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The following information resources have been selected by the National Health Library and Knowledge Service Evidence Virtual Team in 

response to your question. The resources are listed in our estimated order of relevance to practicing healthcare professionals confronted with this 

scenario in an Irish context.  In respect of the evolving global situation and rapidly changing evidence base, it is advised to use hyperlinked 

sources in this document to ensure that the information you are disseminating to the public or applying in clinical practice is the most current, 

valid and accurate. For further information on the methodology used in the compilation of this document  including a complete list of sources 

consulted  please see our National Health Library and Knowledge Service Summary of Evidence Protocol. 

 

 

YOUR QUESTION 

 

Is there any evidence to suggest that one form of temperature checking is more reliable 

than another  eg is infra-red thermography more accurate than oral or aural 

measurements for the purposes of screening? 

 

IN A NUTSHELL  

 

Mordiffi et al 
1
 point out that accurate measurement of body temperature is integral to 

the identification of many illnesses and the provision of safe and efficient patient 

care. Currently in practice, a diverse range of thermometers and a number of different 

routes are used by clinicians for the measurement of patients' body temperature. Each of 

these variables are known to be potentially influential upon the accuracy of body 

temperature estimation. The authors note that there is currently no gold standard 

thermometer type, manufacturer or route; that published and unpublished studies do not 

use a standard reference in comparison studies of the accuracy of thermometers; and 

that there is currently an absence of clarity around what constitutes a ‘hospital grade’ 

thermometer. How thermometers are compared and accuracy measured also appears to 

be inconsistently reported across studies, including previous systematic reviews 
1
 

 

With the spread of COVID-19 coronavirus, temperature measurement is being used 

widely to screen people for the illness and the accuracy of body temperature 

measurement is crucial 3. In the last decade, many advances have been made in the 

field of automatic temperature estimation, infrared thermography (IRT), and non-

contact infrared thermometers (NCITs) 
2.
 NCITs estimate temperature at a reference 

body site, usually oral, based on measurements of a single region of skin: eg forehead; 

on the other hand, IRTs provide a 2D temperature distribution, typically of the face, 

thus enabling a wider range of options for body temperature estimation 
19.
  Although 

NCITs currently represent the primary tool for fever screening during epidemics their 

accuracy has been called into question, particularly relative to IRTs. NCIT error may be 

due to a range of factors including the common use of forehead measurement locations, 

which are subject to fluctuations due to environmental factors such as ambient 

temperature and air flow 
4       22    In a pre-print clinical study which has not yet been peer-

reviewed, Zhou et al
 2
 point out that IRTs have been used for fever screening during 

infectious disease epidemics, including SARS, EVD and COVID-19. Although IRTs 

https://hselibrary.ie/wp-content/uploads/2020/04/COVID-19-Summary-of-Evidence-Protocol.pdf
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have significant potential for human body temperature measurement, the literature 

indicates inconsistent diagnostic performance, possibly due to wide variations in 

implemented methodology. A standardized method for IRT fever screening was 

recently published, but there is a lack of clinical data demonstrating its impact on IRT 

performance 
2
 Zhou et al evaluated the use of IRTs under standardized conditions and 

collected a wide range of data on facial temperatures and their correlation to oral 

measurements.  Temperatures from several facial areas  including the forehead, 

canthi, mouth and entire face  were compared to assess impact on fever screening. 

The authors claim that full face maximum temperatures provided the best performance 

followed closely by a wider inner canthi region. We await peer-review of the study 
2.
 

 

The literature still has polarizing views, therefore, on a diverse range of thermometers 

and a number of different routes used for the measurement of patients' body 

temperature. Ryan-Wenger et al 
21 

 report that tympanic, temporal, axillary chemical 

and axillary electronic thermometer devices should not be used; only oral and rectal 

electronic thermometers. Chen et al
 7
 suggest that wrist temperature is more stable than 

forehead and that to date there is still uncertainty with regard to the suitability of the 

tympanic membrane as a core body temperature site. Ng et al 
8 
also point out that it is 

important to understand that skin temperature does not solely depend on body-core 

temperature and may be affected by other physiological and environmental factors and 

that commercially available handheld infra-red thermometers require individual 

validation. 

 

 



 



 

 

National Health Library and Knowledge Service | Evidence Team 

Summary of Evidence: COVID-19 

CURRENT AS AT 26 MAY 2020 

VERSION 1.0 

 

3 

 



 

INTERNATIONAL LITERATURE 

 

What does the international literature say? 

Mordiffi et al (2016) The use of non-invasive thermometers in healthcare facilities: 

a scoping review protocol
1   

Accurate measurement of body temperature is integral to the identification of 

many illnesses and the provision of safe and efficient patient care. Currently in 

practice, a diverse range of thermometers and a number of different routes are 

used by clinicians for the measurement of patients' body temperature. Each of 

these variables are known to be potentially influential upon the accuracy of 

body temperature estimation. Because there is currently no gold standard 

thermometer type, manufacturer or route, published and unpublished studies do 

not use a standard reference in comparison studies of the accuracy of 

thermometers. There is currently an absence of clarity around what constitutes a 

‘hospital grade’ thermometer. How thermometers are compared and accuracy 

measured also appears to be inconsistently reported across studies  including 

previous systematic reviews.  

