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Abstract 

Background: Acute Rheumatic Fever (ARF) is a critically important condition for which there is no diagnostic test. 
Diagnosis requires the use of a set of criteria comprising clinical, laboratory, electrocardiographic and echocardio-
graphic findings. The complexity of the algorithm and the fact that clinicians lack familiarity with ARF, make ARF 
diagnosis ideally suited to an electronic decision support tool. The ARF Diagnosis Calculator was developed to assist 
clinicians in diagnosing ARF and correctly assign categories of ‘possible, ‘probable’ or ‘definite’ ARF. This research aimed 
to evaluate the acceptability, accuracy, and test performance of the ARF Diagnosis Calculator.

Methods: Three strategies were used to provide triangulation of data. Users of the calculator employed at Top End 
Health Service, Northern Territory, Australia were invited to participate in an online survey, and clinicians with ARF 
expertise were invited to participate in semi-structured interviews. Qualitative data were analysed using inductive 
analysis. Performance of the calculator in correctly diagnosing ARF was assessed using clinical data from 35 patients 
presenting with suspected ARF. Diagnoses obtained from the calculator were compared using the Kappa statistic with 
those obtained from a panel of expert clinicians.

Results: Survey responses were available from 23 Top End Health Service medical practitioners, and interview data 
were available from five expert clinicians. Using a 6-point Likert scale, participants highly recommended the ARF 
Diagnosis Calculator (median 6, IQR 1), found it easy to use (median 5, IQR 1) and believed the calculator helped them 
diagnose ARF (median 5, IQR 1). Clinicians with ARF expertise noted that electronic decision making is not a substitute 
for clinical experience. There was high agreement between the ARF Diagnosis Calculator and the ‘gold standard’ ARF 
diagnostic process (κ = 0.767, 95% CI: 0.568–0.967). Incorrect assignment of diagnosis occurred in 4/35 (11%) patients 
highlighting the greater accuracy of expert clinical input for ambiguous presentations. Sixteen changes were incorpo-
rated into a revised version of the calculator.

Conclusions: The ARF Diagnosis Calculator is an easy-to-use, accessible tool, but it does not replace clinical expertise. 
The calculator performed well amongst clinicians and is an acceptable tool for use within the clinical setting with a 
high level of accuracy in comparison to the gold standard diagnostic process. Effective resources to support clinicians 
are critically important for improving the quality of care of ARF.
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Background
Acute Rheumatic Fever (ARF) is an autoimmune condi-
tion of childhood triggered by infection with the bacte-
rium Group A Streptococcus. The highest documented 
rates occur in Aboriginal populations in Australia’s 
Northern Territory [1]. ARF causes significant morbidity, 
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but most concerningly, leads to rheumatic heart disease 
(RHD), a valvular heart condition which only develops 
after severe or repeated ARF episodes, with consequent 
high complications including premature death [2].

Timely diagnosis of ARF is critically important to 
ensure that secondary prevention with regular, long term 
antibiotic prophylaxis is commenced [3]. An ARF diag-
nosis also provides an important opportunity to provide 
culturally appropriate education for patients and their 
families about ARF prevention. However, there is no 
diagnostic test for ARF. Instead, diagnosis requires an 
experienced clinician to work through a set of criteria, 
the Jones Criteria, comprising clinical, laboratory, elec-
trocardiographic and echocardiographic findings [4]. 
The Jones criteria (Table 1) have been revised on multi-
ple occasions since first developed in 1944 and need to 
be applied slightly differently in first and recurrent epi-
sodes, and in low- and high-risk epidemiological settings, 
resulting in a complex algorithm (Fig. 1) [5].

Healthcare providers, especially those new to ARF-
endemic settings (where staff turnover is often very 
high) can lack familiarity with ARF and therefore fail to 
recognise it, since ARF is now extremely rare in afflu-
ent settings due to the success of modern public health 
measures [7, 8]. As a result, ARF is under-diagnosed. In 

Australia’s Northern Territory, 75% of RHD cases lacked 
a prior ARF diagnosis, meaning the preceding ARF 
episodes(s), and opportunities for secondary prevention, 
had been missed [9].

Mobile health (mHealth) interventions have been rap-
idly increasing, with increasing access to technology, to 
assist clinicians with diagnostic and management deci-
sions. In emergency departments in Canada, the pro-
vision of clinical decision rules via an app called “The 
Ottawa Rules” was found to be highly supported by cli-
nicians and led to an expansion to include decision sup-
port for CT investigations, transient ischaemic attacks, 
and subarachnoid haemorrhages [10, 11]. Evaluations 
indicated a strong request from clinicians for further 
expansions. Similarly, a mobile app that assisted with 
the diagnosis of gestational diabetes mellitus was evalu-
ated and identified consistent diagnostic accuracy and 
usability amongst 22 participants, advocating for its use 
as a clinical adjunct to diagnosis [12]. Both apps provided 
easy to access guidelines and decision support, bridging 
the barriers involved in paper-based complex algorithms 
within medicine.

