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To assess the utility of remote-sensing infrared thermography as
a screening tool for fever.

Cross-sectional study comparing body temperatures measured
by remote-sensing infrared thermography (maximum for frontal,
forehead, or lateral views) with core temperatures measured by
aural or oral methods.

Accident and Emergency Department, Queen Mary Hospital,
Hong Kong.

A total of 1517 patients (747 men, 770 women) with or without
fever; 34 of whom entered a substudy to measure the effects of
distance on recorded temperature.

The proportions of subjects with fever (core temperature of 38°C
or above) detected by remote-sensing infrared thermography
compared with the proportion detected by conventional
thermometry.

The correlations between infrared thermography temperatures
and core temperature were only moderate (r=0.36-0.44),
albeit statistically significant. The temperature recorded by
infrared thermography was inversely proportional to the
distance from the camera. There were 113 (7.4%) subjects
with a core temperature of 38°C or above. The areas under the
receiver operating characteristic curves for the three infrared
thermography measurements were around 0.8. However, the
maximum sensitivity achieved at a low cut-off temperature of
35°C was only 0.87 (for frontal and lateral infrared thermography
views), resulting in 13% of febrile subjects being missed. The
maximum forehead temperature in general had the poorest
performance among the three infrared thermography views.

Forehead infrared thermography readings from a distance
should be abandoned for fever screening. Although maximum
lateral or frontal infrared thermography temperatures have
reasonable correlations with core temperatures and areas under
the receiver operating characteristic curves, the sensitivity-
specificity combination might still not be high enough for
screening febrile conditions, especially at border crossings with
huge numbers of passengers.
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Although maximum lateral and/or frontal infrared thermography temperatures correlate with
core temperatures, the sensitivity and specificity of these measurements might still not be
high enough for screening febrile conditions.

Checking body temperature at border crossing using infrared thermography in its present
form (on the face) is of questionable value and its continued use should be reviewed.

LS Chan, php

Department of Medicine, Faculty of
Medicine

JLF Lo, BNurs, MMedSc

CR Kumana, FRCP

BMY Cheung, PhD, FRCP

Introduction

Since the global outbreak of severe acute respiratory syndrome in 2003, infrared

thermographic (IRT) instruments ranging from single-point infrared probes to full-image
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IRT cameras have been introduced at many airports and border crossings for screening
travellers with elevated body temperatures. These systems are either IRT imaging cameras

Hong Kong Med J Vol 19 No 2 #& April 2013 & www.hkmj.org 109



@ Chanetal @

TRERAE

110

RIoMeREE R AR R ERteRYE A

BrY) HEERANMAEERFERA—ERERRIAENN

}Eﬁ o

RET EETEAT LB AL MR RAR (IEM  BIER
ERRMNRAE) FiEnERaERE Rt OER

BFTRHRLRE
R EABEERSES -

2HE HIS17A (7478581 7702 41M) BERHE
EREEERERENRA  ER34NE—SHER

B NATESRENTE -

HULLBIF—LLER -

MR AMERAZIASREMD R E MR ESTE L
MEEM  BEEEREERBPE (r=0.36%0.44) o
RALIMR A 2 EFT2EARE L ERNERA R L -
HB113A (7.4%) P RER38°CE UL - =@
ERALIMRFTERMVEENROCHAZR N2 B A
0.8 ° AT » ARA3SCHEFHINE  RoBRMER
#0.87 (IEEMAIHALIMERER ) @  BHREEH13%
RIBS B RAEHEERE) - 7£1E M ~ AIRE R AR =1E

AER > BIRRERRRE

fham  ENEEMRIRRERERALIMRERERR - #HR
BRARIA S IEFAE RALIMR B EOR E B ERIR LROC
MR T zERBEREMERL  BEESRELSEMSR
REERELUFRRERBRAVRM - TRBEREIREA

TAVEIE LR R AR ©

positioned at a passenger corridor and aimed at
obtaining the maximum frontal view temperature of
the passenger from a distance, or single-point probe
sensors modified to capture the temperatures from a
point or a line on the face of the passenger. Although
claims have been made about the effectiveness of
these methods, there is a lack of data from properly

conducted studies.

