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Around the planet, in many different scenarios, skin temperature is being used as a surrogate 

measure of deep body (core) temperature in the assessment of whether an individual is infected 

with the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which causes the 

coronavirus disease (Covid-19, or C-19), as indicated by the presence of fever. The key question is 

whether this is a valid methodology. If it is not, we run the risk of falsely excluding individuals from 

places they may want, or need, to go. We also run the risk of falsely allowing people into places 

where they can spread the undetected infection they have. In this review, we explore these and 

associated questions. 

 

a. Is fever the best symptom to act as a marker for those infected with C-19? 

The most common sign and symptom of 55,924 laboratory confirmed cases of C-19 (reported from 

China in the period up to February 22, 2020) is fever (Huang et al. 2020), followed by a host of other 

symptoms, including: dry cough, sputum production, shortness of breath, muscle or joint pain, sore 

throat, headache chills, nausea or vomiting, nasal congestion, and diarrhoea 

(www.ourworldindata.org). However, it should be noted that a significant proportion (at least 11 %) 

of those with C-19 remain afebrile, with fever present in 43.8 % of patients on admission, and 

appearing in 88.7 % during hospitalization. Those exhibiting symptoms can be contagious several 

days before the onset of fever (Guan et al. 2020). 

 

b. Can deep body temperature be easily assessed? 

For those that have fever as a part of an infection with C-19, the variability of Tcore is a critical factor; 

as little as 1 °C increase in Tcore could indicate the onset of fever induced by a viral infection, with 

consequent medical, social and economic impacts on an individual. There are several methods for 

the direct measurement of Tcore (Taylor et al. 2014). However, these are not appropriate for the 

rapid, accurate and mass screening of individuals, being invasive, expensive and time consuming. 

During the 2003 SARS epidemic, the need for a rapid and effective mass screening method for fever 

promoted the use of infrared thermography (IRT), which remains the cornerstone measurement in 
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mass screening, despite concerns with the method (Bourlai et al. 2012; Chan et al. 2013; Chen et al. 

2020; Cheung et al. 2012; Liu et al. 2004; Pryor et al. 2012; van den Heuvel 2003).  

The concerns with the assessment of Tcore via the measurement of Tsk by IRT are, in part, founded on 

fundamental aspects of heat exchange with the environment. Mammalian homeothermy is 

established by a balance of heat production (metabolism) and heat loss (-)/gain (+) mechanisms, 

defined by the heat balance formula: 

S = M ± W ± R ± C ± K – E - Eres   

  …(Eq. 1) 

Where:  

S = heat storage 

M = metabolism 

W = external work 

R = heat exchange by radiation 

C = heat exchange by convection 

K = heat exchange by conduction 

E = heat loss by evaporation from the skin 

Eres = heat loss by evaporation from the lung surface area 

All units in W.m-2 

Normothermia is maintained when the rate of storage of heat (S) within the body is zero.  

The relative change of heat storage (∆S) is proportional to the relative change in body temperature 

(Tb), which is represented by Tcore  and skin temperature, such that: 

 

∆S = Cp × m × Tb = Cp × m × (𝛂×Tcore + (1-𝛂) ×Tskin) 

…(Eq. 2) 

Where: 

Cp =  specific heat of the body  

m =  mass 

Tb =  mean body temperature 

Tcore =  deep body (core) temperature 
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Tskin  =  skin temperature  

𝛂 =  weighting factor 

 

The determination of S is achieved by monitoring the avenues of heat production and heat loss/gain 

listed in (Eq 1), or by measuring Tcore and Tsk, as shown in equation (2). The heat balance equation 

(Eq. 1) underlines the difficulty involved in determining Tcore by the measurement of only one route 

of heat exchange (R, measured by IRT) involved in heat balance, and leads to the conclusion that 

heat storage is unlikely to be accurately assessed by the measurement of just the radiative route of 

heat exchange between the environment and the body. This leaves the measurement of Tsk and 

prediction of Tb as the only practically viable approach for the identification of a fever-induced 

increase in Tcore. This raises two questions: i) Can Tsk be accurately measured with IRT? ii) Can Tsk be 

used to accurately determine Tcore? 

