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Since the outbreak of the novel SARS-like coronavirus (SARS-CoV-2), more than 50,000,000 cases
have been reported globally. The proportion of infected people with mild or no symptoms may be
as high as 59% (1). However, they may still be contagious, as throat swabs detected high levels
of the virus early in their illness, as was the case with symptomatic patients (2–8). It is worth
noting that the peak viral load of SARS-CoV-2 was more than 1,000 times higher than SARS-CoV-
1, and active SARS-CoV-2 replication in upper respiratory tract tissues has been found, whereas
SARS-CoV-1 is not thought to replicate at this site (7). Some convenient and efficient large-scale-
screening methods specific to mild/asymptomatic patients urgently need to be developed. Ferretti
et al. (9) explored the possibility of protecting the population using questionnaires vs. algorithmic
instantaneous coronavirus disease 2019 (COVID-19) contact tracing assisted by a mobile phone
application. This tracing method may be very useful for identifying infected people (10), however
some convenient and pre-diagnostic methods still need to be developed urgently, since people
without symptoms do not always take the viral nucleic acid test, even if they have been in close
contact with an infected individual.

As COVID-19 detection technology develops, national nucleic acid testing has become feasible
in some countries. However, in other countries lacking diagnostic facilities, only symptomatic
patients are subjected to the SARS-CoV-2 test. A high body temperature (>37.3◦C) is still the most
distinguishable diagnostic criteria for SARS-CoV-2 infection.

A previous report using admission data of 41 patients in Wuhan, China, from Dec 16, 2019, to
Jan 2, 2020 indicated that the most common symptom at onset of illness was fever, with a ratio of
98% (11). However, a later study with 99 patients inWuhan from Jan 1 to Jan 20, 2020 demonstrated
that 83% of the patients had a clinical manifestation of fever (12). Then a nation-wide clinical study
of 1,099 cases from Dec 11, 2019 to Jan 29, 2020 in China found that fever was present in only
43.8% of the patients on admission but developed in 88.7% during hospitalization (13). Similarly, a
study with a cohort of 366 patients with laboratory-confirmed COVID-19 in Sichuan, China, from
January 2020 to February 2020 indicated that 69.3% of the mild patients and 79.1% of the severe
patients showed body temperatures <37.3◦C on admission (14). These reports suggested that the
virus has converted its infection strategy to adapt to the human body or that more asymptomatic
patients (without fever) had been screened out as time went by. Considering that over 70% of
COVID patients did not have fever on admission, the current definition of a viral fever of≥37.3◦C
cannot discriminate all SARS-CoV-2 cases.

However, normal human body temperature has lowered (from 37◦C to 36.5–36.7◦C) over the
past two centuries worldwide (15–17). The body temperature of older individuals is even lower,
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with a basal body temperature of 0.23–0.56 degrees less than
young individuals (18, 19). A rise of 1.0◦C in some older infected
individuals would not be defined as a fever case, if their basal
body temperature was <36.3◦C, which would result in missed
diagnosis. Nevertheless, the older the infected individuals are, the
more likely they are to develop severe acute respiratory distress
syndrome (ARDS) and die (14, 20, 21). The presence of coexisting
medical conditions was significantly higher in older patients
compared with younger patients (55.15 vs. 21.93%), including
hypertension, diabetes, heart disease, and chronic obstructive
pulmonary disease. Thus, significantly higher rates of severe
clinical type (16.18 vs. 5.98%), critical clinical type (8.82 vs.
0.77%), and shortness of breath (12.50 vs. 3.07%) were observed
in older patients compared with younger patients (20). Accurate
and early diagnosis of older people may be greatly helpful in
reducing COVID-19 mortality.

