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Abstract

Introduction

Despite the limited evidence for its effectiveness, thermal screening at points of entry has

increasingly become a standard protocol in numerous parts of the globe in response to the

COVID-19 pandemic. We sought to determine the effectiveness of thermal screening as a

key step in diagnosing COVID-19 in a resource-limited setting.

Materials and methods

This was a retrospective cross-sectional study based on a review of body temperature and

Xpert Xpress SARS CoV-2 test results records for truck drivers entering Uganda through

Mutukula between 15th May and 30th July 2020. All records missing information for body

temperature, age, gender, and Xpert Xpress SARS CoV-2 status were excluded from the

data set. A data set of 7,181 entries was used to compare thermal screening and Xpert

Xpress SARS CoV-2 assay test results using the diagnostic statistical test in STATAv15

software. The prevalence of COVID-19 amongst the truck drivers based on Xpert Xpress

SARS CoV-2 assay results was determined. The sensitivity, specificity, positive predictive

value, negative predictive value, positive and negative Likelihood ratios were obtained using

Xpert Xpress SARS CoV-2 assay as the gold standard.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0251150 May 13, 2021 1 / 11

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Nsawotebba A, Ibanda I, Ssewanyana I,

Ogwok P, Ocen F, Okiira C, et al. (2021)

Effectiveness of thermal screening in detection of

COVID-19 among truck drivers at Mutukula Land

Point of Entry, Uganda. PLoS ONE 16(5):

e0251150. https://doi.org/10.1371/journal.

pone.0251150

Editor: Francesco Di Gennaro, National Institute for

Infectious Diseases Lazzaro Spallanzani-IRCCS,

ITALY

Received: January 1, 2021

Accepted: April 21, 2021

Published: May 13, 2021

Copyright: © 2021 Nsawotebba et al. This is an

open access article distributed under the terms of

the Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The data underlying

this study are held in a public repository on

Figshare: https://figshare.com/s/

6eaa61d8989158a12df1, with DOI: 10.6084/m9.

figshare.14444603.

Funding: The author(s) received no specifc funding

for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0002-5452-3603
https://orcid.org/0000-0002-7831-2894
https://orcid.org/0000-0002-5666-9702
https://orcid.org/0000-0002-9208-5675
https://doi.org/10.1371/journal.pone.0251150
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0251150&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0251150&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0251150&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0251150&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0251150&domain=pdf&date_stamp=2021-05-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0251150&domain=pdf&date_stamp=2021-05-13
https://doi.org/10.1371/journal.pone.0251150
https://doi.org/10.1371/journal.pone.0251150
http://creativecommons.org/licenses/by/4.0/
https://figshare.com/s/6eaa61d8989158a12df1
https://figshare.com/s/6eaa61d8989158a12df1
https://doi.org/10.6084/m9.figshare.14444603
https://doi.org/10.6084/m9.figshare.14444603


Results

Based on our gold standard test, the proportion of persons that tested positive for COVID-

19 was 6.7% (95% CI: 6.1–7.3). Of the 7,181 persons that were thermally screened, 6,844

(95.3%) were male. The sample median age was 38 years (interquartile range, IQR: 31–45

years). The median body temperature was 36.5˚C (IQR: 36.3–36.7) and only n (1.2%) had a

body temperature above 37.5˚C. The sensitivity and specificity of thermal screening were

9.9% (95% CI: 7.4–13.0) and 99.5% (95% CI: 99.3–99.6) respectively. The positive and

negative predictive values were 57.8 (95% CI: 46.5–68.6) and 93.9 (95% CI: 93.3–94.4)

respectively. The positive and negative Likelihood Ratios (LRs) were 19 (95% CI: 12.4–

29.1) and 0.9 (95% CI: 0.88–0.93) respectively.

Conclusion

In this study population, the use of Thermal screening alone is ineffective in the detection of

potential COVID-19 cases at point of entry. We recommend a combination of screening

tests or additional testing using highly sensitive molecular diagnostics such as Polymerase

Chain Reaction.