 

 

 

c. Can Tsk be accurately measured with IRT? 

That the human skin radiates as a blackbody source was initially demonstrated by Cobet and 

Bramigk (1924), and later by Hardy who, together with his colleagues (1934 a, b; 1936), confirmed 

that the skin radiates as a blackbody emitter irrespective of its visible colour, and described an 

instrument for measuring skin temperature radiometrically. Hardy (1934) also concluded that water 

vapour next to the skin does not alter the radiation from its surface.  

The measurement of surface temperate (Tskin in this case) by IRT relies on the assessment of thermal 

radiation emanating from the skin. Thermal radiation is one form of electromagnetic radiation, 

which is represented by wavelengths between 0.1 and 100µm on the electromagnetic spectrum (in 

contrast, visible light is represented by wavelengths between 0.35 to 0.75 µm). Radiation is 

propagated at the speed of light (c), and is governed by its wavelength (𝝺) and frequency (𝝼): 

c = 𝝺 × 𝝼 

…(Eq. 3) 

Thermal energy is propagated as discrete quanta, each with an energy (E) defined as: 

E= h × 𝝼 

…(Eq. 4) 

Where: 

h = Planck’s constant = 6.625 x 10-34 J.s 
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Integrating this energy across all wavelengths, the total energy emitted by an object may be 

calculated according to the law established by Jozef Stefan (Stefan’s Law): 

Eb = 𝛔 × T4 

…(Eq. 5) 

Where: 

Eb (W/m2) = energy radiated per unit time and per unit area by an ideal radiator, or blackbody. 

Blackbody radiation refers to the fact that radiation from such a body appears black to the eye, 

because it does not reflect radiation.  

 

𝛔 = Stefan-Boltzman constant = 5.669 x 10-8  W.m-2.K-4 

 

 

This equation relates the radiation from the surface of an object/body based on its temperature. 

Using this equation, Stefan was the first to accurately determine the surface temperature of the Sun 

(Stefan 1879).  

Energy is emitted over a broad range of wavelengths, and the wavelength of maximum emitted 

energy can be determined by Wien’s Displacement Law. Instruments measuring radiant energy 

operate within certain wavelength intervals. Measurement of the temperature of objects in the 

temperature range between -10 and 50 °C is usually conducted in the spectral range 9 -11 µm 

(Speakman and Ward, 1998), as this is the region of peak spectral emission. Measurement of this 

emitted radiation is termed infrared thermography. There are many factors which influence this 

measurement (see below), particularly when monitoring the radiation emitted by animals 

(Speakman and Ward, 1998). 

The heat transfer by infrared radiation can be determined as: 

R (W.m-2) = A × 𝜺 × 𝛔 (T4
object – T4

surrounding) 

…(Eq. 6) 

Where: 

A = surface area  

𝜺 = efficiency with which a surface emits thermal energy; for a perfect thermal mirror 𝜺=0,  

       for a black body emitter 𝜺 = 1. Emissivity of the skin = 0.97 (Jones and Plassman, 2002) 

𝛔 = Stefan-Boltzman constant 

Tobject = surface temperature of object 
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Tsurrounding = surface temperature of the surfaces surrounding the object.  

 

Ng et al. (2005) compared the measurements of forehead temperature obtained with three different 

commercially available handheld infrared thermometers on 1000 participants and reported that 

forehead temperature ranged from 31 °C to 35.6 °C. The difference between the measurements 

obtained with the three different IRT devices was as high as 2 °C. As the algorithms that are used to 

predict Tcore are proprietary, it is not possible to conclude whether the discrepancies between 

handheld IRTs are a result of the algorithms, the quality of the infrared images, or both. In the study 

of Ng et al (2005) participants exhibiting signs and symptoms of pyrexia were excluded. With regard 

to the wide range of IRT technology currently available, none have to comply with any international 

guidelines regarding the minimum requirements for such devices to accurately predict a state of 

pyrexia among individuals.  

