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Preface

The pandemic has created a global mental health crisis, fueling short- and long-term 
stress and undermining the mental health of millions. Estimates calculate an increase 
in both anxiety and depressive disorders of more than 25% during the first year of the 
pandemic. Although data are mixed, younger age, female gender, and pre-existing 
health conditions have often been reported risk factors. At the same time, mental 
health services have been severely disrupted and the treatment gap for mental health 
conditions has widened. The European Organization for Economic Co-operation and 
Development (OECD) report “Health at a Glance: Europe 2022” confirmed that as the 
pandemic evolved, people’s mental health fluctuated with the intensity of the wave 
of infection and with the severity of the confinement measures. Mental healthcare 
services have been disrupted at all levels, with hospitalizations declining and many 
in-person consultations canceled or postponed, particularly during the early stages 
of the virus’s circulation. According to the OECD, unmet needs for mental health care 
increased both during and after the pandemic with 23% of adults reporting unmet 
mental health needs in spring 2022, up from 20% in the spring of 2021.

Furthermore, COVID-19 is associated with manifold diseases of the peripheral and 
central nervous systems that may be affected during and after the disease. Brain 
imaging should be considered in the diagnostic workup of those COVID-19 patients 
who present with neurological symptoms. Indeed, typical and atypical neuroimaging 
features have been observed, which in turn were associated with motor, cognitive, 
and behavioral phenotypic manifestations. Hence the definition “NeuroCovid,” which 
alludes to the acute and chronic disorders that can arise in people who have developed 
the disease, such as dizziness, headache, loss of smell and taste, confusion, reduced 
concentration cognitive fog, states of anxiety and depression, hallucinations, psychiat-
ric symptoms, and memory loss. In addition, peripheral nervous system involvement 
with polyneuropathies has been observed. Numerous studies have documented these 
neurological and neuropsychic complications, and the effects of COVID-19 on the 
nervous system are becoming better defined.

Equally relevant are the consequences resulting from the extraordinary nature of 
the present times. It is likely that a variety of habits, rhythms, and arrangements 
will have to be altered/modified in order to cope with the COVID-19 pandemic and 
contain the infection (lockdowns and “physical distancing”). The pandemic has 
caused a series of other cascading effects that will probably be much more difficult to 
mitigate and that exposes us to complex consequences. The past years have brought 
many challenges, particularly for healthcare professionals, students, family members 
of COVID-19 patients, people with mental disorders, the frail, the elderly, and more 
generally those in disadvantaged socioeconomic conditions and workers whose liveli-
hoods have been threatened. Indeed, the substantial financial impact of the pandemic 
may hamper progress towards economic growth as well as progress towards social 
inclusion and mental well-being.
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Chapter 1

Neurotropic SARS-CoV-2: 
Causalities and Realities
Meenakshi Pardasani and Nixon M. Abraham

Abstract

Evidences for the dysfunctions of central nervous system (CNS) caused by  
SARS-CoV-2 infection have accumulated since the beginning of pandemic. The 
clinical and experimental evidences on viral entry routes to CNS lead to several open 
questions. While the neurological impairments caused by the virus stay as a reality 
under Long COVID, dissecting the causality underlying these problems continues 
to be an intensely studied topic. Extensive reports of olfactory dysfunctions includ-
ing anosmia, hyposmia, and parosmia due to infections during 2020–2021, led to 
the hypothesis of virus’ CNS invasion through the olfactory nerve. Some of the 
investigations using animal models of cellular factors mediating the viral entry also 
suggest potential neurotropism. Conversely, recent studies proved the absence of 
viral particles in olfactory sensory neurons and olfactory bulb, hence leading to the 
deliberation on viral entry route. Here, we summarize the findings on the debated 
neurotropic characteristics of the virus, including clinical observations and the results 
from animal models. Further, we emphasize on the need of tracking olfactory and 
cognitive fitness in the post-COVID-19 era.

Keywords: SARS-CoV-2, olfactory fitness, neurotropism, cognitive impairments, 
neuro-COVID

1. Introduction

The Coronavirus disease 2019 (COVID-19) pandemic poses an unparalleled 
challenge to the public health in dealing with long-term adverse effects of the infec-
tion. Several neurological complications have been reported to be associated with 
COVID-19. At the beginning of pandemic, in one of the early correspondences on 
autopsy studies published in the New England Journal of Medicine reported the pres-
ence of SARS-CoV-2 in multiple organs including the brain [1]. Recently published 
brain imaging data from subjects who were scanned before and after infection show 
structural abnormalities in the central nervous system (CNS). Significant changes 
were found in the brain areas that are functionally connected to the primary olfactory 
cortex, orbitofrontal cortex, and olfactory tubercle. This suggests possible long-term 
cognitive impairments due to COVID-19 infection in the central nervous system 
(CNS) that may happen through olfactory mucosa [2]. These findings support early 
reports on the presence of SARS-CoV-2 RNA and protein in the nasopharynx [3]. 
However, the postmortem studies of olfactory and respiratory mucosa confirmed 
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sustentacular and ciliated cells as the targets for SARS-CoV-2 infection. There were 
no evidences found in this study for the presence of viral particles in the olfactory 
sensory neurons (OSNs) or olfactory bulb (OB), questioning the neurotropism shown 
by the virus [4]. These contrasting results prompt us to carry out a narrative literature 
review on the reported causalities and realities on the neurotropic characteristics of 
SARS-CoV-2.

One of the virus entry routes, i.e., binding of viral spike (S) protein to the human 
angiotensin-converting enzyme 2 (hACE2) receptor and the S protein priming by host 
cell transmembrane protease, serine 2 (TMPRSS2) was uncovered at the beginning of 
pandemic [5]. These cellular factors are present in the non-neuronal cells of human 
olfactory epithelium, cortical neurons, Purkinje neurons, cerebellar and cortical astro-
cytes, etc. [6, 7]. Another receptor type that can mediate the infection, Neuropilin-1 
(NRP1), is abundantly found in the neurons, olfactory epithelial cells, and endothelial 
cells [8, 9]. Other potential route can be through the ACE2 receptors present on the 
endothelial cells, thereby using the vascular system to attack the blood-brain barrier 
and to get access to the CNS [10]. Thus, despite the entry route to CNS being a debated 
topic, these evidences can be used to explain the pathophysiology of neurological 
impairments and long-term cognitive dysfunctions caused by COVID-19 infection. In 
this chapter, we are summarizing the evidences for the debated topic of SARS-CoV-2 
neurotropism, the importance of quantifying olfactory and cognitive fitness in the 
context of Neuro-COVID and the studies in model systems that suggest neurotropism. 
To this end, we have carried out the literature review using a combination of keywords 
such as “SARS CoV2 entry routes to brain” and “Olfactory and cognitive impairments 
due to COVID-19” and “animal models of CoV-2.” We have mostly used Google Scholar 
and PubMed to search for the articles. As we are aiming to provide a narrative over-
view on the debated topic of Neurotropic SARS-CoV-2, we are summarizing only the 
selected and relevant findings on this topic.

2. Entry routes of SARS-CoV-2

To investigate the pathophysiology associated with SARS-CoV-2 infection, one 
of the critical steps is to mechanistically discern the routes of its entry into the host. 
Unprecedented research is underway, since the beginning of the COVID-19-induced 
pandemic to tease out the different entry points of the novel SARS-CoV-2 in the 
human body. It has been confirmed that CoV-2 virus presents the spike glycoprotein 
to the cell membrane for binding to the human angiotensin-converting enzyme 2 
(hACE2) receptor [11, 12]. It is famously referred to as the SARS-CoV functional 
receptor [13]. One of the imperative functions of hACE2 protein is maintaining the 
neural homeostasis by regulating the renin-angiotensin signaling (RAS) system [14]. 
A seamless entry into the cell is warranted by the cleavage of S2’ site of the virus by the 
TMPRSS2 after engaging with hACE2 at the membrane [5, 15, 16]. In the endosomal 
compartments of the cell, the cleavage is mediated by Cathepsin L protease, which 
initiates formation of the fusion pores [17, 18]. Inside Golgi apparatus, Furin protease 
cleaves the virus into S1 and S2 compartments [19]. After successful entry and proteo-
lytic cleavage, viral machinery is assembled and activated to spread the infection [16].