Introduction

Towards the end of 2019, the emergence of several cases of mysterious pneumonia was

reported in Wuhan, Hubei Province, China [1–3]. Soon after, a novel type of coronavirus

SARS-CoV-2 (previously 2019-nCoV) was isolated by Chinese authorities on 7 January 2020

[1, 3]. The World Health Organization (WHO) declared Coronavirus disease 2019 (COVID-

19) as pandemic on March 11, 2020 [4]. By August 15th, 2020, COVID-19 had continued to

spread worldwide, causing over 21 million cases and over 755 thousand deaths. By the same

time, Uganda had so far confirmed over 1,300 cases of COVID-19 with 12 related deaths since

March 21st, 2020 when it reported its first case [5, 6].

The COVID-19 diagnosis is based on a combination of clinical symptoms and confirmed

by SARS-CoV-2 PCR. Clinical features of COVID-19 are diverse, ranging from an asymptom-

atic state to acute respiratory distress syndrome and multi-organ dysfunction which are indis-

tinguishable from other respiratory infections [7]. In the symptomatic patients, fever, cough,

myalgia, fatigue, and shortness of breath are the predominant clinical manifestations of

COVID-19, with the disease taking on a severe course in 25% of individuals [8]. Multiple stud-

ies have reported fever as the most common symptom among patients with COVID-19 [9–

14]. Studies have shown that non-contact thermal screening devices are effective at measuring

body temperature [15–19].

Thermal screening at Air or Land Points of Entry was formerly implemented during the

2003 SARS epidemic and 2009 influenza A (H1N1) pandemic to limit the probability of

infected cases entering other countries or regions [20–22]. In response to the COVID-19

global pandemic, thermal screening has increasingly become a standard protocol in many

parts of the globe [22]. Here, we used the available evidence of the FDA approved Real-Time

PCR Xpert Xpress SARS CoV-2 test results for truck drivers that were both thermal screened

and tested for COVID-19 at the busy Mutukula Land Point of Entry to evaluate the effective-

ness of thermal screening in detecting COVID-19 cases.
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Methods and materials

Study design and setting

This was a retrospective cross-sectional study based on a review of body temperature and

Xpert Xpress SARS CoV-2 test results records for truck drivers that were thermally screened

and tested for COVID-19 at the Mutukula border point, Kyotera District in Uganda between

the 15th May and 30th July 2020. For each driver, both thermal screening and Xpert Xpress

SARS CoV-2 testing were done on the same day.

Mutukula is currently one of the busiest Land Points of Entry into Uganda [23]. It is located

in the extreme southern Kyotera District at the international border between Uganda and Tan-

zania (Fig 1). This One-Stop Border Post (1˚00’00.0"S, 31˚25’00.0"E) serves as the main cross-

ing point, for both human and commercial traffic between Uganda and Tanzania.

Thermal screening approach. The sociodemographic information including age, gender,

residence, etc. of all persons entering Uganda was captured as written in their travel docu-

ments onto the Laboratory Investigation Form (LIF). Using calibrated forehead non-contact

thermometers (Non-contact Thermometer; IT– 122; Accuracy ±0.2˚C; CE RoHS, China), a

single body temperature for each of the persons entering the country from Tanzania was taken

and recorded on top of the LIF. The truck drivers were then screened for more COVID-19

related symptoms including cough, headache, runny nose, and general body weakness. A

record of the presence of any of these was taken on the LIFs.

Fig 1. Location of Mutukula border entry point into Uganda.

https://doi.org/10.1371/journal.pone.0251150.g001
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Sample collection and point of care Xpert Xpress SARS CoV-2 testing approach. The

sample collection was routinely done in approximately 15-minutes after the thermal and

symptomatic screening. Nasopharyngeal swabs were collected using flocked swabs and were

immersed in 2 mL of viral transport medium [24]. The specimens were then tested using the

Xpert Xpress SARS-CoV-2 assay (Cepheid, Sunnyvale, CA) according to the manufacturer’s

instruction.

Eligibility criteria

All records corresponding to persons who had been screened for body temperature, other

COVID-19 related symptoms, and also tested for COVID-19 using the Xpert Xpress SARS

CoV-2 assay between 15th May and 30th July 2020 were included in the review for the study.