ARF diagnosis and management are therefore ideally 
suited to ‘mHealth’ in the form of an electronic deci-
sion support tool [13]. RHDAustralia, an Australian 

Table 1 Updated Australian criteria for ARF diagnosis

† High-risk groups are those living in communities with high rates of ARF (incidence > 30/100,000 per year in 5–14-year-olds) or RHD (all-age prevalence > 2/1000). 
Aboriginal and Torres Strait Islander peoples living in rural or remote settings are known to be at high risk. Data are not available for other populations but Aboriginal 
and Torres Strait Islander peoples living in urban settings, Māori and Pacific Islanders, and potentially immigrants from developing countries, may also be at high risk

CRP C-reactive protein, ECG electrocardiogram, ESR erythrocyte sedimentation rate

High-risk  groups† Low-risk groups

Definite initial episode of ARF 2 major manifestations + evidence of preceding Strep A infection, OR
1 major + 2 minor manifestations + evidence of preceding Strep A infection

Definite recurrent episode of ARF in a patient with a 
documented history of ARF or RHD

2 major manifestations + evidence of preceding Strep A infection, OR
1 major + 2 minor manifestations + evidence of preceding Strep A infection, OR
3 minor manifestations + evidence of a preceding Strep A infection

Probable or possible ARF (first episode or recurrence) A clinical presentation in which ARF is considered a likely diagnosis but falls short in meeting 
the criteria by either:
• One major or one minor manifestation, OR
• No evidence of preceding Strep A infection (streptococcal titres within normal limits or titres 
not measured)
Such cases should be further categorised according to the level of confidence with which the 
diagnosis is made:
• Probable ARF (previously termed ‘probable: highly suspected’)
• Possible ARF (previously termed ‘probable: uncertain’)

Major manifestations Carditis (including subclinical evidence of rheumatic 
valvulitis on echocardiogram)
Polyarthritis or aseptic monoarthritis or polyarthral-
gia
Sydenham chorea
Erythema marginatum
Subcutaneous nodules

Carditis (including subclinical evidence of 
rheumatic valvulitis on echocardiogram)
Polyarthritis
Sydenham chorea
Erythema marginatum
Subcutaneous nodules

Minor Manifestations Fever ≥ 38 °C
Monoarthralgia
ESR ≥ 30 mm/h or CRP ≥ 30 mg/L
Prolonged P-R interval on ECG

Fever ≥ 38.5 °C
Polyarthralgia or aseptic monoarthritis
ESR ≥ 60 mm/h or CRP ≥ 30 mg/L
Prolonged P-R interval on ECG
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Government funded agency that creates and dissemi-
nates ARF and RHD resources for clinicians and patients 
and their families, produces full-length, evidence-based, 
expert national guidelines and a summarised version, 
and has abridged these further for electronic format as 
a smart device application [3, 7]. The app (‘RHDApp’) 
includes an ARF Diagnosis Calculator for use by clini-
cians in diagnosing ARF. This can be used instead of 
referring to the table or the pictorial algorithm which 
is excessively complex (Table  1, Fig.  1). The ARF Diag-
nosis Calculator was first developed in 2014 and has 
been updated as national or international guidance has 
evolved. This research aimed to evaluate the acceptabil-
ity, accuracy, and test performance of the ARF Diagnosis 
Calculator.

Methods
Setting
The study was undertaken in 2019–2020 at Top End 
Health Service, Northern Territory, Australia. Top End 

Health Services governs Royal Darwin Hospital, a ter-
tiary referral hospital, as well as regional hospitals and 
primary care facilities in northern Australia where rates 
of ARF are high.

Approval for the study and research protocols were 
granted from the Human Research Ethics Committee 
(HREC) of the Northern Territory Department of Health 
and Menzies School of Health Research (HREC-19-
3505 and HREC-18-3126). All methods were conducted 
in accordance with ethical guidelines and regulations. 
Informed consent was collected from all participants.

The following methods describe design and develop-
ment of the ARF Diagnosis Calculator, and evaluation 
using triangulating approaches: a user survey, user inter-
views and comparison to a ‘gold standard’ diagnostic 
process.

