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Abstract

Background: Seasonal influenza virus outbreaks cause annual epidemics, mostly during winter in temperate
zone countries, especially resulting in increased morbidity and higher mortality in children. In order to conduct rapid
screening for influenza in pediatric outpatient units, we developed a pediatric infection screening system with a radar
respiration monitor.

Methods: The system conducts influenza screening within 10 seconds based on vital signs (i.e., respiration rate
monitored using a 24 GHz microwave radar; facial temperature, using a thermopile array; and heart rate, using a
pulse photosensor). A support vector machine (SVM) classification method was used to discriminate influenza
children from healthy children based on vital signs. To assess the classification performance of the screening
system that uses the SVM, we conducted influenza screening for 70 children (i.e., 27 seasonal influenza patients
(11 ± 2 years) at a pediatric clinic and 43 healthy control subjects (9 ± 4 years) at a pediatric dental clinic) in the
winter of 2013-2014.

Results: The screening system using the SVM identified 26 subjects with influenza (22 of the 27 influenza
patients and 4 of the 43 healthy subjects). The system discriminated 44 subjects as healthy (5 of the 27 influenza
patients and 39 of the 43 healthy subjects), with sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of 81.5%, 90.7%, 84.6%, and 88.6%, respectively.

Conclusion: The SVM-based screening system achieved classification results for the outpatient children based
on vital signs with comparatively high NPV within 10 seconds. At pediatric clinics and hospitals, our system seems
potentially useful in the first screening step for infections in the future.

Keywords: Influenza; Pediatric; Outpatient; Infection control;
Microwave radar

Introduction
Seasonal influenza causes an annual epidemic in wintertime and

frequently elevates children’s risk of developing acute respiratory
infection [1]. Such influenza-related infections not only result in
increased mortality but also in increased morbidity in this age group
[2,3]. During an epidemic season, rapid screening for influenza and
isolating suspected patients in pediatric outpatient units will be
effective in reducing the risk of secondary infection. To meet this need,
we developed a pediatric infection screening system based on vital
signs for pediatric outpatient settings.

We previously developed an infection screening system for medical
inspection using multiple vital signs (i.e., heart rate, respiration rate,
and facial temperature) and evaluated the possibility of applying it in
clinical practice at the Japan Self-Defense Forces Central Hospital
[4-6]. By using the three vital signs, the sensitivity of the system was
improved to higher than 88% in case control studies. However, the

main limitation of our previous studies was that they were conducted
in a specialized hospital with patients in a limited age group (range,
19-40 years). Therefore, in present study, we focus on investigating the
usefulness of the system in children with ages ranging from 4 to 15
years. To apply the system in pediatric outpatient units, we redesigned
our previous system to improve its usefulness. Moreover, we included
a new algorithm for predicting the occurrence of influenza using the
measured vital signs based on the support vector machine (SVM)
classification [7]. We tested the system at the Nishi-kokubunji Clinic
and Ritsu Pediatric Dental Clinic during the 2013-2014 influenza
seasons in Tokyo, Japan.

Materials and Methods
An Overview of the Pediatric Infection Screening System

The configuration of the pediatric infection screening system is
shown in Figure 1. The system consists of three biosensors, namely a
small-pixel and compact thermopile array to measure facial skin
temperature (Chino, Tokyo, Japan) [8], a 24 GHz microwave radar
(New-JRC, Tokyo, Japan) to measure respiration rate in a noncontact
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manner [9], and a pulse photosensor (Sparkfun Electronics, Colorado,
USA) to measure heart rate. A 13-inch liquid crystal display (LCD)
and a single-board computer were embedded in the system. Moreover,
an analog-to-digital converter (National Instruments, Texas, USA) was
used to convert the related biosignals from the sensor components to
digital and then send them to the computer for data analysis and
display. The system is powered by a 19-V wall plug AC/DC adapter or
a battery.

Figure 1: The configuration of the pediatric infection screening
system.