Importantly, the agents that allow SARS-CoV-2 entry, specifically, human-ACE2 
(hACE2) are present across different bodily tissues including the brain [14]. Such a 
widespread expression in the body would allow for conjecturing several routes by 
which virus can enter and invade. Indeed, the repertoire of symptoms associated with 
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COVID-19 is a testimony to the tropism of virus in different cell types and tissues. 
Studies involving bulk and single-cell RNA sequencing revealed ACE2-TMPRSS2 
expression in the different cell-types such as the sustentacular (SUS) cells, respiratory 
ciliated and secretory cells as well as the horizontal basal cells of the respiratory and 
olfactory epithelium (RE and OE) of human nasal mucosa [20, 21]. Other peripheral 
routes include that of the eye and oral tissues [22, 23]. Virus specimen was found to 
be present in the conjunctivital and tear swab of patients [24, 25]. Indeed, the viral 
entry machinery components, ACE2 and TMPRSS2, are present in conjunctivital 
epithelium and the epithelial and endothelial parts of the cornea [26]. Oral cavity also 
allows viral entry due to the enrichment of the entry proteins in the epithelial cells 
of the salivary glands and mucosae found in the single-cell RNA sequencing data of 
human samples [27]. Entry via oral route suggests correlation of salivary viral titer 
with the taste loss observed in COVID-19 patients [27, 28].

CoV-2 virus can potentially breach the blood-brain barrier (BBB) as a result of 
the barrier instability caused due to the increased number of inflammatory cyto-
kines upon infection [10, 29]. Viral invasion of the brain areas by gaining entry 
from the circumventricular organs (CVOs) and brainstem structures could also 
serve as plausible routes in the patients who suffer from massive cytokine storm or 
those having compromised health prior to the infection [30]. One of the cytokines, 
tumor necrosis factor-α (TNF-α) can enter the BBB or in CVOs (structures lining the 
ventricles with accessible vasculature), which can activate downstream microglia 
and astrocytes [31]. The activated cells, in turn, can cause damage to the neurons via 
excitotoxicity and thereby impair the signaling processes of the brain [30]. Fecal-oral 
routes are yet another proposed route of viral dissemination in the body [32]. It is, 
however, not confirmed that this transmission route is responsible for gastrointestinal 
symptoms associated with COVID-19. It has been hypothesized that movement via 
vagal and spinal axonal fibers can allow viral invasion of the GI tract. Occurrence of 
syncope in patients with normal electrocardiogram assessment hints toward changes 
in the neural control of blood pressure changes [33, 34]. In one study, patients with 
syncope indeed had a significantly lower increase in the compensatory heart rate 
compared with those non-syncope ones, which suggested plausible impairment in 
the baro-reflexive control. Such an acute hypocapnic hypoxemia could have occurred 
due to CoV-2-mediated ACE2 internalization in specific midbrain and medullary 
nuclei, which can lead to impairments in baroreflex and chemoreceptor responses 
[33]. Malfunctioning of brain-lung axis can be indicated as severe lung and chest CT 
abnormalities and defects observed in neuroimaging analysis. The sensory neurons 
lining the airways can sense the virus induced inflammatory responses in the lungs 
and provide feedback to the brain [35, 36]. The carotid body sinus nerves innervat-
ing this organ can profoundly play a role in the retrograde transport of the virus to 
the brain. Carotid body invasion by virus due to local expression of ACE2 can cause 
impaired peripheral arterial chemoreception leading to hypoxic and hypercapnic 
conditions with changes in pH [37]. Separately, the mucosal immune system, which 
comprises the lymphoid tissues of the gut and the lungs, provides the clue for dissoci-
ating the components of gut-lung axis in mediating dysfunctions associated with the 
COVID-19 infection. Translocation of the active immune cells from gut to lungs can 
exacerbate inflammation, even causing lung injuries and respiratory distress. Within 
the gut, CoV-2 can downregulate ACE2 expression causing microbial dysbiosis and 
further affecting lungs via the gut-lung axis. Finally, neural control of the cardiovas-
cular processes under COVID-19 infectious condition is yet another axis via which the 
virus can act and affect these organ systems [38]. Cardiac arrhythmias in COVID-19 
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patients are mostly occurring due to direct myocardial damage by CoV-2 infection 
or via the systemic inflammatory responses [39]. Arrythmias can also indirectly be 
caused by dysfunctional neural control of the heart rate. There are feedback mecha-
nisms to the brain for maintenance of the cardiac rhythm and for dampening the 
production of cytokines and other inflammatory mediators in case of infection [38]. 
It could be that the severe CoV-2 infection can alter the neural feedback mechanisms 
of cardiovascular control. Apart from the olfactory route, these three axes i.e., the 
lung-brain, gut-lung, and heart-brain may also serve as the routes of transmission 
and invasion by the virus leading to multiple organs dysfunctions and manifestation 
of a variety of symptoms and conditions (Figure 1).

3. SARS-CoV-2: neurotropic or not?

The CNS is an immune privileged system of the body, owing to the highly protec-
tive brain-cerebrospinal fluid barrier, blood-brain barrier as well as surveillance by 
innate immune sentinels [44, 45]. Viral adaptations can allow multiple entry routes, 
either via the peripheral nerves or through the hematogenous routes. This can lead 
to neural and endothelial destruction causing CNS dysfunctions [46]. A variety of 

Figure 1. 
Neuroinvasion by SARS-CoV-2 and subsequent dysfunctions. (A) Infection of a healthy subject by SARS-CoV-2 
leads the entry of virus into different organ systems. (B–G) Routes and cell-types through which the virus can 
enter and invade the nervous system, i.e., via, olfactory route, via blood-brain barrier, eye, choroid plexus, 
blood-cerebrospinal fluid (CSF) barrier, via lungs to the brain and through the gastric enterocytes to the central 
nervous system [7, 40–42]. (H) Altered homeostasis can occur as a result of neuroinvasion by CoV-2 virus 
leading to detrimental effects at multiple cell types of the nervous system, i.e., neuron (yellow), astrocyte (blue) 
and microglia (green) [43]. (I) System-wide dysfunctions ranging from cellular to olfactory to CNS and PNS 
pathologies have been reported in COVID-19 patients. (J) An infected COVID-19 patient with different bodily 
systems affected due to the viral tropism.
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neuropathological viruses are the respiratory viruses belonging to the categories 
of the influenza virus (IV), the coronaviruses (CoV), human metapneumovirus 
(hMPV), and human respiratory syncytial virus (hRSV) [47–49]. They are known to 
enter the CNS through various routes and mechanisms and invade the system leading 
to long-term neurological sequalae in the patients [49]. Such viral infections, under 
severe conditions, usually lead to neurological impairments such as encephalitis, 
seizures, epilepsy, and other encephalopathies [50–52]. In subsequent section of the 
chapter, we review the neuroinvasive nature of CoVs and how studying them over 
the years has helped us understand the SARS CoV-2-mediated complications better. 
We will also highlight the ongoing debate about the neurotropic nature of the SARS-
CoV-2 in the upcoming subsections.

3.1 Neuro-invasive capabilities of coronaviruses

The three kinds of epidemic-causing CoVs, the SARS CoV-1, Middle East 
Respiratory Syndrome (MERS) CoV, and the currently prevailing SARS CoV-2, have 
all been demonstrated to exhibit neurological invasive capabilities [53, 54]. Viral 
encephalitis, i.e., lesions in the brain parenchyma including neuronal damage caused 
due to virus, has been confirmed in COVID-19 patients [55]. Genomic sequencing 
of viral particles in the CSF of the patient verified the case of encephalitis [56]. In 
fact, encephalitis, polyneuropathy, and aortic ischemic stroke were also commonly 
observed in severe cases of SARS-CoV epidemic that occurred in 2003 [53]. SARS 
CoV-2 shares 79.5% genetic similarity with SARS-CoV virus, and hence, finding 
out the mechanisms of neurological impairments by CoV-2 might be more tractable 
[57]. Acute viral infection causing hypoxia, systemic toxemia, and other metabolic 
disorders can result in toxic encephalopathy. It is mainly characterized by cerebral 
edema and symptoms include headache, delirium, dysphoria, and in extreme cases, 
lead to loss of consciousness, coma, and paralysis [58]. COVID-19 patients often 
suffer from hypoxia, viremia, and even headache and disturbed consciousness, which 
can potentially lead to acute toxic encephalopathy. In extreme cases of COVID-19, 
enhanced cytokine storm, increased levels of D-dimer, and reduced platelet count 
can even allow viral-induced cerebrovascular events to occur [59]. Multiple reports of 
confirmed viral infection in the brain have been narrated since the beginning of the 
pandemic outbreak. MRI scan of a young COVID-19 female patient with mild symp-
toms and normal chest CT showed significant cortical hyperintensity in the right 
gyrus rectus and subtle hyperintensity in the OBs suggestive of viral invasion in these 
brain regions [60]. In autopsies assessment of brains of six patients who suffered from 
COVID-19, brainstem neural damage, meningitis, and pan-encephalitis were reported 
[61, 62]. HCoV-OC43, HCoV-229E, and SARS-CoV-1 are the human-infecting CoVs, 
which are capable of infecting the neurons directly, apart from causing CNS dam-
age due to immunological and inflammatory responses [63, 64]. HCoV-OC43 has 
been associated with multiple sclerosis (MS) with its RNA detected in the CSF of 12 
of 22 patients suffering with MS [65]. MERS-CoV, although, enters via a dipeptidyl 
peptidase receptor and has affected only ~2500 individuals since 2012, it also has been 
shown to generate neurological impairments such as seizures, headaches, and perceiv-
ing confusion [66]. Cases of Guillain-Barrè syndrome (GBS), axonal neuropathy, and 
Bickerstaff brainstem encephalitis have been reported under MERS-CoV infection 
[67]. This virus, however, was never detected in the human CSF. In case of COVID-19 
as well, electromyography and other assessments had confirmed occurrence of GBS 
and axonal neuropathy in infected patients as well [68–70].
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3.2  Pathogenic studies and mechanisms in favor of neurotropic nature of the 
SARS CoV-2