Design
This is a prospective study in which end-users of the 
RHDApp and the embedded ARF Diagnosis Calculator 

Fig. 1 Algorithm for diagnosing acute rheumatic fever as available in 2016, illustrating the complexity of a paper-based algorithmic approach. 
Modified from Remond 2014 [6]
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were surveyed and clinicians with expertise in ARF were 
interviewed. Additionally, we assessed performance of 
the calculator for correctly assigning a diagnosis of pos-
sible, probable or definite ARF, or not ARF, applied to 
Royal Darwin Hospital patients, compared with a ‘gold 
standard’ ARF diagnostic tool comprising a panel of 
expert clinicians. These three strategies (survey, inter-
views and comparison of diagnosis outcomes) were used 
to provide triangulation of data and gain broad insights 
into the tool. Finally, findings were shared with develop-
ers of the ARF Diagnosis Calculator and changes were 
incorporated to create a revised version.

Development of the ARF Diagnosis Calculator
The prototype ARF Diagnosis Calculator was developed 
by RHDAustralia in 2014 within a condensed app ver-
sion of the Australian ARF-RHD Guideline (RHDApp). 
The goal was to create an intuitive, simple tool to mini-
mise ARF diagnostic complexities and assist clinicians 
in diagnosing ARF. The calculator was tested internally 
by nurses and doctors associated with RHDAustralia, 

then subjected to beta testing by Top End Health Ser-
vice clinicians from a range of specialities and levels of 
seniority. Feedback to improve functionality of the ARF 
Diagnosis Calculator was received including suggestions 
to use traffic light-style colour coding, changing wording 
in message boxes for improved clarity, and identifying 
ambiguities or mistakes in the algorithm which resulted 
in incorrect or ambiguous assignment of diagnosis. The 
revised version was released in 2014, and further updated 
in 2015. The RHDApp has been downloaded more than 
13,000 times in 13 countries on both Apple and Android 
platforms. It is available free of change, identified by 
searching for ‘ARF RHD Guideline’ in smart device app 
stores. The appearance of the RHDApp and the embed-
ded ARF Diagnosis Calculator at the time of evaluation 
are provided in Fig. 2.

Survey data collection and analysis
First, medical professionals were invited to participate 
in an online survey about their experience of using the 
RHDApp and the embedded ARF Diagnosis Calculator. 

Fig. 2 2020 ARF diagnosis calculator [14]
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A 30-question survey was developed using QualtricsXM 
software and distributed via email to medical profession-
als employed by Top End Health Service (comprising sev-
eral hundred recipients across primary to tertiary care). 
The invitation email explained that the survey was open 
to registered or provisionally registered medical profes-
sionals who had the RHDApp available on their device 
and had used the ARF Diagnosis Calculator, and that 
participation was an indication of consent for use of the 
data provided for research purposes. The HREC approval 
number was provided in the cover email. There were 
no incentives provided to complete the survey. Repeat 
emails were sent as prompts to undertake the survey. 
The survey contained multiple choice questions, 6-point 
Likert scales (1: strongly disagree, 2: disagree, 3: slightly 
disagree, 4: slightly agree, 5: agree, 6: strongly agree) 
and free text entry opportunities to identify participant 
demographics, perceptions on usability of the overall 
RHDApp and the ARF Diagnosis Calculator, acceptabil-
ity and physician confidence in the calculator. Responses 
to Likert scale questions were summarised as median and 
interquartile ranges (Table 2).

Interview data collection and analysis
Second, clinical specialists with expertise in ARF and 
RHD were invited to participate in semi-structured inter-
views of approximately 15  min. Purposive sampling of 
staff at Royal Darwin Hospital was used to engage differ-
ent speciality physicians (General Medicine, Infectious 
Diseases, Cardiology) in adult and paediatric medicine 
with experience in ARF/RHD. Physicians who had active 
roles in clinical management, clinical research and/or 
policy development relating to ARF and RHD were eligi-
ble provided they were not affiliated with RHDAustralia 

or involved in development of the RHDApp. Potential 
participants were not excluded if they had participated in 
the survey. We aimed to enrol five individuals. Consent-
ing participants were provided with dummy cases prior 
to the interview to reaccustom themselves with the ARF 
Diagnosis Calculator. An interview guide was developed 
to assess the usability, accuracy and physician confidence 
in the use of the calculator. Interviews were undertaken 
by a medical officer (E.F.) employed by Top End Health 
Service, who was not involved in development or pro-
motion of the RHDApp. Interviews were audio-recorded 
and transcribed verbatim. Recordings were deidentified 
and coded using NVivo software, initially via open cod-
ing, identifying important information relevant to the 
research questions. Data were then analysed using an 
inductive content analysis approach within a construc-
tivist epistemological framework. The inductive content 
analysis used codes, or frequently used terms, identified 
through interviews to generate a coding tree that sum-
mated all five interviews. Themes related to the research 
questions were then derived from this tree. Underpinning 
this content analysis was a constructivist epistemologi-
cal framework which involves the emergence of theories 
grounded in the human experience of the interview sub-
ject, considering context and perception [15].