LITERATURE SEARCH AND STUDY
SELECTION

To further elucidate whether body temperature can be used
as a pre-diagnostic indicator specific to mild/asymptomatic
patients, we conducted a literature search of peer-reviewed
publications in electronic databases from their inception to
November 13, 2020. The databases used in the search procedure
were PubMed, Embase, ISI Web of Science, and medRxiv.
The following two key terms were employed for the literature
search: “body temperature” and “SARS-CoV-2 or COVID-19.”
Through these searches, we obtained a total of 175 results
in PubMed and 1,735 results in medRxiv, irrespective of the
language, date of publication, and nationality, race, age, or gender
of the participants. Two authors (SCJ and SY) independently
screened the titles and abstracts to remove the ineligible studies.
Disagreements were resolved by discussion. We retrieved the
full text of the potentially eligible studies and examined full-text
reports for further evaluation. In cases where there were multiple
reports for the same study, we used the last published report.
During the subsequent full-text screening, articles without the
average (median) body temperature data from both mild and
severe patients were excluded. Finally, only four reports met
the criteria.

A RISE OF 0.5◦C WOULD BE A
DIAGNOSTIC CRITERIA FOR MOST
SARS-CoV-2 INFECTIONS

Then the above four reports were analyzed further. A nation-
wide clinical study of 1,099 cases from Dec 11, 2019 to Jan
29, 2020 in China found that fever (≥37.5◦C) was present in
only 43.8% of the patients on admission but developed in 88.7%
during hospitalization (13). The average body temperature of the
patients on admission was 37.3◦C, and the average maximum
temperature during hospitalization was 38.3◦C (13), which were
0.5◦C and 1.5◦C higher, respectively, than the normal body
temperature of 36.8◦C (19). Interestingly, there is no significant

difference in the median temperature on admission (37.3 and
37.4◦C for non-severe patients and severe patients respectively),
although the proportion of the severe patients with body
temperatures >38.0◦C (21.6% of patients had body temperatures
of 38.1–39.0◦C and 4.7% of patients had body temperatures
>39.0◦C) was higher than that of the mild patients with
temperatures >38.0◦C (17.6% of patients had body temperatures
of 38.1–39.0◦C and 3.3% of patients had body temperatures
>39.0◦C) (13).

Clinical features of 5,279 patients with SARS-CoV-2 infections
in New York City, USA, similarly showed that the average
temperatures at presentation for non-hospitalized patients and
hospitalized patients were 37.3 and 37.5◦C, respectively (22).
The proportions of temperatures≥38◦C at presentation were 5.0
and 33.5% for non-hospitalized patients and hospitalized patients
respectively (22). Similar body temperatures on admission have
been reported for adult inpatients from Korea (37.04 and
37.81◦C for 198 cured patients and 13 transferred severe patients,
respectively) (23). Slightly higher median temperatures have also
been reported in 36 children patients on admission in Zhejiang
province, China (37.6 and 38.0◦C for mild cases and moderate
cases, respectively) (24).

Thus, body temperature is a good indicator for viral infection
(either symptomatic or asymptomatic). A rise of at least 0.5◦C
may be a diagnostic criteria. However, as mentioned above, many
patients’ basal body temperatures are below 36.8◦C (especially in
older patients), and a rise of 0.5◦Cwould not be defined as a fever
case, resulting in missed diagnosis.

THE METHOD OF ITERATIVE
MONITORING OF BODY TEMPERATURES

How to accurately detect the 0.5◦C rise in body temperature
poses a big challenge to clinicians. An individual’s body
temperature can change significantly within a day (<1.0◦C),
influenced by diet, exercise state, mental factors, and so on
(25). A rise of 0.5◦C could not be discriminated accurately.
In order to reflect the changing trend more accurately, we
propose a method of iterative monitoring of body temperatures:
recording axillary temperatures of close contacts every morning
(immediately after getting up) and every night (about 2 h after
supper). The average temperature of the first 3 days of the
quarantine period (six measurements) should be taken as the
basal value. Then if the average temperature of the next 3
days (the 4th, 5th, and 6th days) could be more than 0.5◦C
higher than the reference value, it would be suggested to do
the SARS-CoV-2 infection test. If the temperature continued
to rise in the following 2 days (both the average temperature
of 5th, 6th, and 7th days ≥ the basic value + 0.5◦C and the
average temperature of 6th, 7th, and 8th days ≥ the basic value
+ 0.5◦C), it would be strongly suggested to carry out the SARS-
CoV-2 infection test. If it was not more than 0.5◦C higher
than the reference value, then the recording would continue
until the end of the 14th day of the quarantine period (see the
flow chart in Figure 1). However, the positive detection rate
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FIGURE 1 | Flow chart of the iterative temperature monitoring method to find possible infections of SARS-CoV-2. The average temperature of the first 3 days of the