In terms of the accuracy of the measurement of Tsk with IRT, Van den Heuvel et al. (2003) assessed 

the utility of using IRT instead of contact skin thermometry in sleep research. A comparison of the 

two methods for estimating Tsk revealed a strong correlation (correlation coefficient, R = 0.99). 

However, the estimation of Tsk with IRT was 2.3 °C lower than that measured with skin thermistors. 

They concluded that IRT was as accurate as skin thermistors when measuring relative, but not 

absolute, changes in Tsk. In contrast to the study of van den Heuvel et al. (2003), in which 

participants were resting (in a room at 25 °C), Fernandez et al. (2014) compared the Tsk obtained 

with thermocouples and IRT in participants during rest, exercise on a treadmill and recovery (also at 

an ambient temperature of 25 °C). They concluded that there is low agreement between IRT and 

contact thermometry pre-, during and post-exercise. James et al. (2014), reporting similar 

differences during exercise, suggest that thermal cameras may not provide accurate information of 

Tsk during dynamic movement.  

Other reasons for the observed discrepancy in studies such as the ones cited above, could be the 

distance from the camera and area being assessed, as well as the manner in which the IRT images 

are analysed. Infrared images are comprised of pixels, and the pixels of a given region will not 

necessarily have a uniform temperature. For this reason, Ludwig et al. (2014) suggest that with 

infrared images, the temperature should be reported as either the average temperature of a defined 

Region of Interest (ROI), the maximal temperature recorded within this region, or the average 

temperature of the entire anatomical section.  

 

It is important to emphasise that in humans, the emissivity of the skin (Watmough and Oliver 1968), 

appears to be very uniform over the entire body surface, and is independent of pigmentation 

(Barnes, 1963). Skin emissivity can be altered by the application of ointments (Bernard et al. 2013), 

or other substances on the surface of the skin: and this in turn affects the accuracy of the 

measurement of Tsk. A checklist has been proposed for archiving relevant information with each 

infrared photograph (Moriera et al. 2017) to ensure the documentation of all factors that may 

influence the measurement of Tsk in sports and exercise medicine, so that appropriate comparisons 

of Tsk can be conducted between studies.  
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It is concluded that IRT can, with some of the caveats noted above, provide an accurate measure of 

Tsk, but there is some variation between devices. It is also clear that in many circumstances, 

measurements are taken in ways that invalidate any attempt to assess Tsk accurately, let alone 

predict Tcore (Figure 1)  

 

 

 

Figure 1. Accurate determination of the presence of C-19 infection via the measurement of forehead 

Tsk? Ireland v. Slovakia Soccer match, 12th November 2020.  

 

d. Can Tsk be used to accurately determine Tcore? 

Tsk is a function of the heat being conducted from the core to the surrounding ambient. It follows 

that the heat flux measured on the surface of an inanimate object with a core region warmer than 

the surrounding environment will reflect the temperature of the core. However, this model cannot 

be transferred to the human body because of thermoregulatory physiological mechanisms that can 

allow Tsk to fluctuate independently of Tcore in an attempt to maintain a relatively stable Tcore.  

In humans, the cutaneous layer incorporates vasculature that plays a major role in maintaining 

normothermia by regulating skin blood flow (SBF) and therefore Tsk and the gradient for heat 

exchange with the environment. SBF can range from 20 mL.min-1 when vasoconstricted (e.g. when 

cold) to 6-8 L.min-1 when vasodilated (e.g. when hot) (Charkoudian, 2003). Maintenance of blood 

pressure is another major function of the peripheral circulation, and under normal temperature 

conditions, this may take precedence over the thermoregulatory role of the peripheral circulation. 

Thus, both local and central thermal and non-thermal mechanisms regulate regional cutaneous 

perfusion, and human Tcore is stabilised over a wide range of ambient temperatures. This is achieved 

by the concerted action of the autonomic vasomotor, sudomotor and metabolic responses, as 

shown in Fig. 2.  
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Figure 2. A diagrammatic representation of internal body temperature (Tb), thermoregulatory heat 

production (HP), evaporative heat loss (EHL), and non-evaporative heat loss (NEHL), when plotted 

against ambient temperature. VMZ = vasomotor zone; LCT=lower critical temperature (threshold of 

thermoregulatory HP); UCT=upper critical temperature (threshold of thermoregulatory EHL). 