 

Zhou et al (2020) [Preprint Not Yet Peer-Reviewed] Clinical Evaluation of Fever-

Screening Thermography: Impact of Consensus Guidelines and Facial 

Measurement Location
2 

Infrared thermographs [IRTs] have been used for fever screening during infectious 

disease epidemics, including SARS, EVD and COVID-19. Although IRTs have 

significant potential for human body temperature measurement, the literature indicates 

inconsistent diagnostic performance, possibly due to wide variations in implemented 

methodology. A standardized method for IRT fever screening was recently published, 

but there is a lack of clinical data demonstrating its impact on IRT performance. We 

have performed a clinical study of 596 subjects to assess the diagnostic effectiveness of 

standardized IRT-based fever screening and evaluate the effect of facial measurement 

location. Temperatures from 17 facial locations were extracted from thermal images 

and compared with oral thermometry. Statistical analyses included calculation of 

receiver operating characteristic curves and area under the curve (AUC) values for 

detection of febrile subjects. Pearson correlation coefficients for IRT-based and 

reference temperatures were found to vary strongly with measurement location. 

Approaches based on maximum temperatures in either inner canthi or full-face regions 

indicated stronger discrimination ability than maximum forehead temperature (AUC 

values of 0.95-0.97 vs. 0.86-0.87, respectively) and other specific facial locations. These 

values are markedly better than the vast majority of results from in prior human studies 

of IRT-based fever screening. Our findings provide clinical confirmation of the utility 

https://www.nursingcenter.com/journalarticle?Article_ID=3919353&Journal_ID=3425880&Issue_ID=3918569
https://www.nursingcenter.com/journalarticle?Article_ID=3919353&Journal_ID=3425880&Issue_ID=3918569
https://www.researchsquare.com/article/rs-28139/v1
https://www.researchsquare.com/article/rs-28139/v1
https://www.researchsquare.com/article/rs-28139/v1
https://www.researchsquare.com/article/rs-28139/v1
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of consensus approaches for fever screening, including the use of inner canthi 

temperatures, while also indicating that full-face maximum temperatures may provide 

an effective alternate approach. 

 

Chen et al (2020) Investigation of the Impact of Infrared Sensors on Core Body 

Temperature Monitoring by Comparing Measurement Sites
3
 

Many types of thermometers have been developed to measure body temperature. 

Infrared thermometers (IRT) are fast, convenient and easy to use. Two types of infrared 

thermometers are used to measure body temperature: tympanic and forehead. With the 

spread of COVID-19 coronavirus, forehead temperature measurement is used widely to 

screen people for the illness. The performance of this type of device and the criteria for 

screening are worth investigating. Our study evaluated the performance of two types of 

tympanic infrared thermometers and an industrial infrared thermometer. The results 

showed that these infrared thermometers provide good precision. A fixed offset 

between tympanic and forehead temperature was found. The measurement values for 

wrist temperature show significant offsets with tympanic temperature and cannot be 

used to screen for fevers. A standard operating procedure for the measurement of body 

temperature using an infrared thermometer was proposed. The suggested threshold for 

forehead temperature is 36°C for screening of fever. The body temperature is then 

measured using a tympanic infrared thermometer for the purpose of a double check. 

 

Ng et al (2009) Remote-sensing infrared thermography
4 

The outbreak of the severe acute respiratory syndrome (SARS) in 2003 has ignited 

studies and research and even the general public interest in the field of infrared (IR) 

imaging systems for blind mass human fever screening to control the spread of the 

pandemic. The ideal device for blind mass fever screening should be speedy, non-

invasive, and able to accurately detect people with fever. IR thermography has been 

used to detect inflammatory abnormalities and has the potential to serve as a tool for 

mass screening of fever. This article reviews the IR fever-screening systems and 

suggests the performance and environmental requirements for characterizing 

thermography for possible fever screening, during the onset of a pandemic, under 

indoor controlled-environmental conditions. 

 

Nguyen et al (2010) Comparison of 3 Infrared Thermal Detection Systems and 

Self-Report for Mass Fever Screening
5 

Despite limited evidence regarding their utility, infrared thermal detection systems 

(ITDS) are increasingly being used for mass fever detection. We compared temperature 

measurements for 3 ITDS (FLIR ThermoVision A20M [Boston, MA, USA], 

OptoTherm Thermoscreen [Sewickley, PA, USA], and Wahl Fever Alert Imager 

HSI2000S [Asheville, NC, USA]) with oral temperatures (>100°F = confirmed fever) 

and self-reported fever. Of 2,873 patients enrolled, 476 (16.6%) reported a fever, and 64 

https://www.researchgate.net/publication/341515414_Investigation_of_the_Impact_of_Infrared_Sensors_on_Core_Body_Temperature_Monitoring_by_Comparing_Measurement_Sites
https://www.researchgate.net/publication/341515414_Investigation_of_the_Impact_of_Infrared_Sensors_on_Core_Body_Temperature_Monitoring_by_Comparing_Measurement_Sites
https://ieeexplore.ieee.org/author/38039585700
https://ieeexplore.ieee.org/author/38039585700
https://wwwnc.cdc.gov/eid/article/16/11/10-0703_article
https://wwwnc.cdc.gov/eid/article/16/11/10-0703_article
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(2.2%) had a confirmed fever. Self-reported fever had a sensitivity of 75.0%, specificity 