Diagnostic performance based on patient presentations
The third evaluation strategy comprised comparison 
of performance of the ARF Diagnosis Calculator with 
a ‘gold standard’ diagnostic strategy. Patients present-
ing to Royal Darwin Hospital with suspected ARF were 
consecutively enrolled into a descriptive study (The 
START study (‘Searching for a Technology-Driven Acute 
Rheumatic Fever Test’), HREC-18-3126, 2018-ongoing) 

Table 2 Survey analysis

Question Median IQR

The ARF Diagnosis Calculator is easy to use 5 1

Using the ARF Diagnosis Calculator is easier than using the hardcopy guidelines 6 1

The ARF Diagnosis Calculator is accessible and quick to use when evaluating a patient 5 1

Using the ARF Diagnosis Calculator is laborious during a clinical encounter 2 1

I would prefer to use hardcopy guidelines 2 0.5

Using the ARF Diagnosis Calculator on my personal mobile device helps me to identify possible, probable and/or definite 
cases of acute rheumatic fever, or to exclude a diagnosis of ARF

5 1

The ARF Diagnosis Calculator risk assessment helps me to categorise my patients into low-risk and high-risk settings 5 0

I am confident with the results that I get from using the ARF Diagnosis Calculator 5 0

The ARF Diagnosis calculator improves my knowledge regarding acute rheumatic fever 5 1

The ARF Diagnosis calculator assists me in determining appropriate treatment plans for patients with possible, probable and/
or definite ARF

5 0

I am more confident in the decisions that I make regarding an ARF diagnosis with the ARF Diagnosis calculator 5 0

I would recommend the ARF diagnosis calculator to my colleagues 6 1
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[16]. For each consenting participant, a team of clinical 
experts determined a final diagnosis of possible, probable 
or definite ARF, or not ARF, on the basis of all available 
diagnostic information including history, examination 
findings, laboratory results, electrocardiogram, echocar-
diogram and any other relevant imaging. This was con-
sidered the ‘gold standard’ diagnosis. The panel included 
author A.P.R and at least two other clinicians. To com-
pare the performance of the ARF Diagnosis Calculator, 
summarised raw patient data for 35 cases with diagnoses 
already assigned by the panel, were presented to a practi-
tioner blinded to the panel’s diagnosis (E.F.) to be entered 
into the ARF Diagnosis Calculator. In cases where the 
calculator sought a clinical decision i.e. “Is ARF consid-
ered to be the most likely diagnosis?” for consistency, 
the answer was completed as “uncertain”. Measurement 
of agreement between the clinical panel’s diagnosis and 
the calculator’s diagnosis was calculated using the Kappa 
statistic. Where diagnoses differed, the investigator iden-
tified the steps in the algorithm in which alternative 
choices might have been entered given the clinical data 
provided in order to determine potential areas of ambi-
guity within the ARF Diagnosis Calculator.

Results
Survey
35 doctors participated in the survey. Two commenced 
but did not complete the survey, 10 were excluded as they 
had not downloaded the RHDApp or had not used it, 
providing 23 completed surveys for analysis.

Of those using the ARF Diagnosis Calculator 57% 
were 25–34 years, 26% were 35–44 years and 17% were 
45–54  years of age. Participants were of differing levels 
of seniority with 4% being interns, 22% residents, 39% 
registrars and 35% consultants. Clinicians had vary-
ing levels of experience in the Top End Health Service, 
with 39% of clinicians having worked for 2–5  years in 
this service. Respondents were predominantly working 
within outer regional Australia (35%) with 17% working 
in very remote and remote areas of Australia. A third of 
respondents indicated they would see a potential case 
of ARF once a week and another third estimated seeing 
a case once every 3–6 months. 70% of respondents said 
they were somewhat confident in diagnosing a case of 
possible, probable or definite ARF.

Survey responses are shown in Table  2 with median 
and interquartile ranges. The ARF Diagnosis Calculator 
was highly recommended (Median 6 out of 6, IQR 1). 
Participants considered it easy to use (Median 5, IQR 1) 
and strongly agreed that it was easier to use than hard-
copy guidelines (Median 6, IQR 1). Participants were 
confident in the results obtained from the calculator 
(Median 5, IQR 0) and believed the calculator helped 

them to identify possible, probable and/or definite cases 
of ARF (Median 5, IQR 1).

