to understand
the potential for false-positive and false-negative test
results, which will vary depending on the characteristics of the POCT and the prevalence of the disease
in the population. In their study, POCTs were placed
within England’s National Health Service hospital laboratories as opposed to near patient care. The positive
predictive value of the most commonly used rotavirus
immunochromoatography-based rapid test in their
study varied from only 21.4% from July to November
when rotavirus is less prevalent, to 89.6% during
January to April, when rotavirus is more prevalent in
the temperate northern hemisphere. This illustrates
the importance of implementing confirmatory testing
given the implications that false-positive rotavirus test
results may have on both patient management and
national surveillance.
Two articles focus on the use of POCT to tackle the rise
in antimicrobial resistance (AMR) in Neisseria gonorrhoeae, an increasing public health concern. Vegvari et
al. [3] provide a model of using POCT to inform treatment choice for N. gonorrhoeae by detecting steppingstone resistance determinants relevant to the selection
of resistance to gepotidacin, a novel antibiotic (type II
topoisomerase inhibitor) still used only in clinical trials. The potential for POCT to be used to reduce the
potential for selection of resistance is a welcome
application in the era of increasing AMR. Knowledge
www.eurosurveillance.org

of baseline resistance-determinant rates and rates of
mutations with and without pressure from the antimicrobial of interest are needed to determine the usefulness of this approach and the POCT test characteristics
would need to be taken into account.
In a further paper, Harding-Esch et al. [4] analyse the
benefits and costs of five antimicrobial resistant N.
gonorrhoeae POCT strategies and their impact on
treatment optimisation, reducing selection pressures
on a key antibiotic and cost. They apply a simulation
model using a cohort of patients infected with N. gonorrhoeae, the majority of whom were men who have
sex with men. Primary outcomes were: total costs; percentage of people given optimal treatment; percentage
of people given non-ceftriaxone optimal treatment;
cost-effectiveness. The authors found that all AMRPOCT strategies can enable correct antibiotic therapy
at diagnosis and improve antibiotic stewardship but
cost more than standard treatment and would require
investment. This has the potential to be mitigated if a
small reduction in test costs could be achieved. In addition, the different strategies had differing trade-offs
with respect to avoiding suboptimal treatments, costs
and ceftriaxone-sparing treatment. This highlights the
importance of clearly setting out and agreeing on AMRPOCT programme objectives.
The uptake of recommendations to incorporate
C-reactive protein (CRP) POCT in clinical practice was
assessed by means of a McNulty–Zelen cluster pragmatic randomised clinical trial by Eley et al. [5]. They
noted a non-significant reduction in the odds of prescribing antimicrobials for cough in those with access
to CRP POCT, but also noted variable uptake of the POCT
in participating practices despite National Institute for
Health and Care Excellence (NICE) guidance supporting
its use. Furthermore, there was variable uptake of NICE
recommendations for delayed treatment for patients
with CRP levels between 20 and 100 mg/L. Unlike the
potential to implement change within laboratory settings where there is a finite number of laboratories that
are accredited and subject to licensing, full impact of
POCT, if implemented as part of a national guidance,
may not be put in practice given the challenge of influencing adoption by a much large number of independent clinics and clinicians.
Three papers in the special issue are dealing with POCT
to detect respiratory viruses, in particular influenza.
Schneider et al. [6] report on their experience with
POCT for influenza A, influenza B, and respiratory syncytial virus in all hospital emergency departments in
the capital region of Denmark. They noted a reduction
in antimicrobial use and reduction in hospitalisation
days, and an increase in antiviral use in patients with
positive POCT results but no difference in mortality or
readmission rates. Notwithstanding the limitation of
not having a control group of people tested with traditional non-POCT, the authors note the potential for
benefit from respiratory syndromic POCT. They ensured
www.eurosurveillance.org

all POCT results were reported into their national microbiology database, but acknowledged the potential for
impact on their national surveillance system, given the
lack of subtyping available.
In a second paper, Dickson et al. [7] provide an assessment of the impact and effectiveness of national data
capture following the use of influenza POCT introduced
to aid patient triage during two consecutive influenza
seasons. The authors from Scotland found that the
areas using POCT increased over the two seasons, the
capture of positive POCT results improved between
seasons but recording of negative results was incomplete. While there was a clear benefit to patient management, the authors note that the greatest challenge
is capturing data for national surveillance. They specifically mention the lack of universal instrument interfaces to laboratory information management systems
with the resultant potential for lack of reporting and
transcription errors. They also note challenges with
documentation of results as belonging to POCT with
the potential for misclassification of testing type.
Finally, a perspective paper by Dickson et al. [8] highlights the opportunities and challenges that influenza
POCT presents, and describes potential solutions.
Challenges highlighted by the authors include integration into clinical workflow, standardisation of protocols, data procurement for surveillance purposes, and
characterisation of viral isolates. To address the latter
two, the authors specifically recommend consideration
of technological solutions to facilitate upload of POCT
data to cloud databases to enable data capture in surveillance systems and recommend a national policy for
procurement of specimens to enable influenza subtyping, sequencing, and antiviral susceptibility testing.
Molecular and genetic insights and technological
advances in computing and miniaturisation have meant
that tests with high sensitivity and specificity hitherto
considered the domain of reference laboratories are
now easily accessible to front-line clinicians and nontraditional settings such as pharmacies. The availability of such tests, at the point of care, are transforming
the way medicine is practised. Being able to identify,
as part of a consultation, that a patient has a particular
infection or condition, allows the clinician to provide
the patient tailored treatment and advice in real-time.
This has also the potential to achieve a number of
other benefits – antibiotic stewardship by only using
antibiotics where a bacterial infection is present and
only those specific to the infection, patient education
with advice specific to the infection, addressing public
health issues by advising on contact tracing, cost savings and better utilisation of clinician and patient time
by getting treatment right from the start.
However, limitations of POCT need to be recognised.
Not all POCTs are equal in performance with some
having lower sensitivity and specificity than others. Recognising the potential impact of these test
3

characteristics on false-positive and false-negative
results and the need for confirmatory testing is important. Training POCT users in the correct use and quality oversight of POCT is challenging given the diverse
number of clinicians and locations involved with POCT.
Integrating POCT data and submitting specimens for
surveillance purposes poses additional challenges
with public health implications. Policies and regulatory oversight of POCT implementation are important
to assure that these limitations are addressed and to
ensure that the full benefits of POCT are realised without incurring harm. The cat is already out of the bag – it
behoves us to tame it.
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Background: Community-based HIV testing services
combined with the use of point-of-care tests (POCT)
have the potential to improve early diagnosis through
increasing availability, accessibility and uptake of HIV
testing. Aim: To describe community-based HIV testing
activity in Catalonia, Spain, from 1995 to 2018, and to
evaluate the impact of HIV POCT on the HIV continuum
of care. Methods: A community-based network of voluntary counselling and testing services in Catalonia,
Spain has been collecting systematic data on activity,
process and results since 1995. A descriptive analysis
was performed on pooled data, describing the data
in terms of people tested and reactive screening test
results. Results: Between 1995 and 2018, 125,876
HIV tests were performed (2.1% reactive). Since the
introduction of HIV POCT in 2007, a large increase in
the number of tests performed was observed, reaching 14,537 tests alone in 2018 (1.3% reactive). Men
who have sex with men (MSM), as a proportion of all
people tested, has increased greatly over time reaching 74.7% in 2018. The highest percentage of reactive
www.eurosurveillance.org

tests was found in people who inject drugs followed by
MSM. The contribution of community-based HIV testing to the overall total notified cases in the Catalonia
HIV registry has gradually increased, reaching 37.9%
in 2018, and 70% of all MSM cases. In 2018, the percentage of individuals with a reactive screening test
who were linked to care was 89.0%. Conclusion: Our
study reinforces the important role that communitybased HIV POCT has on the diagnosis of HIV in key
populations.

Introduction

In recent years, efforts to reach the 90–90–90 targets
(90% of all people living with HIV knowing their HIV
status, 90% of all people diagnosed with HIV receiving
antiretroviral therapy and 90% of all people receiving
antiretroviral therapy having viral suppression) advocated by the Joint United Nations Programme on HIV/
AIDS (UNAIDS), have led to an improvement in accessibility and coverage of testing programmes. This, in
turn, has reduced the number of people living with
5

undiagnosed HIV infection and increased early diagnoses [1]. Monitoring and evaluation (M&E) is an essential
component of any effective testing programme. While
strategic information should guide the design of testing initiatives, M&E permits continuous evaluation of
targets and programme effectiveness, efficiency and
impact. Such data can prove invaluable in planning
improvements [2].
Catalonia is an autonomous community located in the
north-east of Spain. In 2018, it had a population of
7,543,825 inhabitants. This region has a low-level HIV
epidemic, where high levels of infection are found only
in specific groups, particularly men who have sex with
men (MSM). As of 31 December 2017, Catalonia had a
rate of 8.1 HIV diagnoses per 100,000 inhabitants, with
53.6% of all diagnoses in 2017 attributed to MSM [3].
In Catalonia, HIV testing M&E forms part of the
Integrated AIDS/HIV/STI Surveillance System of
Catalonia (SIVES) [4] and is based on two main sources
of information: (i) the network of public hospital laboratories, primary healthcare centre laboratories and
private laboratories (HIVLABCAT), which have voluntarily reported diagnostic HIV testing and results since
1992; and (ii) the network of community-based voluntary counselling and testing (CBVCT) services, which
has offered free, anonymous, voluntary and confidential counselling and testing since 1995 [5]. This report
will focus on the data collected by the CBVCT network.
CBVCT services are considered an effective strategy
for HIV testing, especially for key populations [6,7],
and have expanded in the European Union/European
Economic Area (EU/EEA) since 2010 through a variety
of service delivery models [8]. This strategy has been
proven to increase the availability, accessibility and
uptake of HIV testing in order to reduce the number of
people who do not know their HIV status or who are
diagnosed late [9], impacting the first 90 target set by
UNAIDS [10]. In addition, this strategy increases the
proportion of first-time testers, increases the proportion of participants who undertook follow-up CD4 tests
after diagnosis, detects patients at an earlier stage of
infection, increases the number of new HIV diagnoses,
and potentially reduces the stigma and discrimination
faced by key populations [6].
A systematic review found that the use of HIV pointof-care tests (POCT) as part of CBVCT interventions,
combined with behavioural interventions either at
individual or community level, has the potential for
enormous impact on the HIV epidemic [11]. Scaling up
the CBVCT service model was thought to increase the
likelihood of achieving the 90–90–90 target by 2020
[12], but the scale up in Europe has been impacted
by limited funding, poor integration with national HIV
programmes and regulatory barriers. There is a need
for guidance to address these implementation challenges, including M&E, and a need to assist countries
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in developing, implementing and evaluating national
policies [13].
Community-based testing started in Catalonia with
only a few sites offering traditional testing, where a
nurse was required to perform venepuncture and send
the blood sample to a laboratory. Traditional testing
was replaced with HIV POCT in 2007, which allowed the
expansion of testing programmes in the community.
Since 2007, more sites have been offering HIV POCT,
and the number of tests performed has increased
exponentially [5].
Catalonia has experience in the scaling up of CBVCT
interventions using HIV POCT with linkage to care,
support and treatment services, within a solid M&E
framework. Here, our aims are to describe HIV testing
activity among those CBVCT services participating in
the DEVO (an abbreviation of ‘voluntary detection’ in
Catalan) network from 1995 to 2018 in order to evaluate HIV POCT contribution in the HIV continuum of care.

Methods
Settings

In 1995, the Catalan Health Department (currently, the
Public Health Agency of Catalonia, ASPCAT) funded a
network of CBVCT services to offer free, voluntary and
confidential HIV testing in the region. The purpose of
the DEVO network was to complement existing facility-based HIV testing. The DEVO network has since
expanded from four CBVCT services in 1995 to the current 12 (becoming six organizations in 2001, seven in
2003, eight in 2004, 10 in 2008 and 12 in 2010), mainly
operated by NGOs and serving the general population
or, in some cases, key populations: MSM, sex workers
(SW), young people (under 30 years old), and people
who inject drugs (PWID). The participating organisations of the network are all CBVCT services providing
HIV testing by trained lay providers through community
and outreach services. In addition to providing HIV testing, most organisations perform syphilis and hepatitis
C testing and additional HIV prevention activities. One
of the organisations also offers other STI tests. Peers
and other lay providers have been trained to perform
and interpret rapid diagnostic tests with finger-prick
blood samples.
Every person who receives a preliminary reactive test
is referred to a laboratory or to an infectious disease
specialist who conducts a confirmatory test. The diagnosed clients are then linked with appropriate specialist services.

Data collection

The DEVO network has been collecting systematically
standardized data on activity, process and results
since 1995. Since 2014, the DEVO network has formed
part of the community-based testing (COBATEST) network, a European network of CBVCT services based
on the DEVO network experience [8,14]. Since then, all
www.eurosurveillance.org

Figure 1
Number of HIV tests performeda and percentage of reactive tests by year, Catalonia, Spain, 1995–2018 (n = 129,117)
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DEVO: voluntary detection; POCT: point-of-care test.
a

Only HIV tests performed within the DEVO network were included.

except one of the CBVCT services use the COBATEST
data collection tool (which is based on the DEVO data
collection tool) and COBATEST web-based data entry
tool through which data can be extracted and analysed
in collaboration with the Centre for Epidemiological
Studies on Sexually Transmitted Infections and HIV/
AIDS of Catalonia (CEEISCAT) as part of the Public
Health Agency of Catalonia (ASPCAT). One of the
CBVCT services uses their own data collection tool,
and shares the minimum agreed data with CEEISCAT.
For monitoring and evaluation purposes, the network
currently uses the standardised core indicators defined
in the COBATEST network [15], aligned with UNAIDS,
World Health Organization (WHO) and European Centre
for Disease Prevention and Control (ECDC) recommendations [16-18].
Data collected in the DEVO network include basic demographic information on the tester, test location, testing
history, risk behaviour and results of HIV, syphilis and
hepatitis C testing. Since 2014, services in the DEVO
network have used a unique identifier for each client,
ensuring anonymity while allowing the identification of
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repeat testers and recording the correct number of individuals tested.

Test used

From 1995 to 2007, a conventional laboratory test
with phlebotomy was used, from 2007 to 2012 the
Determine HIV–1/2 rapid test (Abbott Laboratories,
Abbott Park, IL, United States) was used, and since
2012 the new Alere Determine HIV–1/2 Ag/Ab Combo
(Abbott Laboratories) test has been used. With both
POCTs, the results were obtained in 15–20 min (15 min
for Determine HIV–1/2 rapid test and 20 min for Alere
Determine HIV–1/2 Ag/Ab Combo), and test accuracy
is very high (Determine HIV–1/2 rapid test: sensitivity
99.6% (95% CI: 99.2–99.8), specificity 99.9% (95% CI:
99.8–100.0) [19,20]; Alere Determine HIV–1/2 Ag/Ab
Combo: sensitivity 99.9% (95% CI: 99.4–100.0), specificity 99.8% (95% CI: 99.5–99.9) [21].

Data analysis

The descriptive analysis was performed on pooled
data from 1995 to 2018 and included: (i) the whole
time period 1995–2018; (ii) each year individually; (iii)
the percentage of people tested distributed by gender,
7

8

www.eurosurveillance.org

NA

0

0

372

633

NA

1,011

1996

52

36

35–44

≥ 45

NA

Foreign national

414

NA

NA

32

106

447

213

HW

250

260

22

218

9

214

1998

231

218

19

220

7

158

NA

NA

36

119

372

370

0

305

583

NA

302

338

21

219

5

115

NA

NA

44

125

399

466

0

417

615

NA

899 1,034

1997

224

231

52

167

2

118

NA

NA

32

101

337

338

0

312

497

NA

811

1999

177

237

16

141

1

32

NA

NA

18

78

220

314

0

273

358

NA

631

2000

259

267

114

196

10

160

NA

NA

35

123

433

434

0

442

581

NA

1,025

2001

220

220

73

172

7

118

242

673

37

110

434

334

0

350

563

NA

915

2002

235

245

62

145

18

104

280

667

36

144

456

307

0

366

582

NA

949

2003

286

277

64

214

18

141

389

755

67

196

527

354

0

403

734

NA

1,144

2004

466

404

157

219

31

72

527

1,046

87

273

744

470

0

627

945

NA

1,576

2005

466

379

232

380

64

65

706

1,147

136

360

889

470

0

691

1,162

NA

1,858

2006

709

897

247

1,201

140

131

1,408

2,341

287

825

1,839

794

77

1,111

2,553

NA

3,757

2007

989

900

285

1,445

157

149

1,615

3,019

377

984

2,210

1,053

113

1,420

3,108

NA

4,653

2008

1,159

1220

291

2,856

208

154

5,135

4,203

546

1,474

3,093

1,376

111

1,709

4,690

NA

6,806

2009

1,292

1,443

401

3,687

215

159

5,911

4,976

760

1,793

3,573

1,644

115

1,946

5,702

NA

8,317

2010

1,070

1,426

454

4,131

255

194

6,121

5,227

883

2,036

3,681

1,629

162

1,772

6,288

NA

8,875

2011

1,100

1,470

383

5,079

238

158

6,431

5,899

1,013

2,475

4,019

1,639

129

1,741

7,275

NA

10,168

2012

1,042

1,322

278

5,060

197

121

5,931

5,576

971

2,355

3,695

1,580

120

1,528

6,953

NA

9,654

2013

1,134

1,510

284

6,179

327

95

3,390

6,097

1,163

2,494

3,939

1,933

146

1,436

7,947

9,197b

10,867

2014

1,130

1,266

398

6,569

384

45

3,631

6,096

1,306

2,507

3,925

2,081

192

1,536

1,136

1,045

382

6,853

332

49

3,583

5,851

1,345

2,514

3,811

2,057

182

1,528

8,119

1,243

939

Only HIV tests performed within the DEVO network were included.

From 2014 to 2018 the disaggregated data refer to people tested instead of number of tests performed.

Foreign national: person born in country other than Spain; local: person born in Spain.
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Table a
Number of HIV tests performeda, people tested and reactive tests by gender, age group, origin and transmission group, Catalonia, Spain, 1995–2018 (n = 129,117)
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Only HIV tests performed within the DEVO network were included.

From 2014 to 2018 the disaggregated data refer to people tested instead of number of tests performed.

Foreign national: person born in country other than Spain; local: person born in Spain.
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DEVO: voluntary detection; FSW: female sex worker; HM: heterosexual men; HW: heterosexual women; MSM: men who have sex with men; MSW: male sex worker; NA: not available; PWID: people who inject drugs.
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Number of HIV tests performeda, people tested and reactive tests by gender, age group, origin and transmission group, Catalonia, Spain, 1995–2018 (n = 129,117)
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Figure 2
Gender, age, origin and transmission group of (A) all people tested for HIV (n = 112,732a) and (B) HIV reactive tests
(n = 2,848), Catalonia, Spain, 1995–2018
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DEVO: voluntary detection; Foreign national: person born in country other than Spain; FSW: female sex worker; HM: heterosexual men; HW:
heterosexual women; local: person born in Spain; MSM: men who have sex with men; MSW: male sex worker; PWID: people who inject
drugs.
a

Only people tested within the DEVO network were included. Before 2014 disaggregated data refers to number of tests instead of people
tested.

age, nationality and transmission group; (iv) the percentage of individuals with a confirmed positive test
before 2007 and the percentage of individuals with a
reactive screening test after 2017 distributed by gender, age, nationality and transmission group. Variables
included: gender (men, women, transgender), age,
nationality (foreign national defined as born in a country other than Spain, or local defined as born in Spain)
and transmission group (constructed as hierarchical,
mutually exclusive risk categories in the following
order of priority: PWID, male sex workers (MSW), MSM,
female sex workers (FSW), heterosexual women (HW),
heterosexual men (HM)).
For Figures 4 and 5 the MSW group was added to the
MSM group in order to present all the MSM population
together.
The lines in Figure 4 chart the evolution of the percentage of reactive screening tests per year by transmission
group and were smoothed using the centred moving
average method. Using this method, data points were
modified four times, each time the average of raw
observations at a given point in time was calculated
using that point, the one immediately prior and the one
immediately after. This method allows for smoothing
out short-term fluctuations and highlights long-term
trends or cycles [22]. To test trends in Figures 1 and 4,
a Pearson’s chi-squared test was used.
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Linkage to care was defined as ‘entry into healthcare
or follow-up by a HIV specialist or a HIV unit after a
reactive or confirmatory HIV test at a community testing facility’ according the definition established in
the Euro HIV EDAT project, co-funded by the European
Commission [23], and all linkage to care information
was collected from patient feedback.
In order to evaluate the contribution of community testing to the total number of diagnosed cases in Catalonia,
data from the DEVO network and the Catalonia HIV registry were triangulated, considering that reactive tests
detected in the DEVO network were linked to care and
therefore were noted in the Catalonia HIV registry. The
percentage of HIV cases diagnosed in the community
and registered in the Catalonia HIV registry was calculated from 2001 to 2017, the period where Catalonia
HIV registry data were available.
All percentages were calculated excluding missing values (which represented less than 5%). A p value below
0.001 was considered for statistical significance. Data
analysis was performed using PASW Statistics for
Windows, version 18.0 (SPSS Inc., Chicago, United
States).

Ethical statement

Ethical approval was not needed at the beginning of
the project in 1995, as no biological samples were preserved for the study and data collected from the clients were anonymous and part of the routine services
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Figure 3
Distribution by transmission group of (A) all people HIV testeda (n=106,992) and (B) HIV reactive tests (n=2,786),
Catalonia, Spain, 1995–2018
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DEVO: voluntary detection; FSW: female sex worker; HM: heterosexual men; HW: heterosexual women; MSM: men who have sex with men;
MSW: male sex worker; PWID: people who inject drugs.
a

Only people tested within the DEVO network were included. Before 2014 disaggregated data refers to number of tests instead of people
tested.

of CBVCT centres. Since the introduction of POCT, each
client taking a POCT gave informed consent stating
that they understood the POCT was not a diagnostic
test. Since 2014 when the DEVO network joined the
COBATEST network, the CBVCT services signed an
agreement ensuring they fulfilled the General Data
Protection Regulation, where each client has to sign
an informed consent explaining the use of the data
collected.

Results

Between 1995 and 2018, 129,117 HIV tests were performed by the DEVO network, of which 2.1% were reactive. The increase in the number of tests performed
by the CBVCT services by year was relatively low until
2006, ranging from 716 in 1995 to 1,849 in 2006 (Figure
1).
With the introduction of the HIV POCTs at the end of
2006, there was a 102.9% increase in the number of
HIV tests performed in 2007 compared to 2006 (analysis published in a previous study [5]). In 2018, the
number of HIV tests peaked at 14,537, of which 1.3%
(n = 191) were reactive. From 2006 to 2018 there was
an increase of 686.2% in number of tests performed
(from 1,858 tests performed in 2006 to 14,537 in 2018),
with an average annual increase of 21.1%. In the past
10 years, the percentage of reactive tests has been
decreasing (statistically significant trend, p < 0.0001),
from 2.8% (129/4,653) in 2008 to 1.3% (191/14,537) in
2018.
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HIV testing activity differed greatly between CBVCT
services, with one organisation, which works only with
MSM, performing on average more than half of the
total number of HIV tests in the DEVO network.
The Table shows the evolution by year on tests
performed, people tested and number of reactive
screening tests disaggregated by gender, age group,
origin and transmission group.
Between 1995 and 2018, 77.0% (86,837/112,732) of the
total people tested at the community sites were men,
and 92.9% (2,646/2,848) of reactive tests were in men.
In men and women, the age group with the most people tested and most reactive tests was 25–34 years old
(Figure 2). Foreign nationals accounted for 45.2% of the
total number of people tested, and 53.1% of the total
number of reactive tests. MSM accounted for 57.2% of
all people tested, and 73.58% of the total number of
reactive tests.
Figure 3 describes the contribution of each transmission
group to the total number of people tested, and the
total number of reactive tests between 1995 and
2018. It shows that MSM as a proportion of all people
tested has increased greatly over time, reaching 74.7%
(7,988/10,700) in 2018. The opposite trend is visible
among PWID. Each year between 1996 and 2004, PWID
were the transmission group with the highest number
of reactive tests. Since 2005, the proportion of this
group has gradually diminished, reaching the lowest
value (0.7%; 71/10,700) in 2018. In the same period,
the proportion of all reactive tests for MSM (MSM plus
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Figure 4
Percentage of HIV reactive tests by transmission group
per year, Catalonia, Spain, 1995–2018 (n people tested =
106,992a; n reactive tests = 2,848b)
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DEVO: voluntary detection; FSW: female sex worker; HM:
heterosexual men; HW: heterosexual women; MSM: men who
have sex with men; MSW: male sex worker; PWID: people who
inject drugs.
a

Only people tested within the DEVO network were included.
Before 2014 disaggregated data refers to number of tests
instead of people tested.

b

Only HIV reactive tests performed within the DEVO network were
included.

The lines were smoothed using the moving average method.

MSW) increased, accounting for 95.0% of the total
number of reactive tests detected in 2018.
The highest reactivity rate in each transmission group
during the whole period of study was found in PWID
(ranging between 1.1% (1/95) in 2014 and 25.0% (8/32)
in 2000), followed by MSM plus MSW (ranging between
2.2% (181/8,209) in 2018 and 10.2% (17/167) in 1995)
(Figure 4). Nevertheless, in recent years the reactivity rate in the PWID group has gradually decreased.
This decrease is not statistically significant, due to
the low number of PWID tested. The reactivity rate in
MSM plus MSW has shown a statistically significant
decrease (p < 0.001), especially in the past 10 years,
reaching 2.2% (181/8,209) in 2018. For the rest of the
groups, no significant trend was observed.
Figure 5 shows the increase of the contribution of HIV
POCT in the community to the overall total number
of cases registered in the Catalonia HIV registry. The
percentage of positive cases in the Catalonia HIV
registry which were first detected in the DEVO network
has gradually increased, from 4.5% (34/763) in 2001 to
37.9% (219/578) in 2017. In the case of MSM plus MSW,
this contribution is higher, reaching 70.0% of total HIV
diagnosed cases in the Catalonia HIV registry among
MSM in 2018.
In 2018, a total of 14,537 tests were performed in the
DEVO network on 10,894 individuals, of which 1.8%
12

(191/10,894) were reactive. Of these reactive tests,
94.8% (181/191) had a confirmatory test, of which
100% were confirmed as positive. Of the total number confirmed positive, 93.9% (170/181) were linked
to care. The percentage of individuals with a reactive
screening test who were linked to care was 89.0%
(170/191). This percentage has not varied considerably
since these data were available (81.7% in 2014, 95.0%
in 2015, 89.5% in 2016, and 92.7% in 2017).
This study shows the contribution of community-based
HIV POCT in improving early HIV diagnosis in Catalonia
over time, especially among key populations, and
demonstrates that the collected data are an important source of strategic information to be included into
the Integrated AIDS/HIV/STI Surveillance System of
Catalonia (SIVES).
In Catalonia, community-based HIV testing has been
monitored and has formed part of HIV Surveillance
since 1995. The DEVO Network has made it possible
to collect standardised data on each person tested in
CBVCT services. The collected data complement strategic information on key populations and thus make it
possible to improve HIV prevention strategies aimed
at these key populations. The continual monitoring
performed by the DEVO Network has improved public
health decision-making at the Public Health Agency of
Catalonia by detecting changes in HIV testing uptake,
in HIV tester profiles and in HIV test-seeking behaviours [5].
The DEVO Network succeeded in scaling up HIV testing among key populations, with the number of tests
performed in the year following the implementation of
POCT increasing by 103% from the previous year [5].
HIV POCT have the potential to increase the number of
people who know their HIV status [24]. The POCT that
meet the WHO’s ASSURED (affordability, sensitivity,
specificity, user-friendly, rapid and robust, equipmentfree and deliverable) criteria [25] follow a simple procedure involving a limited number of steps and are
equipment-free, ensuring they can be performed outside traditional laboratory settings by staff with no
formal laboratory training [24]. Additionally, both providers and clients prefer rapid tests over traditional
tests [26,27]. Several studies have shown the efficacy
of CBVCT strategies using HIV POCT to improve HIV
testing uptake in populations at higher risk of exposure to HIV [6,7,9]. The DEVO Network has shown to be
successful in providing testing to at-risk populations.
In the period 1995–2018, 57.2% of tests were performed on MSM, 7.6% on SW (FSW plus MSW), 2.6% on
PWID, 1.5% on transgender people and 45.2% on foreign nationals (including migrant population). A recent
study showed that in Catalonia, 12.3% of those living
with HIV were still undiagnosed, and this proportion
was higher in migrants [28]. Therefore, in Catalonia,
providing access to HIV POCT in the community is
www.eurosurveillance.org
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Figure 5
Number of HIV reactive screening tests from the DEVO network, total number of cases registered in the Catalonia HIV
registry and the percentagea of tests recorded in the Catalonia HIV registry first detected in the DEVO network for (A) all
people tested (n = 2,483 in DEVO network, n = 13,004 in HIV registry) and (B) men who have sex with men and male sex
workers only (n = 2,099 in DEVO network, n = 5,660 in HIV registry), Catalonia, Spain, 2001–2017

Year
HIV reactive tests
from DEVO

All Catalonia HIV
registry cases

DEVO: voluntary detection; MSM: men who have sex with men; MSW: male sex worker.
a

Percentage calculated as number of reactive tests obtained by DEVO community testing divided by number of total cases recorded in the
Catalonia HIV registry.

important, especially for populations facing barriers to
accessing the healthcare system, such as the migrant
population.
The low number of PWID tested in the DEVO network
can be explained by the fact that most PWID are tested
in harm reduction centres. In Catalonia there is a network of harm reduction programmes run by mobile
units, street teams or facility-based centres. The facility-based centres are located in areas of drug trafficking and drug consumption, or in drug treatment clinics
[29].
Linkage to care and treatment for those with a reactive test in the DEVO network is high (89%). A recent
systematic review and meta-analysis of studies in the
WHO European Region [30] showed a pooled estimate
of 85% (95% CI: 75–93) of people with reactive tests
linked to care within 3 months. Linkage of those with a
reactive test to appropriate specialist services is a key
step in the HIV continuum of care, as immediate initiation of treatment has substantial benefits in reducing the risk of patient morbidity, as well as reducing
onward transmission [30].
In the past 10 years, a statistically significant decreasing trend has been observed in the percentage of MSM
with a HIV reactive test. This trend could be explained
by the success of different strategies of combined prevention in this key population, including increased testing frequency and earlier initiation of HIV treatment.
BCN Checkpoint (the CBVCT service with the largest
HIV testing activity, particularly among MSM) has gone
further to promote earlier initiation of HIV treatment by
introducing qualitative PCR POCT for the detection of
www.eurosurveillance.org

acute HIV infection [31]. This, coupled with their preexposure prophylaxis (PrEP) service in the framework
of research studies, has broadened the portfolio of preventive services available to users of the Checkpoint.
In England, the incidence of new HIV infections in MSM
attending sexual health clinics fell by 55% in 2016 and
2017 [32,33], and was attributed to an increase in HIV
testing, earlier initiation of HIV treatment and the scale
up of privately purchased generic PrEP in England from
late 2017 onwards.
In Catalonia, universal treatment (treatment independent of CD4+cell count for patients newly diagnosed with
HIV) has had a positive impact on the dynamics of the
viral load in people living with HIV [34]. This, along
with increasing testing and linkage to care as part
of a combined prevention strategy, can explain the
decrease in the percentage of new HIV diagnoses in the
DEVO network. The increase in number of sites offering HIV testing thanks to the introduction of HIV POCT
has increased the proportion of community detected
HIV cases in the overall number of HIV cases reported
in Catalonia, increasing from 4.5% in 2001 to 37.9%
in 2017. The impact of introducing HIV POCT was even
larger for MSM, where 70% of all new HIV diagnoses
in 2017 were diagnosed in the community setting. This
suggests that CBVCT services are a valuable element
of the strategy to increase HIV testing in Catalonia,
especially for MSM. These estimations are higher than
that presented in a 2019 study showing that in several
southern European countries, 0.2–19.7% of total HIV
cases and 0.5–37.0% of HIV cases among MSM were
diagnosed through CBVCT services [35].
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The longstanding experience of the DEVO Network and
its results has been used as a basis for establishing
the COBATEST Network, a European network of CBVCT
services that share standardised data [8,14].
There are a number of limitations to this study. Firstly,
the disaggregated data presented in the Table from
1995 to 2013 refers to the number of tests performed,
while data from 2014 to 2018 refer to the total number
of people tested. This is due to improvements made to
the data collection system and its integration into the
COBATEST network. After 2013 a unique identifier was
assigned to each client, allowing detection of repeat
testers, and at the same time ensuring the anonymity
of people tested. This could have led to an under-estimation of the number of tests in the period 2014–2018,
especially in the MSM group as MSM are more often
repeat testers. Secondly, the number of HIV positive
cases from1995 to 2007 refers to HIV confirmed cases
only, as the test offered was the conventional laboratory test. Since the introduction of HIV POCT, the number of HIV positive cases refers to reactive cases as
in some cases, the information related to referral and
confirmation of the diagnosis is not complete. So the
number of HIV reactive cases in the period 1995–2006
could be higher. Lastly, regarding the number of cases
detected in the DEVO network as a percentage of the
total number of Catalonia HIV registry cases - as it was
assumed that all reactive cases were linked to care and
therefore were added to the Catalonia HIV registry, the
contribution could have been overestimated.
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Background: During the 2017/18 and 2018/19 influenza seasons, molecular amplification-based pointof-care tests (mPOCT) were introduced in Scotland to
aid triaging respiratory patients for hospital admission, yet communication of results to national surveillance was unaccounted for. Aim: This retrospective
study aims to describe steps taken to capture mPOCT
data and assess impact on influenza surveillance.
Methods: Questionnaires determined mPOCT usage
in 2017/18 and 2018/19. Searches of the Electronic
Communication of Surveillance in Scotland (ECOSS)
database were performed and compared with information stored in laboratory information management
systems. Effect of incomplete data on surveillance was
determined by comparing routine against enhanced
data and assessing changes in influenza activity levels
determined by the moving epidemic method. Results:
The number of areas employing mPOCT increased over
the two seasons (6/14 in 2017/18 and 8/14 in 2018/19).
Analysis of a small number of areas (n = 3) showed
capture of positive mPOCT results in ECOSS improved
between seasons and remained high (> 94%). However,
capture of negative results was incomplete. Despite
small discrepancies in weekly activity assessments,
routine data were able to identify trend, start, peak
and end of both influenza seasons. Conclusion: This
study has shown an improvement in capture of data
from influenza mPOCT and has highlighted issues that
need to be addressed for results to be accurately captured in national surveillance. With the clear benefit
to patient management we suggest careful consideration should be given to the connectivity aspects of
the technology in order to ensure minimal impact on
national surveillance.

