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ABSTRACT

Background: Body Temperature is one of the most common and an important sign of health and disease.
Considering the need of keeping physical distance, newer methods have evolved such as; thermal imaging systems
which have been used by several countries during epidemics. Therefore, the present study was conducted to compare
body temperatures obtained with thermo graphic camera and commerecially available thermal gun with reference to

standard digital clinical thermometer.

Methods: The study was comparative analytical in nature and quantitative method was used to collect data.
Temperatures in degrees Fahrenheit were taken simultaneously using the three different thermometers in 101 patients
at the outpatient fever screening clinic at Tribhuvan University Teaching Hospital, Kathmandu. The Bland Altman

statistical test was used to assess the concordance by the 95% limits of agreement.

Results: The thermo-graphic camera gave concordance (limits of agreement-0.0360 to 0.0440 °F) with standard
digital clinical thermometer. Similarly, commerecially available thermal gun gave the concordance (limits of agreement
0.0042 to 0.1293 °F) with standard digital clinical thermometer.

Conclusions: The results of the present study show that both thermo-graphic camera and thermal gun were found to
be concordant compared to digital clinical thermometer. Therefore, it could be  a preferable option for the screening

of fever in mass number of individuals as part of an initial check at entry points.
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INTRODUCTION screening.® Therefore, this study aims to compare body
temperatures obtained with thermo graphic camera and
commercially available thermal gun with reference to
standard digital clinical thermometer.

Infrared thermography also known as thermal imaging
is a non-contact and noninvasive imaging approach
that has been used for a wide range of biomedical and
non-biomedical applications." Infrared (IR) modalities
represent the only currently viable mass fever screening

METHODS

approaches for outbreaks of infectious disease pandemics
such as Ebola virus disease, severe acute respiratory
syndrome and current Corona virus diseases (COVID-19).2

Thermal imaging systems have been used by several
countries during epidemics, although previous studies
provide mixed result about their diagnostic accuracy,
correlation and their utility for mass fever screening.?®
In addition, there are few published comparisons of
the efficacy of different Infra-red Thermal Detection
System (ITDS) and their suitability for mass fever

Comparative analytical study design was used to compare
body temperature measured by using the three different
types of devices namely thermo-graphic camera,
commercially available thermal gun and digital clinical
thermometer in fever screening clinic at Tribhuvan
University Teaching Hospital (TUTH) Kathmandu Nepal.
This hospital was chosen because of a higher number of
patient visits. Based on previous research evidence, we
calculated that 101 patients were required to evaluate
the sensitivity of ITDS for fever/ temperature detection
(assumed to be 80% from previous research) to within
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+10% with 95% confidence.”-

Participants were recruited consecutively among
patients who sought care at the Outpatient Department
of fever screening clinic at TUTH. The period of data
collection was from 5% to 31t July 2020. Participants
were enrolled in the study if they were willing to
participate and gave written informed consent. Patients
who were non-ambulatory, mentally incompetent or
required immediate medical attention were excluded
from the study.

The data collection tool was developed after review of
literatures and consultation of expert. The tool included
Part I: demographic characteristic and Part Il: recording
temperature result. The demographic information was
filled before starting the Part Il: recording temperature
result. This study was performed following manufacturer
information for each of the thermometry instruments.

Body Temperature measurements were taken
simultaneously using the three different types of
thermometers: Thermo graphic camera model RL-
TIO7 which is developed and assembled in Nepal by
Ramlaxman Innovations Pvt Ltd.° Similarly, commercially
available thermal guns model of CONTEC infrared
thermometry model TP 500, contec medical systems co.,
td."® and model of Microlife. MT 600 of digital clinical
thermometer were used."

All measurements were taken following manufacturers
recommendations. The thermo-graphic camera was
positioned at the optimal distance (3-6) meter from
each participant as recommended by the manufacturers.
Thermo-graphic camera field of view was preset to
capture the patient’s face and neck. Participants were
asked to remove eyeglasses and hats and instructed
to stand facing the cameras until temperature
measurements from devices have been recorded The
digital thermometer was left under the axilla until the
device beeped. Likewise, thermal gun was placed 5 to
15 cm away from the patient and typically measured
temperature on the forehead as recommended by
manufacturer guidelines.

The data were analyzed using Statistical Package for
the Social Sciences (SPSS) Version 17 software. The
data was expressed as percentages, mean, standard
deviation (SD) and range for nominal data. To assess
the concordance between three instruments the Bland
Altman test was used. The study was approved by the
Ethical Review Board (ERB) at the Nepal Health Research
Council (NHRC) and Institutional Review Committee of
Institute of Medicine, TUTH. Written informed consent

was obtained from all the subjects.
RESULTS

A total of 101 participants were enrolled in this study.
Female accounted for 58 (57.4) participants; the
mean age was 31.5 years (range 5-80 years with mean
31.5+ 12.6 SD). Majority (91.1%) were collected in the
morning. More than two third of the participants (69.3%)
had not taken antipyretic medicines 30 minutes before
they were subjected to temperature measurement.
Majority (90.1%) of the participants had normal body
temperature.

A summary of the temperatures taken by the three
instruments is shown in Table 2. With the exception
of the differences in the minimum and maximum
measurements, there seems to be a close concordance
between the three methods. The mean temperatures
average around 97.64°F.