Reports associated with neurological impairments induced by CoV-2 in acute as 
well as post-acute infection stages have been accumulated since early 2020 [71, 72]. 
Whether these effects are occurring as a result of the neuroinvasive nature of the 
virus or due to the overt immune responses is not yet fully understood. A recent 
study in medRxiv reveals that in comparison to increased inflammatory and 
cytokine storm markers found in the serum of COVID-19 patients, their levels are 
rather low in the CSF. This was corroborated by comparing and contrasting the 
insignificant neuroinflammatory changes in these patients’ CSF compared with CSF 
of patients with autoimmune pathologies that displayed very high neuroinflam-
mation. On the contrary, a significant increase in CSF Neurofilament-L (NF-L) in 
critical cases suggests neuroaxonal injury and strengthens the neurotropic nature 
of the virus [73]. The olfactory transmucosal pathway has been an established port 
of entry for CoV-2 virus, but we only have a limited knowledge about the virus-host 
interactions [3]. The human sequencing data point toward the role of support-
ing cells of OE in the viral entry. This is because of the expression of ACE2 and 
TMPRSS2 proteins in these cells that serve as the entry factors [5]. The immunohis-
tochemical analysis of the SARS-CoV-2 S protein, however, revealed a characteristic 
granular, perinuclear expression pattern in olfactory mucosal cell types, which 
were of neuronal origin (revealed by expression of Tuj1, Neurofilament 200, and 
Olfactory Marker Protein) obtained from the autopsy samples of the COVID-19-
infected patients [3]. Additionally, presence of CoV-2 particles was confirmed in 
the CNS regions including the OB [74]. This questions the current understanding 
of non-neuronal vs. neuronal viral infection occurring in COVID-19. Generally, 
neurotropic viruses access the peripheral regions to gain entry into the CNS [75]. 
Whether the CoV-2 is causing neuronal pathogenesis directly or indirectly is not 
fully understood. We also do not have a complete understanding of the virus’ path-
way to the OB and other CNS regions. In an attempt to investigate the pathogenic 
mechanisms of the virus, an in vitro study of generating human sensory neurons 
from the human embryonic stem cell lines was carried out. These peripheral sen-
sory neurons were shown to express ACE2 and were indeed receptive to the virus, 
which is in contrast with the reported non-neuronal expression of ACE2. One hour 
after the incubation with the virus, intracellular expression of nsp-14, S protein, 
RdRp, and nucleocapsid phosphoprotein viral genes was substantially upregulated 
in the infected neurons [76]. The molecular pathologies relating to chemosensory 
perception were specifically affected in the infected peripheral neurons. The human 
induced pluripotent stem cells (hIPSCs)-derived midbrain dopaminergic neurons 
were shown to be selectively permissible to the CoV-2 infection. Further, inflam-
matory and cellular senescence responses were observed in these neurons both in 
vitro and upon transplantation in vivo as well [77]. In another attempt to investigate 
if human neurons are a direct target of this virus, three-dimensional human brain 
organoids system was utilized. Preferred tropism to mature neurons of the corti-
cal plate in relatively older brain organoids (day 60) was found out. The virus has 
relatively lesser influence on the actively proliferating neural precursor cells of the 
ventricular zone of young (day 15) organoids. Moreover, CoV-2-infected neurons 
displayed mislocalized Tau protein in their soma, which can potentially cause 
 cellular stress reactivity and toxicity [78].
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3.3 Evidences of SARS CoV-2 tropism beyond neurons: the other side of the coin

Conflicting results paired with the promiscuous entry routes of the virus stirs the 
ongoing debate on the neuronal vs. non-neuronal routes of invasion and tropism of 
SARS-CoV-2 virus. Those who are opposing the axonal hopping of the virus primarily 
point to the technical limitations of the studies per se. Meinhardt and colleagues criti-
cally evaluated the imaging data of virus nucleoproteins found at the OE, between the 
olfactory nerve layer and OB [3]. The axons of OSNs reaching to OB are highly entwined 
with the ACE2-expressing supporting cells processes, and they reasoned that the immu-
nolabeled imaging may not convincingly reveal whether the virus is present in OSNs 
or in the wrappings of the sustentacular cells. Nevertheless, ultrastructural assessment 
using electron microscopy (EM) has also been done both in autoptic human samples and 
the animal models. Virus-like particles were detected in the cortex of K18-hACE2 mice, 
and pyknotic cells and abnormal mitochondrial ultra-structures in infected hamsters 
were observed using Transmission EM (TEM) [79]. A virus cytoplasmic inclusion body 
was also identified in the OB of an autotoptic patient sample observed using TEM [74]. 
However, TEM investigations are also subject to aberrant observations as virion-like 
vesicular bodies can act as decoys for pathologists and that direct neuronal infections can-
not be confirmed by using this technique [80]. Post CoV-2 inoculation in rhesus monkey, 
one group carried out the transcriptomic profiling of the infected cells. Downregulation 
of genes involved in mitochondrial dysfunctions (ND3, ATP6, and COX3) was observed 
in the mature neurons, hippocampal microglia, endothelial vascular cells, and oligo-
dendrocytes [81]. This is suggestive of dysfunctions happening in various cell types of 
the brain, which are collectively leading to CNS abnormalities. Hijacking the lipoprotein 
metabolism of susceptible cells of the brain barriers (BBB and BSCFB) suggests hema-
togenous route of entry [82]. Firstly, transcellular route, i.e., entering via ACE2 receptors 
of the choroid plexus epithelial cells, pericytes, astrocytes lining the endothelial cells 
followed by weakening of the tight junctions between the vascular endothelial cells of the 
BBB (called the paracellular modes) and finally utilizing the lipid vesicles and exosomes 
as the “Trojan horses” to breach the barrier while escaping the host’s immune oversight 
constitutes the non-neuronal mode of entry of the virus [82].

4. Neuro-COVID: neurological consequences of COVID-19 disease

Reports of neurological complications during COVID-19 infection and their 
persistence after the recovery have accumulated since the early outbreak. These 
impairments are broadly categorized as Neuro-COVID. Early investigation in China 
estimated that 36% of the COVID-positive patients had neurological disturbances 
[83]. Case test studies from France, performed in March–April 2020, also high-
lighted the occurrence of encephalopathy, state of confusion, and agitation as well 
as corticospinal tract symptoms in COVID-19 patients admitted to the hospital due 
to Acute Respiratory Distress Syndrome (ARDS) [84]. Since then, numerous reports 
and case studies from across different countries have confirmed the prevalence of 
mild-to-severe neurological and neuropsychiatric in the CoV-2-infected individuals. 
The neurological impact correlated with the severity of the infection and distributed 
across the categories of CNS pathologies, peripheral nervous system (PNS) diseases, 
and/or skeletal muscular disturbances. A cohort-based longitudinal study by the UK 
Biobank involving multimodal brain imaging before and after the CoV-2 infections 
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showed emergence of virus-related abnormalities in specific brain regions and cogni-
tive decline upon infection [2]. Using diffusion imaging-based changes as a readout 
for brain tissue damage upon infection, they observed detrimental effects in regions 
including the olfactory-limbic areas, the anterior olfactory nucleus, olfactory tuber-
cle, and the anterior piriform cortex. Profound decrease in the gray matter thickness 
and contrast was also observed in parahippocampal gyrus and lateral orbitofrontal 
cortex of the patients. Brain abnormalities were more pronounced in hospitalized 
patients; however, cognitive decline associated with damage to crus II lobule of the 
cerebellum was found in majority of the individuals who turned positive for the 
CoV-2 in this longitudinal study [2]. As virus takes the olfactory route, chemosensory 
impairments are often seen in a large number of infective cases. These impairments, 
primarily, anosmia and ageusia, have not only served as the robust predictors of the 
CoV-2 infection, but also affected quality of life of the patients, recovered individuals, 
and healthcare workers [85, 86]. We will focus on different aspects that influence the 
severity and durability of the Neuro-COVID symptoms in the following subsections.

