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Abstract

Background and Aims: Fever after coronavirus disease 2019 (COVID‐19) vaccination

is generally a mild and benign event, but can cause excessive anxiety in younger

adults. This study aimed to find key factors that include allergic diseases or physique

that determine fever after vaccination.

Methods: We conducted an observational cohort study in our hospital to assess

post‐COVID‐19 vaccination fever from April to June 2021. A total of 153 medical

personnel aged 22–86 years of age were involved in the study to receive two doses,

intramuscularly 21 days apart, of the Pfizer‐BioNTech COVID‐19 vaccine (30 μg per

dose). Vaccination records were taken more than 72 h after vaccination. Clinical and

laboratory variables (age, sex, allergy history, weight, height, serum hemoglobin

concentration, and these derivatives) were examined by multivariable logistic

regression analysis using the peak axillary temperature in the 4‐day period after

the second vaccination as a dependent variable.

Results: No serious safety problems were detected. The incidence of a postsecond

vaccination fever of 37.3°C or above was 29.4%. Logistic regression analysis found

age, history of perennial allergic rhinitis, body surface area, body weight, percent

overweight, and serum hemoglobin concentration as independent predictors of

postvaccination fever. The characteristics of this individual were incorporated into

the numerical model of human thermoregulation. The evaluation of this model had a

sensitivity of 66.1% and a specificity of 90.7% in the detection of postvaccination

fever. The multiple coefficient of determination (R2) was 0.410.

Conclusion: The COVID‐19 vaccine induced higher rates of fever during the 4‐day

period after the second vaccination. Younger age, part of the allergy history, small

and light body, and concentrated blood were associated with postvaccination fever.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID‐19) was declared a pandemic by

theWorld Health Organization on March 11, 2020,1 and the pandemic

continues to worsen throughout the world. Elderly patients with

underlying diseases and medical personnel are placed in a greater risk

situation for COVID‐19.2 Although many drugs have been repurposed

in the treatment of COVID‐19, they remain supportive therapeutic

options.3–5 Safe and effective vaccines are urgently needed to control

the COVID‐19 pandemic. Two 30μg doses of the Pfizer‐BioNTech's

mRNA COVID‐19 vaccine (BNT162b2) were shown to improve an

immune response with a high level of severe acute respiratory

syndrome coronavirus‐2 (SARS‐CoV‐2) neutralizing antibodies and the

reactogenicity profile of BNT162b2 showed transient local and

systemic reactions.6,7 Furthermore, achieving high vaccination cover-

age is critical to reduce COVID‐19 associated mortality.

Fever can occur after every vaccination and has not been

observed much in youth after COVID‐19 vaccination.7 Because

vaccination‐associated fever and anaphylaxis can cause young people

to avoid COVID‐19 vaccination, it is necessary to understand how

individual factors impact fever. No study clearly showed that fever

after COVID‐19 vaccination is related to underlying allergic diseases

and physique. In the present study, we used a multivariable statistical

approach to identify an individualized model of human thermo-

regulation for stimulation of vaccination in adults. This study aimed to

find key factors that include allergic diseases or physique that

determine fever after vaccination.

2 | METHODS

2.1 | Study design and participants

A total of 163 medical personnel from our hospital were prospec-

tively recruited in this observational cohort study from April 16 to

June 23, 2021. One hundred and fifty‐three eligible participants

22–86 years of age who were healthy or had stable chronic illnesses

were assigned 30 μg of BNT162b2 (0.3ml volume per dose), and

given two doses, 21 days apart, injected into the deltoid muscle. The

vaccination staff responsible for the safety evaluation observed

people with a history of immediate allergic reactions to a vaccine or

other drugs or any history of anaphylaxis for 30min after vaccination.

All other participants were observed for 15min after vaccination for

any acute reactions. Body temperature was measured at the axilla

using the conventional digital thermometer. Because postvaccination

fever generally lasts about 48 h,7 fever response was observed at

least 72 h after vaccination. Each participant was instructed to record

the temperature each day on a prospective diary card over 3 days

after vaccination. Serious adverse events were recorded throughout

the study period. Data on history and physical examination were

compiled using a predesigned format. The percent overweight was

determined using the following formula: ([actual body weight −

standard weight]/Standard weight) × 100 (%).8 Blood samples were

taken from participants during their health check between June and

September 2021. The clinical hematology laboratory performed a

serum hemoglobin concentration assessment using the cyanmethe-

moglobin method (Bio Medical Laboratories).9

2.2 | Definition of fever

The axillary temperature is used in routine clinical practice due to

ease of use and safety, although the gold standard definition of a

fever is a rectal temperature of 38°C or higher.10 In this study,

postvaccination fever was defined as an axillary temperature of

37.3°C or higher within the first 72 h of vaccination, because the

mean difference in temperature (rectal minus axillary temperature)

for the conventional digital thermometer was 0.85°C.11 I advised the

participants not to administer acetaminophen below their tempera-

ture of 37.3°C.