Introduction

Point-of-care tests (POCT) for influenza have been
available since the late 1990s [1]. However, these were
relatively insensitive tests relying on the detection
of viral antigens. More recently, POCT using molecular nucleic acid amplification (mPOCT), which have
increased sensitivity and are comparable to the gold
standard laboratory PCR tests (hereafter named as
laboratory-derived tests/results), have become available making them an attractive and acceptable option
for frontline healthcare services. mPOCT have been
implemented and validated within hospital settings
[2-8], and community settings [9]. A study performed in
2019 reported that the use of mPOCT in an emergency
department in London was associated with reduced
nosocomial transmission of influenza [3]. Another study
from the Netherlands documented a positive experience with mPOCT in one teaching hospital, reporting
reduced turnaround times, improved patient flow and
estimated savings of roughly EUR 400,000 [4].
Influenza surveillance is an important public health
activity for ensuring that there are adequate health
service resources available and appropriate interventions accessible, particularly for those who are at
risk of complications of influenza [10,11]. In Scotland,
influenza activity is monitored on a weekly basis during the winter period through a wide range of surveillance components. The national influenza surveillance
is composed of laboratory results from diagnostic and
reference laboratories. These are transferred electronically from individual laboratory information management systems (LIMS) to the Electronic Communication
of Surveillance in Scotland (ECOSS) database, managed by Health Protection Scotland (HPS).
During the 2017/18 influenza season, there were
moderate to high levels of influenza activity reported
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Table 1
Completeness of positive and negative influenza mPOCT results transferred from LIMS to ECOSS, Scotland, influenza
seasons 2017/18 and 2018/19
Season 2017/18a
mPOCT result

Positive

Negativec

Area

ECOSS
mPOCT

Season 2018/19a

LIMS
mPOCT

Completeness (%)

ECOSS
mPOCT

LIMS
mPOCT

Completeness (%)b

DIFF

D

164

185

88.6

227

242

93.8

5.2

F

539

838

64.3

559

578

96.7

32.4

M

NA

NA

NA

202

199

> 100

–

D

NA

NA

NA

NA

NA

NA

–

F

86

1,172

7.3

53

1,333

4.0

−3.4

M

NA

NA

NA

NA

NA

NA

–

DIFF: difference; ECOSS: Electronic Communication of Surveillance in Scotland database; LIMS: laboratory information management system;
mPOCT: molecular amplification-based point-of-care tests; NA: not available.
a
Results were obtained from tests carried out from week 40 2017 to week 20 2018 (influenza season 2017/18) and from week 40 2018 to week
20 2019 (influenza season 2018/19).
b
Completeness of data transferred from individual LIMS to the ECOSS database. Completeness calculated as number of ECOSS mPOCT results
(positive or negative) / number of LIMS mPOCT results (positive or negative).
c
Negative results were generally not transferred to ECOSS. They were available for area F due to the laboratory in this area having pre-existing
data transfer in place for all influenza test results.

across Scotland, putting significant pressure on bed
occupancy in an already stretched hospital system
(data not shown). mPOCT were rapidly introduced in
many of the 14 territorial health boards in Scotland as
a means of triaging for hospital admission. The introduction of mPOCT was to supplement and not replace
routine testing and therefore resulted in an increase in
the total number of patients tested. This had a positive
effect on local bed occupancy, treatment and infection
control interventions [12]. However, due to the speed of
introduction, provision had not necessarily been made
to enable capture of the results to ECOSS, and the
impact on national influenza surveillance in Scotland
was potentially compromised. Prior to the start of the
2018/19 season, HPS attempted to assess and find
ways to mitigate the loss of national data as experienced in the previous season. This retrospective study
aims to describe the steps taken to capture mPOCT
data, assess the impact on influenza surveillance and
describe the potential public health challenges resulting from the mPOCT roll-out.

Methods
Setting and study population

Scotland is divided into fourteen territorial health
boards (hereafter referred to as areas A-N), which
collectively provide healthcare for ca 5.4 million
inhabitants. Healthcare can be given at a number
of institutions from general practices, community
pharmacies, out-of-hours clinics and medical receiving hospitals. Any of these services could potentially
offer mPOCT for influenza, but the services that used
this technology in the 2017/18 and 2018/19 influenza
seasons were acute hospital-based. The population
studied was therefore the total number of patients
that presented with influenza-like illness to an acute
hospital-based service, were tested for influenza using
mPOCT and had the results transferred to LIMS.
www.eurosurveillance.org

mPOCT implementation questionnaire

At the end of the 2017/18 influenza season, a questionnaire was developed (Supplement 1) and sent to areas
A-N to determine the scale of mPOCT implementation.
This was followed by a teleconference with all respondents that reported the use of mPOCT for influenza.
Information requested in the questionnaire included
the test manufacturer, location of the testing unit, who
carried out the tests, how quality assessment was performed, what testing protocols were followed and how
the results were reported. This led to the development
of a nationally agreed advisory statement in November
2018 on the preferred way to implement mPOCT [12].
In 2018/19, a similar questionnaire (Supplement 2) was
distributed to areas A-N before the beginning of the
influenza season, but more emphasis was placed on
the transfer of mPOCT results to LIMS, whether manual entry of results was required and what codes were
assigned to ensure identification of mPOCT.

Analysis of data transfer from LIMS to ECOSS

Influenza laboratory results available in ECOSS were
analysed and text fields searched to identify keywords
or codes that would indicate that the influenza test was
performed using mPOCT (as reported in the mPOCT
implementation questionnaire). ECOSS records were
then categorised as mPOCT positive or mPOCT negative results and aggregated to obtain weekly counts for
each laboratory. Data were aggregated from week 40
2017 to week 20 2018 (season 2017/18) and from week
40 2018 to week 20 2019 (season 2018/19).

Completeness of mPOCT data in ECOSS

Extracts of the equivalent LIMS mPOCT data for the
above periods were requested from a small number of
participating areas (n = 3) to assess the completeness
of both positive and negative ECOSS mPOCT results.
Completeness was calculated as:
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Figure 1
Comparison of rate of positive influenza tests per 100,000 population between the ECOSS routine data and ECOSS
enhanced data collection methods for area F during (A) influenza season 2017/18 and (B) influenza season 2018/19, Scotland
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ECOSS: Electronic Communication of Surveillance in Scotland database; MEM: moving epidemic method.
Results were obtained from tests carried out from week 40 2017 to week 20 2018 (influenza season 2017/18) and from week 40 2018 to week
20 2019 (influenza season 2018/19).
Pearson correlation coefficient between ECOSS routine and ECOSS enhanced data was (A) (r = 0.996) and (B) (r = 0.999).

number of ECOSS mPOCT results (positive or negative) / number of LIMS mPOCT results (positive or
negative).

Impact of mPOCT on microbiological
surveillance data

For each participating area, the impact of incomplete
or lacking mPOCT data in the Scottish influenza surveillance was assessed by comparing ECOSS routine
data (nationally agreed data electronically transferred
from the local laboratory (LIMS), which may or may not
include all mPOCT local laboratory-derived results) to
ECOSS enhanced data (ECOSS data with mPOCT results
identified through text searches were removed and
replaced by the LIMS extracted mPOCT data to avoid
double counting). In order to compare these data, we
calculated two indicators: (i) proportion of positives
(number of positive results divided by the number of
tests performed) and (ii) rate of positives (number of
positive results expressed per 100,000 population).

Proportion of mPOCT vs laboratory-derived
positive results and tests

We estimated mPOCT usage between the two seasons
as a proportion of all positive test results i.e. laboratory-derived plus mPOCT (ECOSS enhanced data). For
this calculation we divided the mPOCT figure provided
by LIMS by the figure provided by ECOSS enhanced
data.
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Statistical analysis

For each indicator value we calculated the Pearson correlation coefficient (r-value) and compared the respective influenza activity levels to investigate whether
having complete mPOCT data would change our interpretation of influenza weekly activity. Weekly influenza
activity level was defined using the moving epidemic
method (MEM) [13]. MEM is a standardised method for
reporting influenza activity adopted by the European
Centre for Disease Prevention and Control that allows
intra- and inter-country comparisons. We used MEM to
calculate intensity thresholds and identify influenza
activity levels based on the two indicators mentioned
above (proportion of positives and rate of positives).
The MEM thresholds were calculated using the ‘mem’
R package (R software version 3.5.1 (R Foundation,
Vienna, Austria), and the package ‘mem’ version 2.14)
using the predefined configuration, i.e. fixed criterium
method and a slope parameter of 2.8. For each indicator,
and based on historical data since the 2010/11 season,
MEM defined the following weekly influenza activity
levels [14]: baseline (data below epidemic threshold);
low (data between epidemic and low thresholds); moderate (data between low and medium thresholds); high
(data between medium and high thresholds); extraordinary (data above high threshold).

Ethical statement

This study used only aggregate and non-identifiable
data, therefore no ethical approval was necessary.
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Figure 2
Comparison of proportion of positivea influenza tests between the ECOSS routine data and ECOSS enhanced data collection
methods for area F during (A) influenza season 2017/18 and (B) influenza season 2018/19, Scotland
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ECOSS: Electronic Communication of Surveillance in Scotland database; MEM: moving epidemic method.
a

Proportion of positives calculated as number of positive tests / number of total tests.

Results were obtained from tests carried out from week 40 2017 to week 20 2018 (influenza season 2017/18) and from week 40 2018 to week
20 2019 (influenza season 2018/19).
Pearson correlation coefficient between ECOSS routine and ECOSS enhanced data was (A) (r = 0.996) and (B) (r = 0.998).

Results
mPOCT implementation questionnaire

During the 2017/18 influenza season, six of 14 areas
reported use of influenza mPOCT compared with eight
of 14 in the 2018/19 season (Supplement 3). The majority of mPOCT were used at acute hospital admissions
or emergency departments during the 2017/18 season,
with more specialised departments (e.g. oncology and
paediatric ICU) using mPOCT during the 2018/19 season. With the exception of outlying hospitals where
testing was performed by laboratory staff, the majority
of mPOCT were performed by ward staff.
According to additional comments received in the
questionnaires, training in the first instance was usually performed by the mPOCT manufacturers, with
some departments supplementing this with training by
laboratory staff. Quality assessment was minimal due
to time and cost restraints, which led to shorter verification processes and general acceptance of the manufacturer’s sensitivity and specificity claims. All areas
agreed a local protocol with clinicians as to who should
be tested and under what circumstances. It was noted
that during the 2017/18 season this was not always
adhered to and an increase in number of tests was
reported due to testing of asymptomatic individuals,
contacts or members of staff. In all cases, patient management decisions were based entirely on the result
of the mPOCT, including use of personal protective
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equipment (PPE), antiviral treatment, admission and
transfer.
In the 2017/18 influenza season, none of the areas had
direct transfer of test results from the mPOCT machine
to their LIMS, thus data transfer was performed manually (frequency variable). In the 2018/19 influenza
season, despite differences between areas, manual
entry of mPOCT results was required at some stage
of the data transfer process. Of note, two areas used
a central computational system (middleware), which
received data from multiple mPOCT machines before
transferring to LIMS. However, this link did not work
and manual data extraction from the middleware was
required. In addition, information received from the
2018/19 questionnaire showed there was no consistent
use of identifiable mPOCT codes across areas.

Analysis of data transfer from LIMS to
national database

The analysis of ECOSS data only identified a small number of areas that had records categorised as mPOCT
based on text searches (two of six in 2017/18: areas D
and F; and three of eight in 2018/19: areas D, F and M).
Due to this, only these areas were further analysed and
investigated for completeness. The weekly aggregated
counts for the 2017/18 and 2018/19 seasons were then
requested from these areas. Among areas D, F and
M, only area F had negative results available through
ECOSS, but this was due to the laboratory in this area
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Table 2
Proportion of influenza mPOCT among all influenza testsa performed in area F by influenza season, and proportion of
positive influenza mPOCT among all positive influenza testsa for areas F, M and D by season, Scotland, influenza seasons
2017/18 and 2018/19
Season 2017/18
Tests

All tests
Positive
tests

Area

ECOSS
mPOCT
tests

LIMS
mPOCT
tests

ECOSS
routine
testsa

ECOSS
enhanced
testsb

F

625

2,010

11,571

F

539

838

2,166

Season 2018/19
Proportion
of mPOCT
tests (%)c

ECOSS
mPOCT
tests

LIMS
mPOCT
tests

ECOSS
routine
testsa

ECOSS
enhanced
testsb

Proportion
of mPOCT
tests (%)c

12,956

15.5

612

1,911

9,511

10,810

17.7

2,465

34.0

559

578

1,191

1,210

47.8

M

NA

NA

NA

NA

NA

202

199

443

440

45.2

D

164

185

939

960

19.3

227

242

567

582

41.6

ECOSS: Electronic Communication of Surveillance in Scotland database; LIMS: laboratory information management system; mPOCT: molecular
amplification-based point-of-care tests; NA: not available.
a
Laboratory-derived + mPOCT.
b
(ECOSS routine − ECOSS mPOCT) + LIMS mPOCT.
c
LIMS mPOCT tests divided by ECOSS enhanced tests.
Results were obtained from tests carried out from week 40 2017 to week 20 2018 (influenza season 2017/18) and from week 40 2018 to week
20 2019 (influenza season 2018/19).
Proportion of mPOCT tests are a potential proportion due to not all LIMS mPOCT results being reported to ECOSS.

having pre-existing data transfer in place for all influenza test results.

Completeness of mPOCT data in ECOSS

The results presented in Table 1 show the proportion
of mPOCT positive results captured by ECOSS i.e. completeness increased between the 2017/18 and 2018/19
seasons for areas D and F by 5.2% and 32.4%, respectively. In the 2018/19 season, a very high proportion of
mPOCT positive results was captured by ECOSS (93.8%,
96.7% and > 100% for areas D, F and M, respectively).
The proportion of mPOCT negative results captured by
ECOSS for area F was very low in both seasons (7.3%
and 4% in 2017/18 and 2018/19, respectively). It was
not possible to calculate the completeness of mPOCT
negative results in ECOSS for areas D and M as influenza negative results from laboratories in these areas
were not routinely captured by ECOSS. Discrepancies
in mPOCT results between ECOSS and LIMS, as seen in
area M, were determined to be a result of differences
in coding, subsequent incorrect data entry into text
fields, and the code not being recognised by the software during data extraction.

Impact of mPOCT on influenza surveillance
data

Data obtained from area F were used to assess the
impact of mPOCT in influenza surveillance as it enabled the analysis of both positivity rate and proportion
of positives (required negative results). In terms of rate
of positives, the weekly influenza activity level based
on ECOSS enhanced data was similar to that of ECOSS
routine data (Figure 1). Both seasons’ data showed a
very high correlation coefficient (0.996 and 0.999 in
season 2017/18 and 2018/19, respectively). This is in
line with the high proportion of positives being captured by ECOSS in both seasons (Table 1). The low proportion of mPOCT negatives being captured by ECOSS
meant an overestimation of the proportion of positives
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calculated during the two seasons (Figure 2), i.e. the
ECOSS routine data showed an artificially higher proportion of positives than the ECOSS enhanced data.
However, the overall trends remained similar and influenza activity level interpretation was similar for both
ECOSS datasets for most weeks. There was one week
in the 2017/18 season (Figure 2A) where level interpretation would have been moderate instead of low if we
were using ECOSS enhanced data (week 5 2018). In the
2018/19 season, if we were using the ECOSS enhanced
data there would have been 3 weeks where activity
level would have been low instead of moderate (weeks
1,3, and 8 in 2019) and one week where activity level
would have been baseline instead of low (week 11 2019)
(Figure 2B). Despite these sporadic discrepancies, the
data available in ECOSS for area F allowed the identification of the start, peak and end of both influenza
seasons. The intensity of the peak and the timing of the
start and end of the seasons were the same regardless
of using ECOSS routine or ECOSS enhanced data.

Proportion of mPOCT vs laboratory-derived
positive results and tests

There was an increase in the proportion of mPOCT
among all tests performed (laboratory-derived and
mPOCT together) in area F from 15.5% to 17.7% in the
2017/18 and 2018/19 season, respectively (Table 2).
In addition, the proportion of mPOCT positive results
among all positive results increased from 34% (2017/18
season) to 48% (2018/19 season). An increase in the
proportion of mPOCT positive results among all positive results was also seen in area D (19% to 42% in
the 2017/18 and 2018/19 season, respectively), and in
the 2018/19 season the proportion of mPOCT positive
results for area M was 45.2% (Table 2).

Discussion

The 2017/18 influenza season was dominated by influenza A(H3N2) which is more likely to affect the elderly
www.eurosurveillance.org

population [15], but with a noticeable tail of Influenza
B cases which affects both the young and the elderly
[16]. mPOCTs were rapidly introduced by health boards
across Scotland and this study reports the consequential difficulties of this technology for the national
microbiological surveillance of influenza.
Although different mPOCT systems were used in the
different areas, the principal technology is the same
and therefore does not affect the results. Most hospitals wanted to link the mPOCT machines directly to
their LIMS. However this is technically difficult, requires
time and local IT support, and is often expensive as
LIMS providers charge for changes to their systems.
Inevitably, in almost all cases an mPOCT machine to
LIMS link was not established. Following the 2017/18
season, areas were encouraged to include a code in
their mPOCT results and report this to HPS in order
to enable differentiation between mPOCT generated
results from laboratory results. However, this failed to
be achieved in the 2018/19 season, possibly be due
to the speed at which mPOCT were implemented, and
compatibility issues between the different systems
used.
Data from a small number of areas suggest that in most
instances the positive cases of influenza are being captured by the national database (ECOSS). This is in contrast with the negative results where there is a sizeable
gap between local and national figures. Incomplete
mPOCT negative results data in the national surveillance system will overestimate the proportion of positives and potentially overestimate the weekly influenza
activity levels. Despite this, data for area F showed
that the differences in weekly influenza activity level
were minimal and the existing microbiological surveillance was able to identify the trend, start, peak and
end of the influenza epidemics in the 2017/18 and
2018/19 seasons. mPOCT accounted for ca 18% of all
tests undertaken in area F, and up to 48% of all influenza positive results. The increased use of mPOCT and
increased number of positive results reinforces the
need for accurate data capture at national level. Work is
ongoing and HPS along with the Scottish Microbiology
and Virology Network (SMVN) are working with laboratories to standardise and improve data collection.
However, the decision on which mPCOT machine to
choose, and how to transfer the data is both laboratory
and resource dependent.
It is important to note that, in addition to the microbiological surveillance, the national influenza surveillance is composed of other components such as calls
concerning respiratory problems to the National Health
Service (NHS) 24 helpline, GP consultation rates for
influenza-like illness, outbreaks, severe acute respiratory illness and mortality surveillance. These are
essential not only to capture the influenza burden in
different parts of the population/healthcare but also
to complement each other when there are changes in
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the surveillance system, such as the introduction of
mPOCT.
The data presented here are the first that we are aware
of that attempt to quantify the impact that mPOCT for
influenza has had on the information being received by
public health authorities. We have shown the importance of recognising what mPOCT results should be
recorded. All users need to be aware of the impact
that each of the variables will have on the estimation
of proportion of positives, and how the data are used
to assess influenza activity both at local and national
level. The main challenge is capturing the mPOCT negative results within ECOSS in order to have an accurate
denominator and to avoid overestimating the proportion of positives indicator. With this evidence now
available, it is hoped that many of these issues can be
addressed for future influenza seasons. While reporting from a Scottish perspective we anticipate that our
observations are likely to reflect common issues found
in other European countries in which the introduction of mPOCT for influenza pose a challenge for data
recording, and as a consequence, the accuracy and
completeness of surveillance information.

Limitations

There are a number of caveats to our data and it is
important to highlight them as a way of suggesting
areas for consideration and improvement when planning implementation of mPOCT. This study covered
only a sample of areas in Scotland therefore the total
impact of incomplete or lack of mPOCT data in the
national surveillance system (ECOSS) is still unknown.
The impact is likely to be larger if the use of mPOCT
increases dramatically and accounts for the majority of
influenza tests. It is also important to stress that frontline users, e.g. nursing staff, may not always recognise
the critical nature of recording and reporting every
mPOCT result. Further work is required to quantify this
and to identify laboratory-specific challenges that will
need to be addressed. While ECOSS enhanced data
were calculated to avoid double counting any mPOCT
results, there may still be some instances of duplication in which identifiers were close, but not exactly
matching. It was noted that during the 2017/18 season,
adherence to local protocols was not always evident
and some testing was performed on asymptomatic
individuals, contacts or members of staff, although this
number was minimal. There were a number of areas
that were subject to manual data entry, which carries
a risk of transcription errors. In order to minimise this
risk, we recommend that all steps are automated and
linked to the LIMS and ECOSS. The method of identifying an mPOCT via text searches in ECOSS is suboptimal
and there is the potential for misclassification. The use
of MEM applied to microbiological surveillance data
depends on historical data as described elsewhere
[17]. The lack of reliable and complete microbiological
data (including mPOCT) can therefore limit the potential application of this methodology to assess influenza activity at local level where data might be limited.
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In order to address some of the issues that have been
discussed, a separate programme to improve all microbiology data received at HPS is currently underway. The
ECOSS Data Roll Out Improvement Project (EDRIP) will
review all data received from all NHS clinical microbiology laboratories in Scotland, including mPOCT data,
over a two-year period. It is hoped that any issues
identified will be addressed quickly to result in a continuous improvement to the quality of all data held
within ECOSS. This will ensure that the impact of the
influenza mPOCT programme in Scotland can be reliably assessed, and effectiveness of any interventions
monitored.

Conclusion

Through close liaison with the Scottish territorial health
boards and respective laboratories, we have shown
there was an improvement in mPOCT data collection
between the 2017/18 and 2018/19 influenza seasons.
Further work is needed to ensure accurate numbers of
positive and negative mPOCT results are collected in
ECOSS, including set up of direct LIMS connectivity,
education of frontline users on the impact of missing
results, and continued development and audit of local
protocols. Due to the benefits for patient management,
the use of mPOCT for influenza is likely to continue and
implementation of these systems should be carefully
managed in order to reduce the impact on national
microbiological surveillance.
empirical study and modelling is required to optimise
their use for public health benefit.
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Background: Rapid diagnostic tests are commonly
used by hospital laboratories in England to detect
rotavirus (RV), and results are used to inform clinical
management and support national surveillance of the
infant rotavirus immunisation programme since 2013.
In 2017, the Public Health England (PHE) national reference laboratory for enteric viruses observed that
the presence of RV could not be confirmed by PCR in
a proportion of RV-positive samples referred for confirmatory detection. Aim: We aimed to compare the
positivity rate of detection methods used by hospital
laboratories with the PHE confirmatory test rate.
Methods: Rotavirus specimens testing positive at local
hospital laboratories were re-tested at the PHE national
reference laboratory using a PCR test. Confirmatory
results were compared to original results from the PHE
laboratory information management system. Results:
Hospital laboratories screened 70.1% (2,608/3,721)
of RV samples using immunochromatographic assay
(IC) or rapid tests, 15.5% (578/3,721) using enzyme
immunoassays (EIA) and 14.4% (535/3,721) using
PCR. Overall, 1,011/3,721 (27.2%) locally RV-positive
samples referred to PHE in 2016 and 2017 failed RV
detection using the PHE reference laboratory PCR test.
Confirmation rates were 66.9% (1,746/2,608) for the IC
tests, 87.4% (505/578) for the EIA and 86.4% (465/535)
for the PCR assays. Seasonal confirmation rate discrepancies were also evident for IC tests. Conclusions:
This report highlights high false positive rates with
the most commonly used RV screening tests and
emphasises the importance of implementing verified
confirmatory tests for RV detections. This has implications for clinical diagnosis and national surveillance.
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Introduction

Rotavirus (RV) infection is a common cause of severe
watery diarrhoea in young individuals around the world
[1]. In healthy individuals, the disease is usually mild
and self-limiting, with symptoms lasting between 3
and 8 days. However, in very young or immunocompromised patients, RV infection can cause more severe
manifestations including fever, vomiting, abdominal
pain and dehydration. There is no specific treatment
for RV infection; oral rehydration and intravenous fluid
supplementation can be administrated to prevent or
treat severe dehydration.
Prior to routine RV vaccination in the United Kingdom
(UK), the burden of RV disease was estimated to be
750,000 diarrhoea episodes [2], and 14,300 diarrhoearelated hospital admissions of children under the age
of five [3] every year, representing a considerable
healthcare cost. In 2013, a monovalent live-attenuated
RV vaccine was introduced into the UK infant immunisation programme as a two-dose schedule at 8 and 16
weeks of age. The programme resulted in a 77% reduction of laboratory-reported RV infections [4,5], and a
26% decrease in gastroenteritis-associated hospitalisation in young children [4,6]. It is estimated that the
RV immunisation programme was associated with a
GBP 12.5 million (EUR 13.7 million converted on 9 Sep
2020) saving in RV-associated healthcare costs within
a year of implementation [6].
RV episodes are typically seasonal with most cases
occurring during the winter and spring months (January
to April in the temperate northern hemisphere).
Following the introduction of RV immunisation, seasonal patterns have shifted, with shorter and more
delayed periods of RV disease activity observed in
www.eurosurveillance.org

Table
Rotavirus referred positive samples and confirmation rates, England, 2016–2017 (n = 3,721)
Test

Samples

Confirmed

SE

95% CI

n

Use (%)

n

PPV (%)

Lower

RORT 1

34

0.9

5

14.7

6.2

6.2

Upper
31.1

RORT 2

187

5.0

166

88.8

2.3

83.4

92.6
69.1

RORT 3

1,165

31.3

774

66.4

1.4

63.7

RORT 4

117

3.1

69

59.0

4.6

49.8

67.5

RORT 5

6

0.2

2

33.3

21.1

7.2

76.3

RORT 6

26

0.7

9

34.6

9.5

18.8

54.7

RART 7

5

0.1

4

80.0

20

25.6

97.9

RART 8

111

3.0

101

91.0

2.7

84

95.1

RART 9

48

1.3

43

89.6

4.5

77.1

95.6

RART 10

56

1.5

44

78.6

5.5

65.8

87.5

RART 11

244

6.6

189

77.5

2.7

71.8

82.3

RART 12

130

3.5

98

75.4

3.8

67.2

82.1

RART 13

16

0.4

12

75.0

11.2

48.2

90.6

RART 14

14

0.4

12

85.7

9.7

55.9

96.6

RART 15

29

0.8

21

72.4

8.4

53.4

85.7

RART 16

115

3.1

65

56.5

4.6

47.3

65.3

RART 17

305

8.2

132

43.3

2.8

37.8

48.9

EIA Commercial 1

248

6.7

230

92.7

1.7

88.8

95.4

EIA Commercial 2

233

6.3

199

85.4

2.3

80.3

89.4

EIA Other

97

2.6

76

78.4

4.2

69

85.5

PCR Commercial 1

80

2.1

37

46.3

5.6

35.6

57.3

PCR Commercial 2

44

1.2

27

61.4

7.4

46.2

74.6

PCR Commercial 3

6

0.2

6

100.0

0

NA

NA

405

10.9

395

97.5

0.8

95.5

98.7

3,721

100

2,716

73.0

NA

NA

NA

PCR In-house
Total

CI: confidence interval; EIA: enzyme immunoassay; NA: not applicable; PPV: positive predictive value; RART: rotavirus and adenovirus rapid
test; RORT: rotavirus only rapid test; RV: rotavirus; SE: standard error.

some countries such as the United States (US) and
Belgium [7-9].
In England, National Health Service (NHS) hospital
laboratories routinely test stool samples from patients
with gastroenteritis for a number of viruses including
RV in order to confirm the diagnosis and inform clinical
management. A variety of detection methods are used
by NHS hospital laboratories for RV screening [10], such
as immunoassay-based methods (i.e. enzyme-linked
immunosorbent assay and immunochromatographic)
and molecular assay-based methods (i.e. reverse transcription and PCR).
As part of national surveillance of the RV immunisation programme in England, NHS hospital laboratories
are actively requested to submit all positive RV stool
samples to the Public Health England (PHE) Virus
Reference Department (VRD) Enteric Virus Unit (EVU)
reference laboratory for confirmation and additional
characterisation to support the molecular surveillance
of circulating RV strains. In recent years, an increasing number of positive RV samples submitted by NHS
hospital laboratories failed molecular characterisation.
www.eurosurveillance.org

Therefore, a confirmatory PCR detection test was
implemented at the PHE reference laboratory for all RV
samples received; this PCR test is performed before
attempting molecular characterisation. The PHE reference laboratory confirmatory PCR detection test identified a considerable proportion of RV-negative samples,
suggesting a high rate of false positive results at some
local NHS hospital laboratories.
The aim of this study was to determine the proportion of samples that tested positive for RV in local NHS
hospital laboratories, were submitted to the PHE reference laboratory and were also positive using the PHE
reference laboratory confirmatory PCR test. The study
also aimed to compare the results of the PHE reference
laboratory confirmatory PCR test with the results from
the original RV testing method used by the NHS hospital laboratory. Variations in performance of the different tests during and outside the RV season were also
assessed as part of the analysis.
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Figure 1
Positive predictive values of (A) rapid tests vs EIA and PCR and (B) individual testing method for rotavirus infection,
England, 2016–2017 (n = 3,721)
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Methods
Data source

Samples received at the PHE reference laboratory from
5 January 2016 to 28 December 2017 were included in
the analysis. Data were extracted from the PHE reference laboratory information management system,
which contains all the information provided in the laboratory request form, along with the results of the PHE
reference laboratory confirmatory PCR test. For samples where the RV screening method was not stated on
the laboratory request form, the individual laboratories
were contacted directly.

