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ABSTRACT

Background: Guidelines recommend the measurement of temperature in children presenting with
fever symptoms using electronic axillary, or tympanic thermometers. Non-contact thermometry
offers advantages yet have not been tested against the recommended methods in primary care.

Aim: To compare two different non-contact infrared thermometers (NCITs) to axillary and tympanic
thermometers in children aged 5 or under attending their GP with an acute illness.

Design and setting: Prospective design in primary care
Method: Methods comparison study with nested qualitative component

Results: 401 children were recruited (median age 1.6 years, 50.62% boys). The mean difference
between the Thermofocus NCIT and axillary thermometer was -0.14°C (95% Cl -0.21 to -0.06); the
lower limit of agreement was -1.57°C (95% Cl -1.69 to -1.44) and the upper limit 1.29°C (95% ClI 1.16
to 1.42). A second NCIT (Firhealth) had similar levels of agreement. However, the limits of agreement
between tympanic and axillary thermometers were also wide. Parents expressed a preference for the
practicality and comfort afforded by NCITs, and were predominantly negative about their child’s
experience of axillary thermometers. However, there was a willingness to adopt whichever device
was medically recommended.

Conclusions In a primary care paediatric population, temperature measurements with NCITs varied
by over a degree Celsius compared to axillary and tympanic approaches. However, there was also
poor agreement between tympanic and axillary thermometers. Since clinical guidelines often rely on
specific fever thresholds, clinicians should interpret peripheral thermometer readings with caution,
and in the context of an holistic assessment of the child.

Trial registration ISRCTN15413321

How this fits in:

Non-contact infrared thermometers (NCITs), allow clinicians to measure temperature from the
forehead without touching the child, reducing discomfort and distress and the need for disposable
covers. However NCITs have not been tested against the currently recommended methods in primary
care.

We compared two different NCITs to electronic axillary and tympanic thermometers in children aged
5 and under seeing their GP with an acute illness. Our analysis suggests that in 95 out of 100 cases
we would expect the difference between the NCIT and electronic axillary thermometer or tympanic
thermometer to be up to a degree Celsius in either direction.

Since we also found poor agreement between axillary and tympanic readings, it is hard to know
which type of thermometer is giving results closest to core body temperature. Clinicians should be
aware of the variability in peripheral thermometer readings when assessing febrile children
according to clinical guidelines.



INTRODUCTION

Acute infections in children are one of the most common problems in general practice and are
associated with considerable burden on NHS resources. Nearly 40% of parents with children aged 6
to 17 months consult a healthcare professional when their child has a high temperature.(1) In the UK,
acute infections result in 4 consultations per person-year in children under 1 year old, and 1.3
consultations per person-year in children aged 1-15 years.(2) Febrile illness accounts for 20% of all

visits to the paediatric emergency department.(3)

Guidelines recommend the measurement of temperature in children presenting with fever
symptoms using electronic axillary thermometers, or tympanic thermometers in children aged 4
weeks and older.(4) However, axillary thermometers require healthcare professionals to undress the
child and hold the thermometer in the axilla for at least 30 seconds.(5) Tympanic thermometers are
easier to use, but may be inaccurate due to presence of ear wax or insufficient straightening of the
ear canal,(6) and both types of device require disposable covers to avoid cross- infection. Non-
contact infrared thermometers (NCITs) convert measurements of the intensity of infrared radiation
emitted by the body into temperature readings. The non-contact approach offers potential
advantages, including reduced child discomfort or distress, rapid readings, measurement without

interrupting sleep, minimal risk of cross-infection, and no requirement for disposable covers.(7)

Reports of agreement between NCITs and conventional thermometers have been variable, with
larger mean differences reported between NCITs and tympanic thermometers than with NCITs and
mercury-in-glass axillary thermometers.(8)(9) Comparisons with electronic and mercury rectal
thermometry have also yielded variable results,(10)(11) and performance varies between
devices.(12) Finally, whilst NCITs are mostly reported to have high sensitivity and specificity in
detecting a fever of 38°C or higher measured with conventional thermometry,(8-10,13) in two

studies sensitivity was estimated as only 27%(11) and 12%.(12)

