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Abstract

Background: Upper respiratory tract infection is a common disease of the respiratory system. Its incidence is very high, and it
can even cause pandemics. Infrared thermal imaging (IRTI) can provide an objective and quantifiable reference for the visual
diagnosis of people with acute respiratory tract infection, and it can function as an effective indicator of clinical diagnosis.

Objective: The aims of this study are to observe and analyze the infrared expression location and characteristics of patients
with acute upper respiratory tract infection through IRTI technology and to clearly express the quantification of temperature,
analyze the role of IRTI in acute upper respiratory tract diagnostic research, and understand the impact of IRTI in qualitative and
quantitative research.

Methods: From December 2018 to February 2019, 154 patients with acute upper respiratory tract infection were randomly
selected from the emergency department of the First Affiliated Hospital of Guangzhou Medical University. Among these patients,
73 were men and 81 were women. The subjects were divided into two groups according to the presence of fever, namely, fever
and nonfever groups. Qualitative and quantitative analyses of the infrared thermal images were performed to compare the results
before and after application of the technology.

Results: Using the method described in this paper, through the analysis of experimental data, we elucidated the role of IRTI in
the diagnosis of acute upper respiratory tract infection, and we found that qualitative and quantitative IRTI analyses play important
roles. Through the combination of theory and experimental data, the IRTI analysis showed good results in identifying acute upper
respiratory tract infection.

Conclusions: IRTI technology plays an important role in identifying the infrared expression location and characteristics of
patients with acute upper respiratory tract infection as well as in the quantification of clear expression of body temperature, and
it provides an objective and quantifiable reference basis for elucidating the pathogenesis of these patients.

(Interact J Med Res 2021;10(3):e22524) doi: 10.2196/22524
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Introduction

Background
Acute upper respiratory infection is common in winter and
spring. It can be spread through food droplets containing
influenza virus or the use of virus-contaminated robotic arms
and other tools [1,2]. These viruses may also cause local or
large-scale global climate change and pandemics [3,4]. Because
the antigen on the surface of this subtype of human virus can
readily directly undergo immune mutation, new immune
subtypes are generated, and there is no possibility of direct
crossover between different novel subtypes for immunization.
Therefore, the disease can not only occur repeatedly within one
year in the same person but can also cause widespread epidemics
in a few years [5,6].

Far-infrared thermal imaging is a noninvasive, nontoxic, and
objective temperature measurement method that can provide
information on changes in the function of the parasympathetic
nervous system [7]. By collecting the far-infrared radiation heat
from the human body, determining an intuitive temperature,
processing a color map through a computer, and using different
colors to represent different human body surface temperature
distributions, the temperature distribution changes of the human
body can be accurately measured according to the difference
between normal and abnormal infrared radiation [8]. Based on
the scope and location of the focus, this is a functional image
that can reflect the metabolism of the body; however, the
observation of subtle changes in tissue structure using this
method is not as accurate as that using computed tomography
or magnetic resonance imaging [9,10]. Temperature is an
important indicator that can reflect the pathophysiological state
of the human body. The skin temperature of the normal human
body is basically symmetrical from the limbs to the head and
face [11]. When people contract diseases, the metabolism of
local tissues and cells changes first, prior to changes in human
function or morphology. Moreover, before anatomical structure
changes, molecular biology changes occur in lesions and their
surrounding tissues, which will further change the normal
temperature of the lesion. The spatial distribution and gradient
change of temperature will further reflect the specific scope of
the disease and reveal the nature of the occurrence and
development of the disease [12]. Far-infrared thermal imaging
technology is based on this principle; through a series of
computer analyses and the use of image processing technology
to collect infrared information, thermal images can be formed
using different colors to display the temperature distribution of
the human surface [13].

Infrared Thermal Imaging
Infrared thermal imaging (IRTI) temperature measurement
technology was developed on the basis of the development of
an infrared focal plane array. An IRTI temperature measurement
system is a 2D thermal imaging temperature measurement
device [14]. The system detects and displays the distribution of
infrared radiation energy density based on between the target
and the environment according to the gray value of the gray
image. At present, there are two main types of infrared detectors:
photon detectors and thermal detectors. Photon detectors include

photoelectric detectors, photoconductive detectors, and quantum
detectors. The working performance of a photon radiation
detector is only very good when the ambient temperature is very
low. Thermal radiation detectors mainly include thermocouples,
thermoelectric reactors, thermal release relays and other
detectors, as well as various thermal radiation heaters [15].
Thermal radiation detectors have relatively broad control
requirements for the temperature of specific working
environments. These detectors can usually function normally
at room temperature. Infrared detectors that can function at
room temperature are often called uncooled infrared detectors
because they do not require refrigeration equipment [16].
Pyroelectric detectors and thermal radiation calorimeters are
two widely used instruments in thermal infrared detectors.
Thermal radiation detectors are more mature than heaters for
the measurement of electrical radiation. Infrared camera
technology is an important product of the mature application
and development of infrared focus plane imaging technology
[17]. As a new type of automatic gas temperature measurement
and control technology, one of the main features of infrared
temperature measurement is the noncontact automatic
measurement of gas temperature. In addition, compared with
traditional temperature measurement methods, it has two
advantages of low automatic temperature measurement and high
accuracy. Compared with traditional infrared contact thermal
temperature measurement system technology, the infrared
contact temperature measurement method obviously has
unparalleled technical advantages. Because of these advantages,
infrared external temperature measurement control technology
has been widely used in industrial fields in China, such as steel,
power, forest engineering, fire protection, petrochemicals, and
aerospace [18]. From the perspective of the historical
development of infrared optical temperature measurement
technology, the rapid development of instruments is mainly
concentrated in two main aspects. The first aspect is the
continuous development of optical technology. In recent years,
the development of infrared optical temperature measurement
instrument technology has been extremely rapid. With the
continuous development of the cold infrared temperature
measuring focal plane, it has advanced rapidly. The second
aspect is the continuous development of infrared optical
temperature measuring instruments. They are also being rapidly
developed along with the continuous development of infrared
optical temperature-measuring instrument technology [19,20].

The principle of an infrared thermometer is based on the
principle of infrared radiation. Like other technologies, its
development has progressed from simple to complex. The
earliest infrared temperature measurement equipment could
only measure the temperature of a certain point in the field of
view, and the accuracy of the temperature measurement was
not sufficiently high [21]. With the development of technology,
the ability to measure temperature gradually improved; however,
temperature measurement devices could not reflect the
appearance and shape of the object under study, nor could they
be used to determine the surface temperature distribution of the
object. The specific reason is that infrared temperature
measurement equipment did not enable infrared imaging at the
time.
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Features

Quick Temperature Measurement
Infrared thermometers respond very quickly to temperature and
can be used for real-time and fast-track measurements. Because
of this advantage, infrared temperature measurement technology
is widely used in the steel and electricity industries, forest fire
prevention, and many other aspects.