Adapted from Mekjavic and Bligh (1987). 

 

Tcore is maintained constant within the vasomotor zone, defined by the lower (LCT) and upper (UCT) 

critical temperatures, by vasoconstriction and vasodilatation, respectively. Below the LCT, heat 

production (HP) is elevated to counteract the increased non-evaporative heat loss (NEHL). Above the 

UCT, Tcore is maintained by the initiation of sweating, and thus the increased evaporative heat loss 

(EHL). The thermoregulatory responses in Fig. 2, are evoked by changes in Tsk. Thus, the x-axis on 

this figure can also be considered to represent Tsk, suggesting a large range of Tsk associated with 

no change in Tcore. 

Other factors that can influence SBF and Tsk independently of alterations in Tcore are presented in 

Table 1. 

 

 

Table 1. Examples of factors affecting regional variations in skin perfusion/temperature 

 

Environmental factors Individual factors Non-thermal factors 

Air temperature Age Hydration status 

Air relative humidity 
Gender Hypoglycaemia 

Air velocity 
Morphology Motion sickness 

Solar radiation 
Ethnicity Hypoxia 
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Seasonal variation 
Menstrual cycle Alcohol 

 
Anxiety/Arousal Sleep (time of day) 

 
Acclimatisation Jet lag 

 

What is clear from Fig. 2 and Table 1, is that variations in ambient temperature and other factors can 

induce changes in vasomotor tone, SBF and therefore Tsk, that will not necessarily alter the 

thermoregulated Tcore.  

Using photoplethysmography, Hertzman and colleagues (1947, 1948) were among the first to 

demonstrate the regional differences in SBF, as well as the effect of ambient temperature on skin 

perfusion (Hertzman, 1938). The authors reported significant individual variation, but identified 

regions of relatively high basal blood flow, including the skin of the head (forehead, cheek, nose, 

chin and ear) and regions of low blood flow, including the skin of the forearm, trunk and thigh.  

These findings were subsequently supported by Tur et al. (1983), using both photoplethysmography 

and laser Doppler velocimetry; these authors reported that the head, face, fingers and palms are 

regions of greater basal cutaneous blood flow. Consequently, under normal resting conditions these 

regions will exhibit the highest Tskin. However, these are also regions that are most likely to be 

exposed to the ambient conditions, and thus the skin circulation in these regions will be modified by 

the ambient temperature, without affecting Tcore.  Additionally, and importantly, the variation in SBF 

and consequent Tsk is not uniform, with much larger changes in SBF being observed in the 

extremities (e.g. hands and feet) than the central regions of the body (e.g. forehead, chest), due in 

part to the distal location of the hands and feet, and variation in the intensity of the vasoconstriction 

evoked in these regions (Hertzman et al. 1947; 1948).  

High Tsk initiates the sweating response, resulting in the evaporation of sweat from the skin surface 

(evaporative heat loss [E] in Eq. 1). The process of evaporating sweat from the skin surface causes a 

lowering of Tsk. As with skin perfusion, there are also regional differences in the sweating response, 

with the forehead being the most responsive (Machado-Moreira et al. 2008 a, b, c). Measurements 

of Tsk will therefore be lower during periods when sweat is being evaporated from the skin surface. 

It should be added, that the sweating response is potentiated by elevations in Tcore, with minimal 

changes in Tsk. Again, complicating the prediction of Tcore from Tsk.   

Studies examining the relationship between Tsk and Tcore, with a view to the former predicting the 

latter, have done so during rest and exercise, with exercise inducing changes in Tcore. Most studies 

have focused on the facial Tsk, as this is the most accessible during mass screenings. Although it is 

suggested that there is a difference of about 2 °C between Tcore measured at the tympanic 

membrane and forehead Tsk (Chen et al. 2020), this difference is observed only under certain 

ambient conditions in healthy resting individuals.  