Segregation of tests and methodologies

Commercial rapid tests, enzyme immunoassays (EIA)
and PCR tests were identified in this study. Of the seventeen types of commercial rapid tests used, six targeted RV only (RORT1 to RORT6) and 11 were designed
for dual detection of RV and adenovirus (RART7 to
RART17). For EIA, three subgroups were created: two
commercially available kits (commercial EIA1 and commercial EIA2) and one group including other commercial or in-house tests (other EIAs). The PCR category
was subdivided into four groups, including commercial
(PCR1 to PCR3) and PCR assays developed in-house (inhouse PCRs).

Rotavirus detection–PHE reference laboratory
confirmatory PCR test targeting VP6 gene

Patients’ stool samples received from referring laboratories across England were tested using real-time
PCR (PHE reference laboratory confirmatory PCR) to
determine the presence of RV RNA (n = 3,729). Partial
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amplification of the VP6 gene was performed as previously described [11,12] with modifications. Briefly,
nucleic acid was extracted from 200μl of 10% faecal suspensions by automatic RNA extraction platform (MP96, Roche, Almere, the Netherlands or
Qiasymphony, Qiagen, Hilden, Germany). A reverse
transcription step was carried out with random hexamers (Invitrogen) followed by PCR amplification using
primers VP6-F: 5’-GAC GGV GCR ACT ACA TGG T-3’; VP6R: 5’-GTC CAA TTC ATN CCT GGT GG-3’; and probe VP6P:
FAM5’-CCA CCR AAY ATG ACR CCA GCN GTA -3’ MGB.
cDNA was initially heated at 50 °C for two minutes and
95 °C for 2 min, followed by 35 PCR cycles at 95 °C for 15
s and 60 °C for one minute. Mengovirus was used as an
internal process control (added before the nucleic acid
extraction step) and detected using primers MengoF:
5’-GCG GGT CCT GCC GAA AGT-3’, MengoR5’-GAA GTA
ACA TAT AGA CAG ACG CAC AC-3’ and probe: MengoP5’VIC-ATC ACA TTA CTG GCC GAA GC-MGB-3’.
The limit of detection of the PHE reference laboratory
confirmatory PCR test was determined by 10-fold serial
dilutions of in vitro transcribed single stranded RNA
derived from simian rhesus rotavirus (RRV) segment
S6 as template. Copy number was calculated using the
formula:
copy number (molecules/µL) = [concentration (ng/
µL) × 6.022 × 1023 (molecules/mol)]/ [length of amplicon × 650 (g/mol) × 109 (ng/g)].
The limit of detection of 3.4 × 103 copies of target
RNA was determined as the lowest copy number
that produced positive results in duplicates for two
independent tests.
www.eurosurveillance.org

Figure 2
Positive predictive values by month and (A) testing methods and (B) rotavirus only rapid test, for rotavirus infection and
month, England, 2016–2017 (n = 3,721)
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Most commonly used test, data for 2017 only. High and low RV seasons are indicated by red and green lines, respectively.

Specific PCRs targeting NSP3 gene

A subset of 59 samples was identified for further testing. Criteria for selection were based on: (i) samples
with a positive result by rapid tests but negative by
PHE reference laboratory confirmatory PCR; (ii) samples received in the current (at the time) RV season to
mitigate sample degradation. A specific PCR targeting
NSP3 gene was performed as described elsewhere
[13]. Briefly, after the reverse transcription step with
random primers, PCR was performed using primers
NVP3-Fdeg, NVP3-R1 and probe NVP3-Probe. The reaction mixture consisted of 1 × TaqMan Universal master
mix (Invitrogen), 0.2 μM each primer, 0.15 μM probe
and 0.05 μl ROX dye. Amplification conditions were two
minutes at 50 °C and one minute at 95 °C, followed by
45 cycles of 15 s at 95 °C and one minute at 60 °C.

Electron microscopy

Clinical material for electron microscopy was selected
based on: (i) the rapid test method and positive result;
(ii) PHE reference laboratory confirmatory PCR result;
(iii) availability of material; (iv) most recent specimen to minimise sample degradation. Specimens (19
samples) screened by RORT2 (n = 4), RORT3 (n = 5),
RORT4 (n = 5) or RART11 (n = 5) were included. Two
positive samples and at least two negatives for the
PHE reference laboratory confirmatory PCR per rapid
test group were tested. Detailed methods are provided
in Supplementary Materials and methods.

Statistical analysis

Data analysis was performed by calendar year based
on sample receipt date at the PHE reference laboratory. Statistical analysis was performed using MS
Excel and Stata v14.1 software (StataCorp, Texas, US).
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Confirmation rates or positive predictive values (PPV),
standard errors (SE) and 95% confidence intervals
(95% CI) were calculated for all methods. PPV is the
probability that the individuals with a positive screening result will truly have the disease. To test if there
were any significant differences (p < 0.001) in PPV
between the different testing methodologies and individual tests, chi-squared tests were performed.

Ethical statement

PHE has legal permission, provided by Regulation 3
of The Health Service (Control of Patient Information)
Regulations 2002 [14], to process patient confidential
information for national surveillance of communicable
diseases and includes PHE’s responsibility to monitor
the safety and effectiveness of vaccines.

Results
Rotavirus confirmed-positive samples

During the two-year surveillance period, 3,729 RV samples that tested positive at local NHS hospital laboratories were received by PHE reference laboratory for
confirmation and additional characterisation. Of those
3,729 samples, 3,721 were included in this data analysis based on the completeness of information required
and the statistical value. Eight samples were excluded
from this study because they did not meet the criteria:
seven samples lacked information on the screening
methodology used by the local NHS hospital laboratories and one sample had been tested using a commercial PCR test, putting it in a PCR4 category of n = 1.
All samples were subjected to the PHE reference laboratory confirmatory PCR test targeting VP6 gene before
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attempting strain characterisation. The PHE reference
laboratory confirmatory PCR test was positive in 73%
(2,716/3,721) of referred samples (Table).

Use of primary screening tests

For the purpose of this analysis, local testing methods
were grouped in three categories: immunochromatography-based or rapid test, enzyme immunoassays
(EIA) and PCR tests. Most samples (2,608/3,721,
70.1%) had been tested with rapid tests locally, while
15.5% (578/3,721) had been tested by EIA and 14.4%
(535/3,721) by PCR.
RORT3 was the most commonly used test with 1,165
(31.3%) samples followed by in-house PCRs (405 samples, 10.9%). RART17 (305, 8.2%), commercial EIA1
(248, 6.7%), RART11 (244, 6.6%) and commercial EIA2
(233, 6.3%) were less frequently used, while RORT5 (6,
0.2%), RART7 (5, 0.1%), RART13 (16, 0.4%), RART14 (14,
0.4%) and commercial PCR3 categories (6, 0.2%) were
each represented with less than 20 samples (Table).

PHE reference laboratory confirmation rates
and positive predictive value

Of the 2,608 specimens with a positive rapid test
result, the PHE reference laboratory confirmatory PCR
test was positive in 1,746 (66.9%) of cases. Analysis of
the positive predictive value (PPV) by testing method
showed a clear difference between the rapid tests
when compared with the EIA and PCR methods (Figure
1A). PPVs were significantly higher (p < 0.001) for PCR
(86.8%) and EIA (87.4%) methods compared with the
RORT (66.8%) and RART (67.1%) rapid test methods.
PPVs for individual tests ranged from 14.7% (5/34) for
RORT1 to 91% (101/111) for RART8 (Table and Figure 1B).
RV RNA was detected in less than 50% of samples initially tested with RORT1, RORT5, RORT6 or RART17. For
the most commonly used rapid test, RORT3 (n = 1,165
specimens), RV RNA was confirmed in only 774 (66.4%)
samples.
Within the EIA group, results were more consistent and
less variable, with PHE reference laboratory confirmation rates ranging from 78.4% (76/97) for the other EIAs
group to 92.7% (230/248) and 85.4% (199/233) for the
two commercial EIA tests (EIA1 and EIA2, respectively).
Of the commercial PCRs used by local NHS hospital
laboratories, there was variable and suboptimal performance overall, with PHE confirmation of 61.4% (27/44)
for commercial PCR2 and 46.3% (37/80) for commercial
PCR1. By contrast, 97.5% (395/405) of in-house PCR
and six of six commercial PCR3 assays were confirmed
as positive by the PHE reference laboratory PCR test.

Seasonal variation

In order to assess whether the seasonal nature of
RV activity may impact on PPV of screening tests, an
analysis of the performance by methodology was
conducted across each month. The rate of samples
confirmed positive showed inconsistent variation per
month (Figure 2A and Table S1). All methodologies
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showed a decrease in confirmation rates during lowseason months (July to November) with lowest PPV for
PCR occurring in July (21/39, 53.8%, 95% CI: 38.1%–
68.9), for EIA in October (6/15, 40%, 95%CI: 18.6%–
66.1) and for rapid tests in November (50/150, 33.3%,
95% CI: 26.2%–41.3). The PPVs of the rapid tests were
the lowest of all methodologies for both high (January
to April) and low seasons.
Analysis of seasonal variation on confirmation rates for
RORT3, the rapid test with the highest number of specimens, showed a similar pattern but with greater variation (Figure 2B and Table S2). The greatest proportion
of samples confirmed as positive was observed in
February (114/123, 92.7%), with 89.6% (403/450)
for the complete peak RV season (January to April).
Outside the RV season, the confirmation rate was only
21.4% (32/149) with the lowest percentage observed
during September (1/15, 6.7%).

Detection of rotavirus NSP3 gene and electron
microscopy

To further confirm our findings, selected samples were
subjected to two additional detection assays. A subset
of 59 specimens initially screened positive by rapid
tests but negative by the PHE reference laboratory confirmatory PCR test, was tested by PCR amplification of
the NSP3 gene. Only two samples (2/59, 3.4%) were
positive indicating that 96.6% of the samples were true
negatives. Cycle threshold (Ct) values for NSP3 tests
for the two samples (Ct: 34.9 and 37.0) suggested the
presence of RV at a very low genome content.
Electron microscopy (EM) was also performed on 19
samples to visualise any viral particles. Eight samples
found positive by both rapid test and PHE reference
laboratory confirmatory PCR test were all confirmed
as positive by virus particle visualisation (data not
shown), while eleven specimens with a negative PHE
reference laboratory confirmatory PCR test result also
failed particle detection under EM (Table S3).

Discussion

Our results highlight the importance of validating
screening results for RV diagnosis. The strong reproducibility of the results for referred samples that were
screened by in-house PCR tests supports this methodology for RV detection. However, only 10.9% (405/3,721)
of the samples were screened using this methodology.
The commercial PCR tests PCR1 and PCR2 performed
less well in comparison to in-house PCRs (confirmation
rate of 46.3% and 61.4% for PCR1 and PCR2, respectively, compared with 97.5% for the in-house PCR). In
addition, a greater proportion of PCR1 and PCR2 samples failed to be confirmed as positive at the PHE reference laboratory: 53.8% (43/80) of PCR1; 38.6% (17/44)
of PCR2 and 2.5% (10/405) of in-house PCR samples
failed. Commercial PCR detection kits are marketed as
very specific and sensitive tests for RV detection but
remarkably, the commercial PCR tests included in our
analysis revealed a variable confirmation rate. It is
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unclear why in-house PCR assays out-performed commercial PCR assays. One possible explanation may be
differences in assay validation, since the development
of in-house assays could include more stringent local
validation steps as part of the assay development process. Although the number of samples in the PCR category was relatively low (535/3,721, 14.4%), our results
suggest that additional local verification of commercial
tests may be required before routine use.
Performance of assays within the EIA group was very
high and consistent overall. This finding is supported
by previous reports highlighting the suitability of this
testing method for surveillance programmes [15]. All
three EIA groups in this analysis, consisting of both
commercial and in-house assays, had very high confirmation rates. However, only a relatively small proportion (578/3,721, 15.5%) of total NHS hospital laboratory
samples was tested using EIA.
Most NHS hospital laboratories prefer to use rapid
tests for RV screening, rather than alternative methodologies. Cost and resources are likely to play an
important part in this decision, since rapid tests are
relatively inexpensive and easy to use compared with
EIA and PCR assays that require dedicated equipment
and trained staff. In contrast, rapid tests for RV are
designed as point-of-care tests (POCT), which allow
fast screening for rapid diagnosis, need no specialised
equipment and can be performed by personnel with
minimal or no specific laboratory training. In general,
benefits of a POC testing approach are clear in terms
of rapid administration of rehydration therapy, isolation or no admission into particular settings (i.e. hospital wards) and reduction in the use of ineffective
treatments such as antibiotics. However, POCT for RV
detection have limitations. Our analysis indicates that
this popular screening method performs poorly, with
only 66.9% (1,746/2,608) of locally positive samples
being confirmed as positive by PHE. The overall PPV for
IC tests in this study is also lower than recent reports
[15-18]. Similar discrepancies for screening tests have
been described in the literature. A high proportion of
false positive results in Australia was reported after an
unexplained surge in RV cases [19], and an excessive
number of false positive results by IC tests was also
reported in Spain [20].
To confirm our findings and support the PHE RV confirmation strategy, additional tests were performed
on positive rapid test samples that failed PHE reference laboratory confirmatory PCR test detection. The
rationale for this approach was to use two independent
assays to confirm VP6 negative samples as true negatives. Results for the NSP3 detection confirmed that
of the 59 samples available for retesting (with negative results by VP6 detection test), 57 specimens were
true negatives, and two samples failed VP6 detection because of very low RV nucleic acid content. The
second methodology undertaken was EM, which has
conventionally been used as a reference method for
www.eurosurveillance.org

RV detection [21]. The results of both these additional
assays support the VP6 detection strategy as appropriate for RV confirmation. The limitations of these results
are the low number of samples available or included
for testing and the possibility of degradation of samples due to the time between the initial PHE reference
laboratory confirmatory PCR tests and later NSP3 PCR
and EM tests.
Our results suggest that out-of-season false positive
results are more common for screening tests compared
with tests performed during the RV season, particularly when rapid tests are used. For the most commonly
used rapid test, RORT3, the confirmation rate was
92.7% (114/123) in February 2017, but only 1 in 15 in
September 2017. A lower PPV can be expected during
months when RV activity decreases and this will have
an impact on PHE confirmation rates regardless of the
screening methodology used by the NHS hospital laboratories. The higher proportion of false positive rapid
test results when RV activity is lower will also have
considerable implications for national RV surveillance
because RV infections have fallen dramatically since
the introduction of the infant immunisation programme
[4,5]. The high rates of false positives, especially outof-season, will underestimate the true impact and
effectiveness of the current immunisation programme.
More importantly, false positive results could have
important implications for patient diagnosis and subsequent clinical management, and may divert efforts
to investigate and identify the true cause of illness,
which could delay the administration of appropriate
treatment.
There are also cost implications in processing referred
samples for molecular characterisation if a large proportion of samples are false positive. At the PHE reference laboratory, characterisation and typing is
based on analysis and sequencing of RV VP4 and VP7
gene amplicons, which are both labour-intensive and
resource-intensive assays.
The strength of this study lies in the availability of a
single national reference centre for processing RV samples across England for the purpose of national surveillance. Consistent surveillance has been in place
since the infant RV immunisation programme began
more than 5 years ago, and large numbers of samples
are processed using the same reference laboratory
protocol every year. A limitation is the different number of samples analysed within the different categories, which limits the statistical power for tests with
relatively small numbers of samples submitted to PHE.
Our data, however, include results from every sample
submitted from patients across England over a twoyear period and, therefore, represents the state of RV
testing at local and national level during 2016 and
2017. Another limitation is that there may be several
reasons why local testing may be positive for RV but
negative with the PHE reference laboratory confirmatory PCR test, such as small sample volumes, low RV
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concentrations or sample degradation. This, however,
is likely to represent only a small proportion of the
PHE confirmed negative samples, as supported by
the results of the two additional detection assays performed on a subset of PHE confirmed positive and confirmed negative samples.

Conclusion

A review of the methodologies used for RV initial detection showed a clear preference for rapid tests among
NHS hospital laboratories. Rapid tests can be highly
unreliable if used as the sole diagnostic method; even
the best performing assays should be considered for
screening only and should be confirmed using a more
reliable, confirmatory test. Inconsistencies in confirmation rates for IC and other commercial assays, such
as commercial PCRs, demonstrate the importance of a
verification process before implementation into clinical settings. Furthermore, this report emphasises the
need for a confirmatory result to support all screening tests for diagnosis of RV because the results may
have implications for both the clinical management of
patients and national surveillance. A reactive RV detection result using screening tests should be interpreted
with caution if used to direct clinical management.
Surveillance programmes monitoring the effectiveness
of RV immunisation should be aware of high false positive rates with commonly used RV screening tests since
they may underestimate vaccine effectiveness if reference laboratory confirmation rates are not considered
alongside.
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Background: The first cases of extensively drug resistant gonorrhoea were recorded in the United Kingdom
in 2018. There is a public health need for strategies
on how to deploy existing and novel antibiotics to
minimise the risk of resistance development. As rapid
point-of-care tests (POCTs) to predict susceptibility are coming to clinical use, coupling the introduction of an antibiotic with diagnostics that can slow
resistance emergence may offer a novel paradigm
for maximising antibiotic benefits. Gepotidacin is a
novel antibiotic with known resistance and resistancepredisposing mutations. In particular, a mutation
that confers resistance to ciprofloxacin acts as the
‘stepping-stone’ mutation to gepotidacin resistance.
Aim: To investigate how POCTs detecting Neisseria
gonorrhoeae resistance mutations for ciprofloxacin
and gepotidacin can be used to minimise the risk of
resistance development to gepotidacin. Methods: We
use individual-based stochastic simulations to formally investigate the aim. Results: The level of testing
needed to reduce the risk of resistance development
depends on the mutation rate under treatment and
the prevalence of stepping-stone mutations. A POCT
is most effective if the mutation rate under antibiotic treatment is no more than two orders of magnitude above the mutation rate without treatment and
the prevalence of stepping-stone mutations is 1–13%.
Conclusion: Mutation frequencies and rates should be
considered when estimating the POCT usage required
to reduce the risk of resistance development in a given
population. Molecular POCTs for resistance mutations
and stepping-stone mutations to resistance are likely
to become important tools in antibiotic stewardship.
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Introduction

Neisseria gonorrhoeae, the causal agent of the sexually
transmitted infection (STI) gonorrhoea, is becoming
increasingly resistant to available antibiotic treatment
options [1,2]. The most widely recommended treatment
for gonorrhoea is a combination therapy of ceftriaxone
plus azithromycin, administered empirically without
bacterial culture or point-of-care testing [3]. In isolates
collected across Europe, the proportion of isolates
with decreased susceptibility to ceftriaxone increased
from 15% to 17.7% from 2015 to 2016. At the same time
azithromycin resistance across Europe was stable at
about 7% but was much higher in individual countries
(34.5% in Portugal) [4]. The first treatment failure of
this dual therapy was reported in the United Kingdom
(UK) in 2014 [5]. Azithromycin resistance in combination with reduced susceptibility to ceftriaxone has
been well-studied [4]. Resistance to previous recommended treatments, such as ciprofloxacin, is generally
high (30-70% in Europe, above 70% in East Asia) [2]. As
ceftriaxone is at the same time the first-line and lastresort treatment, the World Health Organization (WHO)
in 2017 declared the possible evolution of untreatable
gonorrhoea a global public health emergency [6].
In an attempt to spare ceftriaxone as a last-resort
treatment, rapid point-of-care tests (POCTs) detecting
ciprofloxacin resistance mutations have been developed. Thus, even though ciprofloxacin is no longer recommended for gonorrhoea treatment, it could still be
used when a POCT detects no resistance mutations [7].
Such tests could easily be expanded to include known
resistance markers for other antibiotics.
www.eurosurveillance.org

Table 1
Genotypes of isolates at baseline and test-of-cure from gepotidacin treatment failures with emergence of resistance, phase II
clinical trial, 2017 [11]
Participant number
4
6

MIC ciprofloxacin

Visit

Genotype gyrA

Genotype parC

MIC gepotidacin (mg/L)

Baseline

S91F D95G

D86N

1

8

Test-of-cure

S91F A92T D95G

D86N

> 32

8

Baseline

S91F D95G

D86N

1

4

Test-of-cure

S91F A92T D95G

D86N

32

4

(mg/L)

MIC: minimum inhibitory concentration.
Mutation gyrA A92T leading to gepotidacin resistance is displayed in bold.

Gepotidacin is a novel topoisomerase IIA inhibitor currently under development and in phase III clinical trials
with activity against N. gonorrhoeae [8]. Its mechanism
of action differs from that of fluoroquinolones, and it
has demonstrated activity against most ciprofloxacinresistant gonococcal strains [9]. Ciprofloxacin inhibits
bacterial DNA gyrase and topoisomerase IV. The main
ciprofloxacin resistance mutations in genes coding for
DNA gyrase subunit A (GyrA) and topoisomerase IV
subunit A (ParC) in N. gonorrhoeae are presented in
the Supplementary Material 1, Supplementary Table
1. In a recent phase II clinical trial on the efficacy of
gepotidacin against uncomplicated genitourinary gonorrhoea, emergence of resistance was observed for N.
gonorrhoeae isolates from two treatment failures
following use of a single dose of 3g gepotidacin. This
resistance is likely to have emerged due to the combination of a pre-existing ciprofloxacin resistance mutation (D86N) in the parC gene and de novo within-host
emergence of an A92T mutation in the gyrA gene (Table
1). Additional experiments suggest that the gepotidacin
minimum inhibitory concentration (MIC) is only significantly increased if both mutations are present together
[10]. See Supplementary Material 1, Supplementary
Text 1 for more details on the microbiological analysis
of the phase II clinical trial. Structural analysis of the
interaction of gepotidacin with GyrA suggests that
gepotidacin does not interact with the two quinolone
binding sites in GyrA at amino acid positions 91 and 95
[9]. Therefore, it was assumed that the S91F and D95G
mutations in gyrA were not critical for the evolution of
gepotidacin resistance. There may be other mutations
that can cause resistance to gepotidacin, but they were
not observed in the phase II clinical trial.
Novel post-treatment mutations occurred in isolates
from two subjects that were treated with a single dose
of 3g gepotidacin [11]. The mutations S91F and D95G
in gyrA and D86N in parC on their own confer different
levels of resistance to ciprofloxacin.
Here, we consider the novel paradigm of introducing
an antibiotic together with a POCT to control gonococcal infections and slow down resistance development.
A POCT for gepotidacin resistance would determine
if the known stepping-stone mutations, gyrA A92T
www.eurosurveillance.org

or parC D86N, were present. If neither were detected,
then gepotidacin could be used without substantial
risk of treatment failure, based on current evidence,
as there are no other known clinically relevant targetspecific resistance mutations for gepotidacin in N.
gonorrhoeae. If one or both mutations were present,
treatment with another antibiotic would be indicated.
Determining the frequencies of resistance mutations
requires surveillance systems such as the data recorded
in the European Gonococcal Antimicrobial Surveillance
Programme (Euro-GASP, data collection since 2009)
and the US Gonococcal Isolate Surveillance Project
database (GISP, data collection since 1986). Euro-GASP
monitors N. gonorrhoeae antimicrobial susceptibility
trends by phenotypically characterising isolates from
male and female patients. GISP samples isolates from
male patients attending STD clinics. Each participating
country contributes 100 cultured and characterised
isolates per year.
Our study aims to answer several questions using
a theoretical modelling framework: can a molecular
POCT that detects known stepping-stone mutations
prevent the spread of gepotidacin-resistant strains?
Under what conditions is a POCT most effective at
reducing the risk of resistance development, and how
frequently would such a test need to be used to reduce
this risk by at least 50% over five years? These questions have broader implications for designing antibiotic
stewardship strategies and prolonging the life span of
novel and existing antibiotics.

Methods
Model framework

We developed a compartmental deterministic model
framework of gonorrhoea transmission building on
previous models [12,13]. As in Whittles et al. [14] our
model uses transmission parameter values derived
from men who have sex with men (MSM) populations in
London. The model has three compartments, susceptible (S), infected (I) and treated (T) individuals (Figure
1, Supplementary Material 1, Supplementary Text 2).
Individuals in the infected class are infected but not
currently treated. Individuals in the treated class are
infected and currently receiving treatment. The time
33

Figure 1
Two-locus gonorrhoea antibiotic resistance model

spontaneously at rate f. Treated individuals recover
at rate g if they are not resistant, and return to the
susceptible class. Individuals with treatment failures are reclassified as infected. For more details on
the model processes see Supplementary Material 1,
Supplementary Text 2. To assess the impact of uncertainty in model parameters, we performed sensitivity
analyses by varying model parameters across a range
of measured values from the literature. We assume an
annual incidence rate of gonorrhoea of 22,000 cases
in a total population of 1.5 million individuals, approximating the MSM population in the UK [16]. We varied
the starting conditions for each of the simulation scenarios described below. For model parameter and variable values used in the simulations see Table 2.
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S: susceptible individuals; I: infected, untreated individuals; T:
infected, treated individuals.
The basic model has three main compartments, susceptible,
infected and treated individuals (i.e. infected individuals that are
undergoing treatment). Individuals can be infected with one of
four gonococcal strains that differ in the combination of resistance
(‘stepping-stone’) mutations they carry (00, 10, 01 or 11). Only
strains with both gepotidacin resistance mutations (11) are
considered resistant to gepotidacin. Strains with one resistance
mutation (10 and 01) are resistant to ciprofloxacin, but sensitive to
gepotidacin. First subscript: state of resistance for the first locus
(0 – sensitive, 1 – resistant); second subscript: state of resistance
for the second locus (0 – sensitive, 1 – resistant); β: infection rate
parameter (product of sexual contact rate and infection probability
per contact); f: spontaneous recovery rate from infection without
treatment (1/f – duration of natural infection); g: Cure rate in
individuals currently being treated (1/g – duration of treatment);
γ: treatment seeking rate (1/γ – time from start of infection to
start of treatment); σb: locus-specific mutation rate in untreated
individuals (no selection pressure); σ t: locus-specific mutation rate
in treated individuals (under selection pressure).

that individuals spend in the treated class is the duration for which the within-host antibiotic concentration
is great enough to clear the infection.
The key novel feature of our model is that we explicitly
consider different resistance genotypes of relevance to
gepotidacin. Given that there are two known steppingstone mutations that together cause elevated MICs,
susceptible individuals can be infected by one of four
strains. If 0 signifies the sensitive allele and 1 the resistant allele, these strains are: 00, 10, 01 and 11. Based
on the observations from the phase II clinical study
[15], we assume that only the 11 genotype is resistant
to both ciprofloxacin and gepotidacin, whereas 10 and
01 are resistant to ciprofloxacin only. The model also
allows for the possibility that both resistance mutations can arise de novo over the course of an infection.

Model parameters and transitions

Susceptible individuals become infected at rate β,
which in our modelling framework is population-specific and depends on the sexual contact rate and the
infection probability per contact (Table 2). Infected
individuals seek treatment at rate γ and can recover
34

Resistance evolution

Sensitive strains can acquire resistance to antibiotics
by de novo mutations. The mutation rate in N. gonorrhoeae has been determined from phylogenetic studies
[17]. Several studies indicate that the mutation rate
under treatment may be increased due to the SOS DNA
damage response [18-20]. A DNA damage response system in N. gonorrhoeae has been described by Schook et
al. [21]. Other topoisomerase II inhibitors are known to
increase the mutation rate by interfering with DNA replication [22,23]. However, as the mechanism of action
of gepotidacin differs from that of conventional topoisomerase II inhibitors, it may not increase the mutation rate to the same extent. There are no estimates
for mutation rates in N. gonorrhoeae under antibiotic
pressure. We therefore performed simulations for a
range of mutation rate parameters under treatment
based on estimates obtained from other bacterial
species (Table 2).
N. gonorrhoeae is known to have a high rate of
homologous recombination [24]. Recombination
between different gonococcal strains can only occur in
mixed infections at the same anatomical site. Thus, the
effective recombination rate can be calculated as:
coinfection frequency × ratio of recombination to mutation × base mutation rate
The coinfection frequency with different gonococcal
strains at the same anatomical site is unknown, but we
can use the frequency of infections with different gonococcal strains at different anatomical sites as a proxy
upper-bound estimate for the frequency of mixed infections (13%) at the same anatomical site [25]. The ratio
of recombination to mutation events has been estimated from whole genome sequence data (genomewide average) [17,26,27]. If we assume a mutation
rate of 2.45 × 10 − 8 substitutions per nt per day and a
recombination-to-mutation ratio of 2.2 [27], we obtain
an effective recombination rate of 7 × 10 − 9. Since this
would lead to an increase in the rate of resistance
acquisition that is smaller than the increased mutation rates that we tested, we do not explicitly consider
recombination in the model.
www.eurosurveillance.org

Table 2
Parameter values used in simulation model
Model parameter (unit)

Values used in individual simulations

Infection rate (per day)

5.56 × 10 − 8, 1.67 × 10 − 8, 6.02 × 10 − 8, 2.28 × 10 − 7,
2.29 × 10 − 7

Recovery rate f (inverse of duration of natural infection) (per day)

1/84, 1/160, 1/185, 1/240, 1/365

Treatment rate γ (inverse of time in days until patients first seek treatment) (per
day)

1/3, 1/12, 1/13, 1/52

Cure rate for gepotidacin treatment, assuming double dose (inverse of
treatment duration, i.e. time over MIC) (per day)

1.778 ( = 1/13.5h)

Cure rate for ciprofloxacin treatment, assuming single dose (inverse of
treatment duration) (per day)

6 ( = 1/4h)

Proportion of patients that return for second round treatment p

1, 0.8, 0.6, 0.5

Mutation rate without treatment σb (substitutions per nt per day)

3.12 × 10 − 9, 2.45 × 10 − 8

Mutation rate with treatment σ t (substitutions per nt per day)

3.12 × 10 − 9, 2.45 × 10 − 8, 4.9 × 10 − 8, 1.23 × 10 − 7, 2.45 × 10 − 7,
2.45 × 10 − 6, 2.45 × 10 − 5, 7.95 × 10 − 5, 9.66 × 10 − 4

Point-of-care test usage (%)

0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100

Total simulated population

1.5 × 106

Initial number of infected individuals/equilibrium incidence rate

22,000

Initial prevalence of parC D86N (%)

0, 0.06, 0.18, 0.462, 0.669, 1.5, 2, 2.9, 3, 5.9, 6.5, 8.6, 13,
19.3, 38.6

Initial prevalence of gyrA A92T (%)

0, 1

Initial prevalence of double mutant (parC D86N/gyrA A92T) (%)

0

MIC: minimum inhibitory concentration.
All rates are per day. If more than one value is given, the whole range of values has been tested in different simulations. See Supplementary
Material 2 for parameter combinations used in individual simulations. References and the basis of assumptions are included in
the Supplementary Material 1, Supplementary Table 2.

Treatment scenarios and outcome measure

In our numerical evaluations of the model of a POCT
detecting resistance mutations we varied the use of
the POCT as a proportion of treated gonorrhoea infections from 0% to 100% and the assumed sensitivity
and specificity of the test from 80 to 100%. If a POCT
was used then gepotidacin was only used as a treatment if no resistance mutations were detected. If no
POCT was used then gepotidacin was used as a firstline treatment.
We used stochastic simulations based on the deterministic structure defined in Supplementary Material 1,
Supplementary Text 2, Figure S1, Equations 2, Table S1,
and a Gillespie algorithm to analyse model behaviour
and predictions. We recorded the number of simulations out of 100 replications in which the 5% resistance threshold was reached at any time point over a
five-year timeframe. (This corresponds to the WHO
recommendation that when resistance to a specific
antibiotic exceeds 5%, alternative antibiotics should
be used [28].) Table 2 lists parameter values used in
simulations. A full list of parameter combinations used
in each simulation scenario together with the results
can be found in Supplementary Material 2.