Wide Temperature Measurement Range
Infrared temperature measurement technology has a wider
application range than traditional temperature measurement
methods. In theory, infrared temperature measurement has no
upper limit. In practical applications, infrared thermometers can
measure low temperatures of tens of degrees below zero and
high temperatures of thousands of degrees. There is no time
limit; work can be performed at any time of day or night. Due
to the characteristics of infrared technology, the ability to work
at night has become a highlight of infrared thermometers. They
can be used measure the temperature of microscopic targets.
Infrared thermometers are not limited by the distance and can
measure the temperature in a short distance or a long distance.

There are many methods of infrared temperature measurement.
According to these different methods, current infrared
temperature measuring instruments can be divided into two
categories: one is infrared temperature measuring equipment
based on full-field analysis; the other is infrared temperature
measuring system based on point-by-point analysis. The
principle of full magnetic field analysis is that the temperature
distribution of the entire object is an infrared focal plane array
imaging infrared lens, and the temperature distribution of the
entire object constitutes the infrared thermal image of the object,
and the infrared temperature measurement equipment of the
complete field distribution is also called the infrared heat imager
[22]. The measurement principle of point-by-point analysis is
to focus part of the infrared radiation on an object through an
infrared detector, and then according to the object with known
surface emissivity, the radiant power of the object is converted
into temperature information, and the phase can be easily
measured by comparison. This point-by-point analysis system
is usually called an infrared thermometer.

IRTI technology did not develop rapidly until the 1950s, and
the development of infrared temperature measurement
technology has since achieved a fundamental breakthrough [23].
The main function of an infrared thermometer is to measure
temperature, and there are three main types: infrared point
thermometers, infrared scanners, and infrared thermal television.
Objects in nature with temperatures above absolute zero will
usually emit a large amount of infrared heat radiation around
the temperature measurement image; therefore, the infrared
environment in the temperature measurement system may also
directly affect the image accuracy of the temperature
measurement of the object. This environmental impact factor
can be roughly divided into two major parts: the subjective
background environmental factor and the objective
environmental factor. The background change factor mainly
refers to the change difference between the target to be measured
by a temperature signal measurement processing system and

the surrounding temperature of the measurement background
[24,25]. When the difference value is larger, the temperature
measurement is more accurate; the natural environmental impact
factors are mainly due to the direct impact of environmental
factors such as direct solar ultraviolet radiation, direct ground
radiation, and wind speed on the accuracy of atmospheric
temperature standard measurement results [26]. When the
infrared detector detects the target object, it requires the target
to be different from the surrounding environment in at least one
place for it to be detected by the detector. The greater the
difference between the target and the environment, the easier
it is to detect; the smaller the difference, the less likely it is to
be detected. A comparison is made of the target environment.
If the target object is placed in a specific background, then it
will be affected by the background. At the same time, as the
distance increases, the relative field of view of the same object
decreases, which reduces the quality of the output signal and
affects the accuracy of the temperature measurement [27].

Using a 2D image to display the 3D distribution of human body
temperature takes advantage of the different characteristics of
multisensor images and the complementary advantages of
multisource images to fuse multisensor images into one image,
thereby obtaining a more accurate description of the observed
image, scene, or target [28,29]. At present, the most common
and widely used image fusion technology is infrared and visible
light image fusion. The infrared sensor uses the thermal radiation
characteristics of the object itself to “actively” acquire the target
information on the image, which has the characteristics of not
being affected by the weather or light environment. However,
at the same time, due to the limitations of imaging equipment,
the spatial resolution and image contrast of infrared images are
low, the reflectivity of target details is poor, and the imaging
effect does not conform to human visual habits [30]; in contrast,
visible light sensors can detect reflections in the scene. Under
visible light, the obtained image has higher spatial resolution,
clear texture information, and rich image details [31,32].
However, it can be readily disturbed by external factors, and a
large amount of scene information will be lost in the case of
turbid atmosphere and insufficient light. The fusion of infrared
images and visible images can give full play to the advantages
of infrared and visible images. The characteristics of these two
images are complementary. While maintaining the
anti-interference characteristics of infrared images, increasing
the spatial details of the image is conducive to improving the
detection and reconnaissance capabilities of the system and
enhancing the ability of the image system to express the scene
[33].

Infrared Point Thermometry
An infrared point thermometer is a nonimaging infrared
thermometer. It can only measure the temperature of a very
small area (which can be seen as a point). According to different
design principles, infrared point thermometers can be divided
into three categories: total radiation thermometers, colorimetric
thermometers, and brightness thermometers [34]. Infrared spot
thermometers have been available since the early 20th century.
The narrow temperature measurement range of these
thermometers is not suitable for measuring the temperature of
large areas. When it is necessary to measure a large object, it
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is very inconvenient to obtain multiple measurements of various
parts of the object and perform manual scanning. However,
these spot thermometers have become a powerful tool in many
fields due to their low price and practical features. An infrared
scanning instrument, as the name suggests, is an instrument
used to detect the linear temperature of an object. The realization
principle is generally to detect the temperature of the object
through the movement of the object or the cooperation of the
atmosphere [35]. Due to the difficulty of realizing infrared
scanning instruments and their low commercial value, the
application of these instruments is not very common at present.
Infrared thermal television is related to infrared point
thermometry. It can perform 2D temperature detection on
objects, but it does not need to measure multiple points of
objects as infrared thermometers do [36]. Its convenience far
exceeds that of infrared thermometers. Moreover, its temperature
detection does not require a cooling mechanism and can achieve
better performance. However, there is a large gap between its
technical indicators and infrared cameras. At present, not only
single-color thermometers but also two-color thermometers are
in use in China. The single-color thermometer can only
determine the temperature by the energy of one band, while the
two-color thermometer can finally determine the temperature
by comparing the radiant energy of two different infrared bands;
therefore, this method has strong anti-interference and
adaptability [37]. Any object that exists in nature will emit
infrared radiation as long as its temperature is above absolute
zero. The energy radiation per unit time of the measured object
on its surface elements can be expressed as:

T = εσ4

Infrared temperature measurement technology is a noncontact
temperature measurement technology; it has many advantages
compared with contact temperature measurement approaches.
However, to reach the infrared detector, the infrared radiation
emitted by the target object must pass through the atmosphere,
and the atmosphere will absorb infrared light accordingly. At
the same time, because of the differences in emissivity of the
object, the reflection of the detector, and other factors, the
infrared radiation received by the detector is not completely
emitted by the target object [38].

