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Abstract: Sleep is crucial for health and strengthens the immune system, aiding the body in 

fighting diseases. Research indicates that adequate and quality sleep enhances vaccine efficacy 

by boosting immune responses, increasing antibody production, and preventing the spread of 

pathogens. To understand the role and mechanism of sleep in vaccine effectiveness, we searched 

and screened over 2,000 open-access articles on PubMed and Scopus using relevant keywords 

following the PRISMA guidelines. Results showed that 7 or more hours of sleep each night 

increase antibody titers and improve vaccine efficacy and immune memory. Thus, it is essential 

to focus on enhancing sleep quality and provide appropriate recommendations in vaccination 

strategies to help care for, protect health, and control epidemics in the community. 
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1. Introduction 

Sleep is an indispensable part of life, 

playing a vital role in maintaining health, 

homeostatic balance, immune system 

function, and overall body performance [1]. 

Therefore, sleep significantly impacts 

immune function and vaccine efficacy [2]. 

Sleep deprivation not only diminishes the 

body's ability to respond to vaccines but also 

increases the risk of contracting severe 

diseases. Studies have shown a link between 

sleep disorders and poor immune responses. 

Specifically, individuals who do not get 

enough sleep produce fewer antibodies after 

vaccination. For example, a group of young, 

healthy individuals restricted to only 4 hours 

of sleep per night for 6 nights before 

receiving the influenza vaccine, followed by 

recovery with 12 hours of sleep each night 

for 7 nights, produced fewer antibodies 

compared to those who had regular sleep 

duration 10 days after vaccination [3, 4]. 

In another study, individuals who 

had sufficient sleep after receiving the 

hepatitis A vaccine had an antibody 

response twice as strong as those who were 

not allowed to sleep for 36 hours post-

vaccination [5]. This might be due to sleep 

stimulating the release of immune-boosting 

hormones and reducing stress hormones. 

Notably, participants in this study had never 

contracted hepatitis A and had very low 

antibody levels before vaccination, 

indicating that sleep can modulate the initial 

immune response. The study also showed a 

marked difference in adaptive immunity that 

persisted after 1 year, demonstrating that 

sleep can enhance immune memory. In 

adults, sleep duration also affects vaccine 

efficacy. Research on a group of individuals 

with no prior hepatitis B antibodies found 

that those who slept less, especially two 

nights before and after receiving the 

hepatitis B vaccine, had lower antibody 

levels after 1 and 4 months compared to the 

group that slept sufficiently. Similar results 

were found after the second and third doses 

[6]. In reality, each additional hour of sleep 

can increase antibody concentration by 56%. 

This suggests that sleep deprivation may 

reduce antibody responses, at least in the 

early stages, and prolong cellular immunity 

deficits across various vaccines. Therefore, 

maintaining adequate sleep can improve 

immune responses and vaccine efficacy 

[4,7]. 

The COVID-19 pandemic has 

profoundly affected the sleep of many 

people, causing anxiety, stress, and pressure. 

Social restriction measures, such as 

quarantine and social distancing, also 

contributed to lifestyle disruptions and sleep 

pattern changes [8-10]. Many studies have 

shown that decreased sleep quality, 

insomnia, and other sleep disorders have 

increased due to declining mental health, 

reduced physical activity, and social 

isolation [11,12]. Meanwhile, vaccination is 

the most effective measure to prevent the 

spread of the SARS-CoV-2 virus. Although 

initial reports indicated that vaccines like 

Pfizer-BioNTech and Moderna were about 

95% effective in clinical trials, real-world 

efficacy and vaccine protection were lower 

due to various factors [13].  

No specific research has yet 

determined the impact of sleep on the 

effectiveness of the COVID-19 vaccine. 

However, data from other vaccines have 
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>2.000 articles were 

identified through database 

searches on PubMed, Scopus, 

Web of Science và Google 

Scholar. 

 

>1900 articles were 

excluded before screening 

due to duplication, 

unavailability, irrelevant 

topics, and other reasons. 

 

165 articles were reviewed by 

title and abstract 

149 articles were excluded for 

not aligning with the main 

objective. 

 

16 tài liệu tìm được để lựa 

chọn 
7 articles could not be 

accessed in full text. 

9 articles were selected for 

full-text review. 