Determining the prevalence of parC D86N in
Europe and the United States

We obtained publicly available N. gonorrhoeae whole
genome sequencing (WGS) data from the National
www.eurosurveillance.org

Center for Biotechnology Information (NCBI) Sequence
Read Archive deposited as part of the studies
in Supplementary Material 1, Supplementary Table 3.
We ran FastQC [29] to assess WGS data quality and
removed accessions with insufficient or poor-quality
reads. We mapped reads to N. gonorrhoeae NCCP11945
(NC_011035.1) using BWA-MEM vs 0.7.17-r1188 [30].
Duplicates were marked using Picard vs 2.8.0 (https://
github.com/broadinstitute/picard). We called variants using Pilon vs 1.23 [31] with minimum depth of
10X and minimum mapping quality of 20. We removed
accessions where more than 15% of sites were unable to be called by Pilon due to insufficient coverage or poor mapping quality. We identified variants
in gyrA and parC corresponding to the amino acid
mutations gyrA A92T and parC D86N.
Currently, no published genomic databases report
frequencies for the gyrA A92T mutation. The highest
reported prevalence of the parC D86N mutation was
38.6% of ciprofloxacin-resistant isolates [12]. We
genotyped 10,259 unique accessions that passed our
quality control filters. The frequencies of parC D86N
and gyrA A92T mutations are low in Europe and
in the United States (Euro-GASP: parC D86N
1.8%, gyrA A92T 0% of all gonococcal isolates analysed
September–November 2013 [32], GISP: parC D86N
0.635%, gyrA A92T 0%, of all gonococcal isolates
analysed 2000-2013 [33]). This means that in Europe
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Figure 2
Proportion of simulations in which the frequency of gepotidacin-resistant strains reaches 5% with different mutation rates,
prevalence of parC D86N and POCT usage levels
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POCT: point-of-care testing.
The initial prevalence of gyrA A92T was 0 in all simulations. Mutation rates (substitutions per nt per day): A. 2.45 × 10 − 8, B. 4.9 × 10 − 8, C.
1.23 × 10 − 7, D. 2.45 × 10 − 7, E. 2.45 × 10 − 6, F. 2.45 × 10 − 5, G. 7.95 × 10 − 5. Total number of simulations 100.

and the US simulation assuming 0.6–6.5% initial prevalence of parC D86N are the most applicable.

Ethical statement
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no new data have been collected as part of the study.

Results

If the mutation rate with treatment is the same as without treatment, then even a POCT usage of 20–30%
can reduce the risk of resistance development (Figure
2A). With assumptions of complete testing and perfect
sensitivity and specificity, resistance did not develop
in our simulations. If the initial prevalence of the stepping-stone mutations was lower than 6%, stochastic
effects were important, so that even high POCT usage
had little impact on the emergence of resistant strains
(Supplementary Material 1, Supplementary Figure 1). In
populations with an initial frequency of more than 6%
of the parC D86N mutation, a POCT had a potential to
reduce the risk of resistance reaching 5%. The effect of
the POCT was roughly proportional to the usage level.
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The greater the mutation rate during treatment and the
higher the population prevalence of stepping-stone
mutations, the higher the POCT usage needed to reduce
the risk of resistance development (Figure 2). With an
initial frequency of the parC D86N greater than 10% and
a mutation rate during treatment of more than 1,000
times the baseline mutation rate, POCT usage had to
be 80–90% to halve the risk of resistance development
(Figure 2G). An increase in mutation rate during treatment of this order of magnitude is rarely observed
in laboratory experiments (Supplementary Material
1, Supplementary Table 4). If the initial prevalence
of gyrA A92T is 1%, rather than 0%, more resistance
emerges, especially if mutation rates under treatment
are high (Supplementary Material 1, Supplementary
Figure 2). If the mutation rate under treatment is less
than 1,000 times the baseline mutation rate, the
added risk of resistance development from gyrA A92T
prevalence of 1% stays below 10%.
If there were no stepping-stone mutations in a population, the risk of resistance development was generally
www.eurosurveillance.org

low (< 5% if the prevalence of parC D86N was < 13% and
only exceeding 25% if the prevalence of parC D86N was
38.6%), and a POCT was only required if the mutation
rate during treatment was very high (9.66 × 10 -4 per site
per day) (Supplementary Material 1, Supplementary
Figures 1, 3). The sensitivity and specificity of the test
did not have a great influence on the risk of resistance development in the range tested. With high POCT
usage (70–90%), a higher sensitivity (99% compared
to 80%) of the test slightly decreases the probability
of resistance spreading (Supplementary Material 1,
Supplementary Figure 4).

parC D86N prevalence

We did not observe any isolates with gyrA A92T. We
found that across all datasets 6.1% (626/10,259) of
isolates encoded the parC D86N mutation. parC D86N
was observed in 17 of 20 datasets.
If the mutation rate is not increased under treatment,
the risk of resistance emergence is less than 5% in
scenarios assuming 0.6 – 6.5% initial prevalence
of parC D86N.

Discussion

Our results indicate that a molecular POCT detecting
the two known stepping-stone mutations implicated
in gepotidacin resistance could help reduce the risk of
resistance development to gepotidacin, a novel antibiotic undergoing phase III trials, by N. gonorrhoeae.
The ability to do so would depend on the population
prevalence of stepping-stone mutations and the mutation rate under treatment. If both are low, then most
strains will be sensitive to gepotidacin and a POCT
would have a negligible effect on the risk of resistance
development. If the mutation rate under treatment is
very high and a large proportion of strains already have
one stepping-stone mutation, a POCT would not be able
to prevent resistance spreading, because resistance
would arise too frequently after testing in previously
sensitive infections. A high rate of horizontal gene
transfer between coinfecting strains could equally lead
to increased rates of resistance emergence [34]. It is
possible that other fluoroquinolone resistance mutations affect the MIC for gepotidacin in N. gonorrhoeae,
but none have so far been identified.
This suggests that a POCT would be most valuable
if the increase in mutation rate under treatment is
moderate (no more than 100 times above the baseline mutation rate) and the prevalence of pre-existing
resistance mutations is at least 1%. In this case and if
the prevalence of resistance mutations is not too high
(maximum 13% in our analyses), even a 20–30% usage
of the POCT could, given our assumptions, halve the
risk of resistance development. This would be the case
for all publicly available datasets we surveyed, where
6.1% of all N. gonorrhoeae genomes carry parC D86N.
However, due to stochastic variability, 50% usage
would be preferable to reliably halve the risk of resistance development. The prevalence of parC D86N is
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expected to vary among different countries. Therefore,
optimum POCT usage values will be country-specific.
These results are in good agreement with a recent
study which found that a POCT that detects resistance
to three antibiotics used to treat gonorrhoea can prevent resistant strains from spreading, if its usage is at
least 37%, and that test sensitivity and specificity have
a minor effect on resistance development [35]. Our
study also agrees with results from Fingerhuth et al.
according to which a POCT test with resistance detection prevents more cases of antibiotic-resistant gonorrhoea than a NAAT test without resistance detection,
unless the POCT sensitivity is lower than 80% [36].
Since gepotidacin resistance only arises when both
known stepping-stone mutations occur in the same
strain, the relationship between the mutation rate
under treatment and the risk of resistance development
is not linear. Small increases in mutation rate of up to
10-fold did not increase the risk of resistance development in our simulations, unless the initial prevalence
of parC D86N was assumed to be greater than 30%.
If the mutation rate under treatment increased 1,000
times or more, resistance almost always developed
within 5 years.
Mutation rates during antibiotic exposure of this magnitude are rare according to the literature on other bacterial species (Supplementary Material 1, Supplementary
Table 4). Moreover, mutation rate measurements from
in vitro experiments are prone to overestimation [37].
Our results suggest that estimates of the mutation rate
under antibiotic exposure should be taken into account
when evaluating treatment strategies. For example,
Obolski and Hadany use a simulation model to show
that in hospitals antibiotic mixing and cycling are superior to combination therapy, if bacterial mutagenesis is
stress-induced [38].
We did not consider fitness costs of antibiotic resistance mutations, because there is no population-level
data on potential fitness costs of gepotidacin resistance mutations. As fluoroquinolone-resistant strains
persist in the population, we can assume that fitness
costs associated with fluoroquinolone-resistance mutations are small or absent [33]. Our model represents a
worst-case scenario regarding the speed of spread of
gepotidacin resistance. If there were sufficiently high
fitness costs associated with one or both known stepping-stone mutations leading to gepotidacin resistance
and a POCT could ensure that only infections without
stepping-stone mutations were treated with gepotidacin, then newly-arising gepotidacin-resistant strains
would potentially quickly become extinct [14].
Since some of the data for this study came from a
relatively small sample (a phase II clinical trial), the
evaluation may have to be updated when more data
becomes available. In the case of treatment failure,
the sequence in which alternative antibiotics are
37

prescribed can matter, especially if there is evidence
for cross-resistance or resistance mutations to different antibiotics for the same strains. Therapies with
multiple targets, or antibiotics that require multiple
mutations before they lose their efficacy, should be
preferred as first-line treatments.
The main limitation of this study is the lack of empirical information on key model parameters. For example, estimates for the duration of natural infection are
based on limited observational studies from before
1980. Similarly, the duration from infection to when
patients seek treatment may vary among different
populations. The population we model approximates
an MSM population and likely overestimates treatment rates for women who are more frequently asymptomatic. However, as long as we compare simulation
scenarios with the same sets of parameters, the qualitative outcome of our analysis is unlikely to change.
Another limitation is that potentially we do not know
all mechanisms of resistance to gepotidacin and we
acknowledge the need for genomic surveillance to
determine if other resistance mutations can arise.
Simulation studies can inform us on what data should
be collected to improve treatment strategies. In the
case of gepotidacin, molecular surveillance data to estimate the frequency of known stepping-stone mutations
is required. More generally, whole-genome surveillance
data in combination with phenotypic antimicrobial susceptibility data can inform us about the frequency of
resistance genes to other antimicrobials used for gonorrhoea treatment. In vitro or animal model experiments could help to estimate the mutation rate under
gepotidacin exposure. Mutation prevalence and rate
should be considered when estimating the POCT usage
required to reduce the risk of resistance development
in a given population. Molecular POCTs for resistance
mutations and stepping-stone mutations are likely to
become important tools in antibiotic stewardship and
surveillance in the coming years, and a combination of
empirical study and modelling is required to optimise
their use for public health benefit.
* Erratum
The affiliation of Fanny S Mitrani-Gold was corrected on 6
Nov 2020, after publication of the article.

Disclaimer
The views expressed are those of the authors and not necessarily those of the Department of Health and Social Care; the
Foreign, Commonwealth & Development Office; MRC; NIHR;
NHS; or Public Health England.

Acknowledgements
The authors would like to thank Brian Spratt for helpful discussions on the work presented in this manuscript.

38

Funding
This study was supported by GlaxoSmithKline and was funded in part with Federal funds from the Office of the Assistant
Secretary for Preparedness and Response, Biomedical
Advanced Research and Development Authority (BARDA), under agreement # HHSO100201300011C.
CV was funded by a research grant (3000032222) and YHG
by consulting fees from GlaxoSmithKline (GSK). PJW and XD
were funded by the UK National Institute for Health Research
(NIHR) Health Protection Research Unit (HPRU) in Modelling
Methodology at Imperial College London in partnership with
Public Health England (PHE) (grant HPRU-2012-10080). PJW
and LKW acknowledge funding from the UK Medical Research
Council (MRC) Centre for Global Infectious Disease Analysis
(MR/R015600/1); this award is jointly funded by the MRC and
the UK Foreign, Commonwealth & Development Office (FCDO)
under the MRC/FCDO Concordat agreement and is also part
of the EDCTP2 programme supported by the European Union
(EU). TDM was funded by the Smith Family Foundation and
NIH NIAID grant (F32AI145157). GSK authors contributed to
study design, provided data and were involved in the interpretation of data and results. The Department of Health
and Social Care; Foreign, Commonwealth & Development
Office; MRC; NIHR; Public Health England; NIH and the Smith
Family Foundation had no role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Conflict of interest
PJW, XD, LKW and TDM have no competing interests and
have received no funding from GSK for this work. CV received
funding from GSK for this work. NESO, FSMG, ED, CRP, MH,
DG are employees of GSK. RMA was a non-executive board
member of GSK till June 2018. YHG has consulted for GSK.
KG is an employee for Pfizer and was formerly an employee
of GSK.

Authors’ contributions
Study conceptualisation and design: CV, YHG, PJW, XD, LKW,
NESO, FSMG, ED, CRP, KG, MH, RMA, DG.
Conducting the analyses: CV, YHG, TDM.
Writing the original manuscript: CV.
Providing data for the analysis: NESO, FSGM, ED, CRP, KG,
MH, DG, YHG, TDM.
Editing and approving the manuscript: CV, YHG, PJW, XD,
LKW, NESO, FSMG, ED, CRP, KG, MH, TDM, RMA, DG.

References
1.

Unemo M. Current and future antimicrobial treatment of
gonorrhoea - the rapidly evolving Neisseria gonorrhoeae
continues to challenge. BMC Infect Dis. 2015;15(1):364.
https://doi.org/10.1186/s12879-015-1029-2 PMID: 26293005
2. Wi T, Lahra MM, Ndowa F, Bala M, Dillon JR, Ramon-Pardo P, et
al. Antimicrobial resistance in Neisseria gonorrhoeae: Global
surveillance and a call for international collaborative action.
PLoS Med. 2017;14(7):e1002344. https://doi.org/10.1371/
journal.pmed.1002344 PMID: 28686231
3. World Health Organization (WHO). WHO Guidelines for the
Treatment of Neisseria gonorrhoeae. Geneva: WHO. 2016.
Available from: https://www.who.int/reproductivehealth/
publications/rtis/gonorrhoea-treatment-guidelines/en/

www.eurosurveillance.org

4. Day MJ, Spiteri G, Jacobsson S, Woodford N, Amato-Gauci
AJ, Cole MJ, et al. Stably high azithromycin resistance
and decreasing ceftriaxone susceptibility in Neisseria
gonorrhoeae in 25 European countries, 2016. BMC Infect Dis.
2018;18(1):609. https://doi.org/10.1186/s12879-018-3528-4
PMID: 30509194
5. Fifer H, Natarajan U, Jones L, Alexander S, Hughes G, Golparian
D, et al. Failure of Dual Antimicrobial Therapy in Treatment of
Gonorrhea. N Engl J Med. 2016;374(25):2504-6. https://doi.
org/10.1056/NEJMc1512757 PMID: 27332921
6. World Health Organization (WHO). Global priority list of
antibiotic-resistant bacteria to guide research, discovery, and
development of new antibiotics. Geneva: WHO. 27 Feb 2017.
Available from: https://www.who.int/medicines/publications/
global-priority-list-antibiotic-resistant-bacteria/en/
7. Allan-Blitz LT, Humphries RM, Hemarajata P, Bhatti A, Pandori
MW, Siedner MJ, et al. Implementation of a Rapid Genotypic
Assay to Promote Targeted Ciprofloxacin Therapy of Neisseria
gonorrhoeae in a Large Health System. Clin Infect Dis.
2017;64(9):1268-70. PMID: 28034887
8. Farrell DJ, Sader HS, Rhomberg PR, Scangarella-Oman NE,
Flamm RK. In Vitro Activity of Gepotidacin (GSK2140944)
against Neisseria gonorrhoeae. Antimicrob Agents Chemother.
2017;61(3):e02047-16. https://doi.org/10.1128/AAC.02047-16
PMID: 28069643
9. Bax BD, Chan PF, Eggleston DS, Fosberry A, Gentry DR, Gorrec
F, et al. Type IIA topoisomerase inhibition by a new class of
antibacterial agents. Nature. 2010;466(7309):935-40. https://
doi.org/10.1038/nature09197 PMID: 20686482
10. Scangarella-Oman NE, Hossain M, Dixon PB, Ingraham K, Min
S, Tiffany CA, et al. Microbiological Analysis from a Phase 2
Randomized Study in Adults Evaluating Single Oral Doses of
Gepotidacin in the Treatment of Uncomplicated Urogenital
Gonorrhea Caused by Neisseria gonorrhoeae. Antimicrob
Agents Chemother. 2018;62(12):e01221-18. https://doi.
org/10.1128/AAC.01221-18 PMID: 30249694
11. Scangarella-Oman N, Hossain M, Dixon P, Ingraham K, Min S,
Tiffany C, et al. P2.38 Microbiological analysis from a phase
ii study in adults evaluating single doses of gepotidacin
(GSK2140944) in the treatment of uncomplicated urogenital
gonorrhoea caused by Neisseria gonorrhoeae. Sex Transm
Infect. 2017;93(Suppl 2):A84.
12. Garnett GP, Mertz KJ, Finelli L, Levine WC, St Louis ME. The
transmission dynamics of gonorrhoea: modelling the reported
behaviour of infected patients from Newark, New Jersey. Philos
Trans R Soc Lond B Biol Sci. 1999;354(1384):787-97. https://
doi.org/10.1098/rstb.1999.0431 PMID: 10365404
13. Hethcote H, Yorke J. Gonorrhea transmission dynamics and
control. Berlin: Springer. 1984.
14. Whittles LK, White PJ, Didelot X. Estimating the fitness cost
and benefit of cefixime resistance in Neisseria gonorrhoeae
to inform prescription policy: A modelling study. PLoS Med.
2017;14(10):e1002416. https://doi.org/10.1371/journal.
pmed.1002416 PMID: 29088226
15. Taylor SN, Morris DH, Avery AK, Workowski KA, Batteiger
BE, Tiffany CA, et al. Gepotidacin for the Treatment of
Uncomplicated Urogenital Gonorrhea: A Phase 2, Randomized,
Dose-Ranging, Single-Oral Dose Evaluation. Clin Infect Dis.
2018;67(4):504-12. https://doi.org/10.1093/cid/ciy145 PMID:
29617982
16. Office for National Statistics (ONS). United Kingdom
population mid-year estimate 2016. London: ONS.
[Accessed: 25 Nov 2017]. Available from: www.ons.gov.uk/
peoplepopulationandcommunity/populationandmigration/
populationestimates/timeseries/ukpop/pop
17. Didelot X, Dordel J, Whittles LK, Collins C, Bilek N, Bishop CJ,
et al. Genomic Analysis and Comparison of Two Gonorrhea
Outbreaks. MBio. 2016;7(3):e00525-16. https://doi.
org/10.1128/mBio.00525-16 PMID: 27353752
18. Brittain C, Childs M, Duley L, Harding J, Hepburn T, Meakin
G, et al. Gentamicin versus ceftriaxone for the treatment of
gonorrhoea (G-TOG trial): study protocol for a randomised trial.
Trials. 2016;17(1):558. https://doi.org/10.1186/s13063-0161683-8 PMID: 27881151
19. Bjedov I, Tenaillon O, Gérard B, Souza V, Denamur E,
Radman M, et al. Stress-induced mutagenesis in bacteria.
Science. 2003;300(5624):1404-9. https://doi.org/10.1126/
science.1082240 PMID: 12775833
20. Yang J, Annamalai T, Cheng B, Banda S, Tyagi R, Tse-Dinh YC.
Antimicrobial Susceptibility and SOS-Dependent Increase
in Mutation Frequency Are Impacted by Escherichia coli
Topoisomerase I C-Terminal Point Mutation. Antimicrob Agents
Chemother. 2015;59(10):6195-202. https://doi.org/10.1128/
AAC.00855-15 PMID: 26248366
21. Schook PO, Stohl EA, Criss AK, Seifert HS. The DNA-binding
activity of the Neisseria gonorrhoeae LexA orthologue NG1427

www.eurosurveillance.org

22.

23.

24.

25.

26.

27.

28.

29.
30.
31.

32.

33.

34.
35.

36.

37.
38.

is modulated by oxidation. Mol Microbiol. 2011;79(4):84660. https://doi.org/10.1111/j.1365-2958.2010.07491.x PMID:
21299643
Nagel M, Reuter T, Jansen A, Szekat C, Bierbaum G. Influence
of ciprofloxacin and vancomycin on mutation rate and
transposition of IS256 in Staphylococcus aureus. Int J Med
Microbiol. 2011;301(3):229-36. https://doi.org/10.1016/j.
ijmm.2010.08.021 PMID: 21115395
Vestergaard M, Paulander W, Marvig RL, Clasen J, Jochumsen
N, Molin S, et al. Antibiotic combination therapy can select
for broad-spectrum multidrug resistance in Pseudomonas
aeruginosa. Int J Antimicrob Agents. 2016;47(1):48-55. https://
doi.org/10.1016/j.ijantimicag.2015.09.014 PMID: 26597931
Spratt BG, Bowler LD, Zhang QY, Zhou J, Smith JM. Role of
interspecies transfer of chromosomal genes in the evolution of
penicillin resistance in pathogenic and commensal Neisseria
species. J Mol Evol. 1992;34(2):115-25. https://doi.org/10.1007/
BF00182388 PMID: 1556747
De Silva D, Peters J, Cole K, Cole MJ, Cresswell F, Dean G, et
al. Whole-genome sequencing to determine transmission of
Neisseria gonorrhoeae: an observational study. Lancet Infect
Dis. 2016;16(11):1295-303. https://doi.org/10.1016/S14733099(16)30157-8 PMID: 27427203
Grad YH, Kirkcaldy RD, Trees D, Dordel J, Harris SR, Goldstein
E, et al. Genomic epidemiology of Neisseria gonorrhoeae with
reduced susceptibility to cefixime in the USA: a retrospective
observational study. Lancet Infect Dis. 2014;14(3):2206. https://doi.org/10.1016/S1473-3099(13)70693-5 PMID:
24462211
Ezewudo MN, Joseph SJ, Castillo-Ramirez S, Dean D, Del
Rio C, Didelot X, et al. Population structure of Neisseria
gonorrhoeae based on whole genome data and its relationship
with antibiotic resistance. PeerJ. 2015;3:e806. https://doi.
org/10.7717/peerj.806 PMID: 25780762
World Health Organization (WHO). Global action plan to control
the spread and impact of antimicrobial resistance in Neisseria
gonorrhoeae. Geneva: WHO; 2012. Available from: https://
apps.who.int/iris/handle/10665/44863
Babraham Institute. Babraham Bioinformatics. FastQC.
Cambridge: Babraham Institute. 2012. Available from: http://
www.bioinformatics.babraham.ac.uk/projects/fastqc/
Li H. Aligning sequence reads, clone sequences and assembly
contigs with BWA-MEM. ArXiv13033997 Q-Bio. 2013. Available
from: https://arxiv.org/abs/1303.3997
Walker BJ, Abeel T, Shea T, Priest M, Abouelliel A, Sakthikumar
S, et al. Pilon: an integrated tool for comprehensive microbial
variant detection and genome assembly improvement. PLoS
One. 2014;9(11):e112963. https://doi.org/10.1371/journal.
pone.0112963 PMID: 25409509
Harris SR, Cole MJ, Spiteri G, Sánchez-Busó L, Golparian D,
Jacobsson S, et al. Public health surveillance of multidrugresistant clones of Neisseria gonorrhoeae in Europe: a genomic
survey. Lancet Infect Dis. 2018;18(7):758-68. https://doi.
org/10.1016/S1473-3099(18)30225-1 PMID: 29776807
Grad YH, Harris SR, Kirkcaldy RD, Green AG, Marks DS, Bentley
SD, et al. Genomic Epidemiology of Gonococcal Resistance
to Extended-Spectrum Cephalosporins, Macrolides, and
Fluoroquinolones in the United States, 2000-2013. J Infect Dis.
2016;214(10):1579-87. https://doi.org/10.1093/infdis/jiw420
PMID: 27638945
Levin BR, Bonten MJ. Cycling antibiotics may not be good for
your health. Proc Natl Acad Sci USA. 2004;101(36):13101-2.
https://doi.org/10.1073/pnas.0404970101 PMID: 15340145
Tuite AR, Gift TL, Chesson HW, Hsu K, Salomon JA, Grad YH.
Impact of Rapid Susceptibility Testing and Antibiotic Selection
Strategy on the Emergence and Spread of Antibiotic Resistance
in Gonorrhea. J Infect Dis. 2017;216(9):1141-9. https://doi.
org/10.1093/infdis/jix450 PMID: 28968710
Fingerhuth SM, Low N, Bonhoeffer S, Althaus CL. Detection
of antibiotic resistance is essential for gonorrhoea pointof-care testing: a mathematical modelling study. BMC Med.
2017;15(1):142. https://doi.org/10.1186/s12916-017-0881-x
PMID: 28747205
Frénoy A, Bonhoeffer S. Death and population dynamics
affect mutation rate estimates and evolvability under stress in
bacteria. bioRxiv. 2017. https://doi.org/10.1101/224675
Obolski U, Hadany L. Implications of stress-induced genetic
variation for minimizing multidrug resistance in bacteria. BMC
Med. 2012;10(1):89. https://doi.org/10.1186/1741-7015-10-89
PMID: 22889082

License, supplementary material and copyright

39

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate
if changes were made.
Any supplementary material referenced in the article can be
found in the online version.
This article is copyright of the authors or their affiliated institutions, 2020.

40

www.eurosurveillance.org

Research

Antimicrobial resistance point-of-care testing for
gonorrhoea treatment regimens: cost-effectiveness and
impact on ceftriaxone use of five hypothetical strategies
compared with standard care in England sexual health
clinics
Emma M Harding-Esch1,2, Susie E Huntington³ , Michael J Harvey³ , Georgie Weston³ , Claire E Broad1 , Elisabeth J Adams3 , S Tariq
Sadiq1,2,4
1. Applied Diagnostic Research and Evaluation Unit, Institute for Infection and Immunity, St George’s University of London,
London, United Kingdom
2. National Infection Service, Public Health England, London, United Kingdom
3. Aquarius Population Health, London, United Kingdom
4. St George’s University Hospitals NHS Foundation Trust, London, United Kingdom
Correspondence: S Tariq Sadiq (ssadiq@sgul.ac.uk)
Citation style for this article:
Harding-Esch Emma M , Huntington Susie E , Harvey Michael J , Weston Georgie , Broad Claire E , Adams Elisabeth J , Sadiq S Tariq . Antimicrobial resistance pointof-care testing for gonorrhoea treatment regimens: cost-effectiveness and impact on ceftriaxone use of five hypothetical strategies compared with standard care in
England sexual health clinics. Euro Surveill. 2020;25(43):pii=1900402. https://doi.org/10.2807/1560-7917.ES.2020.25.43.1900402
Article submitted on 21 Jun 2019 / accepted on 22 Apr 2020 / published on 29 Oct 2020

Background: Widespread ceftriaxone antimicrobial
resistance (AMR) threatens Neisseria gonorrhoeae (NG)
treatment, with few alternatives available. AMR pointof-care tests (AMR POCT) may enable alternative
treatments, including abandoned regimens, sparing
ceftriaxone use. We assessed cost-effectiveness of
five hypothetical AMR POCT strategies: A-C included
a second antibiotic alongside ceftriaxone; and D and E
consisted of a single antibiotic alternative, compared
with standard care (SC: ceftriaxone and azithromycin).
Aim: Assess costs and effectiveness of AMR POCT
strategies that optimise NG treatment and reduce
ceftriaxone use. Methods: The five AMR POCT treatment strategies were compared using a decision tree
model simulating 38,870 NG-diagnosed England
sexual health clinic (SHC) attendees; A micro-costing
approach, representing cost to the SHC (for 2015/16),
was employed. Primary outcomes were: total costs;
percentage of patients given optimal treatment (regimens curing NG, without AMR); percentage of patients
given non-ceftriaxone optimal treatment; cost-effectiveness (cost per optimal treatment gained). Results:
All strategies cost more than SC. Strategy B (azithromycin and ciprofloxacin (azithromycin preferred); dual
therapy) avoided most suboptimal treatments (n = 48)
but cost most to implement (GBP 4,093,844 (EUR
5,474,656)). Strategy D (azithromycin AMR POCT; monotherapy) was most cost-effective for both cost per
optimal treatments gained (GBP 414.67 (EUR 554.53))
and per ceftriaxone-sparing treatment (GBP 11.29
www.eurosurveillance.org

(EUR 15.09)) but with treatment failures (n = 34) and
suboptimal treatments (n = 706). Conclusions: AMR
POCT may enable improved antibiotic stewardship, but
require net health system investment. A small reduction in test cost would enable monotherapy AMR POCT
strategies to be cost-saving.

Introduction

Antimicrobial resistance (AMR) has developed to every
class of antibiotic used for treatment of the bacterial
sexually transmitted infection (STI) Neisseria gonorrhoeae (NG) [1], with increasing reports of multidrugresistant strains [2]. NG, the second most prevalent
bacterial STI globally [3], is associated with serious
long-term reproductive health complications if left
untreated.
World Health Organization (WHO) guidelines [4] recommend a treatment regimen that treats at least
95% of circulating NG strains, as monitored through
antibiotic surveillance programmes such as Public
Health England’s national Gonococcal Resistance to
Antimicrobials Surveillance Programme (GRASP) [1].
Dual therapy with ceftriaxone and azithromycin is
recommended in Europe [5], and was in the United
Kingdom (UK) until 2019 [6] when it was replaced with
1 g ceftriaxone monotherapy due to the emergence of
azithromycin resistance [7]. AMR to ceftriaxone, an
extended-spectrum cephalosporin, is the most urgent
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Box
Summary of antimicrobial resistance point-of-care test strategies
Standard care
Standard care with dual therapy of intramuscular ceftriaxone (500 mg) and oral azithromycin (1 g single dose).
Dual therapy, including ceftriaxone
A) AMR POCT for ciprofloxacin resistance only. Infections identified as not resistant to ciprofloxacin are given oral ciprofloxacin
(500 mg) plus ceftriaxone (500 mg). Infections identified as ciprofloxacin resistant are given SC.
B) Dual AMR POCT for azithromycin and ciprofloxacin resistance. If no azithromycin resistance is identified, SC is given. If
azithromycin resistant, ciprofloxacin (500 mg) and ceftriaxone (500 mg) are given unless there is ciprofloxacin resistance, in which
case ceftriaxone (500 mg) is given alone.
C) Dual AMR POCT for ciprofloxacin and azithromycin resistance. If no ciprofloxacin resistance is identified, ciprofloxacin (500
mg) and ceftriaxone (500 mg) are given. If ciprofloxacin resistant, SC is given, unless there is also azithromycin resistance, when
ceftriaxone (500 mg) is given alone.
Monotherapy optimisation
D) AMR POCT for azithromycin resistance. If no azithromycin resistance is identified, azithromycin (2 g) is given. If azithromycin
resistant, ceftriaxone (500 mg) and ciprofloxacin (500 mg) dual therapy is given. If the AMR POCT incorrectly shows no resistance
(false negative for AMR), it is assumed the treatment fails. The treatment failure would be identified in the test-of-cure and the
patient would then receive 500 mg ceftriaxone.
E) AMR POCT for ciprofloxacin. If no ciprofloxacin resistance is identified, 500 mg ciprofloxacin monotherapy is given. If
ciprofloxacin resistant, SC is given. If the AMR POCT incorrectly shows no resistance, monotherapy is assumed to fail, the patient
returns and receives 500 mg ceftriaxone alone.