Any record missing information for body temperature, age, gender, and Xpert Xpress SARS

CoV-2 status were excluded from the data set.

Ethical statement

The data used in the study was originally collected for routine care as one of the efforts to pre-

vent and control COVID-19 transmission and therefore, the researchers had no direct patient

interaction. Permission to conduct the study was sought from the Mutukula Port Health Labo-

ratory and Uganda Central Public Health Laboratories Management. The unique identifiers

for the records from May to July 2020 corresponding to truck drivers screened and tested at

Mutukula PoE were cloaked before releasing the data set to the study team.

Statistical analysis

The data received was organized and checked for completeness in Microsoft Excel and then

exported to STATAv15 software for statistical analysis. This data contained information of

archived Laboratory Investigation Forms for COVID-19 and results reports from which the

records for body temperature, age, gender, and Xpert Xpress SARS CoV-2 status were

obtained. The prevalence of COVID-19 among the persons screened and tested at Mutukula

Land Point of Entry was determined as proportion positive for COVID-19 based on Xpert

Xpress SARS CoV-2 assay results. The sensitivity, specificity, positive predictive values, nega-

tive predictive values, positive and negative Likelihood ratios were obtained using the diagnos-

tic statistical test. A diagnostic test calculator [25] employed to draw the diagnostic tree and

Fagan nomogram. The results of the analysis were presented in tabular and graphical forms.

Results

Thermal screening approach and the descriptive statistics

A total of 7,630 records was received from which 179 entries were excluded due to incomplete

information for body temperature, age, and gender as shown in Fig 2.

Out of the 7,181 records obtained, the median age of the truck drivers represented was 38

years (IQR: 31–45 years). The median body temperature as measured by the non-contact ther-

mometers was 36.5 (IQR: 36.3–36.7) with only 1.2% above 37.5˚C as depicted in Table 1.

Comparison of thermal screening against Xpert Xpress SARS CoV-2 assay

The proportion of persons that tested positive for COVID-19 was found to be 6.7%. The diag-

nostic tree (Fig 3) and the contingency table (Table 2) illustrate the performance of thermal

screening at detecting COVID-19 positive truck drivers against the standard Xpert Xpress

SARS CoV-2 assay. Only 48 (9.9%) out of the persons who had a positive symptom screening

PLOS ONE Effectiveness of thermal screening in detection of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0251150 May 13, 2021 4 / 11

https://doi.org/10.1371/journal.pone.0251150


using forehead thermometers were found positive on Xpert Xpress SARS CoV-2 and 35 per-

sons who had positive fever screening using forehead thermometers were negative on Xpert

Xpress SARS CoV-2 from a pool of 6698 Xpert Xpress SARS CoV-2 negatives (see Fig 3).

Fig 2. The flowchart for thermal screening in comparison to Xpert Xpress SARS CoV-2 testing.

https://doi.org/10.1371/journal.pone.0251150.g002

Table 1. The descriptive characteristics of the truck drivers.

Truck drivers’ characteristic Frequency, n (%)

Entire sample (N = 7181) Temp > 37.5˚C (n = 83)

Age (years)

Median (IQR) 38 (31–45)

Age groups (years)

� 20 211 (2.9) 1 (1.2)

21 and 40 4036 (56.2) 52 (62.6)

41 and 60 2757 (38.4) 28 (33.7)

Above 61 177 (2.5) 2 (2.4)

Gender

Male 6844 (95.3) 80 (96.4)

Female 337 (4.7) 3 (3.6)

Temperature (˚C)

Median (IQR) 36.5 (36.3–36.7)

IQR: Inter-Quartile Range; %: Percentage; n: Number;˚C: Degrees Celsius.

https://doi.org/10.1371/journal.pone.0251150.t001
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The diagnostic evaluation of thermal screening accuracy against Xpert Xpress SARS CoV-2

as the gold standard found its sensitivity, positive predictive value, specificity, and negative

predictive value to be 9.9%, 57.8%, 99.5%, and 93.9% respectively, Table 2.

