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Simple Summary: With the current coronavirus disease 2019 (COVID-19) crisis, humans have
developed new habits and adapted to a novel socioeconomic reality. Indeed, measures including
confinement and lockdown have led to mental health problems, economic crisis, and social isolation,
among other consequences. These consequences, along with hand washing, sanitization, and face
masks, would reduce our immunity against infections, including COVID-19. Such reduced immunity
could impact not only our vulnerability to diseases but also the efficacy of vaccines that carry
the biggest hope to putting an end to this COVID-19 pandemic. Thus, there is a need to review
these approaches and optimize measures taken to limit the spread of COVID-19 by taking into
consideration the possible impact of these measures on our immunity to fight COVID-19.

Abstract: The ongoing coronavirus disease 2019 (COVID-19) crisis has led to a new socioeconomic
reality with the acquisition of novel habits. Measures imposed by governments and health authorities
such as confinement and lockdown have had important consequences, including mental health
problems, economic crisis, and social isolation. Combined with newly acquired habits such as hand
washing, sanitization, and face masks, these have all directly and indirectly led to reduced immunity.
Such effects on the immune system not only impact the epidemiological profile with respect to
COVID-19 and other infectious diseases but also limit the efficacy of the ongoing anti-COVID-19
vaccination campaign. Therefore, there is a need to review these approaches and optimize measures
towards better population immunity, which is much needed during such an epidemic.

Keywords: coronavirus disease 2019 (COVID-19); immunity

The ongoing coronavirus disease 2019 (COVID-19) crisis [1], as well as the measures
imposed by governments, public health recommendations, the emergence of new variants,
and the delay in vaccination campaigns, has put a greater spotlight on the importance of
population immunity during the critical phase of this rapidly evolving pandemic. In this
paper, we focus on the hypothesis that the measures taken during the pandemic and the
socioeconomic situation caused by this crisis are reducing immunity at a period when we
need it the most.

One of the most important risk factors for immunity problems is obesity, which
negatively impacts immunity [2,3]. We believe that the measures imposed to limit the
spread of COVID-19, including home confinement, curfew, closed gymnasiums, and
work from home recommendations, result in sedentary behaviors [4], which would lead
to an obesity pandemic [5]. As we have previously suggested, obesity also increases
the vulnerability of patients recovering from COVID-19 as it can lead to an impaired
regeneration homeostasis [6] and impact the development of immune cells.

The other measures characterizing this crisis are the periodic hand washing and
sanitizing along with physical distancing. Both of these reduce our contact with different
infections and pathogenic agents. Contact with pathogens, in a similar way to vaccines,
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stimulates the immune system [7,8] and increases its performance. However, with such
limited interaction with the environment compared to that before the start of the COVID-19
crisis, less pathogens are detected by the immune system. This could limit its functional
interaction as described by the hygiene hypothesis [9], especially within the context of
the COVID-19 crisis [10] and the impact on the microbiome [11]. This is also of particular
importance given the close link between the microbiome and immunity [12,13] as well
as the link between microbiota composition and mental health, including anxiety and
depression [14,15], during this COVID-19 outbreak as per the opinions of Venema et al.
and Janda et al. and supported by the research of Yeoh et al. [16–18].

The hard economic situation caused by this COVID-19 crisis [19] has also made a
contribution. For instance, many individuals have lost their jobs [20], and food insecurity
has worsened [21] due to price inflation in the markets [22]. Therefore, the grocery options
for individuals with limited income is more inclined towards unhealthy choices, including
high-fat, high-sugar, and high-salt foods, which are more affordable but have an impact on
immunity [23], including the microbiome [24,25], and further worsen obesity. In addition,
the poor nutritive value of such an unhealthy diet limits the intake of nutrients like
vitamins and therefore impacts the production of antibodies [26], among other immune
functions [27]. In addition, diets also impact the microbiota [28,29] and therefore mental
health and immunity.