AMR: amtimicrobial resistance; POCT: point-of-care test; SC: standard care.

threat [8,9] with few practical alternatives immediately
available if widespread resistance develops.
Rapid diagnostics have been identified as a key
approach to tackling AMR [10]. Rapid tests are those
that have a two-hour turnaround, whereas point-of-care
tests (POCTs) enable the test to be conducted, results
obtained and treatment performed in the same clinical
visit [11]. A principal feature of an NG AMR diagnostic
is to assess antibiotic susceptibility at the time of NG
diagnosis. A test that combines both NG diagnosis and
AMR prediction at the point-of-care (AMR POCT) would
allow the selection of appropriate treatment regimens
for considerable numbers of NG infections, including
safe use of antimicrobials which have been abandoned
for widespread use due to circulating resistance, but
which would be effective for a substantial proportion
of infections [12]. For example, in the UK in 2018, 60%
of NG infections were susceptible to ciprofloxacin, 90%
to azithromycin and 88% to penicillin [1]. The ability to
use these antibiotics to treat NG may in turn reduce
AMR selection pressure on ceftriaxone [13].
Rapid tests are already being used for NG in some sexual health clinics (SHC) [14]. While laboratory-based
NG fluoroquinolone susceptibility tests exist [15], rapid
NG AMR tests are in development and being clinically
evaluated. One such test is an NG fluoroquinolone
susceptibility AMR POCT, developed within the Precise
Study [16] using the io platform (Binx Health Limited
(formerly Atlas Genetics), Boston, United States (US))
already CE-marked for Chlamydia trachomatis (CT)
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detection [12,17]. Costs and short-term clinical impacts
of these tests are used in procuring sexual health services provision for a region (known as sexual health
commissioning in England) and adoption into SHC
decisionmaking [18].
In this analysis, we assessed the cost-effectiveness
in English SHC of five hypothetical AMR POCT strategies for the treatment of NG, which enable use of
ciprofloxacin and/or azithromycin, either alongside,
or as an alternative to, ceftriaxone. Potential diagnostic resistance-determinants of these antibiotics are small in number (gyrA for ciprofloxacin; 23S
rRNA and mtrCDE transporter for azithromycin), are
relatively well-understood, and their absence predictive
of susceptibility (particularly for ciprofloxacin). The
development of molecular AMR POCTs for detection
of these determinants are thus technically feasible
and therefore more likely to be immediately available
[19-21].

Methods
Model structure

We compared standard care (SC) for NG treatment in
the UK (at the time of investigation, ceftriaxone 500 mg
and azithromycin 1 g dual therapy [6]) with five different AMR POCT strategies (Box, Supplementary Figure
S1), where the AMR POCT was used as a reflex test to
inform antibiotic selection irrespective of which test
was used to diagnose NG initially. The AMR POCT strategies were chosen to either facilitate optimised choice
www.eurosurveillance.org

of a second antibiotic alongside ceftriaxone (dual therapy), or enable a single antibiotic alternative to ceftriaxone (monotherapy) (Box and Table 1).
The rationale for dual therapy strategies is based on
the assumption that combination therapy is more effective at preventing emergence or spread of AMR and
thereby preserves the use of ceftriaxone. The rationale
for the monotherapy strategies is that an AMR POCT
enables effective treatment of the known resistance
profile, sparing the use of ceftriaxone [22].
Each strategy consisted of a series of intended treatment regimens, contingent on the results of the AMR
POCT used. For example, in strategy B, the earliest
intended treatment regimen was SC, where the AMR
POCT indicated azithromycin resistance; the second
intended treatment regimen was ceftriaxone and ciprofloxacin, where the AMR POCT then indicated ciprofloxacin resistance; the third intended treatment regimen
was ceftriaxone monotherapy.
A decision tree model was constructed using TreeAge
Pro version 2017 (TreeAge Software, Williamstown,
United States (US)) to simulate a hypothetical cohort
of 38,870 NG-diagnosed SHC attendees (21,915 men
who have sex with men (MSM), 8,488 women and
8,467 men who have sex with women (MSW)), representing the total number of NG diagnoses in England
SHC in 2015, obtained from the genitourinary medicine clinical activity dataset national surveillance data
(GUMCAD) [23]. Our assumptions regarding AMR POCT
use meant the model could not be used when considering presumptive treatment, e.g. for sexual contacts
of NG-positive patients initially negative by microscopy
but subsequently positive by nucleic acid amplification testing (NAAT). Approximately 10% of individuals
diagnosed with NG are in contacts [24] but the epidemiological breakdown of these patients (e.g. women,
MSW, MSM) and the nature of their NG diagnoses
(e.g. microscopy negative and NAAT positive) is not
reported. Therefore, contacts could not be removed
from the hypothetical cohort.

was defined as one which cured NG and did not contain an antibiotic against which there was resistance.
Model definitions are provided in Supplementary Table
S2. These data were used to calculate incremental
cost-effectiveness ratios (ICER, see equation) for the
cost per additional optimal treatment gained and the
cost per additional ceftriaxone treatment avoided.
This was chosen as the measure of cost-effectiveness
rather than other measures, such as cost per Quality
Adjusted Life Years (QALY), because little data exist on
the consequence of optimal vs suboptimal NG treatment on long-term outcomes, such as mortality or lifetime costs.

A: standard care; B: antimicrobial resistance point-ofcare test strategy; ICER: incremental cost-effectiveness
ratio.
ICERs were calculated for two types of effectiveness: optimal treatments and ceftriaxone treatments
avoided.
Secondary outcomes were the percentage of people
given a missed earlier intended treatment regimen
(MEITR), and the percentage of people failing treatment
due to resistance. MEITR was defined as the use of a
treatment regimen which cured NG, but where an earlier intended treatment regimen would have provided
optimal treatment because susceptible infections had
been misclassified as resistant by the AMR POCT.
MEITRs were independent of treatment effectiveness.

Treatment

Key model assumptions include: 100% compliance with
test protocols; all patients entering the model are NG
true-positives; dual AMR POCT results are available
simultaneously; and there is no ceftriaxone resistance
data (supported by England’s GRASP [1]) so patients
with monotherapy treatment failure would return and
be successfully treated with ceftriaxone only. Model
assumptions are provided in Supplementary Table S1.

AMR POCT strategy treatment regimens were developed with input from three senior clinicians at St
George’s University Hospitals NHS Foundation Trust,
London, who outlined current and hypothetical AMR
POCT patient pathways (Supplementary Figure S1).
The purpose of the work was to determine AMR POCT
strategy for short-term clinical impacts, because
these are the data used for sexual health service provisioning and decisionmaking for adoption into SHC
[18]. Furthermore, progression to longer-term clinical
impacts from suboptimally treated infection is poorly
defined [25]. Therefore, the time horizon was that of
initial patient treatment. Complications associated
with STIs, such as pelvic inflammatory disease (PID) in
women, and adverse drug events associated with treatment were not considered.

Outcomes

Model parameters

We aimed to assess the costs and effectiveness of
these AMR POCT strategies to optimise treatment
regimen choice and reduce selection pressure on ceftriaxone. The primary outcomes were the total costs
(2015/16 GBP(EUR)), the percentage of people given
optimal treatment, and the percentage of people given
non-ceftriaxone optimal treatment. Optimal treatment
www.eurosurveillance.org

Model epidemiology parameters are presented in Table
2, and cost parameters in Table 3 and Supplementary
Table S3. The hypothetical AMR POCT sensitivity and
specificity were based on other NAAT-based rapid and
POC tests [26-28], and altered in sensitivity analyses.
Antibiotic resistance prevalences were obtained from
national surveillance of SHC attendees (GRASP, 2017)
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Table 1
Summary of antimicrobial point-of-care test strategies
Antibiotic(s) for which

Intended treatment regimen based on test result

resistance is tested

Strategy
A

+

B

No resistance to A

Resistance to A

Resistance to
A+B

Strategy A

Ciprofloxacin

NA

NA

Ciprofloxacin

+

Ceftriaxone Azithromycin

+ Ceftriaxone

Strategy B

Azithromycin

+

Ciprofloxacin

Azithromycin

+

Ceftriaxone Ciprofloxacin

+

Strategy C

Ciprofloxacin

+

Azithromycin

Ciprofloxacin

+

Ceftriaxone Azithromycin

Strategy D

Azithromycin

NA

NA

Azithromycina,b

NA

NA

Ciprofloxacin

+

Ceftriaxone

NA

Strategy E

Ciprofloxacin

NA

NA

Ciprofloxacinb

NA

NA

Azithromycin

+ Ceftriaxone

NA

Standard care

NA

Ceftriaxone

Ceftriaxone

+ Ceftriaxone

Ceftriaxone

No resistance testing is done. Standard care is ceftriaxone 500 mg and azithromycin 1 g dual therapy [6].

NA: not applicable.
a
Dose given: 2 g.
b
If incorrect test result and treatment fails, ceftriaxone is given.
Bold font indicates standard care antibiotics, i.e. azithromycin and ceftriaxone dual therapy.
Unless otherwise stated, doses are: ceftriaxone 500 mg; azithromycin 1 g; ciprofloxacin 500 mg.

[29]. GRASP is England’s national sentinel surveillance system that detects and monitors AMR in NG and
records potential treatment failures. As the time horizon was that of initial patient treatment, discounting
rates were not applied.
A micro-costing approach was employed, considering only costs incurred to the healthcare provider (i.e.
SHC). Costs to those procuring sexual health services
provision, or to health systems as a whole, were not
considered. Costs were estimated by adapting an existing model [30] and included: laboratory equipment;
POCTs and antibiotics; AMR POCTs; and NG treatment
implementation (e.g. staff time and consumables,
including partner notification and health promotion)
(Supplementary Table S3). It was assumed the AMR
POCTs produced results in 30 min (maximum acceptable POCT run-time for service users [31,32]) and
that in all strategies, NG-positive samples would still
be sent to the laboratory for culture and phenotypic
resistance testing. Costs are given in 2015/16 prices
(GBP (EUR)) and inflated when based on old estimates
[33]. Antibiotic prices were extracted from the British
National Formulary (BNF) website (September 2016),
with the cheapest formulation being used including
non-proprietary costs where available [34]. Initial costs
of diagnosing NG were not considered as people only
entered the model after an NG diagnosis. The cost of
implementing a change to clinical practice was also not
considered.

Sensitivity analyses

We conducted one-way analyses using TreeAge Pro version 2017 (TreeAge Software) and R software version
3.5.0 (R Foundation, Vienna, Austria), for each of the
model parameters by varying them independently at
the ends of their ranges to examine the effect on the
primary outcome (Table 2). These analyses identified
which model parameters results were most sensitive
to. Each sensitivity analysis compared one of the five
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AMR POCT strategies with SC, across three population
groups (women, MSW, and MSM). Probabilistic sensitivity analyses (PSA) were not performed because
our analysis was a cost-effectiveness analysis with
the outcome as cost per event avoided, rather than a
cost acceptability or cost utility analysis exploring the
likelihood that the technology is cost-effective at different willingness to pay (WTP) thresholds. There is no
commonly agreed WTP for our outcome, and therefore
presenting PSA results would likely not have yielded
additional beneficial information.
This report was written following the Consolidated
Health Economic Evaluation Reporting Standards
(CHEERS) checklist [35].

Ethical statement

As the only data included for this study were nationally
published surveillance data from PHE, and no patient
data were used, ethical approval was not required.

Results

Overall AMR POCT strategy costs, treatments used, and
treatment outcomes compared with SC in all groups are
presented in Table 4. Breakdowns by population group
are presented in Supplementary Tables S4, S5 and S6.

Costs

The cost of SC NG management was GBP 2,856,168
(EUR 3,819,524) for the total cohort (Table 4). All AMR
POCT strategies cost more than SC, with dual therapy
AMR POCT strategies more expensive than monotherapy strategies. Strategy D was the least expensive AMR
POCT strategy, costing GBP 3,271,684 (EUR 4,375,189),
14.5% more than SC. Strategy B was the most expensive, costing GBP 4,093,844 (EUR 5,474,656), 43%
more than SC. This was consistent across all population groups (Supplementary Tables S4, S5 and S6).
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Table 2
Epidemiology parameters used in the model for antimicrobial point-of-care test strategies
Percentage (%)
MSM
Variable

Number

W

MSW

Base
case
value

Range
(low,
high)

Base
case
value

Range
(low,
high)

MSM

W

Base case
value

Range
(low,
high)

Base
case
value

Range (low,
high)

MSW

Base case
value

Range
(low,
high)

Base case
value

Range (low,
high)

Comments
and
references

1

Initial clinic
attendances

56.4

NA

21.8

NA

21.8

NA

21,915

NA

8,488

NA

8,467

NA

GUMCAD,
2015 [23]

2

Resistance to
azithromycina

4.7

3.3–6.1

2.7

1.9–3.5

5.3

3.7–6.9

1,030

723–1,337

229

161–297

449

313–584

GRASP, 2017
[29]

3

Resistance to
ceftriaxone

0

0–0

0

0–0

0

0–0

0

0–0

0

0–0

0

0–0

GRASP, 2017
[29]

4

Resistance to
ciprofloxacinb

36.2

25.3–47.1

20.1

14.1–26.1

32.5

22.8–42.3

7,933

5,544–10,322

1,706

1,197–
2,215

2,752

1,930–3,582

GRASP, 2017
[29]

5

Sensitivity of
AMR POCT

98

90–100

98

90–100

98

90–100

NA

NA

NA

NA

NA

NA

Assumption

6

Specificity of
AMR POCT

99

90–100

99

90–100

99

90–100

NA

NA

NA

NA

NA

NA

Assumption

AMR: antimicrobial resistance; GUMCAD: genitourinary medicine clinical activity dataset; GRASP: gonococcal resistance to antimicrobial surveillance programme; MSM: men who have
sex with men; MSW: men who have sex with women; NA: not applicable; POCT: point-of-care test; W: women.
a

The azithromycin resistance ranges were extended further to 1–10% for all population groups in one-way azithromycin resistance analysis so that the effect of more extreme values could
be explored.

b

The ciprofloxacin resistance ranges were extended further to 0–50% in one-way ciprofloxacin resistance analysis so that the effect of more extreme values could be explored.

Optimal treatment

All AMR POCT strategies provided more optimal treatments than SC, in all population groups. Strategy B
provided most optimal (n = 38,822) and least suboptimal (n = 48) treatments. Strategies A and E equally
provided the least optimal treatments and the most
suboptimal (n = 813) (see Table 4 and Supplementary
Tables S4, S5 and S6).

554.53) per optimal treatment gained. Strategy A was
least cost-effective overall, whereas Strategy B was
the most-cost effective dual therapy strategy.
When avoidance of ceftriaxone use was considered,
Strategy D was most cost-effective relative to SC, costing GBP 11.29 (EUR 15.09) per ceftriaxone-sparing treatment gained. These findings were consistent across all
population groups.

Ceftriaxone-sparing treatments given

Sensitivity analyses

Since all dual therapy strategies used ceftriaxone, only
monotherapy strategies provided ceftriaxone-sparing
options. Strategy D reduced ceftriaxone use by 95%
compared with SC (Table 4).

MEITRs given

A MEITR refers to a treatment regimen being used when
an earlier intended treatment regimen would have provided optimal treatment. In all population groups, the
fewest were in Strategies A and E (n = 265), and B
(n = 267), and the most were in Strategy C (n = 912)
(Table 4, Supplementary Tables S4, S5 and S6).

Treatment failures

There were some treatment failures in each monotherapy strategy due to false-susceptible AMR POCT
results: strategy D had 34/38,870 (0.09% of treatments) and Strategy E had 248/38,870 (0.64% of treatments) (Table 4). There were no treatment failures with
SC or dual therapy strategies (A, B and C) because they
all included ceftriaxone. This was consistent across all
population groups (Supplementary Tables S4, S5 and
S6).

Cost-effectiveness analysis

The cost-effectiveness analysis (CEA) results are presented in Table 5. When avoidance of suboptimal
treatments was considered, Strategy D was most
cost-effective relative to SC, costing GBP 414.67 (EUR
www.eurosurveillance.org

In one-way sensitivity analyses, the following four
parameters had the greatest impact on cost-effectiveness per optimal treatment gained for all AMR POCT
strategies and across all population groups: prevalence of azithromycin resistance; AMR POCT sensitivity; prevalence of ciprofloxacin resistance; and the cost
of single detection AMR POCT. In monotherapy strategies, the cost-effectiveness model was additionally
sensitive to cost of clinical management (both with and
without injection), cost of ceftriaxone, and AMR POCT
specificity (for strategy D). The cost multiplier for a
dual detection AMR POCT impacted on AMR POCT costeffectiveness for Strategies B and C. Tornado plots
from these analyses are presented in Supplementary
Figure S2.
For all strategies, variation of ICER in relation to azithromycin resistance prevalence was minimal until prevalence fell to or below 3%, at which point it increased
(Supplementary Figure S3). These rises in ICER were
least for strategies B and D. With the exception of
strategy B where ICER were consistent for all population groups, these increases in ICER were most limited
in women.
Variation in AMR POCT accuracy also showed similar patterns across all population groups. Apart from
Strategy D, variation in specificity had very little effect
on cost per optimal treatment gained. In contrast, as
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Table 3
Cost parameters used in the model for antimicrobial point-of-care test strategies
Cost input

Management of NG (oral
medication/IM injection)

Costa
Base case value
GBP 53.00/ GBP
62.74
(EUR 70.88
/ EUR 83.90)

Return visit due to treatment
failure
Single AMR POCT

Dual AMR POCT

Dual AMR POCT

Azithromycin 1 gd

Azithromycin 2 gd

Ceftriaxone 500 mg e

Ciprofloxacin 500 mgd

Comments and references

Range (low–high)
GBP 37.10–68.90 / GBP
43.92–81.56
(EUR 49.6–92.1 / EUR
58.73–109.07)

GBP 48.01

GBP 33.61–62.41

(EUR 64.20)

(EUR 44.95–83.46)

GBP 29.00

GBP 20.00–40.00

(EUR 38.78)

(EUR 26.75–53.49)

GBP 31.90

GBP 29.00–58.00

(EUR 42.66)

(EUR 38.78–77.56)

GBP 31.90

GBP 22.00–44.00

(EUR 42.66)

(EUR 29.42–58.84)

GBP 1.16

GBP 0.81–1.51

(EUR 1.55)

(EUR 1.08–2.02)

GBP 2.32

GBP 1.62–3.02

(EUR 3.10)

(EUR 2.17–4.04)

GBP 9.58

GBP 6.71–12.45

(EUR 12.81)

(EUR 8.97–16.65)

GBP 0.07

GBP 0.05–0.09

(EUR 0.09)

(EUR 0.07–0.12)

b

Adapted from previous model. Adams, 2014 [30]

b,c

Adapted from previous model. Adams, 2014 [30]

Estimate [47]
Estimate – 10% more than price of single AMR POCT
(multiplier 1.1, range 1.0–2.0)
Estimate – single AMR POCT is varied, multiplier
remains at 1.1 (10% more than price of single AMR
POCT)
BNF, 2016 [34]

BNF, 2016 [34]

BNF, 2016 [34]

BNF, 2016 [34]

AMR: antimicrobial resistance; BNF: British National Formulary; IM: intramuscular; NG: Neisseria gonorrhoeae; POCT: point-of-care test.
a
GBP costs were converted to EUR using a historic currency conversion of an average of 366 days from 1 July 2015 to 30 June 2016 [48]. For
this time period, GBP 1 = EUR 1.34, and EUR 1 = GBP 0.75.
b
Includes staff time and consumables but not antibiotic costs. Costs were inflated to 2015/16 costs using the Hospital and Community Health
Services (HCHS) Inflation Indices 2015 produced by the Personal Social Services Research Unit [33]. No data were available for inflation
from 2014/15 to 2015/16 so it was assumed to be the same as between 2013/2014 and 2014/15. The United Kingdom hospital consumer
price index for health services shows similar annual growth in this sector from 2014 (93.2 in 2013, 97.1 in 2014 and 100 in 2015), which
validates this assumption [49]. GBP costs were converted to EUR using a historic currency conversion of an average of 366 days from 1
July 2015 to 30 June 2016 [48]. For this time period, GBP 1 = EUR 1.34, and EUR 1 = GBP 0.75. A further breakdown of cost data are provided
in Supplementary Table S3.
c
Within the context of this model, treatment failure due to resistance to a monotherapy would result in a return visit. No repeat culture
would be taken and no repeat diagnostic tests would occur. The patient would be successfully treated using ceftriaxone, administered via
injection.
d
Oral medication.
e
Administered via intramuscular injection. The price quoted is for 1 g vial of ceftriaxone, the smallest non-proprietary vial available [34] - the
remaining 500 mg is then discarded.

sensitivity decreased to a minimum of 90%, particularly towards the lower range, the cost per optimal
treatment gained increased exponentially, except for
strategy B where the relationship was linear. Strategy
B also had the smallest change in ICER between
maximum (100%) and minimum (90%) sensitivity
(maximum difference of GBP 169.21 (EUR 226.28) per
optimal treatment gained in women) compared with
other strategies where the difference was in the thousands. For Strategy D, change in sensitivity had little
impact on cost per optimal treatment gained, whereas
when specificity decreased to below around 95.5%, the
cost per optimal treatment gained started to increase
exponentially. The sensitivity analyses are presented
in Supplementary Figure S4.
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The prevalence of ciprofloxacin resistance had very
little effect on cost per optimal treatment gained in
Strategies B, C and D (Supplementary Figure S5). For
Strategies A and E, as ciprofloxacin resistance increased
from ca 20%, there was an exponential increase in cost
per optimal treatment gained for women only.
The relationship between ICER and cost of a single target AMR POCT was linear. Interestingly, as the cost of
the single target AMR POCT increased, the two dualtarget AMR POCTs diverged, with strategy B costing
less per optimal treatment gained relative to strategy
C.
For the three single target AMR POCTs (A, D and E),
reducing the cost of the test had the greatest impact
www.eurosurveillance.org

Table 4
Total costs, treatments used and treatment outcomes for standard care and antimicrobial resistance point-of-care test
strategies: all groups (n = 38,870)
Strategy

Standard care
A: Single POCT for
ciprofloxacin; dual
therapy
B: Dual POCT for
azithromycin and
ciprofloxacin; dual
therapy
C: Dual POCT for
ciprofloxacin and
azithromycin; dual
therapy
D: Single POCT
for azithromycin;
monotherapy
E: Single POCT
for ciprofloxacin;
monotherapy

Total costa
GBP 2,856,168
(EUR 3,819,524)
GBP 3,954,554
(EUR 5,288,385)
GBP 4,093,844
(EUR 5,474,656)
GBP 4,066,498
(EUR 5,438,086)
GBP 3,271,684
(EUR 4,375,189)
GBP 3,457,581
(EUR 4,623,788)

Number of antibiotics used to treat NG

Number
Number of
Number of
Number
of optimal suboptimal
treatment
d
b
c of MEITR
treatments treatments
failurese

Ceftriaxone

Azithromycin

Ciprofloxacin

38,870

38,870

0

37,162

1,708

NA

NA

38,870

12,408

26,462

38,057

813

265

NA

38,870

36,825

1,373

38,822

48

267

NA

38,870

11,736

26,462

38,611

259

912

NA

2,080

36,825

2,045

38,164

706

372

34

12,656

12,408

26,462

38,057

813

265

248

AMR: antimicrobial resistance; MEITR: missed earlier intended treatment regimen; NG: Neisseria gonorrhoeae; POCT: point-of-care test.
a
GBP costs were converted to EUR using a historic currency conversion of an average of 366 days from 1 July 2015 to 30 June 2016 [48]. For
this time period, GBP 1 = EUR 1.34 , and EUR 1 = GBP 0.75.
b
‘Optimal’ refers to a treatment regimen which cures the NG infection and does not contain any antibiotic against which there is resistance.
c
‘Suboptimal’ refers to a treatment regimen which contains antibiotics against which there is NG resistance - if the treatment is a
monotherapy it will result in treatment failure.
d
‘Missed earlier intended treatment regimen’ (MEITR) refers to a treatment regimen which cures the NG infection and does not contain any
antibiotic against which there is resistance, but a treatment regimen was used when an earlier intended treatment regimen would have
provided optimal treatment – a MEITR is due to a false-resistant AMR POCT result.
e
‘Treatment failure’ refers to failure to cure an NG infection due to resistance to an antibiotic given as monotherapy and is due to a falsesusceptible AMR POCT result.

on cost per treatment gained. Monotherapy strategies became cost-saving (ICER < 0) for all population
groups when AMR POCT cost was ≤ GBP 18 (24.07 EUR)
for Strategy D, and ≤ GBP 16 (EUR 21.40) for Strategy
E (Supplementary Figure S6). Strategy B had lowest
costs per additional optimal treatment for dual therapy
strategies.

Discussion

We assessed the cost-effectiveness and impacts of
deploying AMR POCTs for N. gonorrhoeae. All AMR
POCT strategies assessed resulted in more optimal
treatments compared with SC. Monotherapy AMR POCT
strategies provided ceftriaxone-sparing options, with
Strategy D reducing the use of ceftriaxone by 95%.
Both outcomes are important in promoting antibiotic
stewardship by minimising risks of breakthrough with
ceftriaxone-resistant circulating strains, and reducing
selection pressure for resistance developing to
ceftriaxone, respectively.
Our cost-effectiveness analysis adapted a previously
published cost-effectiveness model of introducing a
dual CT/NG POCT into a SHC [28,30], and was populated using available published data, and where unavailable, using unpublished data and expert opinion.
www.eurosurveillance.org

By employing a decision tree model approach we could
account for sufficient complexity without over-building. However, this approach is, in contrast to using a
transmission dynamic model [36], unable to assess
outcomes such as the impact AMR POCTs could have
on re-infection in a previously treated patient, on population prevalence or burden of disease, or on AMR
evolution.
Turner et al. have adapted the same CT/NG POCT costeffectiveness model we used for our analysis [28,30]
to analyse the potential clinical and overall economic
impact of an NG AMR POCT [37]. While theirs was not
a cost-effectiveness analysis, and different model
assumptions and parameters from ours were used,
they also demonstrated that AMR POCTs could lead to
overall reductions in ceftriaxone use, but that introduction of AMR POCTs incurred increased costs. Using
an individual-based dynamic transmission model that
incorporated partner treatment and which was applied
to a London MSM population, Zienkiewicz et al. [38]
also demonstrated that AMR POCTs for NG ciprofloxacin
sensitivity reduced ceftriaxone use, by 70% compared
with the reference scenario. An individual-based model
of molecular NG AMR test use compared with culture
within an NG surveillance system in remote settings
47

Table 5
Cost effectiveness analysis for standard care and antimicrobial resistance point-of-care test strategies
Subgroup

Comparison

AMR POCT A vs SC

AMR POCT B vs SC

All

AMR POCT C vs SC

AMR POCT D vs SC

AMR POCT E vs SC

AMR POCT A vs SC

AMR POCT B vs SC

MSM

AMR POCT C vs SC

AMR POCT D vs SC

AMR POCT E vs SC

AMR POCT A vs SC

AMR POCT B vs SC

MSW

AMR POCT C vs SC

AMR POCT D vs SC

AMR POCT E vs SC

AMR POCT A vs SC

AMR POCT B vs SC

Women

AMR POCT C vs SC

AMR POCT D vs SC

AMR POCT E vs SC

Total additional cost a

Additional cost
per patient a

GBP 1,098,386.00

GBP 28.26

(EUR 1,468,860.00)

(EUR 37.79)

GBP 1,237,676.00

GBP 31.84

(EUR 1,655,131.00)

(EUR 42.58)

GBP 1,210,330.00

GBP 31.14

(EUR 1,618,562.00)

(EUR 41.64)

GBP 415,516.00

GBP 10.69

(EUR 555,665.30)

(EUR 14.30)

GBP 601,414.00

GBP 15.47

(EUR 804,264.80)

(EUR 20.69)

GBP 620,274.00

GBP 28.30

(EUR 829,486.10)

(EUR 37.85)

GBP 697,730.00

GBP 31.84

(EUR 933,067.20)

(EUR 42.58)

GBP 683,317.00

GBP 31.18

(EUR 913,792.80)

(EUR 41.70)

GBP 235,532.00

GBP 10.75

(EUR 314,974.50)

(EUR 14.38)

GBP 358,920.00

GBP 16.38

(EUR 479,980.00)

(EUR 21.90)

GBP 239,316.00

GBP 28.26

(EUR 320,034.80)

(EUR 37.79)

GBP 269,519.00

GBP 31.83

(EUR 360,425.00)

(EUR 42.57)

GBP 263,674.00

GBP 31.14

(EUR 352,608.50)

(EUR 41.64)

GBP 91,956.00

GBP 10.86

(EUR 122,971.80)

(EUR 14.52)

GBP 132,108.00

GBP 15.60

(EUR 176,666.70)

(EUR 20.86)

GBP 238,796.00

GBP 28.13

(EUR 319,339.40)

(EUR 37.62)

GBP 270,428.00

GBP 31.86

(EUR 361,640.60)

(EUR 42.61)

GBP 263,339.00

GBP 31.02

(EUR 352,160.50)

(EUR 41.48)

GBP 88,028.00

GBP 10.37

(EUR 117,718.90)

(EUR 13.87)

GBP 110,386.00

GBP 13.00

(EUR 147,618.10)

(EUR 17.38)

Number of optimal
treatments gained
895

1,660

1,449

1,002

895

499

1,001

864

568

499

248

436

391

271

248

148

223

194

163

148

Additional cost per
optimal treatment
gaineda
GBP 1,226.97
(EUR 1,640.81)
GBP 745.44
(EUR 996.87)
GBP 835.39
(EUR 1,117.16)
GBP 414.67
(EUR 554.53)
GBP 671.82
(EUR 898.42)
GBP 1,242.13
(EUR 1,661.09)
GBP 697.32
(EUR 932.52)
GBP 790.97
(EUR 1,057.76)
GBP 414.38
(EUR 554.15)
GBP 718.75
(EUR 961.18)
GBP 965.92
(EUR 1,291.72)
GBP 617.60
(EUR 825.91)
GBP 674.71
(EUR 902.28)
GBP 339.59
(EUR 454.13)
GBP 533.21
(EUR 713.06)
GBP 1,612.62
(EUR 2,156.54)
GBP 1,210.74
(EUR 1,619.11)
GBP 1,356.61
(EUR 1,814.18)
GBP 540.55
(EUR 722.87)
GBP 745.45
(EUR 996.88)

Number of
ceftriaxone
treatments avoided

Additional cost per
ceftriaxone-sparing
treatment a

0

Dominated

0

Dominated

0

Dominated

36,790

26,214

GBP 11.29
(EUR 15.09)
GBP 22.94
(EUR 30.68)

0

Dominated

0

Dominated

0

Dominated

20,676

13,842

GBP 11.39
(EUR 15.23)
GBP 25.93
(EUR 34.68)

0

Dominated

0

Dominated

0

Dominated

7,938

5,658

GBP 11.58
(EUR 15.49)
GBP 23.35
(EUR 31.23)

0

Dominated

0

Dominated

0

Dominated

8,176

6,714

GBP 10.77
(EUR 14.40)
GBP 16.44
(EUR 21.99)