Evaluation of the usefulness of thermal screening for COVID-19 at

detecting cases using Likelihood ratios

The positive likelihood ratio (LR) was found to be 19 (95% CI: 12.4–29.1) and the negative LR

was 0.9 (0.88–0.93) as in Table 3.

From the nomogram below (Fig 4), the prior probability of testing positive was 7%; poste-

rior positivity probability was increased to 58% whereas the negative post-probability was

decreased to 6%.

Discussion

Our study demonstrated a significantly lower sensitivity of 9.9% (95% CI: 7.4–13.0) of thermal

screening using the Xpert Xpress SARS CoV-2 test as a reference standard. This shows that

Fig 3. A diagnostic tree comparing thermal screening to Xpert Xpress SARS CoV-2 assay.

https://doi.org/10.1371/journal.pone.0251150.g003

Table 2. Contingency table showing results of diagnostic accuracy of thermal screening.

Thermal screening Xpert1 Xpress SARS CoV-2 Testing Total (n)

Positive (n) Negative (n)_

Positive (>37.5˚C) 48 35 83

Negative (� 37.5˚C) 435 6,663 7,098

Total (n) 483 6,698 7,181

Test characteristic Percentage 95% Confidence Interval

Sensitivity 9.9 7.4–13.0

Specificity 99.5 99.3–99.6

Positive Predictive value 57.8 46.5–68.6

Negative predictive value 93.9 93.3–94.4

https://doi.org/10.1371/journal.pone.0251150.t002
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only 1 in every 10 COVID-19 infected truck drivers could be detected by thermal screening. In

infectious disease outbreaks like COVID 19, a good screening test should be able to pick as

many positive cases as possible compared to the standard confirmatory tests. Given that fever

is one of the cardinal symptoms of COVID 19, our findings are in agreement with other stud-

ies that have reported a significant number of asymptomatic cases among SARS CoV-2

infected individuals [1, 26–28]. The low sensitivity of thermal screening is a public health men-

ace since a report in Germany indicated the ability of an asymptomatic person to transmit the

virus to another [28]. However, the contribution of such asymptomatic cases in the spread of

the SARS-CoV-2 is not well established and demands further investigations to ascertain the

extent and role in transmission hence inform policymakers to give scientifically comprehen-

sive recommendations. Our study revealed a high specificity of 99.5% (95% CI: 99.3–99.6)

Table 3. The likelihood ratios (LRs) of thermal screening as a diagnostic test at POC.

Test result Likelihood Ratio (95% Confidence Interval)

Positive 19 (12.4–29.1)

Negative 0.9 (0.88–0.93)

https://doi.org/10.1371/journal.pone.0251150.t003

Fig 4. The nomogram for the likelihood ratios of thermal screening as compared to the molecular assay.

https://doi.org/10.1371/journal.pone.0251150.g004
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using the Xpert Xpress SARS CoV-2 test as a reference standard. This means that all those who

were negative for the disease were correctly identified.

The positive predictive value (PPV) and negative predictive value (NPV) were 57.8% (95%

CI: 46.5–68.6) and 93.9% (95% CI: 93.3–94.4) respectively. The PPV shows that 42 in every

100 truck drivers were detected as patients yet they were actually not diseased. The NPV indi-

cates that 93 in every 100 non-infected truck drivers that had normal body temperature upon

thermal screening were in actual sense negative upon Xpert Xpress SARS CoV-2 testing. The

relatively low PPV signifies inaccuracy of thermal screening at COVID-19 detection; however,

this could be higher in a sample with a higher prevalence than the 6.7%.

The high positive LR of 19 signifies that it is about 19 times more likely to observe a fever

(above 37.5˚C) in a COVID-19 diseased truck driver than in a healthy individual. This means

that the probability of detecting a COVID-19 case using thermal screening is increased from

7% to 58%. It also implies that a positive thermal screen test is a significant indicator of a posi-

tive Xpert Xpress SARS CoV-2 test. However, the very high negative LR indicates a non-signif-

icant decrease in the probability of not detecting fever (positive thermal screening test) in a

positive Xpert Xpress SARS CoV-2 truck driver in comparison to a healthy individual. That is

to say, a screening test that shows normal body temperature will not significantly decrease the

probability of diagnosing COVID-19 in a truck driver using Xpert Xpress SARS CoV-2 assay.

