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Purpose: Fever is one of the most typical clinical symptoms of coronavirus disease 2019 (COVID-19), and non-contact infrared
thermometers (NCITs) are commonly used to screen for fever. However, there is a lack of authoritative data to define a “fever” when
an NCIT is used and previous studies have shown that NCIT readings fluctuate widely depending on ambient temperatures and the
body surface site screened. The aim of this study was to establish cut-off points for normal temperatures of different body sites (neck,
forehead, temples, and wrist) and investigate the accuracy of NCITs at various ambient temperatures to improve the standardization
and accuracy of fever screening.
Patients and Methods: A prospective investigation was conducted among 904 participants in the outpatient and emergency
departments of Chengdu Women’s and Children’s Central Hospital. Body temperature was measured using NCITs and mercury
axillary thermometers. A receiver operating characteristic curve was used to determine the accuracy of body temperature detection at
the four body surface sites. Data on participant characteristics were also collected.
Results: Among the four surface sites, the neck temperature detection group had the highest accuracy. When the neck temperature was
37.35°C as the optimum fever diagnostic threshold, the sensitivity was 0.866. The optimum fever diagnostic thresholds for forehead,
temporal, and wrist temperature were 36.65°C, 36.65°C, and 36.75°C, respectively. Moreover, triple neck temperature detection had
the highest sensitivity, up to 0.998, whereas the sensitivity of triple wrist temperature detections was 0.949. Notably, the accuracy of
NCITs significantly reduced when the temperature was lower than 18°C.
Conclusion: Neck temperature had the highest accuracy among the four NCIT temperature measurement sites, with an optimum fever
diagnostic threshold of 37.35°C. Considering the findings reported in our study, we recommend triple neck temperature detection with
NCITs as the fever screening standard for COVID-19.
Keywords: COVID-19, epidemiology, fever, infrared rays, mass screening

Introduction
The coronavirus disease 2019 (COVID-19) pandemic has spread rapidly worldwide and has become a major global
public health event since the first case of COVID-19 was diagnosed in December 2019.1,2 China has effectively
suppressed the spread of COVID-19 through active prevention and control. However, with the advent of the delta and
omicron variants, the prevalence of COVID-19 presents a distinct upward trend.3–6 The delta variant has a 60% higher
risk of community transmission than the ancestral alpha strain and can even cause asymptomatic infection in vaccinated
patients.7–9 Omicron has numerous mutations with the potential to increase transmissibility, confer resistance to
therapeutics, or partially escape infection- or vaccine-induced immunity.10,11 Considering that the current epidemic is
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sporadic and small-scale, which is different from the previous COVID-19 attacks, severe measures such as city-wide
blockades or nationwide nucleic acid detection are not suitable However, routine screenings at entrances of crowdgathering areas, especially hospitals, should still be conducted to screen out potentially infected individuals.
Although some COVID-19 cases are diagnosed with no obvious fever symptoms, fever is one of the most typical
clinical symptoms of COVID-19, and occurs in more than 60% of all infectors, especially children and pregnant
women.12–15 Since most COVID-19 infectors can be identified through early body temperature and epidemic history
screening, temperature detection and epidemic history screening points were set at the entrance of all crowd-gathering
areas in China to screen out possible infected persons. According to the regulations of the National Health Commission,
triple body temperature and epidemic history screening were set up in outpatient and emergency departments.16 The
flowchart of triple screening in the hospital is summarized in Figures 1 and 2.
Fever screening should follow the principles of rapid, accurate, and safe measurement.17–19 Non-contact infrared
thermometers (NCITs) allow for rapid, wide-range body temperature measurement and are commonly used for body fever
screening.20–24 However, there is a lack of authoritative data to define a “fever” when an NCIT is used, and several studies
have reported that temperature measurements obtained from NCITs fluctuate widely. The different reference temperatures
and fever thresholds were shown to be affected by different instruments, ambient temperatures, and body surface sites.25–27
Thus, it is essential to clarify the reliability of using NCITs for current routine body temperature detection.
Therefore, in the present study, we aimed to investigate the accuracy of NCITs for body temperature detection at four
body surface sites and various ambient temperatures in outpatients. Additionally, we aimed to determine the optimum
diagnostic threshold of fever at different body surface sites, standardize measurement sites, and unify fever reference
standards to improve the standardization and accuracy of COVID-19 fever screening.