 

7 articles were included in 

analysis and synthesis. 

 

Identification of studies via databases and registers 
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shown that sleep duration and quality can 

influence their efficacy. This study aims to 

better understand the relationship between 

sleep and vaccine efficacy and to find 

measures to mitigate negative impacts on 

health during the COVID-19 pandemic. 

2. Methods 

 We searched for open-access articles 

in PubMed and Scopus databases using the 

keywords: (sleep OR insomnia OR sleep 

deprivation OR sleep disorders) AND 

(immunity OR vaccination efficacy OR 

vaccine effectiveness OR COVID-19). The 

search was limited to English publications 

up to December 31, 2023. From over 2,000 

articles found, after screening based on 

eligibility criteria, we selected 7 articles 

suitable for analysis in this study. The 

evaluation process followed the PRISMA 

guidelines (Figure 1). 

 

Figure 1. Diagram of research material selection process according to PRISMA 
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3. Results 

3.1. Sleep and the Immune System 

  Sleep plays an important role in 

daily life, profoundly affecting health and 

body functions. The ability to maintain 

wakefulness or long-term sleep depends on 

the interaction between the endocrine 

biological system and the sleep control 

system [14, 15]. Sleep and wake cycles are 

synchronized with the 24-hour light-dark 

cycle of the environment, regulated by the 

circadian rhythm system, including the 

"Master clock" in the hypothalamus and 

peripheral clocks in organs and tissues [16]. 

Circadian rhythms also appear in immune 

system cells such as macrophages, 

monocytes, neutrophils, and NK cells [17]. 

Sleep and circadian rhythms play an 

essential role in regulating the immune 

system, including both innate and adaptive 

immunity [18]. The immune system can 

remember and respond more quickly when 

re-encountering previously exposed 

pathogens through immune memory, 

including antibody production after 

vaccination and the activity of T 

lymphocytes, B lymphocytes, and 

circulating antibodies in the body. 

The immune system combats 

infections and repairs cellular damage 

through inflammatory responses based on 

chemical signals called cytokines [18]. 

Cytokines are proteins produced by immune 

cells that promote intra- and extracellular 

immune responses [19]. Some important 

cytokines related to sleep and innate 

immunity include interleukin-6 (IL-6) and 

tumor necrosis factor-alpha (TNF-α) [20]. 

IL-6 is an inflammatory cytokine that 

reduces anabolic pathways and increases 

catabolic pathways, leading to increased 

energy expenditure and decreased weight 

gain. TNF-α is also an inflammatory 

cytokine that functions in lipid breakdown, 

adipose tissue regulation, immune 

modulation, apoptosis, proliferation, and 

pathological responses [21]. 

Sleep helps maintain the regular 

expression of immune cells such as 

monocytes, macrophages, and dendritic cells 

over a 24-hour period. However, sleep 

disorders can alter the expression of these 

cells. For example, IL-6, an inflammatory 

cytokine, typically peaks at 7 p.m. and 5 

a.m. Nighttime sleep deprivation can delay 

or reduce IL-6 secretion, proportional to 

sleep loss duration, as well as increase 

monocyte count and bacterial challenge 

response during sleep [22]. Although short-

term sleep deprivation does not significantly 

change immune cell counts, chronic sleep 

loss can alter immune cell phenotype 

distribution. Specifically, CD3+, CD4+, and 

CD8+ cell numbers can decrease 

significantly due to prolonged sleep 

deprivation  [27]. 

Studies show that sleep deprivation 

and short sleep habits lead to higher pro-

inflammatory cytokine secretion. Groups 

sleeping less than 6 hours each night exhibit 

diminished T lymphocyte activity, lower 

NK cell levels, shorter T cell telomere 

lengths, and increased inflammatory 

markers like C-reactive protein and IL-6 

[23]. Additionally, those sleeping less than 5 

hours have a higher risk of upper respiratory 

infections and acute bronchitis compared to 

those sleeping 7 to 8 hours each night [24]. 

Another study on chronic fatigue syndrome 
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patients found those with the poorest sleep 

quality had higher fatigue levels, more 

interference with daily activities, and 

increased interleukin levels, such as IL-1β, 

TNF-α, and IL-6 [25].  