AMR: antimicrobial resistance; MSM: men who have sex with men; MSW: men who have sex with women; POCT: point-of-care test; SC:
standard care.
a
GBP costs were converted to EUR using a historic currency conversion of an average of 366 days from 1 July 2015 to 30 June 2016 [48]. For
this time period, GBP 1 = EUR 1.34, and EUR 1 = GBP 0.75.
A strategy is ‘dominated’ if it is more expensive and provides fewer/equivalent benefits.
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found that they substantially improved the timeliness
of NG AMR detection, facilitating a faster change in recommended treatment, with potential for decreasing NG
AMR impact on the wider population [39]. Fingerhuth
et al. [36] developed a compartmental transmission
model of antibiotic-sensitive and antibiotic-resistant
NG to look at proportion of resistant infections and
cases averted. They showed that the clinical pathway
that included an AMR POCT resulted in the lowest proportion of resistant infections after 30 years, whereas
the clinical pathway with a POCT that did not test for
AMR resulted in the highest. They also noted that test
diagnostic performance is key for AMR POCTs to have
a beneficial public health impact. The potential public
health impact of AMR POCTs was confirmed by Tuite
et al., with AMR POCTs delaying the proportion of isolates reaching > 5% resistance compared with empirical
treatment [40]. However, it was highlighted that the
AMR POCT should test for resistance to multiple anitimicrobials, otherwise non-tested, resistant, strains will
be selected for. Thus, continued surveillance, including
culture, should be continued. Together, these health
economic and modelling evaluations highlight the possible beneficial impacts of implementing AMR POCTs
on reducing ceftriaxone use and decreasing NG AMR
prevalence at the population level, but the design and
implementation of the tests should also be carefully
considered.
As with all mathematical models, several assumptions
were made (Supplementary Table S1), including AMR
POCT diagnostic accuracy - a necessity as these tests
are currently in early phases of development [16,41].
Future performance estimates will need to consider
two elements: predictive accuracies of any biomarkers
used to detect AMR; the performance of platforms and
chemistries used to detect them. Variations in both
may independently affect outcomes.
Our analysis had some limitations. We used the most
recent NG AMR data available from GRASP at the time
[29], but AMR rates constantly change and, in the
sensitivity analyses, AMR prevalence alterations had
the greatest impact on AMR POCT cost-effectiveness
(Supplementary Figure S2). This may limit the generalisability of our results as it is not possible to know
future resistance profiles. However, the results should
be generalisable to the ranges used in the sensitivity analyses. In addition, as AMR POCTs are still in
development, some of the model’s other epidemiological parameters will have changed by the time the
AMR POCTs are available for use in routine practice,
which may further limit the analyses’ applicability in
the longer term. This highlights the need to continually
conduct analyses such as these, to enhance our ability to predict and understand future trends. Our anlayses are also limited to data from England, with results
perhaps less generalisable to other countries. This will
be exacerbated by the 2019 change to 1 g ceftriaxone
monotherapy, further setting it aside from guidelines
in other European countries [7]. Our model also did not
www.eurosurveillance.org

consider NG-positive patients coinfected with another
organisms, such as CT, which would affect patient
pathways and treatment options. Additional factors not
considered were costs associated with treating longterm NG infection sequelae [42], costs incurred outside
of the SHC, and costs or cost-savings associated with
changing clinical pathways in order to accommodate
the AMR POCTs. Thus the time horizon for the costs
and consequences was of initial patient treatment only.
Strategy B was most effective for avoiding suboptimal
treatments but the most costly to implement. Strategy
D was the most cost-effective for both effectiveness
outcomes (optimal treatments gained and ceftriaxone
avoidance), but resulted in treatment failures, as well
as nearly 15-fold higher suboptimal treatments compared with Strategy B. Both strategies B and D enabled
the re-use of ciprofloxacin, previously abandoned for
the treatment of NG in the UK [6].
All AMR POCT strategies were more expensive than SC,
with dual therapy AMR POCT strategies more expensive
than monotherapy strategies, suggesting that shortterm net financial investments in AMR POCT adoption
are required to gain long-term antimicrobial stewardship benefits. The O’Neill review of AMR [10] noted that
accepting the initial expense of new test introduction
may enable longer-term societal pay-offs by reducing
infection rates and maintaining effective NG treatments. Interestingly, our sensitivity analysis suggested
that even if AMR POCT costs were notably reduced,
perhaps through production scale-up, dual therapy
AMR POCT strategies would still not be cost-saving.
However, a relatively small reduction to less than GBP
18 (EUR 24.07) per test would enable the monotherapy
AMR POCT strategies to be cost-saving.
The monotherapy strategies resulted in treatment
failures due to false susceptible AMR POCT results,
although minimal relative to SC. Since we assumed
ceftriaxone treated 100% of NG infections, there were
no treatment failures for SC or dual therapy strategies.
The most recent GRASP data suggest that ceftriaxone resistance remains low (no ceftriaxone resistance
reported, although there is a reduction in susceptibility with 24.6% of isolates with minimum inhibitory concentrations (MICs) ≥ 0.03 mg/L in 2018 compared with
16.6% in 2017 [1]), but there are increasing concerns
regarding international ceftriaxone-resistant strains
[43-45]. This potentially undermines our assumption
and the resulting lack of treatment failures from dual
therapy AMR POCT strategies.
Most MEITRs (treatment regimen used when an earlier intended treatment regimen would have provided
optimal treatment) were in Strategy C, and the least
in Strategies A, B and E. Avoiding MEITRs is important
because it maximises the ability to use ciprofloxacin
(in Strategies A, C and E), or reduces the need for ceftriaxone use (Strategies B and D). These numbers were
small compared with actual patient numbers in whom
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a MEITR might be used if these AMR POCTs were available more generally. For example, using national surveillance data [23,46], we estimated that over 25,000
of the 38,870 NG-diagnosed SHC patients assumed
to have been treated with SC in 2015 would have had
ciprofloxacin-susceptible NG. Strategies A and E would
have enabled all, except 265 (Table 4), of these patients
to be treated with ciprofloxacin, a 100-fold reduction in
these missed opportunities.
Since a MEITR is due to susceptible infections misclassified as resistant by the AMR POCT, test specificity
is key. In sensitivity analyses of AMR POCT accuracy,
Strategy D was the only strategy where cost per optimal
treatment gained was affected by changes in specificity. In all other strategies, cost per optimal treatment
gained increased as sensitivity decreased. This is
because these strategies contained an AMR POCT that
included ciprofloxacin testing, so resistance (20–36%,
dependent on population group [29]) was detected and
optimal treatment could be given. In contrast, if AMR
POCT sensitivity in these strategies fell, true ciprofloxacin-resistant cases were missed and the patient
suboptimally treated. Strategy D, where the AMR POCT
was for azithromycin only, was the only strategy where
ciprofloxacin was given without resistance-testing as the specificity decreased, more patients received
false-positive azithromycin resistance results and were
treated with ciprofloxacin. Due to high ciprofloxacin
resistance prevalence, this treatment was suboptimal in a large number of cases. Following the logic of
the other strategies, if azithromyin resistance prevalence increased, cost per optimal treatment gained in
Strategy D would become sensitive to both AMR POCT
specifity and sensitivity.
Thus, prevalence of resistance has important implications for AMR POCT accuracy requirements and
ICER of optimal treatments gained. In the azithromycin resistance sensitivity analyses, ICER increased
when resistance fell below ca 3% (well below current
UK azithromycin resistance prevalence, reported at
ca 9.7% [1]), primarily because when azithromycin
resistance is low, there is little value in testing for it
(Strategies B, C and D) and there will be few treatment
failures from background resistance (Strategies A and
E). In the ciprofloxacin resistance sensitivity analysis,
an effect on ICER was only seen in women in strategies
A and E (because of lower baseline ciprofloxacin resistance prevalence).
From a population-level antimicrobial stewardship
public health perspective, increasing the number
of suboptimal treatments may eventually lead to an
increased number of resistant infections [36]. The relative public health importance of a smaller total number of suboptimal treatments with a few treatment
failures vs a higher number of suboptimal treatments
with no failures warrants further investigation, and
could be included in future transmission model analyses. Furthermore, the long-term public health impact
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of preserving ceftriaxone use while increasing the risk
of treatment failures from monotherapy strategies (vs
maintaining ceftriaxone in the earlier intended treatment regimen with an increase in suboptimal treatments and no adequate treatment alternative), should
also be investigated.

Conclusion

Once developed, AMR POCTs could have wide-ranging implications for clinical decisionmaking globally,
including the potential re-use of antibiotics previously
abandoned for the treatment of NG, ensuring the right
treatment is given to the right person at the right time
(precision medicine). Although it may be necessary to
accept net health system investment to enable longerterm societal pay-offs by reducing infection rates and
maintaining effective NG treatments, a relatively small
reduction in test cost could enable some AMR POCT
strategies to be cost-saving.
empirical study and modelling is required to optimise
their use for public health benefit.
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Background: C-reactive protein (CRP) testing can be
used as a point-of-care test (POCT) to guide antibiotic
use for acute cough. Aim: We wanted to determine feasibility and effect of introducing CRP POCT in general
practices in an area with high antibiotic prescribing
for patients with acute cough and to evaluate patients’
views of the test. Methods: We used a McNulty–Zelen
cluster pragmatic randomised controlled trial design
in general practices in Northern England. Eight intervention practices accepted CRP testing and eight
control practices maintained usual practice. Data collection included process evaluation, patient questionnaires, practice audit and antibiotic prescribing data.
Results: Eight practices with over 47,000 patient population undertook 268 CRP tests over 6 months: 78% of
patients had a CRP < 20 mg/L, 20% CRP 20–100 mg/L
and 2% CRP > 100 mg/L, where 90%, 22% and 100%,
respectively, followed National Institute for Health and
Care Excellence (NICE) antibiotic prescribing guidance.
Patients reported that CRP testing was comfortable
(88%), convenient (84%), useful (92%) and explained
well (85%). Patients believed CRP POCT aided clinical
diagnosis, provided quick results and reduced unnecessary antibiotic use. Intervention practices had an
estimated 21% reduction (95% confidence interval:
0.46–1.35) in the odds of prescribing for cough compared with the controls, a non-significant but clinically
relevant reduction. Conclusions: In routine general
practice, CRP POCT use was variable. Non-significant
reductions in antibiotic prescribing may reflect small
sample size due to non-use of tests. While CRP POCT
may be useful, primary care staff need clearer CRP
guidance and action planning according to NICE
guidance.
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Introduction

Seventy to eighty per cent of all antibiotics in the United
Kingdom (UK) are prescribed in the community [1] and
60% of these antibiotics are issued for respiratory tract
infections (RTI) [2]; 20% are thought to be unnecessary
or inappropriate [3] as research suggests that acute RTI
are often viral and do not require an antibiotic [2,4,5].
Reducing inappropriate antibiotic prescribing is fundamental to tackling antimicrobial resistance and The
UK Five Year Antimicrobial Resistance Strategy aims to
optimise prescribing practice by promoting better use
of existing diagnostics [6].
The Lord O’Neill report, tackling drug-resistant infections globally, recommends that by 2020 it should
be mandatory that the prescription of antibiotics is
informed by data and testing technology, such as a
diagnostic test, wherever available and effective to
support clinical judgment to prescribe [7].
The National Institute for Health and Care Excellence
(NICE) incorporated C-reactive protein (CRP) pointof-care tests (POCT) into the diagnosis of pneumonia
guidelines CG 191 (Box 1) [8] and CRP POCT is also
included in the NICE acute cough summary for antimicrobial prescribing [9]. The NICE recommends that CRP
POCT should be considered when a patient presents
with symptoms of lower RTI, clinical assessment is
inconclusive and there is uncertainty whether antibiotics should be prescribed [8]. Even though CRP POCT is
recommended by NICE and has the potential to improve
patient care, the uptake of CRP POCT across England
has been very variable and CRP POCT is not extensively
used in primary care [10].
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Box 1
NICE Guidance CG 191: Pneumonia in adults: diagnosis
and management [8]

Figure 1
Recruitment flow chart, C-reactive protein point-of-care
testing, Northern England, 2016–17 (n = 16 practices)

Presentation with lower respiratory tract infection
For people presenting with symptoms of lower
respiratory tract infection in primary care, consider
a point-of-care C-reactive protein test if after clinical
assessment a diagnosis of pneumonia has not been
made and it is not clear whether antibiotics should be
prescribed. Use the results of the C-reactive protein
test to guide antibiotic prescribing in people without a
clinical diagnosis of pneumonia as follows:
• Do not routinely offer antibiotic therapy if the
C-reactive protein concentration is less than 20 mg/L.
• Consider a delayed antibiotic prescription (a
prescription for use at a later date if symptoms
worsen) if the C-reactive protein concentration is
between 20 mg/L and 100 mg/L.
• Offer antibiotic therapy if the C-reactive protein
concentration is greater than 100 mg/L.

8 CRP POCT machines available

45 practices in the target area stratified by antibiotic use

Top 19 general practices prescribing most antibiotics
randomly allocated to CRP intervention or control groups

8 control

11 intervention

8 practices
accepted CRP testing

8 control
practices

3 practices
declined CRP testing

CRP: C-reactive protein; POCT: point-of-care test.

NICE: National Institute for Health and Care Excellence.

Methods
Systematic reviews, for RTI in general and lower RTI
specifically, show the value of CRP POCT on reducing antibiotic prescriptions for RTI [11-14]. Huang et al.
reported that CRP POCT significantly reduced antibiotic prescribing at the index consultation for patients
with RTI [11]. A randomised control trial found that
general practitioners (GPs) in the CRP test group prescribed significantly fewer antibiotics compared with
the control group [15] and that patients in the CRP
test group used fewer antibiotics than the control [16].
This research was conducted in research practices in
the Netherlands and results may not be replicated in
a non-research setting with normal primary care service provision in England. A small pilot study with 94
patients conducted within a single GP surgery in Wales
found that the practice using CRP POCT had significantly reduced their antibiotic prescribing compared
with other practices in the health board [17].
The use of CRP POCT for acute cough may be particularly valuable in areas with high antibiotic prescribing, but there is inconsistent CRP test use in such
areas (e.g. Northern England) [18]. Therefore, the
present study aimed to determine if the introduction
of CRP POCT into non-research practices in a Clinical
Commissioning Group (CCG) with high antibiotic prescribing was feasible, to explore whether CRP POCT
was acceptable to patients, and whether provision of
CRP POCT reduced prescribing for acute cough compared with controls. The study aimed to measure antibiotic use via enhanced retrospective audit using Read
codes in intervention and control practices. The main
difference between our study and previous CRP POCT
research is that our study was based in real-life patient
populations found in non-research clinical practices,
aiming to reflect the true potential use of CRP POCT
and their impact in primary care in England.
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Design and setting

We performed a service evaluation using the McNulty–
Zelen clustered randomised controlled trial (RCT)
design [19] in practices within a high-prescribing CCG
in Northern England. A CCG is a clinically led statutory
National Health Service (NHS) body responsible for the
planning and commissioning of healthcare services for
their local area. In this design, practices were not aware
that they were taking part in an RCT or that they had
been randomly assigned to an intervention or control
group; they only knew that they were being part of a
pilot of CRP POC testing in their CCG. Control practices
were not told about the trial. Consent was given by the
CCG on the practices’ behalf. The study was not registered as a trial to keep the study masked to practices.

Stratification and randomisation

Forty-five general practices within a Northern England
CCG were stratified by total antibiotic dispensing per
1,000 patients for 2016. The top 19 prescribers were
randomly (using computer generated pseudo-random
numbers) allocated to the intervention (offering CRP
POCT) or control group (usual provision by the practice) (Figure 1).
In 2016, practices allocated to the intervention arm
were offered a CRP POCT machine and up to 100 CRP
tests to use over 6 months by a letter from the local
GP antimicrobial stewardship (AMS) lead and followup phone call. Practices used the CRP POCT machine
for 6 months between 1 August 2016 and 31 July 2017;
start date was dependent on when the practices had
received training. The study aimed for the use of 800
CRP POCTs to contribute to statistically significant
results. Practices that agreed to take part in the study
were visited by the AMS lead to promote the CRP POCT
and received standard CRP POCT training by Alere
Ltd (Stockport UK) which is usual practice when a
www.eurosurveillance.org

Box 2
Study inclusion and exclusion criteria, C-reactive protein
point-of-care testing, Northern England, 2016–17

Figure 2
Data inclusion flow chart, C-reactive protein point-of-care
testing, Northern England, 2016–17 (n = 8 practices)

Inclusion criteria
• The patient is between 18 and 64 years inclusive.
• The patient has undergone clinical assessment
(ideally using diagnostic score).
• The patient has given oral consent for the CRP test
and understands the rationale for the test and process
according to the clinician.
• The patient has a lower respiratory tract infection
presenting diagnostic uncertainty.
• The presentation is acute (21 days or less from
symptom onset).
• The patient has a primary complaint of cough.
Exclusion criteria
• The patient has a definitive indication for antibiotics
(without diagnostic uncertainty), i.e. pneumonia.
• The patient is severely ill and definitely requiring
antibiotics or hospital admission.

800 CRP POCT available

359 CRP POCT used by general practice

23 quality control tests

336 tests used on patients

300 test results
available for
analysis

268 met inclusion
criteria

19 patients left
the practice

17 tests
recorded an
error reading

32 excluded
because of age

CRP: C-reactive protein; POCT: point-of-care test.

diagnostic test is introduced into a laboratory or primary care setting. Alere was selected for this study as
it was the most readily available CRP test in the UK at
that time, had been reviewed by a Medtech innovation
briefing [20] and was being used in other CCGs across
England at that time [21]. The CRP testing kits were provided by Alere at cost to the CCG and were free to the
healthcare staff. They comprised of the Alere Afinion
CRP POCT manufactured by Alere Ltd. The test has a
total assay time of 4 min on a sample volume of 1.5
µL capillary blood [22]. Alere were not involved in the
planning of the study or interpretation of results, they
only helped deliver the training to practices.

Patient inclusion/exclusion criteria

Practice staff were asked to offer patients over 18 years
and under 65 years with acute cough a CRP POCT after
clinical assessment and in accordance with national
guidelines as appropriate [8] using patient selection
criteria (Box 2). To avoid overuse of the test, clinicians
using the CRP POCT were advised to use a diagnostic score to help them decide whether a CRP test was
needed. The diagnostic score comprised: breathlessness, pulse > 100 bpm, temperature > 37.8 °C, crackles
on the chest and diminished vesicular breathing and
each symptom scored 1 point. A diagnostic score of
at least 1 was advised before a CRP POCT should be
considered. The controls did not use the diagnostic
score as they did not know they were in the trial, this
diagnostic score was only used by intervention practices. Use of the CRP POCT in practices stopped after
a 6-month period or when the practice had used their
allocated 100 CRP tests. Practices were asked not to
use CRP testing for other clinical scenarios.
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Data collection
Patient descriptive data
We asked GP clinical staff to record on the clinical computer system routine clinical assessment, diagnosis,
diagnostic score, CRP test result, antibiotic prescriptions (delayed if within 7 days of consultation or immediate). Patient re-consultations in the next 4 weeks
and hospitalisation data were taken from routinely collected data on the practice clinical system. The patient
descriptive data enabled us to determine if management of acute cough following a CRP POCT was in line
with NICE guidance but was dependent on accurate
inputting of patient records by staff. A medicine optimisation technician (author HL) visited each intervention
practice to download this information from the EMIS
Health general practice clinical data management system (https://www.emishealth.com). The EMIS Health
clinical data management system supplies electronic
patient record systems and software used in primary
care, acute care and community pharmacy in the UK.
Entry of NHS code/patient identifier was obligatory
on the CRP POCT machine before each test and used
to check patient computer records against NICE CRP
guidelines.
Patient questionnaire
Patients were invited to complete a satisfaction questionnaire (Supplement S1) immediately after the CRP
test or at home. Non-returns were reminded by letter
and telephone call.
Management of acute cough, bronchitis, chest and lower
respiratory tract infection, and C-reactive protein test
use in the practice using a Read code search
The Data Quality Team for Greater Manchester Shared
Services hosted by an NHS CCG in Greater Manchester
undertook an EMIS GP clinical system search to obtain
diagnostic Read code and antibiotic prescribing data
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Table 1
Use of C-reactive protein point-of-care testing in intervention practices, Northern England, 2016–17 (n = 268)
Practice

IA

IB

IC

ID

IE

IF

IG

IH

Totals

Usage rate (total CRP tests/registered
patients)

1.5%

0.3%

0.05%

1.5%

0.6%

0.7%

0.6%

0%

0.6%

Pre-CRP assessment diagnostic score
useda

41

9

1

62

0

10

93

NA

216

Number of CRP tests conducted that met
inclusion criteria

70

5

3

61

21

14

94

0

268

Main CRP POCT user

GP

GP

GP/nurse

GP/nurse

Practice
nurse

GP

Prescribing
pharmacist

NA

NA

Nurses
room

GP
room

Nurses
room

GP room

Clean
store

Pharmacist
room

NA

NA

Number of consultations of 18–64 yearolds with LRTI, bronchitis, acute cough,
chest infectionb

182

84

292

40

204

100

284

CRP/100 consultations with LRTI,
bronchitis, acute cough and chest
infection

38.5

6.0

1.0

152.5c

10.3

14.0

33.1

Number of antibioticsd prescribed on
day of CRP test

110

43

169

19

104

74

118

CRP POCT machine location

Portable
on a
trolley

1,186
Merged with
intervention
practice IC

22.6
637

CRP: C-reactive protein; GP: general practitioner; LRTI: lower respiratory tract infection; NA: not applicable; POCT: point-of-care test.
a
Clinical assessment score pre-CRP: breathlessness, pulse > 100, temperature > 37.8, crackles on the chest and diminished vesicular breathing.
b
Excludes upper respiratory tract infections, sinusitis, pharyngitis, laryngitis, tonsillitis, rhinitis/common cold, sore throat.
c
This figure is > 100 suggesting that CRP has been used for diagnoses outside of the four eligible diagnoses.
d
Total antibiotics (amoxicillin, amoxicillin/clavulanic acid, phenoxymethylpenicillin, doxycycline, tetracycline, oxytetracycline, clarithromycin,
erythromycin and azithromycin).
Most CRP test results were < 20 mg/L (78%; 209/268) and the management of these patients mainly followed NICE guidance to self-care and
no antibiotics (90%; 188/209) (Box 1). All patients with a CRP > 100 mg/L were treated with immediate antibiotics (5/5) in line with NICE.
However, only 12 of 54 with a CRP result between 20 and 100 mg/L were managed in line with NICE guidance which states that a delayed
antibiotic prescription should be considered by the clinician (Figure 3).

from intervention and control practices. The Read code
search aimed to capture all patients presenting with
acute cough, aged between 18 and 64 years inclusive,
during the study period (1 August 2016–31 July 2017).
To capture comparative data for the same 6 months in
the previous year, the Read code data also included 12
months before the study (1 August 2015–31 July 2016).
Patients presenting with acute cough as the main
symptom fulfilled the inclusion criteria. However as clinicians have different clinical computer coding habits,
to make sure all potential patients who had an acute
cough were captured in the study, the data search
included patients with acute cough, bronchitis, chest
infection or lower RTI, which may all present with acute
cough. The antibiotics included in this data collection
were: amoxicillin, amoxicillin/clavulanic acid (search
term used: co-amoxiclav), phenoxymethylpenicillin,
doxycycline, tetracycline, oxytetracycline, clarithromycin, erythromycin and azithromycin.
There was an administrative merger between two of
the intervention practices during the study. The consultation and prescribing data for these two practices
were available as from a single provider, therefore in
these analyses there are total of practices is only seven
in the intervention arm.
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Data analysis

Descriptive analysis was conducted to describe: the
total patient population, patients with acute cough,
bronchitis, chest infection or lower RTI, GP trends in
dispensing data for each GP practice in the period
before and during the study, CRP data, practice Read
code searches and closed patient questions. Authors
CE and AC used Stata version 13.1 (StataCorp., College
Station, United States) and visual graphs to represent
the findings. Author CE analysed open-ended patient
questions using NVivo software version 10 (Q S R
International UK Ltd, Warrington, UK) to organise and
code the data for thematic analysis. The main qualitative themes derived from the open-ended patient questions were discussed and agreed by the research team.
The primary objective was to determine if the intervention practices had reduced odds of prescribing antibiotics for lower RTI, bronchitis, chest infection and acute
cough consultations compared with their prescribing
practice during the same period in the previous year
and compared with the controls during the same time
periods. We used mixed-effects logistic regression
models with the binary outcome of whether an antibiotic was dispensed or not. In each analysis, GP practice
was included as a random intercept and dispensing in
the same 6 months in the previous year, month, age
and sex were included as fixed effects.

www.eurosurveillance.org

CRP result mg/L
(% of total CRP tests)

Figure 3
Summary of management actions following C-reactive
protein point-of-care testing in line with NICE guidance
[8], Northern England, 2016–17 (n = 268)

100
(2%)

100% in line with NICE guidance: immediate antibiotic
100%

<20
(78%)
0%

22%

22%

55%

90% in line with NICE guidance: self-care advice only
90%

6% 4%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Self-care advice only
Delayed antibiotics
Immediate antibiotics
CRP: C-reactive protein; NICE: National Institute for Health and
Care Excellence.

To assess the impact of the intervention, a mixed
effects logistic regression model was conducted,
with practice number and patient number as random
effects; the random effect for patient was statistically
unimportant, so only practice number was used as a
random intercept. When there were multiple prescriptions for a single consultation these were combined
such that the unit of analysis was a consultation,
defined by practice code, EMIS number and date, and
the binary outcome of no or at least one prescription
for a consultation was used in the statistical model.
Age, sex, proportion prescribed in the same 6 months
in the previous year, month of prescription, diagnosis
category, viral diagnosis, bacterial diagnosis and intervention were used as fixed effects in the regression
model. An interaction between diagnosis category and
intervention was also fitted to assess if there was any
evidence that the intervention effect differed between
the diagnosis categories.

Ethical statement

National Research Ethics Committee approval was not
required as the study did not recruit NHS patients,
through the NHS. This decision is in accordance with
the NHS ‘defining research’ guidelines [23]. The trial
was approved by National Institute for Health Research
Clinical Research Network Greater Manchester where
the trial was taking place. Data were collected in
line with the Data Protection Act 1998 and Caldicott
1999 regulations on handling and distributing sensitive participant information. All general practices
provided written informed consent for their practice
data to be extracted. Oral consent was obtained from
patients for the CRP POCT and assumed for the patient
questionnaire.
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Of the 19 randomised practices, 11 were randomised
to receive the CRP POCT machine; eight practices
accepted and three declined. Following acceptance,
eight practices were trained and six requested a second practice training visit. The number of CRP tests
used in the eight practices ranged from 0 to 100 CRP
POCT in the 6 months (median: 19.5).

Study process evaluation

22% in line with NICE guidance: delayed antibiotic
20-100
(20%)

Results

Out of 800 tests allocated, 336 were used for patient
testing and 23 were used as quality controls. Nineteen
of the 336 patients tested left their practice so there
were no patient data available, 17 had data input errors
and 32 tests were undertaken in patients outside the
age criteria in Box 2. Therefore, we included 268 of 336
patient CRP tests in the analysis (Figure 2).
The main presenting conditions were acute cough
(57%; 153/268) or chest infection (24%; 64/268); other
RTI presented included cold (6%; 16/268), sore throat
(4%; 11/268), viral infection (1%; 3/268), ear pain (1%;
3/268), not recorded/other conditions (7%; 18/268).
Overall CRP POCT uptake in the eight general practices
ranged considerably dependent on number of consultations for 18–64-year-olds with lower RTI, bronchitis,
acute cough and chest infection (Table 1).
Patients with a higher CRP test result were significantly
more likely to re-consult in the next month: > 100 mg/L
(2/5), 20–100 mg/L (8/55) and < 20 mg/L (23/208).
The number of hospital admissions did not follow the
same pattern. Of nine patients with a hospital admission (or complication that warranted further clinical
examinations), five had a CRP test result < 20 mg/L, four
had a CRP test result of 20–100 mg/L and none were
> 100 mg/L.
A higher diagnostic score was associated with fewer
patients with a CRP reading < 20mg/L. Among the 193
patients who had a diagnostic risk classification score
before the CRP test, 106 (55%) had a diagnostic score
of 0, 51 (26%) a score of 1, 26 (13% a score of 2, eight
(4%) a score of 3, two (1%) a score of 4, and none had
a score of 5. A CRP result < 20 mg/L was seen in 92 of
the 106 with score 0, in 41 of 51 with score 1, in 17 of 26
with score 2, in two of eight with score 3, and in none
of the patients with a score of 4.

Patient views

The patient satisfaction questionnaires were returned
by 53% (134 of 251 distributed); 48 respondents were
men (36%) and 82 women (61%), and 46 were completed on the day of the CRP test. For the individual
questions, 48% (59/122) respondents described the
CRP test as very comfortable, 44%(54/124) as very
convenient, 60% (72/121) as very useful, 67% (78/116)
reported that it prolonged their visit to the doctor by
only 5 min, and 83% (102/123) reported that the explanation of the purpose of the test was very good (Figure
4).
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Figure 4
Patient feedback on C-reactive protein point-of-care testing, Northern England, 2016–17 (n = 134)

5 minutes (n=78)

Number of minutes test prolonged visit

10 minutes (n=24)

very useful (n=72)

Usefulness of CRP POCT

Convenience of CRP POCT

useful
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very comfortable (n=59)

Comfort of CRP POCT

inconvenient
(n=17)

convenient (n=53)

Explanation of the CRP POCT

uncomfortable
(n=12)

comfortable (n=51)

satisfactory
(n=18)

very good (n=102)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Response rate

Of the 122 patients who responded to this question,
half reported that the test was conducted by prescribing pharmacists in the practice (60/122), 28% (34/122)
by a GP, 18% (22/122) by a nurse and 5% (6/122) did
not know. In the open ended questions, the most common comments were that the CRP test aids clinical
diagnosis, provides quick results and reduces unnecessary antibiotic use (Table 2).
Only four patients made negative comments about
the CRP POCT: unsure if CRP test result was correct as
they had to re-consult at the practice with worsening
symptoms (n = 2), and the finger prick blood test was
uncomfortable (n = 2). Most patients (78%; 101/130)
stated they would definitely recommend that others
who present with a cough should have a CRP test. Most
would expect a CRP test when they next presented with
an acute cough but it would depend on their symptoms (54%; 68/125), 93% (116/125) would accept a CRP
test if their GP offered it and 78% (95/122) would be
happy for a CRP test to be done at a local community
pharmacy.

Descriptive analysis: 6-month study trial

During the 6-month intervention there were 2,934
consultations (2,297 patients) for lower RTI , bronchitis, acute cough or chest infection, with 1,186 consultations (981 patients) in the intervention group and
1,748 (1,316 patients) in the control group. Nearly all
antibiotics were prescribed on the consultation day
(97%), with 12 deferred scripts Read-coded. A total
of 654 (55.1%) of the consultations in the intervention
58

arm had at least one antibiotic prescription, compared
with 941 (53.8%) of consultations in the control arm
that had at least one antibiotic prescription during the
6-month trial period.
In intervention and control practices, there was no
evidence that prescribing differed between men and
women, nor by the age of the patient. There were differences in the prescribing rate in both intervention
and controls across the diagnosis categories, with a
significantly higher prescribing rate for chest infections (n = 898), lower RTI (n = 456) and bronchitis
(n = 39) compared with cough alone (n = 1,541) over
the 6-month study period, chi square test of association 20.04, 1 degree of freedom p<0.001 (Table 3).

Statistical analysis: intervention versus control

Figure 5 shows that three intervention practices (IC,
ID and IG) and two control practices (CD and CH) had
significantly reduced antibiotic prescribing during the
6-month trial period compared with the same 6 months
in the previous year. There were no practices that had
significantly increased antibiotic prescribing; all other
practices were similar during the 6-month trial period
compared with the same 6 months in the previous year.

Respiratory tract infection diagnoses

A total of 2,934 consultations were used in the mixedeffects logistic regression analysis. There was an
estimated 12% reduction in the odds of prescribing
for these RTI diagnoses (including lower RTI, bronchitis, chest/respiratory infection and cough) in the
www.eurosurveillance.org

Table 2
Qualitative patient views on what they liked about the C-reactive protein point-of-care tests, Northern England, 2016–17
(n = 122)
Theme

Patient quotes
“Helps diagnosis and treatment”

Aids clinical diagnosis

“Helped the doctor know whether I needed an antibiotic”
“Diagnosed the problem there and then”
I like that you “get an informative answer straight away”

Provides quick results

“It was good because it gave me immediate feedback”
“Something quick and simple, easy to do and gave instant results”
“Saves issuing antibiotics when not needed”

Reduces unnecessary antibiotic
use

“Good for not giving antibiotics out if not needed”
“Decides whether you need antibiotics or not, which is good if you need antibiotics and if you don’t need
antibiotics. At least you know!”