4.1 Effect of age and comorbidities on the neurological sequalae

The neurological symptoms tend to vary between older (>60 years of age) and 
younger (<18 years of age) cohorts. While delirium, myalgia, and fatigue were 
predominant in older cohorts, the younger cohorts primarily reported smell and taste 
issues, frequent headaches, and infrequently, seizures [66]. This also hinted toward 
the possibility of comorbidities playing a role in increasing the severity of the effect 
of the viral infection and tropism. Patients with preexisting neurological conditions 
had a higher occurrence of hospitalization, in-hospital mortality, enhanced delirium 
states, and more overall complications upon suffering from COVID-19 [87, 88]. In 
fact, social isolation and loneliness associated with the pandemic-induced quarantine 
added to the mental toll of elderly patients [89]. Symptoms worsened with quarantine 
in 67.5% patients suffering from Parkinson’s disease in a Spanish cohort study [90]. 
Acute encephalopathy due to infection was more commonly observed in older patients 
with comorbidities and associated with greater critical care and 30-day mortality 
chances [87, 91]. Across different levels of the neurological impairments upon CoV-2 
infection, age has been shown to be positively correlated with the disease severity [92]. 
Comorbid conditions including de-myelinating disease, acute encephalopathy, and 
cerebrovascular disease (CVD) were all positively correlated with the severity of the 
COVID-19 disease [93]. Patients suffering from Alzheimer’s, Parkinson’s, and other 
neurodegenerative disorders are at higher risk from infection and can suffer from 
greater respiratory, olfactory, and cognitive impairments than others [89, 94]. Elderly 
individuals also suffer from compromised immunity and increased signs of inflamma-
tion (increased cytokines, hormonal changes, decrease in growth factors production) 
leading to physical and mental frailty [92]. Such multiple dysregulations can lead to 
age-dependent morbid effects of CoV-2 infection.

4.2 Chemosensory and cognitive impairments: neuro-COVID to Long COVID

Among many neurological impairments, olfactory functioning changes in 
COVID-19 has highest odds ratio in non-hospitalized cases [86, 95]. These have 
also become common in healthcare workers. In a study comprising 700 workers, by 
utilizing a chemosensory perception test, over 80% displayed olfactory and gustatory 
impairments and ~48% had lowered trigeminal sensitivity. The reduced sensitivity 
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remained in over 40% of the individuals with olfactory and gustatory impairments 
and ~23% in those with trigeminal issues [85]. “COVID & Cognition” cross-sectional 
study continually aims to understand the cognitive deficits in Long COVID [96]. Long 
COVID comprises long-lasting symptoms and difficulties arising due to COVID-19. 
Post-acute COVID persists between 3 and 12 weeks while chronic COVID is when 
the symptoms persist beyond 12 weeks [72]. Cognitive deficits are expected based 
on the loss of gray matter in specific regions prevalent in COVID-19. A small cohort 
study of hospitalized patients displayed gray volume reductions in the hippocampus, 
right amygdala, and left cingulate cortex. Cognitive deficits are thereby likely to 
occur, and the extent of it depends on the location and mechanism of the neural 
damage [97]. A multi-domain impact of the infection on human cognition was also 
observed in a large population, questionnaire-based study using British Intelligence 
tests. The cognitive deficits in reasoning, problem-solving, spatial planning, and 
target detection tasks were substantial and persisted post-infection suggesting that 
cognitive deficits are indeed prevalent in Long COVID [98]. Cognitive blunting, from 
mild-to-severe, also referred to as “brain fog” has also been observed in Long COVID. 
Fluorodeoxyglucose-PET study from two COVID-19 patients with confirmed brain 
fog and cognitive deficits confirmed abnormal hypometabolic regions in anterior cin-
gulate cortex. Hypometabolisms are also observed in other neurological disorders and 
psychiatric diseases [99]. The prevalence of chemosensory deficits suggests that they 
can act as predictors of the COVID-19 infection, which has been elaborated upon, in 
the next section. The advancements in precisely determining neurocognitive deficits 
along with sensory impairments non-invasively are also explained.

5.  Using “olfaction” to detect COVID-19 and the subsequent  
sensory-cognitive deficits

Having been one of the first symptoms to be affected in COVID-19, our sense of 
smell became an important and a robust tool to be utilized for detecting if an indi-
vidual is infected [100]. This became much more beneficial in detecting “asymptom-
atic” or “paucisymptomatic” patients, i.e., those who did not develop other visible 
symptoms of the disease [101–103]. Since 2020, many empirical tests that could 
previously assess olfactory detection and sensitivity and acted as biomarker indica-
tors of neurodegenerative disorders, have been also utilized as early screening tools 
for COVID-19. Brief Smell Identification test (BSIT), a revised version of University 
of Pennsylvania Smell Identification test (UPSIT), was among the first self-admin-
istered tests, which was utilized during first wave of COVID-19 [104, 105]. Briefly, 
it consisted of 12 scented strips (encapsulated odors), which are to be scratched 
by a pencil to release the odor. It is a forced-choice test, and the subject needed 
to choose one of the four choices which smelled like the tested odor. A high score 
indicated normal olfactory performance. Using this test, olfactory dysfunction was 
observed in 40% of the patients. Indeed, in those patients with just olfactory-related 
problems, other symptoms flared up ~2 days later [105]. Another study used the 
Persian version of the full 40-odor UPSIT and found out that 98% of the 60 patients 
had olfactory dysfunctions. In total, 58% of these were either anosmic or severly 
microsmic [106]. Hummel’s quick olfactory sniffing Sticks (q-Sticks) test was also 
administered in COVID-19 patients, which consisted of asymptomatic individuals 
as well [107]. This test consisted of recognition of groups of three odors emanating 
from refill sticks. Although only 14% of the total patients reported smell loss before 
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the test administration, q-Sticks test revealed that 81% of total patients suffered 
from anosmia or hyposmia [108]. Since the outbreak, such objective tests that can 
quantitatively measure olfactory detection, such as Quick-Smell Identification test 
(Q-SIT), SAFER scent cards, SCENTinel 1.0 among others have gained traction 
[109–111]. However, these traditional tests offer simplistic handle on determining 
odor detection abilities.

Based on the neurotropic potential of CoV-2, olfactory dysfunctions cannot just be 
restricted to sensory detection and threshold capacities. Rather, COVID-19 can cause 
both sensory and cognitive deficits, and efforts are being made to diagnose those 
too. To this end, highly automated tests with precise stimulus delivery are important. 

Figure 2. 
“Olfaction” as a tool to detect COVID-19. (A) Objective tools such as University of Pennsylvania Smell 
Identification test (UPSIT), Sniffing stick tests among others have been utilized to evaluate the olfactory detection 
and discrimination capabilities. These tests consist of delivery of odors to the subject via reservoirs/pen refills/
microencapsulations [104, 106, 115]. (B) An automated odor delivery system, Olfactory-action meter (OAM) has 
been utilized to precisely calculate odor detection at the threshold levels and olfactory matching skills, i.e., both 
sensory and cognitive capabilities of symptomatic, asymptomatic, and healthy individuals [101, 112]. (C) Sense of 
smell, i.e., electronic noses, trained canines, and organic semiconducting sensors are also deployed to using the body 
odor (BO) of individuals to detect COVID-19 [116–119].
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Olfactory-action meter (OAM), an automated machine with custom-written software 
that can generate odor pulses of varying complexities, has been utilized to assess 
olfactory detection abilities at differing concentration ranges as well as olfactory 
matching skills in asymptomatic carriers, symptomatic patients, and those who have 
recovered from the disease [101, 112, 113]. Compared with normal healthy subjects, 
up to 81% of the asymptomatic carriers failed at detecting odors at low concentrations 
(9% (v/v)). In total, 65% of these carriers depicted significantly lower detection at 
three low-concentration ranges (9–23.1%). Upon administering an olfactory matching 
task of determining whether the two odors delivered at a set inter-stimulus interval 
of 5 s are “same” or “different,” they found out olfactory working memory deficits 
in the patients [101]. Not only that, upon carrying out this test with individuals who 
had recovered from COVID-19 (4–18 months after infection), persistent sensory-
cognitive deficits were found out when this paradigm was employed over 5 days [112]. 
These studies point to the persistence of sensory-cognitive impairments in long-
haulers (those suffering from Long-COVID) and also calls for further interrogation 
of CNS functioning. This also exhibits the importance of monitoring neurocognitive 
skills during post-infection periods in a pandemic-struck world. These results dis-
play the necessity of developing accurate noninvasive methods, which can precisely 
quantify cognitive deficits in Long COVID [112, 114].