A flurry of discussion articles on the IRT
screening method appeared in 2004 and 2005,

with some expressing reservations

effectiveness,’ and others advocating its extensive
use as a screening measure.*” In the studies that have
been reported so far, factors affecting measurement
results have not been thoroughly examined and the
numbers of subjects studied were generally small,

making subgroup comparisons difficult.

In this study, we aimed to measure core and IRT
temperature in unselected subjects who presented
to an accident and emergency (A&E) department.
The large database generated enabled us to examine
statistically the correlation and agreement between
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conventionally determined core temperatures and
IRT temperatures for different age, gender, and
ethnic groups.

Methods

During the period October 2005 to July 2006,
convenience samples of patients attending the A&E
Department of Queen Mary Hospital, Hong Kong,
were approached for voluntary participation in the
study. The study protocol and ethics were approved
by the Institutional Review Board of the Hong Kong
West Cluster. Verbal informed consent was obtained
after explanation of the investigation’s purpose and
safety and that patient confidentiality would be
maintained. Information on gender, age, ethnicity
and skin complexion, as well as the wearing of a
facemask, braces, or glasses was recorded. The study
sample consisted of 747 males and 770 females.

All patients presenting to the A&E Department
underwent routine body temperature measurement.
This entailed conventional oral thermometry or an
aural temperature measurement; if readings from
both methods were available the higher of the two
was used. Ambienttemperature, barometric pressure,
humidity, the amount of clothing warn by the subject,
and the time of measurement were recorded. In this
study, we defined fever as a core temperature of 38°C
(100.4°F) or more.

The IRT images of the front and left side of the
face were taken at a fixed distance of 1.5 m with a
FLIR Systems ThermaCAM S40 infrared camera with
a 24° lens made in the United States. The software
program (ThermaCAM Researcher developed by
FLIR Systems) was used to extract data from the
thermogram temperatures of designated spots over
the face. The IRT temperatures of the following
areas were logged: forehead, temples, nose, mouth,
cheeks, maximum temperature of entire face (with
and without a mask), temple (from side view of face),
ear, neck, and maximum temperature of side view of
face. From these values, we derived three variables,
namely AREAMAX for maximum frontal temperature,
FOREHEAD for forehead temperature, and LATMAX
for maximum lateral temperature.

The data were stratified by age and gender.
Pearson correlation coefficients between IRT and core
temperatures were determined. Independent t tests
were used to examine the mean difference between
males and females. The sensitivity, specificity, positive
and negative predictive values of IRT at different
cut-off points were determined for the three derived
variables. We determined the receiver operating
characteristics (ROC) by plotting sensitivity against
1-specificity. The likelihood ratio for a positive test
describes the probability of having a positive test
result in the true febrile group (sensitivity) to that



of having a positive test in the non-febrile group
(1-specificity), while the likelihood ratio for a negative
test is the ratio of (1-sensitivity) to specificity. The
areas under the ROC curve (AUROC) and the 95%
confidence intervals (Cls) of the three variables were
compared. In this regard, any statistically significant
larger area indicated better performance.

We investigated the influence of distance
from the camera on IRT temperature readings by
using a simple linear regression. This analysis was
based on the data from 31 voluntary subjects and
their maximum recorded frontal temperatures. The
maximum frontal temperatures were measured at
distances between 1 m and 5 m.

Results

A total of 1517 subjects (747 men, 770 women)
consented to participate in the study. The initial
results were reported by Cheung et al in 2012.8 Table
1 shows the number of subjects, their mean core
temperature, IRT temperatures readings, and the

% Infrared thermography screening for febrile subjects @

temperatures for individual groups classified by age,
gender, ethnicity, and febrile condition. There were
113 (7.4%) subjects with a core temperature of 38°C
or above.

The ambient temperatures at the time of
these measurements ranged from 20°C to 27°C.
The regression (R? analysis revealed a slight
dependency of the IRT temperature on ambient
temperature at a rate of 0.196°C per °C of increase
in ambient temperature. However, owing to such a
small R? (0.093), it was deemed not justified to adjust
for ambient temperature. Hence, all subsequent
analyses were based on the original IRT temperature
readings.