84.7%, and positive predictive value 10.1%. At optimal cutoff values for detecting 

fever, temperature measurements by OptoTherm and FLIR had greater sensitivity 

(91.0% and 90.0%, respectively) and specificity (86.0% and 80.0%, respectively) than 

did self-reports. Correlations between ITDS and oral temperatures were similar for 

OptoTherm (ρ = 0.43) and FLIR (ρ = 0.42) but significantly lower for Wahl (ρ = 0.14; 

p<0.001). When compared with oral temperatures, 2 systems (OptoTherm and FLIR) 

were reasonably accurate for detecting fever and predicted fever better than self-reports. 

 

Aw et al (2020) [Letter] The non-contact handheld cutaneous infra-red 

thermometer for fever screening during the COVID-19 global emergency
6 

The recent article ‘Novel coronavirus is putting the whole world on alert’ highlighted 

the need for a large-scale programme to screen or detect individuals who may be 

infected by the novel coronavirus COVID-19.  International media coverage of the 

COVID-19 global emergency has repeatedly depicted the popular but, to the author, 

disturbing use of the noncontact handheld infra-red thermometer to screen for fever at 

hospitals, primary care clinics and commercial buildings. Pulmonary artery 

catheterization is the reference standard to measure core body temperature, but is 

invasive, requires specialized skills and equipment, and is not suitable for screening of 

large cohorts. 

  

https://www.journalofhospitalinfection.com/article/S0195-6701(20)30058-X/fulltext
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30058-X/fulltext
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Chen et al (2020) [Preprint Not Yet Peer-Reviewed] Validity of Wrist and 

Forehead Temperature in Temperature Screening in the General Population 

During the Outbreak of 2019 Novel Coronavirus: a prospective real-world study
7 

Temperature screening is important in the population during the outbreak of COVID-

19. This study aimed to compare the accuracy and precision of wrist and forehead 

temperature with tympanic temperature under different circumstances. Methods: We 

performed a prospective observational study in a real-life population. We consecutively 

collected wrist and forehead temperatures in Celsius using a non-contact infrared 

thermometer (NCIT). We also measured the tympanic temperature using a tympanic 

thermometers (IRTT) and defined fever as a tympanic temperature ≥37.3C 

Conclusions: Wrist measurement is more stable than forehead measurement under 

different circumstances. Both measurements have great fever screening abilities for 

indoor patients. The cut-off value of both measurements was 36.2C. 

 

Ng et al (2005) A brief report on the normal range of forehead temperature as 

determined by noncontact, handheld, infrared thermometer
8 

Background: Noncontact forehead temperature measurement by handheld infrared 

thermometer was used as a screening tool for fever. However, the accuracy data and 

normal range of forehead temperature determined by this method were not available. 

Methods: The temperature readings from 3 handheld infrared thermometers were 

validated against an electronic thermometer. Normal range of forehead temperature was 

determined by measuring the forehead temperature in 1000 apparently healthy subjects. 

Results: Significant differences were detected in readings obtained by the 3 different 

handheld infrared thermometers. The most accurate one was chosen and the normal 

range of forehead temperature in 1000 subjects detected by this method was 31.0C to 

35.6C. Conclusions: Our study shows that commercially available, handheld infrared 

thermometers require individual validation. Forehead temperature in excess of 35.6°C is 

suggestive of fever. Further studies are required to confirm accuracy of this value in 

detecting fever. 

  

https://www.medrxiv.org/content/10.1101/2020.03.02.20030148v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.03.02.20030148v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.03.02.20030148v1.full.pdf
https://europepmc.org/article/med/15877017
https://europepmc.org/article/med/15877017
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Rajee (2006) NexTemp Thermometer Can Be Used Interchangeably With 

Tympanic or Mercury Thermometers for Emergency Department Use
9 

Objectives: To determine the agreement between the chemical dot NexTemp 

thermometer with mercury and tympanic thermometers and the repeatability of 

measurements using these devices. 

Methods: A prospective study involving a convenience sample of 194 consenting adult 

patients presenting to the ED, Freemasons Hospital, East Melbourne, Victoria, 

Australia. A survey of emergency medical staff was conducted to determine what they 

considered an acceptable level of agreement and repeatability for a putative new 

thermometer. The NexTemp thermometer's performance was judged against this. For 

each thermometer, a set of two temperature measurements was made in every patient. 

The sequence of the set of readings and hence the device was random between patients, 

and the staff member performing one set was blinded to the results of the other two sets 

of readings in each patient. The method of Bland and Altman was used for assessing 

agreement and repeatability. 

Results: Clinicians considered that a new thermometer should exhibit repeatability of 

+/- 0.3 degrees C and agree with existing devices within +/- 0.5 degrees C. The 

tympanic thermometer had 95% limits of repeatability of -0.8-0.5 degrees C compared 

with the NexTemp (-0.3-0.4 degrees C) and mercury thermometers (-0.3-0.4 degrees 

C). The NexTemp thermometer agreed with mercury thermometer within -0.6-0.5 

degrees C. The tympanic thermometer agreed with the mercury thermometer within -

1.0-1.1 degrees C. 