Table 1. Summary measurements of temperature.

Thermo- Obser- Mean Standard Min Max
meter vations °F deviation °F °F

Thermo-
graphic 101
camera

97.66 1.22 96.00 104.10

Thermo-
meter 101
guns
Digital
clinical
thermo-
meter

97.60 1.27 95.90 104.00

101 97.67 1.23 96.10 104.00

Table 2 depicts the summary of the Bland Altman
analysis. Overall, the thermo-graphic camera gave the
smallest limit of agreement (-0.0360-0.0440) across
the range of temperatures compared to commercially
available thermometer guns.

Table 2. Summary of the results of the Bland Altman
plot.

: Mean Limits of
Comparison difference agreement
Thermo-graphic
camera ver
digital clinical 0.0040 -0.0360-0.0440
thermometer
Thermal gun ver
digital clinical 0.0667 0.0042-0.1293

thermometer
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Figure 1. Bland-Altman plot of thermo-graphic camera

and digital clinical thermometer.

Figure 1 represents Bland-Altman plot of the thermo-
graphic camera readings and the clinical digital
temperature readings. On x-axis, the mean of thermo-
graphic camera and the clinical digital temperature
is plotted, and on y-axis the difference between the
temperature readings of thermo-graphic camera and
clinical digital thermometer is plotted.In this plot, a line
of mean differenceand the lines of limits of agreements
are presented. Almost all of the readings were falling
within the lines of limits of agreement, that is, upper
limit of 0.0440 and lower limit of -0.0360
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Figure 2. Bland-Altman plot of thermal gun and digital

clinical thermometer.

Fig 2 depicts the Bland -Altman Plot of the thermometer
guns temperature readings and the clinical digital

temperature readings. On the X- axis the mean of the
thermometer guns and the digital clinical temperature
are plotted and on Y- axis the difference between the
temperature readings thermometer guns and digital
clinical thermometer are plotted. In this plot a line of
mean bias and the lines of 95% limits of agreements are
present.Most of the readings were falling within the lines
of limits of agreement, that is, upper limit of 0.1293 and
lower limit of 0.0042.

DISCUSSION

Non-Contact Infrared Thermography (NCIT) has been
shown to be a valuable method for temperature
measurements due to its non-contact, rapid processing,
and hygiene maintenance attributes. Therefore, this
study was conducted to find the concordance of thermo
graphic camera and commercially available thermal gun
with reference to standard digital clinical thermometer.

In our study, first, the mean body temperature of the
thermographic camera (97.66°F) and thermal gun
(97.60°F) was in agreement with that of the reference
digital clinical thermometer (97.67°F). Second, using
the Bland Altman analysis, the mean bias between
thermo-graphic camera ver digital clinical thermometer
was 0.0040 °F and the mean bias between thermal
gun ver digital clinical thermometer was 0.0667. The
findings show that the thermo graphic camera agreed
best with the digital clinical thermometer. Few studies
suggested that NCIT is an accurate and reliable devices
based on its sensitivity and specificity and lower mean
difference when compared to alternate temperature
measuring devices, among various age groups including
newborns.'>" In a similar study conducted by Ring et al,
reported that NCITs can be considered as a potential
tool for fever screening and found that, the temperature
of the axilla (measured by conventional thermometer)
and that of the inner canthi of the eyes measured by
Infrared thermography (IRT) were highly correlated.
The prospective study from Hong Kong also found higher
correlations between IRT readings and conventional
temperature readings among febrile and non-febrile
participants.'”

The retrospective study conducted at an international
airport in Korea found that there was no statistically
significant difference between IRT readings and tympanic
temperature readings (average temperature 36.83°C
versus 38.14°C, respectively).'®

Our study compare the body temperature obtained
from thermo graphic camera and thermal gun with
reference to standard digital clinical thermometer so
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interpretation and comparison of findings were made
difficult by the limited number of selected studies and
their wide heterogeneity in terms of design, methods
and study setting.

The most important limitation of our study is that
body temperature measurement taken by the digital
clinical thermometer used as a reference method was
not the golden standard method. In our study we used
the digital clinical thermometer as the standard as it
was most practical to do so. However, most externally
accessible measuring sites have not represented the
body core temperature with a specific quantitative
relationship. Pulmonary artery catheterization is the
reference standard to measure core body temperature,
though very accurate, requires specialized skills and
poses not only practical but ethical problems.” An
important aspect of this study is that the conditions for
temperature measurement of the face must be optimal.
Standardization of technique is very important. Hence,
for the measurements with a thermal imaging system
to be widely accepted, and to achieve inter-centre
agreement on temperatures, it is essential that the
imagers be regularly calibrated traceably to national
and international standards of radiance temperature.

CONCLUSIONS

Both thermo-graphic camera (limits of agreement
-0.0360-0.0440°F) and thermometer gun (limits
of agreement 0.0042-0.1293°F) were found to be
concordant compared to digital clinical thermometer.
Thus, these findings suggest that thermo graphic camera
could be useful non-invasive screening tools of mass
number of individual’s and can be used as a part of an
initial check at entry points to identify people who may
have elevated temperatures.
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