2.3 | Statistical analysis

The results were examined by univariable and multivariable analysis.

The variables entered into the multivariable logistic regression

analysis were those with perceived clinical relevance, those identified

by the univariable analysis in this study, or those reported as

diagnostic value by other study.12 Microsoft Excel.2010 was used for

statistical calculations. Data are presented as mean (standard

deviation) or percentages of participants. p < 0.05 was considered

significant for all tests.

The effect size (Cohen's d) was calculated to quantify the size of

differences between two groups, with values of 0.2–<0.5 considered

as small, 0.5–< 0.8 as medium, and 0.8 or above as large.13

3 | RESULTS

3.1 | Participants

Between April and June 2021, a total of 168 participants were

consecutively enrolled in the study. All participants have not been

diagnosed with COVID‐19. Two participants were excluded because

they had received only one dose of the vaccine. Eleven were

excluded from the analysis because routine tests, such as blood tests

and temperature monitoring, were not performed on them. Two

participants were excluded because we could not obtain their

consent. Therefore, the study population consisted of 153 partici-

pants with a completed study. Among these 153 participants, 115

(75%) were female, six (4%) were obese (body mass index of at least

30 kg/m2), 58 (38%) were smokers, 30 (20%) had food allergies, and

38 (25%) had drug allergies (Table 1). A participant had experienced

an episode of anaphylaxis in the past. The median age was 54 years

(range 22–86), and 74 (48%) of the participants were over 55 years of

age. Chronic diseases among participants were cardiovascular disease
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(n = 12, 8%), respiratory diseases (n = 14, 9%), chronic kidney disease

(n = 10, 7%), autoimmune diseases (n = 1, 0.7%), thyroid disorders

(n = 7, 5%), dyslipidemia (n = 58, 38%), hypertension (n = 41, 27%),

diabetes mellitus (n = 14, 9%), and cancers (n = 5, 3%).

3.2 | Postvaccination fever

Fever after receiving the COVID‐19 vaccine was reported more

frequently by younger vaccine recipients (22–55 years old) than by

older vaccine recipients (more than 55 years old) and more frequently

after receiving the second dose than after the first dose. The

frequency of fever (axillary temperature ≥37.3°C) after the first dose

was 1.3% and after the second dose was 29.4%. During the 4‐day

period, 41.8% of the younger vaccine recipients reported an axillary

temperature of 37.3°C or higher after the second dose and 16.2% of

the older recipients. None of the vaccine recipients reported high

fever (axillary temperature, 38.9°C–40.0°C) after the first dose,

compared to 1.3% after the second dose. No participant in the

vaccine group reported temperatures of 40.0°C or higher. Twenty‐

one (58%) of the participants with perennial allergic rhinitis (n = 36)

had postvaccination fever (37.3°C or higher). Some participants

(n = 20) had a slight fever between 37.0°C and 37.7°C 15min after

the second vaccination (axillary temperature [15min]). Ten (50%) of

these participants with mild fever had postvaccination fever. The

fever occurred within 48 h after vaccination and resolved within

2 days after the onset of the fever. Vaccinated participants used

acetaminophen more frequently after the second dose, compared to

the first dose (12% after the first dose; 42% after the second dose;

p < 0.01). Participants after the second vaccination represented

significant differences in peak temperature with and without use of

acetaminophen (37.3 [0.9]°C vs. 36.5 [0.6]°C; p < 0.01; Cohen's

d = 1.08). Younger recipients were more likely to use acetaminophen

for antipyretics or pain reliever (14% after first dose; 56% after

second dose) than older recipients (9% after first dose; 28% after

second dose).