Conclusion: Based on temperature measurement only, the NexTemp thermometer can 

be used interchangeably with current mercury and tympanic thermometers. 

 

Mogensen et al (2018) Ear Measurement of Temperature Is Only Useful for 

Screening for Fever in an Adult Emergency Department
10 

A new generation of ear thermometers with preheated tips and several measurements 

points should allow a more precise temperature measurement. The aim of the study was 

to evaluate if the ear temperature measured by this ear thermometer can be used to 

screen for fever and whether the thermometer is in agreement with the rectal 

temperature; and if age, use of hearing devices or time after admission influences the 

temperature measurements. 

 

Huang et al (2019) Ingestible sensors correlate closely with 

peripheral temperature measurements in febrile patients
11 

Background: Reliable non-invasive methods for measuring body temperature are 

essential for the diagnosis and monitoring of infectious disease. Methods: This study 

used Intraclass Correlation Coefficients (ICC) and the Bland- Altman plot to analyse 

the agreement between temperature measurements using an ingestible capsule sensor, a 

https://pubmed.ncbi.nlm.nih.gov/16712534/
https://pubmed.ncbi.nlm.nih.gov/16712534/
https://pubmed.ncbi.nlm.nih.gov/30509206/
https://pubmed.ncbi.nlm.nih.gov/30509206/
https://web.a.ebscohost.com/ehost/detail/detail?vid=18&sid=3f21d095-79f9-4083-bd23-8aecc54f01bd%40sdc-v-sessmgr03&bdata=JnNpdGU9ZWhvc3QtbGl2ZQ%3d%3d#AN=31734342&db=cmedm
https://web.a.ebscohost.com/ehost/detail/detail?vid=18&sid=3f21d095-79f9-4083-bd23-8aecc54f01bd%40sdc-v-sessmgr03&bdata=JnNpdGU9ZWhvc3QtbGl2ZQ%3d%3d#AN=31734342&db=cmedm
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skin sensor and two non-invasive peripheral temperature measurements ¾ axillary and 

infrared non-contact ¾ collected from a population of febrile patients admitted for 

infectious disease. Results: Of the 77 febrile patients screened, 26 patients were 

enrolled. The ICC between axillary temperature measurements (Taxi) vs. non-contact 

measurements (Tno-c) were 0.34 [ −0.18; 0.63], 0.87 [0.55; 0.94] between Taxi vs. 

ingestible capsule measurements (Tcap) and 0.12 [ −0.09; 0.37] between Taxi vs. Tetac. 

The mean difference between Taxi vs Tno-c was −1.18 °C with limits of agreement 

(LoA) from −2.96 to 0.58 °C. The mean difference between Taxi vs Tcap was 0.48 °C, 

with LoA from −0.60 to 1.56 °C. The mean difference between Taxi vs Tetac was 

−4.23 °C with LoA from −7.22 to −1.23 °C. Conclusions: Ingestible capsule 

measurements are reliable enough to adequately estimate the core body temperature in 

clinical practice. Its non-invasiveness and real-time remote control offer new 

opportunities for future research into fever during infectious diseases. 

 

Wui Keat Yeoh et al (2017) Re-visiting the tympanic membrane vicinity as core 

body temperature measurement site
12 

Core body temperature (CBT) is an important and commonly used indicator of human 

health and endurance performance. A rise in baseline CBT can be attributed to an onset 

of flu, infection or even thermoregulatory failure when it becomes excessive. Sites 

which have been used for measurement of CBT include the pulmonary artery, the 

oesophagus, the rectum and the tympanic membrane. Among them, the tympanic 

membrane is an attractive measurement site for CBT due to its unobtrusive nature and 

ease of measurement, especially when continuous CBT measurements are needed for 

monitoring such as during military, occupational and sporting settings. However, to-

date, there are still polarizing views on the suitability of tympanic membrane as a CBT 

site. This paper will revisit a number of key unresolved issues in the literature and also 

presents a benchmark of the middle ear temperature against temperature measurements 

from other sites. Results from experiments carried out on human and primate subjects 

will be presented to draw a fresh set of insights against the backdrop of hypotheses and 

controversies. 

 

Devrim et al (2007) Measurement Accuracy of Fever by Tympanic and Axillary 

Thermometry
13 

As the basic sciences develop, temperature measurement methods and devices have 

been improved. For hundreds of years both in clinics and home, mercury-in-glass 

thermometer was the standard of human temperature measurements. In this study, we 

aimed to compare tympanic infrared thermometers with the conventional temperature 

option, mercury-in-glass thermometer, which is historical standard in the clinical 

conditions. 

