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Introduction: The emergence of the novel Coronavirus Disease 2019 (COVID-19) sparked an 
unprecedented effort to develop effective vaccines against the disease. Some factors may boost the vaccine 
efficacy, including sufficient sleep and morning vaccination. We aimed to conduct a rapid systematic review 
to summarize data regarding the association between sleep and time of vaccination with immunity after 
vaccination. Materials and Methods: The systematic review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol, and three databases 
(PubMed, Web of Science, and Scopus) were searched up to March 12, 2022. Results: Eight studies 
were included regarding the sleep and immune response after vaccination, of them, five studies were on 
influenza, two studies on hepatitis A (HAV), and one study on hepatitis B. Accordingly, six out of eight 
studies found a positive correlation between sleep and immune response after vaccination. Regarding the 
time of vaccination, seven studies were eligible to be included (two studies on influenza, one study on 
HAV and influenza, one study on BCG, one study on hexavalent vaccine, and two studies on SARS-CoV-2 
vaccine). Among them, four out of seven studies (including a study on SARS-CoV-2 inactivated vaccine) 
reported the priorities of morning versus afternoon vaccination regarding antibody production and immune 
response after vaccination. Conclusion: Taken together, cumulative evidence suggests that sufficient sleep 
and vaccination in the morning could enhance the immune response after vaccination. Hence, modulating 
the time of vaccination and sufficient sleep could a be simple and applicable strategy for increasing vaccine 
efficacy. Future studies could be performed with SARS-CoV-2 vaccines to investigate the effects of time 
of vaccination and sufficient sleep on COVID-19 vaccine efficacy.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19), which is 
caused by the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), emerged in China in late 2019 
and immediately spread throughout the world to become 
a pandemic [1]. The virus mainly spreads through re-
spiratory droplets [2]; however, close contact with the 
contaminated surface may be responsible for COVID-19 
transmission [2-5]. The disease affects people of all ages, 
nevertheless, elder people (> 60 years old), males, and 
patients who have comorbidities or coinfections, have a 
higher risk of morbidity and mortality [6-11].

Respiratory symptoms, such as dyspnea, cough, sore 
throat, loss of smell and taste, as well as fever are the main 
clinical manifestations of COVID-19 [12]. Although, 
new variants of SARS-CoV-2, such as B.1.617.2 (Delta), 
can cause more severe diseases and their symptoms are 
different from the typical symptoms of COVID-19 [8]. 
Nevertheless, in addition to respiratory symptoms (eg, 
acute respiratory distress syndrome (ARDS) and hypox-
ic respiratory failure), multiorgan involvement, such as 
gastrointestinal, neurologic, cardiac, hepatic, renal, en-
docrine, ocular, and dermatologic manifestations have 
occurred in severe COVID-19 cases [12,13].

Although such drugs (eg, Remdesivir, and Paxlovid) 
and monoclonal antibodies (eg, Bamlanivimab/Etese-
vimab and Casirivimab/Imdevimab) are approved by the 
Food and Drug Administration (FDA) for SARS-CoV-2 
virus, strategies to reduce hyperinflammation and cyto-
kine storm syndrome (CSS) is the best available therapy 
against COVID-19 [8].

Numerous factors can influence the immune re-
sponse following vaccination [14], including intrinsic 
host factors (eg, age, sex, genetic background, and comor-
bidities), extrinsic factors (eg, coinfection), behavioral 
factors (eg, exercise, stress, sleep, smoking, and alcohol 
consumption), nutritional factors (eg, BMI (body mass 
index) and nutritional status), environmental factors (eg, 
rural versus urban environment, season, and geographic 
location), vaccine factors (eg, vaccine type, adjuvants, 
vaccine dose, and booster dose), and administration fac-
tors (eg, vaccination route and time of day) (reviewed 
in [14]). However, some factors are easily enacted to 
improve vaccine potency, including sufficient sleep and 
morning vaccination. Hence, we aimed to perform a rapid 
review regarding the association between sleep and time 
of vaccination with immunity after vaccination.