Usage of electronic noses (eNoses) also became popular in detecting COVID-
19-infected individuals. eNoses are machines that can mimic animal olfaction and 
can thus be applied as specific smell detectors of target volatile organic compounds. 
Usage of an eNose at a drive-through testing station that can detect COVID-19 in real 
time using body odor that has a nasal passage carried out in an attempt to use them 
as fast, reliable detectors of this disease [118]. Organic semiconducting sensors could 
also capture the scent of the asymptomatic carriers of the diseases, suggesting that 
they can also be deployed at large scale [119]. Finally, dogs can supposedly be our 
best friends, even during a pandemic. Multiple studies have reported using canines 
to detect the body odors of the infected patients. Axillary sweat samples of patients 
may well be successfully discriminated from the normal subjects at a success rate of 
76–100% for trained dogs [117]. All these studies thus indicate that sense of smell can 
be utilized at different levels and scales for diagnosing COVID-19 and furthering the 
research on cognitive blunting due to this disease (Figure 2).

6.  Using animal models for mechanistic understanding of entry, invasion, 
and destruction of nervous system

For a closer interrogation of the role of OE infection by CoV-2, gene expression 
patterns were studied in the mouse whole olfactory mucosa (WOM) and puri-
fied olfactory sensory neurons (OSNs). Single-cell sequencing of mouse WOM 
uncovered the expression of ACE2 and TMPRSS2 in the dorsally located SUS cells, 
basal globose cells as well as in a small fraction of the stem cells. Mouse OSNs, 
however, did not show the expression of the CoV-2 entry genes [6]. Within the OB 
as well, sequencing did not reveal any neuronal expression of these genes while the 
immunostaining displayed their expression in the pericytes of OB blood vessels. 
Postmortem magnetic resonance imaging (MRI) and histopathological examination 
confirmed microvascular injuries in the OB and brain stem of COVID-19-infected 
patients [120]. Such studies confirmed the olfactory trans-mucosal pathway of entry 
of CoV-2 virus into the body [3].
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Using the hamster infection model of CoV-2 invasion, nucleoprotein expression 
was found out in Tuj1-positive infected OSNs and OMP staining also confirmed 
infection in mature OSNs [121]. Along with local inflammation of OE, SARS-CoV-2 
infected the Tuj-1 positive immature OSNs, which appeared to be phagocytosed by 
the Iba1 and CoV-2-positive immune cells. In fact, global chromatin rearrangements 
occurred at day 3 post infection, which persisted even after the virus was cleared 
(10 days post infection) [122]. Whether the interferon response in the OSNs can bring 
about such chromatin changes in CoV-2 scenario remains an open question. It is also 
yet to be deciphered if other actively dividing cells are also prone to such disruptions 
and if not, then what makes certain cell types more unique and susceptible to viral-
induced genomic modifications [123].

Nasal irrigation of virus in Golden Syrian Hamsters once again revealed the neu-
ronal invasion. The OMP positive neuronal cilia were vanished in the virus-induced 
damaged epithelium of the animals. Both neuronal and non-neuronal cells were found 
out to be positive for cleaved caspase-3 after 4 days of infection, which was suggestive 
of cell death. Additionally, CoV-2 nucleoprotein was found at the junction of olfactory 
nerve and the OB and also in previously uncharacterized cells of the glomerular layer 
of the OB, suggestive of, invasion of the bulb by the virus [124]. Finally, to grasp the 
molecular underpinnings of the olfactory impairment upon viral infection, transcrip-
tional changes in OE cells of the infected hamsters were studied. A significant reduc-
tion in the OR genes, i.e., the genes responsible for olfaction, was observed. At genomic 
level, they found out a drastic change in the long-range interactions of the OR genes 
with enhancer/activators 1 day post infection in a non-cell-autonomous fashion.

7. Conclusions

In this chapter, we have discussed the neurotropic nature of the SARS-CoV-2 
virus. Using human and animal model studies, research groups across the globe have 
found out that neuroinvasion can occur by multiple routes, leading to dysfunctions of 
multiple cell types in the nervous system. The impairments that arise due to infection, 
which are collectively referred to as the Neuro-COVID, have also been summarized. 
Some of these symptoms persist in recovered individuals pointing to long-lasting 
consequences of the infection, which encompass the term Long COVID. We conclude 
that the virus can play havoc at multiple scales of the nervous system functioning, and 
the severity depends upon several factors such as the route and extent of infection, 
variant of the virus, and comorbidities in the patients. Finally, the under-appreciated 
sense of smell has indeed come into limelight, and the need for quantifying the 
olfactory and cognitive fitness has become vital during the pandemic. We, hereby, 
conclude that olfaction can be efficiently used in detecting the infection as well as 
providing a tool for investigating the cognitive capacities of human beings.
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Abstract

The impact of COVID-19 is significant in the body system, one of which is the 
central nervous system (CNS) involved in controlling all aspects of human behavior 
and coordination. This shows the need to assess from various studies in human and 
animal models the neurological effects of this virus. Some of the reported effects 
include loss of taste and smell, headaches, delirium, dizziness, ischemic stroke, and 
brain inflammation. It is essential to review the acute, chronic or transient neurologi-
cal effects. This will enhance and/or improve treatment designs and management 
modalities for the COVID-19. We critically revise the literature and contribute to the 
body of knowledge in this line of research. Here in this chapter, we highlighted the 
various neurological disorders caused by COVID-19 and examined the relationship 
between the neurological systems and COVID-19. As well as evaluate current treat-
ment/management modalities including vaccines and prospects for the future.

Keywords: COVID-19, SARS-CoV-2, neurological disorders, neurological symptoms, 
treatment/management modalities

1. Introduction

COVID-19 causative virus (SARS-CoV-2) affects many body organs and systems 
to induce its pathogenesis. The disease is severe in people with comorbidities such as 
obesity, diabetes, hypertension, chronic respiratory disease, cerebrovascular disease, 
and chronic kidney and liver disease [1].

In neural tissues, the mechanism of invasion is well-established. It involves the 
interaction of ACE2 (Angiotensin-converting enzyme 2) receptors and spike protein. 
SARS-CoV-2 enters the nervous system via neurotropism, hematological dissemina-
tion, vasculotropism, and cytokine storm [2, 3].

Some of the common neurological symptoms of SARS-CoV-2 include CNS 
symptoms; (dizziness, delirium, confusion, prominent agitation, and dizziness), 
acute cerebrovascular disease, and epilepsy; PNS symptoms; ageusia (loss of sense 
of taste), hypogeusia (reduction in the ability to taste), anosmia (inability to smell), 
hyposmia (reduction in the ability to smell), and neuralgia (painful sensation in the 
body) and skeletal muscular symptoms: myalgia/fatigue and muscle injury [3, 4].
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Many bioactive compounds have been reviewed for their antiviral effects which 
may have both preventive and curative effects [5]. Mainstay pharmacological/non-
pharmacological interventions for prevention, management, and treatment include 
COVID-19 vaccines, remdesivir [6], SARS-CoV-2 targeting monoclonal antibodies 
such as Casirivimab and Imdevimab, Immune modulators (Baricitinib), immunosup-
pressive therapy as well adherence to public health guidelines such as handwashing, 
use of alcohol gels and face masks, etc.

In this chapter, we highlighted various neurological disorders and symptoms 
caused by COVID-19 and examined the relationship between the neurological 
systems and COVID-19. Additionally, we evaluated current therapies including the 
administration of vaccines, anti-virals, and their prospects for future applications.

2. COVID-19

The novel coronavirus disease (COVID-19) has been a dire threat to public health, 
the global economy, and human co-existence since its first report in Wuhan, China 
in 2019 [7]. Globally, as of 2nd June 2022, there have been 6,293,414 deaths due to 
COVID-19 out of 528,275,339 confirmed cases. To curtail the menace of COVID-19, 
11,947,644,522 vaccine doses have been reported administered globally [8]. Prior to 
the development and administration of vaccines, a number of preventive measures 
(hand-washing under running water, use of alcohol-based hand sanitizer, social dis-
tancing, wearing of face mask, etc.) were put in place by health regulatory bodies to 
manage the transmission of the disease [7]. These measures were evaluated to study 
compliance and effectiveness in curbing the spread of the virus [9–11]. Although the 
global incidence and mortality rate has declined, adherence to preventive measures 
and vaccination is still encouraged.

