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Abstract

:

Vaccines against SARS-CoV-2 have saved millions of lives and played an important role in containing the COVID-19 pandemic. Vaccination against SARS-CoV-2 is also associated with reduced disease severity and, perhaps, with COVID-19 symptom burden. In this narrative review, we present, in a clinically relevant question-and-answer manner, the evidence regarding the association between vaccination against SARS-CoV-2 and long COVID-19. We discuss how the mechanism of action of vaccines could interplay with the pathophysiology of post-COVID-19 condition. Furthermore, we describe how specific factors, such as the number of vaccine doses and the type of SARS-CoV-2 variants, may affect post-COVID-19 condition. We also discuss the role of timing for vaccination in relation to the onset of long COVID-19 symptoms, as it seems to affect the frequency and severity of the condition. Additionally, we describe the potential modifying effect of age, as well as the association of type and level of immune response with long COVID-19. We also describe how system-specific long COVID-19 sequelae, namely neurocognitive-psychologic symptoms and cardiovascular pathology, could be altered by vaccination. Last, we address the question of whether seasonal influenza vaccination has a meaningful impact on the frequency of long COVID-19.
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1. Introduction


The pandemic of SARS-CoV-2, the causative agent of COVID-19, started in December 2019 and has led to more than 600 million confirmed infections and over 15 million deaths [1,2,3]. COVID-19 entails a wide and variable clinical spectrum, from asymptomatic infection and mild disease to pneumonia with respiratory failure and systemic critical illness with multi-organ failure [4,5].



Apart from the management of acute COVID-19, a new clinical syndrome has emerged. An increasing number of people continue to experience symptoms that cannot be explained by alternative diagnoses weeks or months after an initial mild or severe SARS-CoV-2 infection. The condition is referred to as “long COVID-19”, “post-acute sequelae of SARS-CoV-2 infection (PASC)”, “chronic COVID-19”, “post-COVID syndrome”, “post-acute COVID-19”, or “post-COVID-19 condition” [6,7,8,9,10,11]. A standardized clinical case definition of post-COVID-19 condition was developed by the Word Health Organization (WHO) through a Delphi consensus process and was published on 6 October 2021: “Post COVID-19 condition occurs in individuals with a history of probable or confirmed SARS-CoV-2 infection, usually 3 months from the onset of COVID-19 with symptoms that last for at least 2 months and cannot be explained by an alternative diagnosis. Common symptoms include fatigue, shortness of breath, cognitive dysfunction, but also others, which generally have an impact on everyday functioning. Symptoms may be new onset following initial recovery from an acute COVID-19 episode or persist from the initial illness. Symptoms may also fluctuate or relapse over time.” [12]. Similar syndromes have been described in the aftermath of other infections. These include viral pathogens such as the Epstein-Barr virus (EBV), Retroviruses, Human Herpesvirus 6 (HHV-6), Enteroviruses, and the Ross river virus [13,14] as well as bacterial infections such as Lyme disease, a tick-borne illness, caused by one of the three pathogenic species of the spirochete Borrelia (most commonly B.burgdorferi, B afzeli, and B.garinil) [14,15].



According to the last technical report from the European Centre for Disease Prevention and Control (ECDC), which was based on a systematic review and meta-analysis [16,17,18,19,20], the five most common symptoms of post-COVID-19 condition are fatigue, shortness of breath, depression, headache, and dizziness. Each of these five symptoms is more prevalent in hospitalized patients. More specifically, the prevalence of any post-COVID-19 condition was estimated at 50.6% (95% Confidence Interval (Cl): 41.1–60.2%, moderate certainty) among cohorts referring to community patients, at 66.5% (95% Cl: 56.0–76.3%, moderate certainty) in cohorts referring to hospitalized patients, and at 73.8% (95% Cl: 62.3–83.9%, low certainty) among cohorts of patients admitted to an Intensive Care Unit (ICU). In another attempt to estimate the global burden of long COVID-19, investigators pooled data from cohort and database studies and found that in 1.2 million individuals with symptomatic SARS-CoV-2 infection in 2020–2021, 6.2% (95% uncertainty interval: 2.4–13.3%) reported at least 1 of the 3 long COVID-19 symptom clusters (persistent fatigue with bodily pain or mood swings, cognitive problems, or ongoing respiratory problems) [21]. Furthermore, recent evidence suggests that the prevalence of persistent symptoms may vary depending on the COVID-19 variant [22,23,24].