3.3 | Adverse events

There were no serious events such as anaphylaxis or deaths related

to vaccination. No adverse event causing withdrawal from the study

was reported. But allergic reactions without anaphylaxis (n = 4),

including persistent cough, rash, and swelling of the throat, occurred

after receiving the first dose of the COVID‐19 vaccine. All reported

nonanaphylaxis allergic cases after receiving the vaccine occurred in

women, not men. These cases underwent treatment with anti‐

histamine (bilastine) in three (2%), corticosteroids (hydrocortisone

sodium succinate) in one (0.7%) and fluticasone propionate/formo-

terol fumarate dehydrate in two (1%) (Table 1).

3.4 | Analysis

Univariable regression analysis revealed that the peak axillary

temperature after the second vaccination fever was negatively

correlated with age, body weight, body surface area (BSA), percent

overweight, or a history of lifestyle‐related disease (hypertension or

dyslipidemia) (Table 2). Similarly, the peak temperature was positively

correlated with the BSA to body weight ratio, a history of perennial

allergic rhinitis, or axillary temperature (15min). The peak tempera-

ture did not correlate with sex or other allergies.

Each recipient is divided into a plurality of subgroups (Figure 1). As

expected, the peak axillary temperature after the second vaccination in

younger vaccine recipients (<55 years old; n= 79) was greater than in

older recipients (≥55 years old; n =74), with a medium effect size (37.1

[0.8]°C vs. 36.6 [0.8]°C; p<0.0001; Cohen's d =0.63) (Figure 1A). The

peak temperature in recipients with perennial allergic rhinitis (n=36) was

also greater than in those without perennial allergic rhinitis (n =117),

with a large effect size (37.4 [0.9]°C vs. 36.7 [0.8]°C, p<0.0001; Cohen's

d=0.85) (Figure 1B). The peak temperature in recipients with a slight

fever of 37.0°C or higher 15min after the second vaccination (n= 20)

was also higher than in those without a slight fever (n =133), with a

medium effect size (37.4 [1.0]°C vs. 36.8 [0.8]°C, p=0.001; Cohen's

d=0.72) (Figure 1C). The peak temperature in recipients with a higher

ratio of BSA to body weight ratio (≥0.028m2/kg; n =65) was higher than

in those with a lower ratio (<0.028m2/kg; n =88), with a small effect size

(37.1 [0.9]°C vs. 36.7 [0.8]°C, p=0.003; Cohen's d=0.47) (Figure 1D).

The peak temperature in recipients with hypertension (n= 41) was lower

than in those without hypertension (n =112), with a medium effect size

(36.5 [0.7]°C vs. 37.0 [0.8]°C, p=0.001; Cohen's d=0.65) (Figure 1E).

The peak temperature in recipients with dyslipidemia (n=58) was lower

TABLE 1 Participant characteristics

Variables n = 153

Age, years 52 (14)

Sex

Female, n (%) 115 (75%)

BMI (kg/m2) 23 (4)

Body weight (kg) 59 (12)

BSA (m2) 1.6 (0.2)

Percent overweight (%) 4.2 (18.4)

Serum hemoglobin concentration (g/dl) 13.6 (1.2)

History of allergic diseases

Perennial allergic rhinitis, n (%) 36 (24%)

Seasonal allergic rhinitis, n (%) 38 (25%)

Bronchial asthma 21 (14%)

Skin allergy 20 (13%)

Food allergy 30 (20%)

Drug allergy 38 (25%)

Abbreviations: BMI, body mass index; BSA, body surface area.
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than in those without dyslipidemia (n =95), with a medium effect size

(36.6 [0.8]°C vs. 37.0 [0.8]°C, p=0.005; Cohen's d=0.50) (Figure 1F).

Multivariable logistic regression analysis identified age (p < 0.0001),

a history of perennial allergic rhinitis (p < 0.0001), BSA (p < 0.001), body

weight (p < 0.001), percent overweight (p < 0.001), and serum hemo-

globin concentration (p = 0.01) as independent predictors and the most

powerful predictors of postvaccination fever (Table 3). The peak axillary

temperature is the dependent variable (outcome) used in this regression

model. A numerical model of human thermoregulation was derived

from these specific data sets. The formula is as follows. Axillary

temperature (TAxilla) = b0 + b1 × age + b2 × history of perennial allergic

rhinitis + b3 × BSA+ b4 × body weight + b5 × percent overweight + b6 ×

serum hemoglobin concentration.

TAxilla = 42.898 − 0.025 × age (years) + 0.556 × history of peren-

nial allergic rhinitis (0 or 1) − 14.113 × BSA (m2) + 0.278 × body weight

(kg) − 0.077 × percent overweight (%) + 0.124 × serum hemoglobin

concentration (g/dl).