Kistemaker et al. (2006) used IRT to monitor the Tsk above the superficial temporal artery in an 

experiment in which participants entered a warm chamber (30 °C) after being exposed to 10 °C air 

for 30 minutes. During the warm exposure they rested for 30 min and exercised for a further 30 

minutes. This protocol demonstrated that such dynamic changes in ambient temperature did not 
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affect rectal or oesophageal temperature, but were reflected in the response of Tsk above the 

superficial temporal artery as measured by IRT. During exercise Tsk, as measured by IRT, increased 

by about 1 °C, whereas rectal and oesophageal temperatures increased by about 0.5 °C, with the 

response being much more sluggish than that of Tsk. This confirmed that IRT was unreliable during 

periods of either increasing ambient temperature or increasing Tcore. Another example of variation in 

the dynamic response of SBF, Tsk and Tcore is presented in Figure 3.  

 

 

 

 

 

Figure 3. Example of thermal and thermoeffector profile from a participant exercising in 40 

°C with light (sports) clothing. Note the boxed area (0-10 min) and the rapid increase in 

peripheral blood flow and mean Tsk with little or no change in Tcore (Tre = rectal 
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temperature; Tac = aural temperature) (Tsk = mean skin temperate, an unweighted average 

of skin temperatures  from eight sites: Forehead, Right scapula, Left upper chest, Right arm 

in upper location, Left arm in lower location, Left hand, Right anterior thigh, Left calf)  

(Walker, 2015).   

 

It is concluded that, due to the many thermal and non-thermal factors affecting skin perfusion and 

thus Tsk mentioned above, the estimation of Tcore from Tsk is complex and, in many circumstances, 

impossible.   

 

e. Does a raised Tcore as predicted by IRT represent fever? 

The introduction of thermometry into clinical practise is attributed to Wunderlich (see historical 

review by Gershon-Cohen, 1963).  Of the 25, 000 cases recorded, he noted “Fieberfrost” (Eng.: 

feverish shivering) at the onset of fever, which elevated body temperature from 36.7°C to 42.5°C in 

2.5 hours. Shivering is not always present in the initial stages of fever, but there is an increase in 

metabolic rate, as reflected in oxygen uptake, concomitant with peripheral vasoconstriction (Stewart 

1913; Cooper et al. 1964; Bernheim 1985). The resultant increased heat production and decreased 

heat loss cause an increase in Tcore. In this phase, shivering may also be observed; a response to 

provide endogenous heat. Behavioural temperature regulation is also affected, as individuals 

perceive being cold, and may take behavioural actions, which will further increase their Tcore 

(Dinarello & Wolff, 1978, Cabanac and Massonet 1974). In this initial phase, Tcore is increasing, while 

Tsk is decreasing. Once Tcore stabilises, thermoregulation continues as if normothermia had been re-

established. In this second phase of fever, Tcore is elevated and Tsk may also be slightly elevated. In 

the last phase of fever a reduction in Tcore occurs due to a reduction of metabolic rate to pre-fever 

levels, and a vasodilatory response to increase heat loss. During this phase, sweating may be 

initiated, and the individual perceives having an elevated Tcore. In this third phase, Tcore is decreasing 

and Tsk will be high in the absence of sweating, but reduced once sweating is initiated.  

Thus, the Tcore and Tsk during the three phases of fever do not correlate strongly. Therefore, it is 

unlikely that IRT can infer a febrile state from elevated Tsk at each of the phases of pyrexia. 

Combining the data from this and the previous section, it is clear that under non-febrile resting 

conditions, homeostatic mechanisms maintain Tcore within narrow limits. During exposure to raised 

ambient temperature, the autonomic and behavioural thermoregulatory responses are evoked in an 

attempt to reduce the increase in Tcore. In a febrile state, these responses are initiated to elevate, 

and maintain an elevated Tcore. Therefore, the importance of distinguishing the reason for an 

elevated Tcore cannot be overstated when the goal is to screen for individuals with a fever-induced 

elevation in Tcore . 

The results of the few studies that have assessed the predictive power of infrared scanners in 

predicting a febrile state do not favour the use of forehead Tsk measured with IRT.  Cheung et al. 