Vaccines against SARS-CoV-2 have saved millions of lives and played a pivotal role in curbing the COVID-19 pandemic [25,26,27,28]. Vaccination against SARS-CoV-2 is also associated with reduced disease severity and, perhaps, symptom burden of COVID-19 [29,30,31,32,33,34,35]. The initial SARS-CoV-2 vaccine clinical trials involving messenger RNA (mRNA) [BNT 162b2(Pfizer-BioNTech), mRNA-1273(Moderna)] or non-mRNA vaccines, such as vaccines based on a replication-incompetent chimpanzee adenovirus vector [ChAdox1 nCoV-19/AZD 1222 (University of Oxford, AstraZeneca, and the Serum Institute of India), Ad26.CoV.2S (Jcovden—previously Janssen)], showed very high efficacy, up to 90–91% for individuals more than 65 years, 95% for those 16 years or older and 100% for individuals 12 to 15 years [36,37,38]. Despite their similarly increased effectiveness against any or severe infection, as evidenced by real-world data [35], the protection from COVID-19 vaccines, especially from infection and symptomatic disease, diminishes over time. This is probably the result of waning immunity over time (four months after vaccination) and immune evasion by novel circulating SARS-CoV-2 variants (for example Omicron variants BA.1, BA.2, BA.2.12.1, BA.4, and BA.5) [29]. However, more recently it was shown that despite decreased vaccine effectiveness in preventing SARS-CoV-2 infection, the risk of severe disease remains dramatically lower in vaccinated adults, even with the emergence of new variants [39]. For example, in one study [40] in the United States (US) that included 10 million adults, the effectiveness of three vaccines (BNT 162b2, mRNA-1273, Ad26.CoV2.S) was 54–70% against infection, 86–90% against hospitalization, and 90–93% against death 5 months after the booster dose among participants who had completed a primary vaccines series. Consequently, these studies established that vaccines continue to provide a good level of protection against severe disease, hospitalization, and death. Vaccines against COVID-19 have proved to be not only effective but also safe. The evidence on safety is quite robust and based on a huge amount of real-world data. For example, according to the US Centers for Disease Control and Prevention (CDC) [41], more than 636 million doses of COVID-19 vaccines have been given in the US from 14 December 2020 until 27 October 2022. These COVID-19 vaccines were safe, and adverse effects attributed to them were very rare. The most important adverse events included a small risk of myocarditis associated with mRNA vaccines [42] and a very rare syndrome of thrombosis with thrombocytopenia [43] and the Guillain-Barre Syndrome (GBS) [44,45], observed among people who received adenoviral vector-based vaccines.



More evidence is also being accumulated on the association between COVID-19 vaccination and post-COVID-19 condition [46,47,48]. However, since our understanding of the pathophysiologic mechanisms and natural course of long COVID-19 are still not clear, several questions arise on the implications of vaccination on post-COVID-19 condition. For example, whether prior vaccination reduces the impact of post-COVID-19 condition, if any vaccination or vaccination timing, before or after infection, affects long COVID-19 occurrence and severity, whether age influences the effectiveness of vaccination or if vaccination plays a role in post-COVID-19 neurocognitive and cardiovascular sequelae. Hence, the main objective of this narrative review is to discuss the current evidence on the role of primary and booster vaccination in the occurrence, severity, and duration of post-COVID-19 condition [46,47,48].




2. Vaccination against SARS-CoV-2 and Post-COVID-19 Condition (Long COVID-19)


2.1. Question #1: What Is the Impact of SARS-CoV-2 Vaccination on the Pathophysiology of Acute and Long COVID-19?


2.1.1. Question #1a: Can the Impact of SARS-CoV-2 Vaccination Be Explained by Similarities in the Pathophysiologic Mechanisms of Acute and Long COVID-19?