Table 3
Percentage of consultations with an antibiotic prescription, by diagnosis category, Northern England, 2016–17 (n = 1,595)
Practice
Diagnosis category

Control (n = 941)

Intervention (n = 654)

Total (n = 1,595)

n

n

n

%

%

%

Lower respiratory tract infection

229

65.5

227

71.7

456

68.4

Bronchitis

22

59.1

17

76.5

39

66.7

Chest/respiratory infection

550

78.5

348

82.2

898

80.0

Cough

947

36.5

594

32.9

1,541

35.0

intervention practices (95% confidence interval (CI):
−34% to +16%) compared with the control practices,
the model results are presented in Table 4.

Cough diagnoses

There were a total of 1,541 consultations with a diagnosis of cough over the 6-month trial. When considering
just the cough diagnoses, there was a 21% reduction
in the odds of prescribing in the intervention practices
(estimated OR = 0.79; 95% CI: 0.46–1.35), however, the
result was not statistically significant and could be due
to chance alone (noted in Table 4 intervention; p = 0.4).

Statistical analysis: high- versus low-fidelity
practices

Three of the intervention practices, A, D and G, performed more than 60% of the tests available and more
than 30 CRP tests per 100 consultations with lower RTI,
bronchitis, acute cough and chest infection, and were
classified as high-fidelity practices. The other, lowfidelity, practices undertook fewer than 15 tests per 100
consultations with lower RTI, bronchitis, acute cough
and chest infection. In additional analyses, we further
classified the binary variable of intervention or control
into intervention (high fidelity), intervention (low fidelity) and control. After allowing for the other variables
in the regression model, there was an estimated 19%
www.eurosurveillance.org

reduction (95% CI: −17 to 34) in the odds of prescribing in the three high-fidelity practices (p = 0.26). In the
intervention practices considered not to be high users
of CRP POCT (low fidelity), there was an estimated 7%
reduction (95% CI: −30 to 33) in the odds of prescribing (p = 0.7). Diagnoses relating to only cough saw a
larger clinical reduction of 31% in the odds of prescribing (total antibiotics) in high-fidelity practices (Table
5).
Table 5 shows an estimated 19% reduction (95%
CI: −17 to 34) in the odds of prescribing in the three
high-fidelity intervention practices compared to nonintervention practices when considering the four
diagnoses and a 31% reduction (95% CI: −38 to 65)
when considering just cough diagnoses; both failed
to reach statistical significance. Overall and for
most subgroup of diagnoses, there were estimated
reductions in the odds of prescribing in those three
practices (high-fidelity) that performed most CRP
POCT, particularly when considering just the cough
diagnosis which was the intended patient group for
this study. However, for none of these analyses did
the reduction reach levels that would be considered as
being of statistical significance.
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Figure 5
Antibiotic prescribing rate before and during the
intervention period, C-reactive protein point-of-care
testing, England, 2016–17 (n = 16 practicesa)

Prescribing rate (during intervention)
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non-trial setting. This means that the patient views
were of routine general practice, providing a true representation of the current pressures CCG and the NHS
face today.
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Intervention practice IH was merged with IC during the study
period.

Discussion

This study did not find any evidence that the use of
CRP POCT in RTI (lower RTI, bronchitis, chest/respiratory infection and cough) leads to a statistically significant decrease in the total antibiotic prescribing rate in
adults older than 18 and younger than 65 years in practices with high antibiotic prescribing rates. However, it
did find evidence of a clinically important reduction in
total antibiotic prescriptions administered during the
trial in several intervention practices; in consultations
where the diagnoses mentioned cough, intervention
practices had an estimated 21% reduction in the odds
of prescribing, and this was increased to 31% in the
three high-fidelity practices.
The study found that even in these high-antibioticprescribing practices, there were only a small number
of consultations and patients who had acute cough as
their main symptom and therefore benefitted from CRP
POCT. Our data indicate that in these high-prescribing
practices, CRP POCTs were not used in line with NICE
guidance as about half of the eligible patients received
immediate antibiotics rather than delayed antibiotic
prescriptions and may have been using the tests outside the recommended indications. Diagnostic scores
are useful tools as a higher diagnostic score was
associated with fewer patients with a CRP reading of
< 20 mg/L.
Our study confirmed that patients were generally happy
about CRP POCT, reporting that the tests can give clinical staff a better basis for treatment decisions, and
that the finger prick should be of little concern.
A main strength of our study is that the practices
involved were non-research practices in the usual NHS
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While only one CCG with an ethnically diverse patient
population was included in the study, which may compromise the representativeness for the whole UK, we
took every effort that a range of practices, patients
and general practice staff were included in the study.
This study’s sample reflects an example of England
NHS, with varying acceptance and use of diagnostic
tools. Practices varied in size and methods of implementation. Main users of the machine included GPs,
prescribing pharmacists and practice nurses, reflecting
the real environment of POCT in routine general practice and the variety of staff involved. More patients
were involved in this present study than in the other
research practice-based studies [17], reflecting the true
behaviour in a busy service with high prescribing.
Given the considerable variation in prescribing between
practices, the study sample size would need to be about
four times larger to provide sufficient statistical power
to detect a relative reduction in the odds of dispensing
of 0.88, which equates to an absolute 5% reduction for
the observed levels of dispensing. It should be noted
that as high-prescribing practices were included in the
study, they would have reduced prescribing because of
the regression to the mean; however this has been considered by including data from intervention and control
practices both before and after the trial.
A further limitation is that the EMIS data are only as
reliable as the data that are inputted by clinicians.
It should be considered that it was impossible to blind
practices to the intervention to use CRP POCT, they
knew that their antibiotic use was routinely monitored,
would continue to be monitored, and that this was an
evaluation to determine if CRP POCT could help reduce
antibiotic use in acute cough as part of a national antimicrobial stewardship programme.
An RCT in the Netherlands with 40 GPs from 20 general practices reported that GPs in the CRP test group
prescribed significantly fewer antibiotics than in the
control group (31% vs 53%; p = 0.02) [15]; our study did
not see this significant reduction, using non-research
practices and routine general practice. Cals et al. also
found that family physicians trained in enhanced communication skills prescribed significantly fewer antibiotics during episodes of RTI in the 3.5 years following
the Dutch trial [24], something which our study did
not focus on specifically. A communication-based CRP
POCT intervention may be better placed in England
to attempt to educate patients and increase awareness around antibiotics. Also a recent systematic
review including 15 studies across the world, including Denmark, Germany, the Netherlands and Norway,
reported that the use of CRP-driven antibiotic therapy
www.eurosurveillance.org

Table 4
Estimated effect of C-reactive protein point-of-care testing on antibiotic use, mixed-effects logistic regression model
including lower respiratory tract infection, bronchitis, chest/respiratory infection and cough, Northern England, 2016–17
(n = 2,934)
Predictor

Estimated OR

95% CI

Interventiona

0.88

0.66–1.16

0.4

Baseline prescribing rateb,c

17.29

3.53–84.60

< 0.001

0.9935

0.9870–1.000

0.05

1.04

0.88–1.22

0.7

Age (per year)b,d
Sex (female)e

p value

Diagnosis category
Lower respiratory tract infection

Reference

Bronchitis

0.83

0.40–1.70

0.6

Chest/respiratory infection

1.79

1.36–2.35

< 0.001

Cough

0.25

0.21–0.32

< 0.001

CI: confidence interval; OR: odds ratio.
a
Reference: control.
b
Continuous predictor in the range zero to one. The estimated OR is the relative change in odds for a theoretical unit change in the predictor.
c
Predictor included to account for baseline differences in pre-intervention prescribing.
d
Predictor included to account for change of one year of age.
e
Reference: male.

Table 5
Estimated reduction in the odds of prescribing (total antibiotics) in intervention practices, compared to non-intervention
practices, C-reactive protein point-of-care testing, Northern England, 2016–17 (n = 1,186)
Estimated reduction in the odds of prescribing: total antibiotics (OR, 95% CI)
Diagnosis included

Lower respiratory tract infection, bronchitis,
chest/respiratory infection, cough (n = 1,186)

All intervention
practices
−12%
(0.88; 95% CI:
0.66–1.16)
−21%

Cough (n = 594)

(0.79; 95% CI:
0.46–1.35)

High-fidelity intervention
practices

Low-fidelity intervention
practices

−19%

−7%

(0.81; 95% CI: 0.66–1.17)

(0.93; 95% CI: 0.67–1.30)

−31%

−13%

(0.69; 95% CI: 0.35–1.38)

(0.87; 95% CI: 0.46–1.65)

CI: confidence interval; OR: odds ratio.

was associated with a decreased duration of antibiotic
use in neonatal and adult patients [14].
Qualitative interviews and focus groups with the general practice staff involved in the present study was
conducted in 2017 and 2018 [18] and support our
understanding of existing barriers and facilitators to
successful implementation of CRP POCT in routine primary care.
Our study reports that only 22% of patients with a CRP
result between 20 and 100 mg/L were managed in line
with NICE guidance to consider a delayed antibiotic prescription. However, no known qualitative or quantitative studies on the diagnosis management of patients
with CRP reading of 20–100 mg/L have been published
to understand why treatment is not managed in line
with NICE guidance. Previous research reported that
general practice staff are familiar with CRP POCT NICE
guidance but some would prefer to use clinical judgement and be safe and prescribe [18].
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A multi-country study in research practices across
Europe found that almost all patients would be happy
to be managed with the addition of a POCT for lower
RTI and patients with experience of POCT accepted
it as part of routine care [25]. Our study adds patient
views that CRP POCT aid clinical diagnosis, provided
quick results and reduced unnecessary antibiotic use.
Another European study reported that most patients
who received a CRP POCT were satisfied with their
consultation although many did not receive an antibiotic [26]. Patient feedback was also positive in a small
study in Wales which supports patients’ views in our
study that CRP POCT was useful, convenient and comfortable [17].
In the Nordic countries and Switzerland, trained staff
undertake diagnostic tests in the GP offices and there
is no extra work or cost for GPs when requesting a CRP
POC test [27,28]. Under such conditions, implementing
CRP POCT is no problem. However, CRP testing is more
difficult when the clinician or other practice staff have
to undertake the POCT themselves.
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Primary care commissioners are those who work for the
CCG to directly commission primary medical services
and performance manage practices, in the UK. The variability in use of CRP testing in line with NICE guidance
indicates that national and local guidance, and training on the use and interpretation of CRP POCT, needs
to be clear and readily available for general practice
staff in CCG considering using the test. As there were
limited opportunities to use CRP POCT across practices, the machines will be most beneficial in larger GP
practices with more patients. More work is needed in
the group of patients with intermediate CRP results of
20–100 mg/L to establish how management of these
patients in line with NICE guidance could be attained;
learning from other European studies would be helpful.
Adopting CRP POCT into routine care in the UK needs a
clear CCG and practice action plan, guidance, training
and an individual who sees most patients eligible for
a CRP POCT.
Practice managers, general practice staff and commissioners are all influenced by the cost of diagnostic tools.
Economic evaluations show cost-effectiveness of CRP
POCT over existing management of RTI in primary care
[28]. However, the upfront costs to general practices
still needs to be established. It would be useful to evaluate CRP POCTs in larger practices (> 20,000 patients)
for feasibility, efficiency and cost-effectiveness.
Our study identified examples showing that is it feasible for practices to adopt CRP POCT into routine general practice in line with O’Neill’s suggestion that a test
should be mandatory before an antibiotic is prescribed
[7], and their success should be shared with other CCG.
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Background: Point-of-care tests (POCT) for influenza
A and B viruses and respiratory syncytial virus (RSV)
were implemented in emergency departments of all
hospitals in the Capital Region of Denmark in 2018.
Aim: To establish whether POC testing for influenza
viruses or RSV is based on a valid respiratory symptom indication, whether changes in patient management based on a positive result are safe and whether
syndromic POC testing may benefit patients with influenza or RSV. Methods: Samples from 180 children (<
18 years) and 375 adults tested using POCT between
February and July 2018 were retested for 26 respiratory pathogens. Diagnosis, indication for POC testing,
hospitalisation time, antimicrobial therapy and readmission or death within one month of testing were
obtained from patient records. Results: A valid indication for POC testing was established in 168 (93.3%)
of children and 334 (89.1%) of adults. A positive POCT
result significantly reduced antibiotic prescription and
median hospitalisation time by 44.3 hours for adults
and 14.2 hours for children, and significantly increased
antiviral treatment in adults. Risk of readmission or
death was not significantly altered by a positive result.
Testing for 26 respiratory pathogens established that
risk of coinfection is lower with increasing age and that
POCT for adults should be restricted to the influenza
and RSV season. Conclusion: Positive POCT resulted
in changed patient management for both children and
adults, and was deemed safe. POCT for additional
pathogens may be beneficial in children below 5 years
of age and outside the influenza and RSV season.
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Introduction

Over a dozen different platforms for target amplification-based point-of-care tests (POCT) are now available through several different companies [1]. Studies
have evaluated the benefits of POC testing for respiratory pathogens on patient management [2-13], but their
conclusions are conflicting and the benefits for patient
management are therefore not fully understood.
Several studies found that POC testing may improve
patient management by deferring hospital admission
[3], reducing hospitalisation time [4,5], improving targeted use of antiviral treatment [4,6-9,12], reducing
prescription [10] and duration of antibiotic treatment
[5], reducing in-hospital isolation time [8], improving
use of side room isolation facilities [6] and decreasing
overall costs of hospitalisation [3,5,12,13]. In contrast,
other studies reported that POC testing for respiratory
pathogens does not significantly reduce prescription
or duration of antibiotics [4,7-9,11], do not reduce hospitalisation time or defer admissions [7-9] and do not
reduce the risk of death or readmission [4,7,8].
In January 2018, routine POC testing for influenza A
and B viruses and human orthopneumovirus (formerly
respiratory syncytial virus, RSV) was implemented
at all hospital emergency departments in the Capital
Region of Denmark. Quality assurance was established
by retesting the POCT samples for 20 viral and six bacterial respiratory targets at the National World Health
Organization (WHO) Influenza Laboratory, Department
of Virus and Microbiological Special Diagnostics,
Statens Serum Institut (SSI), Copenhagen, Denmark.
Accuracy and error rates of the POCT were determined
for bedside use by emergency department clinical
personnel or laboratory technicians (under review).
Several concerns were raised [14] in connection with
www.eurosurveillance.org

the implementation of POC testing for influenza A and
B viruses and RSV [14]. It has been suggested that indication for POCT would increase as clinicians got access
to a fast and low-complexity bedside test, which could
lead to unnecessary testing and added expense without any added clinical benefit. Questions have also
been raised as to whether clinicians would act on a
positive test result and change patient management,
and whether such changes would be safe for patients
[14].
It is also unknown whether testing for additional respiratory pathogens using POCT would benefit patients and
if so, which patients should be offered this testing. We
aim to evaluate data for the first 6 months following the
introduction of POCT in the Capital Region of Denmark
to establish whether such testing is conducted based
on a valid respiratory symptom indication. We also aim
to examine whether clinicians safely use positive POCT
results to change patient management by comparing
treatment of POCT positive patients with POCT negative patients. Additionally, we identify which other viral
and bacterial pathogens can be detected in the patient
samples, and whether a positive syndromic test result
for these pathogens could potentially influence patient
management. Finally, we consider scenarios in which
syndromic POCT may be of added benefit to POC testing for influenza A and B viruses and RSV in order to
improve patient management.

Methods
Study design

This clinical impact study compared positive POCT
results with negative POCT results. Consecutive
patient samples (n = 555) tested for influenza A and
B viruses and RSV using the cobas Liat system (Roche
Diagnostics, Hvidovre, Denmark) between February
and July 2018 were included in the study. The test
period was restricted to the first 6 months after POCT
implementation to ensure a fast assessment and allow
necessary changes in instructions for clinical personnel to be implemented, and allow access to the cobas
Liat instruments prior to the following influenza and
RSV season from week 40 2018 to week 20 2019.
Patients were tested for influenza A and B viruses
and RSV by POCT if the attending physician found the
patient to be likely to have influenza A or B or RSV infection based on the clinical presentation of the patient.

Demographics

Data regarding age at sampling, sex, sample date, time
and date for admission to and discharge from hospital,
initiation and type of antibacterial or antiviral treatment on admittance to hospital, readmission or death
within 1 month of previous hospitalisation, lung X-ray
within 24 hours of a POCT and clinical diagnosis were
extracted from the patients’ electronic record. Patients
were considered children if they were under 18 years of
age at time of sampling.
www.eurosurveillance.org

For some patients, clinical diagnosis was established
retrospectively as no diagnosis had been registered in
the electronic patient record. A clinical diagnosis was
established by one of the medical doctors authoring
this manuscript and verified by another medical doctor. This was done by accessing the POCT result and
reviewing additional clinical results documented in the
electronic patient record including: lung X-ray, lung
stethoscopy, temperature, oxygenation, clinical respiratory symptoms, reported pain, leucocytosis and
C-reactive protein level. Other diagnostic relevant information recorded for individuals > 18 years of age was
the CURB-65 score (confusion, blood urea nitrogen,
respiratory rate, blood pressure and age 65 or older).
For one child, no clinical diagnosis had been reported
and data in their electronic patient record were limited
and indicated other or no infection. Their diagnosis
was therefore registered as not available.
Clinical diagnosis was recorded either as: a viral respiratory tract infection (RTI); bacterial RTI; a RTI that
could not be differentiated as either bacterial or viral;
another infection not originating from a respiratory
focus; or no infection at all based on the clinical diagnosis in the electronic patient record.

Indication for point-of-care testing

Indication for POC testing was considered valid if any
respiratory symptoms were reported in the electronic
patient record either as a patient-reported symptom or
established as part of an objective examination e.g.
by inspection of cavum oris or lung stethoscopy of the
patient or by X-ray of the thorax.

Point-of-care testing

Samples were collected and tested locally by emergency
department clinical personnel or laboratory technicians
at all four hospitals (three emergency departments
and one paediatric emergency department), in the
Capital Region of Denmark. After testing, the remaining sample material was sent to the Department of
Clinical Microbiology at Hvidovre University Hospital
and forwarded to the Danish National World Health
Organization (WHO) Influenza Laboratory, Department
of Virus and Microbiological Special Diagnostics,
Statens Serum Institut (SSI), Copenhagen, Denmark.

Retesting at Statens Serum Institut

At SSI, samples were tested in single real-time PCR
assays targeting: Bordetella parapertussis, Bordetella
pertussis, Chlamydia pneumoniae, Chlamydia psittaci,
Legionella spp., Mycoplasma pneumoniae, enterovirus,
human coronavirus 229E, human coronavirus HKU1,
human coronavirus NL63, human coronavirus OC43,
human mastadenovirus A-G (formerly adenovirus),
human metapneumovirus (hMPV), human polyomavirus 3, human polyomavirus 4, human respirovirus 1
(formerly parainfluenzavirus 1), human respirovirus 3
(formerly parainfluenzavirus 3), human orthorubulavirus 2 (formerly parainfluenzavirus 2), human orthorubulavirus 4 (formerly parainfluenzavirus 4), influenza
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Table 1
Characteristics of patients tested for influenza A and B viruses and RSV using point-of-care tests at hospital emergency
departments, and indication for testing, Capital Region of Denmark, February–July 2018 (n = 555)
Characteristics

Number of children
(n = 180)

%

Number of adults (n = 375)

%

Age (years)
<2

122

67.8

NA

NA

2–5

29

16.1

NA

NA

6–17

29

16.1

NA

NA

18–65

NA

NA

210

56

> 65

NA

NA

165

44

68

37.8

213

56.8

Sex
Female
Number of POCT by month
February

1

0.6

39

10.4

March

66

36.7

189

50.4

April

75

41.7

102

27.2

May

15

8.3

31

8.3

June

11

6.1

10

2.7

July

12

6.7

4

1.1

February to July

168

93.3

334

89.1

February to April

135

95.1

294

89.1

May to July

33

86.8

40

88.9

Valid indication for POCT

Clinical diagnosis
Viral RTI

124

68.9

142

37.9

Bacterial RTI

9

5.0

95

25.3

Viral or bacterial RTI

9

5.0

27

7.2

Other infection

27

15.0

58

15.5

No infection

10

5.6

53

14.1

Not available

1

0.6

0

0.0

Only oseltamir treatment

0

0.0

15

4.0

Only antibacterial treatment

33

18.3

194

51.7

Oseltamir and antibacterial treatment

0

0.0

12

3.2

13.5

0.0–39.7

44.7

6.8–131.7

Readmission within 30 days

43

23.9

108

28.8

Death within 30 days of discharge

0

0.0

51

13.6

NA

NA

77.5

66.8–84.0

Antibacterial or viral treatment

Outcome
Median hospitalisation time – hours (IQR)

Median age for death (IQR)

IQR: interquartile range; NA: not applicable; POCT: point-of-care test; RTI: respiratory tract infection.
Children were defined as patients under 18 years at time of presentation.

A virus either as non-typeable, subtype A(H1N1)pdm09
or A(H3N2), influenza B virus, influenza C virus, parechovirus, primate bocaparvovirus 1 + 2 (formerly
bocavirus), rhinovirus and RSV. Assays are laboratorydeveloped tests quality assured according to the quality programme provided by the WHO. Total nucleic acids
were extracted from 200 µL of patient sample after the
addition of PolyA (0.05 mg/mL) as a carrier (Roche
Diagnostics) by a MagNa Pure 96 extraction robot
using the MagNa Pure 96 DNA Viral NA small volume
kit, the ‘plasma small volume protocol’, and an elution
volume of 100 µL (Roche Diagnostics). Real-time PCR
was performed using either an MX3005P (Stratagene,
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Agilent Technologies, Glostrup, Denmark) or an ABI
7500 (Applied Biosystems, ThermoFisher Scientific,
Slangerup, Denmark) real-time system. For each assay,
5 µL of extracted nucleic acids was used in a total reaction volume of 25 µL.

Statistical analysis

Statistical analysis was performed using MS Excel,
MedCalc online version (MedCalc software, Ostend,
Belgium) and Social Science Statistics (socscistatistics.
com). Descriptive data are reported as number and percentage of individuals. Age in years and hospitalisation
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Table 2
Effect of a positive influenza A and B viruses and RSV point-of-care test result on patient management, Capital Region of
Denmark, February–July 2018 (n = 555)
Children (n = 180)
Hospitalisation time, hours (IQR)

POCT positive

POCT negative

Difference

p value

Total n

%

Total n

%

z-score

95% CI

1.0

0.0–27.1

15.2

(1.4–42.2)

2.4

NA

0.017
0.0011

Antibacterial treatment

2

3.8

31

24.4

20.6

9.5 to 29.2

Readmission within one month

13

24.5

30

23.6

0.9

−11.6 to 15.5

0.897

Lung X-ray within 24 hours

2

3.8

15

11.8

8.0

−2.0 to 15.3

0.094

Viral or viral/bacterial RTI

53

100.0

80

63.0

37.0

26.6 to 45.7

< 0.0001

Bacterial RTI

0

0.0

9

7.1

7.1

−0.4 to 12.9

0.047

Adults (n = 375)
Hospitalisation time, hours (IQR)
Antibacterial treatment

POCT positive

POCT negative

Difference
z-score

95% CI

p value

Total n

%

Total n

%

16.3

2.6–75.3

60.6

11.3–142.2

3.9

NA

< 0.0001

33

28.4

161

62.2

33.7

23.0 to 43.1

< 0.0001

Oseltamir

21

18.1

6

2.3

15.8

9.3 to 23.9

< 0.0001

Readmission within one month

30

25.9

78

30.1

4.2

−5.9 to 13.4

0.403

Death within one month of hospitalisation

14

12.1

37

14.3

2.2

−5.9 to 9.0

0.563

Lung X-ray within 24 hours

70

60.3

156

60.2

0.1

−10.7 to 10.5

0.984

Viral or viral/bacterial RTI

108

93.1

61

23.6

69.6

61.3 to 75.4

< 0.0001

6

5.2

89

34.4

29.2

21.3 to 35.8

< 0.0001

Bacterial RTI

CI: confidence interval; IQR: interquartile range; NA: not applicable; POCT: point-of-care test; RSV: respiratory syncytial virus; RTI: respiratory
tract infection.
Children were defined as patients under 18 years at time of presentation.

time in hours are reported as median with interquartile
range (IQR).
Comparison of proportions was performed by ‘N-1’
chi-squared test and comparison of medians was performed by two-tailed Mann–Whitney U test, with level
of significance at p < 0.05.

Ethical statement

Collection of patient data for quality assurance and
development of treatment was granted according to
Danish legislation by the board of directors at Hvidovre
University Hospital (application WZ19001024–2019–
30) and data were anonymised and used for statistical
analysis according to the regulation.

Results

hospital admission (Table 1). Median hospitalisation
time for adults was 44.7 hours (IQR: 6.8–131.7) and
206 (54.9%) of adults were treated with antimicrobial
therapy initiated during hospital admission. Twentyseven (7.2%) of adult patients received oseltamir treatment for influenza due to a positive POCT result, and
12 of these patients were also treated with antibiotics.
Approximately one quarter of all children and adults
were readmitted to hospital within 30 days of the previous discharge. Fifty-one adult patients (13.6%), median
age 77.5 years (IQR: 66.8–84.0), died under hospitalisation or within 30 days of discharge (Table 1). Nine of
the patients who died were below 65 years of age and
all had underlying conditions. Three had cancer, two
had liver cirrhosis, two had Down syndrome, one had
chronic obstructive pulmonary disease (COPD) and diabetes and one had severe COPD.

Basic patient characteristics and indication for
point-of-care testing

One hundred and sixty eight (93.3%) children and 334
(89.1%) adults were found to have a valid indication for
POC testing, leaving 12 (6.7%) children and 41 (10.9%)
adults tested for influenza A and B viruses and RSV
using a POCT without any respiratory symptomatology
recorded in their electronic patient record.

Patients were primarily tested in March and April
2018, and most patients (both children and adults)
were found to have a viral or mixed viral and bacterial
RTI. Median hospitalisation time for children was 13.5
hours (IQR: 0.0–39.7) and 33 (18.3%) of the children
were treated with antimicrobial therapy initiated during

Effects of a positive point-of-care test result on
patient management

Of the tested individuals, children below 18 years
accounted for 32.4% (180/555), adults between 18 and
65 years accounted for 37.8% (210/555), and elderly
patients above 65 years accounted for 29.7% (165/555)
(Table 1).
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A positive POCT result for influenza A or B viruses or
RSV was significantly associated with a viral or mixed
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Table 3
Viral and bacterial targets detected, by age group, among patients who took an influenza A and B virus and RSV point-ofcare test at a hospital emergency department, Capital Region of Denmark, February–July 2018 (n = 312)
Pathogen detected

Age (years)
0–1

2–5

6–17

18–65

> 65

Bordetella pertussis

1

0

0

0

0

Enterovirus

13

2

1

1

0

Human coronavirus 229E

1

0

0

0

1

Human coronavirus HKU1

0

0

0

2

0

Human coronavirus NL63

6

0

2

2

0

Human coronavirus OC43

0

0

0

1

0

Human mastadenovirus A-G

15

5

2

6

1

Human metapneumovirus

7

2

0

12

10

RSV

30

1

0

8

10

Human polyomavirus 3

1

1

0

0

0

Human polyomavirus 4

5

1

0

0

0

Human respirovirus 1

1

0

0

0

0

Human respirovirus 3

10

2

0

3

2

Influenza A virus (non-typeable)

1

0

1

4

1

Influenza A(H1N1)pdm09 virus

3

4

1

9

2

Influenza A(H3N2) virus

1

1

3

13

15

Influenza B virus

1

1

1

26

28

Mycoplasma pneumoniae

0

0

1

6

0

Parechovirus

1

0

0

0

0

Primate bocaparvovirus 1 + 2

3

0

0

1

0

Rhinovirus

36

2

3

12

8

Total number of detected viruses

135

22

14

100

78

Total number of detected bacteria

1

0

1

6

0

Total number of samples with detection of one pathogen

74

15

13

98

76

Total number of samples with co-detection of pathogens

28

2

1

4

1

Total number of samples tested negative for all pathogens

20

12

15

108

88

Single target detection rate %

60.7

51.7

44.8

46.7

46.1

Coinfection rate %

23.0

6.9

3.4

1.9

0.6

RSV: respiratory syncytial virus.
All samples were negative for Bordetella parapertussis, Chlamydia pneumoniae, Chlamydia psittaci, human orthorubulavirus 2 and 4, influenza
C virus and Legionella spp.

viral/bacterial RTI diagnosis in both children and adults
(p < 0.0001) (Table 2).
Significantly more adult patients with a positive POCT
result were treated with oseltamir (p < 0.0001) and significantly fewer with antibiotics (p < 0.0001) than those
adults with a negative POCT result (Table 2). An added
benefit was significantly reduced hospitalisation time
for adults (p < 0.0001) and children (p < 0.017) with a positive POCT result compared to a negative POCT result
(a median of 16.3 hours (IQR: 2.6–75.3) vs 60.6 hours
(IQR: 11.3–142.2) for adults, respectively, and a median
of 1 hour (IQR: 0.0–27.1) vs 15.2 hours (IQR: 1.4–42.2)
for children, respectively). Risk of readmission or death
within 1 month of discharge and the likelihood of having a lung X-ray performed within 24 hours of a POCT
was almost equally distributed between POCT-positive
and -negative patients (Table 2).
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Additional pathogen findings by syndromic
respiratory testing

When tested for the 20 viral and six bacterial pathogens included in Table 3, 56.2% (312/555) of all POCT
samples were positive for one or more pathogen.
In children below 2 years of age, 60.7% (74/122) were
positive for one pathogen, whereas 23.0% (28/122)
were positive for multiple pathogens (23 for two pathogens, four for three pathogens and one for four pathogens). The rate of coinfection of pathogens diminished
with age. Among 2–5 year olds, two children were
found to be positive for either three or four pathogens.
From 6 years of age and older, all coinfections were
caused by two pathogens (Table 3). In children below
2 years of age, the most prevalent findings were rhinovirus, RSV, human mastadenovirus A-G, enterovirus
and human respirovirus 3, whereas influenza A virus
and influenza B virus were only rarely detected in this
age group (Table 3). Influenza B virus was predominately detected in adults and influenza A(H1N1)pdm09
www.eurosurveillance.org

Table 4
Viral and bacterial pathogens detected among patients who took an influenza A and B virus and RSV point-of-care test at a
hospital emergency department, by sampling month, Capital Region of Denmark, February–July 2018 (n = 312)
Pathogen detected

Month (2018)
February

March

April

May

June

July

Bordetella pertussis

0

0

0

0

0

1

Enterovirus

0

8

3

3

1

2

Human coronavirus 229E

0

0

2

0

0

0

Human coronavirus HKU1

1

0

1

0

0

0

Human coronavirus NL63

1

6

3

0

0

0

Human coronavirus OC43

0

1

0

0

0

0

Human mastadenovirus A-G

1

12

7

5

0

4

Human metapneumovirus

0

15

16

0

0

0

RSV

1

21

27

0

0

0

Human polyomavirus 3

0

0

2

0

0

0

Human polyomavirus 4

0

2

2

1

0

1

Human respirovirus 1

0

0

1

0

0

0

Human respirovirus 3

0

3

5

7

0

2

Influenza A virus (non-typeable)

0

4

3

0

0

0

Influenza A(H1N1)pdm09 virus

1

14

3

0

0

0

Influenza A(H3N2) virus

2

23

8

0

0

0

Influenza B virus

8

41

8

0

0

0

Mycoplasma pneumoniae

1

3

2

1

0

0

Parechovirus

0

0

0

0

0

1

Primate bocaparvovirus 1 + 2

1

2

1

0

0

0

Rhinovirus

0

17

27

8

4

5

Total number of detected viruses

16

169

120

24

5

15

Total number of detected bacteria

1

3

2

1

1

1

Total number of samples with detection of one pathogen

17

140

88

18

5

8

Total number of samples with co-detection of pathogens

0

15

15

3

0

3

Total number of samples tested negative for all pathogens
Single target detection rate %
Coinfection rate %

23

100

74

25

16

5

42.5

54.9

49.7

39.1

23.8

50.0

0

5.9

8.5

6.5

0

18.8

RSV: respiratory syncytial virus.
All samples were negative for Bordetella parapertussis, Chlamydia pneumoniae, Chlamydia psittaci, human orthorubulavirus 2 and 4, influenza
C virus and Legionella spp.

virus was most prevalent in children aged 2–5 years,
with a declining prevalence in the older age groups and
among the children below 2 years. Influenza A(H3N2)
virus predominated in children above 5 years of age
and in adults (Table 3). Seven influenza A virus-positive samples were non-typeable after amplification
and sequencing at SSI. No further attempts were conducted to identify the influenza A virus subtype. The
most prevalent pathogens detected between February
and April were influenza B virus, influenza A virus, RSV
and hMPV, all of which were not detected in May to July
2018 (Table 4).
Rhinovirus, human respirovirus 3, human mastadenovirus A-G and enterovirus were detected most frequently in May to July indicating the season differences
between different respiratory pathogens (Table 4).

