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Summary

Background Body temperature control is a frequently
used screening test for infectious diseases, such as
Covid-19 (Sars-CoV-2). We used this procedure to test
the body temperature of staff members in a hospital in
Tyrol (Austria), where the Covid-19 disease occurred
in March 2020. The hospital is located in a moun-
tain area at 995m above sea level with low outdoor
temperatures during early spring season. Under these
conditions, we analyzed whether forehead tempera-
ture control offers a sufficient screening tool for in-
fectious diseases.

Methods Forehead temperature of 101 healthy male
and female employees was measured with an in-
frared thermometer directly after entering the hospi-
tal (Omin), followed by further controls after 1min,
3min, 5min and 60 min. We also tracked the outside
temperature and the temperature at the entrance hall
of the hospital.

Results Complete data of body temperature were
available for 46 female and 46 male study partici-
pants. The average forehead temperature measured
directly after entrance to the hospital was the lowest
(Omin) 33.17+1.45°C, and increased constantly to
34.90+1.49°C after 1min, 35.77+1.10°C after 3min,
36.08+0.79°C after 5min, and 36.6+0.24°C after
60min. The outside temperature ranged between
-5.5°C and 0°C, the indoor temperature had a con-
stant value of 20.5°C.
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Conclusion Our results indicate that forehead in-
frared temperature control is not an appropriate tool
to screen for infectious disease directly at the entrance
of a building, at least during early spring season with
cold outdoor temperatures.
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Introduction

Covid-19 (Sars-CoV-2) is a dangerous infectious dis-
ease with the risk of life-threatening pulmonary com-
plications [1, 2]. Since the number of infected peo-
ple and the mortality rates increase worldwide, many
countries decided for a nationwide lockdown [3]. Fur-
ther strategies focus on early diagnosis of Sars-CoV-2
infection, which is known to result in flu-like symp-
toms, such as fever, sore throat and dry cough [1, 4,
5]. Social contact with infected people is considered
as a high-risk situation and, therefore, several insti-
tutions, including hospitals, implemented screening
areas including temperature controls at the entrance
(3, 6, 7].

The pandemic of Sars-CoV-2 reached Tyrol in
March 2020. The hospital Hochzirl (Hochzirl 1, 6170
Zirl, Austria), a geriatric and neurological institution
situated in a mountain area at 995m above sea level,
started with temperature screening for all staff mem-
bers immediately after the onset of the pandemic.
The hospital operator decided to deny access for the
clinical personal if the body temperature was above
37.4°C. Beside this, information about the need of
social distancing, hygiene standards and the use of
the personal protective equipment was provided.

Because of the low outdoor temperatures at this
season, especially in the morning, a debate started
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whether routinely performed temperature controls of
staff members might be a sufficient tool to detect
possibly infected people. To the best of our knowl-
edge, only few published data are available about the
relationship between forehead temperature measure-
ments and the outdoor climate situation. Therefore,
we performed temperature controls directly at the en-
trance of the hospital Hochzirl, followed by further
measurements up to lh, which was considered as
a steady state body temperature.

Methods
Study patrticipants

A total of 101 members of the hospital staff (women 52,
men 49) gave their consent to participate in the
study (54 physicians and medical students, 16 nurses,
19 physiotherapists and 12 office workers). Since 9
of the study participants were not available after 1h
(e.g. due to meetings), we were able to rely on a final
sample of 92 persons where full information on body
temperature was available.

At the entrance to the hospital, all study partici-
pants wore winter clothing, but no headgear (e.g., hat
or headband). There are three different ways for study
participants to reach the hospital’s entrance with the
screening area: (1) by car followed by a walk of ap-
proximately 160m from the parking place (2min), (2)
by train with a 1.2km walk (13min and +80m alti-
tude) and (3) a steep 500 m path from the train station
through the forest (+80m altitude 7min). The corre-
sponding distances, times and altitudes were taken
from Guru maps pro v4.4.9 (6841).