In fact, the infrared radiation received by the infrared detector
mainly includes the target's own radiation, atmospheric radiation,
and environmental reflection [39]. To enable infrared wireless
temperature measurement and monitoring system equipment to
accurately measure indoor temperature in real time, it is
necessary to statistically analyze the data of the main factors
that affect the accuracy of the infrared wireless temperature
measurement system. Passive detection of the infrared emissivity
of a temperature-measuring object is usually a direct influencing
factor that directly affects the temperature measurement of
infrared rays [40]. The infrared emissivity of an object is usually
an important measurement index that is used to characterize the
thermal intensity of the measured object on the infrared radiation
of its surface. For two objects with the same infrared
temperature, the infrared surface temperature emissivity values
are different, and the infrared temperature radiation may change;
therefore, the infrared temperature radiation received by the

infrared radiation detector may also change, which directly
affects the intuitive accuracy of the temperature radiation
measurement of the object. The influence of the emitted optical
power is closely related to many factors, such as the size of the
emitting object, the surface temperature, and the wavelength of
the light radiated from the object. The power of the surface laser
emission is also related to the detection of the coating roughness
of the surface of the object shell, the impurities of the chemical
compounds and contaminants, and the thickness of the oxide
layer of the object [41]. In general, the rougher the laser surface
of the same textured object, the higher the value of the laser
emissivity of the surface where it is located. In contrast, the
smoother the surface object, the lower the surface emissivity.
Therefore, it is difficult to measure the emissivity of the object
surface very accurately. The atmosphere also contains many
polymer gases that can absorb a large amount of infrared light
at the same time [42], especially white gas containing water
vapor, carbon dioxide, ozone, etc, in the surface layer of the
earth's atmosphere, they can also absorb a large amount of
infrared light and radiation at the same time, and the
concentration of carbon dioxide containing water vapor and
hydrogen in the earth's atmosphere is relatively high. In this
way, the infrared target detection object mainly refers to the
infrared ray radiation gas emitted by the earth. The small
molecules that absorb these radiation gases are exposed to the
earth's atmosphere, which greatly reduces the infrared radiation
activity intensity of the infrared radiation detector; this not only
directly affects the infrared temperature measurement accuracy
of the sensitive temperature measurement and processing system
but also may directly affect the temperature sensitivity of the
infrared temperature sensitive measurement and processing
system [39]. However, the atmosphere will also attenuate other
factors that affect the accuracy of temperature measurement,
such as the infrared radiation reflected by the surface of the
object, which is much smaller than the infrared radiation
intensity of the object itself. If the attenuation of the atmosphere
can be fully used, the temperature measurement error can be
reduced. Another reason for the attenuation of infrared radiation
is the scattering of various gas molecules and suspended
particles in the air.

Image fusion technology has important application prospects
and substantial application value in both military and civilian
fields. Image fusion is a comprehensive process that includes
image acquisition, image transmission and image signal
processing. Image acquisition and transmission require the
functions of the image sensor and its related hardware circuits
[43]. Image signal processing relies on software algorithms
running on hardware platforms. The entire image fusion system
is a complex system combining software and hardware.
According to their working modes, infrared detectors can be
divided into two categories: cooled infrared focal plane detectors
and uncooled infrared focal plane detectors. The advantages of
cooled infrared focal plane detectors are their high sensitivity
and long detection distance; however, their use conditions are
harsh and expensive [44]. At present, only a few of these
detectors are used in high-end military equipment; uncooled
infrared focal plane detectors can work directly at room
temperature, are small in size, consume low power, and
demonstrate fast startup; moreover, the price is only a small
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part of the cooling type. Infrared radiation is very common in
nature; however, because the wavelength of infrared radiation
is invisible to the human eye, people cannot observe it.
Therefore, people began to attempt to design infrared equipment,
such as IRTI, to replace the human eye, extend the visual range
of the human eye from visible light to the infrared band, and
directly obtain the shape characteristics and temperature
distribution of objects that cannot be observed in the visible
light range. When the internal temperature of the object is in
an unbalanced state, a heat transfer process occurs [45]. In this
process, discontinuous measurements of the objects will affect
or hinder the normal transmission and distribution of heat and
the temperature differences of different areas on the surface of
the object will then be measured, resulting in different
temperature distribution patterns, that is, “hot spot” and “cold
spot” thermal images. Because the temperature distribution can
indirectly reflect the physical characteristics of the measured
object, according to the basic law of infrared radiation, IRTI
detection technology is processed by charge-coupled devices
in infrared equipment, such as infrared cameras [46]. The
infrared radiation signal containing the target defect information
is converted into a visible light thermal image, and the defect
information of the measured object is extracted in combination
with the corresponding data processing method. At present, in
the field of IRTI detection, the topics studied by researchers
mainly include three aspects. The first aspect is the use of
different excitation methods; the second is expansion of the
scope of application; and the third is the optimization of thermal
image processing. In the early research of thermal image data
processing methods, the data processing method based on pulsed
eddy current thermal imaging detection technology is generally
to select the best thermal image to extract defect features and
then complete the defect identification [47].

Acute Upper Respiratory Tract Infection
Upper respiratory tract infection is a common and frequent
disease of the respiratory system. Its incidence is very high, it
can spread in a small area, and it can even cause pandemics
[48]. It can cause myocarditis, acute nephritis, encephalitis, and
even respiratory distress syndrome. In recent years, the harm
caused by severe acute respiratory syndrome (SARS) and H1N1
influenza to humans is still vivid. China has a high rate of acute
upper respiratory tract infections.

IgG has antiviral, antibacterial, and complement fixation
functions, and it participates in mucosal immunity through
placenta and IgA [49]. The decline of IgG reduces the body's
antibacterial and antiviral ability, which can easily lead to
repeated respiratory infections. Increasing numbers of patients
with repeated respiratory tract infections have low specific
pneumococcal antibody levels or are unable to respond
adequately to pneumococcal vaccines or natural infections. This
may explain why many patients do not experience a decline in
total immunoglobulin or immunoglobulin subclasses although
immunodeficiency of pneumococcal and other capsular bacteria
occurs. Any decrease in cellular immune function can cause
respiratory infections. IL-2 can promote the transformation of
T cells from the thymus and spleen to cytotoxic cells, thereby
enhancing granulocyte antibody–dependent cell-mediated
cytotoxicity [50]. At the same time, IL-2 has been found to have

antiviral effects and protect adults from Epstein-Barr virus
infection. Therefore, in the treatment of respiratory tract
infections, in addition to active antibiotic treatment, recombinant
cytokines or cytokine antagonists should also be provided with
an appropriate microenvironment to regulate the level of
cytokines, change the immune response in the body, and achieve
the purpose of treatment.

Smokers are twice as likely to have acute upper respiratory tract
infections as nonsmokers [51]. Serum bilirubin levels may be
an influencing factor. People with low levels of serum bilirubin
are more likely to develop symptoms of acute upper respiratory
tract infection.