(2012) and Chan et al. (2013) compared the results of IRT of the forehead, lateral and frontal regions 

of the face with the oral and aural temperatures of 1,517 patients admitted to an accident and 

emergency department. Of these, 215 were considered to have a fever. The authors found a weak 
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correlation between the measurements of Tcore and facial Tsk. Chan et al. (2013) reported correlation 

coefficients (R) between forehead skin temperature and Tcore (aural and oral) of 0.224 and 0.241 for 

febrile and afebrile individuals, respectively. Cheung et al. (2012) conducted a similar comparison 

and reported a correlation coefficient of 0.361 for afebrile individuals. Cheung et al. (2012) also 

assessed the temperature of other facial regions as potentially providing a proxy Tcore, and concluded 

that forehead Tsk exhibited the largest discrepancy with Tcore. Chan et al. (2013) noted that with the 

Tsk low cut-off temperature (the temperature above which fever is suspected) set at 35 °C, they 

missed 13.7 % of febrile patients with an actual Tcore above 38 °C. Although IRT of the forehead Tsk 

appears to provide better results for younger individuals (Chan et al. 2013), its use to assess fever in 

children remains questionable (Nimah et al. 2006).  

An important consideration when evaluating the IRT technology available to mass screen for febrile 

individuals is that much of this screening is conducted outdoors (Liu et al. 2004, Fig.1), in order to 

prevent febrile patients entering the premises of a hospital or other public buildings (i.e. airports). 

Liu et al. (2004) assessed the forehead Tsk and Tcore (auditory meatus) of patients entering their 

hospital during the 2003 SARS epidemic. They did not assess the effect of ambient temperatures on 

their measurements, but required patients to rest at the screening station for 5 minutes prior to the 

measurement if the difference between the outside temperature and that within the screening 

station was greater than 5 °C. On the basis of results obtained from 500 participants they noted that, 

with the cut-off point for Tskin set at 37.5 °C, IRT resulted in 82.7 % false negatives compared to only 

17.3 % false negatives with tympanic thermometry. It is important to emphasise that this is the type 

of information that is essential when evaluating the utility of IRT for screening febrile patients.  

In its guidelines regarding non-pharmaceutical measures to delay and mitigate the impact of C-19, 

the European Centre for Disease Prevention and Control (ECDPC) concedes that, although some C-19 

cases were detected through airport entry screening procedures, evidence from peer-reviewed 

scientific publications and unpublished modelling work undertaken at the ECDPC indicated that the 

current measures are not effective. The main hindrance to accurate screening of individuals 

potentially infected with C-19 “is the low sensitivity of the systems used to detect mildly symptomatic 

infections and their inability to detect cases during the incubation period”. These systems 

incorporate the prediction of Tcore based on the assessment of Tsk (usually the forehead Tsk) with 

IRT. In addition to the ECDPC, other national agencies have also conducted independent analyses of 

methods for detecting fever with non-contact thermometry. One such report was issued by the 

Canadian Agency for Drugs and Technologies in Health (2014) that conducted a meta-analysis of the 

available evidence regarding non-contact (i.e. infrared) thermography for detecting fever. Of the 537 

citations retrieved and screened, only 20 provided information relevant in terms of the predictive 

capabilities of this technology, allowing the conclusion that “the accuracy of infrared skin 

thermometers is equivocal and requires more research”.  In the United Kingdom, the Medicines and 

Healthcare products Regulatory Agency (MHRA, 2020) similarly warned that “temperature screening 

products, some of which make direct claims to screen for COVID-19, are not a reliable way to detect if 

people have the virus”. The statement of the Director of Devices at MHRA confirmed that “There is 

little scientific evidence to support temperature screening as a reliable method for detection of 

COVID-19 or other febrile illness, especially if used as the main method of testing.”  



 

This article is protected by copyright. All rights reserved. 12 

An additional problem with relying on forehead Tsk to identify potential febrile individual and using 

cut-off Tsk to categorise people is the fact that Tsk can be increased by a wide range of factors in 

addition to infection, including (see also Table 1): ambient temperature, exercise, alcohol 

consumption, food consumption, sunburn, various skin conditions, others. These factors are likely to 

result in high numbers of false positives, but also some false negatives, and the numbers involved 

could be very large resulting in significant logistical problems.  