Patients and Methods
Study Design and Participants
This study was conducted between March 1 and April 30, 2021, and included outpatients and emergency patients who
were willing to participate. The following patients were excluded from the study: those with unstable vital signs who
needed to be rescued, those with mental illness or physical disability/disorder, and those whose body surface temperature
could not be obtained (eg, because of antipyretic paste covering). The study was registered in the Chinese Clinical Trial
Registry (No. ChiCTR2100049560) and was approved by the Ethics Committee of the Chengdu Women’s and Children’s
Central Hospital (No. 202040). The study complies with the Declaration of Helsinki and written informed consent was
obtained from all participants.

Data Collection
Participants’ sociodemographic data (age and sex) were collected using a standardized questionnaire (Supplementary
Material). The data of patients’ preference of body temperature surface sites for temperature detection were collected
from the questionnaire. Moreover, participants’ body temperature data were measured with NCITs (Model: JXB-178,
measuring range 32.0°C–42.0°C, accuracy ±0.2°Cl Guangzhou Weierkang Medical Devices Co., Ltd) and mercury
axillary thermometers (MATs; Model: CR.W11, Guangzhou Weierkang Medical Devices Co., Ltd) and were recorded
immediately. All NCIT and MAT instruments were the same brand and signal, and each instrument was corrected before
use. The ambient temperature was measured using an ambient temperature and humidity measuring instrument (WS2021,
Tianjin Kehui Instrument Factory, China).

Body Temperature Data and Diagnostic Criteria
Before the study, all investigators received training on the use of NCITs and MATs, requirements for measuring sites and
distances, measurement of ambient temperature and humidity, and data filling. Measuring body temperature strictly
followed the triple temperature detections (level 1: hospital entrance; level 2: outpatient and emergency entrance; level 3:
outpatient and emergency doctor consultation room). The distance from the hospital entrance to the Level 1 temperature
detection point was approximately 400 m (approximately 5-min walk) (Figure 1), and the parking lot was located outside
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Figure 1 The schematic diagram of body temperature detection-based hospital normalization management under COVID-19.
Abbreviations: BTD, body temperature detection; NCITs, non-contact infrared thermometers; MATs, mercury axillary thermometers.

Figure 2 Flow chart of the triple body temperature and epidemic history screening (level 1: hospital entrance; level 2: outpatient and emergency entrance; level 3:
outpatient and emergency doctor consultation room). NCITs were used in Levels 1 and 2, and NCITs and MATs were used in Level 3. Patients who were found to have
body temperatures higher than 37.3°C in Levels 1 and 2 were immediately measured by MATs. Patients with an epidemic history of COVID-19 underwent nucleic acid
testing, and their temperature was measured by MATs.

the hospital. NCITs were used in Levels 1 and 2, and NCITs and MATs were used in Level 3. Patients who were found to
have body temperatures higher than 37.3°C in Levels 1 and 2 were immediately measured by MATs. Patients with an
epidemic history of COVID-19 underwent nucleic acid testing, and their temperature was measured by MATs (Figure 2).
NCITs were used to detect the temperatures of the participants’ forehead, temple, neck, and wrist, 5 cm away from the
body sites. NCIT measurements for the four body surface sites were compared with those obtained using MATs. Axillary
temperature was considered a reference standard for three reasons. First, compared with NCITs, which are affected by
different manufacturers, models, and the environment,28 measurements obtained using MATs are more consistent.
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Second, although some studies show that using MATs are time-consuming and that they do not have the highest
sensitivity,29 it has been the mainstream method of body temperature measurement for a long time, especially in rural
areas owing to its affordability and portability. Third, as oral temperature testing may increase the risk of COVID-19 and
anal temperature is not suitable for large-scale body temperature detection, they were not used as screening standards.
Fever was diagnosed when the temperature measured exceeded 37.3°C.29

Receiver Operating Characteristic (ROC) Curve
A ROC curve shows the trade-off between the sensitivity and specificity of fever screening.30 Body sites that yielded
curves closer to the top-left corner indicated a better performance. The area under the ROC curve (AUC) was used as
a criterion to measure the test’s discriminative ability, where the closer the AUC was to 1, the more efficient the fever
screening test was. In this study, the cut-off value is the temperature diagnosed as fever. Patients whose body temperature
is higher than the cut-off value are diagnosed as fever. Sensitivity was defined as the rate at which people were correctly
identified as having fever. The Youden Index represents a summary measurement of the ROC curve for the accuracy of
a diagnostic test with continuous endpoints.31 Youden index was used to determine the accuracy of body temperature
measurements.