Exposure of children to smoke can increase their incidence of
lower respiratory tract infections (such as bronchitis and
pneumonia) and can induce new asthma. A normal chemical
composition in the atmosphere is a necessary condition to ensure
human health. With the development of industrial production
and transportation, the use of coal, oil and other energy sources
has increased, and a large number of harmful substances are
being scattered in the air [52]. Air pollution has become one of
the main factors endangering human health [53]. Acquired risk
factors include vitamins, trace element deficiency, diabetes, and
other related factors. It was found that the content of vitamins
A, E, and B and of carotene in the serum of children with
repeated respiratory infections was significantly reduced.
Vitamin A plays an important role in enhancing human immune
function. In the absence of vitamin A, T cells may undergo
nonspecific changes, and T cell proliferation may also be
impaired. T cells play an irreplaceable role in various immune
inflammatory responses. Calcium, magnesium, and other
elements play an important role in regulating enzyme function,
cell activity and body immunity. When the body lacks calcium,
chronic respiratory diseases easily occur and are readily
aggravated. Magnesium is involved in regulating immune
function and increasing the body's resistance [54]. Diabetic
patients are also susceptible to infection, and the infection is
serious and difficult to control in these patients.

Aim of This Study
In this paper, we use experimental research methods to
understand the impact of IRTI through qualitative and
quantitative studies and a comparative exploration before and
after the application of this technology; through theoretical
analysis and experimental exploration, the role of IRTI in the
diagnosis of acute upper respiratory tract infection can be
elucidated. Data were recorded, sorted, calculated, plotted, and
analyzed for processing, statistical analysis was performed on
the IRTI data set, and empirical analysis of infrared expression
using IRTI technology was performed for patients with acute
upper respiratory tract infection. The location and characteristics,
combined with the effective data, summarize and analyze the
important role of IRTI technology in clearly expressing the
quantification of temperature. The results show that with the
method described in this paper, superior research results are
obtained.
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Methods

Experimental Data
From December 2018 to February 2019, 154 patients with acute
upper respiratory infection were randomly selected in the
emergency department of the First Affiliated Hospital of
Guangzhou Medical University. The patients included 73 men
and 81 women. According to fever, the subjects were divided
into two groups: fever type and nonfever type. If the patient’s
axillary temperature reached the fever threshold (≥37.1 ºC),
they were classified as fever type. Among the 154 participants,
76 were in the fever group; the ratio of men to women was
40/36, the age range was 14-81 years, and the average age was
37.70 years (SD 18.54); 78 patients were in the nonfever group,
the ratio of men to women was 33/45, the age range was 14-87
years, and the average age was 38.76 years (SD 17.19). We also
established a control group with 40 patients; the male to female
ratio in this group was 19/21, the age range was 19-80 years,
and the average age was 39.20 years (SD 19). Patients were
excluded if they had high metabolism specific to head and face
tissue (eg, tumors, infections), abnormally low metabolism (eg,
benign nodules), or abnormal blood flow (eg, hemangioma).

Questionnaire
A questionnaire was developed according to the design of the
study, including questions related to general personal and family
information, previous medical history (tuberculosis, chronic
bronchitis, asthma, hypertension, diabetes, etc), smoking history,
drinking history, personal history, and the presence of acute
upper respiratory tract infection within 1 year after physical
examination.

Statistical Processing
SPSS 20.0 data analysis software (IBM Corporation) was used
for single factor logistic regression analysis. The dependent
variable (defined: l, not defined: 0) was whether an acute upper
respiratory tract infection occurred, and each study factor used
a single factor logistic regression equation as the independent
variable. We selected variables with P<.05 as statistically
significant, and a multiple unconditional logistic regression
model was then fitted to the selected variables.

Experimental Method
An ATIR-M301B far-infrared thermal imager (China Chongqing
Weilian Technology Co Ltd) and uncooled focal plane digital
thermal imaging technology were used; the temperature
resolution was 0.05 ºC, and the spatial resolution was 2 mrad.
In the examination room without obvious air convection, the
room temperature was controlled at 23 ±2 ºC. Before the
inspection, the test site was exposed until the signs were stable
and the skin temperature was appropriate. When the equilibrium
temperature of the detection environment had been established
for 5 to 15 minutes, the far-infrared thermal imager was used
to collect far-infrared thermal images of the participant’s head
and face. The far-infrared thermal imager can scan and collect
the infrared thermal energy emitted by the human body, and
through computer analysis and processing, it can express
different temperatures with different colors; therefore, it is an
intuitive far-infrared thermal imaging system. By observing the

images, it is possible to accurately analyze changes in body
surface temperature due to changes in the nervous system and
analyze diseases. Diseases can be discovered at an early stage,
and the changes and results of the disease can be observed in a
timely fashion. Far-infrared thermal imaging has the
characteristics of safety, convenience, and low cost. The images
be checked repeatedly to dynamically observe changes in a
patient’s condition. The ambient temperature was 22 to 24 ºC,
with no heat source interference, humidity of 50% to 60%, no
strong light, and no wind. The instrument complies with national
standards (GB/t 1965-2005). The instrument was equipped with
a 320 × 240 uncooled focal plane infrared collection lens. The
spectral response was 8 to 14 μm, the spatial resolution
(instantaneous field of view) was 1.3 mrad, the temperature
resolution was 0.05 ºC, and the acquisition speed was 30
frames/s. The thermal structure of the human body could be
displayed objectively and digitally in the form of pseudocolor
heat. All subjects were prepared in accordance with IRTI testing
specifications before the test. During the test, the participant
assumed the correct sitting posture and exposed the examination
site, 2 meters away from the infrared lens, 1 faced vertically, 2
face up, and so on. Focusing, temperature calibration, image
acquisition, storage, image processing, etc, were performed
according to reference [55].

Qualitative Index of Infrared Thermal Image
Evaluation
We observed the expression and distribution characteristics of
the infrared thermal images. Different color scales represented
different temperatures (white: super high temperature zone; red:
high temperature zone; pink: hot zone; yellow: warm zone;
green: cool zone; blue: low temperature zone; black: ultra-low
temperature zone). Changes in color scale were compared
between groups.

Quantitative Index of Infrared Thermal Image
Evaluation
The average temperature corresponding to the extracted
temperatures was quantitatively compared for the patients with
upper acute respiratory infection with and without fever and the
control group without fever on the left and right nasal areas and
the left and right sides of the pharynx. For statistical processing,
the data were extracted from the corresponding part of the
infrared software system, and SPSS 20.0 was used to organize
the data [56]. The measurement data were expressed as mean
(standard deviation). We compared the average temperatures
using analysis of variance.

Ethical Approval and Consent to Participate The experimental
protocol was established according to the ethical guidelines of
the Helsinki Declaration and was approved by the Human Ethics
Committee of Department of Pediatric Surgery, General Hospital
Campus, the First Affiliated Hospital of Guangzhou Medical
University. Written informed consent was obtained from
individual participants or their guardians.
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Results

Infrared Thermal Image Analysis
According to the statistical analysis of the data, as shown in the
examples in Figure 1, the infrared thermograms of the patients
in the nonfever group mainly showed “low temperature” blue
or green color, the infrared expressions on the left and right
sides have good symmetry, and the average temperature
difference does not exceed 1 °C. The expression is similar, and

the corresponding body surface area is a focal or large-scale
focal or diffuse pink hot zone or red hot zone; this effect is more
obvious in the fever group than in the nonfever group. Infrared
temperature measurement technology avoids direct contact
between the thermometer and the object and does not affect the
temperature field distribution of the object; this can ensure high
temperature measurement accuracy. A high-performance
infrared thermometer can distinguish a temperature difference
of 0.01 ºC.