Sensitivity, specificity, and corresponding 95% confidential

intervals (95% CI) of various cut‐off values are reported in Table 4.

For an axillary temperature cut‐off value of 37.3°C, sensitivity was

66.1% (95% CI: 57.2%–72.6%) and specificity 90.7% (95% CI:

85.6%–94.5%). The multiple coefficient of determination (R2)

was 0.410.

Fever occurred in a participant with Basedow's disease who

received the COVID‐19 vaccine, but was unexpected in our model.

The other six participants with thyroid disease had hypothyroidism or

euthyroidism and did not have fever.

4 | DISCUSSION

In this observational study, we searched for independent clinical and

laboratory factors of postvaccination fever using a multivariable

statistical approach. We found that age, a history of perennial allergic

rhinitis, BSA, body weight, percent overweight, and serum hemoglo-

bin concentration were the variables with the highest discrimination

power for postsecond vaccination fever. Although the BSA to body

weight ratio, a history of lifestyle‐related disease, or axillary

temperature (15 min), were, using univariable analysis, associated

with postvaccination fever, they provided no additional value in

discriminating postvaccination fever.

This model identified younger age as a stronger predictor of

postvaccination fever. Our result is consistent with the previous

clinical trial that younger age was significantly associated with the

frequency of fever after the second dose of the COVID‐19 vaccine.7

Lifestyle‐related diseases (hypertension or dyslipidemia) and aging

are characterized by a state of chronic low‐grade inflammation,14,15

so the immune system is constantly defending itself against chronic

inflammation and does not respond well enough to combat an

infectious agent. A state of chronic inflammation can weaken

reactogenicity, such as postvaccination fever. Female gender was

reported to be a regulatory factor for the immune response to

COVID‐19 vaccination in the previous study,16 but this relationship

was not observed in this study. The recipient with atopy history, such

as asthma and eczema, was reported to have a severe systemic

response (not fever) after the first dose of the influenza vaccine and a

severe local response after the second dose.17 In fact, our results also

showed that part of the allergy history, as well as younger age, has a

strong impact on fever after vaccination, although parameters such as

immunoglobulin E (IgE) or allergic tests were not performed.

Intriguingly, the presence of allergic rhinitis can be associated with

the infectivity of SARS‐Cov‐2 and the poor prognosis of COVID‐19,

especially in medical personnel, because the incidence of allergic

rhinitis is high with respect to occupational exposure, such as

cleaning materials, body fluids, latex, and aerosol medications.18,19

Improvement of allergic rhinitis can decrease the infectivity and

severity of COVID‐19, because SARS‐Cov‐2 enters the epithelium of

the upper respiratory tract. We recommend that healthcare workers

with allergic rhinitis receive the COVID‐19 vaccination, although they

may have postvaccination fever more frequently. Several studies

have reported that a large BSA and a large body weight were

beneficial in reducing body core temperature,20 and their formula21

was used in this model. In this formula, we substitute the percent

overweight for the percent body fat. Other studies showed that

TABLE 2 Univariable correlation between each parameter and
peak axillary temperature after receipt of the second dose of the
COVID‐19 vaccine

Correlation coefficient p

Age −0.454 <0.001

Sex 0.003 NS

BMI −0.129 NS

Body weight −0.169 <0.05

BSA −0.161 <0.05

Percent overweight −0.182 <0.05

BSA to body weight ratio 0.246 <0.01

Axillary temperature (15min) 0.234 <0.01

Serum hemoglobin concentration 0.143 <0.10

History of perennial allergic
rhinitis

0.368 <0.001

History of seasonal allergic

rhinitis

0.070 NS

History of bronchial asthma 0.092 NS

History of skin allergy 0.151 <0.10

History of food allergy −0.021 NS

History of drug allergy 0.016 NS

Hypertension −0.257 <0.01

Dyslipidemia −0.229 <0.01

Note: Axillary temperature (15min): axillary temperature 15min after the

second vaccination. Abbreviations: BMI, body mass index; BSA, body
surface area.
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elevation in rectal temperature was associated with increased serum

hemoglobin under both control and heat exposure conditions.22

Serum hemoglobin, as well as hematocrit, are inverse indicators

of blood volume, and people with concentrated blood can get

dehydration fever. Although fever after vaccination did not correlate

significantly with serum hemoglobin concentration (p < 0.10) in the

univariable analysis, the association reached statistical significance

(p < 0.05) in the multivariable analysis in our study. Additional

(A) (B)