This further confirms the low diagnostic accuracy of detecting positive COVID19 cases using

thermal screening.

Our study provides a comprehensive description of the effectiveness of thermal screening

in the detection of COVID-19 based on prior research that had identified fever as a major clin-

ical characteristic of confirmed cases of COVID-19. Our findings are in agreement with Quilty

et al [29] and the WHO findings that highlighted that temperature screening alone, at exit or

entry, is not an effective way to stop international spread since infected individuals may be in

the incubation period, may not express apparent symptoms early on in the course of the dis-

ease, or may dissimulate fever through the use of antipyretics [29].

Non-contact thermometers are operator dependent given that there are variations in the

distance assumed between the gun and the forehead of the truck driver. Therefore, even

though, devices have the benefits of being easy to use, easy to clean, and disinfect among oth-

ers, they must be used correctly to get accurate readings.

Considering that most of the truck drivers included in the review were between 21 and 40

years and majorly males, the nature of age and gender distribution may lead to a misleading

interpretation of results for which an age and gender-standardized asymptomatic proportion

would be more appropriate. The presence of fever among non-infected persons may correlate

with other health conditions such as malaria, tuberculosis, etc. Besides, certain disease condi-

tions such as tuberculosis and malaria are often associated with high fevers, thus, not every

fever is due to COVID-19, therefore, a more detailed data documenting the baseline health of

individuals including the presence of underlying diseases would be useful to remove the bias

in estimates of asymptomatic patients.

The strengths of our study are harbored on; calibration of the thermal guns, onsite sample

collection, processing and testing, the gold standard test used and the type and size of popula-

tion data considered. The thermal guns used to take the body temperatures were duly cali-

brated by the Uganda National Health Laboratory Services prior to their use at the point of

entry. Training on use and care for these devices and ensuring that users adhere to the manu-

facturer’s instructions were always advocated for. The samples collected from the truck drivers

were collected, processed, and tested immediately after the screening test to provide correlat-

ability between the screening and gold standard test results facilitated by high sample quality

and integrity and short turnaround time. The population as represented by the data used in
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this study was, then, at a high risk of infection with COVID-19 which provided a better esti-

mate of the disease prevalence. The comparison of the thermal screening test was done against

the routine WHO recommended and FDA approved confirmatory Xpert Xpress SARS CoV-2

test in a large sample size which increases credibility and generalizability of our findings.

Conclusion and recommendations

Our study findings reveal that the use of the thermal screening approach alone is ineffective in

the detection of COVID-19 in a resource-limited setting. We recommend further testing using

highly sensitive molecular diagnostics such as Xpert Xpress SARS CoV-2 assay in the detection

of the novel COVID-19 virus. Thermal screening lacks sensitivity to reliably detect COVID-19

at border points.

Acknowledgments

We thank all the staff at Mutukula Port Health–Uganda for their technical assistance.

Author Contributions

Conceptualization: Andrew Nsawotebba.

Data curation: Ivan Ibanda, Robert Kaos Majwala.

Formal analysis: Ivan Ibanda, Didas Tugumisirize, Robert Kaos Majwala.

Investigation: Andrew Nsawotebba, Willy Ssengooba.

Methodology: Andrew Nsawotebba, Ivan Ibanda, Didas Tugumisirize, Robert Kaos Majwala,

Willy Ssengooba.

Resources: Andrew Nsawotebba, Francis Ocen, Susan Nabadda.

Software: Ivan Ibanda.

Supervision: Andrew Nsawotebba, Susan Nabadda.

Validation: Isaac Ssewanyana, Abdunoor Nyombi, Bernard Ssentalo Bagaya.

Visualization: Ivan Ibanda.

Writing – original draft: Andrew Nsawotebba, Ivan Ibanda.