COVID-19 severity has been reported in elderly patients and those with comor-
bidities (obesity, diabetes, hypertension, chronic respiratory disease, cardiovascular 
disease, cerebrovascular disease, chronic kidney, and liver disease) [1, 12]. Due to 
the novelty of the disease, the possibility of other long-term effects is still unknown. 
However, those with severe cases of infection can develop acute or chronic effects 
(graphical abstract) such as chronic fatigue syndrome, complications of the heart, 
lung, and kidney, neurological defects (loss of taste and smell, delirium, headaches, 
brain inflammation, stroke, and Guillain-Barre syndrome) [12, 13]. This calls for a 
need for closer monitoring and more research into the aftermath effect of the  
COVID-19, even in well-managed patients.

3. Mechanism of neurological pathology

The SARS-CoV-2 respiratory indices are well known and reported. Recently, there 
has been a significant increase in evidence showing anosmia (complete loss of smell) 
as a SARS-CoV-2 symptom, indicating a high level of neurological involvement fol-
lowing the infection and also SARS-CoV-2 having neuro-invasive properties. Studies 
suggest that SARS-CoV-2 enters the central nervous system (CNS) in either of the two 
ways; through systemic vascular dissemination or across the cribriform plate of the 
ethmoid bone, which might have consequences concerning anosmia as experienced 
by the SARS-CoV-2 patients [14]. The virus invades the neural tissue once in the 
systemic circulation due to its neurotropism properties and then, binds and interacts 
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with ACE2 (Angiotensin-converting enzyme 2) receptors in the endothelium capil-
lary via the spike proteins [14, 15]. Previously, ACE2 has been shown to be expressed 
in the upper and lower epithelium of the airways together with the CNS endothelial 
capillary [16]. One of the studies conducted evaluating SARS-CoV-2 spike glyco-
protein structural integrity showed an approximately 20- a fold affinity increases 
to ACE2 when compared to the spike protein of the sister virus SARS-CoV-2 [17]. 
However, using BLASTp, the spike proteins of the two sister viruses are structurally 
similar but not identical, explaining the differences in the neurological prevalence. 
Meanwhile, not all the human cell lines that express ACE2 are susceptible to the novel 
coronavirus infection. Nevertheless, several neurological manifestations of the SARS-
CoV-2 infection should be given absolute attention together with its well-understood 
respiratory index.

3.1 Stroke

Stroke is now common, developing, and/or potentially devastating SARS-CoV-2 
infection complication [18]; about 2–6% of hospitalized COVID-19 patients have 
developed an acute cerebrovascular event [19]. In 2020, a large vessel stroke was 
reported in five patients (< 50 years of age) infected with SARS-CoV-2 [20]. Studies 
on the thromboembolic complications rate in SARS-CoV-2 patients showed 1.6% 
[21] and 2.5% [22] reported ischemic stroke occurrences. Klok and Lodigiani showed 
that the thrombotic complications were significantly high for their respective insti-
tutions. However, there are other risk factors predisposing COVID-19 patients to 
thromboembolic stroke development beyond the usual metabolic and cardiovascular 
co-morbidities. At this moment, various mechanisms of SARS-CoV-2 induced stroke 
have been reported including myocardial damage with cerebral embolism, coagu-
lopathy, or pre-existing atheroma plaque destabilization [23]. The viral invasion led 
to thrombosis by activating immune response involving platelets, endothelium, and 
coagulation. Furthermore, SARS-CoV-2 causes cytokine storms resulting in increased 
D-dimers, affecting coagulation, and inducing stroke. Also, viral invasion can lead 
to heart damage, resulting in viral myocarditis and finally cardioembolic stroke. 
Inflammation can destabilize the fibrous capsule surrounding the atheroma plaque, 
eventually, exposing the thrombogenic clotting material, initiating arteries clogging 
and thus, causing a stroke [23].

3.2 Guillain-Barré syndrome (GBS)

GBS is an acute acquired autoimmune disorder of the peripheral nerves that 
occurs as a result of infection [24]. Actually, GBS is symmetrical ascending paralysis, 
mostly due to bacteria or viral infection of the respiratory or gastrointestinal tract 
[25]. It is a rare disease of the peripheral nervous system (PNS) with approximately 
1.11 in 100,000 incidences annually [26]. Since the COVID-19 outbreak, the number 
of GBS cases has increased significantly. There have been some confirmed cases and 
a potential report of GBS as significant SARS-CoV-2 neurological sequelae. Among 
the eleven cases published in the literature, there is substantial capriciousness in an 
indication of GBS onset, together with distinctive respiratory distress of SARS-CoV-2 
[27]. GBS is related to recent inoculation from a possible range of pathogens, explain-
ing the disease’s clinical heterogeneity [28]. Despite the inconsistency in the symptom 
onset in relation to COVID-19 diagnosis, it is of note that most reports described 
constant clinical features of variable sensory abnormalities with deep tendon reflex 
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loss and lower limb weakness over the upper limb. Various mechanisms the virus uses 
to trigger acute areflexic state in GBS have been reported. Possibly, antibodies against 
the surface glycoproteins are generated against the pathogen which also responds to 
the comparable native protein structures located on the neuronal surface leading to 
GBS clinical features [29]. Another probable mechanism is the macrophage activa-
tion syndrome (cytokine storm) and hyper-inflammation might be involved in GBS 
pathogenesis in SARS-CoV-2 individuals [30].

3.3 Neurocognitive disorder

Individuals with neurocognitive disorders have a high risk of being infected 
with COVID-19. APOE e4 increases the risk of Alzheimer’s neurocognitive dis-
order. Previous studies revealed that the deformed blood–brain barrier (BBB) 
in Alzheimer’s patients predisposes them to infections. Furthermore, memory 
impairment related to neurocognitive disorders could possibly affect the patient’s 
capability to observe the COVID-19 preventive measures including the use of masks, 
hand-sanitizing, and social distancing [31]. Individuals with neurocognitive dis-
orders are more liable to experience comorbidities including diabetes, pneumonia, 
or cardiovascular disease increasing their risk of severe morbidities or death if they 
contract COVID-19 [32]. Previous research has found a bidirectional association 
between viral infections and neurocognitive disorders. Patients with neurocognitive 
disorders have a higher chance of viral infection and patients with a poor immune 
response to the infection have a higher risk of neurocognitive disorders [31]. Further 
research is needed to understand if the molecular and socioeconomic interactions 
play role in the higher incidence of COVID-19 in patients with neurocognitive disor-
ders patients, and to identify whether SARS-CoV-2 infection accelerates or triggers 
neurocognitive disorders [31].

3.4 Movement disorders

COVID-19 could potentially aggravate neurological symptoms in PD individuals [33]. 
The effect of COVID-19 on individuals with Parkinson’s (PD) disease is multifaceted 
as SARS-CoV-2 can affect their health directly, with a downstream effect on the 
advancement of the disease and the quality of life. Several studies have reported the 
onset of deteriorating PD and motor symptoms (for example speech disturbance, fall, 
dystonic spasms) preceding COVID-19 diagnosis [34–36]. Motor symptom changes 
might be a result of a decrease in oral therapy absorption due to diarrhea -a COVID-19 
symptom [37]. Worsening of the symptoms can be ascribed to the pandemic subordi-
nate effects including changes in normal activities and stress. Fatigue, rigidity, pain, 
concentration, and tremor were recorded during neurological symptoms evaluation 
for individuals with PD a month before the pandemic began and beyond [38].

3.5 Hypoxia

Several COVID-19 patients appeared to have severely low blood oxygen saturation 
levels [39], leading to hypoxia which causes damage to the tissues [40]. Meanwhile, 
these patients do not get enough oxygenation via the blood, COVID-19 individuals 
with hypoxia often do not show much respiratory distress, but they feel alert, and can 
easily talk [39]. Hence, hypoxia in COVID-19 individuals is often known as “happy” 
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or “silent” hypoxia due to its minimal additional effects [39]. In a study by Mortaz 
et al. COVID-19 participants’ RBC had higher amounts of intracellular NO (nitric 
oxide). This is not due to hypoxia per se, but it could provide protection against 
the hypoxia reported in COVID-19 patients. Constitutive NO generation in RBCs 
is mostly dependent on NOS during health, although NO production in hypoxic 
settings may entail nitrite reduction by deoxyhemoglobin carbonic anhydrase and/
or eNOS itself. Also, COVID-19 participants’ RBC had higher amounts of intracel-
lular NO [39].

