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Background

Fever is among the most common signs of infection. Moreover, in the context of blood culture surveillance, the
presence of fever or hypothermia is a main criterium to define suspected bloodstream infection. 2

The World Health Organization (WHO) and leading textbooks define 2™*:

- fever as a rectal temperature of > 38°C

- hypothermia as a rectal temperature of < 36°C

However, rectal temperature measurement is associated with patient discomfort and emotional stress and,
although rarely, with injury and transmission of bacteria . ®

Secondly, the World Health Organization (WHO) and leading textbooks define 3467:

- fever as an axillary temperature of > 37.5°C

- hypothermia as an axillary temperature of £ 35.5°C

However, axillary thermometers are slow, are prone to dislocation and to changes in ambient temperature and
can be inaccurate >&11,

In an attempt to perform better than oral and axillary thermometers and avoid the risks of rectal temperature
measurements, non-invasive infrared thermometers have been developed. Three main types of infrared
thermometers exist, i.e. the infrared tympanic thermometer, the temporal artery scan and the non-contact
infrared skin scan. >

National Institute of Clinical Excellence (NICE) from the United Kingdom recommends the use of infrared
tympanic thermometers for the routine work-up of a child under five years old with febrile illness.? In the
response to the COVID-19 pandemic, the WHO recommends infrared thermometers, but does not specify
which type (tympanic, temporal scan or non-contact skin scan).3

Aim

Provide an overview of the performance of infrared thermometers in preparation of clinical studies in low
resource settings:

e to guide their use as a diagnostic criterium for blood culture sampling
e toassess body temperature and the presence of fever

This overview is not intended for:

e studies were exact temperature measurement is crucial, e.g. in pharmacokinetic / pharmacodynamic
studies or studies with high risk decisions based on body temperature
e studies in neonates

Published literature

” o u

e We searched on PubMed using the terms “infrared therm*”, “tympanic temperature”, “non contact
infrared thermomet*”, “infrared forehead thermomet*”. In addition, we searched on the websites of the
following professional organizations: WHO, NICE, ESCMID, ESPID, IDSA, AAP, CDC and ECRI.

e  Most retrieved studies were organized in a pediatric population.

e We focused on studies that used invasive (intracorporal) temperature or rectal temperature as a reference
(ref) method.
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Literature overview of three infrared thermometer types

Tympanic thermometer Temporal artery scan Non-contact skin scan
Frequently used Genius (Cardinal Health) TemporalScanner / TAT (Exergen) Thermofocus 0800
devices ThermoScan (Braun) Thermoflash
Contact measurement in the ear canal. | Slow scanning of the forehead in the Non-contact measurement at the forehead
To straighten the ear canal, perform an | temporal artery region and behind / temple
Technique ear tug. the ear by direct skin contact
(<1 year: pull straight back,
> 1 year: pull ear up and back)
e In comparison to rectal temperature, accuracy of the 3 infrared thermometers is poor:
e  The measured temperature can differ > 1°C from the rectal temperature >14-24 which is higher than the clinically
acceptable difference of 0.5°C. 1118
e  Most studies found a systematic difference with rectal temperature pointing towards an underestimation of the body
temperature, although also overestimation occurred. 1416-19,21.22 Three studies demonstrated an overestimation of low
temperatures and an underestimation of high temperatures. 51520
e  Tympanic thermometers performed better than temporal artery scans in 4 studies 151819.22 3nd vice versa in 2 studies.>2!
In 1 study, non-contact skin thermometers performed better than a tympanic, but worse than a temporal thermometer.>
e In comparison with invasive temperature, most studies point to tympanic thermometers as accurate:
e  Some studies show that the tympanic thermometer was a better approximation of the temperature in the pulmonary
artery (golden standard) than rectal temperature. 25
e  When compared to the temperature measured by an indwelling bladder catheter, tympanic measurement was better
Accuracy than rectal temperature. However, non-contact infrared thermometers performed worse than tympanic and rectal

thermometers. &

The accuracy of temporal artery scan when compared with invasive temperature measurements remains unclear.2
Infrared thermometers are more accurate than other non-invasive thermometers:

Tympanic temperature 8101424 temporal artery scan 10 and non-contact skin scan® showed a better performance than
axillary temperature measurement when compared with rectal or other invasive temperature measurements as
reference method.