Writing – review & editing: Ivan Ibanda, Isaac Ssewanyana, Patrick Ogwok, Francis Ocen,

Christopher Okiira, Atek Kagirita, Dennis Mujuni, Didas Tugumisirize, Joel Kabugo,

Abdunoor Nyombi, Robert Kaos Majwala, Bernard Ssentalo Bagaya, Simeon Kalyesubula-

Kibuuka, Willy Ssengooba, Susan Nabadda.

References
1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel

coronavirus in Wuhan, China. Lancet. 2020.

2. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical characteristics of 99

cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 2020.

https://doi.org/10.1016/S0140-6736(20)30211-7 PMID: 32007143

3. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics of 138 Hospitalized Patients

with 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA. 2020. https://doi.org/10.

1001/jama.2020.1585 PMID: 32031570

4. World Health Organisation (WHO). World Health Organisation coronavirus disease (COVID-19) Dash-

board. [cited 2020 July 31]. Available from: https://covid19.who.int/.

PLOS ONE Effectiveness of thermal screening in detection of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0251150 May 13, 2021 9 / 11

https://doi.org/10.1016/S0140-6736%2820%2930211-7
http://www.ncbi.nlm.nih.gov/pubmed/32007143
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://covid19.who.int/
https://doi.org/10.1371/journal.pone.0251150


5. World Health Organisation (WHO). World Health Organisation Coronavirus disease 2019 (COVID-19)

Situation Report—208. [cited 2020 August 15]. Available from: www.who.int/emergencies/diseases/

novel-coronavirus-2019/situation-reports

6. Worldometer. Worldometer COVID-19 Coronavirus Pandemic. [2020 August 15]. Available from: www.

worldometers.info/coronavirus/.

7. Singhal T. A Review of Coronavirus Disease-2019 (COVID-19). Indian J Pediatr. 2020; 87(4):281–286.

https://doi.org/10.1007/s12098-020-03263-6 PMID: 32166607

8. Fu L, Wang B, Yuan T, Chen X, Ao Y, Fitzpatrick T, et al. Clinical characteristics of coronavirus disease

2019 (COVID-19) in China: A systematic review and meta-analysis. J Infect. 2020; 80(6):656–65.

https://doi.org/10.1016/j.jinf.2020.03.041 PMID: 32283155

9. McDonald LC, Simor AE, Su IJ, Maloney S, Ofner M, Chen KT, et al. SARS in healthcare facilities,

Toronto and Taiwan. Emerg Infect Dis. 2004; 10 (5):777–781. https://doi.org/10.3201/eid1005.030791

PMID: 15200808

10. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) and coronavirus disease-2019 (COVID-19): The epidemic and the challenges. Int J Anti-

microb Agents. 2020; 55(3):105924. https://doi.org/10.1016/j.ijantimicag.2020.105924 PMID:

32081636

11. Symptoms of Coronavirus. CDC. Available from: https://www.cdc.gov/coronavirus/2019-ncov/

symptoms-testing/symptoms.html

12. Young BE, Ong SWX, Kalimuddin S, Low JG, Tan SY, Loh J, et al. Epidemiologic Features and Clinical

Course of Patients Infected With SARS-CoV-2 in Singapore. JAMA. 2020; 323(15):1488–1494. https://

doi.org/10.1001/jama.2020.3204 PMID: 32125362

13. Verelst F, Kuylen E, Beutels P. Indications for healthcare surge capacity in European countries facing

an exponential increase in coronavirus disease (COVID-19) cases, March 2020. Euro Surveill. 2020; 25

(13):2000323. https://doi.org/10.2807/1560-7917.ES.2020.25.13.2000323 PMID: 32265003

14. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, et al. Features of 20 133 UK

patients in hospital with covid-19 using the ISARIC WHO Clinical Characterisation Protocol: prospective

observational cohort study. BMJ. 2020 May 22; 369:m1985. https://doi.org/10.1136/bmj.m1985 PMID:

32444460; PMCID: PMC7243036.