(C) (D)

(E) (F)

F IGURE 1 Comparison of the peak axillary temperature after the second vaccination in each group. (A) Younger (<55 years old; n = 79)
versus older vaccine recipients (≥55 years old; n = 74), (B) recipients without (n = 117) versus with a history of perennial allergic rhinitis (n = 36),
(C) recipients without (n = 133) versus with mild fever (n = 20) 15min after vaccination, (D) recipients with a lower body surface area to body
weight ratio (lower than 0.028 m2/kg; n = 88) versus more ratio (0.028m2/kg or higher; n = 65), (E) recipients without (n = 112) versus with
hypertension (n = 41), (F) recipients without (n = 95) versus with dyslipidemia (n = 58).

CHIBA ET AL. | 5 of 8



considerations of morphological and hematological parameters to age

and part of the allergy history as independent variables increased

the precision of the prediction model for postvaccination fever. In

our model, no fever participant was expected after vaccination

with Basedow's disease. Thyroid hormone is a relevant factor in

thermoregulatory control,23 and hyperthyroidism may be an addi-

tional factor in post‐second vaccination fever. No participant had

been diagnosed with COVID‐19 before vaccination in this study.

COVID‐19 infection before vaccination was reported to be associ-

ated with a serious adverse effect of the COVID‐19 vaccine in

another study.16

Fever may have a beneficial role in the prevention of infection.24

The presence of postvaccination fever means that the immune

system is building protection against invading pathogens, although

high fevers can have detrimental effects on the host.24 Acetamino-

phen was previously reported to have led to a reduction in fever rates

after vaccination.25 In the current study, prophylactic acetaminophen

was not administered, but acetaminophen administered to partici-

pants for reasons other than fever (i.e., pain at the injection site)

could possibly have masked some fever, making the observed fever

rates less apparent. On the contrary, the peak temperature was

actually higher in antipyretic vaccine recipients than those without

antipyretics in another study,26 which had the same result as this

study. Therefore, we thought that the peak temperature was less

affected by acetaminophen. On the other hand, antipyretics,

including acetaminophen and corticosteroids, have been suggested

to inhibit antibody production due to the anti‐inflammatory effect,

and antipyretic use is no longer recommended for vaccination‐

associated fever in Canada and New Zealand.27 It is important to

minimize the use of acetaminophen. Frequent intake of water and

salt is recommended, although we should pay attention to the

reduced cardiac and renal function of individuals with fever.

Regulation of body temperature is a fundamental homeostatic

function in humans. This observational study highlights that younger

age, part of the allergy history (perennial allergic rhinitis), morpholog-

ical factors (small and light body), and a blood indicator of body water

status (concentrated blood) are key regulators of a biological

indicator of the inflammatory response to vaccination (high body

temperature after vaccination). The peak temperature reported to us

may be lower than the real temperature, as they do not want to go

off work with suspected COVID‐19. This may reduce sensitivity in

this study. We evaluated postvaccination fever in our population.

However, this predictive model should be prospectively inspected in

other population groups. Therefore, the purpose of the present study

is not to continue its immediate use in practice, but to show a new

tool for understanding vaccination‐associated fever. Through more

fine‐tuning of the model that can predict vaccine‐associated fever,

this approach offers useful information to vaccine recipients, which is

likely to ease fever phobia.

4.1 | Limitations of the study

Our single observational study has several limitations that should be

considered when evaluating these results. First, the number of

participants was relatively small for a definite conclusion to draw.

TABLE 3 The independent predictors
of postsecond vaccination fever selected
in the logistic regression analysis

Coefficient (n = 153) OR 95% CI

Age (years) −0.025 0.976 0.968–0.984

History of perennial allergic
rhinitis

0.556 1.744 1.347–2.259

BSA (m2) −14.113 7.424 × 10−7 6.762 × 10−10 –
8.150 × 10−4

Body weight (kg) 0.278 1.321 1.136–1.536

Percent overweight (%) −0.077 0.926 0.887–0.965

Serum hemoglobin
concentration (g/dl)

0.124 1.131 1.025–1.249

Note: The odds ratio is a measure of the increase in risk of postvaccination fever. Abbreviations: 95%
CI, 95% confidence interval; BSA, body surface area; OR, odds ratio.