 

https://web.a.ebscohost.com/ehost/detail/detail?vid=20&sid=3f21d095-79f9-4083-bd23-8aecc54f01bd%40sdc-v-sessmgr03&bdata=JnNpdGU9ZWhvc3QtbGl2ZQ%3d%3d#AN=28414722&db=cmedm
https://web.a.ebscohost.com/ehost/detail/detail?vid=20&sid=3f21d095-79f9-4083-bd23-8aecc54f01bd%40sdc-v-sessmgr03&bdata=JnNpdGU9ZWhvc3QtbGl2ZQ%3d%3d#AN=28414722&db=cmedm
https://pubmed.ncbi.nlm.nih.gov/17228215/
https://pubmed.ncbi.nlm.nih.gov/17228215/
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Khorshid et al (2005) Comparing Mercury-In-Glass, Tympanic and Disposable 

Thermometers in Measuring Body Temperature in Healthy Young People
14 

The aim of this study was to determine whether a disposable thermometer was at least 

as accurate as a tympanic thermometer when compared with a mercury-in-glass 

thermometer and to investigate the waiting periods of mercury-in-glass thermometers. 

It was found that body temperature readings measured by tympanic thermometer were 

higher than axillary mercury-in-glass thermometers by 0.12 degrees C; body 

temperature readings measured by tympanic thermometer were higher than axillary 

disposable thermometer readings by 0.65 degrees C; and body temperature readings 

measured by axillary mercury-in-glass thermometer were higher by 0.53 degrees C than 

readings measured by axillary disposable thermometer. It was found that readings 

measured by mercury-in-glass thermometer stabilized in the eighth minute. 

Relevance to Clinical Practice: When assessing body temperature, it is important to take 

the type of thermometer into consideration. In addition, axillary mercury-in-glass 

thermometers must be kept in place a minimum of eight minutes. 

 

Chue et al (2012) Comparability of Tympanic and Oral Mercury Thermometers 

at High Ambient Temperatures
15 

Body temperature can be measured in seconds with tympanic thermometers as opposed 

to minutes with mercury ones. The aim of this study was to compare tympanic and oral 

mercury thermometer measurements under high ambient field temperatures. 

Results: Tympanic temperature measured 3 times by 3 operators was compared to oral 

temperature measured once with a mercury-in-glass thermometer in 201 patients (aged 

≥5 years) on the Thai-Myanmar border. Ambient temperature was measured with an 

electronic thermo-hygrometer. Participants had a mean [min-max] age of 27 [5-60] 

years and 42% (84) were febrile by oral thermometer. The mean difference in the 

mercury and tympanic temperature measurement for all observers/devices was 0.09 

(95%CI 0.07-0.12)°C and intra-class correlation for repeat tympanic measurements was 

high (≥0.97) for each observer. Deviations in tympanic temperatures were not related to 

ambient temperature. 

Conclusion: Clinically significant differences were not observed between oral and 

tympanic temperature measurements at high ambient temperatures in a rural tropical 

setting. 

 

Ring et al (2010) New Standards for Devices Used for the Measurement of Human 

Body Temperature
16 

Significant changes in recording of human body temperature have been taking place 

worldwide in recent years. The clinical thermometer introduced in the mid-19th century 

by Wunderlich has been replaced by digital thermometers or radiometer devices for 

recording tympanic membrane temperature. More recently the use of infrared thermal 

imaging for fever screening has become more widespread following the SARS 

https://pubmed.ncbi.nlm.nih.gov/15807757/
https://pubmed.ncbi.nlm.nih.gov/15807757/
https://pubmed.ncbi.nlm.nih.gov/22800413/
https://pubmed.ncbi.nlm.nih.gov/22800413/
https://pubmed.ncbi.nlm.nih.gov/20397848/
https://pubmed.ncbi.nlm.nih.gov/20397848/
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infection, and particularly during the pandemic H1N1 outbreak. Important new 

standards that have now reached international acceptance will affect clinical and fever 

screening applications. This paper draws attention to these new standard documents. 

They are designed to improve the standardization of both performance and practical use 

of these key techniques in clinical medicine, especially necessary in a pandemic 

influenza situation. 

 

Hsiao et al (2020) Body Temperature Measurement to Prevent Pandemic 

COVID-19 in Hospitals in Taiwan: Repeated Measurement is Necessary
17 

Along with the TOCC history and presence of respiratory symptoms fever is a key 

warning sign of COVID-19. Therefore, almost all Taiwanese hospitals have established 

temperature monitoring at outdoor quarantine stations using techniques such as infrared 

temperature detectors and forehead thermometers. Febrile patients are prohibited from 

entry and are sent to Emergency Department for assessment. However, these 

thermometers can normal values, or even hypothermia, in visitors who are actually 

febrile under the influence of environment factors such as outdoor temperature, wind 

and rainfall. Erenberk et al reported that accurate determination of fever in cold 

environmental conditions requires at least 10 minutes for children to become 

acclimatized after coming in from the cold. Another problem is that some patients may 

take antipyretics to avoid being blocked at outdoor quarantine stations. 

 

Liu et al (2005) Limitations of Forehead Infrared Body Temperature Detection 

for Fever Screening for Severe Acute Respiratory Syndrome
18 

Although some studies have questioned the accuracy of tympanic temperature 

measurements, others have reported their accuracy. Sloan pointed out that if the effect 

of ambient temperature could be eliminated, tympanic temperature would provide a 

good measurement for body temperature. This study accounted for shifting 

environmental temperatures. When outdoor temperature and the screening station 

temperature differed by more than 5°C, the subject was required to rest for 5 minutes in 

the station before any measurement was taken. Given some doubt about the accuracy of 

tympanic temperatures as a gold standard method, future studies could use other gold 

standard methods. A small percentage of SARS cases did not exhibit fever; therefore, 

the screening process for SARS should perhaps screen for other symptoms such as 

cough, dyspnea, or diarrhoea. Particular attention should be paid to individuals who 

have had close, sustained contact with SARS cases or have been in outbreak settings. 