15. Hurwitz B, Brown J, Altmiller G. Improving pediatric temperature measurement in the ED. Am J Nurs.

2015; 115(9):48–55. https://doi.org/10.1097/01.NAJ.0000471249.69068.73 PMID: 26312806

16. Bahorski J, Repasky T, Ranner D, Fields A, Jackson M, Moultry L, et al. Temperature measurement in

pediatrics: a comparison of the rectal method versus the temporal artery method. J Pediatr Nurs. 2012;

27(3):243–247. https://doi.org/10.1016/j.pedn.2010.12.015 PMID: 22525812

17. Batra P, Goyal S. Comparison of rectal, axillary, tympanic, and temporal artery thermometry in the pedi-

atric emergency room. Pediatr Emerg Care. 2013; 29(1):63–66. https://doi.org/10.1097/PEC.

0b013e31827b5427 PMID: 23283266

18. Isler A, Aydin R, Tutar Guven S, Gunay S. Comparison of temporal artery to mercury and digital temper-

ature measurement in pediatrics. Int Emerg Nurs. 2014; 22(3):165–168. https://doi.org/10.1016/j.ienj.

2013.09.003 PMID: 24183491

19. El-Radhi AS. Infrared thermometers for assessing fever in children: the ThermoScan PRO 4000 ear

thermometer is more reliable than the temporal scanner TAT-500. Evid Based Nurs. 2014; 17(4):115.

https://doi.org/10.1136/eb-2013-101589 PMID: 24482241

20. Gostic KM, Kucharski AJ, Lloyd-Smith JO. Effectiveness of traveller screening for emerging pathogens

is shaped by epidemiology and natural history of infection. eLife. 2015; 4: e05564. https://doi.org/10.

7554/eLife.05564 PMID: 25695520

21. Mabey D, Flasche S, Edmunds WJ. Airport screening for Ebola. BMJ. 2014; 349(Oct14 17): g6202.

https://doi.org/10.1136/bmj.g6202 PMID: 25316030. https://doi.org/10.1136/bmj.g6202.

22. Pitman RJ, Cooper BS, Trotter CL, Gay NJ, Edmunds WJ. Entry screening for severe acute respiratory

syndrome (SARS) or influenza: policy evaluation. BMJ. 2005; 331(7527):1242–3. https://doi.org/10.

1136/bmj.38573.696100.3A PMID: 16176938

23. Business Daily Africa Reporter. Tanzania, Uganda one-stop border post to cut clearance time. The

East African 2017 November 8 [cited 2020 August 15]. Available from: https://www.theeastafrican.co.

ke/business/Tanzania-Uganda-one-stop-border-post-/2560-4177980-2wmcm9z/index.html

24. Cepheid. Xpert® Xpress SARS-CoV-2 (Package insert). US Food and Drug Administration, Silver

Spring, MD. [cited 2020 August 15]. Available from: https://www.fda.gov/media/136314/download

25. Schwartz Alan. Diagnostic Test Calculator. 2006 [cited 2020 August 20]. http://araw.mede.uic.edu/cgi-

bin/testcalc.pl

PLOS ONE Effectiveness of thermal screening in detection of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0251150 May 13, 2021 10 / 11