Temperature control

Temperature control was performed at the entrance to
the hospital between 7 and 8 a.m. All measurements
were taken by Trimedika TR 1 infrared Thermometer
for clinical use (TriMedika, Belfast, Northern Ireland,
Great Britain). The lens of the TriMedika thermome-
ter focuses the infrared energy to a detector, which
converts the energy to an electrical signal that can be
displayed in °C after being compensated for ambient
temperature variation. This configuration facilitates
temperature measurement from a distance without
contact to the skin [8]. The device was equilibrated
for 15-20 min at room temperature. Body temperature

Table1 Sample charac-
teristics (N=92, 46 males
and 46 females). Descrip-

Measurement Mean Sd

was taken at the forehead, two fingers widths from the
skin at an exposed area, free from hair [8].

Temperature was displayed within a range of
32-42°C. Below and above these limits, tempera-
tures at the thermometer were reported as “low” and
“high”.

Values below 32 °C were frequently observed in our
sample, values above 42°C were not observed (Ta-
ble 1). To carry out the statistical analysis, we fixed
these body temperatures at 32°C. To check the sensi-
tivity of our results, we used alternative values of 31°C
and 30°C, but it turned out that in qualitative terms
our findings were robust against this change.

Measurement and data collection

Between 30 March 2020 and 3 April 2020 the forehead
temperature of 101 participants was taken according
to the manual [8]. Measurements were performed di-
rectly after entering the hospital at Omin, followed
by controls after 1 min, 3min and 5min (time period
between 07:20 am and 08:00 am). For these mea-
surements, participants were seated in the entrance
area without change of clothing and without eating
or drinking. A final temperature measurement per-
formed after 1h at the working place of the partici-
pants was considered as a steady state situation.

The outside temperature was determined by use of
3 different car thermometers and calculation of the
average value, ranging from -5.5 to 0°C. The temper-
ature in the entrance hall was taken from built in ther-
mostats (20.5°C).

Statistical analysis

The sample size was determined for connected sam-
ples and constant target values with a significance
level (alpha) of 0.05, 80% statistical power and a Co-
hen’s d of 0.3. This obtains a sample size of N=89 [9].
Due to possible missing values, a size of 101 was cho-
sen. Missing values were excluded (N=9), the final
sample size was N=92 (46 males and 46 females).
Body temperature was taken for 0 min, 1 min, 3 min,
5min and 60min, respectively. For each measure-
ment, we calculated the mean, median and standard
deviation of body temperature. To carry out a pairwise
comparison of mean temperatures, we applied a one-
way ANOVA for repeated samples and unequal vari-
ances [10]. Apart from the timing of measurement,

tive statistics between dif-

- o ) Entrance (0 min) 33.17 1.45
ferent points in time (Omin, :
1min, 3min, 5min, 60min), 1 Min 34.90 1.49
mean, sd, median, min, max  3min 35.77 1.10
and persons where the ther-  5min 36.08 0.79
mometer displayed “low 60min 36.60 0.2

(<32°C)

Median Minimum Maximum Persons where ther-
mometer displayed “low”
(<32°C)

32.20 32.0 36.4 42

35.70 32.0 36.4 10

36.10 32.0 36.6

36.25 32.0 37.0

36.60 35.5 37.4 -
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Fig. 1  Temperature pro-
files at different measuring
times along with 5% CI and
0.01% ClI

Temperature, centigrade

32

=O=Mean 95%-CI 99%-ClI

T T
Entrance 1 min

we were interested if the participants’ body tempera-
ture was affected by their gender and the outside as
well as inside temperatures. For this purpose, we used
a standard regression framework [10]. All the calcula-
tions are carried out with Stata (version 16, StataCorp,
College Station, TX, USA).

Results

The temperature measured directly after entrance to
the hospital was low (33.17+ 1.45°C) in all participants
and increased thereafter, reaching a steady state after
1h (Table 1). The average forehead temperature was
34.90+1.49°C after 1 min, 35.77+1.10°C after 3min,
36.08+0.79°C after 5min and 36.60+0.24°C after 1h.

Our empirical findings suggest that the timing of
measurement was important (Table 2). On average,
the body temperature increased by about 0.8 °C within
the observational time span. The effect of gender was
insignificant, and the outside temperature had an im-
pact of around 0.08. Accordingly, a 1°C higher outside
temperature was associated, on average, with a higher
body temperature of 0.08°C. Note that inside temper-

Table 2 Regression results (dependent variable: body
temperature, N=460). Results of linear regression of body
temperature on a constant, gender, inside and outside
temperature and a time trend for each measurement of
body temperature. Constant suppressed. Dependent vari-
able is a participant’s body temperature. Standard errors
are White-robust

T T T
3 min 5 min 60 min

ature was constant over the study period and is, there-
fore, captured in the constant.

