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Introduction

Predicting the humoral, cellular and especially clinical 
response to coronavirus disease 2019 (COVID-19) 
vaccination remains a central aspect for efficiently tackling 
the ongoing severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) pandemic. Several lines of evidence 
attest that, like other types of vaccines, reactogenicity to 

the different COVID-19 vaccine formulations may be 
considerably attenuated by a kaleidoscope of demographical 
and clinical factors, as extensively summarized elsewhere (1),  
and encompassing characteristics such as older age, 
male sex, obesity, cancers, chronic impairment of liver 
and kidney function, pathological or pharmacological 
immunosuppression, as well as type, dosage and number of 
inoculations of the currently available COVID-19 vaccines.
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Several current studies have been focusing on predicting 
the clinical response to vaccination by testing both 
immunological (i.e., anti-SARS-CoV-2 antibodies) (2) and 
cellular [i.e., interferon-gamma release assays (IGRAs)] (3,4) 
biomarkers, or a combination of both (5,6). Nonetheless, a 
strategy encompassing the assessment of humoral, cellular 
immunity or both is plagued by a number of drawbacks, 
including the cost for collecting the blood and performing 
the assays, the limited throughput and turnaround time of 
currently available IGRAs, the often unpredictable response 
of all serological and cellular assays versus new SARS-
CoV-2 variants with highly mutated antigenic epitopes (7), 
as well as the long turnaround time (from 1 to several days) 
for reporting test results to the stakeholders.

In this puzzling scenario, characterized by insufficient 
and unequal COVID-19 vaccine global coverage (8), the 
availability of a “biological marker” that may help predicting 
vaccine efficacy, thus efficiently surrogating laboratory-based 
tests, may be seen as an extremely valuable resource for 
optimizing vaccine delivery to those who will need additional 
boosters, while concomitantly saving vaccine doses in those 
who instead may not really need them. To this end, the 
foremost question here and now is: “do we have such magic 
bullet”? Although it is inherently challenging to respond to 
this question, interesting evidence is emerging that fever, 
one very frequent and relatively specific post-vaccine clinical 
symptoms, may provide valuable clue on this matter.

Body temperature variation following  
mRNA-based COVID-19 vaccination

Although body temperature monitoring for screening 
SARS-CoV-2 infection carries a number of drawbacks (9), 
further amplified in vaccinated and/or those infected by the 
new Omicron lineages who may be frequently asymptomatic 
or only mildly symptomatic (10), a febrile response has been 
frequently recorded in subjects receiving mRNA-based 
COVID-19 vaccination, and the extent of such response has 
been consistently associated with humoral immunity in a 
number of recent studies in the general population (mostly 
encompassing healthcare workers), the most representative 
of which will be briefly summarized here.

Otani et al. carried out a cross-sectional including 338 
healthcare workers who were administrated with two 
standard doses of BNT162b2 vaccine, asked to register 
relevant post-vaccine side effects with a self-administered 
questionnaire, and also had their anti-SARS-CoV-2 S IgG 
antibodies assayed 3 months after vaccination (11). The 

serum levels anti-SARS-CoV-2 antibodies were found to 
be nearly 50% higher [i.e., 5,132 vs. 3,515 arbitrary units 
(AU)/mL; P=0.002] in patients who experienced fever after 
completing the primary vaccination cycle compared to 
those who did not.

In a subsequent study, Koike et al. followed-up 378 
healthcare workers up to 6 months after completing a 
primary vaccination cycle with the BNT162b2 vaccine, who 
were instructed to use a structured self-report questionnaire 
for reporting post-vaccination symptoms (12). The onset of 
fever following both the first and second vaccine doses was 
found to be positively associated with significantly higher 
total anti-SARS-CoV-2 spike antibodies levels measured 
3 months after vaccination (i.e., between 23–24% higher), 
evidencing also a significant positive association between 
antibodies levels and body temperature (ρ=0.166; P=0.010).

Yamamoto et al. studied 88 members of a medical 
institution in Japan, who also underwent primary 
vaccination with the BNT162b2 vaccine, and were asked to 
record fever onset within four days post-vaccination with an 
online questionnaire (13). The serum levels of anti-SARS-
CoV-2 S IgG measured between 7–74 days after completing 
vaccination were significantly higher in vaccine recipient 
reporting moderate (i.e., 38.0–38.4 ℃; +60%) or high (i.e., 
≥38.5 ℃; +118%) body temperature compared to those 
without fever.

Very similar evidence emerged from a subsequent study 
conducted by Tani et al. (14), who followed up 335 hospital 
healthcare workers undergoing primary vaccination with 
the BNT162b2 vaccine, who were asked to self-annotate 
post-vaccination symptoms for up to 5 days. The values of 
anti-SARS-CoV-2 S IgG measured within 2 months post-
vaccination (i.e., after the second dose) were found to be 
significantly higher in patients with modest elevation of 
body temperature (i.e., 37.0–37.9 ℃; 9,374 AU/mL) or frank 
fever (i.e., ≥38.5 ℃; 13,035 AU/mL) compared to those 
without body temperature elevation (i.e., <37.0 ℃; 7,186; 
P<0.001 for both comparisons). Accordingly, the extent of 
body temperature elevation after completing vaccination was 
found to be significantly correlated with the IgG antibodies 
levels (standardized beta coefficient, 0.301; P<0.001).