 

Ghassemi et al (2019) Best practices for standardized performance testing of 

infrared thermographs intended for fever screening
19 

Infrared (IR) modalities represent the only currently viable mass fever screening 

approaches for outbreaks of infectious disease pandemics such as Ebola virus disease 

and severe acute respiratory syndrome. Non-contact IR thermometers (NCITs) and IR 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7195063/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7195063/
https://www.researchgate.net/publication/8095593_Limitations_of_Forehead_Infrared_Body_Temperature_Detection_for_Fever_Screening_for_Severe_Acute_Respiratory_Syndrome
https://www.researchgate.net/publication/8095593_Limitations_of_Forehead_Infrared_Body_Temperature_Detection_for_Fever_Screening_for_Severe_Acute_Respiratory_Syndrome
https://www.researchgate.net/publication/331505150_Standardizing_test_methods_for_performance_evaluation_of_infrared_thermographs_intended_for_fever_screening_Conference_Presentation
https://www.researchgate.net/publication/331505150_Standardizing_test_methods_for_performance_evaluation_of_infrared_thermographs_intended_for_fever_screening_Conference_Presentation
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thermographs (IRTs) have been used for fever screening in public areas such as airports. 

While NCITs remain a more popular choice than IRTs, there has been increasing 

evidences in the literature that IRTs can provide great accuracy in estimating body 

temperature if qualified systems are used and appropriate procedures are consistently 

applied. 

 

Hewlett et al (2011) Evaluation of an Infrared Thermal Detection System for 

Fever Recognition during the H1N1 Influenza Pandemic
20 

Infrared thermal detection systems (ITDSs) have been utilized in several countries to 

screen for fever in travellers. Since fever screening with an ITDS is rapid and non- 

invasive, this technology may be useful as an infection control measure in clinical 

settings during a pandemic. 

 

Ryan-Wenger et al (2020) Selection of the Most Accurate Thermometer Devices 

for Clinical Practice: Part 1: Meta-Analysis of the Accuracy of Non-Core 

Thermometer Devices Compared to Core Body Temperature
21 

The literature is inconclusive on the accuracy of various thermometer devices used in 

clinical practice. We conducted a meta-analysis on the accuracy of temperatures from 

six peripheral (non-core) thermometer devices compared to core body temperature. 34 

research articles met criteria for inclusion in the meta-analysis: core and non-core 

temperatures measured concurrently or sequentially, appropriate statistics, and sample 

size of 10 or more. We applied Cochrane GRADE criteria for diagnostic tests and 

strategies. Assessments of bias, indirectness of evidence, overall confidence in effect 

sizes, consistency, precision, and publication bias indicated low risk. The extent of 

heterogeneity was Q=0% for each type of thermometer device; impact of heterogeneity 

was 0% due to true differences, and I 2 =100% due to random sampling error. Forest 

plots illustrated bias (mean differences), 95% confidence limits, and confidence 

intervals (CI). A forest plot of the overall accuracy of non-core devices indicated that 

oral and rectal electronic thermometers had the least bias (-0.05˚C and -0.04˚C) and 

narrowest CI: oral=0.58˚C, rectal=1.18˚C, compared to temporal (1.88˚C), axillary 

chemical (2.25˚C), axillary electronic (2.36˚C), and tympanic (2.62˚C). Our findings 

indicate that only oral and rectal electronic thermometer devices should be used to 

measure temperature of individuals for screening, monitoring, diagnostic, and treatment 

decisions. Tympanic, temporal, axillary chemical and axillary electronic thermometer 

devices should not be used in clinical practice. 

 

Ng et al (2004) Analysis of IR Thermal Imager for Mass Blind Fever Screening
22 

Obtaining meaningful temperature for the human body requires identifying a body site 

that will provide reliable data across a large population. It is important to understand 

that skin temperature does not solely depend on body-core temperature and may be 

affected by other physiological and environmental factors. Currently, there is lack of 

https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/evaluation-of-an-infrared-thermal-detection-system-for-fever-recognition-during-the-h1n1-influenza-pandemic/CC81B43C0DEC07FEC27C484C481C1AE2
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/evaluation-of-an-infrared-thermal-detection-system-for-fever-recognition-during-the-h1n1-influenza-pandemic/CC81B43C0DEC07FEC27C484C481C1AE2
https://www.thefreelibrary.com/Selection+of+the+Most+Accurate+Thermometer+Devices+for+Clinical...-a0546432762
https://www.thefreelibrary.com/Selection+of+the+Most+Accurate+Thermometer+Devices+for+Clinical...-a0546432762
https://www.thefreelibrary.com/Selection+of+the+Most+Accurate+Thermometer+Devices+for+Clinical...-a0546432762
https://www.thefreelibrary.com/Selection+of+the+Most+Accurate+Thermometer+Devices+for+Clinical...-a0546432762
https://pubmed.ncbi.nlm.nih.gov/15313119/
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empirical data in correlating facial surface temperature with body core temperature. 