Figure 1 shows the linear relationship
between IRT and core temperatures. Invariably, IRT
temperatures were lower than core temperatures
and highly variable, but showed significant (P<0.001)
correlations (Table 1). The correlation between core
and IRT temperatures depended on age, gender,
and the actual core temperature. The correlation
coefficients were generally higher in persons aged

correlation coefficients between the IRT and core <20 years, males, and those who were febrile. The

TABLE |. Mean core and infrared thermographic temperatures and correlation coefficient (r) of AREAMAX, FOREHEAD, and LATMAX with core
temperature for different groups”

Group Mean age  No. of Core AREAMAX FOREHEAD LATMAX
(years) subjects  temp (°C) Mean Correlation Mean Correlation Mean Correlation
temp (°C) coefficient () temp (°C) coefficient () temp (°C) coefficient ()
with core temp with core temp with core temp
All subjects 45.8 1517 36.9 35.2 0.434 33.8 0.361 354 0.440
Age-groups (years)
1-2 1.4 20 37.7 36.2 0.628 34.7 0.584 36.3 0.567
3-6 4.2 55 37.7 35.9 0.561 34.6 0.433 36.1 0.576
7-10 8.5 47 37.4 35.9 0.606 34.6 0.720 35.9 0.581
11-19 15.5 73 371 35.6 0.646 345 0.658 35.8 0.594
20-29 25.1 200 36.8 35.2 0.350 34.1 0.292 35.8 0.390
30-39 34.9 253 36.9 35.2 0.230 33.9 0.199 354 0.252
40-49 44.6 217 36.8 35.3 0.355 33.8 0.277 35.5 0.367
50-65 56.2 281 36.8 35.1 0.281 33.6 0.291 35.3 0.333
66-100 76.4 371 36.8 35.1 0.422 33.3 0.283 35.3 0.418
Gender
Males 45.3 747 36.9 35.3 0.410 33.9 0.384 35.5 0.410
Females 46.2 770 36.9 35.2 0.286 33.7 0.252 35.4 0.274
Ethnicity
Chinese 46.5 1439 36.9 35.2 0.337 33.8 0.306 35.4 0.333
Non-Chinese 33.3 78 36.9 35.3 0.484 33.9 0.422 35.4 0.388
Febrile condition
Febrile 31.1 111 38.8 36.5 0.328 34.9 0.224 36.7 0.391
No-fever® 47.0 1400 36.7 35.1 0.273 33.7 0.241 35.3 0.265

* Core temp denotes core temperature, AREAMAX maximum frontal temperature, FOREHEAD forehead temperature, and LATMAX maximum lateral temperature
¥ Only subjects with a body temperature <38°C were included in the no-fever group, and missing data were not included in the analysis
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FIG |. Scatter plots of infrared thermographic (IRT) temperature readings against core temperature readings for all samples: young
(aged 1-19 years) and old (aged =20 years) groups. Solid line: reference line when two readings are equal
AREAMAX denotes maximum frontal temperature, FOREHEAD forehead temperature, and LATMAX maximum lateral temperature

respective correlation coefficients for AREAMAX,
FOREHEAD and LATMAX were 0.410, 0.384, and 0.410
for males, and 0.286, 0.252, and 0.274 for females.
While there was no significant difference between
males and females with respect to mean core
temperatures (P=0.287), the corresponding P values
for the three IRT temperatures were 0.119, 0.005, and
0.007 for AREAMAX, FOREHEAD, and LATMAX. Whilst
the sample comprised 1439 Chinese and 78 non-
Chinese subjects, there were no obvious inter-ethnic
differences in terms of correlations between IRT and
core temperatures.

In general, higher correlations were observed
in subjects with a core temperature of =38°C (Table
1). For subjects with lower core temperatures (<38°C),
the correlation coefficients with IRT temperatures
were in the range of 0.241 to 0.273. Moreover,
differences between core and IRT temperatures were
the greatest in febrile subjects. While the forehead
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temperature was on average of 3.0°C lower than
the core temperature for ‘non-febrile’ subjects, the
difference was 3.9°C for febrile subjects.