Moreover, higher circulating 

immune cell numbers, such as neutrophils 

and B cells, indicate that sleep plays a role 

in leukocyte trafficking similar to circadian 

clocks [26]. Inflammatory responses are 

crucial in protecting the body from 

pathogens, but chronic imbalance during 

inflammation can negatively impact the 

immune system. Continuous pro-

inflammatory states can impair immune 

tolerance and normal immune function, 

making the body vulnerable to pathogens 

like viruses. 

Sleep deprivation affects immune 

parameters such as leukocyte counts, 

cytokine levels, complement factors in 

blood, and cellular toxicity. Studies show 

that adequate sleep reduces leukocyte 

numbers and distribution compared to 

complete or partial sleep deprivation [27]. 

Specifically, a reduction in the total number 

of lymphocytes, monocytes, and NK cells 

during adequate sleep was observed [28]. 

Leukocytes are immune cells that can move 

throughout the body via the blood and 

lymphatic system, decreasing in number in 

the blood when redistributed to lymph 

nodes, organs, and tissues during sleep, 

reducing viral infection risk. Sleep-deprived 

individuals have fewer leukocytes in lymph 

nodes, reducing their ability to mount a 

rapid immune response, making them more 

susceptible to infectious diseases. Studies in 

mice have shown that sleep deprivation and 

REM sleep deprivation increase levels of 

inflammatory cytokines such as IL-1α, IL-

1β, IL-6, IL-10, TNF, and IL-17A. Sleep 

deprivation is also associated with elevated 

inflammatory response markers such as C-

reactive protein (CRP) and IL-6 [29]. When 

faced with an inflammatory challenge, the 

number of circulating monocytes increases, 

as does the number of cytokines produced 

per cell, leading to a significant increase in 

cytokines such as IL-6 and TNF-alpha [30]. 

This suggests that sleep deprivation alters 

the immune system, affecting cytokine 

production, leading to chronic imbalance in 

immune function, inflammation, and 

increased susceptibility to viral infections 

[31]. The activity and proliferation of 

immune cells are also affected by sleep 

deprivation. Following sleep deprivation, 

NK cell activity decreases in the morning 

but increases in the evening after two days 

without sleep [32]. These differences may 

be due to the time of day of activity 

measurement (morning and evening), or NK 

cell function may diminish if sleep is 

deprived; however, if sleep deprivation 

persists, NK cell activity returns to normal 

to adapt to the circumstances rather than 

further diminishing function. When 

considering proliferation, particularly 

lymphocyte cells, sleep has a similarly 

complex effect. Lymphocyte proliferation 

rates decrease after sleep deprivation but 

increase again after several nights of 

recovery sleep [30]. It suggests that 

compensatory mechanisms occur after a few 

nights of sleep deprivation for proliferation 

processes.  

3.2  Sleep and Vaccine Efficacy 
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The impact of sleep on immune 

function, particularly the body's 

responsiveness when exposed to viruses, has 

been extensively studied. However, studies 

often focus on individual immune 

indicators. In reality, effective immune 

responses are far more complex, requiring 

the interaction of multiple immune cell 

types and mediators of both innate and 

adaptive immunity. Therefore, relevant 

findings must be studied in the context of 

the entire immune response. Vaccination is 

an excellent experimental model for this 

study because it simulates infection and can 

be performed on healthy individuals at any 

time.  

Vaccine-induced immunity is based 

on the complex interaction between innate 

immunity, humoral immunity, and cell-

mediated immunity. Vaccines are one of the 

most cost-effective medical interventions, 

estimated to save approximately 25 million 

lives annually. Immune responses to 

vaccination vary among individuals in terms 

of quantity and quality [33]. Vaccines 

ensure immune memory, and sleep is 

thought to support this process, making 

vaccination more effective. Understanding 

the mechanism of memory formation can 

help understand the role of sleep in immune 

memory. The formation of immune memory 

can be understood through three stages, 

similar to the central nervous system (CNS). 

The first is the encoding stage, where 

antigen-presenting cells (APCs) recognize 

foreign antigens and initiate an immune 

response. The next stage is consolidation, 

where information from short-term storage 

is transferred to long-term storage through T 

and B cell memory in secondary lymphoid 

tissues. In secondary lymphoid tissues, 

information is transmitted from APCs to T 

and B cells, which, when activated, produce 

effector and memory cells and then produce 

antibodies. Finally, the recall stage occurs 

when memory T and B cells are reactivated 

when encountering the antigen. 