The host receptor for SARS-CoV-2 cell entry is the angiotensin-converting enzyme-2 (ACE-2). SARS-CoV-2 binding is mediated by the receptor-binding domain (RBD) of its spike protein, and cellular entry is facilitated by the cellular serine protease TMPRSS2. Cell entry and subsequent viral replication cause a range of clinical manifestations, from mild symptoms to severe pneumonia and respiratory failure [49]. The relative abundance of the ACE2 receptor, which is present in the heart, lung, pancreas, kidney, gastrointestinal tract, blood vessels, liver, and brain may explain the multiple organs affected by COVID-19 and the variability of clinical presentation between individuals. On the other hand, the biological underpinnings responsible for the development of long COVID-19 symptoms are not yet elucidated. One hypothesis for the pathophysiology of long COVID-19 is that it represents a continuation of the acute disease endotype, namely direct and persistent viral activity resulting in cell damage, endothelitis, and immune-mediated microthrombosis [50]. Dysregulation of the immune response, sustained activation of a hyperinflammatory condition, and autoimmune-mediated organ dysfunction related to the development of antigen-antibody complexes or mast cell activation are other plausible mechanistic pathways that could explain long-COVID-19 symptoms [51]. As both acute and chronic COVID-19 may share similar biologic disturbances, it is reasonable to expect that vaccination against SARS-CoV-2 could inhibit the progression of initial infection to a post-COVID-19 condition by interrupting the same pathways (Figure 1).




2.1.2. Question #1b: Can the Mechanism of Action of mRNA Vaccines Attenuate Post-COVID-19 Condition?


The mechanism of action of mRNA vaccines may interfere with the pathophysiology mechanisms of acute and long COVID-19. After administration of mRNA vaccines, mRNA-LNPs (lipid nanoparticle) or locally produced antigens are received from antigen-presenting cells (APCs), such as professional APCs (dendritic cells, macrophages, and B-cells) and atypical APCs (mast cells, basophils, eosinophils, and ILC 3s) [52]. In the lymph nodes, APCs interact with CD4 and CD8-T lymphocytes. CD8-T lymphocytes can induce the formation of cytotoxic T lymphocytes, which respond with the production of interferon-γ (IFN-γ), interleukin-2 (IL-2), Tumor Necrosis Factor (TNF), perforin, and granzymes, contributing to the direct killing of the pathogen. In one study [53], a significant increase in SARS-CoV-2 specific CD8-T cells (measured by IFN-γ production from CD8-T cells following interaction with vaccine antigens) was found after vaccination with mRNA vaccines. Furthermore, CD4-T cells can differentiate into Th1 cells or T follicular helper (Tfh) cells. Tfh cells are crucial regulators of the humoral immune response and are found in significant numbers in lymph nodes, spleen, and blood, after immunization with mRNA vaccines [54]. In addition, it seems that after the administration of SARS-CoV-2 vaccines, CD4-T cells polarize towards a Th1 response, while Tfh cells are characterized by the production of both Th1 (IFN-γ) and Th2 (IL-4) cytokines [55]. It seems that interleukins produced by CD4-T cells and CD8-T cells due to vaccination are in a strict equilibrium. Relevant to the pathophysiologic pathways of long COVID-19, a study by Vijayakumar et al. [56] showed proteomic and immunological abnormalities in the lungs of patients with persistent respiratory symptoms 3 and 6 months after acute infection. More specifically, lung bronchoalveolar lavage (BAL) showed activation of CD8-T cytotoxic cells and elevated levels of some proteins, such as granzyme K, granzyme A, and perforin, and this was associated with epithelial injury, apoptosis, necrosis, and tissue repair. Consequently, CD4 T-cells and CD8 T-cells play an important role in the immune response after vaccination and SARS-CoV-2 infection and perhaps in the pathophysiology of long COVID-19 syndrome. However, more research is definitely needed in order to determine how cellular immune responses from different vaccines could variably affect post-COVID-19 condition.