A Support Vector Machine Classification Method to Predict the
Occurrence of Influenza

The use of the support vector machine (SVM) is a popular method
for binary classification. In binary classification, one receives a set of
training data points, each of which belongs to one of two possible
classes. The task is to train a classifier, who finds the class labels of the
test data, given that the test data are new and unlabeled. In our case,
the two classes are infected and not infected.

The SVM is a sparse method. This means that the SVM will only
use the most informative part of the training data and ignore the
remaining data. This reduces computational complexity when
classifying new test data points.

During training, the SVM will select part of the training data points.
The selected data points are called support vectors (SVs) and define a
decision boundary. This is illustrated in Figure 2A using a two-
dimensional toy example. In the figure, the SVs are highlighted by
filled circles and triangles, and the thick black line represents the
decision boundary.

The decision boundary is calculated as follows: First, the SVM tries
to find a boundary that clearly separates the two classes and maximizes
the distance of the SVs to the boundary. This distance is called the
margin and is marked in gray in Figure 2A. If no such boundary exists,
the SVM will allow some data points to lie in the margin or even on
the wrong side of the boundary. The topmost triangle and lowest circle
in Figure 2A are examples of this case. However, each point on the
margin or wrong side of the boundary incurs a penalty. The optimum
decision boundary is chosen as the one with the least penalty.

The data points not selected as SVs are so far away from the
decision boundary that even if they were taken into account, the
decision boundary would not change.

After optimization, the SVM uses the boundary to classify new test
data points. This is illustrated in Figure 2B, where test data points

above the boundary are labelled as class 1 and points below the
boundary are labelled as class 2.

Figure 2: (A) Illustration of the support vector machine training
using a two-dimensional toy example. The filled circles and
triangles indicate the training data points that have been selected as
support vectors, and the gray area is the margin. (B) The
classification procedure of the support vector machine. The black
circles and triangles represent the test data points with unknown
class label, which are classified using the decision boundary found
during training.

A more detailed description of the SVM and mathematical tools
used for optimizing the boundary can be found in many textbooks [7].

Clinical Tests in Pediatric Outpatient Units

This study was designed as a cross-sectional investigation at the
Nishi-kokubunji Clinic and Ritsu Pediatric Dental Clinic (both located
in Tokyo) from September 11, 2013, to March 1, 2014. The data
collection was conducted at the Nishi-kokubunji Clinic for seasonal
influenza patients and at the Ritsu Pediatric Dental Clinic for healthy
control subjects. The influenza patients in this study included 27
patients (16 boys and 11 girls) diagnosed with seasonal influenza. The
mean age of the patients was 11 years (range, 7-15 years). Their mean
axillary body temperature was 38.2 ± 0.9°C (36.1°C ≤ axillary
temperature ≤ 39.8°C). The 43 healthy control subjects (25 boys and
18 girls) in this study included those who visited the Ritsu Pediatric
Dental Clinic with no symptoms of fever, headache, or sore throat.
Their mean age was 9 years (range, 4-15 years). Their mean axillary
body temperature was 36.4 ± 0.3°C (35.8°C ≤ axillary temperature ≤
37.1°C).

Measurements using the newly developed pediatric infection
screening system were performed for the above-mentioned influenza
patients at the Nishi-kokubunji Clinic, whereas measurements using
the previous system were performed for the healthy control subjects at
the Ritsu Pediatric Dental Clinic. It must be noted, however, that
although we used different prototype systems, the embedded
biosensors were the same. As shown in Figure 3, the subject was seated
at a distance (approximately 30-50 cm) away from the system for 10
seconds, the related biosignals were recorded, and then the facial
temperature, respiration rate, heart rate, and screening results (“PASS”
or “POTENTIAL INFECTION”) were displayed on the LCD screen.
The axillary body temperatures were measured using a contact-type
clinical thermometer (Terumo, Tokyo, Japan) for both influenza
patients and healthy control subjects. The present study was approved
by the Committee on Human Research of the Faculty of System
Design, Tokyo Metropolitan University. This study included children
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aged between 4 and 15 years whose parents were fully informed of the
purposes and procedures of the study before giving their written
consent to participate.