4. Relationship and effects of COVID-19 on neurological systems

In the past, viruses such as arbovirus, measles virus, enterovirus, herpes simplex 
virus (HSV), Varicella-Zoster virus (VZV), Cytomegalovirus (CMV), Epstein -Barr 
virus (EBV), and Human JC virus (JCV) have been reported to invade the nervous 
systems of hosts with severe neurological effects [41]. Now, SARS CoV-2 (severe acute 
respiratory syndrome coronavirus 2), the virus that causes COVID-19 has joined 
that list with recently reported neurological manifestations of the disease. The mode 
of entry of these viruses including SARS CoV-2 has been thoroughly studied and 
classified into the several major routes: endocytosis (direct fusion with neurons), 
sensory nerve endings, synapses, and axons, circulating leukocytes, lymph nodes, 
the blood–brain barrier (BBB), the Central Nervous System (CNS) and the Peripheral 
Nervous System (PNS) [42].

4.1 SARS-CoV-2 and angiotensin-converting enzyme 2 (ACE2)

ACE2 has a high affinity for SARS-CoV-2 (Figures 1 and 2). SARS-CoV-2 
interacts with ACE2 receptors to invade the cells in the body [45, 46] by receiving 
the spike (peplomer) glycoprotein of the virus. mRNA expression profile of ACE2 
shows that the enzyme is organ-specific but expressed in almost every tissue in the 
body [46, 47]. ACE2 receptor is usually found in the pulmonary type II alveolar cells 
and respiratory epithelial at high levels because COVID-19 is primarily a respira-
tory disease [48, 49]. ACE2 is also found in other body tissues and cells such as 
myocardial and endothelial cells [50], kidney, stomach, colon, and ileum cells [51], 
oral mucosa cells [52], astrocytes, neuron and glial cells of the brain and spinal cord 
tissues (Figure 1) [14].

The ACE2 gene is located on chromosome Xp22.22 and contains 18 exons and 20 
introns [53]. It produces an 805 amino acid, type I transmembrane glycoprotein which 
contains a 17-amino-acid N-terminal signal peptide and a 22-amino acid C-terminal 
membrane hydrophobic transmembrane region anchoring it in the cell membrane 
[46]. It also has a HEXXH zinc-binding metalloprotease motif, a C-terminal collect-
ing domain, and an insulin-like domain [53]. ACE2 gene expression is also found in 
other respiratory disorders such as SARS, Middle East respiratory syndrome (MERS), 
and H1N1 influenza [54].

4.2 Relationship of COVID-19 with neurological systems

SARS-CoV-2 directly attacks neural cells and infects cerebrovascular  endothelium 
and brain parenchyma (medial temporal lobe) causing early apoptosis and necrosis 
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(Figure 3) [4, 44, 48]. This attack occurs through a series of mechanisms such 
as proteolysis, viral fusion with membrane, and entry mediated by ACE2 and trans-
membrane serine protease 2 (TMPRSS2) in some parts of the brain, CNS, PNS, 
and cerebrospinal fluid described through animal studies [see 55–58 for more details].

Figure 1. 
Distribution of ACE 2 in the human body. (image adapted from [43]).
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4.3 Proposed mechanisms of coronavirus entry into the nervous system

1. Neurotropism: retrograde transfer from the olfactory epithelium to the brain 
via cribriform plate (Figure 4) [3, 49].

2. Hematological Dissemination: damage to the blood–brain barrier during the 
viremia phase [3, 14]. Brain areas devoid of a blood–brain barrier such as the 

Figure 2. 
SARS-CoV life cycle (image adapted from [44]).

Figure 3. 
Neurotropism of SARS-CoV-2. SARS-CoV-2 (image and description text and Servier medical art, https://smart.
servier.com).
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circumventricular organs are particularly vulnerable to circulating inflammatory 
mediators.

3. Vasculotropism: Transfer from peripheral nerve terminal to CNS via synapse 
connected route [4, 13].

4. Cytokine Storm: increase in cytokine serum levels [4].

Spike (S) proteins bind the angiotensin-converting enzyme 2 (ACE-2)  receptor 
of the target cell. Cleavage of the S protein by type II transmembrane serine  protease 
(TMPRSS2), facilitates viral entry. ACE-2 mRNA expression and double-positive 
ACE-2 + TMPRSS2 + cells have been identified, among others, on neurons and glial 

Figure 4. 
Scheme illustration of the neurotropism, neuroinflammatory processes, and effects on brain cells triggered by 
COVID-19 in patients. Image and description text adapted from [59].
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cells, in the cerebral cortex, striatum, hypothalamus, substantia nigra, and brain 
stem, making the CNS potential direct targets of SARS-CoV-2 infection.

Immune cells from the periphery and the central nervous system (CNS) (A) 
Produce effector molecules that include pro-inflammatory cytokines and autoan-
tibodies. (B) SARS-CoV-2 infection also causes leakage of the blood–brain barrier 
leading in some cases to hemorrhage and cerebral infarct, as well as eliciting leuko-
cyte infiltration. (C) In the parenchyma, the CNS cells become infected by SARS-CoV 
via angiotensin-converting enzyme 2 (ACE2) endocytosis mediated by the two-pore 
channel 2 (TCP2). (D) SARS-CoV-2 infection leads to loss of physiological functions 
of the brain cells, including neurons, astrocytes, microglia, and oligodendrocytes. 
Cell types are identified in the following manner; A, Astrocyte; L, Leukocyte; M, 
Microglia; N, Neurone; O, Oligodendrocyte.

4.4 Effects of COVID-19 on neurological systems

Several case reports of SARS-CoV-2 from hospitals, clinical settings, and study 
groups indicate different manifestations of neurological symptoms and effects 
[43, 60]. These studies report these common neurological manifestations to occur in 
the brain, olfactory areas, and central nervous system. A report from the treatment of 
a COVID-19 patient carried out by [61] described encephalitis (inflammation of the 
brain) detected through CT scans as a clinical manifestation of SARS-CoV-2 infec-
tion. One study in China. Another study in the UK reported that patients developed 
unexplained encephalopathic features (detected through MRI) and showed a cogni-
tive decline [62]. Additionally, an autopsy of human brain samples from neurologi-
cally diseased patients showed the presence of the virus in the cortical neurons of the 
brain [55, 63]. This presence is attributed to inter-neuronal propagation and axonal 
transport of the virus into the CNS. These reports constitute evidence that SARS-
CoV-2 has neuro-invasive potential. It also stresses the need for further research to 
ascertain the level of damage it can cause in neurological systems as the exact mecha-
nism of invasion is still unclear.

4.5 Neurological symptoms are classified into three categories

1. CNS symptoms or diseases: headache, ataxia, corticospinal tract signs, im-
paired consciousness (confusion, prominent agitation, and dizziness), acute 
cerebrovascular disease, and epilepsy [2, 3, 14, 59, 64].

2. PNS symptoms: ageusia (loss of sense of taste), hypogeusia (reduction in the 
ability to taste), anosmia (inability to smell), hyposmia (reduction in the ability 
to smell), and neuralgia (painful sensation in the body).

3. Skeletal muscular symptoms: myalgia/fatigue and muscle injury.

Similarly, clinical manifestations such as stroke, acute necrotizing hemorrhagic 
encephalopathy, acute Guillain–Barré syndrome, and meningitis usually accompany 
the neurological effects of COVID-19. But they are frequent in individuals who are 
critically ill, adults who are old, and people who have suffered from previous infec-
tions of embolism or cardiovascular diseases [20, 65, 66].
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5. Possible therapies for COVID-19

Numerous probable therapies for COVID-19 are being studied and tested, but, 
fortuitously, some medications have been approved by the FDA and made available 
for infected individuals [6]. Some pharmaceutical medications are being evaluated 
as possible therapies with different degrees of success [67]. Hydroxychloroquine, 
an antimalarial and anti-inflammatory drug, was first suggested to have potential 
against COVID-19 [6], but was later shown to be ineffective [68]; Ribavirin inhibits 
viral fusion and entry into host cells [6]. The use of Remdesivir for COVID-19 treat-
ment prevented SARS-CoV-2 replication, while tocilizumab, an antagonist drug, also 
prevents the virus entry into the host cells [6].