2.2. Question #2: Does Vaccination Reduce the Occurrence, Severity or Duration of Post-COVID-19 Condition?


2.2.1. 2a: Vaccination and Occurrence of Post-COVID-19 Condition According to the Number of Doses and the Circulating Variant


Several investigators have tried to explore whether SARS-CoV-2 vaccination could also reduce the symptom burden of long COVID-19. A retrospective study from Israel [57] that included 951 infected and 2437 uninfected individuals examined whether vaccination was associated with the reported incidence of long-term symptoms after SARS-CoV-2 infection. Vaccination coverage among the infected participants was 67%. The most common symptoms were fatigue (22%), headache (20%), weakness (13%), and persistent muscle pain (10%). Those who received two vaccine doses were significantly less likely than the unvaccinated to mention any of these symptoms by 64%, 54%, 57%, and 68%, respectively. From these results, it seems that vaccination against COVID-19 with at least two doses reduces the most common long COVID-19 symptoms. Additionally, in a recent study in the US of 16,091 adults, 14.7% continued to experience COVID-19 symptoms two months after the infection, whereas, prior to acute illness, complete but not partial vaccination was associated with diminished risk for long COVID-19 [Odds Ratio (OR): 0.72; 95% Confidence Interval (CI): 0.60–0.86] [24]. Another prospective cohort studied 2560 patients with mild COVID-19 [47]. Symptoms were present in 16% of those vaccinated with three doses, in 17.4% of those with two doses, and in 30% of those with only one dose, while in unvaccinated individuals the prevalence was much higher (42.8%). In another observational study [22], which included over 97,000 vaccinated individuals in the United Kingdom (UK), breakthrough infection with the Omicron variant was associated with a lower risk of developing persistent symptoms compared with the Delta variant infection [4.5% versus (vs.) 10.8%]. Omicron cases were less likely to have long COVID-19, irrespective of vaccine timing, with an OR ranging from 0.24 (95% CI: 0.20–0.32) to 0.50 (95% CI: 0.43–0.59). Furthermore, another case-control study from the UK examined 8400 people who received either one dose (n = 6030) or two doses (n = 2370) of a COVID-19 vaccine, prior to acute SARS-CoV-2 infection. Participants who were vaccinated with two doses were about half as likely as the unvaccinated participants to have post-COVID-19 condition, lasting for 28 days or longer (OR: 0.51, 95% CI: 0.32–0.82) [46]. Overall, it seems that vaccination reduces the occurrence, severity, and duration of post-COVID-19 condition. However, because studies have different designs, vaccine types, and timings of symptom assessment, results may not be entirely comparable.




2.2.2. 2b: Level and Type of Serological Response in Previously Unvaccinated Individuals vs. Vaccinated Individuals and Post-COVID-19 Condition


It is not clear whether only the presence or also the type of immunity (from vaccination or infection) or the titer of antibodies against SARS-CoV-2 influence the intensity of post-COVID-19 condition. It has been suggested that the persistence of high serological response induced by natural infection but not by vaccination may play a role in long COVID-19. A prospective study [58] investigated post-COVID-19 condition, 6 and 12 months after disease onset, in adults who had been diagnosed with COVID-19 between March and May 2020. Of the 479 individuals (52.6% female, mean age 53 years) who were interviewed 13.5 months after acute infection, 132 (27.5%) were vaccinated and 347 were unvaccinated. Patients were considered vaccinated if they had received the vaccine at least two weeks prior to the interview. The presence of non-RBD SARS-CoV-2 IgG induced by natural infection showed a significant association with long-COVID-19 (OR: 1.35, 95% CI: 1.11–1.64). Moreover, median non-RBD SARS-CoV-2 IgG titers after one year were significantly higher (p = 0.009) in patients with long COVID-19 symptoms [22 kAU/L, Interquartile Range (IQR): 9.7–37.2] than in patients without symptoms (14.1 kAU/L, IQR: 5.4–31.3). On the other hand, the presence of RBD SARS-CoV-2 IgG was not significantly associated with the occurrence of post-COVID-19 condition (OR: 1.36, 95% CI: 0.62–3.00). Furthermore, RBD SARS-CoV-2 IgG titers did not differ between patients with long COVID-19 symptoms and those without symptoms, despite natural infection. So far, there are no sufficient data to support a safe prediction of the duration of vaccine or natural infection protection against post-COVID-19 condition.