In addition to the lack of clear conclusions from existing studies, there is a lack of generalisability of
this data to primary care settings. Most previous studies were conducted in paediatric inpatient
populations(9,11,12) or mixed hospital ambulatory care and ward settings.(10)/(14) Furthermore

NCITs have been mainly compared with temperature measurement approaches which are not



currently recommended for use in children, including rectal measurements(10-12,15) and using

mercury-in-glass axillary thermometers.(8)

Understanding the performance of NCITs compared to currently recommended tympanic and
electronic axillary thermometers in a primary care paediatric population could support introduction
of this potentially beneficial technology into routine practice. In this mixed methods study, we
evaluated the agreement between two NCIT models with electronic axillary and tympanic
thermometers in children who present with acute illness in primary care and explored their

acceptability to parents and children.



METHODS

This was a cross-sectional method agreement study with a nested qualitative study.
Method comparison

Children between 0 and 5 years with an acute illness of a maximum of 14 days presenting to a GP
practice (9 sites) or an out-of-hours (OOH) service (1 site) in the UK were eligible for inclusion.
Children for whom acute trauma was the main reason for presentation, who were clinically unstable,
had already been enrolled in the study or where parents were unable to understand trial materials in

English were excluded from the study.

Parents and children were approached consecutively in the OOH or surgery waiting room by a study
researcher between April 2017 and August 2018. Parents were provided with an information sheet
and gave verbal consent to their child’s involvement, with the option to consent to further contact by
telephone for involvement in the qualitative substudy, and the option to withdraw consent
subsequently by email or telephone. Temperature measurements were conducted either prior to or

after the child’s GP appointment. Demographic information and the history of fever were recorded.

Four thermometers were compared: Electronic axillary (Welch Allyn SureTemp), tympanic (Braun
Thermoscan), NCIT Thermofocus 0800 and NCIT Firhealth Forehead Thermometer. The Thermofocus
NCIT was included as it had been most extensively evaluated in other settings.(8, 10, 12,15,16) The

Firhealth device was included as an example of a cheaper NCIT.

Measurements were performed consecutively in the shortest time frame possible, and no
medication or drinks were administered between measurements. The order in which the
thermometers were used was randomised prior to study start for each participant using a Random

Number Generator (www.random.org). Tympanic measurements were not taken in babies under 4

weeks in line with UK guidance.(4) Once the four primary measurements were complete, a second
measurement was taken with the Thermofocus and Firhealth thermometersto evaluate their
reproducibility. We recorded failed measurements due to lack of cooperation of the child after three
attempts, mechanical issues (operational or technological failure) and clinically implausible readings

(based on researcher’s assessment).

Children’s reaction to the different measurements was rated by parents using the Patient Discomfort
Scale.(17) Children aged 4 or 5 additionally completed the Wong-Baker Faces® Pain Rating Scale.(18)
Parents scored the acceptability of each thermometer on a 10cm visual analogue scale before they

were informed of the temperature measurements.


http://www.random.org/

Sample Size

The sample size calculation was based on the desired accuracy of the limits of agreement on the
Bland-Altman plots for our primary outcome.(19) The limits of agreement are defined as the mean
difference (bias) +/- 1.96 standard deviations(20). If the differences are normally distributed,
approximately 95% of them may be expected to lie within the limits of agreement, so they are a
useful estimate of the typical range of differences between the two measurements. Assuming an
accuracy of £0.075°C would be desired for the 95% confidence intervals of the limits of agreement,
and the standard deviation of the agreement between temperatures measured by NCIT and
electronic axillary thermometers (based on previous studies) (8-10, 13,15) would be 0.5°C, a
minimum sample size of 533 participants would have been required. We revised this sample size
calculation on 14th May 2018. Based on the data already available, the standard deviation for our
primary analysis (Thermofocus NCIT vs electronic axillary thermometer) was 0.65°C. Using this
standard deviation, the original sample size of 533 children would give us a 0.10°C accuracy for each
limit of agreement (rather than 0.075 as anticipated). A reduced sample size of 400 children would
give us 0.11°C accuracy. Considering thermometers only measure temperatures up to 0.1°C, we felt
this would be sufficient as the rounding would make the two estimates equivalent. Secondary
outcomes of agreement between the other thermometer types have been estimated with the same