Participants mostly agreed that the diagnosis calculator 
is quick and accessible to use when evaluating a patient 
(Median 5, IQR 1) assisted them in determining treat-
ment plans (Median 5, IQR 0), improved their knowledge 
regarding ARF (Median 5, IQR 1) and improved their 
confidence (Median 5, IQR 1).

Those who submitted written feedback mainly indi-
cated that the ARF Diagnosis Calculator as a usable 
and easily accessible tool for diagnosis. The majority of 
respondents nominated ease of use as the main strength 
of the calculator. Noted weakness comprised the lower 
utility of the calculator in settings where investigations 
were unavailable, particularly in remote community set-
tings where blood test results are not rapidly available. In 
these settings one recommendation was to explicitly state 
that a low threshold should be used for transfer to and 
investigation in a tertiary setting to avoid under-diagno-
sis of ARF.

In addition, some believed the calculator to be overly 
sensitive without recognising the need to actively exclude 
alternative diagnoses that mimic ARF. Lastly, although 
the calculator was considered very easy to use, legisla-
tive pop-up notices built into the RHDApp were noted 
to detract from the experience. A double negative on 
one-screen was also identified as a potential source for 
mistakes.

Semi-structured interviews
Five clinicians experienced in ARF consented to be inter-
viewed. Five overarching themes from the content analy-
sis were identified. These themes were:

• The diagnosis of ARF remains challenging
• The ARF Diagnosis Calculator is easily accessible, 

easy to use, informative and provides educational 
opportunities for junior staff

• Inclusion of specific medical information is valued
• In remote settings, the ARF Diagnosis Calculator is 

less helpful
• The ARF Diagnosis Calculator can be non-specific if 

the full clinical picture is not appreciated.

A key theme to emerge from interviews was that the 
diagnosis of ARF is highly challenging, requiring clinical 
acumen and experience in the heterogeneous nature of 
ARF presentations. Therefore, while the ARF Diagnosis 
Calculator helpfully supports diagnosis, expert clinical 
decision was emphasised as being of most importance 
rather than an algorithm. Potential oversimplification of a 
difficult diagnosis through reliance on an app was of con-
cern. Concern was expressed about the chance for missed 



Page 7 of 11Fisher et al. BMC Medical Informatics and Decision Making           (2022) 22:77  

diagnostic opportunities, particularly where junior medi-
cal staff and the locum workforce may lack experience 
with ARF diagnosis. Participants also noted that the dis-
tinction between possible and probable ARF diagnostic 
categories is subjective, which is problematic since the 
duration of recommended secondary antibiotic prophy-
laxis differs greatly between these diagnoses [3]. In these 
cases, they emphasised the importance of actively con-
sidering and investigating for other potential differential 
diagnoses and seeking expert advice.

While noting inherent clinical challenges in ARF 
diagnosis, all clinicians indicated that the ARF Diag-
nosis Calculator is easily accessible in point of care set-
tings, easy to use, informative and provides educational 
opportunities for junior staff. Many agreed that having 
the calculator on one’s phone, as opposed to hard copy 
clinical guidelines or electronic guidelines on a desk 
computer, assisted clinicians to use the diagnostic crite-
ria and identify cases of ARF. Clinicians expressed confi-
dence overall in the use of the ARF Diagnosis Calculator 
by clinical teams in hospital settings, noting the caveats 
that all investigation results should be taken into account 
and that all diagnostic assignments made by the calcula-
tor should be discussed with senior clinicians. All clini-
cians agreed that for a transient workforce, which typifies 
staffing in the Northern Territory, where many clinicians 
have little experience in ARF, the calculator and RHDApp 
are very informative and educational.

Having easy access to descriptions of the major and 
minor ARF diagnostic criteria (Table 1) with definitions 
available on selecting an information button, was con-
sidered very valuable. Users appreciated the availability 
of a table showing age-specific upper limits of normal 
for PR Interval (a parameter measured from electrocar-
diography and a minor Jones criterion), and reference 
ranges for streptococcal serology (antistreptolysin O or 
antiDNase B titres). Video footage of Sydenham’s Chorea 
to help clinicians recognise this ARF manifestation, avail-
able on selecting the information button about Syden-
ham’s Chorea, was noted as a strength.

For remote settings, the experienced clinicians indi-
cated they did not believe the calculator performed 
as well, given that investigation results that need to 
be entered are often unavailable. The suggestion was 
made that missing results should allow the calcula-
tor to provide a risk assessment with recommendation 
for transfer to hospital rather than aiming to confirm 
a diagnosis promptly. Echocardiogram is essential for 
diagnostic workup of suspected ARF cases but is only 
accessible in tertiary centres except during infrequent, 
scheduled remote clinic visits. In many remote settings, 
required blood tests results (erythrocyte sedimentation 
rate, streptococcal serology titres) may be unavailable, or 

only available with long turnaround times. Consequently, 
many criteria cannot be entered in the calculator and the 
RHDApp returns a “Possible ARF” or “No ARF” result.