Figure 1. Infrared thermograms of a patient in the fever group (left) and a patient in the nonfever group (right). Infrared thermal image distribution
characteristics: white: ultra-high heat area; red: high heat area; pink: hot area; yellow: warm area; green: cool area; blue: cold area; black: ultra-cold
area.

Quantitative Temperature Distribution and
Comparison
According to the statistical analysis of the data, as shown in
Table 1, the average temperature of the infrared thermal image

of the corresponding body surface area of the nasal cavity and
larynx in the fever group is higher than that in the nonfever
group; however, the average body temperature of both groups
is higher than that of the normal control group (P=.003).

Table 1. Quantitative distribution of temperature of the patients in the fever, nonfever, and control groups (N=194).

Temperature (ºC), mean (SD)nGroup

Throat regionNasal region

RightLeftRightLeft

36.40 (0.68)36.34 (0.66)36.85 (0.72)36.78 (0.67)76Fever

34.25 (0.56)34.28 (0.53)34.63 (0.49)34.54 (0.47)78Nonfever

33.14 (0.77)33.09 (0.49)33.37 (0.47)33.28 (0.42)40Control
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Analysis of Acute Upper Respiratory Tract Infection

Gender Analysis
According to the statistical analysis of the data, as shown in

Table 2, the incidence was 24.8% (82/331) for male patients
and 13.9% (46/331) for female patients. There was a significant
difference between men and women (P<.001).

Table 2. Analysis of incidence of respiratory infection by gender (n=331).

Incidence rate (%)Nonrespiratory infections, nAcute upper respiratory tract infections, nGender

13.910946Female

24.89482Male

Analysis of Related Factors
According to the statistical analysis of the data, shown in Figure
2, 128 cases of acute upper respiratory tract infection were
observed in our study; the prevalence of upper respiratory tract
infection by sex was 64.1% (82/128) males and 35.9% (46/128)
females, while 68% (87/128) were smokers. It can be seen that
smokers were more likely to have acute upper respiratory tract

infection than nonsmokers (P<.001). At the same time, there
was also a significant difference between men and women
(P<.001). Of these patients, 57.8% (74/128) had hypertension.
It can be seen that the incidence of acute upper respiratory tract
infection in patients with hypertension was higher than that in
patients without hypertension (P<.001). At the same time, there
was no significant difference in the proportion of men and
women with hypertension.

Figure 2. Prevalence of relevant factors among male patients, female patients, and all patients.

Discussion

Principal Findings
We found that that smokers are more likely to have acute upper
respiratory tract infection than nonsmokers (P<.05), while men
had a statistically higher prevalence of acute upper respiratory
tract infection than women (P<.05). It is known that men smoke
more than women [57]. Smoking is a risk factor for respiratory
infection. First, the harmful substances in tobacco will destroy
the immune monitoring cells in the airway (ie, phagocytes);
thus, their phagocytic capacity and lethality will be reduced.
Secondly, smoking can stimulate the proliferation of goblet
cells; these cells secrete large amounts of mucus and fewer
antibodies, which is conducive to the growth of bacteria. At the

same time, smoking will destroy the cilia of the ciliated
columnar epithelial cells of the respiratory tract, render them
shorter, irregular, or incomplete, and prevent the smooth
discharge of sputum [58].

Smoking can also directly stimulate the airway, cause airway
spasms, and affect sputum drainage. The above adverse factors
can weaken the defense ability of the respiratory tract, and the
respiratory tract infection causes the damaged ciliated columnar
epithelial cells to gradually develop into squamous epithelium.
On the one hand, this weakens the purification ability of the
airway; on the other hand, it also carries the risk of cancer. As
an independent and serious risk factor of respiratory tract
infection, smoking has attracted increasing attention in recent
years. The most common respiratory diseases associated with
smoking are lung cancer, bronchitis, and emphysema [59,60].
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Conclusions
IRTI can provide an objective and quantifiable reference for
the visual diagnosis of people with acute upper respiratory
infection, and it can be used as one of the effective indicators
of clinical diagnosis. There are obvious abnormal expressions
of infrared thermography in the corresponding parts of the body
surface.

The pathological features of acute sinusitis and acute pharyngitis
are inflammatory changes with vascular exudation as the central
link, and the local manifestation is elevated body temperature.

Because IRTI is highly sensitive to vascular disease or
inflammation, infrared detection can show that the average
temperature of the nasal cavity area and the middle neck throat
area of the corresponding surface of acute sinusitis and acute
pharyngitis is significantly higher, showing typical abnormal
thermal images.

Acknowledgments
This research was funded by the Guangdong Medical Science and Technology Research Fund Project (A2018305) and the
Guangdong Science and Technology Project (2020B111126002).

Conflicts of Interest
None declared.

References

1. Valero N, Larreal Y, Arocha F, Gotera J, Mavarez A, Bermudez J, et al. Viral etiology of acute respiratory infections.
Article in Spanish. Invest Clin 2009 Sep;50(3):359-368. [Medline: 19961058]

2. Kotwani A, Joshi P, Jhamb U, Holloway K. Prescriber and dispenser perceptions about antibiotic use in acute uncomplicated
childhood diarrhea and upper respiratory tract infection in New Delhi: qualitative study. Indian J Pharmacol 2017;49(6):419.
[doi: 10.4103/ijp.ijp_508_17]

3. Riley I. Pneumonia research in Papua New Guinea: 1967-1986. P N G Med J 2010;53(3-4):106-118. [Medline: 23163180]
4. Gao Y, Ju L, Wang Q, Jiang L, Xiong H, Zhu W, et al. Variations of influenza A (H1N1) viruses in Shanghai area in the

winter of 2010. Article in Chinese. Chin J Infect Dis 2012;30(1):10-15.
5. Hurt A, Deng Y, Ernest J, Caldwell N, Leang L, Iannello P, et al. Oseltamivir-resistant influenza viruses circulating during

the first year of the influenza A(H1N1) 2009 pandemic in the Asia-Pacific region, March 2009 to March 2010. Euro Surveill
2011 Jan 20;16(3) [FREE Full text] [Medline: 21262183]

6. Ring F. Thermal imaging today and its relevance to diabetes. J Diabetes Sci Technol 2010 Jul 01;4(4):857-862 [FREE Full
text] [doi: 10.1177/193229681000400414] [Medline: 20663449]

7. Rodrigues-Bigaton D, Dibai Filho AV, Costa ACDS, Packer AC, de Castro EM. Accuracy and reliability of infrared
thermography in the diagnosis of arthralgia in women with temporomandibular disorder. J Manipulative Physiol Ther 2013
May;36(4):253-258. [doi: 10.1016/j.jmpt.2013.04.006] [Medline: 23719519]

8. Renkielska A, Kaczmarek M, Nowakowski A, Grudziński J, Czapiewski P, Krajewski A, et al. Active dynamic infrared
thermal imaging in burn depth evaluation. J Burn Care Res 2014;35(5):e294-e303. [doi: 10.1097/BCR.0000000000000059]
[Medline: 25144810]

9. Tan Y. A local fuzziness-based active contour model for infrared human segmentation. Acta Microscopica
2019;28(3):498-508.