2.2.3. 2c: How Does Timing of Vaccination Affect Post-COVID-19 Condition?


A retrospective study in the US examined individuals with long COVID-19 who were vaccinated during randomized periods after acute SARS-CoV-2 infection. The results showed that the earlier individuals receive their first dose of a COVID-19 vaccine, the less likely they are to develop long COVID-19 symptoms between 12 and 20 weeks after COVID-19 diagnosis [59]. Furthermore, a study by Al-Aly et al. [48] indicated that patients who have breakthrough infections after vaccination, compared with unvaccinated patients, had a lower risk of death and long COVID-19 including cardiovascular, mental health, coagulation, hematologic, musculoskeletal, and neurologic disorders between 1 and 6 months after the infection. The overall protection of the vaccine against long COVID-19 syndrome was estimated at approximately 15%, conferring thus only partial protection from post-COVID-19 condition.



Summarizing the evidence, most published studies conclude that previous vaccination with two or three doses reduces long COVID-19 symptoms. Vaccination status and especially the number of doses and the timing before or after infection are both important.





2.3. Question #3: Does Later Vaccination Reduce the Impact of Post-COVID-19 Condition in Unvaccinated Patients?


Vaccination might be beneficial even after the development of long COVID-19, as shown in unvaccinated individuals who reported symptoms months after the acute phase of COVID-19 and who were vaccinated despite being symptomatic. A prospective cohort study by Arnold et al. [60] examined the effect of vaccination (with BNT162b2-Pfizer-BioNTech vaccine or ChAdOx1 nCoV-19/AZD1222-AstraZeneca) on long COVID-19 symptoms eight months after the infection in unvaccinated participants who were previously hospitalized with COVID-19. Participants who were vaccinated, even while being symptomatic, experienced improvement in their symptoms compared with unvaccinated participants. Similar findings were reported by a prospective cohort of Ayoubkhani et al. [61], who showed that vaccination with primary and booster doses improves symptoms in participants with post-COVID-19 condition who were vaccinated while having long COVID-19 symptoms, irrespective of the vaccine type. Furthermore, the study by Strain et al [62] showed the effectiveness of vaccination in long COVID-19, even in previously unvaccinated people, since participants who were vaccinated with the mRNA-1273 vaccine were the most likely to report improvement and the least likely to report deterioration of their symptoms.




2.4. Question #4: Does Age Influence the Effectiveness of Vaccination οn Post-COVID-19 Condition?


The prospective cohort study by Kuodi et al. [57] showed that participants with 2 or 3 vaccine doses were 54% to 83% less likely than the unvaccinated to report seven of the ten most commonly reported symptoms. Vaccination effectiveness against reported symptoms related to long COVID-19 was the highest for older participants (>60 years) and the lowest for younger participants (19 to 35 years). A case-control study by Antoneli et al. [46] involving 6030 participants showed that fully vaccinated participants were about half as likely as unvaccinated participants to have symptoms lasting ≥28 days (OR: 0.51, 95% CI: 0.32–0.82); moreover, fully vaccinated adults aged 18 to 59 years were much less likely to have symptoms lasting ≥28 days than unvaccinated adults. Therefore, given the paucity of studies to answer this question, more research is needed in order to determine whether patient age is associated with vaccine effectiveness in preventing post-COVID-19 symptoms.