MATERIALS AND METHODS

Search Strategy, Inclusion, and Exclusion Criteria
The data were selected according to the standard 

protocol of the Preferred Reporting Items for Systemat-

ic Reviews and Meta-Analyses (PRISMA) [15]. Three 
databases (PubMed, Web of Science, and Scopus) were 
searched by two independent researchers (AA and ER) 
up to March 12, 2022. We searched in title and abstract 
by the search terms (“vaccine” OR “vaccination”) AND 
(“sleep” OR “morning” OR “time”). The relevant docu-
ments were screened by title and abstract, then duplicates 
were removed, and the remaining records were evaluated 
by two investigators (AA and ER). Finally, full texts of 
the articles were evaluated for eligibility and inclusion 
criteria. The inclusion criteria were: (1) original articles; 
(2); articles with full-text or abstract in English without 
geographical restrictions; and (3) articles that provided 
the exact total sample size. Non-original articles (eg, re-
views, editorials, and/or letters to the editor) and those 
with unclear analysis and sufficient data were excluded. 
The citations to the eligible articles were checked in Goo-
gle Scholar to retrieve any missing references.

RESULTS

After performing the PRISMA protocol (Figure 1, 
Figure 2, and Appendix A), eight and six articles were 
eligible to be included for “sleep” and “time of vacci-
nation,” respectively (Table 1 and Table 2). The main 
characteristics of each study are summarized in Tables 
1 and 2.

Sleep and Immune Response After Vaccination
Eight studies evaluated the relationship between 

sleep and vaccine efficacy, including five studies on in-
fluenza, two studies in hepatitis A (HAV), and one study 
in hepatitis B (Table 1). Regarding influenza vaccination, 
Spiegel et al. found that sleep deprivation at the time of 
influenza vaccination reduced the antibody response after 
vaccination [16]. However, Dopp et al. did not find a sig-
nificant difference between moderate-to-severe obstruc-
tive sleep apnea (OSA) and influenza antibody responses 
after vaccination [17]. Benedict et al. did not find a sig-
nificant difference between acute sleep deprivation on the 
antibody response to H1N1 (swine flu) virus vaccination 
[18]. Taylor et al. found that individuals with insomnia 
had a lower antibody response following influenza vacci-
nation [19]. Prather et al. found that shorter sleep duration 
was associated with fewer antibodies to the flu vaccine 
1- and 4-months after vaccination [20]. Regarding HAV 
vaccination, Lange et al. demonstrated that sleep on the 
night after HAV vaccination improves the antibody re-
sponse compared with the sleep deprivation group [21]. 
Another study by the same group of researchers revealed 
that sleep after HAV vaccination increased the frequency 
of Ag-specific T helper1 (Th1) cytokine-producing cells 
compared with the sleep deprivation group. Indeed, sleep 
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Figure 1. PRISMA diagram through the different phases of the review regarding sleep and vaccination

Figure 2. PRISMA diagram through the different phases of the review regarding time of vaccination
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DISCUSSION

The circadian rhythms have a pivotal role in the 
functions of our immune system; disruption of circadi-
an rhythms leads to disruption of the immune response 
to pathogens [31,32]. Sleep disturbances and variable 
sleep patterns have been occurring in shift workers, 
which could disrupt the circadian rhythm, leading to 
an increased risk for developing viral infections [33]. 
Concerning COVID-19, it was observed that night shift 
workers have higher odds of COVID-19 severity [34-
36]. Sleep deprivation has been linked to disturbance 
of innate and adaptive immune responses, resulting in 
chronic inflammatory conditions, and an increased risk 
for infectious diseases [37]. Human studies demonstrated 
that sufficient sleep was associated with a balance of T 
helper 1/T helper 2 cytokines [38]. Studies have found 
that vaccine efficacy may reduce in individuals suffer-
ing from chronic insomnia [19] and those subjected to 
sleep deprivation conditions [21]. Vaccines that were 
employed in human studies mainly induce Th1-depen-
dent IgG responses, which were selectively improved by 
sleep compared with nocturnal wakefulness [39]. Sleep 
after vaccination could enhance immunological memo-
ry by promoting type I immune responses and antibody 
production [21,22]. Regarding sleep and vaccination, ev-
idence has shown that anti-influenza IgG antibody titers 
among individuals with sleep deprivation at the time of 
vaccination with influenza vaccine declined compared 
with those with normal sleep times [16]. Another piece of 
evidence regarding the effects of sleep on immunity after 
influenza vaccination was revealed that individuals who 
had shorter sleep on the days before and after vaccination 
had a lesser immune response after the initial vaccination 
[20]. Regarding the HAV vaccine, an interventional study 
in humans demonstrated that sleep after vaccination in-
creased Ag-specific IgG1 and Th cells compared with 
the wake condition group [22]. Another study among 
individuals who received the HAV vaccine revealed that 
subjects who had regular sleep had a nearly two-fold 
higher HAV antibody titers after 4 weeks than subjects 
who stayed awake that night [21]. Shorter sleep duration 
was also associated with lower antibody response after 
hepatitis B vaccination [23].