10. Netzelmann U, Walle G, Lugin S, Ehlen A, Bessert S, Valeske B. Induction thermography: principle, applications and first
steps towards standardisation. Quant Infrared Thermogr J 2016 Mar 16;13(2):170-181. [doi: 10.1080/17686733.2016.1145842]

11. Lee S, Kim I, Lee JK, Byun Y, Park G. Distortion correction of surface temperature measurement using an infrared camera.
Article in Korean. J Korean Soc Aeronaut Space Sci 2016 Jul 01;44(7):545-551. [doi: 10.5139/JKSAS.2016.44.7.545]

12. Kelly-Hope L, Karim M, Sultan Mahmood A, Al Kawsar A, Khair A, Betts H, et al. Infrared thermal imaging as a novel
non-invasive point-of-care tool to assess filarial lymphoedema. J Clin Med 2021 May 25;10(11) [FREE Full text] [doi:
10.3390/jcm10112301] [Medline: 34070599]

13. Perpetuini D, Filippini C, Cardone D, Merla A. An overview of thermal infrared imaging-based screenings during pandemic
emergencies. Int J Environ Res Public Health 2021 Mar 22;18(6) [FREE Full text] [doi: 10.3390/ijerph18063286] [Medline:
33810086]

14. Raiko J, Koskensalo K, Sainio T. Imaging-based internal body temperature measurements: the journal Temperature toolbox.
Temperature (Austin) 2020;7(4):363-388 [FREE Full text] [doi: 10.1080/23328940.2020.1769006] [Medline: 33251282]

15. Lu B, Zue YQ, He ZH. Design and teaching method of an infrared radiation experiment. Physics Experimentation
2021;41(4):11-16.

16. Wang B, Chen L, Zhang Z. A novel method on the edge detection of infrared image. Optik 2019 Feb;180:610-614. [doi:
10.1016/j.ijleo.2018.11.113]

17. Gao Z, Xuan H, Zhang H, Wan S, Choo K. Adaptive fusion and category-level dictionary learning model for multiview
human action recognition. IEEE Internet Things J 2019 Dec;6(6):9280-9293. [doi: 10.1109/JIOT.2019.2911669]

Interact J Med Res 2021 | vol. 10 | iss. 3 | e22524 | p. 9https://www.i-jmr.org/2021/3/e22524
(page number not for citation purposes)

Zhang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19961058&dopt=Abstract
http://dx.doi.org/10.4103/ijp.ijp_508_17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23163180&dopt=Abstract
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21262183&dopt=Abstract
http://europepmc.org/abstract/MED/20663449
http://europepmc.org/abstract/MED/20663449
http://dx.doi.org/10.1177/193229681000400414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20663449&dopt=Abstract
http://dx.doi.org/10.1016/j.jmpt.2013.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23719519&dopt=Abstract
http://dx.doi.org/10.1097/BCR.0000000000000059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25144810&dopt=Abstract
http://dx.doi.org/10.1080/17686733.2016.1145842
http://dx.doi.org/10.5139/JKSAS.2016.44.7.545
https://www.mdpi.com/resolver?pii=jcm10112301
http://dx.doi.org/10.3390/jcm10112301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34070599&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18063286
http://dx.doi.org/10.3390/ijerph18063286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33810086&dopt=Abstract
http://europepmc.org/abstract/MED/33251282
http://dx.doi.org/10.1080/23328940.2020.1769006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33251282&dopt=Abstract
http://dx.doi.org/10.1016/j.ijleo.2018.11.113
http://dx.doi.org/10.1109/JIOT.2019.2911669
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Zhou L, Luo J, Lu C. Application of infrared thermoscope in production of hot rolling steel strip. Proc Automat Instr
2007;28(2):50-52.

19. Van den Bruel A, Verbakel J, Wang K, Fleming S, Holtman G, Glogowska M, et al. Non-contact infrared thermometers
compared with current approaches in primary care for children aged 5 years and under: a method comparison study. Health
Technol Assess 2020 Oct;24(53):1-28 [FREE Full text] [doi: 10.3310/hta24530] [Medline: 33111663]

20. Pham Xuan R, Xiong Y, Brietzke A, Marker S. Thermal infrared imaging based facial temperature in comparison to ear
temperature during a real-driving scenario. J Therm Biol 2021 Feb;96:102806. [doi: 10.1016/j.jtherbio.2020.102806]
[Medline: 33627258]

21. Chen D, Mao H, Xiao Z. Infrared thermography NDT and Its development. Comput Meas Control 2016;4:1-6.
22. Huanliang P. The development of the IRFPA thermal imaging technology. Laser Infrared 2006;36(S1):776-780.
23. Faust O, Rajendra Acharya U, Ng E, Hong T, Yu W. Application of infrared thermography in computer aided diagnosis.

Infrared Phys Technol 2014 Sep;66:160-175 [FREE Full text] [doi: 10.1016/j.infrared.2014.06.001] [Medline: 32288546]
24. Xu M, Li EP, Zhang ZJ. Analysis of effect on environment radiation in infrared temperature measurement. Article in

Chinese. Metrol Meas Technol 2007;27(3):4.
25. Sun ZY, Wang J, Qiao YF. Influence of environment on temperature measurement precision based on middle-wave IRFPA.

Article in Chinese. Chin J Opt Appl Opt 2010;3(6):659-664.
26. Datcu S, Ibos L, Candau Y, Matteï S. Improvement of building wall surface temperature measurements by infrared

thermography. Infrared Phys Technol 2005 Aug;46(6):451-467. [doi: 10.1016/j.infrared.2005.01.001]
27. Fokam D, Lehmann C. Clinical assessment of arthritic knee pain by infrared thermography. J Basic Clin Physiol Pharmacol

2018 Oct 31;30(3). [doi: 10.1515/jbcpp-2017-0218] [Medline: 30375348]
28. Lahiri BB, Bagavathiappan S, Jayakumar T, Philip J. Medical applications of infrared thermography: a review. Infrared

Phys Technol 2012 Jul;55(4):221-235 [FREE Full text] [doi: 10.1016/j.infrared.2012.03.007] [Medline: 32288544]
29. Fu T, Liu J, Tian J. VIS-NIR multispectral synchronous imaging pyrometer for high-temperature measurements. Rev Sci

Instrum 2017 Jun;88(6):064902. [doi: 10.1063/1.4985170] [Medline: 28667994]
30. K S, Elhoseny M, S K L, M I, Rm V, A. Elsoud M, et al. Optimal feature level fusion based ANFIS classifier for brain