Figure 3: The pediatric infection screening system is placed
approximately 30–50 cm from the subject. The facial temperature,
respiration rate, heart rate, and screening results (“PASS” or
“POTENTIAL INFECTION”) are shown to subjects in real time.

Results
The three vital signs measured (i.e., facial temperature, respiration

rate, and heart rate) were used as inputs to the SVM. Leave-one-out
cross-validation was used to assess the performance of the SVM
classification and avoid overfitting [7]. The SVM parameters of cost
and gamma were chosen by minimizing the leave-one-out error. The
optimum values for cost and gamma were 3.0 and 6.5, respectively.
Figure 4 shows the screening results of the SVM in a three-
dimensional scatter plot. The 70 subjects were classified into either an
influenza or healthy group. The screen results of the system showed
that of the 27 influenza patients, 22 received true positive screening
results (indicated by the red open circle), whereas 5 received false-
negative screening results (indicated by the red closed circle). Of the
43 healthy control subjects, 39 received true negative screening results
(indicated by the blue open triangle), whereas 4 received false-positive
results (indicated by the blue closed triangle). Thus, the corresponding
sensitivity, specificity, positive predictive value, and negative
predictive value were 81.5%, 90.7%, 84.6%, and 88.6%, respectively.
Moreover, the vital signs were compared between the influenza and
healthy control groups. Significant differences (p<0.01) in facial
temperature, respiration rate, and heart rate were found between the
two groups. In particular, the mean heart rate of the influenza patients
(95.6 ± 23.1 bpm) was 13.2 bpm faster than that of the healthy control
subjects (82.4 ± 13.4 bpm).

Figure 4: The results of the SVM classification method are shown as
a three-dimensional scatter plot. Of the 27 influenza patients, 22
received true positive screening results (indicated by the red open
circle), whereas 5 received false negative screening results
(indicated by the red closed circle). Of the 43 healthy control
subjects, 39 received true negative screening results (indicated by
the blue open triangle), whereas 4 received false-positive results
(indicated by the blue closed triangle).

Discussion
Seasonal influenza is a serious public health problem, which causes

huge economic loss in healthcare services and families annually
[10,11]. Children younger than 5 years and the elderly older than 65
years were associated with a significantly higher risk for severe
influenza outcomes [12,13]. During an epidemic season, rapid
screening for influenza patients at outpatient units can prevent the
spread of the infection and secondary infection. Therefore, we
designed a pediatric infection screening system based on vital signs.

In the present study, we redesigned our previous system to improve
its usefulness and investigated the performance of the new system in
outpatient children. The system showed a sensitivity of 81.5%, which
was higher than the sensitivity reported in some recent studies on
fever-based screening using infrared thermography [14]. Considering
that not only body temperature but also heart and respiration rates
increase as aftereffects of infectious diseases such as influenza, we
designed our system to monitor these three vital signs to improve its
sensitivity in detecting infected patients. Therefore, some of the
patients had lower facial temperatures, but they were still classified
into the influenza group. Moreover, by evaluating the system in
outpatient children, we found that the vital signs, especially the heart
rate, vary according to age. For instance, in the present study, the
mean heart rate was 95.6 bpm for the influenza group and 82.4 bpm
for the healthy control group, with the age ranging from 4 to 15 years.
By contrast, in our previous study [4], the mean heart rate was 90 bpm
for the influenza group and 66 bpm for the healthy control group, with
the ages ranging from 19 to 40 years. This result suggests that different
discriminant functions must be used to predict infected individuals,
depending on their age. Therefore, it is important to accumulate data
from people of various ages.

The SVM-based pediatric infection screening system achieved 10
seconds of screening of outpatient children based on vital signs. The
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system is potentially useful for rapid influenza screening in pediatric
outpatient units during the epidemic season.
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