Present IR systems in use at airports/immigration checkpoints have not been 

scientifically validated particularly in regards to the false-negative rate. As a result, they 

may create a false sense of security by underestimating the number of febrile (and 

possibly infected) individuals. This article evaluates the effectiveness of thermal scanner 

when it is being used for mass blind screening of potential fever subjects such as SARS 

or bird flu patients. 

 

 

 

OTHER  

 

D’Alessandro (2020) [Webpage] How Good Is Infrared Thermography for 

MassScreening for Fever?
23 

Infrared thermal imaging (ITI) uses infrared data collection taken from an appropriate 

body location that then uses a mathematical formula to convert the data into a 

temperature reading. There is no specific data correlating core body temperature to ITI 

temperature. 

There are not too many ways to screen people for fever that don’t take a lot of time or 

that are not invasive. ITI has been used for remote sensing for human body temperature 

and fever screening since 2006 in international airports and is used in other locations 

such as hospital entrances and public places for crowd surveillance. While ITI can be 

accessible and affordable and efficient, it may not be used properly. ITI can be the first 

step in detection and therefore evaluation and management of individuals. 

 

Irish Times (2020) [News Article] COVID-19 early warning system for medical 

staff developed in Cork
24  

An early warning system for detection of coronavirus symptoms among frontline 

medical staff at Cork University Hospital (CUH) has reportedly delivered promising 

results within days of being rolled out. 

The COVID-19 remote early warning system (CREW) remotely identifies healthcare 

staff who may be developing a temperature, which is symptomatic of the illness. A 

quarter of all diagnosed cases of coronavirus in Ireland are among healthcare workers. 

Five volunteers have been wearing underarm thermometers connected to smartphones, 

with temperature readings being sent to the monitoring platform on an hourly basis. 

Where a staff member’s temperature shows signs of being elevated, they are alerted to 

take appropriate action and self-isolate. 

 

 

 

 

https://pediatriceducation.org/2020/04/13/how-good-is-infrared-thermography-for-mass-screening-for-fever/
https://pediatriceducation.org/2020/04/13/how-good-is-infrared-thermography-for-mass-screening-for-fever/
https://www.irishtimes.com/news/health/covid-19-early-warning-system-for-medical-staff-developed-in-cork-1.4227423
https://www.irishtimes.com/news/health/covid-19-early-warning-system-for-medical-staff-developed-in-cork-1.4227423
https://www.irishtimes.com/topics/topics-7.1213540?article=true&tag_organisation=Cork+University+Hospital
https://www.irishtimes.com/news
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INFRARED THERMOMETER 

ANY OTHER MEASURING DEVICE 

TEMPERATURE SCREENING IN SUSPECTED COVID -19 INFECTION 

Body Temperature Determination or body temperature or body temperature measurement or 

(MH "Tympanic Body Temperature") OR (MH "Oral Body Temperature") OR (MH "Axillary Body Temperature") 

OR (MH "Core Body Temperature") and (thermometer) or temperature measuring device and COVID-19 OR 

coronavirus OR "corona virus" OR (Wuhan N2 virus) OR( ("2019-nCoV" or "2019 ncov") ) OR "severe acute 

respiratory syndrome coronavirus 2" OR ( ("2019" and (new or novel) and coronavirus) or (SARS-Cov-2)) 

 



 

 

National Health Library and Knowledge Service | Evidence Team 

Summary of Evidence: COVID-19 

CURRENT AS AT 26 MAY 2020 

VERSION 1.0 

 

14 

 

                                                           
1 Mordiffi SZ, Peters MD, Ang EN. The use of non-invasive thermometers in healthcare facilities: a scoping review protocol. JBI Database 

System Rev Implement Rep. 2016;14(11):106‐ 112. doi:10.11124/JBISRIR-2016-003173. 
2 Zhou et al. Clinical Evaluation of Fever-Screening Thermography: Impact of Consensus Guidelines and Facial Measurement Location 

https://www.researchsquare.com/article/rs-28139/v1.  
3 Chen HY, Chen A, Chen C. Investigation of the Impact of Infrared Sensors on Core Body Temperature Monitoring by Comparing 

Measurement Sites. Sensors (Basel). 2020;20(10):E2885. Published 2020 May 19. doi:10.3390/s20102885 
4 Ng EY, Acharya RU. Remote-sensing infrared thermography. IEEE Eng Med Biol Mag. 2009;28(1):76‐ 83. 

doi:10.1109/MEMB.2008.931018 
5 Nguyen AV, Cohen NJ, Lipman H, et al. Comparison of 3 infrared thermal detection systems and self-report for mass fever screening. Emerg 

Infect Dis. 2010;16(11):1710‐ 1717. doi:10.3201/eid1611.100703 
6 Aw J. The non-contact handheld cutaneous infra-red thermometer for fever screening during the COVID-19 global emergency. J Hosp Infect. 