precision.

Analyses

Statistical methods focus on the agreement between thermometers, the accuracy of detecting fever

and failure rates. All children contributed data to each analysis, when available.

Our primary outcome is the agreement between the Thermofocus NCIT and the electronic axillary
thermometer. Analyses of agreement were conducted based on Bland Altman plots(19) which
provide an indication of bias and 95% limits of agreement between the measurements. 95%

confidence intervals (Cl) around these estimates have been calculated.

Diagnostic accuracy for detecting fever (temperature 238°C measured by the electronic axillary
thermometer) was analysed by calculating sensitivity, specificity, predictive values, and likelihood

ratios, with 95% confidence intervals. Failure rates are reported as proportions.



The scores on the Visual Analogue and Patient Discomfort Scales have been analysed using non-
parametric techniques resulting in median acceptability (and interquartile ranges) for each

thermometer.

Qualitative data collection and analysis

Parents who consented to contact were purposively sampled to achieve maximum variation in
gender of parent, age of parent, age of child, ethnicity, and sibling number. Recruitment continued
until the research team agreed data saturation had been achieved and sufficient explanation for the

categories generated was reached.

Interviews were semi-structured and conducted by telephone (20) or face-to-face (1) using a flexible
topic guide developed by the research team and PPI panel, which evolved in response to emerging
themes. The topic guide explored parent’s experiences with the different thermometers, their
thoughts about future use of thermometers, and wider exploratory questions about motivations for
and experience of temperature measurement and fever in children. A detailed example of the topic

guide is presented in Supplementary materials.

All participants gave written or recorded verbal informed consent prior to the interview. Interviews
were conducted separately by two researchers trained in qualitative methodology (EM, a female
clinical researcher and salaried GP, and FAI, a female research assistant), were audio-recorded and
transcribed. Consistency was ensured by regular discussion and review of transcripts and topic guides

by the team (EM, FAIl, GH, MG).

Data analysis followed a thematic approach, with the assistance of NVivo (version 11). This included
familiarisation with the data, open coding, and subsequent inductive reasoning to identify salient
categories and relationships between emerging themes derived from the data. Data and codes were
then checked by two researchers (EM, MG). The codes and themes were developed and interpreted

in discussion with the wider research team.

Patient and Public Involvement

The PPI panel for the NIHR Community Healthcare MedTech and IVD Cooperative which includes two
mothers of children under 5, supported this project from inception to dissemination. The PPI panel
have provided feedback on the study design, suggesting that we include reproducibility as a

secondary outcome and endorsing the inclusion of a cheaper NCIT as a more affordable option for



home use. They also provided feedback on study materials, particularly the patient information
leaflets and acceptability ratings by children and parents, commented on the topic guide for the
gualitative interviews with the parents and provided feedback on our sample size revision. We
sought their advice on acceptable limits of agreement between thermometry devices, and discussed
our emerging themes on the acceptability of the thermometer types from our qualitative interviews.

We are also being advised by them regarding dissemination of our findings to a lay audience.



RESULTS

We recruited 401 children with a median age of 1.6 years (IQR 0.79-3.38); 203 (50.62%) were boys.
Five children were under 4 weeks old. Most children were of White British ethnicity (69.83%). 29.7%
of children were believed by their parents to be feverish at the time of inclusion. Participant

characteristics are listed in Table 1.