quarantine period would be taken as the basal value. Then if the average temperature of the next 3 days is more than 0.5◦C higher than the reference value, it would

be suggested to do a SARS-CoV-2 infection test (pink arrows). If the temperature continued to rise in the following 2 days or apparent symptoms (for example, fever

or cough.) developed, it would be strongly suggested to carry out a SARS-CoV-2 infection test (red arrows). If the temperature is not higher than the reference value

by more than 0.5◦C, then the recording would continue until the end of the 14th day of the quarantine period (black arrows). In addition to a nucleic-acid test, adjunct

of serological test is recommended when possible.

of a single nucleic-acid test is only 30–50% (26, 27). With the
rapid advances in SARS-CoV-2 IgM-IgG antibody tests, adjuncts
of serological tests would improve the accuracy in COVID-19
diagnosis. Thus, combined detection of SARS-CoV-2-specific
antibodies and nucleic acid has been recommended when
possible (26, 27).

This temperature monitoring method could be performed
at home without any sophisticated equipment and therefore
satisfies the need for large-scale screening, especially in countries
lacking diagnostic facilities. The method would also build
up an individual temperature reference and therefore satisfies
the need for personalized diagnoses. Considering that not all
patients could accurately calculate the average temperature by
themselves, the everyday temperature recordingmay be uploaded
to an online phone app, as Ferretti et al. (9) proposed, or
the calculation could be performed by a computer program
(28), and then the CDC would arrange the virus tests for the
suspected patients.

CONCLUSIONS

Body temperature is a good indicator for SARS-CoV-2 infection.

Evidence profiles of the two reports with 6378 patients showed

that the average body temperature of the patients on admission

was 37.3◦C, which was 0.5◦C higher than the normal body

temperature of 36.8◦C. However, many patients’ basal body

temperatures are below 36.8◦C (especially in older patients with

ages ≥60), and a rise of 0.5◦C would not be defined as a

fever symptom. The current definition of viral fever of ≥37.3◦C
cannot discriminate all SARS-CoV-2 infections. Here we propose

that if the average temperature of 3 days is more than 0.5◦C

higher than the reference value, it would indicate an infection.
If the temperature continued to rise in the following 2 days,
it would be strongly suggested to carry out a SARS-CoV-2
infection test. It is now clear that many individuals who are
infected (and even those with mild symptoms) do not exhibit
fever. Thus, our approach could not discriminate all SARS-CoV-2
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infections. However, this method may be helpful to quickly
identify contagious asymptomatic patients and older infected
individuals with higher risks of death.

AUTHOR CONTRIBUTIONS

SY conceptualized the analysis and wrote the original
draft. S-CJ and Z-LL reviewed and edited the manuscript.

All authors have read and agreed to the published version of
the manuscript.

FUNDING

This work was funded by the Supporting Program of Sichuan
Agricultural University.

REFERENCES

1. Pan A, Liu L, Wang C, Guo H, Hao X, Wang Q, et al. Association of public

health interventions with the epidemiology of the COVID-19 outbreak in

Wuhan, China. JAMA. (2020) 323:1915–23. doi: 10.1001/jama.2020.6130

2. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology of COVID-

19 among children in China. Pediatrics. (2020) 145:e20200702. doi: 10.1542/

peds.2020-0702

3. Mizumoto K, Kagaya K, Zarebski A, Chowell G. Estimating the asymptomatic

proportion of coronavirus disease 2019 (COVID-19) cases on board the

Diamond Princess cruise ship, Yokohama, Japan, 2020. Euro Surveill. (2020)