Fig. 1 shows the time pattern of the observed body
temperature along with the 5% and the 0.01% CI.
It suggests significant differences over all measure-
ments. More systematically, the ANOVA of pairwise
comparisons between mean temperatures revealed
a highly significant difference for forehead tempera-
ture across all measurements (Table 2).

Finally, we observed a difference between the mea-
surement at the entrance and 1h later of around 3.4°C
(Table 3). This difference was significantly negative,
suggesting that taking the forehead measurement at
the entrance of the hospital systematically underesti-
mates a person’s body temperature. This difference re-
mains substantial when comparing the entrance mea-
surement with shorter follow-up measurements. It
should be noticed that the differences reported in Ta-
ble 2 represent conservative estimates as we fixed the
body temperature at 32°C when the thermometer dis-
played a value of “low” (setting this value arbitrarily
to 31°C and 30°C, this mean difference between 0 min
and 60min increased to -3.9°C and -4.4°C, respec-
tively, which are both significant with a p-value far
below 0.001).

Discussion

The main advantage of control of forehead tempera-
ture measurement is seen as the possibility for a quick
and cost-effective decisions about permitting access
to a hospital directly at an entrance. According to the
results of our study there exist several limitations that
should be considered with this procedure. We could
observe that body temperature is underestimated by
forehead measurements, when the controls are taken

Variable Coefficient Standard error p-value
Time (measurement) 0.805 0.037 0.000
Outdoor temperature 0.077 0.024 0.001
Gender 0.026 0.109 0.812
Adjusted R 0.497 = =
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Table 3 Pairwise compar-
ison of mean temperature
(ANOVA). ANOVA on dif-

ferences between mean of  Entrance  Difference
body temperature at differ- Dl Standard error
ent time periods following p-value
the entrance of the hospital. 1mi :
Table reports mean differ- min Difference
ence, sd and p-values Standard error
p-value
3min Difference
Standard error
p-value
5min Difference
Standard error
p-value

at the entrance of a building, especially during winter
and early spring season with cold outdoor tempera-
tures. These data are in accordance with the results
of previously published studies on how physical ac-
tivity [11, 12] and sun exposure [13] affect skin tem-
perature. Although the screening procedure of tem-
perature measurements may be seen as a psycholog-
ical signal, emphasizing the importance to be con-
scious about infectious disease, the limitations of this
method have to be considered.

Because thermal imaging cameras are described as
an alternative tool to screen for people with increased
body temperature, we have performed a literature
search about the relevance of this procedure [15, 16].
Published literature describe that also imaging cam-
eras should only be used in a standardized environ-
ment, especially free from secondary infrared sources,
such as incandescent lamps or direct sunlight. In or-
der to ensure the quality of the measurements [15,
16]. Moreover the results should be correlated with
e.g. epitympanic measurement [16], but also epitym-
panic measurements are influenced by ambient and
low temperatures [14].

The results of our study show that forehead tem-
perature measurement is not an appropriate tool for
screening for infectious disease during cold outdoor
temperatures.

The relevance of temperature measurements in
the course of screening for infectious diseases should
therefore be critically discussed.

Key points

e Forehead temperature measurementis not an appro-
priate tool for screening for infectious diseases dur-
ing cold outdoor temperatures.

e Body temperature is systematically underestimated
when taken at the forehead and at the entrance of
a building, especially during the winter and cold out-
door temperatures.

Mean difference to measurement after ...

1min 3min 5min 60 min
—1.734 —2.599 —2.915 -3.435
0.217 0.190 0.172 0.153
0.000 0.000 0.000 0.000
- -0.865 -1.182 -1.701
= 0.193 0.176 0.157
- 0.000 0.000 0.000
- - -0.316 -0.836
- - 0.141 0.117
- - 0.026 0.000
- - - -0.520
- - - 0.086
- - - 0.000
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