Understanding this mechanism clarifies 

sleep's role in enhancing immune memory 

and vaccine efficacy. 

Sleep appears to support immune 

memory consolidation by reducing the 

number of circulating antigen-presenting 

cells (APCs) and T lymphocytes, redirecting 

them to lymph nodes. This increases the 

interaction between APCs and T cells, 

facilitating more effective information 

transfer from APCs to T cells. Sleep also 

promotes the production of pro-

inflammatory cytokines, further supporting 

this interaction. Regarding its supportive 

role in immune formation, slow-wave sleep 

(SWS) or deep sleep seems particularly 

suitable for this process [34]. Indeed, SWS 

reduces the number of APC precursors and 

T cells in the blood, facilitating their 

transport to lymph nodes and increasing 

interaction opportunities [28]. SWS also 

increases IL-12 and IL-17 concentrations 

and reduces cortisol levels, creating a pro-

inflammatory environment that promotes 

immune memory establishment [23]. 

Existing literature supports that SWS 

promotes the migration and communication 

between T cells and APCs in lymph nodes 

through immune-supportive hormonal 

groups, improving adaptive immune 
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responses and ensuring more robust immune 

memory [23]. 

Sleep and immune responses have a 

bidirectional relationship. Nighttime sleep 

creates a supportive environment for 

activating adaptive cellular immune 

responses by regulating IL-10 and IL-12 

activities [35]. Sleep acts as a natural 

adjuvant by promoting the formation of 

immune synapses between antigen-

presenting cells and CD4+ T cells, thereby 

activating cellular and humoral immunity 

[36]. When the immune system is activated, 

inflammatory cytokines such as IL-1β and 

TNF-α cross the blood-brain barrier and 

induce sleep. While sleeping, growth 

hormone (GH) and insulin-like growth 

factor-1 (IGF-1) levels increase along with 

prolactin levels, while cortisol secretion is 

inhibited. This creates a favorable 

environment for activating helper T cells, 

cytotoxic T cells, and B cells. This leads to 

the production of virus-specific antibodies 

by B cells and CD4+ and CD8+ T cells, 

helping form memory T cells to maintain 

long-term immunity against pathogens. 

 

 

Figure 2. Diagram of the Relationship Between Sleep and Vaccination Efficacy through the 

Immune System [37]. 

(Quality sleep leads to optimal day-night balance, immunity, cytokine production, and virus 

sensitivity, thereby improving vaccination efficacy through a better immune response to vaccine 

antigens) 
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Figure 3. Link Between Sleep Deprivation and Immune Response After COVID-19 

Vaccination  [38]. 

(Sleep acts as an adjuvant, promoting GH prolactin secretion and inhibiting cortisol to activate 

naïve T cells. This enhances IL-6, IL-8, IFN-γ, IL-1β, and TNF-α release and promotes CD4+ T 

cell activation via cell-mediated and humoral immunity activation). 

4. Discussion 

 The impact of sleep on the immune 

system and vaccination efficacy are two 

extensively studied research topics. Sleep 

and immune activity are intricately linked 

and influence each other. When the body is 

susceptible to viral infections, disrupted 

sleep can alter cytokine production, causing 

imbalances in the immune system and 

facilitating a pro-inflammatory state. This 

pro-inflammatory environment increases 

susceptibility to bacteria and viruses, 

weakening the immune system. In 

vaccination, both sleep duration and time of 

day affect the intensity of antibody 

responses post-vaccination. The immune 

response from vaccination plays a crucial 

role in creating immune memory, and sleep 

supports this process. Numerous studies 

have shown the relationship between sleep 

and immune response efficacy post-

vaccination, indicating that adequate sleep 

can enhance vaccination efficacy. 

The first study on the impact of sleep 

on vaccination and immune response was 

conducted with the influenza vaccine. 

Participants were divided into two groups: 

one sleeping 4 hours each night and the 
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other sleeping 7-8 hours each night for 4 

days before and 2 days after vaccination. 

After ten days, the results showed that the 

well-slept group had antibody levels twice 

as high as the restricted sleep group  [4]. 