MRI image classification. Concurrency Computat Pract Exper 2018 Aug 27;32(1) [FREE Full text] [doi: 10.1002/cpe.4887]
31. Ou J, Liu X, Li X, Li M, Li W. Evaluation of NPP-VIIRS nighttime light data for mapping global fossil fuel combustion

CO2 emissions: a comparison with DMSP-OLS nighttime light data. PLoS One 2015 Sep 21;10(9):e0138310 [FREE Full
text] [doi: 10.1371/journal.pone.0138310] [Medline: 26390037]

32. Wang B, Zou F, Liu X. New algorithm to generate the adversarial example of image. Optik 2020 Apr;207:164477. [doi:
10.1016/j.ijleo.2020.164477]

33. Ghys R. Infrared thermography. Article in French. Cah Nurs 1970 Apr;43(4):101-108. [Medline: 5200108]
34. Gong BM, Zheng W, Zhu XY, Zou BY. Influence of emissivity deviation 1 of blackbody radiation source on brightness

temperature tracing to colorimetric temperature. Shanghai Measurement and Testing 2019;6:31-33.
35. Tattersall GJ, Danner RM, Chaves JA, Levesque DL. Activity analysis of thermal imaging videos using a difference imaging

approach. J Therm Biol 2020 Jul;91:102611. [doi: 10.1016/j.jtherbio.2020.102611] [Medline: 32716861]
36. Bonmarin M, Le Gal FA. Lock-in thermal imaging for the early-stage detection of cutaneous melanoma: a feasibility study.

Comput Biol Med 2014 Apr;47:36-43. [doi: 10.1016/j.compbiomed.2014.01.008] [Medline: 24530537]
37. Small W, Celliers P, Da Silva LB, Matthews D, Soltz B. Two-color mid-infrared thermometer with a hollow glass optical

fiber. Appl Opt 1998 Oct 01;37(28):6677-6683. [doi: 10.1364/ao.37.006677] [Medline: 18301477]
38. Zhang J, Zhu C, Lv J, Zhang W, Feng J. Preparation of colorful, infrared-reflective, and superhydrophobic polymer films

with obvious resistance to dust deposition. ACS Appl Mater Interfaces 2018 Nov 21;10(46):40219-40227. [doi:
10.1021/acsami.8b12567] [Medline: 30387590]

39. Jing X, Hu XQ, Zhao SY, He LQ, Hu XB, Yan L. The sun glint area reflectance calculation of VIIRS middle infrared
channel in South Indian Ocean based on improved nonlinear split window model. Article in Chinese. Guang Pu Xue Yu
Guang Pu Fen Xi 2017 Feb;37(2):394-402. [Medline: 30264968]

40. Pawelko R, Pina V, Hervé P. Development of a dual infrared and visible near-infrared measurement system for the observation
of adiabatic shear bands. Rev Sci Instrum 2019 Dec 01;90(12):124902. [doi: 10.1063/1.5112374] [Medline: 31893770]

41. Fernandez-Garcia R, Rahmani M, Hong M, Maier SA, Sonnefraud Y. Use of a gold reflecting-layer in optical antenna
substrates for increase of photoluminescence enhancement. Opt Express 2013 May 20;21(10):12552-12561. [doi:
10.1364/OE.21.012552] [Medline: 23736474]

42. Chen J, Xu Y, Cao M, Wang Y, Liang T, Li H, et al. Strong reverse saturable absorption effect of a nonaggregated
phthalocyanine-grafted MA–VA polymer. J Mater Chem C 2018 Sep 01;6(36):9767-9777. [doi: 10.1039/C8TC02511H]

43. Elhoseny M. Multi-object detection and tracking (MODT) machine learning model for real-time video surveillance systems.
Circuits Syst Signal Process 2019 Aug 20;39(2):611-630 [FREE Full text] [doi: 10.1007/s00034-019-01234-7]

44. Yeh K, Kenkel S, Liu JN, Bhargava R. Fast infrared chemical imaging with a quantum cascade laser. Anal Chem 2015 Jan
06;87(1):485-493 [FREE Full text] [doi: 10.1021/ac5027513] [Medline: 25474546]

45. Wang P, Li J, Bai F, Liu D, Xu C, Zhao L, et al. Experimental and theoretical evaluation on the thermal performance of a
windowed volumetric solar receiver. Energy 2017 Jan;119:652-661. [doi: 10.1016/j.energy.2016.11.024]

Interact J Med Res 2021 | vol. 10 | iss. 3 | e22524 | p. 10https://www.i-jmr.org/2021/3/e22524
(page number not for citation purposes)

Zhang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://doi.org/10.3310/hta24530
http://dx.doi.org/10.3310/hta24530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33111663&dopt=Abstract
http://dx.doi.org/10.1016/j.jtherbio.2020.102806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33627258&dopt=Abstract
http://europepmc.org/abstract/MED/32288546
http://dx.doi.org/10.1016/j.infrared.2014.06.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32288546&dopt=Abstract
http://dx.doi.org/10.1016/j.infrared.2005.01.001
http://dx.doi.org/10.1515/jbcpp-2017-0218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30375348&dopt=Abstract
http://europepmc.org/abstract/MED/32288544
http://dx.doi.org/10.1016/j.infrared.2012.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32288544&dopt=Abstract
http://dx.doi.org/10.1063/1.4985170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28667994&dopt=Abstract
https://doi.org/10.1002/cpe.4887
http://dx.doi.org/10.1002/cpe.4887
https://dx.plos.org/10.1371/journal.pone.0138310
https://dx.plos.org/10.1371/journal.pone.0138310
http://dx.doi.org/10.1371/journal.pone.0138310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26390037&dopt=Abstract
http://dx.doi.org/10.1016/j.ijleo.2020.164477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5200108&dopt=Abstract
http://dx.doi.org/10.1016/j.jtherbio.2020.102611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32716861&dopt=Abstract
http://dx.doi.org/10.1016/j.compbiomed.2014.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24530537&dopt=Abstract
http://dx.doi.org/10.1364/ao.37.006677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18301477&dopt=Abstract
http://dx.doi.org/10.1021/acsami.8b12567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30387590&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30264968&dopt=Abstract
http://dx.doi.org/10.1063/1.5112374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31893770&dopt=Abstract
http://dx.doi.org/10.1364/OE.21.012552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23736474&dopt=Abstract
http://dx.doi.org/10.1039/C8TC02511H
https://doi.org/10.1007/s00034-019-01234-7)
http://dx.doi.org/10.1007/s00034-019-01234-7
http://europepmc.org/abstract/MED/25474546
http://dx.doi.org/10.1021/ac5027513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25474546&dopt=Abstract
http://dx.doi.org/10.1016/j.energy.2016.11.024
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Sheng Q, Wang Q, Xiao H, Wang Q. Research on geometric calibration of spaceborne linear array whiskbroom camera.
Sensors (Basel) 2018 Jan 16;18(1) [FREE Full text] [doi: 10.3390/s18010247] [Medline: 29337885]

47. Zhu PP, Cheng YH, Bai LB, Tian LL, Huang JG. Defect feature extraction in eddy current pulsed thermography. Journal
of University of Electronic Science and Technology of China 2019;48(5):741-746.