2020;104(4):451. doi:10.1016/j.jhin.2020.02.010 
7 Chen et al (2020) Validity of Wrist and Forehead Temperature in Temperature Screening in the General Population During the Outbreak of 

2019 Novel Coronavirus: a prospective real-world study https://www.medrxiv.org/content/10.1101/2020.03.02.20030148v1 
8 Ng DK, Chan CH, Chan EY, et al. A brief report on the normal range of forehead temperature as determined by noncontact, handheld, infrared 

thermometer. Am J Infect Control. 2005;33(4):227‐ 229. doi:10.1016/j.ajic.2005.01.003. 
9 Rajee M, Sultana RV. NexTemp thermometer can be used interchangeably with tympanic or mercury thermometers for emergency 

department use. Emerg Med Australas. 2006;18(3):245‐ 251. doi:10.1111/j.1742-6723.2006.00847.x 
10 Mogensen CB, Vilhelmsen MB, Jepsen J, Boye LK, Persson MH, Skyum F. Ear measurement of temperature is only useful for screening for 

fever in an adult emergency department. BMC Emerg Med. 2018;18(1):51. Published 2018 Dec 3. doi:10.1186/s12873-018-0202-5 
11 Huang F, Magnin C, Brouqui P. Ingestible sensors correlate closely with peripheral temperature measurements in febrile patients. J Infect. 

2020;80(2):161‐ 166. doi:10.1016/j.jinf.2019.11.003 
12 Yeoh WK, Lee JKW, Lim HY, Gan CW, Liang W, Tan KK. Re-visiting the tympanic membrane vicinity as core body temperature 

measurement site. PLoS One. 2017;12(4):e0174120. Published 2017 Apr 17. doi:10.1371/journal.pone.0174120 
13 Devrim I, Kara A, Ceyhan M, et al. Measurement accuracy of fever by tympanic and axillary thermometry. Pediatr Emerg Care. 

2007;23(1):16‐ 19. doi:10.1097/PEC.0b013e31802c61e6 
14 Khorshid L, Eşer I, Zaybak A, Yapucu U. Comparing mercury-in-glass, tympanic and disposable thermometers in measuring body 

temperature in healthy young people. J Clin Nurs. 2005;14(4):496‐ 500. doi:10.1111/j.1365-2702.2004.01076.x 
15 Chue AL, Moore RL, Cavey A, et al. Comparability of tympanic and oral mercury thermometers at high ambient temperatures. BMC Res 

Notes. 2012;5:356. Published 2012 Jul 16. doi:10.1186/1756-0500-5-356 
16 Ring EF, McEvoy H, Jung A, Zuber J, Machin G. New standards for devices used for the measurement of human body temperature. J Med 

Eng Technol. 2010;34(4):249‐ 253. doi:10.3109/03091901003663836 
17 Hsiao SH, Chen TC, Chien HC, Yang CJ, Chen YH. Measurement of body temperature to prevent pandemic COVID-19 in hospitals in 

Taiwan: repeated measurement is necessary [published online ahead of print, 2020 Apr 9]. J Hosp Infect. 2020;S0195-6701(20)30179-1. 

doi:10.1016/j.jhin.2020.04.004 
18 Liu CC, Chang RE, Chang WC. Limitations of forehead infrared body temperature detection for fever screening for severe acute respiratory 

syndrome. Infect Control Hosp Epidemiol. 2004;25(12):1109‐ 1111. doi:10.1086/502351 
19 Ghassemi P, Pfefer TJ, Casamento JP, Simpson R, Wang Q. Best practices for standardized performance testing of infrared thermographs 

intended for fever screening. PLoS One. 2018;13(9):e0203302. Published 2018 Sep 19. doi:10.1371/journal.pone.0203302 
20 Hewlett AL, Kalil AC, Strum RA, Zeger WG, Smith PW. Evaluation of an infrared thermal detection system for fever recognition during the 

H1N1 influenza pandemic. Infect Control Hosp Epidemiol. 2011;32(5):504‐ 506. doi:10.1086/659404 
21 Ryan-Wenger et al (2020) Selection of the Most Accurate Thermometer Devices for Clinical Practice: Part 1: Meta-Analysis of the Accuracy 

of Non-Core Thermometer Devices Compared to Core Body Temperature 
22 Ng EY, Kaw GJ, Chang WM. Analysis of IR thermal imager for mass blind fever screening. Microvasc Res. 2004;68(2):104‐ 109. 

doi:10.1016/j.mvr.2004.05.003 
23 D’Alessandro (2020) How Good Is Infrared Thermography for MassScreening for Fever? https://pediatriceducation.org/2020/04/13/how-

good-is-infrared-thermography-for-mass-screening-for-fever/. 
24 Irish Times. COVID-19 early warning system for medical staff developed in Cork. https://www.irishtimes.com/news/health/covid-19-early-

warning-system-for-medical-staff-developed-in-cork-1.4227423.  

https://www.researchsquare.com/article/rs-28139/v1
https://www.medrxiv.org/content/10.1101/2020.03.02.20030148v1
https://pediatriceducation.org/2020/04/13/how-good-is-infrared-thermography-for-mass-screening-for-fever/
https://pediatriceducation.org/2020/04/13/how-good-is-infrared-thermography-for-mass-screening-for-fever/
https://www.irishtimes.com/news/health/covid-19-early-warning-system-for-medical-staff-developed-in-cork-1.4227423
https://www.irishtimes.com/news/health/covid-19-early-warning-system-for-medical-staff-developed-in-cork-1.4227423