Since the IRT temperature would be used
as a screening test for fever, a range of cut-off
temperatures were examined for their utility in
discriminating between febrile and non-febrile
states. Figure 2 shows the ROC curves to detect a
core temperature of 38°C or higher. The sensitivity,
specificity, predictive values and likelihood ratios are
shown in Table 2. The overall AUROC for AREAMAX,
FOREHEAD and LATMAX were 0.812 (95% Cl, 0.761-
0.863), 0.780 (95% Cl, 0.723-0.837), and 0.815 (95% Cl,
0.763-0.867), there being no statistically significant
difference regarding the three corresponding
AUROC in the male (0.830, 95% CI, 0.764-0.896; 0.786,
95% Cl, 0.707-0.865; 0.823, 95% CI, 0.750-0.895) and
female subgroups (0.790, 95% CI, 0.711-0.869; 0.773,
95% Cl, 0.691-0.855; 0.808, 95% Cl, 0.735-0.881).
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FIG 2. Receiver operating characteristics curve and the 95% confidence intervals (dotted curves) of infrared thermographic

temperatures to detect fever (core temperature =38°C). The diagonals are lines of no-discrimination; data points falling above the
diagonals are considered having better predictive values than random guesses
AREAMAX denotes maximum frontal temperature, FOREHEAD forehead temperature, and LATMAX maximum lateral temperature

TABLE 2. Performance parameters at different infrared thermographic threshold temperatures for the three variables”

Variables AREAMAX FOREMAX LATMAX
Data Data Data
Threshold temp (°C) 35 36 36.5 37 35 36 36.5 37 35 36 36.5 37
Sensitivity 0.87 0.64 0.49 0.34 0.50 0.24 0.14 0.04 0.87 0.74 0.57 0.41
Specificity 0.43 0.86 0.97 0.99 0.93 0.997 1.00 1.00 0.34 0.79 0.92 0.98
Positive predictive value 0.11 0.27 0.55 0.79 0.36 0.87 1.00 1.00 0.10 0.22 0.37 0.59
Negative predictive value 0.98 0.97 0.96 0.95 0.96 0.94 0.94 0.93 0.97 0.97 0.97 0.96
Positive likelihood 1.53 4.62 15.14 47.93 7.36 83.5 0 0 1.33 3.54 7.49 18.46
Negative likelihood 0.29 0.42 0.53 0.66 0.53 0.76 0.86 0.96 0.37 0.33 0.46 0.60
Test positive proportion® 0.58 0.17 0.07 0.03 0.10 0.02 0.01 0.00 0.63 0.25 0.11 0.05
* AREAMAX denotes maximum frontal temperature, FOREHEAD forehead temperature, and LATMAX maximum lateral temperature
*  Test positive proportion: the proportion of persons with the defined infrared thermographic threshold temperature
Effects of distance on the infrared thermographic
temperature recorded 36
As shown in Figure 3, the measured distance had
a significant effect on IRT readings. Using the IRT
measurement at 1 m as the reference, the IRT 35
temperature was 0.35°C lower at 2 m, and 1.1°C lower . l
at5 m. The IRT temperature decreased on average by g l -
0.3°C per metre increase in distance from the camera. %" 34
g [ ]
. . ke L
Discussion
In principle, the measured IRT temperature depends 33
on the radiation efficiency of the object in question
and the transmittance of the air between the camera
and that object. Human skin temperature is known 32
to vary substantially from one part of the body to 0 | 2 3 4 5 6
another. If IRT is to be used for the screening of Distance (m)
travellers with fever at ports and border crossings,
consideration must be given to the specific locations g 3, Relationship between infrared thermographic (IRT)
on the face that should be targeted, and the pOSSib|e temperature and distance of measurement
influence of other variables on the body temperature. Regression: IRT temperature (°C) = 34.85 — 0.26 distance (m)
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Most existing IRT screening methods compare
the maximum temperature of the forehead or frontal
view of the face to a threshold temperature. In a
previous study based on 176 subjects, we raised
concern over the reliance placed on using forehead
temperature (as the screening criterion) commonly
applied at border crossings. Liu et al® also suggested
using the auditory meatus temperature for the
purpose of screening. Based on a sample size of 502
hospital patients, Ng et al° reported a correlation
coefficient of 0.4974 and an AUROC of 0.979, when
using the maximum forehead temperature as the test
variable. This reported AUROC value was remarkably
high, despite the correlation coefficient being only
fair. However, in that study only 310 of the 502 were
included in the regression and ROC analyses.