The Bland Altman plot for our primary outcome, which is the agreement between the Thermofocus
NCIT (1°* measurement) and the electronic axillary thermometer, is presented in Figure 1. The mean
difference between the two methods was -0.14°C (95% CI -0.21 to -0.06), with the lower limit of
agreement being -1.57°C (95% CI -1.69 to -1.44) and the upper limit 1.29°C (95% Cl 1.16 to 1.42). This
means that in 95 out of 100 cases we would expect the difference between the NCIT and electronic
axillary thermometer to be between 1.57 °C lower and 1.29 °C higher than the average of the NCIT

and electronic axillary measurements of temperature.

The mean difference between the Firhealth NCIT and the electronic axillary thermometer was -
0.16°C (95% Cl -0.23 to -0.09); the lower limit of agreement was -1.54°C (95% CI -1.66 to -1.41) and
the upper limit 1.22°C (95% CI 1.10 to 1.34).

Full method comparison results, including NCIT versus tympanic and repeated measurements with
both NCITS are summarized in Table 2 below. Accompanying plots are available as supplementary
figure 1. Of note, there were wide limits of agreement when the tympanic and electronic axillary
methods were compared The mean difference was 0.06 (95%Cl -0.02 to 0.14), lower limit of
agreement -1.49 (95% Cl -1.63 to -1.34) and upper limit of agreement 1.61 (95% Cl 1.47 to 1.75). The
reproducibility of the NCITs was reasonable; for the Thermofocus the mean difference was -0.04 (-
0.07 to -0.01), the lower limit of agreement was -0.56 (-0.60 to -0.51) and the upper limit of
agreement was 0.47 (0.43 to 0.52), meaning that the two measurements varied by less than half a
degree Celsius in most cases. Firhealth reproducibility was similarly acceptable. Although there is
some indication in the Bland-Altman plots of temperature-related relationships in the difference
between measurements made by NCITs and axillary thermometry (Figures 1 and 2), we have not
explored this formally as they are dominated by a small number of measurements at extremes of the
physiological temperature range, where it is expected that thermometers for physiological use will

be less accurate.

We calculated accuracy of NCITs for diagnosing fever, defined as a temperature of at least 38°C by
electronic axillary measurement. Based on the axillary thermometer, there were 41 children with a
body temperature of 38°C or more, a prevalence of fever of 10.22%. The proportion of children

detected as febrile by the Thermofocus NCIT out of all children found to be febrile using the



electronic axillary thermometer (i.e. the ‘sensitivity’ for this alternate imperfect reference standard)
was 29.3% (95% Cl 16.1 to 45.5), and the proportion found not to be febrile out of all the children
classified as not febrile by electronic axillary measurement (specificity) was 96.9% (95% Cl 94.6 to
98.5). For the Firhealth NCIT, sensitivity was 4.9% (95% Cl 0.6 to 16.5) and specificity 98.9% (95% ClI
97.2 t0 99.7). See table 3 for further details.

The number of attempts for each thermometer that were required to obtain a valid reading and the

technical failures are detailed in Table 4.

Thermometer acceptability

Children (n = 69) who were aged 4 or 5 completed the Wong-Baker Faces® Pain Rating Scale. The
median score and IQR was 0 (0-0) for both NCITs, and 0 (IQR 0-2) for the electronic axillary and

tympanic thermometers.

Overall, most children were rated by their parents as relaxed during temperature measurements
with each thermometer. The median patient discomfort scale (completed by 306 parents) for each
thermometer was 2, although the IQR was slightly larger for the electronic axillary thermometer than
for the other thermometers: Thermofocus median 2 (IQR 2-2), Firhealth median 2 (IQR 2-2),

electronic axillary median 2 (IQR 2-3) and tympanic median 2 (IQR 2-2).