Statistical Methods
All statistical analyses were performed using SPSS version 25.0 (IBM, Armonk, NY, USA). Categorical variables are
presented as counts and percentages, and continuous variables are presented as means and standard deviations. The ROC
curve describes the accuracy of body temperature detection at the four body surface sites. All tests were two-tailed, and
statistical significance was set at a p-value of <0.05.

Results
A total of 975 participants were initially recruited for this study. However, after excluding 71 participants who
dropped out or whose complete data were lost, 904 participants were included in the final analysis. The descriptive
data of the study participants are shown in Table 1. The mean age at recruitment was 29.63±6.30 years in adults and
3.71±3.25 years in children. In addition, 390 (46.1%) participants were male and 669 (74.0%) were children (<18
years old). Among the participants, 411 (45.5%) patients with axillary temperature of ≥37.3°C were diagnosed with
fever. The ambient temperature was 14°C–29°C (mean: 19.8°C±3.72°C), and the humidity was 30–90%RH (mean:
55.60 ±11.60).
The temperatures measured at each body surface site were compared with the axillary temperature, and the results
showed that the differences were statistically significant (p<0.001). The neck temperature was most consistent with and
slightly higher than the axillary temperature, whereas the other body surface temperatures were lower than the axillary
temperature (Table 1).
The accuracy of body temperature detection at the four body surface sites measured with NCITs was further analyzed
using the ROC curve (Figure 3A). Among them, the neck temperature detection group had the largest AUC. When the
neck temperature was 37.35°C as the optimum cut-off value, the highest Youden Index was 0.712, sensitivity was 0.866,
and specificity was 0.846. The optimum cut-off values of forehead, temporal, and wrist temperatures were 36.65°C,
36.65°C, and 36.75°C, respectively, which were significantly lower than the axillary temperature. If 37.25°C is
considered the diagnostic threshold of fever, the diagnostic sensitivity is 0.871, 0.496, 0.477, and 0.399 at the neck,
forehead, temporal, and wrist sites, respectively (Table 2).
Considering that the ambient temperature may have a certain impact on NCIT measurements, the AUC of NCIT
measurements at the four surface sites was described at various ambient temperatures (Figure 3B). Notably, AUC
significantly reduced when the temperature was lower than 18°C and further decreased as the ambient temperature
decreased during 14°C–18°C. However, the AUC of neck temperature (0.878) remained at a high at 14°C and remained
basically above 0.9 when ambient temperature was 14°C–29°C.
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Table 1 Description
Characteristics

of

the

Participant

Variables

Total=904

Sex (male)

390(43.1%)

Adults (age≥18y)

235(26.0%)

Age (year)
Adults (≥18 y)

29.63±6.30

Children
Body temperature detection results
Normal

3.71±3.25
493(54.5%)

Fever by FT with NCITs
Fever by TT with NCITs

325(35.9%)
289(32.0%)

Fever by NT with NCITs

449(49.5%)

Fever by WT with NCITs
Fever by AT with MATs

278(30.8%)
411(45.5%)

Body temperature data
Forehead temperature
Temple temperature

36.84±0.81
36.86±0.89

Neck temperature

37.51±0.91

Wrist temperature
Axillary temperature

36.78±0.95
37.33±0.97

Abbreviations: FT, forehead temperature; TT, temple temperature; NT, neck temperature; WT, wrist temperature; AT,
axillary temperature; NCITs, non-contact infrared thermometers; MATs, mercury axillary thermometers.

Analysis of the triple temperature NCIT measurements revealed that the sensitivity of NCIT measurements at the four
surface sites differed significantly (Table 3). The triple neck temperature detection had the highest sensitivity (up to
99.8%), whereas triple wrist temperature detection was only 94.9%.
After analyzing participants’ opinions on the five temperature detection sites (Table 4), 236 (26.1%) participants
preferred wrist temperature detection for convenience and 228 (25.2%) disliked axillary temperature detection, mainly

