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Abstract - When properly implemented, Resumo - Quando adequadamente

thermography is the most efficient non-contact,
cost effective and reasonably accurate solution
for mass screening of individuals for elevated
body temperature (EBT). It was first introduced
in 2002 with the highly infectious disease called
SARS (Severe, Acute Respiratory Syndrome)
epidemic, which originated in the Guangdong
Province of China and eventually spread to 29
countries. Screening to detect a potentially
infected person played an important role in
preventing the spread of SARS. This paper will
EBT

screening designed to protect the public during

provide an example of responsible
the threat of contamination of infectious disease.
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temperature screening, thermography.
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implementada, a termografia é a solu¢cdo mais
eficiente, rentavel e razoavelmente precisa para a
andlise de massa de individuos em busca de
temperatura corporal elevada. Foi introduzida
pela primeira vez em 2002 com a doenca
altamente infecciosa chamada SARS (Sindrome
Respiratéria Aguda), epidemia que se originou na
provincia de Guangdong da China e
eventualmente se espalhou para 29 paises. A
triagem para detectar uma pessoa potencialmente
infectada desempenhou um papel importante na
prevencdo da propagacdo de SARS. Este artigo
ira fornecer um exemplo de triagem para
temperatura  corporal elevada responsavel
projetado para proteger o publico durante a
ameaca de contaminacdo de doengas infecciosas.
Palavras-chave: Febre, temperatura corporal

elevada, analise de temperatura, termografia.
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1. INTRODUCTION

A great deal has been learned since the initial
experience of 2002 when there were no
guidelines for effective screening. Even today we
see videos of live screening activities with
inappropriate equipment and little or no human or
environmental protocols, sometimes resulting in
ineffective  and  disappointing  outcomes.
Thermography has great potential, but unless it is

used properly it will become a prop for perceived
action in a panic situation.

2. ABOUT CONTAGIOUS INFLUENZA

An influenza pandemic is an epidemic of an
influenza virus that spreads on a worldwide scale
and infects a large proportion of the human
population. There have been three major
epidemics since 2002:

Tabela 1. Epidemic data about SARS, HLN1 and Ebola in the past years

Epidemic SARS HI1N1 Ebola

Dates Nov 2002-June2003 April 2009-April 2010 Oct 2014
Country or Origin China Mexico West Africa
Possible Infected 8,098 89 million 27,800
Possible Deaths 774 18,300 11,269

% 9.56% 2% 40.5%

*Statistics according to the World Health Organization
HIN1 affected the most people, but by far, that the thermal device measures skin

Ebola has been the most deadly

The other FLU

The DCD reports that an estimated 35 to 50
million Americans have flu associated illness
every year resulting in 20,000 to 40,000 deaths
annually, typically between November and
March. In addition to deaths directly related to
flu, Walgreens conducted a study revealing
influenza was responsible for 100 million lost
work days during the 2010-2011 flu seasons
resulting in $7 billion in lost wages. The
Walgreens survey noted that 80% of workers
showed up for work knowing they were sick, a
major known cause for spread of the disease.

To date, there are far more deaths in the U.S.
every year related to seasonal Influenza. From
Nov 2002 until now more than 30,000 deaths are
attributed to SARS, H1IN1 and Ebola while an
estimated minimum of 360,000 Americans died
of seasonal influenza, much of which could have
been prevented with a program to discourage sick
workers from attending their jobs and affecting
others.

3. UNDERSTANDING THE BENEFITS
AND LIMITATIONS OF IR

The accuracy of the infrared system can be,
however, affected by human, environmental, and
equipment variables. It is also limited by the fact

Pan Am J Med Thermol 2(1): 58-62

temperature and not the core body temperature.
For this application, it is critical for thermal
imagers to be able to identify febrile from normal
subjects accurately. Minimizing the number of
false positive and false negative cases, improves
the efficiency of the screening stations. False
negative results should be avoided at all costs, as
letting a SARS infected person through the
screening process may result in potentially
catastrophic results.