25:2000180. doi: 10.2807/1560-7917.ES.2020.25.10.2000180

4. Nicastri E, D’Abramo A, Faggioni G, De Santis R, Mariano A, Lepore

L, et al. Coronavirus disease (COVID-19) in a paucisymptomatic

patient: epidemiological and clinical challenge in settings with limited

community transmission, Italy, February 2020. Euro Surveill. (2020)

25:2000230. doi: 10.2807/1560-7917.ES.2020.25.11.2000230

5. Nishiura H, Kobayashi T, Miyama T, Suzuki A, Jung SM, Hayashi K,

et al. Estimation of the asymptomatic ratio of novel coronavirus infections

(COVID-19). Int J Infect Dis. (2020) 94:154–5. doi: 10.1016/j.ijid.2020.03.020

6. Pan X, Chen D, Xia Y, Wu X, Li T, Ou X, et al. Asymptomatic cases in a

family cluster with SARS-CoV-2 infection. Lancet Infect Dis. (2020) 20:410–

1. doi: 10.1016/S1473-3099(20)30114-6

7. Wölfel R, Corman VM, GuggemosW, SeilmaierM, Zange S, MüllerMA, et al.

Virological assessment of hospitalized patients with COVID-2019. Nature.

(2020) 581:465–9. doi: 10.1038/s41586-020-2196-x

8. Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, et al. SARS-CoV-2 viral

load in upper respiratory specimens of infected patients. N Engl J Med. (2020)

382:1177–9. doi: 10.1056/NEJMc2001737

9. Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-Dörner L, et al.

Quantifying SARS-CoV-2 transmission suggests epidemic control with digital

contact tracing. Science. (2020) 368:eabb6936. doi: 10.1126/science.abb6936

10. IencaM, Vayena E. On the responsible use of digital data to tackle the COVID-

19 pandemic. Nat Med. (2020) 26:463–4. doi: 10.1038/s41591-020-0832-5

11. 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) 395:497–506. doi: 10.1016/S0140-6736(20)30183-5

12. 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) 395:507–13.

doi: 10.1016/S0140-6736(20)30211-7

13. GuanWJ, Ni ZY, Hu Y, LiangWH, Ou CQ, He JX, et al. Clinical characteristics

of coronavirus disease 2019 in China. N Engl J Med. (2020) 382:1708–

20. doi: 10.1056/NEJMoa2002032

14. Zhou Y, He Y, Yang H, Yu H, Wang T, Chen Z, et al. Development and

validation a nomogram for predicting the risk of severe COVID-19: A multi-

center study in Sichuan, China. PLoS ONE. (2020) 15:e0233328. doi: 10.1371/

journal.pone.0233328

15. Obermeyer Z, Samra JK, Mullainathan S. Individual differences in normal

body temperature: longitudinal big data analysis of patient records. BMJ.

(2017) 359:j5468. doi: 10.1136/bmj.j5468

16. Gurven M, Kraft TS, Alami S, Adrian JC, Linares EC, Cummings D, et al.

Rapidly declining body temperature in a tropical human population. Sci Adv.

(2020) 6:eabc6599. doi: 10.1126/sciadv.abc6599

17. Protsiv M, Ley C, Lankester J, Hastie T, Parsonnet J. Decreasing human body

temperature in the United States since the industrial revolution. eLife. (2020)

9:e49555. doi: 10.7554/eLife.49555

18. Gomolin IH, Lester P, Pollack S. Older is colder: observations on body

temperature among nursing home subjects. J Am Med Dir Assoc. (2007)