Parental acceptability as assessed by a 10 cm visual analogue scale by 398 parents was highest for
the Firhealth NCIT (median 9 cm; IQR 7.6-9.5), followed by the Thermofocus NCIT (median 8.5 cm;
IQR 6.9-9.4), the tympanic thermometer (median 7.6 cm; IQR 5.5-9) and lastly the electronic axillary

thermometer (median 5 cm; IQR 2.1-7.6).

Qualitative Interviews

The characteristics of 21 parents who participated in the interviews are described in supplementary
Table 1. Themes relating to device attributes —what parents look for and feel they need from
thermometers - are presented here, with key themes of convenience and practicality, comfort, cost,
safety, and endorsement. Further qualitative data and analysis will be reported separately in a

future publication.
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Electronic Axillary thermometer
Parents’ experiences with the axillary thermometers were described in almost all cases using
negative language, with over half describing their child as appearing “uncomfortable” during its use.

For some the appearance of the device contributed to the child’s negative experience.

“He freaked out at that one.. Because he thought it was a needle.. so he thought he was going

to have an injection.” 18, Mother, age 31-40, 2 children

Parents raised concerns about the practicality of this device, however, if it were the medically

recommended thermometer, they would be willing to persevere in using it.

“From a practical and user point of it, you know, it just seemed impractical, but if it’s the

best then so be it, you know, there was no harm” 11, Father, 2 children.

Tympanic thermometer
Parents’ views on tympanic thermometers were more neutral than axillary thermometers, with
several parents using them at home. They commonly expressed concern that thermometer

performance might be affected by their failure to operate it correctly.

“I'm sure if I got it, if | was trained I might know better but I'm never sure if I've put it far
enough into her ear or not far enough in or, I mean I'd always had a normal reading from it

but I'm not confident that I wouldn’t miss something by not being able to use it perfectly.”
117, Mother, age 31-40, 1 child

NCITs
Parents highlighted the practicality and convenience of NCITs. The feedback regarding placement

from the devices were reported to be helpful to ensure “correct” usage and interpretation.
“It was as if nothing was happening he was just sitting on my lap, he was perfectly calm, so

they were, | was quite impressed with those actually, 7 didn 't know they existed.” 110, Father,
1 child, with history of fever this episode

11



“With the blue one there was a light, I thought that was quite helpful so you knew [um]
exactly the distance you needed to be... I guess that also helps with the accuracy of reading

because you know you 're taking it the right distance” 115, Mother, age 31-40, 1 child

Features of an ideal thermometer

Parents described five key attributes of thermometers that would influence their likelihood of using
them: convenience of use, comfort for their child, and the cost, safety and endorsement of the
device. These themes were reflected throughout the descriptions of their and their child’s

experiences with the different devices.

Parents also displayed interest in the cost of devices for themselves and for the NHS.

“The non-contact.. it’s a lot easier there’s less parts to exchange on it, whereas With the
underarm you 've got to wipe it, with the ear one you ve got to replace the caps so, you know,
it all comes down to cost. Every patient comes in and you have to replace one cap for each

patient you do an ear thermometer, you know, it all adds up doesn 't it.” I3 Father, 1 child

However, some parents required reassurance regarding the reliability and safety of novel, or less

familiar, technology.

“[ think it’s mainly because you re kind of used to...like that physical contact for one or two
minutes, so if you kind of use anything that is very different from the usual way of doing
things then it always comes to your mind is this really reliable. ” /74 Father, age 31-40, 2

children, with history of fever this episode
“I didn’t mind doing it, I did ask a couple of times if it was safe to use all of them... it was just

because your colleague said it was infrared and they 're new they 're trialling them so [

thought oh I'll ask the question it is on a child.” 14, Mother, age 31-40, 2 children
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DISCUSSION

Summary of main findings

In this methods comparison study we found that although the mean difference between NCIT and
other thermometer measurements was only moderate, the upper and lower limits of agreement
were more than 1°C. This has the potential to adversely affect clinical decision making, given that
guidance relates to thresholds of temperature.(4) This also exceeds the limits of agreement of +/- 0.5
°C which are commonly believed to be acceptable.(21) The proportion classified as febrile out of all
those with an electronic axillary measurement of 38°C and over was low for both NCITs. We found
that reproducibility of measurements with the NCITs was good. Fewer attempts were required and
fewer failures were reported for NCITs, and performance was similar for the cheaper and more

expensive brands tested.