TABLE 4 Sensitivity, specificity, PPV and NPV with 95% CI for detecting postsecond vaccination fever with axillary thermometers

Body temperature cut‐off Sensitivity (95% CI) Specificity (95% CI)
PPV NPV
(95% CI) (95% CI)

37.0°C 0.754 (0.663–0.827) 0.844 (0.789–0.887) 0.741 (0.651–0.812) 0.853 (0.798–0.896)

37.3°C 0.661 (0.572–0.726) 0.907 (0.856–0.945) 0.804 (0.697–0.884) 0.822 (0.776–0.857)

37.5°C 0.351 (0.241–0.452) 0.914 (0.878–0.946) 0.565 (0.387–0.727) 0.815 (0.784–0.884)

Abbreviations: 95% CI, 95% confidence interval; NPV, negative predictive values; PPV, positive predictive values.
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More studies are clearly needed in a large number. Second, the rate

of postvaccination fever can differ depending on the type of

COVID‐19 vaccine, as previously described.28 However, other types

of vaccines have not yet been administered in our hospital.

Therefore, future studies could be required to investigate fever

after the use of all authorized vaccines. Third, this was a single‐year

study, and the viral antigen can vary from year to year. If the

composition of the COVID‐19 vaccine changes according to new

variants, fever rates after COVID‐19 vaccination could also vary

depending on the composition of the vaccine. Fourth, all partici-

pants were Japanese in the current study. More countries and

ethnic groups should be included in the further study. Fifth, the

intensity of work can have a strong influence on body tempera-

ture.20 It is hoped that individual work conditions were added to the

model. Sixth, this study was conducted in a cool climate. Because

climate and clothing play an important role in body temperature,18 it

may be necessary to add climate and clothing parameters to the

model. Seventh, parameters such as IgE or allergic tests were

not performed for the diagnosis of allergic rhinitis, although we

interviewed participants about their symptoms and their history to

diagnose them with allergic rhinitis. Part of perennial allergic rhinitis

in this study may involve nonallergic rhinitis. Finally, we mention

that future efforts to explore another contributing factor may be

necessary to better understand postvaccination fever and improve

the sensitivity of this model.

5 | CONCLUSIONS

This study demonstrated that younger age, a history of perennial

allergic rhinitis, a small and light body, and a higher serum hemoglobin

concentration are independent predictors of postsecond vaccination

fever. Although the predictive model is not validated for direct clinical

use, it illustrates the clinical potential of the technique used. If people

are more aware of these factors of postvaccination fever and the

elements of concern are removed, vaccination will go smoothly.

There is further discussion as to whether improving perennial allergic

rhinitis and frequent intake of water and salt decrease the peak

temperature after vaccination.

AUTHOR CONTRIBUTIONS

Satoru Chiba: Conceptualization; formal analysis; investigation;

methodology; project administration; supervision; validation; visual-

ization; writing—original draft; writing—review and editing. Kaoru

Shinohara: Project administration; supervision.

ACKNOWLEDGMENTS

The author thanks all the staff of the Medical Corporation

Kenseikai who agreed to participate in this study, the chairman,

the assistant directors, the other doctors, and all the nurses who

cared for these participants, and all the technical and paramedical

staff of the Sapporo Suzuki Hospital for their support in this

difficult context.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

TRANSPARENCY STATEMENT

The lead author affirms that this manuscript is an honest, accurate,

and transparent account of the study being reported; that no

important aspects of the study have been omitted; and that any

discrepancies from the study as planned (and, if relevant, registered)

have been explained.

ETHICS STATEMENT

This study was carried out according to the Declaration of Helsinki

guidelines and was approved by the Ethics Committee of the Sapporo

Suzuki Hospital (No. 2021‐001, April 15, 2021) and the procedures

were in accordance with institutional guidelines. Written informed

consent was obtained from each study participant. We also obtained

permission to publish our research results in writing. Before analyzing

the data, all identifiable information was deleted and specific

individuals cannot be identified by these data. Therefore, this was

approved by the ethics committee.