Kobashi et al. studied 231 healthcare workers who were 
subjected to a primary vaccination cycle with the BNT162b2 
vaccine (15). The presence of fever (i.e., >37.5 ℃)  
after completing the primary vaccination cycle was found to 
be the strongest factor associated with anti-SARS-CoV-2 S 
IgG antibodies values measured 3 weeks post-vaccination 
(beta coefficient, 473.7; P<0.001).
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Table 1 Summary of some relevant studied which explored the predictive value of post-vaccination fever on humoral response after mRNA-based 
COVID-19 vaccination

Study Study population Vaccination Antibodies (time of assessment) Outcome

Otani et al.,  
2021 (11)

338 healthcare 
workers

Primary vaccination with 
BNT162b2

Anti-SARS-CoV-2 S IgG  
(3 months)

50% higher in those with fever

Koike et al.,  
2022 (12)

378 healthcare 
workers

Primary vaccination with 
BNT162b2

Anti-SARS-CoV-2 S total  
(3 months)

23–24% higher in those with fever

Yamamoto et al., 
2022 (13)

88 healthcare 
workers

Primary vaccination with 
BNT162b2

Anti-SARS-CoV-2 S IgG  
(7–74 days)

60–118% higher in those with fever

Tani et al.,  
2022 (14)

335 healthcare 
workers

Primary vaccination with 
BNT162b2

Anti-SARS-CoV-2 S IgG  
(2 months)

30–81% higher in those with fever

Kobashi et al.,  
2022 (15)

231 healthcare 
workers

Primary vaccination with 
BNT162b2

Anti-SARS-CoV-2 S IgG  
(3 weeks)

Fever strongest predictor of humoral 
response

Kawasuji et al., 
2022 (16)

565 healthcare 
workers

BNT162b2 (first) booster Anti-SARS-CoV-2 S total  
(2 weeks)

>25% higher in those with fever 
(unreported values)

Matsumoto et al., 
2022 (17)

47 university 
workers

mRNA-1273 (first) booster Anti-SARS-CoV-2 S IgG and 
IgM (1 month)

Faster increase of antibodies levels in 
those with fever

COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Not only body temperature has been associated with the 
humoral response developing after primary COVID-19 
vaccination, but a significant correlation has been 
demonstrated with anti-SARS-CoV-2 antibodies measured 
after vaccine boosters. Kawasuji and colleagues studied 
565 healthcare workers who received a first booster of the 
BNT162b2 vaccine, who were asked to record the onset of 
post-vaccine symptoms with a dedicated questionnaire (16).  
The serum levels of anti-SARS-CoV-2 S total antibody levels 
measured 2 weeks after vaccine booster were found to be 
significantly higher in individuals with fever (i.e., ≥37.5 ℃)  
than in those without (>25,000 vs. ~20,000 AU/mL; P<0.001). 
In keeping with these findings, Matsumoto et al. enrolled 47 
subjects among the university faculty staff, who received the 
third (booster) dose of the mRNA-1273 vaccine and were 
surveyed online for symptoms onset up to one-week post-
vaccination (17). The serum levels of anti-SARS-CoV-2 
S IgG and IgM, assayed up to 1 month after vaccination, 
displayed a much faster increase in those who developed fever 
(i.e., >37.5 ℃) than in those who did not. More specifically, 
the fixed-effect coefficient for the interaction term between 
fever and time (days) was 960 AU/mL.

Body temperature for screening vaccine 
immunogenicity

The results of all the aforementioned studies, summarized 

in Table 1, are highly suggestive of a significant relationship 
between increased body temperature and humoral response 
after mRNA-based COVID-19 vaccination. Although the 
paucity of studies addressing such relationships in recipients 
of other types of COVID-19 vaccines (e.g., adenoviral, 
inactivated, protein-based) precludes to generalize these 
observation, it seems reasonable to conclude that fever 
should be no longer considered only an adverse—almost 
undesirable—post-vaccination side effect, wherein its onset 
may actually reflect enhanced immunological response, 
which could be used for predicting vaccine immunogenicity 
in terms of anti-SARS-CoV-2 antibodies generation up to 
3 months after mRNA-based COVID-19 vaccination. In 
a world with limited resources, considering that universal 
post-vaccination screening would be unfeasible for both 
organization and economical reasons, we suggest that body 
temperature monitoring post-COVID-19 vaccination 
may be used as a possible marker of vaccine humoral 
response and thus allowing to efficiency developing and 
validating specific algorithms, such as that tentatively 
provided in Figure 1. Briefly, in mRNA-based COVID-19 
vaccine recipients who developed a febrile reaction (i.e., 
body temperature ≥37.5 ℃, which may reflect persistent 
immunogenic response to the antigen), low immunogenicity 
is unlikely and, thereby, no additional vaccine booster dose 
(in the immediate future) and/or no further testing may be 
needed. Contrarily, in mRNA-based COVID-19 vaccine 
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Figure 1 Tentative algorithm for mRNA-based, COVID-19 booster dose administration based on post-vaccination body temperature and 
serology. COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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recipients who did not report fever (i.e., body temperature 
<37.5 ℃), lower immunogenicity is more likely, such that 
laboratory assessment of anti-SARS-CoV-2 total or IgG 
antibodies may be warranted. In afebrile subjects who then 
display a sufficient antibody levels (defined according to 
method-specific cut-offs), no additional interventions may 
be needed, whilst an additional vaccine booster may be 
considered in those with low anti-SARS-CoV-2 antibodies 
titers, perhaps administering a reduced booster doses 
(i.e., half the standard dosage), which elicit comparable 
immunogenicity but lower serious side effects compared to 
the normal dosage (18).
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