8:335–7. doi: 10.1016/j.jamda.2007.04.005

19. Geneva II, Cuzzo B, Fazili T, JavaidW. Normal body temperature: a systematic

review. Open Forum Infect. Dis. (2019) 6:ofz032. doi: 10.1093/ofid/ofz032

20. Lian J, Jin X, Hao S, Cai H, Zhang S, Zheng L, et al. Analysis of epidemiological

and clinical features in older patients with coronavirus disease 2019 (COVID-

19) outside Wuhan. Clin Infect Dis. (2020) 71:740–7. doi: 10.1093/cid/ciaa242

21. Liu W, Tao ZW, Wang L, Yuan ML, Liu K, Zhou L, et al. Analysis of factors

associated with disease outcomes in hospitalized patients with 2019 novel

coronavirus disease. Chin Med J (Engl). (2020) 133:1032–8. doi: 10.1097/

CM9.0000000000000775

22. Petrilli CM, Jones SA, Yang J, Rajagopalan H, O’Donnell L, Chernyak Y, et al.

Factors associated with hospital admission and critical illness among 5279

people with coronavirus disease 2019 in New York City: prospective cohort

study. BMJ. (2020) 369:m1966. doi: 10.1136/bmj.m1966

23. Chang MC, Park YK, Kim BO, Park D. Risk factors for disease

progression in COVID-19 patients. BMC Infect Dis. (2020)

20:445. doi: 10.1186/s12879-020-05144-x

24. Qiu H, Wu J, Hong L, Luo Y, Song Q, Chen D. Clinical and epidemiological

features of 36 children with coronavirus disease 2019 (COVID-19) in

Zhejiang, China: an observational cohort study. Lancet Infect Dis. (2020)

20:689–96. doi: 10.1016/S1473-3099(20)30198-5

25. Rodbard D, Wachslicht-Rodbard H, Rodbard S. Temperature: a critical factor

determining localization and natural history of infectious, metabolic, and

immunological diseases. Perspect Biol Med. (1980) 23:439–74. doi: 10.1353/

pbm.1980.0062

26. Liu R, Liu X, Yuan L, Han H, ShereenMA, Zhen J, et al. Analysis of adjunctive

serological detection to nucleic acid test for severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection diagnosis. Int Immunopharmacol.

(2020) 86:106746. doi: 10.1016/j.intimp.2020.106746

27. Wu LX, Wang H, Gou D, Fu G, Wang J, Guo BQ. Clinical significance of the

serum IgM IgG to SARS-CoV-2 in coronavirus disease-2019. J Clin Lab Anal.

(2020) 2020:e23649. doi: 10.1002/jcla.23649

28. McCall B. COVID-19 and artificial intelligence: protecting health-care

workers and curbing the spread. Lancet Digital Health. (2020) 2:e166–

7. doi: 10.1016/S2589-7500(20)30054-6

Conflict of Interest: S-CJ was employed by the Chengdu KangHong

Pharmaceutical Group Comp. Ltd.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2020 Yuan, Jiang and Li. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org 4 December 2020 | Volume 7 | Article 564377

https://doi.org/10.1001/jama.2020.6130
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.2807/1560-7917.ES.2020.25.10.2000180
https://doi.org/10.2807/1560-7917.ES.2020.25.11.2000230
https://doi.org/10.1016/j.ijid.2020.03.020
https://doi.org/10.1016/S1473-3099(20)30114-6
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1126/science.abb6936
https://doi.org/10.1038/s41591-020-0832-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1371/journal.pone.0233328
https://doi.org/10.1136/bmj.j5468
https://doi.org/10.1126/sciadv.abc6599
https://doi.org/10.7554/eLife.49555
https://doi.org/10.1016/j.jamda.2007.04.005
https://doi.org/10.1093/ofid/ofz032
https://doi.org/10.1093/cid/ciaa242
https://doi.org/10.1097/CM9.0000000000000775
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.1186/s12879-020-05144-x
https://doi.org/10.1016/S1473-3099(20)30198-5
https://doi.org/10.1353/pbm.1980.0062
https://doi.org/10.1016/j.intimp.2020.106746
https://doi.org/10.1002/jcla.23649
https://doi.org/10.1016/S2589-7500(20)30054-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Iterative Monitoring of Temperatures in Confinement for Early Screening of SARS-CoV-2 Infections
	Literature Search and Study Selection
	A Rise of 0.5C Would be a Diagnostic Criteria for Most SARS-CoV-2 Infections
	The Method of Iterative Monitoring of Body Temperatures
	Conclusions
	Author Contributions
	Funding
	References