As noted in survey free-text responses, concerns about 
the calculator being oversensitive (i.e. inadequately spe-
cific) were raised. The experienced clinicians noted that 
inexperienced users may be unaware that a range of 
common conditions endemic to the Northern Territory, 
such as septic arthritis or disseminated gonococcal infec-
tion, can fulfil criteria as “Definite ARF” and need to be 
actively excluded to avoid mistakenly labelling someone 
as having ARF when there is a confirmed alternative diag-
nosis. Despite this, the problems of missed diagnoses and 
missed opportunities for institution of secondary preven-
tion were still recognised as occurring despite the criteria 
being set for high sensitivity in high-risk populations.

The experienced clinicians complained about there 
being too many messages to click through to be able to 
access the calculator. Three boxes—an information page, 
a disclaimer, and statement that ARF is a legislated noti-
fiable disease in parts of Australia—open sequentially 
before use of the calculator can commence. Despite the 
annoyance, most conceded that this was likely required. 
Another concern was the use of double negatives in 
“Confirm the patient has NOT had a previous definite 
diagnosis of ARF or RHD” with answer options “Confirm 
– no past ARF or RHD” or “No – Did have past ARF or 
RHD”. These were considered to distract from the calcu-
lator’s ease of use.

Diagnosis calculator versus clinical panel
Thirty-five patients assigned a diagnosis by the expert 
clinical panel had their demographic and clinical data 
entered into the ARF Diagnosis Calculator. The clini-
cal panel ‘gold standard’ diagnoses are shown in Table 3. 
Thirty-one (89%) diagnoses obtained using the ARF Diag-
nosis Calculator matched the diagnosis assigned by the 
clinical panel. The Kappa coefficient was 0.767 (96% CI: 
0.568–0.967), consistent with excellent agreement. Sensi-
tivity and specificity were 89% and 96% overall; app accu-
racy was best for ‘definite ARF’ and ‘no ARF’ (Table  3). 
Of the four diagnoses that differed, the calculator iden-
tified two cases as “definite” cases that were classified as 
“possible” and “not ARF” by the clinical panel. The first 
was initially labelled as having monoarthritis (inflamma-
tion of a single joint) however on review of the case notes 
by the clinical panel the case was more in keeping with 
monoarthralgia (pain of a single joint). This resulted in a 
“possible ARF” diagnosis from the clinical panel, whereas 
monoarthritis entered in the ARF Diagnosis Calculator 
had resulted in a diagnosis of “definite ARF”. The second 
case involved an instance of aseptic (culture-negative) 
monoarthritis in a high-risk individual with fever, raised 
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C-reactive protein (a blood inflammatory marker) and 
elevated streptococcal serology (antiDNaseB titre). There 
were no echocardiogram findings of carditis. This indi-
vidual however had received antibiotics prior to the joint 
aspirate being performed, as a consequence of delayed 
transportation to hospital for the aspiration. The aspirate 
was turbid in appearance but had no bacterial growth. 
While the ARF Diagnosis Calculator had classified the 
case as “definite ARF” based on the culture-negative 
monoarthritis, the clinical context was considered more 
in keeping with a septic arthritis but with sterilisation of 
cultures from prior receipt of antibiotics.

In the other two instances with discrepant diagnoses, 
one was initially considered a “possible” diagnosis of ARF 

however a plausible differential diagnosis of staphylococ-
cal sepsis was confirmed, and the clinical panel assigned 
the diagnosis as “not ARF”. Using the calculator, the 
diagnosis was “possible” if the maximum erythrocyte 
sedimentation rate (a blood inflammatory marker) was 
used and “not ARF” if the initial erythrocyte sedimenta-
tion rate was used. This individual had a previous epi-
sode of definite ARF and so was likely investigated more 
thoroughly with repeat erythrocyte sedimentation rate 
which resulted in the calculator diagnosis of “possible” 
ARF. The fourth instance comprised monoarthritis in a 
high-risk individual with fever and positive streptococcal 
serology, considered “probable ARF” by the clinical panel 
and “possible” by the calculator. The different diagnoses 

Table 3 Sensitivity and specificity of the ARF Diagnosis Calculator compared with Gold Standard (expert clinical panel review) applied 
to patients with suspected rheumatic fever, Royal Darwin Hospital, 2018–2019

