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Abstract

Background: Non-contact infrared thermometers (NCITs) are widely used
during disease outbreaks as a temperature-measurement tool for screening
the general public, travelers at ports of entry, and isolating patients in
healthcare and other settings.

Methods: A clinical study was conducted with 1113 adult subjects using six
different commercially available NCIT models to assess their temperature
measurement accuracy. A total of 60 NCITs were tested with 10 units for
each model. The NCIT-measured temperature was compared with the oral
reference temperature.

Results: The mean difference between the oral reference thermometer and
NCIT measurement (clinical bias) was different for each NCIT model. The
clinical bias ranged from just under -0.9 °C (under-reporting) to just over
+0.2 °C (over-reporting). The majority of the individual measurement
differences ranged between -2 °C and +1 °C with extreme cases ranging
from -3 °C to +2 °C. Depending upon the NCIT model, 48% to 88% of the
Individual temperature measurements were outside the labeled accuracy
stated by the manufacturers. The sensitivity, which ranges from 0 (no
detection) to 1 (ideal detection), of the NCIT models for detecting a
subject’s temperature above 38 °C ranged from 0 to 0.69.

Conclusions: Overall, our results indicated that the tested NCIT devices
may not be consistently accurate enough to determine if a subject’s
temperature exceeds a specific threshold (e.g., 38 °C). Inter-model
variability and intra-model accuracy of the displayed temperature were
found to be outside of acceptable limits. Accuracy and credibility of NCITs
should be more thoroughly investigated in future studies before considering
them as an effective screening tool.

Introduction

Non-contact Infrared Thermometers (NCITs) are being used as a
temperature measurement tool for screening and isolating potentially
Infected people with elevated temperature in healthcare settings, ports of
entry and in other group settings. NCITs do not measure the core body
temperature directly but are designed to correlate with a reference body site
temperature, such as the oral temperature. The forehead skin surface
temperature is measured based upon detection of infrared radiant energy
from the surface of the skin. The temperature of the forehead skin surface is
lower than reference body site temperature. Therefore, manufacturers
typically use a proprietary algorithm and hardware design features to
compensate for the difference between the forehead skin surface
temperature and the reference body site temperature - the “adjusted mode,
typically referred to as “subject mode” for most NCITs. The algorithm used
to adjust the temperature also may compensate for other factors such as
variations in room temperature, skin emissivity, and clinical and hardware
biases.

Although NCITs may be the primary tool for temperature screening, clinical
studies have reported mixed performance in terms of their accuracies. The
accuracy of NCITs are currently evaluated using the ASTM E1965 and ISO
80601-2-56 standards. Both standards set a requirement for the laboratory
error to be within 0.3 °C. The objective of this study was to evaluate,
analyze, and report the accuracy of multiple units of various commonly-
available NCIT models in a large-scale controlled clinical study comprised
of both afebrile and febrile adult subjects.

Materials and Methods

Six different commercially available NCIT models from different
manufacturers that measure temperature at the center of the forehead were
tested. Ten units of each model were purchased from commercial vendors.
NCITs were divided into ten identical sets; each measurement set contained
one unit of each of the six different NCIT models, labeled A through F.
Thermometers were cleaned and prepared according to the manufacturer’s
Instructions for use and had fresh batteries installed prior to testing.
Temperature measurement sequence:

Subject 2

15min indoors;
Consented

All measurements were taken at the University of Maryland Health Center.
Room temperature and humidity were recorded at the time of the

measurements. The same operator made the all measurements for a single
subject.

® Female
m Male
Exclusions:
%RH outside of operating range
m 18-20
m21-30
m 31-40
m41-50
51-60
T.es range (°C) Number of subjects ® White
Trial #1 Trial #2
38<x 49 59 m Black/African-
37.2<x<38 107 109 American
36.1<x<37.2 866 854 " Hispanic/Latino
- ® Asian
Multiracial

Results

Table 1. NCIT model performance evaluated to specification.
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Table 2. NCIT model clinical bias (mean error) and distribution.

AT = Tyeir - Tret (°C)
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Results

For all models, more than 48% of the clinical measurements fell outside of
the manufacturer’s labeled accuracy (Table 1). The clinical bias per ASTM
E1965 (Trial #1) ranged from under-reporting the temperature by -0.87 °C
to over-reporting the temperature by 0.21 °C. Overall, model E had the
greatest clinical bias (-0.89 °C) while Model C had the least clinical bias
(0.14 °C). All six NCIT models had relatively large standard deviations
compared to mean (Table 2 and Figure 1). The 5" percentile value for AT
was between -1.9 °C and -0.5 °C. For the six NCIT models, the mode value
for AT varied between -0.7 °C and 0.4 °C (Figure 2). The correlation between
AT and T, showed that the difference, AT, changed as a function of T, for
all NCIT models (Figure 3) for Trial #1.
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Figure 1. Accuracy performance statistics for each NCIT model for Trial
#1. The midline indicates the median, the box top captures 25% of the data
above the median and the box bottom captures 25% of the data below the
median. The whiskers (error bars) represent that maximum and the
minimum AT. The circles represent outlier data.
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Figure 2. Total counts per error value, per NCIT model for both Trial #1
and #2. Green area indicates 0.3 °C laboratory accuracy zone per the
standards; dashed black line indicates the zero error line.
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Figure 3. AT (°C) as a function of T (°C) for Trial #1 for each model.
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Discussion & Conclusion

Model-to-model variability and individual model accuracy in the displayed
temperature were found to be outside of acceptable limits.

Our study protocol was designed to minimize the inaccuracies due to user
error and environmental factors. In a real-world setting (e.g., transit
centers, pre-clinical triage, and other screening locations), the additional
Inaccuracies and variabilities will only increase the error in NCIT-measured
body temperature. Therefore, it is critical to follow the manufacturer’s
Instructions for use to minimize inaccuracies due to user error and
environmental factors and to optimize and ensure proper device

performance.

Overall, our results indicate that some NCIT devices may not be
consistently accurate enough to be used as a stand-alone temperature
measurement tool to determine if the subject’s temperature exceeds a
specific threshold (e.g., 38 °C) in an adult population.
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