Human Factor:

The time course of a typical fever can be
divided into three stages:

1 Onset is when the fever initiates. Fever
may not be significant enough at this stage to
reach the “target” temperature for detection.

2 During the course of the fever, this can
last the longest of the three stages and when the
fever is most active and most likely to be easily
detected.

3 During the subsiding stage temperature
can return to normal, either gradually or
suddenly, but at this stage the pathogen is
resolving.

The typical incubation period for influenza is
a minimum of two days, depending on the strain
and infected people are usually contagious for 24
hours before the onset of symptoms.
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Environmental Factors:

As mass screening will typically take place in
a large area with high traffic, one of the greatest
challenges is the controlled environment.
Screening cannot be effective or controlled
outside and cannot be positioned where lighting,
outside light, reflective objects or crowds of
people can be seen in the field of view. Ambient
temperature is central to the controlled
environment. Temperatures too warm or too cold
for comfort (18°C to 24°C is optimal and ISO
recommended) can affect the accuracy of the
target temperature reading.

Equipment Variables:

Not all cameras have the correct specifications
to provide accurate results of elevated body

temperature.
NETD (Noise Equivalent Temperature
Difference) is closely related to thermal

sensitivity. The very minimum to avoid thermal
noise is NETD of 100mK (0.1°C), but today we
have an expectation of 50mK with the ability to
detect temperature differences of 0.05°C. Ideal
spectral range is 7.5 to 13 microns

In addition, the ISO has established technical
guidelines: The device should carry out a self-
correction (NUC) and it must operate in near
real-time for rapid screening.

Currently, the vast majority of qualifying
thermal devices on the market are Focal Plane
Array microbolometer technology that provides
resolutions of 320 X 240 or 640 X 480 with 30-
60 frames per second.

Because this knowledge is critical to effective
screening, the International Organization for
Standardization published ISO 13154:2009 with
operational and implementation guidelines for
screening thermography.

ISO Functional Requirements:

* Detect infrared radiation emitted from the
FACE over at least the range of 30 °C to 40 °C.

e Obtain a temperature reading from the
TARGET (Between the eyes)

* Compare that temperature reading to the
THRESHOLD TEMPERATURE to determine if
the person is febrile

* Isothermal color display for visual
interpretation and rapid identification of the
target

* Indication of temperature range, with color
code/temperature scale, shall be displayed.

* The screening thermograph shall be
provided with at least one color mapping mode
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where the colors follow the order of the visible
spectrum such that blue is cooler and red is
hotter.

* Date and time that the image was acquired;

* Display threshold temperature;

* Create a thermogram of the FACE A guide
or mask shall be provided in the image of the
workable target plane on the display.

* Image shall be provided with an alarm
system that includes an alarm that indicates when
the threshold temperature has been exceeded
inside of the target.

Handheld scanners sometimes seen on news
clips are very cheap (think Home Depot for
measuring BBQ fire), cannot meet ISO
guidelines and have no thermal integrity capable
of protecting the public.

4. MEASURING AND THE TARGET AREA

The human body is almost a perfect emitter of
radiated heat/energy but the temperature from
head to toe can span a minimum of 8°C on a
healthy person. The head is hottest, the feet are
coldest and there are variations of temperature
within each region.

Ranges in internal Body (Basal) Temperatures

» Temperature can go up or down 1 to 2
degrees throughout the day.

* A normal oral temperature for a resting,
healthy adult is about 98.6°F (37°C)

* For someone over 70 normal temperature is
96.8°F (36°C)).

* A temperature above 100.4°F (38°C)
indicates a fever, called pyrexia in medical terms.

* Temperatures between 99°F (37.2°C) and
100.4°F (38°C) are called low-grade fever.

» Temperatures between 100.4°F (38°C) and
105.8°F (41°C) are called pyrexia.