Gold standard diagnostic process ARF 
diagnosis 
calculator

Not ARF (alternative diagnosis) 4 4

Possible ARF 6 5

Probable ARF 2 1

Definite ARF 23 25

Gold standard positive Gold 
standard 
negative

ARF classification: definite

Positive by calculator 23 2

Negative by calculator 0 10

Sensitivity of calculator = 100%
Specificity of calculator = 83%

ARF classification: probable

Positive by calculator 1 0

Negative by calculator 1 33

Sensitivity = 50%
Specificity = 100%

ARF classification: possible

Positive by calculator 4 1

Negative by calculator 2 28

Sensitivity of calculator = 67%

Specificity of calculator = 97%

ARF Classification: No

Positive by calculator 3 1

Negative by calculator 1 30

Sensitivity of calculator = 75%
Specificity of calculator = 97%

ARF classification: concordance of all options

Positive by calculator 31 4

Negative by calculator 4 101

Sensitivity of calculator = 89%
Specificity of calculator = 96%
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obtained arose since in uncertain cases, the calculator 
requires the user to indicate whether ARF is considered 
the most likely diagnosis: selecting yes gives a “probable 
ARF” answer, selecting uncertain (the default used for 
this exercise) gives “possible ARF” and selecting no gives 
“no ARF” as the diagnosis.

Revision of the ARF Diagnosis Calculator
Evaluation findings were workshopped with RHDAus-
tralia doctors (A.P.R. and B.J.C) and senior nurse (DM), 
and sixteen changes were made in response to the 
study findings, as shown in Additional file  1: Table  S1. 
The revised version of the ARF Diagnosis Calculator 
was finalised in May 2021 and this remains the current 
embedded version in the RHDApp.

Discussion
Principal findings
This study provides evidence for high acceptability, 
usability and accuracy of the ARF Diagnosis Calcula-
tor for the diagnosis of ARF. Having accessible guidance 
and decision support at point of care was identified as a 
strength, with the app platform being preferred to hard-
copy or desktop computer electronic guidelines. Valued 
features of the calculator included the embedded edu-
cational content and specific medical information such 
as reference ranges for laboratory tests. Several criti-
cisms were made. The number of pop-up messages to be 
clicked through was considered distracting. Improved 
wording for clarity was recommended for some sec-
tions. The need to actively exclude alternative diagnoses 
to avoid false-positive ARF diagnoses was considered 
to need more emphasis. The required information was 
already provided by the calculator, but was sometimes 
being overlooked in using the calculator, highlighting 
that a balance is needed between messages that must be 
read (needing to be clicked on to move through) versus 
messages which are shown on the page, but can be lost in 
the volume of information. Finally, experienced clinicians 
noted that electronic decision making is not a substitute 
for clinical experience. The calculator can provide valu-
able diagnostic assistance, but final assignment of diag-
nosis for reporting and long-term clinical management 
purposes should be made by an experienced clinician.

Incorrect assignment of diagnosis occurred in 4/35 
(11%) of patients using the calculator compared with 
an expert clinical panel. Reasons for the discrepancies 
included that: 1. The calculator does not allow input of 
results confirming an alternative diagnosis (such as a 
blood culture result positive for a bacterial pathogen); 2. 
Nuances from the history or clinical examination could 
not be appreciated from the summarised data provided 
for entry into the calculator; 3. Clinical judgement is 

required to differentiate possible from probable ARF 
[7]; the clinician needs to draw on their expertise and a 
broad range of information beyond what is included in 
the diagnostic criteria (such as age, family history and 
clinical response to treatment). Interview data also sup-
ported this point, reiterating that an electronic decision 
support tool is not a substitute for expert clinical deci-
sion making.

Feedback obtained during this evaluation process was 
conveyed to the calculator development and review 
team. Changes were workshopped with RHDAustralia 
clinicians with sixteen changes made as a result (Addi-
tional file 1: Table S1). The number of pop-up messages 
on opening the app were reduced by combining the dis-
claimer with agreement to notify ARF in parts of Aus-
tralia where ARF is a notifiable condition (points 1 and 
2, Additional file 1: Table S1). The ‘double negative’ was 
removed and reworded. It was felt that including results 
which signify other diagnoses would unnecessarily add 
to the calculator’s complexity. Instead, strengthened 
wording was added to state: ‘The Jones Criteria and the 
diagnosis provided by this calculator assume differential 
diagnoses have been considered, tested for and excluded. 
Clinical signs also found in septic arthritis, bacteraemia, 
lupus and numerous other conditions when entered 
into the app can result in a diagnosis of possible, prob-
able or even definite ARF being displayed’ (point 7, Addi-
tional file 1: Table S1). Challenges differentiating possible 
form probable ARF were addressed by adding wording 
to support decision making (point 10, Additional file  1: 
Table S1).