2.5. Question #5: Can Vaccination Prevent Neurocognitive and Psychologic Disorders in Post-COVID-19?


Neurocognitive and psychological disorders, post-traumatic stress disorder, impaired memory, poor concentration, anxiety, and depression have been described in post-COVID-19 condition and affect quality of life. More commonly, the symptom of “brain fog” is reported by patients with long COVID-19 [63,64,65,66]. Several mechanisms have been under investigation to explain the neurocognitive and psychological sequelae of COVID-19. Chronic inflammation, microangiopathy, loss of oligodendrocytes, autoimmunity, T-cell mediated neuroinflammation, and natural killer cell dysfunction have been associated with brain fog [67,68,69]. In addition, it seems that patients who are infected with COVID-19 have greater loss of gray matter, greater tissue damage, and a greater decrease in whole brain volume [70]. Vaccination against SARS-CoV-2 may be an important intervention to avoid the long-term effects of COVID-19, such as brain fog, in the case of a breakthrough infection. First of all, there is no association between neurocognitive or psychological disorders and vaccination [60,61,71,72]. Moreover, data suggest that persistent symptoms are less likely to worsen and could perhaps even improve following the administration of the SARS-CoV-2 vaccine. This was shown clearly in one study of 163 patients who had severe long COVID-19 symptoms at eight months and who subsequently received the BNT162b2 -Pfizer-BioNTech or ChAdOx1 nCoV-19/AZD1222 vaccine. One month after vaccination, symptoms that existed prior to vaccination either improved or remained unchanged in the majority of patients, whereas only 5% reported worsening of symptoms [60,61,71,72].




2.6. Question #6: Can Vaccination Prevent Cardiovascular Complications of Post-COVID-19?


Long-term cardiovascular sequelae of post-COVID-19 are well described. Some common symptoms include chest pain, postural tachycardia syndrome (POTS), arrhythmia, and exertional dyspnea. Furthermore, more severe complications such as myocarditis, stress cardiomyopathy (takotsumbo), endothelitis, injury due to hypoxia, cardiac microvascular dysfunction, and epicardial coronary disease (plaque rupture or demand ischemia) have been reported [73,74]. However, the contribution of these mechanisms to myocardial damage is not clearly defined.



Among patients who had been infected with SARS-CoV-2, the risk of cardiovascular disease (CVD) is perhaps elevated [75]. Notably, prior myocardial injury or structural heart disease is not a prerequisite for the presence of symptoms defying the classical definitions of viral myocarditis. Subclinical diffuse cardiovascular inflammation is increasingly recognized as a risk factor in chronic autoimmune systemic conditions [76]. Furthermore, in a prospective study that recorded the annual incidence of CVD among 5.8 million US veterans, patients with a history of COVID-19 had an increased risk of death or major adverse cardiovascular events (myocardial infarction, stroke, heart failure, arrhythmias) in contrast with a group of patients who did not have COVID-19 [75]. Also, patients hospitalized with more severe COVID-19 were more likely to develop cardiovascular disease when compared with patients without severe COVID-19.



COVID-19 may represent a temporary risk factor for cardiovascular disease and thus patient follow-up is necessary. Nevertheless, vaccination, in order to prevent COVID-19-associated CVD, sounds promising. A retrospective US cohort study by Al-Aly et al. [48] examined if vaccination for COVID-19 before infection was associated with post-acute sequelae of COVID-19, including cardiovascular disorders, in adults who had a positive test for COVID-19. In that study, vaccinated cases (n = 16,035, mean age of 67 years, 91% male) were matched to unvaccinated controls (n = 48,536, mean age of 56 years, 86% male). The analysis showed that vaccinated participants were less likely to have at least 1 post-acute sequelae of COVID-19 at 6 months compared with unvaccinated individuals. However, more evidence is necessary in order to determine if vaccination is a protective factor against cardiovascular complications.




2.7. Question #7: Does Influenza Vaccination Reduce the Prevalence of Long COVID-19 Syndrome?


COVID-19 and influenza are different respiratory tract infections but with similar clinical features during the acute phase of the disease. Their long-term effects, however, are somewhat different. Vaccination against influenza and its potentially serious complications is very important for people who are at higher risk of developing serious complications. At this time, it is not clear how and if influenza vaccination reduces the prevalence of long COVID-19.