Figure 3 The accuracy of the NCITs on the four surface sites at various ambient temperatures. (A) Among the four surface sites, the neck temperature detection group has
the largest area under the curve; (B) the AUC of NCITs on the four surface sites were described at various ambient temperatures. AUC significantly reduced when the
temperature was lower than 18°C and further decreased as the ambient temperature decreased during 14°C–18°C. However, the AUC of neck temperature (0.878)
remained at a high at 14°C and remained basically above 0.9 when ambient temperature was 14°C–29°C.
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Table 2 Description of the Accuracy of the NCITs on Four Body Surface Sites Measured with NCITs
Variables

AUC

95% CI

Cut-Off Value

Sensitivity

Specificity

Youden Index

Neck temperature
Temporal temperature

0.920
0.912

(0.903,0.938)
(0.894,0.931)

37.35
36.65

0.866
0.818

0.846
0.852

0.712
0.670

Forehead temperature

0.890

(0.869,0.911)

36.65

0.788

0.836

0.624

Wrist temperature
Neck temperature

0.827
-

(0.800,0.854)
-

36.75
37.25

0.628
0.871

0.870
0.830

0.498
0.701

Temporal temperature

-

-

37.25

0.496

0.970

0.466

Forehead temperature
Wrist temperature

-

-

37.25
37.25

0.477
0.399

0.976
0.970

0.453
0.369

Abbreviations: AUC, area under curve; CI, confidence interval.

Table 3 Description of the Accuracy of NCITs on the Four Surface Sites by Triple Temperature Detection
Variables

Sensitivity

Specificity

Youden Index

Triple neck temperature detection

0.998

0.605

0.603

Triple temporal temperature detection

0.994

0.618

0.612

Triple forehead temperature detection
Triple wrist temperature detection

0.990
0.949

0.584
0.659

0.574
0.608

Single neck temperature detection

0.866

0.846

0.712

Table 4 Evaluation of Participants on the Five Temperature Detection
Sites
Variables

Preference

Dislike

Forehead temperature

126(13.9%)

60(6.6%)

Temple temperature

19(2.2%)

57(6.3%)

Neck temperature
Wrist temperature

97(10.7%)
236(26.1%)

43(4.8%)
27(3.0%)

Axillary temperature

141(15.6%)

228(25.2%)

Indifference
Total

285(31.5%)
904(100%)

489(54.1%)
904(100%)

because it was time-consuming. However, most participants (54.1%) were indifferent to the site of body temperature
detection.