Melatonin is one of the main players in the physiol-
ogy of sleep [40]. Melatonin is as an immunoregulatory 
hormone that could mitigate both severe inflammato-
ry cascades and immunosuppression status [40]. It is 
proposed that melatonin could reduce the severity of 
COVID-19 via mitigating severe inflammation in re-
sponse to SARS-CoV-2 [40].

In an expert review, Garbarino et al. reviewed the 
role of sleep deprivation in immune-related diseases [37]. 
They mentioned several beneficial effects of normal sleep 

markedly increased Ag-specific IgG1 antibody response 
compared with the sleep deprivation group [22]. Re-
garding hepatitis B, Prather et al. found that shorter ac-
tigraphy-based sleep duration was associated with lower 
antibody response following immunization with hepatitis 
B vaccine [23] (Table 1).

Time of Vaccination
Seven studies eligible to be included regarding 

morning versus evening vaccination, including two stud-
ies on influenza, one study on HAV and influenza, one 
study on BCG, one study on hexavalent vaccine, and two 
studies on SARS-CoV-2 vaccine (Table 2). Phillips et al. 
compared the efficacy of influenza and HAV vaccines 
that injected in the morning versus afternoon [24]. They 
found that morning vaccination in men, but not women, 
enhanced the antibody response to both influenza and 
HAV [24]. Long et al. demonstrated that antibody re-
sponse to influenza vaccine in older adults was mounted 
among those individuals who vaccinated in the morning 
than the afternoon [25]. The data by Kurupati et al. did 
not support that the time of vaccination could affect the 
immune response to influenza vaccine [26]. de Bree et al. 
investigated the time of Bacillus Calmette–Guérin (BCG) 
vaccination [27]. They found that morning vaccination 
induces stronger immune responses compared with eve-
ning vaccination [27]. Gottlob et al. did not identify a sig-
nificant difference in antibody titers and cardiorespiratory 
event rate (CER) between morning and evening vacci-
nation among infants who received their first hexavalent 
vaccine [28]. In a recent study, Zhang et al. investigated 
the dynamics of immune responses following adminis-
tration of an inactivated SARS-CoV-2 vaccine among 63 
healthcare workers (HCWs) who received vaccine in the 
morning (9 am–11 am) or afternoon (15 pm–17 pm) [29]. 
They found that participants vaccinated in the morning 
had significantly higher level of neutralizing antibodies 
(NAbs) in the serum as well as stronger B cells, mono-
cytes, dendritic cells, and Tfh cells responses to vaccina-
tion. These data suggest the priority of morning than af-
ternoon COVID-19 vaccination [29]. Wang et al. assessed 
the levels of anti-Spike antibody response following two 
types of SARS-CoV-2 vaccines (Pfizer, mRNA bnt162b2 
or AstraZeneca, Adenoviral AZD1222) in three times 
of vaccination (Time 1, 7-10:59 h; Time 2, 11-14:59 h; 
Time 3, 15-21:59 h) among 2784 health care workers in 
UK [30]. The results revealed that anti-Spike antibody 
levels were significantly higher following the administra-
tion of two alternative SARS-CoV-2 vaccines (mRNA or 
adenovirus based). However, the results did not indicate 
an association between the time of day of vaccination (p 
= .23), day of sample collection (p = 0.097), and two time 
intervals (before or after 1 pm) with anti-Spike antibody 
response [30] (Table 2).
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RO database since the search was performed.