How syndromic respiratory testing may impact
patient management

Syndromic testing for 26 other respiratory pathogens
was compared with POC testing for influenza A and B
viruses and RSV and is presented in Table 5. A significantly shorter hospitalisation time (1.0 vs 16.0 hours,
p = 0.024) and significantly fewer antibiotics (3.8%
vs 17.1%, p = 0.020) were observed for children with
a positive POCT result for influenza A and B viruses
and RSV compared to children positive for other respiratory viruses (Table 5). A similar effect on hospitalisation time in adults was not observed, even though
those with a positive POCT result for influenza A and B
viruses and RSV received significantly fewer antibiotics (p < 0.0001) compared with adults positive for other
viruses (Table 5).

Discussion

The risk of excessive use of POCT for detecting respiratory pathogens is frequently mentioned as a concern
when considering placing POCT for bedside use by
www.eurosurveillance.org
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Table 5
Potential effect of point-of-care testing for influenza A and B viruses and RSV, and syndromic testing for 26 other
respiratory viruses on patient management, Capital Region of Denmark, February–July 2018 (n = 312)

Children (n = 133)
Hospitalisation time, hours (IQR)

Influenza A and B and RSV
POCT positive

Positive for other
respiratory viruses

Difference

Total n

%

Total n

%

z-score

p value

95% CI

0.7

(0.0–37.0)

15.7

(1.5–36.1)

2.52

NA

0.012

Antibacterial treatment

2

4.1

14

16.7

12.6

1.0 to 22.4

0.032

Readmission within one month

12

24.5

18

21.4

3.1

−10.9 to 18.6

0.685

Lung X-ray within 24 hours

2

4.1

11

13.1

9.0

−2.1 to 18.3

0.093

Viral or viral / bacterial RTI

49

100.0

65

77.4

22.6

12.1 to 32.6

0.0003

Bacterial RTI

0

0.0

4

4.8

4.8

−3.1 to 11.6

0.122

Adults (n = 179)
Hospitalisation time, hours (IQR)

Influenza A and B and RSV
POCT positive

Positive for other
respiratory virusesa

Difference

Total n

%

Total n

%

z-score

p value

95% CI

17.5

(3.6–76.7)

41.6

(3.4–105.5)

-2.03

NA

0.042

Antibacterial treatment

35

31.5

40

58.8

27.3

12.3 to 40.8

0.0003

Antiviral treatment

20

18.0

0

0.0

18.0

10.0 to 26.2

0.0002

Readmission within one month

27

24.3

19

27.9

3.6

−9.1 to 17.2

0.592

Death within one month of
hospitalisation

14

12.6

8

11.8

0.8

−10.1 to 10.2

0.867

Lung X-ray within 24 hours

64

57.7

43

63.2

5.6

−9.2 to 19.6

0.461

Viral or viral / bacterial RTI

100

90.1

29

42.6

47.4

33.7 to 59.3

< 0.0001

8

7.2

24

35.3

28.1

16.0 to 40.5

< 0.0001

Bacterial RTI

IQR: interquartile range; NA: not applicable; POCT: point-of-care test; RSV: respiratory syncytial virus; RTI: respiratory tract infection.
a
Patients positive for other respiratory viruses that are typically included in syndromic POCT platforms excluding influenza A virus, influenza
B virus and RSV.
Children were defined as patients under 18 years at time of presentation.

clinical personnel in emergency departments. To our
knowledge, no studies have previously looked at the
indications for POC testing when implemented for routine clinical patient management. In our study, 93.3%
of tested children and 89.1% of tested adults had
clinical signs of a respiratory infection and thereby a
valid indication for POC testing. Interestingly, 33 children (18.3%) and 40 adults (10.7%) were tested in May
to July 2018 even though no influenza A virus-, influenza B virus- or RSV-positive patients were detected
after week 20 2018. It is therefore recommended to
restrict the use of POCT for respiratory testing to relevant time periods based on the seasonal variation of
the pathogens included in the assay used for the POCT
[15]. It may also be beneficial to introduce an electronic
prompt question for clinical signs of respiratory infection when ordering the POCT to increase the likelihood
of a valid indication for POCT.
Previous studies agree that POCT for respiratory infections improve the targeted use of antiviral treatment
[4,6,8,9,12], which is also supported by the present
study. In contrast, the effect on prescription and duration of antibiotic treatment and hospitalisation time
is debatable [4,5,7-11]. Most studies support that prescription and duration of antibiotic treatment is not
significantly reduced by POC testing [4,7-9], and three
studies found no reduction in duration of hospitalisation [7-9]. These studies looked at the effect of a POCT
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intervention using the Biofire FilmArray PCR system
(Biomerieux, Saint-Louis, US), which analyses samples in central laboratories [4,7-9]. This method is in
contrast to the present study, where POC testing was
conducted bedside using the much faster cobas Liat
influenza A and B viruses and RSV assay. In addition,
the present study compared the effect of POCT on antibiotic prescription and duration of hospitalisation.
The present study showed that clinicians do take the
POCT result into account when diagnosing the patient
and deciding treatment strategy. Even though hospitalisation time was shortened and antibiotic use was
decreased, we found no difference in readmission
or mortality between POCT-positive and -negative
patients, indicating that the use of a POCT for clinical
decisions regarding hospital admission and initiation of
antibiotic therapy is safe for the patient. Other studies
have reported that a general introduction of syndromic
POCT for multiple respiratory pathogens without taking the result of the POCT into account does not alter
prescription and duration of antibiotic treatment or
duration of hospitalisation [4,7-9,11]. One may speculate that a fast and positive result for other respiratory
pathogens will also impact prescription of antibiotics
and duration of hospitalisation, as is suggested by
our data, as these lesser pathogenic viruses are often
treated with antibiotics and patients are admitted even
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though they are diagnosed with viral or mixed viral and
bacterial RTI.
Coinfections with several respiratory pathogens have
frequently been found in younger children and have
been shown to reduce with increasing age [15,16], which
is in line with the present study. The use of syndromic
POCT should therefore be considered in children below
5 years of age and may also be beneficial outside the
appropriate season for targeted POCT for influenza A
and B viruses and RSV. Further randomised controlled
trials are needed to clarify whether positive syndromic
POCT for respiratory viruses can significantly reduce
antibiotic prescription and duration of hospitalisation compared to targeted testing for influenza A and
B viruses and RSV. Such studies are relevant as 322
patients, or 58.0% of all patients tested by POCT in the
present study, were positive for one or more of the 26
tested respiratory pathogens.
The present study has several limitations including that
patients were only tested if the treating physician suspected the patient to be positive for influenza viruses
or RSV based on clinical evaluation. The prevalence of
respiratory viruses is therefore expected to be higher
in our sample than in the general population. Samples
were collected consecutively, but only from the middle
of the RSV and influenza season, which may have influenced patient handling and the detection of other viral
and bacterial pathogens. This study compares POCTpositive and -negative samples and cannot be used to
evaluate whether patient management was changed by
the introduction of POCT compared to centralised laboratory testing. In addition, we can only hypothesise
whether syndromic POC testing may result in changed
patient management compared with POC testing for
influenza A and B viruses and RSV.
It is still unknown how the introduction of POCT will
influence influenza and RSV surveillance in Denmark.
As results are reported directly into the national microbiology database, it may impact surveillance data if
testing frequency and indication for testing changes
over time. As the present POC testing for influenza A
and B viruses and RSV does not subtype influenza A
virus-positive isolates, it may influence national surveillance as most centralised microbiology laboratories
report influenza A virus subtypes. Most POCT samples
will not be subtyped as only a fraction of samples will
be subtyped by SSI in the future. Further studies are
therefore needed to establish how POCT for influenza
A and B viruses and RSV are changing our national surveillance data.
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The introduction of point-of-care tests (POCTs) has
presented new opportunities for the management
of patients presenting to healthcare providers with
acute respiratory symptoms. This Perspective article is based on the experiences of national infection
teams/those managing acute respiratory infections
across the United Kingdom in terms of the challenges
and opportunities that this may present for public
health. This Perspective article was conceived and
written pre-coronavirus disease (COVID-19), however
the principles we outline here for influenza can also be
translated to COVID-19 and some key points are made
throughout the article. The greatest challenge for
intergrating POCTs into non-traditional environments
is the capture of data and samples for surveillance
purposes which provides information for public health
action. However, POCTs together with measures outlined in this article, offer a new paradigm for the management and public health surveillance of patients
with influenza.

Background

Although point-of-care tests (POCTs) for influenza have
been available for 20 years, the implementation of this
technology in the United Kingdom (UK) has been slow
due to problems with the sensitivity of the tests and
how to integrate them into the care pathways. However,
with the more recent expansion of the second generation nucleic acid amplification POC technologies, with
improved sensitivity to the comparable ‘gold standard’
PCR laboratory tests, the implementation of these has
become more acceptable in clinical settings.
While theoretically POCTs themselves could be performed at home, this application is not within the
www.eurosurveillance.org

scope of this article. The definition of POCTs here is
restricted to platforms with the potential to be used
within 20 metres of patients and operated by a wide
range of staff, including those without a laboratory
background. The time to result may vary from 10 to 90
minutes [1]. This article will not cover the various tests
that are available or diagnostic accuracies of these
compared with the ‘gold standard’, as other published
studies have covered this in depth [2,3].
From the literature, there has been successful use of
the POCTs within hospital settings [4,5], paediatric
emergency departments [6], community pharmacy settings [7] and outpatient departments [8]. This evidence
and (more recent) experiences of others [9] suggest that
there now may be an opportunity to change the way
patients who present with acute respiratory symptoms
are managed and to use POCTs as part of a healthcare
pathway. This Perspective article aims to explore the
opportunities and challenges of their introduction with
a public health focus and provides an opinion on how
they can be successfully and thoughtfully implemented
into routine healthcare.

Opportunities

Opportunity exists for the evaluation of the use of
POCTs in primary care (Table). In the UK, there have
already been moves towards the establishment of
large primary care practices which could enable this
targeted triaging of patients away from hospital. POCTs
might influence the care pathways, providing reassurance that antibiotics are not needed and may create an
opportunity for potential greater use of antiviral medication earlier in the course of the illness, thus maximising potential therapeutic effectiveness. POCTs may
73

Table
Opportunities and challenges presented by influenza (and multiplex) POCTs for primary and secondary healthcare settings
and public health
Settings

Primary and
secondary
healthcare

Opportunities

Challenges

• Enable targeted treatment in a timely manner
reducing the risk of spread of influenza and other
respiratory pathogens;

• Only large practices/practice federations likely to engage and
need to be cost neutral/cost saving;

• Early activation could provide data on vaccine
effectiveness;

• Integrating POCT process into clinical workflow (many of
the POCT machines require 20 min operation time and GP
consultation is 10 min);

• May assist with reduction of inappropriate
antibiotic use in line with AMR strategy;

• Standardising protocols and harmonising technologies across
authorities;

• Allow greater segregation of acutely ill patients
from those with chronic problems;

• Higher demands on the services when patients present with
viral illness to general practices or hospital front door;

• Reduce onward risk of transmission of influenza
and other respiratory pathogens to others and
reduced associated morbidity and mortality;

• Potentially increase transmission within community.

• Allow release of single rooms through triaging
patients in cohorts;
• Potentially reduce length of hospital stay and
nosocomial transmission of influenza and other
respiratory pathogens;
• Personalised medicine.
• Could increase testing of particular risk groups and • Capturing of data for surveillance from the laboratory systems;
generate better intelligence from surveillance;
• Impact on surveillance data (proportion positives) and
• Quicker time to result helping to inform action;
indicators (e.g. Goldstein for MEM) [20];
Public health

• Improving data availability at community level.

• Ensuring good quality surveillance data;
• Reduced availability of samples for genetic and phenotypic
testing in reference (public health) laboratories for analysis of
strain distribution, vaccine effectiveness analysis.

AMR: antimicrobial resistance; GP: general practitioner; MEM: moving epidemic method; POCT: point-of-care test.

also enable the more timely use of antivirals in communal settings such as care homes, for example, where
a rapid diagnosis of influenza can facilitate effective
prescribing of antivirals based upon current National
Institute for Health and Care Excellence (NICE) recommendations [10].
In the UK, the management of patients presenting with
acute respiratory symptoms varies depending on the
healthcare service they are presenting to, and which
guideline(s) is/are being followed in each healthcare
administrative region. However, the general principles are that (i) the patient will be triaged and, where
appropriate, clinically assessed in community primary
or secondary care, (ii) a presumptive diagnosis will be
given (e.g. influenza-like illness) and if indicated, (iii)
samples will be taken to be sent to the laboratory for
confirmatory testing. The laboratory performs subtyping, sequencing and tests of antiviral susceptibility on
all or subsets of samples and this information can subsequently be used by epidemiologists to follow disease
trends, subtype and strain distribution and to provide
estimates of vaccine effectiveness.
Dependant on clinical assessment, the patient will be
sent home to recover or referred to hospital/admitted
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for further investigation and management with or without antibiotics/antivirals. The most obvious opportunity for the use of POCTs would be for more rapid
triaging of patients at the hospital front door, putting
them into appropriate care pathways thereby reducing
the risk of onward transmission and consequent burden within hospitals and on the health service. Once
at hospital, POCTs enable patient cohorting in bays of
general wards or on designated influenza wards with
reduced consequent risk of nosocomial transmission
of influenza and improved patient flow [4]. On a larger
scale, this could become the normal pathway associated with this group of patients in which POCTs may
be cost saving by avoiding nosocomial hospital infections and ensuring appropriate targeted prescribing of
antivirals/antibiotics. This latter may be of particular
importance in an era of antimicrobial stewardship to
minimise antimicrobial resistance. Post hoc analysis
of a larger parent study has shown that reducing the
turnaround time (TAT) of a test to less than 1.6 hours
(such as those achievable by POCT), leads to a higher
rate of early hospital discharge compared to longer TAT
[5]. The authors surmise that this early discharge suggests that even a modestly more expensive diagnostic
strategy is likely to be a cost saving compared to routine clinical care.
www.eurosurveillance.org

Impact on antimicrobial treatment

The same post hoc analysis as mentioned above
showed that the reduced TAT led to an earlier discontinuation of antibiotics compared with a longer TAT
[5]. A large randomised controlled trial (RCT) in the UK
was undertaken over two winter seasons in order to
provide an insight into the clinical applicability of POC
testing and the impact that it may have on a number of
outcomes [6]. Although there was no reduction in the
duration of antibiotics given overall, the patients in the
POCT group received single doses or reduced courses
of antibiotics compared with those in the control
group, with a reduced length of stay, improved influenza detection and antiviral use. A more recent RCT
from China measured the impact of POCTs for viral and
atypical pathogens on intravenous antibiotic treatment
duration in hospitalised adults with lower respiratory
tract infection and saw a significant reduction in the
duration of intravenous antibiotic treatment (p < 0.001)
when POCTs were used [11].
While POCTs for influenza may increase antiviral treatment, their effect on morbidity and mortality are still
being assessed [3].

Personalised medicine

Recently, 46% of antibiotic prescriptions in England that
could be mapped to a body system and/or clinical condition, were mapped to respiratory tract and ear, nose,
throat infections [12]. Linked to this is a major seasonal
variation in acute general practice consultations due
to influenza and respiratory syncytial virus infections
[13]. As mentioned earlier, some work has been done
to assess the impact of POCTs on antibiotic use in secondary care [6,10]. However, to impact on antimicrobial
prescribing, allow antibiotic sparing and contribute to
reducing antimicrobial resistance, the appropriate and
optimised use of antiviral agents needs to be evaluated [14,15]. An additional prospect of having antiviral
resistance detection as part of POCTs would provide
further rationale for appropriate clinical management
of cases at the hospital front door (or earlier).
Vulnerable populations such as children and those
aged 65 years or more are also worth considering
when contemplating POCTs for personalised medicine.
Children tend to have a higher viral load when infected
with influenza which is advantageous for a POCT, however, those aged 65 years or more might have a reduced
viral load and present late to care which may render the
POCT falsely negative.
New potential third generation POCTs are in development which include host biomarkers as targets such
as C-reactive protein as a non-specific marker for bacterial infection and the myxovirus-resistance A (MxA)
protein, a derivative of interferon type I α/β which is
indicative of the presence of a viral infection [16].
These tests offer another way for guiding treatment or
stratifying management of presenting patients.

www.eurosurveillance.org

Challenges

A number of assumptions are being made on the quality assurance and quality control of influenza POCTs
and it may need to be clarified what their real-life sensitivity and specificity is. A study in a paediatric emergency department in Australia found that although a
positive influenza POCT result led to a quicker diagnosis and reduced length of hospital stay, a negative
POCT delayed diagnosis. The authors concluded that if
influenza is still suspected, then further investigations
should be performed to take account of the diagnostic uncertainty surrounding negative POCT results [17].
This can have important cost implications and delay
the administration of antivirals, with negative therapeutic consequences.

Capture of data and samples for surveillance

Integration of a new technology into clinical workflows is always challenging and may have unintended
consequences. The principal challenge for integrating
POCTs into non-traditional environments is the capture
of data and samples for surveillance purposes to provide information for public health action. Current influenza surveillance relies upon the collection of data
from multiple sources and the monitoring of individual
surveillance components to provide a comprehensive record for analysis. The POCT results need to be
captured by the Laboratory Information Management
Systems (LIMS) to allow the inclusion of these data for
surveillance.
Assuming high sensitivity and specificity (confirmed
by local quality assurance of the testing systems used)
there are residual important questions regarding data
capture from POCTs. Do we get the timely results of
positive tests and for the negative tests, do we get
these results too (and thus may deduce the denominator and percentage positive)? Further, how do we deal
with any step change in ascertainment bias from the
widespread use of POCTs e.g. impact on the results of
the laboratory positive or Goldstein/composite moving
epidemic method [18,19] indicators? Finally, if POCTs
only give an influenza A or an influenza B result, rather
than H1N1, H3N2 subtype, etc. how do we get a representative picture of the circulating viral strains? This
latter is particularly important to genetically characterise circulating influenza viruses and their relationship
to the seasonal vaccine viruses, antiviral susceptibility
and disease severity.
The experiences of a recent Scottish study undertaken
during a season with increased pressure on hospital
services from influenza A(H3N2) are illustrative of the
practical problems for surveillance and short-term prediction based on the number of positive samples and
the proportions of patients testing positive [20]. Our
own observation is that the emergence of COVID-19
and the response to the global pandemic has led to an
increased use of devices in non-standard environments
such as schools. This means there will be more difficulties unless there is a concerted effort to assimilate the
75

POCT results into routine reporting systems, requiring
local system support.

Discussion

In order to answer whether POCTs contribute to a new
paradigm in the management of patients with acute
respiratory symptoms, we first have to look at the
opportunities and challenges that this technology
presents. One of the main obstacles to evaluate the
potential for influenza POCTs used outside the laboratory setting is the lack of published studies on the
utilisation of the second generation nucleic acid amplification (PCR-based) technologies in clinical settings.
The majority of POCT studies available to support this
Perspective article were reporting on antigen tests
which are known to have poorer sensitivity compared
with the PCR-based tests.
Many aspects of influenza POCTs require to be
addressed before implementation can be fully considered. Technological solutions, such as uploading data
from POCT machines to cloud databases, or statistical techniques are available to overcome timely positive and negative tests as well as the ascertainment
bias from widespread POCT use. The last one, obtaining information at influenza subtype level, may be
addressed by a national policy to inform procurement.
Consideration of the added benefit to surveillance of
subtype data, as already outlined, can be justified
in such a policy should the testing system be more
expensive than that giving just influenza A or B result.

thereby reducing the number of exposure risks to other
patients. On the back of this, there is an opportunity to
investigate smart technologies that some devices coming on to the market now have, allowing results to be
fed wirelessly into cloud-based systems for data capture. This may not yet be a feature of influenza POCT
devices but is a likely direction of future development.
With recent developments following the emergence
of SARS-CoV-2, the COVID-19 National DiagnOstic
Research and Evaluation Platform (CONDOR) is evaluating diagnostics in settings such as GP surgeries, care
homes or hospitals, and accelerating how these technologies can be used in the real-world [21].
Given the experiences so far with COVID-19 and the
overlap in symptoms with influenza, it is therefore
vital that the distinction is made between these two
serious infections and that rapid diagnosis is key. The
ideal situation for the management of patients with
acute respiratory symptoms would be that the POCT
is performed early enough in the system to allow the
patient to be triaged according to the test result and
therefore minimising the subsequent exposure risks
and potential for healthcare-associated infections.
One of the key developments to come from the COVID19 pandemic is that there is much greater interest in
multiplex for several respiratory pathogens as was
detailed by Brendish et al. prior to the pandemic [22].
POCT could therefore become much more informative
for dealing with patients with severe respiratory symptoms. Indeed, Brendish et al. have since published on
the use of POCT for the detection of COVID-19. Their
evidence further supports the implementation of POCT
into emergency departments and admission units prior
to the next phase of the pandemic [23].

It has been shown that the potential benefit to patients
and the healthcare systems that they present to may
be considerable. The study by Youngs et al. suggests
reduced number of hospital-acquired laboratory-confirmed influenza cases per day (0.66 cases vs 0.95
cases), a shorter median length of stay (5.5 days vs
7.5 days) and increased antiviral prescribing (80% vs
64.1%) [4]. In addition to this, the authors note that
by cohorting the influenza-positive patients, trusts
were able to collectively release 779 single rooms for
use with other patients. The cost saving and opportunity created for alternative management of the freed
resource may be substantial in each hospital particularly when scaled to a national basis. More studies are
required on the cost-effectiveness of influenza POCTs
in clinical settings in terms of clinical outcome and
antibiotic use, as well as the more efficient use of isolation facilities resulting in reduced transmission and
ultimately cost savings.

It is likely that POCTs could become part of a larger
package for reducing influenza virus and SARS-CoV-2
infection challenges which would also include (i) hand
washing policies, (ii) timely administration of antivirals
and (iii) proper respiratory precautions when managing
symptomatic patients. This should involve close scrutiny of health economic data on impact. The broader
societal antimicrobial resistance agenda is also important to consider. The World Health Organization (WHO)
global action plan on antimicrobial resistance includes
the objectives to strengthen knowledge through surveillance and research, and optimise the use of antimicrobial agents [14]. These are key elements for the
management of patients with influenza that we are proposing here.

With influenza POCTs it is important to note that there is
the further opportunity for taking the testing out of the
laboratory and into non-traditional environments, e.g.
care homes. There is already documented use of these
tests in community pharmacies [7] which was shown
to improve access to care as many patients visited
outside clinic hours. This could potentially reduce the
number of patients visiting out-of-hours, medical centres, emergency departments and hospital admission

The opportunities that are presented here with these
new technologies are welcome. There will undoubtedly be many technology developments in the coming
years to help meet the public health challenges and
these need to be proactively adopted, with challenges
worked through, to progress to improvement in healthcare delivery in different settings. The concurrent benefits of progress in digital technology and personalised
methods should also be considered to bring in wider
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societal perspectives. It is our belief that POCTs taken
together with the above measures offer a new paradigm for the management and public health surveillance of patients with influenza. In short, the potential
of POCTs needs to be recognised and the existing ways
of doing things need to be changed; all this will take
time and careful handling.
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National bulletins
Albania

Estonia

Health bulletin
Institute of Public Health
Quarterly, online. In English.
http://www.ishp.gov.al/rreth-buletinit-te-institutit-te-shendetit-publik

Health Board, Tallinn
Estonian Communicable Disease Bulletin
Monthly, online. In English.
https://www.terviseamet.ee/en/communicable-diseases/communicabledisease-bulletins

Austria
Public Health Newsletter - Mitteilungen für das österreichische
Gesundheitswesen
Bundesministerium für Gesundheit/ Ministry of Health, Vienna
Published monthly, via email. In German.
Link to past editions: http://www.bmg.gv.at/home/Schwerpunkte/
Krankheiten/Newsletter_Public_Health
Link to registration: http://bmg.gv.at/home/Service/Newsletter

Belgium
Vlaams Infectieziektebulletin
Department of Infectious Diseases Control, Flanders
Bimonthly, online. In Dutch, with summaries in English.
http://www.infectieziektebulletin.be
Newsflash Infectious Diseases
Scientific Institute of Public Health, Brussels
Monthly, online. In French.
https://epidemio.wiv-isp.be/ID/Pages/flashs.aspx?lcid=1036
Monthly, online. In Dutch.
https://epidemio.wiv-isp.be/ID/Pages/flashs.aspx?lcid=1043

Bosnia and Herzegovina
Institute for Public Health of the Federation of Bosnia and Herzegovina
Monthly bulletin.
http://www.zzjzfbih.ba/epidemioloski-bilteni/
Institute of Public Health of the Republic of Srpska
http://www.phi.rs.ba/

Bulgaria
Bulletin of the National Centre of Infectious and Parasitic Diseases, Sofia
Print version. In Bulgarian.
http://www.ncipd.org/

Cyprus
Newsletter of the Network for Surveillance and Control of Communicable
Diseases in Cyprus
Medical and Public Health Services, Ministry of Health, Nicosia
Biannual, print and online. In Greek.
http://www.moh.gov.cy

Czech Republic
Zprávy CEM (The Bulletin of Centre for Epidemiology and Microbiology)
Státní zdravotní ústav (National Institute of Public Health), Prague
Monthly, print and online (6 months after print version). In Czech, with
abstracts in English.
http://www.szu.cz/publications-and-products/zpravy-epidemiologie-amikrobiologie
Infekce v ČR - EPIDAT (Notifications of infectious diseases in the Czech
Republic)
Státní zdravotní ústav (National Institute of Public Health), Prague
http://www.szu.cz/publikace/data/infekce-v-cr

Denmark
EPI-NEWS
Department of Infectious Disease Epidemiology and Prevention, Statens
Serum Institut, Copenhagen.
Weekly, via email subscription and online. In Danish and English (one week
later).
https://en.ssi.dk/news/epi-news

www.eurosurveillance.org

Finland
National Institute for Health and Welfare (THL), Department of Health
Security
In Finnish.
https://thl.fi/fi/web/infektiotaudit

France
Bulletin épidémiologique hebdomadaire (BEH)
Santé publique France, Saint-Maurice
Bimonthly, online. In French, with abstracts in English.
https://www.santepubliquefrance.fr/revues/beh/bulletin-epidemiologiquehebdomadaire

Germany
Epidemiologisches Bulletin
Robert Koch-Institut, Berlin
Weekly, print and online. In German.
www.rki.de/epidbull

Greece
National Public Health Organization
Updates, online. In Greek.
https://eody.gov.gr/e-enimerosi-ioynios-2019/

Hungary
Epinfo (az Orszagos Epidemiologiai Kozpont epidemiologiai informacios
hetilapja)
National Center For Epidemiology, Budapest
Weekly, online. In Hungarian.
http://www.oek.hu/oek.web?to=839&nid=41&pid=7&lang=hun

Iceland
EPI-ICE
Landlknisembtti, Directorate Of Health, Seltjarnarnes
Monthly to quarterly, online. In Icelandic and English.
https://www.landlaeknir.is/english/epi-ice/

Ireland
EPI-INSIGHT
Health Protection Surveillance Centre, Dublin
Monthly, online. In English.
http://www.hpsc.ie/epi-insight/

Italy
Notiziario dell’Istituto Superiore di Sanita
Istituto Superiore di Sanita, Reparto di Malattie Infettive, Rome
Monthly, online. In Italian.
http://www.iss.it/publ/noti/index.php?lang=1&tipo=4
Bolletino Epidemiologico Nazionale (BEN)
Istituto Superiore di Sanita, Reparto di Malattie Infettive, Rome
Monthly, online. In Italian.
http://www.epicentro.iss.it/ben
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Latvia

Spain

Epidemiologijas Bileteni
Sabiedribas veselibas agentura
Public Health Agency, Riga
Online. In Latvian.
http://www.sva.lv/epidemiologija/bileteni

Boletin Epidemiologico Semanal
Centro Nacional de Epidemiologia, Instituto de Salud Carlos III, Madrid
Fortnightly, print and online. In Spanish.
http://revista.isciii.es/index.php/bes/issue/current

Lithuania
Epidemiologijos žinios
Užkreciamuju ligu profilaktikos ir kontroles centras
Center for Communicable Disease Prevention and Control, Vilnius
Online. In Lithuanian.
http://www.ulac.lt/index.php?pl=26

Malta
IDCU notifiable infectious disease tables
Infectious Disease Prevention and Control Unit, Department of Health
Promotion and Disease Prevention
Monthly and annually, online. In English.
https://ehealth.gov.mt/HealthPortal/public_health/idcu/library/library_
menu.aspx

Netherlands
Infectieziekten Bulletin
Rijksinstituut voor Volksgezondheid en Milieu
National Institute of Public Health and the Environment, Bilthoven
Monthly, online. In Dutch.
http://www.infectieziektenbulletin.nl

Norway
Nytt om smittevern
Folkehelseinstituttet, Oslo
Online. In Norwegian.
http://www.fhi.no/tema/smittevern-og-overvaaking

Sweden
Nyheter och press
Folkhälsomyndigheten, Stockholm
Weekly, online. In Swedish.
https://www.folkhalsomyndigheten.se/nyheter-och-press/

European Union
Europa is the official portal of the European Union. It provides up-to-date
coverage of main events and information on activities and institutions of the
European Union.
http://europa.eu

European Commission - Public Health
The website of the European Commission Directorate General for Health and
Consumer Protection (DG SANCO).
http://ec.europa.eu/health/

Health-EU Portal
The Health-EU Portal (the official public health portal of the European Union)
includes a wide range of information and data on health-related issues and
activities at both European and international levels.
http://ec.europa.eu/health-eu/

European Centre for Disease Prevention and Control
European Centre for Disease Prevention and Control (ECDC)
The European Centre for Disease Prevention and Control (ECDC) was
established in 2005. It is an EU agency that aims to strengthen Europe’s
defences against infectious diseases. It is located in Stockholm, Sweden.
http://www.ecdc.europa.eu

Poland
Meldunki o zachorowaniach na choroby zakazne i zatruciach w Polsce
Panstwowy Zaklad Higieny
National Institute of Hygiene, Warsaw
Fortnightly, online. In Polish and English.
http://www.pzh.gov.pl/epimeld/index_p.html#01

Portugal
Portugal Saúde em Números / Health by Numbers Portugal
Ministério da Saúde,
Direcção-Geral da Saúde, Lisbon
Digital only. In Portuguese and English.
https://www.dgs.pt/publicacoes/revista-cientifica-da-dgs.aspx

Romania
Centrul pentru Prevenirea si Controlul Bolilor Transmisibile, National Centre
of Communicable Diseases Prevention and Control, Institute of Public Health,
Bucharest
Print only. In Romanian.
http://www.cnscbt.ro/

Slovenia
eNboz - Elektronske novice s področja nalezljivih bolezni in okoljskega
zdravja /
Intitut za varovanje zdravja, Center za nalezljive bolezni
Institute of Public Health, Center for Infectious Diseases, Ljubljana
Monthly, online. In Slovene.
http://www.nijz.si/sl/e-nboz-0/
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