http://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
http://www.worldometers.info/coronavirus/
http://www.worldometers.info/coronavirus/
https://doi.org/10.1007/s12098-020-03263-6
http://www.ncbi.nlm.nih.gov/pubmed/32166607
https://doi.org/10.1016/j.jinf.2020.03.041
http://www.ncbi.nlm.nih.gov/pubmed/32283155
https://doi.org/10.3201/eid1005.030791
http://www.ncbi.nlm.nih.gov/pubmed/15200808
https://doi.org/10.1016/j.ijantimicag.2020.105924
http://www.ncbi.nlm.nih.gov/pubmed/32081636
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://doi.org/10.1001/jama.2020.3204
https://doi.org/10.1001/jama.2020.3204
http://www.ncbi.nlm.nih.gov/pubmed/32125362
https://doi.org/10.2807/1560-7917.ES.2020.25.13.2000323
http://www.ncbi.nlm.nih.gov/pubmed/32265003
https://doi.org/10.1136/bmj.m1985
http://www.ncbi.nlm.nih.gov/pubmed/32444460
https://doi.org/10.1097/01.NAJ.0000471249.69068.73
http://www.ncbi.nlm.nih.gov/pubmed/26312806
https://doi.org/10.1016/j.pedn.2010.12.015
http://www.ncbi.nlm.nih.gov/pubmed/22525812
https://doi.org/10.1097/PEC.0b013e31827b5427
https://doi.org/10.1097/PEC.0b013e31827b5427
http://www.ncbi.nlm.nih.gov/pubmed/23283266
https://doi.org/10.1016/j.ienj.2013.09.003
https://doi.org/10.1016/j.ienj.2013.09.003
http://www.ncbi.nlm.nih.gov/pubmed/24183491
https://doi.org/10.1136/eb-2013-101589
http://www.ncbi.nlm.nih.gov/pubmed/24482241
https://doi.org/10.7554/eLife.05564
https://doi.org/10.7554/eLife.05564
http://www.ncbi.nlm.nih.gov/pubmed/25695520
https://doi.org/10.1136/bmj.g6202
http://www.ncbi.nlm.nih.gov/pubmed/25316030
https://doi.org/10.1136/bmj.g6202
https://doi.org/10.1136/bmj.38573.696100.3A
https://doi.org/10.1136/bmj.38573.696100.3A
http://www.ncbi.nlm.nih.gov/pubmed/16176938
https://www.theeastafrican.co.ke/business/Tanzania-Uganda-one-stop-border-post-/2560-4177980-2wmcm9z/index.html
https://www.theeastafrican.co.ke/business/Tanzania-Uganda-one-stop-border-post-/2560-4177980-2wmcm9z/index.html
https://www.fda.gov/media/136314/download
http://araw.mede.uic.edu/cgi-bin/testcalc.pl
http://araw.mede.uic.edu/cgi-bin/testcalc.pl
https://doi.org/10.1371/journal.pone.0251150


26. Zhonghua LXBXZZ. Novel Coronavirus Pneumonia Emergency Response Epidemiology Team [The

epidemiological characteristics of an outbreak of 2019 novel coronavirus diseases (COVID-19) in

China]. 2020; 41(2):145–51. https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003 PMID:

32064853

27. Hoehl S, Rabenau H, Berger A, Kortenbusch M, Cinatl J, Bojkova D, et al. Evidence of SARS-CoV-2

Infection in Returning Travelers from Wuhan, China. N Eng J Med. 2020; 41(2): NEJMc2001899.

https://doi.org/10.1056/NEJMc2001899 PMID: 32069388

28. Yang X, Yu Y, Xu J, Shu H, Xia JLH. Clinical course and outcomes of critically ill patients with SARS-

CoV-2 pneumonia in Wuhan, China. Lancet Respir Med. 2020. https://doi.org/10.1016/S2213-2600(20)

30079-5 PMID: 32105632

29. Quilty Billy J, Clifford Sam, CMMID nCoV working group2, Flasche Stefan, Eggo Rosalind M. Effective-

ness of airport screening at detecting travellers infected with novel coronavirus (2019-nCoV). Euro Sur-

veill. 2020; 25(5):pii = 2000080. https://doi.org/10.2807/1560-7917.ES.2020.25.5.2000080 PMID:

32046816

PLOS ONE Effectiveness of thermal screening in detection of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0251150 May 13, 2021 11 / 11

https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
http://www.ncbi.nlm.nih.gov/pubmed/32064853
https://doi.org/10.1056/NEJMc2001899
http://www.ncbi.nlm.nih.gov/pubmed/32069388
https://doi.org/10.1016/S2213-2600%2820%2930079-5
https://doi.org/10.1016/S2213-2600%2820%2930079-5
http://www.ncbi.nlm.nih.gov/pubmed/32105632
https://doi.org/10.2807/1560-7917.ES.2020.25.5.2000080
http://www.ncbi.nlm.nih.gov/pubmed/32046816
https://doi.org/10.1371/journal.pone.0251150