Discussion
This preliminary study investigated the accuracy of using NCITs for single and triple body temperature measurements at
four body surface sites to improve the standardization and accuracy of COVID-19 fever screening.
Similar to previous studies, we found that body surface temperature measurements on the forehead, temple, and wrist
were lower than that of the axillary temperature, whereas the neck temperature was slightly higher than the axillary
temperature.32–35 These differences may be attributed to the temperature reduction caused by sweat on the forehead or
temporal areas.36,37 Furthermore, the forehead and temple are typically exposed to ambient temperatures, whereas the
neck is often concealed by the collar. The neck is also located near the carotid artery and is, thus, closer to the body’s
core while the wrists are located at the extremities so that the blood supply provides far less heat than the neck. Given
these influencing factors, it is predictable that the accuracy of NCIT measurements from the four surface sites differed,
and that the sensitivity of neck temperature was significantly higher than that of the other three measurement sites.
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Previous studies have reported that the ambient temperature has a certain impact on the accuracy of NCIT
readings,21,37–40 which is consistent with our results. We found that the accuracy of NCIT measurements at the four
surface sites was significantly reduced when the temperature was lower than 18°C, and further decreased as the ambient
temperature dropped to 14°C. Nevertheless, the accuracy of neck temperature measurements was still maintained at
a high level between 14°C and 29°C, possibly because the neck area was less affected by the external environment.
Importantly, our findings also demonstrated that a single temperature measurement with an NCIT is insufficient for fever
screening under COVID-19 because the highest sensitivity of a single measurement was just 0.866.
Similar to previous studies, we found that there were significant differences in the optimal diagnostic threshold of
fever between different body surface sites.41,42 However, the optimal diagnostic thresholds of fever found in our study
are different from previous studies. Wing P Chan et al found that when a tympanic temperature of 37.3°C or above was
considered febrile, a corresponding cut-off value of 36.2°C when using an NCIT at the wrist was determined (0.864
sensitivity and 0.670 specificity).43 In fact, in our study, if 36.25°C is defined as the diagnostic standard of fever at wrist,
the sensitivity is 0.830 and the specificity is 0.623, which are similar to their findings. At 36.25°C, the Youden index is
0.453 while that is 0.498 at 36.75°C. In order to compare the best diagnostic threshold of fever at four body surface sites,
we selected the highest Youden value of each site for comparison. Of course, in fever screening, it is feasible to sacrifice
some specificity for sensitivity. Appropriately reducing the diagnostic threshold of fever can improve the sensitivity of
detecting fever patients and increasing the threshold can improve the specificity. For instance, 36.0°C was recommended
as the fever diagnostic threshold of frontal temperature and 36.2°C and 37.5°C at wrist were taken in previous
studies.20,44,45 Because of the differences in dressing habits and religious beliefs in different regions, as well as some
individualized factors (such as physical disability and trauma), it is important to clarify the diagnostic threshold of fever
at each body surface site. However, a considerable number of medical staff are unaware of this, and consider 37.3°C as
the threshold for all fever screening methods; this lack of awareness is even more prevalent among non-medical staff.
Therefore, standardized body temperature detection training for body temperature examiners is urgently needed, and our
research group is currently conducting further research to investigate the understanding of fever diagnostic thresholds and
the use of NCITs among body temperature examiners.
Under the regulations of the National Health Commission, Chinese hospitals were required to conduct a triple body
temperature and epidemic history screening.16 In our study, we further tested the accuracy of this scheme. Triple neck
temperature detection still had the highest sensitivity of 0.998, whereas the temporal and frontal temperatures had
sensitivities of 0.994 and 0.990, respectively. Remarkably, the triple wrist temperature detection sensitivity was only
0.949, which is inconsistent with that in previous reports,20,46,47 questioning the accuracy of wrist temperature measurements for COVID-19 fever screening.
Due to the particularity of COVID-19, normalization management is necessary, which requires widespread participation and compliance. In the standardized questionnaire, we analyzed the participants’ views on the four temperature
detection sites. A high proportion of participants (25.2%) disliked axillary temperature measurement, mainly because it
was time-consuming. If the sensitivity of NCITs can be ensured, triple NCIT body temperature measurements could be
a more rapid and convenient method of fever screening. Further exploration of measures for pandemic prevention and
control is essential because it may aid preparation for the emergence of possible variant viruses or future virus
pandemics.
The merit of our study is its large-scale and highly accurate data, which was confirmed by the same professional
investigators and the same instruments. Additionally, the participants were followed up throughout the triplemeasurement fever screening process, representing a relatively complete study design. Furthermore, our study had
a large study population as it was conducted at one of the largest and most professional women’s and children’s hospitals
in Southwest China that receives and treats women and children with fever on a daily basis.
Although this preliminary study contributes new knowledge on the use of single and triple NCIT measurements for
accurate body temperature detection at the four body surface sites, it has several limitations. First, patients with
hyperthermia (>40°C) did not participate in this study because of the severity of their condition. Therefore, the accuracy
of NCIT measurements in patients with high fever requires further investigation. Second, during the study period, the
ambient temperature range only fluctuated between 14°C and 29°C, and data beyond this range are lacking. Third,
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according to the epidemic prevention and control requirements of the National Health Commission, we only measured
the temperature of these four common body surface sites, and the other sites considered to have high accuracy, such as
the inner eye canthus and inner ear, have not been studied.48 Fourth, body temperature can be influenced by many factors.
Although body surface sites, type of thermometer used, external environment and activities prior to measurement were
controlled in this study, there are still some other influencing factors, such as circadian rhythm, age and ovulatory cycle,
which were not included in the study design. A large-scale multi-center study including more participants, ambient
temperatures, and body surface sites, is essential to better understand the accuracy of NCITs for single and triple
temperature detection.

Conclusion
The neck was found to yield the most accurate NCIT temperature measurements among the four body sites, and the
optimum fever diagnostic threshold was determined to be 37.35°C. However, single temperature measurement with an
NCIT is insufficient for COVID-19 fever screening, we recommend triple neck temperature measurements with NCITs as
a fever screening standard for COVID-19.

Abbreviations
BTD, body temperature detection; NCITs, non-contact infrared thermometers; MATs, mercury axillary thermometers;
ROC, receiver operating characteristic; AUC, area under the curve; FT, forehead temperature; TT, temple temperature;
NT, neck temperature; WT, wrist temperature; AT, axillary temperature; CI, confidence interval.
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