Difficulties in using the app when results are miss-
ing, such as in remote settings, were addressed through 
revised wording including: ‘If echocardiogram is pend-
ing, base decision on clinical assessment until echocar-
diogram result is available,’ and ‘If results are pending 
or unavailable, do not select this item, click ‘continue’. 
(points 12–16, Additional file  1: Table  S1). To reinforce 
the diagnostic complexity of ARF and requirement for 
specialist input, the following wording was added when 
the calculator’s diagnosis is displayed: ‘In complicated 
or early cases, or those with incomplete investigations, 
seek specialist advice.’ (points 6 and 7, Additional file 1: 
Table S1).

Oversensitivity and lessened specificity in ARF diag-
nosis as noted by survey and interview participants, is a 
product of the current Jones diagnostic criteria for use 
in high-risk settings (Table 1) on which the calculator is 
based, rather than being a problem of the ARF Diagnosis 
Calculator per se. Under-diagnosis puts children at risk 
of missed prescription of long-term antibiotics to pre-
vent ARF recurrences that lead to rheumatic heart dis-
ease. From a medical and patient outcome perspective, it 
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is therefore appropriate to set the criteria to achieve high 
sensitivity at the cost of specificity. This is what serial 
revisions of the diagnostic criteria have sought to achieve 
in Australia. Revised wording in the app appearing on the 
diagnosis page has now been strengthened to convey the 
message that use of the diagnostic criteria and therefore 
the ARF Diagnosis Calculator assumes that differential 
diagnoses have been considered, tested for and excluded 
(point 9, Additional file 1: Table S1).

The use of mHealth to improve systems and diagnos-
tic performance in health care has been increasing. This 
study provides evidence for the acceptability and usabil-
ity of an ARF Diagnosis Calculator however emphasises 
that this should not be at the expense of clinical acumen 
in decision making. Decision support tools have been 
both supported and encouraged by clinicians within both 
emergency department settings and outpatient maternity 
care in previous studies [11, 12]. In 2021, the replacement 
of paper-based nutrition assessments of ex-premature 
infants with an mHealth tool in rural Rwanda, was simi-
larly assessed to improve efficiency and completeness 
of assessments; however, did not lead to a significant 
improvement in accuracy, highlighting the importance of 
clinical assessment apart from mHealth [17]. Neverthe-
less, this tool was found to be associated with a reduc-
tion in stunting, underweight and inadequate interval 
growth at 6  months corrected age. Our study also sup-
ports mHealth as an educational tool and as an easy to 
access form of medical guidelines. Evidence however has 
been inconclusive in this area with improvements noted 
with or without mHealth interventions in compliance to 
neonatal protocols in Ghana [18]. Similarly in rural India 
improvements were noted in reducing barriers to health-
care rapport but did not lead to a significant improve-
ment in knowledge [19].

Limitations
This study is limited in its generalisability since only doc-
tors participated, whereas the RHDApp and ARF Diag-
nosis Calculator are intended for use by a broad range of 
users including nurses and Aboriginal Health Practition-
ers. Other users may have provided different feedback. 
However, participating doctors represented different 
work settings and levels of seniority, supporting gener-
alisability. Sample sizes were small, but triangulation of 
data across three methodological approaches revealed 
similar themes and allowed confirmation of findings, 
strengthening the study’s internal validity. As a predomi-
nantly qualitative analysis, generalisability is not the 
intent of this study but instead this study has provided 
evidence for the usability and confidence in mHealth for 
ARF diagnosis in the Northern Territory. The absence of 

a diagnostic test for ARF created a challenge for testing 
accuracy of calculator performance but use of an expert 
clinical panel provided the best option available.

Conclusion
Effective dissemination of knowledge about ARF and 
about resources to support clinicians in diagnosing and 
managing ARF are a critically important part of the over-
all strategy required to address morbidity and mortality 
arising from this condition [20]. The ARF Diagnosis Cal-
culator is an informative, usable, acceptable and accurate 
tool to assist clinicians with ARF diagnosis. Revisions 
made in response to this evaluation have addressed the 
critiques and recommendations that end-users and clini-
cal experts provided. ARF remains prevalent yet under-
diagnosed. Clinicians lack familiarity with the condition 
and diagnostic complexity is high. This situation makes 
electronic decision support tools which are accurate and 
user-friendly a particularly valuable addition. Further 
research within mHealth is needed to assess the use of 
algorithms against traditional clinical assessment to avoid 
the over-reliance on guidelines.
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