The majority of parents rated all devices as acceptable, although parental satisfaction and child
discomfort appears to be better for the NCITs. The axillary thermometer was least liked by parents
and children, and resulted in the most failed readings. When interviewed, parents expressed a
preference for the practicality and comfort afforded by NCITS, and were predominantly negative
about the user experience of axillary thermometers, felt to be more intrusive and have the potential
to cause distress or discomfort, particularly if their child was unwell. Parents considered the
convenience of use, the comfort of their child, cost, safety and endorsement when evaluating
thermometers, however, there was a willingness to adopt whichever device was medically

recommended.

Strengths and limitations

To our knowledge this is the first methods comparison study of peripheral thermometers to be
conducted in children attending primary care with acute illness. 401 children were recruited, making
this one of the larger studies to address this question. However, there are some limitations to our
study. Firstly, uncertainty exists over the accuracy of the electronic axillary and tympanic methods
we included as usual care. This study found wide limits of agreement between tympanic and axillary
thermometers in this population. A recent systematic review(22) found 18 studies comparing
tympanic thermometers and 19 studies comparing axillary thermometers to core temperature
measurement (which was rectal measurement in the majority of cases) in children, with no studies
conducted in primary care. Pooled estimates of mean difference was -0.43 (95% Limits of Agreement

-1.40 to 0.55) for axillary and -0.15 (95% Limits of Agreement -0.67 to 0.37) for tympanic, although
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heterogeneity was very high and findings varied when different brands were considered separately.
The authors concluded that neither method met acceptable limits of agreement compared to core
temperature measurements. Therefore it is impossible to be certain which of the thermometers was

closest to the core temperature; NCITs could be better performing than established methods.

Furthermore, the diagnostic accuracy of axillary and tympanic thermometers for fever using core
body temperature measurement as the reference standard is variable. A systematic review found
five paediatric studies reporting sensitivities ranging from 14% to 63% for electronic axillary
measurement and 13 paediatric studies reported sensitivity ranging from 0.23 to 0.87 for tympanic
measurement of fever of 38°C or more. This complicates the interpretation of our estimates of the

sensitivity and specificity of NCITs.

Secondly, as just over 10% of our participants were febrile on study entry, the confidence intervals
around our estimate of sensitivity are wide. Our research team approached consecutive children
arriving at the GP, but the parents who agreed to participate may have been those with children they
felt to be less unwell which may have resulted in under-recruitment of febrile children. However over
30% of recruited children had received medication for fever in the previous 6 hours, and by limiting
our recruited population to children with recent onset of illness we included those most likely to
require temperature measurement as part of their assessment. Finally, the temperature
measurements were performed by study personnel who inevitably developed expertise in using the
equipment, which means that failure rates and accuracy may differ from what would be expected in
practice staff or parents. However, all thermometers were simple to use and frequent use in primary

care settings would ensure similar expertise developed.

Comparison with other literature

There have been no systematic reviews evaluating the accuracy of NCITs. However, the poor
performance of electronic axillary and tympanic thermometers compared to core body temperature
measurements has been highlighted in a number of reviews.(6,22—25) The mean difference of -0.14
and -0.16 °C between NCITs and electronic axillary thermometers found in this study is within the
range demonstrated by other studies comparing NCITs to electronic axillary(26), tympanic(9) and
electronic(11,12) and mercury rectal thermometers(10). The only study reporting comparable data
for the Thermofocus brand compared to it to a mercury in-glass thermometer used in the axilla in
ambulatory paediatrics and found greater agreement, with an overall mean difference of 0.07°C and
limits of agreement of -0.62°C (-0.67 to -0.47) and 0.76°C (0.61 to 0.91) (8). However they used the