Tympanic temperature and temporal artery scan showed similar or better performance than oral temperature
measurement when compared with rectal / pulmonary artery temperature measurement as reference method. 10.19.25
An alternative fever cut-off for infrared tympanic thermometers has been proposed:

In line with the alternative fever cut-off for axillary temperature 3,467

Performance (sensitivity and specificity) of proposed fever cut-offs differed between studies, probably due to differences
in patient population and/or devices (products).

Infrared tympanic thermometer Temporal artery scan Non-contact skin scan
Sensitivity 68 - 92% (except 22% in °) Sensitivity 64 -91% Sensitivity 27 - 97%
Specificity 96 — 100% (except 40% in °) Specificity 97 - 100%
Standard fever 5,15,18,19,21,22,24,26,27 Specificity 90 — 98% 5,28,29
cut-off = 38.0 °C 515,18,19,21,22,28 Meta-analysis (also containing oral and

(ref = rectal)

axillary temperature for comparison) 35:
Pooled sensitivity: 81% (95% Cl: 66 —90%)
Pooled specificity: 92% (95% Cl: 77 — 98%)

Alternative fever

37.5°C 124 37.5°C® 37.1°Cc®
Sensitivity 81 —91% Sensitivity 91% Sensitivity 80.8%
Specificity 86 — 90% Specificity 72% Specificity 95%

cut-off 37.6 °C ? (no performance data)
(ref = rectal)
37.8°C1826
Sensitivity 92 — 95%
Specificity 80 —95%
Conflicting data:
Precision Acceptable repeatability 2 - Acceptable repeatability 11,22 No data found

- Unsatisfactory precision 23

Possibly distorting
factors

- Inappropriate angle to tympanic

membrane > Site & distance of measurement 3031
- Ear wax 1927, acute otitis media 527 No data found Environmental temperature 22
- Lying on the ear 19, exercise / crying 27 Perspiration 10

- Age < 4 weeks - < 6 months 5121826

Performance in
tropical setting

Similar to non-tropical setting 14,2432 Similar to non-tropical setting 33 No data found
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Legend table 1:

e Standard fever cut-off was based on the WHO fever cut-off for rectal temperature and defined as 38.0 °C.
Alternative fever cut-offs are defined as lower fever cut-offs proposed by referred studies to increase diagnostic
performance.

e Ranges of sensitivity and specificity are based on the minimum and maximum sensitivity and specificity reported in
the referred studies.

Discussion

As an alternative to the invasive rectal temperature measurement and often unreliable axillary measurement, an
infrared thermometer is useful. Based on the published literature, infrared tympanic thermometers outperform
temporal artery scan and non-contact infrared skin scan. We did not find recommendations for use of remote infrared
thermometers for infection control and prevention purposes in the healthcare settings.

We propose:

e to use infrared tympanic thermometers for body temperature measurement.
e touse37.5°C:
- as alternative fever cut-off for tympanic temperature in neonates, children and adults
- as diagnostic criterium for blood culture sampling in neonates, children and adults for tympanic temperature

Note: The objective fever criterium is used in combination with other diagnostic criteria for blood culture sampling, see
“TLM_PRO_044_Appendix 2_v4.0_Indications for blood culture sampling” and “TLM_PRO_044_Appendix
3_v3.0_Indications neonatal blood culture sampling”.

The table below gives a short overview of the temperature cut-offs used as diagnostic criteria for blood culture sampling
in neonates, children and adults per temperature measurement method.

Fever & hypothermia cut-offs for neonates, children & adults per measurement method.