Another consequence of the ongoing COVID-19 crisis is the impact on mental health [30,31]
due to psychological stress, disturbed sleeping, and reduced social interaction, which can
lead to problems including depression, anxiety, distress, and panic disorder [32–34]. These
mental health issues during the COVID-19 crisis, along with the impact on immunity [35],
could also increase the usage/intake of products such as drugs, alcohol, and tobacco [36,37]
with consequent effect on immunity, as has been reported for alcohol consumption [38,39],
tobacco [40,41], and drugs [42]. Within this context, it is worth highlighting the importance
of pets as companions in reducing the discomfort caused by social isolation, with resulting
benefits for both mental health (depression, anxiety, and stress) and physical activity [43],
especially as they do not cause transmission of the COVID-19 virus [44].

Moreover, with the lockdown, some individuals may delay receiving the medical care
they need or reduce the frequency of visits to these services [45,46], especially given most
healthcare facilities would have reduced their regular services so that they could focus
their energy on treating COVID-19 cases. This also has a significant impact on general
health, including immunity.

Conclusions

The consequences of this multifactorial reduced immunity (Figure 1) can not only
increase the risk of developing a severe case of COVID-19 [47] and other infectious dis-
eases [48,49] but also limit the efficacy of vaccines [50].

However, to what extent the effects on immunity due to the issues discussed in this
paper (obesity, stress, mental health, hygiene hypothesis, etc.) impact the immune system
compared to primary and secondary immunodeficiencies would depend on many factors,
including the duration of exposure (which would be the period of the COVID-19 crisis),
the severity of these factors, and individual physiological and pathological profiles. Other
factors that could have an important influence include medication and the available medical
care, which could worsen or improve the immunological outcome. Within this context,
our theory indicates that these elements will have an immediate impact on immunity
and vaccine effectiveness (pertinent to the current outcomes in this pandemic) as well
as potential long-term effects that could persist in the future. Indeed, whereas factors
such as disturbed microbiota and mental health problems [51] can be reversed following
a healthy lifestyle and/or therapies, which will then improve immunity, other factors
such as obesity can turn into a chronic status [52] with long-lasting consequences [53],
including on immunity.
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Therefore, it is urgent to find innovative solutions beyond home confinement and
lockdown to get over this health crisis. Among the most efficient approaches would be to
increase the physical activity of the population because exercise has been shown to improve
immunity, including in the context of COVID-19 [54–56]. This could reduce the incidence
of COVID-19 and improve vaccine efficacy. Importantly, the negative effects of this crisis
on immunity described herein suggest the need to speed up the vaccination process before
the effect of the vaccines is reduced, especially due to the emerging variants.

Author Contributions: A.G. designed the manuscript structure and wrote it. A.G., M.Y., and J.S.-A.
discussed the content and exchanged ideas and suggestions (concepts to add, the figure, references
selection, etc.) throughout the writing process, edited and critically revised the paper. J.S.-A. gave
the final approval for the version to be published. All authors have read and agreed to the published
version of the manuscript.

Funding: This work received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Abdelaziz Ghanemi received a scholarship under the Merit Scholarship Program
for foreign students from the Ministry of Education and Higher Education of Quebec, Canada. The
Fonds de recherche du Québec—Nature et technologies (FRQNT) is responsible for managing
the program (Bourses d’excellence pour étudiants étrangers du Ministère de l’Éducation et de
l’Enseignement supérieur du Québec, Le Fonds de recherche du Québec—Nature et technologies
(FRQNT) est responsable de la gestion du programme). The figure was created using images from
https://mindthegraph.com/ (accessed on 19 April 2021).