Another study on the influenza vaccine 

confirmed similar results. Participants 

recorded sleep diaries 13 days before and 

after receiving the flu vaccine. The results 

indicated that less sleep, especially in the 

two nights before vaccination, led to lower 

antibody levels after 1 and 4 months [39]. A 

study on the impact of 24-hour sleep-wake 

cycles with the H1N1 vaccine in healthy 

individuals found that sleep-deprived men 

had lower antibody levels 5 days post-

vaccination compared to those with 

adequate sleep. This indicates that sleep has 

an early impact on immune responses [35]. 

Another study by Taylor and colleagues also 

demonstrated that sleep-deprived individuals 

had lower serum influenza antibody 

concentrations after one year, suggesting 

that sleep deprivation may be a risk factor 

for reduced influenza vaccine response. 

These results align with reports of 

associations between short sleep and 

decreased antibody responses after flu 

vaccination [40]. 

Studies on the impact of sleep on 

immune memory formation have examined 

vaccines against hepatitis. Lange and 

colleagues studied healthy men vaccinated 

against hepatitis A three times at weeks 0, 8, 

and 16. They were then divided into sleep 

and wake groups for follow-up on the night 

after vaccination. Sleep was recorded using 

polysomnography, and hormone 

concentrations were measured overnight 

through blood sampling (via an arm 

catheter). T and B cell (antibody) responses 

were monitored up to one year post-

vaccination. The results showed that 

antigen-specific T cells doubled when 

participants slept 7-8 hours on the night after 

vaccination compared to the awake group. 

This indicates that sleep has an early impact 

on immune responses, possibly due to the 

interaction between APCs and T cells in 

lymphoid tissues. Increased T cell numbers 

were accompanied by a higher proportion of 

cytokine-producing inflammatory cells, 

supporting the cellular aspects of adaptive 

immune responses. Additionally, SWS 

stimulates the release of immune-supportive 

hormones such as growth hormone and 

prolactin while reducing the release of 

immune-suppressive hormone cortisol. The 

interaction between APCs and T cells and 

the response to vaccination are influenced 

by growth hormone and prolactin [7]. 

Another study by Lange and colleagues also 

showed that the well-slept group after 

hepatitis A vaccination had nearly double 

the antibody titers compared to the awake 

group, a finding noted 4 weeks post-

vaccination. However, no short-term effects 

were found in this study [5]. 

Both cross-sectional and 

experimental studies indicate that disrupted 

sleep impairs antibody responses after 

vaccination. Shorter sleep duration leads to 

diminished cell-mediated immunity with 

various vaccines. During the COVID-19 

pandemic, many people's sleep was 

disrupted, and most studies reported people 

sleeping less or more than before the 

pandemic [41]. In China, during the 
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COVID-19 outbreak, data showed that over 

20% of the population met the criteria for 

clinical insomnia and typically stayed awake 

for over 1 hour each night. Individuals at 

high risk of SARS-CoV-2, including 

healthcare workers, experienced worsened 

insomnia, negatively affecting immunity and 

vaccination efficacy [42]. To ensure higher 

vaccination success rates, especially with 

current vaccination strategies, individuals 

should sleep at least 7 hours each night. 

Sleep and biologically-based interventions 

can optimize sleep and regulate circadian 

rhythms before vaccination. 

Overall, current studies in humans 

provide compelling evidence that good sleep 

will help enhance the efficacy of vaccination 

strategies. However, more in-depth research 

is needed to propose specific solutions to 

raise awareness among the population and 

the community about the importance of 

sleep for vaccination efficacy. 

This comprehensive evaluation study 

has limitations due to the research scope 

being limited to a few databases and 

languages. Furthermore, insufficient quality 

assessments and heterogeneity in the 

analysis methods of studies may affect the 

process of comparing, synthesizing results, 

and drawing conclusions. 

5. Conclusionn 

Based on published data on changes 

in immune response, vaccination efficacy, 

and infection risk, the critical role of sleep 

as an essential factor in determining vaccine 

efficacy has been demonstrated. Sleeping 7 

hours or more each night positively impacts 

antibody responses post-vaccination by 

increasing antibody titers and significantly 

improving vaccination efficacy and immune 

memory formation. Therefore, 

recommendations for improving sleep 

quality should be emphasized in vaccination 

strategies. 
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