ORCID

Satoru Chiba http://orcid.org/0000-0003-0041-6316

REFERENCES

1. WHO. Director‐General's Opening Remarks at the Media Briefing on

COVID‐19‐11 March; 2020. https://www.who.int/director-general/
speeches/detail/who-director-general-s-opening-remarks-at-the-

media-briefing-on-covid-19—11-march-2020
2. Wang L, He W, Yu X, et al. Coronavirus disease 2019 in elderly

patients: characteristics and prognostic factors based on 4‐week
follow‐up. J Infect. 2020;80:639‐645. doi:10.1016/j.jinf.2020.03.019

3. Hossain MJ, Jannat T, Brishty SR, et al. Clinical efficacy and safety of

antiviral drugs in the extended use against COVID‐19: what we know
so far. Biologics. 2021;1:252‐284. doi:10.3390/biologics1020016

4. Chiba S. Effect of early oseltamivir on outpatients without hypoxia
with suspected COVID‐19. Wien Klin Wochenschr. 2021;133:
292‐297. doi:10.1007/s00508-020-01780-0

5. Chiba S. Smoking is associated with constant cough which is
resistant to oseltamivir therapy for suspected COVID‐19. Res. Sq.
2021. doi:10.21203/rs.3.rs-287518/v2

6. Sahin U, Muik A, Vogler I, et al. BNT162b2 vaccine induces
neutralizing antibodies and poly‐specific T cells in humans. Nature.
2021;595:572‐577. doi:10.1038/s41586-021-03653-6

7. Polack FP, Thomas SJ, Kitchin N, et al. C4591001 clinical trial group.
Safety and efficacy of the BNT162b2 mRNA Covid‐19 vaccine.

N Engl J Med. 2020;383:2603‐2615. doi:10.1056/NEJMoa2034577

8. Ikezaki A, Hosoda H, Ito K, et al. Fasting plasma ghrelin levels are

negatively correlated with insulin resistance and PAI‐1, but not with
leptin, in obese children and adolescents. Diabetes. 2002;51:
3408‐3411. doi:10.2337/diabetes.51.12.3408

9. Politzer WM, Myburgh WM, van der Merwe JF. Haemoglobin
estimation—reliability of the copper sulphate specific gravity v. the
cyanmethaemoglobin colorimetric method. S Afr Med J. 1988;73:

111‐112.
10. Craig JV, Lancaster GA, Taylor S, Williamson PR, Smyth RL. Infrared

ear thermometry compared with rectal thermometry in children: a
systematic review. Lancet. 2002;360:603‐609. doi:10.1016/S0140-
6736(02)09783-0

CHIBA ET AL. | 7 of 8

http://orcid.org/0000-0003-0041-6316
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://doi.org/10.1016/j.jinf.2020.03.019
https://doi.org/10.3390/biologics1020016
https://doi.org/10.1007/s00508-020-01780-0
https://doi.org/10.21203/rs.3.rs-287518/v2
https://doi.org/10.1038/s41586-021-03653-6
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.2337/diabetes.51.12.3408
https://doi.org/10.1016/S0140-6736(02)09783-0
https://doi.org/10.1016/S0140-6736(02)09783-0


11. Craig JV, Lancaster GA, Williamson PR, Smyth RL. Temperature
measured at the axilla compared with rectum in children and young
people: a systematic review. BMJ. 2000;320:1174‐1178. doi:10.
1136/bmj.320.7243.1174

12. Linnet K. A review on the methodology for assessing diagnostic
tests. Clin Chem. 1988;34:1379‐1386.

13. Sullivan GM, Feinn R. Using effect size‐or why the P value is not
enough. J Grad Med Educ. 2012;4:279‐282. doi:10.4300/JGME-D-
12-00156.1

14. Bulló M, García‐Lorda P, Megias I, Salas‐Salvadó J. Systemic
inflammation, adipose tissue tumor necrosis factor, and leptin
expression. Obes Res. 2003;11:525‐531. doi:10.1038/oby.2003.74

15. Lane‐Cordova AD, Ranadive SM, Kappus RM, et al. Aging, not age‐
associated inflammation, determines blood pressure and endothelial

responses to acute inflammation. J Hypertens. 2016;34:2402‐2409.
doi:10.1097/HJH.0000000000001103

16. Beatty AL, Peyser ND, Butcher XE, et al. Analysis of COVID‐19 vaccine
type and adverse effects following vaccination. JAMA Netw Open.
2021;4:e2140364. doi:10.1001/jamanetworkopen.2021.40364

17. Andrews NJ, Walker WT, Finn A, et al. Predictors of immune response

and reactogenicity to AS03B‐adjuvanted split virion and non‐adjuvanted
whole virion H1N1 (2009) pandemic influenza vaccines. Vaccine.
2011;29:7913‐7919. doi:10.1016/j.vaccine.2011.08.076

18. Onal M, Onal O, Turan A. Can united airway disease be the cause of
variable severity experience of COVID‐19 in health care workers?