Our study revealed only very moderate, albeit
statistically  significant, correlation coefficients
between IRT and core temperatures, and were
generally <0.5 for the three types of measurement
tested. The maximum forehead temperature was the
least efficient method of screening, since it showed
the lowest correlation with the core temperatures
and had the smallest AUROC among the three
variables. Furthermore, its mean among the study
subjects deviated quite substantially from the mean
core temperature (-3.10°C). This result sheds doubt
on whether the single-point-type IR probes aimed at
the forehead should continue to be used. The results
also showed that three other factors (gender, age,
and core temperature) had an effect on the utility
of IRT temperature as a proxy for measuring body
temperature.

In  non-febrile subjects, the correlation
coefficients between IRT and core temperatures
were poor, rendering the use of IRT temperature
almost useless as an approximation of the core
temperature. In normal persons, there are multiple
means of dissipating body heat, whereas in febrile
persons, the dissipation of extra body heat manifests
as elevated skin temperature.

It is evident that IRT is more applicable
in younger age-groups, especially toddlers and
teens.””" Interestingly, mean temperatures appeared
higher at younger ages, in part because a greater
portion of younger persons visited the hospital
because of fever, as indicated by their average core
temperatures. Moreover, the core temperature is
purported to be lower in the elderly, and their febrile
response to infection may also be attenuated.™

The AUROCs were reasonable for the entire
sample and there was no significant difference in the
AUROC values among the three IRT measurements
for male and female genders, despite the IRT
temperatures of the forehead having low sensitivity
as a performance measure. Nevertheless, the ROC
curves did not reveal a cut-off temperature that had
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both very high sensitivity and specificity. Even ata low
cut-off temperature of 35°C, the maximum sensitivity
was only 0.87 (AREAMAX and LATMAX), which means
that 13% of subjects with core temperature above
38°C would be missed. Furthermore, those testing
positive would be >50% (requiring confirmatory
temperature measurements), which was much
higher than the actual proportion of 7.4% febrile
subjects. This resulted in a high proportion of
false positives and a low positive predictive value.
A positive likelihood ratio of <2 also suggested
poor ability to distinguish febrile from non-febrile
patients. Increasing the cut-off temperature would
increase the positive likelihood ratio and reduce the
test-positive proportion (with a reduction in false
positives and improvement in positive predictive
value). However, this would be at the expense
of reductions in sensitivity and missing higher
proportions of subjects with fever. Although the
actual proportion of subjects with fever at border
crossings (including airports) would be much
lower than in the study sample recruited from A&E
department in the current study, the huge number
of passengers that pass through such crossings
every day could still be a nuisance, if a substantial
proportion of them had to have a second test, even
though the vast majority would have a negative
result. The distance between the infrared camera
and the subject had an important influence on the
reading. Although the camera can be calibrated
for different distances, this would be impractical at
border crossings and airports.

Conclusion

Infrared thermographic temperature correlates only
moderately with core temperature, but performs
better in children, men, and among febrile subjects.
The IRT temperature is inversely proportional to the
distance from the camera. Although the study results
suggested better test performances using either
the maximum lateral or frontal temperature, their
sensitivity might still not be high enough and the
high number/proportion of false positives would be
overwhelming. This property renders IRT unsuitable
as a routine screening tool for febrile conditions,
especially at border crossings with huge numbers
of passengers. A single IRT measurement of the
forehead from a distance should be replaced by a
method with greater sensitivity and specificity.
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