Rectal Axillary Tympanic
Fever >38.0 °C (WHO) >37.5°C (WHO) >37.5°C
Hypothermia <36.0 °C (WHO) < 35.5°C (WHO) <35.5°C

The rationale for these cut-offs as (one of the) diagnostic criteria for blood culture sampling, is based on the following :

- these temperature cut-offs correspond to the WHO definitions of fever and hypothermia for axillary and rectal
temperature >57
- alternative cut-offs for tympanic temperature increase diagnostic performance and are chosen in analogy with
the alternative fever and hypothermia WHO cut-offs for axillary temperature
- most blood cultures are sampled upon arrival in referral hospitals, as a consequence:
o many patients will have taken antipyretics before hospital arrival, which will lower their temperature
upon arrival
o most patients will have a history of fever in the past 48 hours, as such, these patients already respond to
the fever criterium for blood culture sampling, irrespective of their temperature upon arrival
- erroneous tympanic measurement can reduce the measured tympanic temperature. Correct measurement is
most difficult in children, while systemic and severe localized infections are also most difficult to recognize in
children.

The appropriateness of these cut-offs will be evaluated during the prospective studies organized as part of the PhD of
Bieke Tack in children under five admitted to Kisantu general referral hospital, DR Congo.
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Product choice and selection of infrared tympanic thermometers 3%

e Pediatric department of University Hospitals Leuven (UZ Leuven) opted for Genius 3 Tympanic Thermometer
(Cardinal Health):

- Price: + 300 euro ; Probe covers: + 0.20 euro per piece
- Instructions for use and for cleaning

- Complies with ISO Standards

- Commercially available calibrator

e The ThermoScan Pro (Braun) is a good alternative. A more affordable alternative, assessed in tropical settings 142432,

is the ThermoScan 5 (Braun), however, this device is not intended for professional use and frequent disinfection and
cannot be calibrated.

Price: 60 euro ; Probe covers: : £ 0.20 euro per piece
- Instructions for use and cleaning
< - Complies with 1SO Standards
. - Calibration services available
- Further investigations include:
v possibilities of on-site calibration and internal quality control
v' standard operating procedure writing and training
v'  ease-of-use testing

Conclusions:

1. We propose the use of infrared tympanic thermometers for clinical studies in low-resource settings.

2. We propose to use 37.5°C as an alternative fever cut-off and as a diagnostic criterium for blood culture sampling.

3. We propose to use the ThermoScan 5 (Braun) due to its affordability and existing data from tropical settings.

4. Further investigations should clarify possibilities of on-site calibration and internal quality control and ease-of-use. A

standard operating procedure must be written and training must be provided.
Changes in comparison to last version:

- Addition of data from a recent meta-analysis on non-contact infrared thermometers 3°
— Addition of fever and hypothermia cut-offs as criterium for blood culture sampling
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https://www.cardinalhealth.com/en/product-solutions/medical/patient-monitoring/thermometry/genius-3.html
https://www.cardinalhealth.com/content/dam/corp/web/documents/brochure/cardinal-health-genius-3-instructions-for-use-poster.pdf
https://www.cardinalhealth.com/content/dam/corp/web/documents/brochure/cardinal-health-genius-3-cleaning-guide.pdf
https://www.cardinalhealth.com/en/product-solutions/medical/patient-monitoring/thermometry/genius-3/genius-tympanic-thermometer-calibrator.html
https://www.braunhealthcare.com/uk_en/thermometers/ear/thermoscan-5
http://www.service-downloads.com/data/files/hot/manuals/thermometers/irt6020_6520_westerneurope_ownermanual_04mar14.pdf
http://www.service-downloads.com/data/files/hot/manuals/thermometers/irt6020_6520_westerneurope_ownermanual_04mar14.pdf
http://www.service-downloads.com/data/files/hot/manuals/thermometers/irt6020_6520_westerneurope_ownermanual_04mar14.pdf
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