» Temperatures between 105.8°F (41°C) and
109.4°F (43°C) are serious. * Temperatures above
109.4°F (43°C) are usually fatal.

These are basal temperatures. The surface
temperature is expected to be in the range of 1 to
1.3 degrees C lower than the basal temperature.

Target area: inner canthus of each eye with 16
pixels in the target area. Because thermography
measures surface temperature the only
opportunities for reliable measurement are:
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1  Ear canal (tympanic membrane): One of
the best places: several arteries that flow to the
hypothalamus which regulates body temperature
but we can only see the outside of the ear canal
(Figure 1).

2 Inner canthus of the eye (Figure 2): close
to the brain and hypothalamus where a branch of
the carotid artery terminates. ldeal area to
measure EBT, but the target size is only 5-6 mm
(the most stable and convenient area for
measurement.

Figure 2. eye anatomy

The FACE should be unobstructed by hair,
eyeglasses, and other objects because their
presence will interfere with the ability of a
screening thermograph to detect a febrile
condition. A healthy person will present in the
range of 35 to 36.5 degrees C (average) with eye
temperature measurement (Figure 3 and 4).
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Figure 4. Illustration of the thermogram analysis.

5. CAMERA POSITIONING AND FLOW
OF TRAFFIC

One specific requirement for mass screening
is that it not impede traffic flow or cause time
delays for passengers and workers. Following all
ISO guidelines can be challenging. Those who
are in a position to make the purchasing decision
are oftentimes not aware of the limitations of
thermography screening. For example, some have
an expectation of a device mounted high on the
ceiling, out of the way, scanning the crowd for
someone with a hot head.

The camera must be positioned to be directly
in front of the person being screened, so
consideration must be given to people of different
heights. To acquire enough pixels on the eye to
establish an accurate measurement, the person
should not be more than 4 feet (122 cm) away
from a 320 X 240 array camera and no more than
10 feet (304 cm) with a 640 x 480 array camera.
They must also pause for a few seconds and look
into the camera. The area behind the person must
be blocked from artifacts, including other people.
Traffic flow must include an easy exit. Work
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space must accommodate a non-skilled person
that is a safe distance from the people being
screened. If an elevated temperature is detected,
the person must have a secondary exam, usually
with an ear thermometer inside the ear canal to
determine a truer basal temperature. Follow-on
screening must be separated and attended by a
skilled health care worker. There must be a
separated area for those who need to be
quarantined.

As you can see, the screening area must be
well planned.

According to 2005 International 1 Health
Regulations for health events of international
concern, each country has an obligation to ensure
prevention and manage the control of epidemic
cases to prevent the spread of the disease over
international borders.

Unfortunately, implementation of screening
protocols is delayed until there is an emergency,
as there is hesitation to invest in equipment that is
perceived not to be useful unless there is a
perceived pandemic. This makes optimal
planning very difficult.

While screening at airports, hospitals and
other public facilities offers a non-contact
solution for screening when there is a fear of
pandemic, more lives could actually be saved
every year with routine screening of employees
and healthcare workers at the entrance of the
workplace, which would encourage them to stay
home while they are sick. The challenge we face
is acceptance of introduction of such a strategy
into the workplace. However, there would be
significant economic advantage, even to a small
to medium sized business. There would also be a
tremendous advantage to those who would be
spared untimely death due to exposure.

As elevation of body temperature is a
common presenting symptom for many illnesses
including infectious diseases, thermal imagers are
useful tools for mass screening of body
temperature not only for SARS but also during
other public health crisis where widespread
transmission of infection is a concern.

6. CONCLUSION

To date the on-site use of thermography for
fever screening, for the most part, is not in
compliance with ISO standards and therefore the
screening programs  provide unsatisfactory
results.
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There is a clear need for education and
training for practical use. In addition, fever
screening is underused for routine applications
other than screening for pandemic disease which
occurs sporadically and often years apart. Efforts
are now being made to widen the scope of
infectious disease and improve on-site use.
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