Med Gas Res. 2022;12:69‐71. doi:10.4103/2045-9912.326004

19. Scadding GK, Kariyawasam HH, Scadding G, et al. BSACI guideline

for the diagnosis and management of allergic and non‐allergic
rhinitis (revised edition 2017; first edition 2007. Clin Exp Allergy.
2017;47:856‐889. doi:10.1111/cea.12953

20. Foster J, Hodder SG, Lloyd AB, Havenith G. Individual responses to
heat stress: implications for hyperthermia and physical work

capacity. Front Physiol. 2020;11:541483. doi:10.3389/fphys.2020.
541483

21. Havenith G. Individualized model of human thermoregulation for the
simulation of heat stress response. J Appl Physiol. 2001;90:

1943‐1954. doi:10.1152/jappl.2001.90.5.1943

22. Barney CC, Smith GL, Folkerts MM. Thermal dehydration‐induced
thirst in spontaneously hypertensive rats. Am J Physiol. 1999;276:
R1302‐R1310. doi:10.1152/ajpregu.1999.276.5.R1302

23. Johann K, Cremer AL, Fischer AW, et al. Thyroid‐hormone‐induced
browning of white adipose tissue does not contribute to thermo-
genesis and glucose consumption. Cell Rep. 2019;27:3385‐3400.e3.
doi:10.1016/j.celrep.2019.05.054

24. Evans SS, Repasky EA, Fisher DT. Fever and the thermal regulation
of immunity: the immune system feels the heat. Nat Rev Immunol.

2015;15:335‐349. doi:10.1038/nri3843
25. Prymula R, Esposito S, Zuccotti GV, et al. A phase 2 randomized

controlled trial of a multicomponent meningococcal serogroup B
vaccine (I). Hum Vaccin Immunother. 2014;10:1993‐2004. doi:10.
4161/hv.28666

26. Ahn SH, Zhiang J, Kim H, et al. Postvaccination fever response rates
in children derived using the fever coach mobile app: a retrospective
observational study. JMIR Mhealth Uhealth. 2019;7:e12223. doi:10.
2196/12223

27. Das RR, Panigrahi I, Naik SS. The effect of prophylactic antipyretic

administration on post‐vaccination adverse reactions and antibody
response in children: a systematic review. PLoS One. 2014;9:e106629.
doi:10.1371/journal.pone.0106629

28. Hatmal MM, Al‐Hatamleh MAI, Olaimat AN, et al. Side effects and

perceptions following COVID‐19 vaccination in Jordan: a random-
ized, cross‐sectional study implementing machine learning for
predicting severity of side effects. Vaccines (Basel). 2021;9:556.
doi:10.3390/vaccines9060556

How to cite this article: Chiba S, Shinohara K. A predictive

model to estimate fever after receipt of the second dose of

Pfizer‐BioNTech coronavirus disease 2019 vaccine: an

observational cohort study. Health Sci. Rep. 2022;5:e742.

doi:10.1002/hsr2.742

8 of 8 | CHIBA ET AL.

https://doi.org/10.1136/bmj.320.7243.1174
https://doi.org/10.1136/bmj.320.7243.1174
https://doi.org/10.4300/JGME-D-12-00156.1
https://doi.org/10.4300/JGME-D-12-00156.1
https://doi.org/10.1038/oby.2003.74
https://doi.org/10.1097/HJH.0000000000001103
https://doi.org/10.1001/jamanetworkopen.2021.40364
https://doi.org/10.1016/j.vaccine.2011.08.076
https://doi.org/10.4103/2045-9912.326004
https://doi.org/10.1111/cea.12953
https://doi.org/10.3389/fphys.2020.541483
https://doi.org/10.3389/fphys.2020.541483
https://doi.org/10.1152/jappl.2001.90.5.1943
https://doi.org/10.1152/ajpregu.1999.276.5.R1302
https://doi.org/10.1016/j.celrep.2019.05.054
https://doi.org/10.1038/nri3843
https://doi.org/10.4161/hv.28666
https://doi.org/10.4161/hv.28666
https://doi.org/10.2196/12223
https://doi.org/10.2196/12223
https://doi.org/10.1371/journal.pone.0106629
https://doi.org/10.3390/vaccines9060556
https://doi.org/10.1002/hsr2.742