average of 2 axillary measurements and 3 NCIT measurements in each child which could have
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contributed to the improved performance. We found that both NCITS had very low sensitivity for
fever as detected by axillary thermometry. Two studies using Thermoflash and Beurer NCITs have
demonstrated low sensitivity for fever as detected by rectal thermometry.(11,12) However five

studies,(9—11) two using the Thermofocus,(8,12) have found much higher sensitivity for fever.

While parents’ knowledge and beliefs about fever and temperature management in children have
previously been described,(26,27) there is little description of the impact or experience of different
thermometers. Parental concerns regarding practicality and comfort were highlighted in a study

exploring attitudes to rectal thermometers.(28)

Implications for future research and practice

In children under five, temperature measured by NCITs can vary by over 1°C from measurements
made by axillary and tympanic thermometers, which is a potentially clinically significant variability.
Given the uncertainty over the accuracy of electronic axillary and tympanic thermometers for core
body temperature it is hard to draw firm conclusions about the likely impact on practice if NCITs

were introduced as standard care.

If we assume that axillary thermometry is an accurate reference standard, then the moderate
agreement between NCITs and axillary and our finding that a different population of children would
be classified as febrile by NCITs compared to electronic axillary thermometers means that decisions
about the best pathway of care for a child could vary depending on which thermometer is used (4).

This in turn suggests that primary care clinicians should be cautious in using this technology.

However, we also found wide limits of agreement between the electronic axillary and tympanic
thermometers, both of which are advocated in guidance, and existing studies cast doubt over the
accuracy of either method compared to core body temperature measurement ((22)). Furthermore,
parents were more positive about the benefits of NCITs than other types of devices in both rating
scales and qualitative interviews, and there was good agreement between repeated measurements
in both NCITs. A high quality study comparing NCITS, axillary and tympanic measurements to core
body temperature measurements could help clarify this, but the invasive nature of core body

temperature measurement will make this a challenge to conduct in a primary care population.

Therefore, clinicians need to be cautious about the accuracy of any peripheral thermometry
approach and ensure that the management decisions they make are using this data as part of a
holistic assessment. There is clear potential for technological innovation in this field to develop more

accurate methods of peripheral thermometry to support clinical decision making.
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FIGURE LEGENDS

Figure 1: Bland Altman plot for agreement between Thermofocus NCIT thermometer and electronic
axillary thermometer. Solid line: mean difference between the two methods; dashed lines: upper and
lower limits of agreement; dash-dotted line: line of no difference.

Figure 2: Bland Altman plot for agreement between Firhealth NCIT thermometer and electronic
axillary thermometer. Solid line: mean difference between the two methods; dashed lines: upper and
lower limits of agreement; dash-dotted line: line of no difference.
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N (%)
Age (years, median and IQR) 1.6 (0.79-3.38)
Gender (boys) 203 (50.62)
Ethnicity
- White British 280 (69.83)
- White other 38 (9.48)
- Mixed 27 (6.73)
- Pakistani 21 (5.24)
- Other Asian 11 (2.74)
- African 8 (2.00)
- Indian 5(1.25)
- Chinese 5(1.25)
- Bangladeshi 4 (1.00)
- Caribbean 1(0.25
- Black British 1(0.25)
Mother’s age (years, median and IQR) 32 (29-36)
Number of siblings (median and IQR) 1(0-1)
Parent believed child to be febrile at point of assessment | 119 (29.75)
Fever medication in past 6 hours 134 (33.50)
Parent report of fever duration (days, median and IQR) 1.5 (0.5-3)
lliness duration (days, median and IQR) 3(2-7)
Recruitment site:
OOH primary care 34 (8.5)
In hours primary care 367 (91.5)