SARS-CoV-2 virus and influenza type A virus represent two highly transmissible airborne pathogens with pandemic capabilities. The two viruses are similar in their ability to infect human airways and may co-exist, resulting in significant morbidity and mortality [77,78,79,80,81]. These viruses use different host receptors for cell entry: SARS-CoV-2 binds to ACE2 with its spike protein, while influenza A recognizes receptors with saccharides terminating in sialic acid-α2,6-galactose with its hemagglutinin protein. SARS-CoV-2 and influenza A seem to infect alveolar type II cells [82,83,84]. From the beginning of the pandemic, the question of whether previous vaccination against influenza A affected infection due to SARS-CoV-2 was plausible and, therefore, it can be posed again regarding its effects on long COVID-19. In one multivariate regression model from Israel [85], among 715,164 members of a health insurance organization, the odds for SARS-CoV-2 infection among individuals vaccinated for influenza in 2018–2019 or 2019–2020 were significantly lower (20–25%) than those in non-vaccinated individuals. Although further evidence is needed, influenza vaccination is highly recommended to prevent influenza and morbidity when SARS-CoV-2 and influenza viruses are co-circulating [86,87].



A summary of the answers to the questions mentioned above is given in Table 1.





3. Conclusions


Apart from the acute management of patients with COVID-19, a novel challenge has emerged. Approximately one in five patients who were infected with SARS-CoV-2 experience long-term symptoms, which cannot be attributed to another disease. This entity, defined as long COVID-19 or post-COVID-19 condition, has been recognized and research on its pathogenesis, pathophysiology, clinical course, and long-term effects is expected to shed light οn similar post-infectious syndromes such as those associated with EBV, HHV- 6, enteroviruses, and Lyme disease, which have been understudied. Until now, long COVID-19 remains a syndrome without specific treatment. Thus, the preventive and therapeutic challenge of post-COVID-19 condition is of urgent clinical priority. Recently, it was shown that treatment with nirmatrelvir, when indicated in the acute phase of COVID-19, was associated with a reduced risk of post-acute sequelae, regardless of vaccination status and history of prior infection [88]. Additionally, and more importantly, based on the existing evidence, it seems that there is a protective effect of vaccination on long COVID-19. This protective effect can be influenced by the number of doses, the circulating variant, the timing of vaccination before or after infection, and, possibly, age. Moreover, vaccination seems to prevent neurocognitive-psychological disorders and cardiovascular complications. Last, it is not clear whether other vaccines, such as the influenza vaccine, reduce the burden of long COVID-19, but routine vaccination is highly recommended to prevent influenza and morbidity when SARS-CoV-2 and influenza viruses are co-circulating. Finally, given the significant burden of the disease, countries should immediately take action against long COVID-19, implementing guidelines for post-COVID-19 diagnosis and management, creating patient registries, as well as improving access to long-term follow-up for better monitoring with specific medical facilities to enhance our understanding of this condition.
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Figure 1. Potential effect of vaccination against SARS-CoV-2 on the disruption of the pathophysiologic mechanisms that lead to COVID-19 and post-COVID-19 condition. 
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Table 1. Association between vaccination and long COVID-19: Evidence from the literature.
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	Vaccination and Long COVID-19
	Association
	References





	Pathophysiology of acute and long COVID-19 and the impact of SARS-CoV-2 vaccination
	Acute and long-COVID-19 share common pathophysiologic pathways. Vaccination could attenuate immune responses leading to chronic symptoms
	[46,47,48,49,50,51,52,53]



	Number of vaccine doses and post-COVID-19 condition
	Two doses or complete vaccination is likely more protective than one dose
	[24,46,47,57]



	Circulating variants and post-COVID-19 condition
	Inconclusive/inadequate evidence
	[22]



	Type and level of serological response and post-COVID-19 condition
	Persistence of high serological response induced by natural infection but not by vaccination may play a role in long COVID-19
	[58]



	Timing of vaccination and post-COVID-19 condition
	Earlier vaccination, before infection, may be more protective
	[48,59]



	Vaccination during long-COVID-19 symptoms in previously unvaccinated adults
	Improvement of symptoms is likely
	[57,58,59,60,61,62]



	Age and effectiveness of vaccination in relation to post-COVID-19 condition
	Effectiveness is likely higher in older adults; however, more data is needed
	[46,57]



	Vaccination and neurocognitive and cardiovascular post-COVID-19 sequalae
	Improvement/protection is likely; however, more data is needed
	[48,57,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76]
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