CONCLUSION AND FUTURE DIRECTIONS

Cumulative evidence suggests that sleep after vacci-
nation and morning vaccination may enhance vaccine ef-
ficacy. Until now, several types of vaccines with various 
efficacies have been developed for COVID-19 [43,44], 
and vaccination led to a decline of severe infections, 
hospitalization, and death even after spread of the Delta 
variant [45-47]. It is plausible that sufficient sleep after 
vaccination and modulating the time of vaccination may 
improve COVID-19 vaccine efficacy. Some promising 
studies are ongoing regarding the time of COVID-19 vac-
cination [29,48], but future studies are needed to define 
the effects of sleep and time of vaccination on COVID-19 
vaccine efficacy.
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on the vaccination response, including (1) sleep led to the 
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efficacy by improving the immune response against vac-
cine antigens [41,42].
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influenza are associated with an enhanced antibody re-
sponse in men [24]. Influenza vaccination in the morning 
enhances antibody response over afternoon vaccination 
among healthy adults [25]. Although, another study did 
not support this evidence following influenza vaccination 
among adults >65 years age [26]. A recent study revealed 
that BCG vaccination in the morning induces a stronger 
immune response and trained immunity compared with 
evening vaccination in healthy volunteers [27]. Two re-
cent studies investigated the effects of vaccination time on 
the immune response following COVID-19 vaccination 
[29,30]. While a very recent study reported the priority 
of morning vaccination with an inactivated SARS-CoV-2 
vaccine in China [29], another report [30] did not find 
a clear relationship between vaccination time of mRNA 
(Pfizer) and Adenoviral (AstraZeneca) COVID-19 vac-
cine and vaccine efficacy (Table 2). It seems that there is 
a good opportunity to investigate the time of vaccination, 
especially the COVID-19 vaccine, to evaluate the effects 
of morning or evening vaccination on vaccine efficacy as 
a simple and practical measure.

Limitations
Similar to other studies, our work had some lim-

itations. The main limitations of this study were lots of 
heterogeneity among studies for types of vaccines, age 
of participants, outcome measures, sample size, location, 
and different setting of the studies. Hence, we could not 
perform meta-analysis due to high heterogenicity among 
the studies. Lack of registration in databases (eg, PROS-
PERO) was another limitation of this study, because the 
data were already extracted (we preextracted the data 
and were unable to register it according to PROSPERO). 
However, there were no similar studies in the PROSPE-
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Topic  

Item 
# Checklist item  

Location 
where item 
is reported  

TITLE   
Title  1 Identify the report as a systematic review. P1 
ABSTRACT   
Abstract  2 See the PRISMA 2020 for Abstracts checklist. P1 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of existing knowledge. P2 
Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. P2 
METHODS   
Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. P2 
Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted. 

P2 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. P2 
Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record 

and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 
P2 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the 
process. 

P2 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

P2 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information. 

P2 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each 
study and whether they worked independently, and if applicable, details of automation tools used in the process. 
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Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. - 
Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)). 

P2 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

P2 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. P2 
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 

model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 
- 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). - 
13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. - 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). - 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. - 
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RESULTS   
Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in 

the review, ideally using a flow diagram. 
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16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. P2-4 
Study 
characteristics  

17 Cite each included study and present its characteristics. P2-4 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. - 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision 
(e.g. confidence/credible interval), ideally using structured tables or plots. 

P2-4 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. - 
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 

confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 
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20c Present results of all investigations of possible causes of heterogeneity among study results. - 
20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. - 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. - 
Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. - 

DISCUSSION   
Discussion  23a Provide a general interpretation of the results in the context of other evidence. P4 

23b Discuss any limitations of the evidence included in the review. P7 
23c Discuss any limitations of the review processes used. P7 
23d Discuss implications of the results for practice, policy, and future research. P7 

OTHER INFORMATION  
Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. P7 
24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. - 
24c Describe and explain any amendments to information provided at registration or in the protocol. - 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. P7 
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Availability of 
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other materials 
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studies; data used for all analyses; analytic code; any other materials used in the review. 
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