Conflicts of Interest: The authors declare that there is no conflict of interest. This paper does not
take any position for or against any decision of a political or economic nature.

https://mindthegraph.com/
https://mindthegraph.com/


Biology 2021, 10, 545 4 of 5

References
1. Sohrabi, C.; Alsafi, Z.; O’Neill, N.; Khan, M.; Kerwan, A.; Al-Jabir, A.; Iosifidis, C.; Agha, R. World Health Organization declares

global emergency: A review of the 2019 novel coronavirus (COVID-19). Int. J. Surg. 2020, 76, 71–76. [CrossRef]
2. Milner, J.J.; Beck, M.A. The impact of obesity on the immune response to infection. Proc. Nutr. Soc. 2012, 71, 298–306. [CrossRef]

[PubMed]
3. Andersen, C.J.; Murphy, K.E.; Fernandez, M.L. Impact of Obesity and Metabolic Syndrome on Immunity. Adv. Nutr. 2016, 7, 66–75.

[CrossRef] [PubMed]
4. McDowell, C.P.; Herring, M.P.; Lansing, J.; Brower, C.; Meyer, J.D. Working From Home and Job Loss Due to the COVID-19

Pandemic Are Associated With Greater Time in Sedentary Behaviors. Front. Public Health 2020, 8, 597619. [CrossRef] [PubMed]
5. Ghanemi, A.; Yoshioka, M.; St-Amand, J. Will an obesity pandemic replace the coronavirus disease-2019 (COVID-19) pandemic?

Med. Hypotheses 2020, 144, 110042. [CrossRef] [PubMed]
6. Ghanemi, A.; Yoshioka, M.; St-Amand, J. Regeneration during Obesity: An Impaired Homeostasis. Animals 2020, 10, 2344.

[CrossRef]
7. Akira, S.; Uematsu, S.; Takeuchi, O. Pathogen recognition and innate immunity. Cell 2006, 124, 783–801. [CrossRef]
8. Medzhitov, R. Recognition of microorganisms and activation of the immune response. Nature 2007, 449, 819–826. [CrossRef]

[PubMed]
9. Alexandre-Silva, G.M.; Brito-Souza, P.A.; Oliveira, A.C.S.; Cerni, F.A.; Zottich, U.; Pucca, M.B. The hygiene hypothesis at a glance:

Early exposures, immune mechanism and novel therapies. Acta Trop. 2018, 188, 16–26. [CrossRef]
10. Sehrawat, S.; Rouse, B.T. Does the hygiene hypothesis apply to COVID-19 susceptibility? Microbes Infect. 2020, 22, 400–402.

[CrossRef]
11. Finlay, B.B.; Amato, K.R.; Azad, M.; Blaser, M.J.; Bosch, T.C.G.; Chu, H.; Dominguez-Bello, M.G.; Ehrlich, S.D.; Elinav, E.;

Geva-Zatorsky, N.; et al. The hygiene hypothesis, the COVID pandemic, and consequences for the human microbiome.
Proc. Natl. Acad. Sci. USA 2021, 118. [CrossRef]

12. Thaiss, C.A.; Zmora, N.; Levy, M.; Elinav, E. The microbiome and innate immunity. Nature 2016, 535, 65–74. [CrossRef]
13. Sadler, R.; Singh, V.; Benakis, C.; Garzetti, D.; Brea, D.; Stecher, B.; Anrather, J.; Liesz, A. Microbiota differences between

commercial breeders impacts the post-stroke immune response. Brain Behav. Immun. 2017, 66, 23–30. [CrossRef]
14. Rieder, R.; Wisniewski, P.J.; Alderman, B.L.; Campbell, S.C. Microbes and mental health: A review. Brain Behav. Immun.

2017, 66, 9–17. [CrossRef] [PubMed]
15. Dinan, T.G.; Cryan, J.F. The Microbiome-Gut-Brain Axis in Health and Disease. Gastroentero. Clin. N. Am. 2017, 46, 77–89.

[CrossRef] [PubMed]
16. Venema, K. Foreword—The importance of a healthy microbiota in the era of COVID-19. Benef. Microbes 2021, 12, 1–3. [CrossRef]

[PubMed]
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