48. Ang QY, Goh HJ, Cao Y, Li Y, Chan SP, Swain JL, et al. A new method of infrared thermography for quantification of
brown adipose tissue activation in healthy adults (TACTICAL): a randomized trial. J Physiol Sci 2017 May;67(3):395-406
[FREE Full text] [doi: 10.1007/s12576-016-0472-1] [Medline: 27443171]

49. Yan Z, Zhang H, Chen P, Wang W. Anisotropy of fatigue behavior and tensile behavior of 5A06 aluminum alloy based on
infrared thermography. J Wuhan Univ Technol-Mat Sci Edit 2017 Feb 12;32(1):155-161. [doi: 10.1007/s11595-017-1574-1]

50. Radigonda VL, Pereira GR, da Cruz Favaro P, Barca Júnior FA, Borges MHF, Galdioli VHG, et al. Infrared thermography
relationship between the temperature of the vulvar skin, ovarian activity, and pregnancy rates in Braford cows. Trop Anim
Health Prod 2017 Dec;49(8):1787-1791. [doi: 10.1007/s11250-017-1378-5] [Medline: 28849316]

51. Rivera-Mancía S, Colín-Ramírez E, Montes S, Cartas-Rosado R, Vargas-Barrón J, Vallejo M. Dyslipidemia and tobacco
smoking synergistically increase serum manganese. Investigación Clínica 2017;58(3):238-249 [FREE Full text]

52. Haibin L, Zhenling L. Recycling utilization patterns of coal mining waste in China. Resour Conserv Recycl 2010
Oct;54(12):1331-1340. [doi: 10.1016/j.resconrec.2010.05.005]

53. Guo J, Zhang X, Gu F, Zhang H, Fan Y. Does air pollution stimulate electric vehicle sales? Empirical evidence from twenty
major cities in China. J Clean Prod 2020 Mar;249:119372. [doi: 10.1016/j.jclepro.2019.119372]

54. Lou Y, Shi J, Guo D, Qureshi AK, Song L. Function of PD-L1 in antitumor immunity of glioma cells. Saudi J Biol Sci
2017 May;24(4):803-807 [FREE Full text] [doi: 10.1016/j.sjbs.2015.06.025] [Medline: 28490949]

55. Elhoseny M, Shankar K. Optimal bilateral filter and Convolutional Neural Network based denoising method of medical
image measurements. Measurement 2019 Sep;143:125-135 [FREE Full text] [doi: 10.1016/j.measurement.2019.04.072]

56. Lv Z, Kumar N. Software defined solutions for sensors in 6G/IoE. Comput Commun 2020 Mar;153:42-47. [doi:
10.1016/j.comcom.2020.01.060]

57. Li Z, Xia Y, Fang Y, Guan Y, Wang Y, Liu S, et al. The importance of CT quantitative evaluation of emphysema in lung
cancer screening cohort with negative findings by visual evaluation. Clin Respir J 2019 Dec;13(12):741-750. [doi:
10.1111/crj.13084] [Medline: 31444943]

58. Zou SC, Jiang J, Song J. IL-33 induced inflammation exacerbated the development of chronic obstructive pulmonary disease
through oxidative stress. Eur Rev Med Pharmacol Sci 2018 Mar;22(6):1758-1764 [FREE Full text] [doi:
10.26355/eurrev_201803_14593] [Medline: 29630123]

59. Patel RR, Ryu JH, Vassallo R. Cigarette smoking and diffuse lung disease. Drugs 2008;68(11):1511-1527. [doi:
10.2165/00003495-200868110-00004] [Medline: 18627208]

60. Asri H, Zegmout A. The two major complications of tobacco in a single image! Article in French. Pan Afr Med J 2018;30:252
[FREE Full text] [doi: 10.11604/pamj.2018.30.252.16393] [Medline: 30627313]

Abbreviations
IRTI: infrared thermal imaging
SARS: severe acute respiratory syndrome

Edited by G Eysenbach; submitted 15.07.20; peer-reviewed by Z Han, K Yang, M Jmail; comments to author 02.08.20; revised version
received 10.08.20; accepted 27.08.20; published 19.08.21

Please cite as:
Zhang Z, Cao Z, Deng F, Yang Z, Ma S, Guan Q, Liu R, He Z
Infrared Thermal Imaging of Patients With Acute Upper Respiratory Tract Infection: Mixed Methods Analysis
Interact J Med Res 2021;10(3):e22524
URL: https://www.i-jmr.org/2021/3/e22524
doi: 10.2196/22524
PMID: 34420912

©Zuopeng Zhang, ZanFeng Cao, Fangge Deng, Zhanzheng Yang, Sige Ma, Qianting Guan, Rong Liu, Zhuosen He. Originally
published in the Interactive Journal of Medical Research (https://www.i-jmr.org/), 19.08.2021. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Interactive
Journal of Medical Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.i-jmr.org/, as well as this copyright and license information must be included.

Interact J Med Res 2021 | vol. 10 | iss. 3 | e22524 | p. 11https://www.i-jmr.org/2021/3/e22524
(page number not for citation purposes)

Zhang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://www.mdpi.com/resolver?pii=s18010247
http://dx.doi.org/10.3390/s18010247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29337885&dopt=Abstract
http://europepmc.org/abstract/MED/27443171
http://dx.doi.org/10.1007/s12576-016-0472-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27443171&dopt=Abstract
http://dx.doi.org/10.1007/s11595-017-1574-1
http://dx.doi.org/10.1007/s11250-017-1378-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28849316&dopt=Abstract
https://www.redalyc.org/pdf/3729/372952815003.pdf
http://dx.doi.org/10.1016/j.resconrec.2010.05.005
http://dx.doi.org/10.1016/j.jclepro.2019.119372
https://linkinghub.elsevier.com/retrieve/pii/S1319-562X(15)00158-8
http://dx.doi.org/10.1016/j.sjbs.2015.06.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28490949&dopt=Abstract
https://doi.org/10.1016/j.measurement.2019.04.072)
http://dx.doi.org/10.1016/j.measurement.2019.04.072
http://dx.doi.org/10.1016/j.comcom.2020.01.060
http://dx.doi.org/10.1111/crj.13084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31444943&dopt=Abstract
https://www.europeanreview.org/article/14593
http://dx.doi.org/10.26355/eurrev_201803_14593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29630123&dopt=Abstract
http://dx.doi.org/10.2165/00003495-200868110-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18627208&dopt=Abstract
https://www.panafrican-med-journal.com/content/article/30/252/full/
http://dx.doi.org/10.11604/pamj.2018.30.252.16393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30627313&dopt=Abstract
https://www.i-jmr.org/2021/3/e22524
http://dx.doi.org/10.2196/22524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34420912&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