In recognition of the limitations of obtaining a single measure of Tsk by IRT, Sun et al. (2017) 

suggested that, in addition to facial Tsk temperature, IRT could be used to monitor other vital 

functions, such as respiration and heart rate. Although the reported sensitivity of their multiple vital 

sign screening system was 87.5 %, this is a similar sensitivity as that reported for systems that only 

measure Tsk (Cheung et al. 2012, Chan et al. 2013).  

 

f. Possible solutions? 

There remains a need to easily, accurately and rapidly assess whether an individual has a fever. A 

current problem is the high number of false positives resulting from other factors that increase 

forehead/face Tsk, the preferred screening site. A way of discriminating between a fever-induced 

increase in forehead Tsk and that caused by exercise, diet, alcohol consumption etc. would be useful 

in reducing the number of false positives identified.  

Such an improvement may be provided by the inclusion of a measurement strategy that involves: 

different sites (Kessel et al. 2010, Fernandez et al. 2016, Teunissen and Daanen, 2011); several sites 

(Holm et al. 2018, Niedermann et al. 2014); the differential between different sites; or a combination 

of measured variables (Sun et al. 2017, Richmond et al. 2015). Any method for mass screening must 

consider that in clothed individuals only certain surface areas of the skin will be exposed, and that 

predictions of Tcore will be limited by scanning only these regions.  

Rubinsten and Sessler (1990) demonstrated that the proximal-distal Tskin gradient provides an 

accurate measure of peripheral vasomotor tone. Specifically, the difference in the temperature 

between the skin of the forearm and fingertip accurately represents, in relative terms, 

vasoconstriction and vasodilation. The method has been validated during heating and cooling (House 

and Tipton, 2002), during exercise (Keramidas et al. 2014), and has also reflected the presence of 

motion sickness (Mekjavic et al. 2001). Thus, a non-invasive measure indicative of peripheral 

perfusion combined with a prediction of Tcore might provide an improved indication of a fever-

induced elevations in Tcore.  

IRT investigation of the facial region has revealed that the highest temperature occurs at the inner 

canthus of the eye (Tcanth) (Budzan and Wyzgolik 2013, Childs, 2018). However, studies focussing on 

the correlation between Tcanth and Tcore have reported that this site is not a good proxy for Tcore 

(Teunissen and Daanen 2011, Fernandes et al. 2016, Towey et al. 2017).  

Using IRT, Holm et al. (2018) reported a good correlation between the temperature gradients 

between the Tcanth and the nose, and between Tcanth and fingertip with 30-day mortality in a group of 

198 patients admitted to an emergency department. The impetus for their study came from the 

observations of Thompson et al. (2006), who reported that amongst the first signs of meningococcal 
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disease and sepsis in children are cold hands and feet. Thus, a proximal-distal Tskin gradient between 

Tcanth and fingertip can reflect vasomotor tone, and combined with a predicted Tcore from Tcanth, might 

provide an indication of the onset of fever, a period during which an individual is most likely to 

transmit an infectious disease. A similar approach was proposed by Pereira et al. (2014), who 

introduced the index ∆T/∆x, derived from studies conducted on pigs in which acute lung injury was 

induced. This index accounts for proximal-distal spatial temperature gradient (∆T), and the distance 

between the measurement sites (∆x).  

As described, during the three phases of fever, skin perfusion changes, such that it is reduced, in the 

first phase, “normal” in the second phase and increased in the third phase. These changes in 

perfusion, and resulting Tsk, are not, as described above, uniform and will be more apparent in the 

extremities (e.g. hand Tsk) than forehead Tsk. Thus, the difference between forehead Tsk and/or 

Tcanth (“Central”) and hand Tsk (“peripheral”) may represent a method for discriminating between 

those that have a raised central temperature due to fever and those in whom this temperature is 

raised for other reasons (Table 2).  