Table 1: Participant characteristics

Mean difference and

95% CI (°C)

Lower limit of
agreement and 95%

cl(°c)

Upper limit of
agreement and

95% CI (°C)

Methods Comparison
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Thermofocus NCIT minus electronic axillary, n=371

-0.14 (-0.21 to -0.06)

-1.57 (-1.69 to -1.44)

1.29 (1.16 to 1.42)

Firhealth NCIT minus electronic axillary, n=374

-0.16 (-0.23 to -0.09)

-1.54 (-1.66 to -1.41)

1.22 (1.10 to 1.34)

Thermofocus NCIT minus tympanic, n=386

-0.10 (-0.17 to -0.03)

-1.55 (-1.68 to -1.42)

1.35 (1.22 to 1.48)

Firhealth NCIT minus tympanic, n=389

-0.10 (-0.17 to -0.03)

-1.47 (-1.59 to -1.35)

1.28 (1.16 to 1.40)

Thermofocus NCIT minus Firhealth NCIT, n=395

0.00 (-0.04 to 0.05)

-0.90 (-0.98 to -0.82)

0.91 (0.83 to 0.99)

Electronic axillary minus tympanic, n=367

0.06 (-0.02 to 0.14)

-1.49 (-1.63 to -1.34)

1.61 (1.47 to 1.75)

Reproducibility

Thermofocus NCIT 1%t minus 2" reading, n=395

-0.04 (-0.07 to -0.01)

-0.56 (-0.60 to -0.51)

0.47 (0.43 t0 0.52)

Firhealth NCIT 1%t minus 2™ reading, n=397

0.01 (-0.02 to 0.04)

-0.60 (-0.65 to -0.54)

0.61 (0.56 to 0.67)

Table 1: Method Agreement results

Thermofocus

Firhealth

Tympanic

Sensitivity (%; 95% Cl)

29.3 (16.1-45.5)

4.9 (0.6-16.5)

29.3 (16.1-45.5)

Specificity (%; 95% Cl)

96.9 (94.6-98.5)

98.9 (97.2-99.7)

93.6 (90.6-95.9)

Positive predictive value (%; 95% Cl)

52.2 (30.6-73.2)

33.3(4.3-77.7)

34.3(19.1-52.2)

Negative predictive value (%; 95% Cl)

92.3 (89.2-94.8)

90.1 (86.8-92.9)

92.1(88.8-94.6)

Likelihood ratio + (95% Cl)

9.58 (4.52-20.31)

4.39 (0.83-23.24)

4.58 (2.47-8.50)

Likelihood ratio - (95% Cl)

0.73 (0.60-0.89)

0.96 (0.90-1.03)

0.76 (0.62-0.92)

Absolute numbers (TP, FP, FN, TN)

12 |11 | 29 | 349

29 | 356

12 | 23 | 29 | 337

Table 2: Diagnostic accuracy for fever defined as >38°C by the electronic axillary thermometer
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Thermofocus NCIT | Firhealth NCIT | Electronic axillary | Tympanic
N (%) N (%) N (%) N (%)
1 attempt required 382 (95.3) 390 (97.3) 363 (90.5) 364 (90.8)
2 attempts required 10 (2.5) 8(2.0) 11 (2.7) 15 (3.7)
3 attempts required 4 (1.0) 1(0.2) 2 (0.5) 9(2.2)
No reading
Technical error (thermometer not | 3 (0.8) 1(0.2) 0(0.0) 0(0.0)
activating)
Technical error (other) 1(0.2) 0(0.0) 7 (1.7) 3(0.7)
Lack of cooperation of the child 1(0.2) 0 16 (4.0) 5(1.2)
Reason not specified 0(0.0) 1(0.2) 2 (0.5) 0(0.0
Thermometer unsuitable 0(0.0) 0(0.0) 0(0.0) 5(1.2)

Table 4: Number of attempts needed to achieve first measurement and technical failures for each

thermometer
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