 

Table 2. Hand and forehead Tsk in different conditions 

 Forehead Tsk/Tcanth 

(Central) 

Hand Tsk 

(Peripheral) 

∆THead-Hand  

(cf. at rest in 25 °C 

air) 

Fever onset    

Exercise (before 

sweating) 

  

Tsk forehead & Tcanth 

  

Alcohol consumption   Tsk forehead  

Tcanth 

  

Low ambient 

temperature  

Tsk forehead  

Tcanth 

  

High ambient 

temperature 

 

Tsk forehead & Tcanth  

  

 

The various cut-off temperatures would need to be established, but the difference between Tcanth 

and hand Tsk may be a more sensitive way of identifying those with fever than just a measure of 

forehead Tsk. This approach will not be 100 % sensitive, but should represent an improvement over 
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the current methodology for the identification of fever-induced increases in Tcore. It also has the 

advantage of being achievable with existing IRT technology, just requiring the hand be included in a 

thermal image and software to capable of determining the difference between forehead and hand 

Tsk (Figure 4).  

Other skin sites have also been reported as potentially promising in the prediction of deep body 

temperature, such as the skin above the carotid artery (Jay et al. 2013, Imani et al. 2016). These sites 

may not be optimal for mass screening, but could provide confirmatory data.  

 

 

 

Figure 4. Example of skin temperatures from an IR thermogram (IRT).  This image was taken in the 

evening at an ambient temperature of 19 oC. Body temperatures at the time were: Tcore (GI  radio 

pill) 37.4 oC; Forehead IRT 35 oC;  Inner canthus IRT 35.6 oC; Nose IRT 33.8 oC; Finger IRT 33.3 oC.  

Identification of those with fever-induced changes in Tcore might be improved by including hands in 

the thermogram and examining the difference (∆) between Tcanth and finger Tsk (see Table 2).  

 

Conclusion 

The C-19 pandemic has had a devastating global effect on all aspects of our lives (Nicola et al. 2020). 

There remains an urgent need to quickly and easily identify those infected with this virus. Some 

studies have concluded that IRT offers acceptable results in detecting elevated Tcore (Bourlai et al. 

2012, Chen et al. 2020, Ray 2017), but these appear to be the exception rather than the rule.  
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Although IRT can be used to measure Tsk, the ability of IRT of forehead Tsk to identify infected 

individuals is limited because: a. Not all infected individuals are febrile, b. Forehead Tsk does not 

accurately reflect Tcore, and c. Even if it were an accurate and reliable measure of Tcore, several factors 

raise Tcore. 

Tcore cannot be accurately determined on the basis of the remote measurement of Tsk at one site 

with IRT due to large regional variations in Tsk, and the thermoregulatory system that maintains Tcore 

in the face of variations in Tsk. Algorithms attempting to predict Tcore from Tsk at any one site are 

likely to be inaccurate across a range of normal situations. These algorithms are also proprietary and 

therefore not available for scientific scrutiny.  

There is some potential for developing an IRT-based remote screening methodology with improved 

specificity that combines measures from “central” and “peripheral” sites using existing equipment. 

This is an applied research challenge that has yet to be taken up by physiologists.  After the 2003 

SARS epidemic, many such challenges were identified, including for example, avoiding acute 

shortages of personal protective equipment, and the limitation of IRT technology, as used, to 

accurately screen for individuals with a viral infection. The resolution of the current crisis with the 

development of a suitable and specific vaccine should not leave us complacent regarding the 

problems encountered during the C-19 crisis. We should maintain the current urgency to solve 

important problems: mass, non-invasive screening with infrared technology to identify febrile 

individuals is one of them. Unfortunately, this is unlikely to be the last pandemic; it would be 

negligent to leave obvious problems unsolved, as has happened many times previously. In the 14th 

century, Giovanni Boccaccio wrote The Decameron, an account of the self-isolation of a group during 

the Black Death Epidemic in Florence in 1348, Boccaccio states:   

 

“You must read, you must persevere, you must sit up nights, you must inquire, and exert the utmost 

power of your mind. If one way does not lead to the desired meaning, take another; if obstacles arise, 

then still another; until, if your strength holds out, you will find that clear which at first looked dark.”  
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