ATN-161 has been shown to affect as an anti-cancer and ischemic stroke agent and 
has successfully completed phase I clinical trial for cancer showing to be well-tolerated 
without any toxicity. In an ischemic stroke study, increased expression of α5β1 integrin 
in post-stroke brain endothelial cells was linked to BB breakdown and then increased 
neuroinflammation and edema. These conditions can be inhibited by ATN-161 [71]. 
ATN-161 has been shown to be a potential antiviral therapy following a study that 
reported ATN-161 blocking viral replication of the beta-coronavirus porcine hemag-
glutinating encephalomyelitis virus (PHEV) in mice through the α5β1-FAK signaling 
mechanism [69]. In the study, it was found that SARS-CoV-2 spike protein was attached 
to α5β1 and α5β1/hACE2 which was inhibited by ATN-161 in VeroE6 cells in vitro. This 
study, therefore, recommends further studies on the ATN-161 as a possible COVID-19 
therapy against COVID-19 related neurological disorders. The last possibility for a pos-
sible treatment is convalescent plasma, in which the infected individual receives plasma 
from a recovered COVID-19 individual. This was done in optimisms that the antibodies 
in the plasma of the improved individuals could help fight the virus in infected ones [67].

Managing prior neurological diseases such as stroke might remain similar to 
the pre-COVID-19 era. Continuing immunomodulation should continue as well as 
constant for drug-related adverse effects observation, since withdrawal may initiate 
a reversion [70]. Individuals involved must consciously observe hand hygiene and 
social distancing to avoid being infected with SARS CoV-2 [71, 72].

6. Conclusion

The COVID-19 pandemic has impacted our lives beyond health. Today, 
we have learned new ways of dealing with a pandemic and our understanding 
of viruses has expanded to newer dimensions. In this chapter, we reviewed the spe-
cific effects of COVID-19 on the neurological system and the various symptoms in the 
CNS, PNS, and skeletomuscular systems. Studies done so far emphasize the need for 
further research to ascertain the level of damage SARS-CoV-2 can cause in neurologi-
cal systems as the exact mechanism of invasion remains unclear. Once clearly defined, 
existing drugs can be repurposed, new pharmacological interventions can be devel-
oped, and combination therapies can be designed to relieve neurological symptoms 
and the effects of SARS-CoV-2 on neurological systems.
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Abstract

In the COVID-19 pandemic, neurological complications have emerged as a 
 significant cause of morbidity and mortality. A wide range of neurological manifesta-
tions ranging from cognitive or memory disturbances, headache, loss of smell or taste, 
confusion, and disabling strokes have been reported during and post COVID condi-
tions. The COVID-19 virus can utilize two possible pathways for invasion into the 
brain, either through retrograde axonal transport (olfactory route) or by crossing the 
blood-brain barrier (BBB). Furthermore, the production of SARS-CoV-2-associated 
cytokines, such as interleukin (IL)-6, IL-17, IL-1b, and tumor necrosis factor (TNF), 
is able to disrupt the BBB. The neuroinvasive nature of SARS-CoV-2 has a more severe 
impact on patients with preexisting neurological manifestations such as Parkinson’s 
disease (PD). Pathological features of PD include selective loss of dopaminergic 
neurons in the substantia nigra pars compacta and aggregation of α-syn proteins pres-
ent in neurons. Interaction between SARS-COV-2 infection and α-synuclein might 
have long-term implications on the onset of Parkinsonism by the formation of toxic 
protein clumps called amyloid fibrils—a hallmark of Parkinson’s. Molecular modeling 
is an emerging tool to predict potential inhibitors against the enzyme α-synuclein in 
neurodegenerative diseases by using plant bioactive molecules.

Keywords: neurotropism, neuroinflammation, cytokine storm, ACE-2, Parkinson’s, 
α-synuclein amyloid fibrils, molecular modeling, COVID-19

1. Introduction

Since the onset of pandemics, our world has witnessed over 500 million confirmed 
cases of COVID-19 and over 15 million related (direct and indirect) deaths till date 
[1]. With the progression of the disease, severe and more complex processes like acute 
respiratory distress syndrome, cytokine storm, and NETosis may develop [2, 3]. This is 
the tip of the iceberg. Our knowledge about the disease manifestation is increasing day 
by day. A wide spectrum of illnesses vary from a simple cold and fever to multisystemic 
diseases. It has been reported that a hypercoagulable state, damage of renal tubule 
cells, and heart muscles are also associated with the development of COVID 19 [4–6]. 
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Besides respiratory insufficiency, neurological complications like seizures, loss of con-
sciousness, encephalitis, Guillain-Barre syndrome, acute necrotizing, hemophagocytic 
lymphohistiocytosis, acute ischemic cerebrovascular syndrome, anosmia, or ageusia as 
well as neuropsychiatric symptoms like headaches, nausea, dizziness, hallucinations, 
and depression have emerged as a significant cause for COVID-related morbidity and 
mortality [6–8]. Of note, these damages may significantly increase the incidence rate 
of other neurodegenerative diseases and foster dementia (Figure 1) [8].

Over the past few decades, different novel viral epidemics, such as influenza, 
Middle Eastern respiratory syndrome (MERS), and severe acute respiratory syn-
drome (SARS) have appeared, with the aid of zoonosis [9]. So far, various studies 
have been done to establish the link between viral infections and neurodegeneration 
disease. The most eminent of them is the 1918 influenza pandemic (Spanish flu) 
which coexisted with an increased rate of encephalitis lethargica, followed by posten-
cephalitic Parkinsonism [10]. In recent times, multiple studies have indicated a pos-
sible relation between onset and/or worsening progression of PD and viral infections. 
Although the detailed mechanism of viral infections–induced neurodegeneration is 
still unclear, the role of the immune system or the direct effect of zoonosis cannot 
be overruled. Neurodegenerative diseases like PD and Alzheimer’s disease (AD) are 

Figure 1. 
Schematic representation of COVID-19-related symptoms. Primary pathogenesis associated with COVID-19 
are shown in inner circle (in red). The outer circle (in blue) depicts the neurological manifestation related to 
COVID-19.
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mainly protein aggregation diseases in which specific proteins, such as α-synuclein 
(α-Syn) in PD and tau and Aβ peptide in AD aggregate together to form amyloids. 
Once triggered, the aggregation process begins to spread from cell to cell and con-
tinues to form and deposit amyloids that in turn hamper the brain function [9–11]. 
A detailed study on molecular pathogenesis of the acute and delayed neurological 
manifestations and establishment of the link between SARS-CoV-2 infections and the 
development of PD will be helpful to design the new therapeutic approach.

2. Brain expression of SARS-CoV-2 receptor and molecular pathogenesis

The beta-coronaviruses are large enveloped non-segmented positive-sense RNA 
viruses. Like its related family members MERS-CoV (exploits dipeptidyl peptidase 4), 
and SARS-CoV-1, SARS-CoV-2 utilizes its specific proteins, in particular, Spike (S) 
protein, to bind to a number of host proteins (virus receptors) that assist in its entry 
[12]. Distributions of host receptors on various tissues are generally believed to decide 
the virus tropisms within the host cell. For an efficient host cell entry similar to SARS-
CoV-1, SARS-CoV-2 uses angiotensin converting enzyme-2 (ACE2) type 1 transmem-
brane receptors as the major docking receptor followed by proteolytic processing of 
the spike protein by transmembrane protease serine 2 (TMPRSS2) [13]. Targeting of 
different cell types by the viral protein has been partially attributed to the distribu-
tion ACE2 receptors on the endothelial and epithelial cells of the respiratory system, 
as well as on immune cells. Along with that, expression of ACE2 is widely found in 
lung parenchyma, vasculature, heart, kidney, and the gastrointestinal tract [14, 15]. 
Expression of ACE2 receptors is widespread within brain structures, such as the 
central nervous system, in human brain vessels, pericytes and smooth muscle cells in 
the vascular wall, hypothalamus, and visual tracts, which are associated with the vari-
ous neurological symptoms in coronavirus disease 2019 (COVID-19) infection [10, 
11, 14]. However, data mining study of human brain single-nuclear RNA sequencing 
(RNA-seq) data has also found the expression of ACE2 receptors in the choroid plexus 
and neocortical neurons, in less amount [16]. Even presence of non-canonical SARS-
CoV-2 receptors in other brain cell types makes them vulnerable to the virus.

Interaction with viral S protein and ACE2 receptors on the vascular endothelial 
cells leads to disruption of the blood-brain barrier, resulting in consequent cerebral 
edema and microhemorrhages. In addition to this, SARS-CoV-2 may expend direct 
neuronal damage due to the affinity of the spike S1 protein toward ACE2 recep-
tors expressed on neurons. In short, the virus can utilize two possible pathways for 
invasion into the brain, either through retrograde axonal transport (olfactory route) 
or by crossing the blood-brain barrier [17]. Furthermore, production of SARS-CoV-
2-associated cytokines, such as interleukin (IL)-6, IL-17, IL-1b, and tumor necrosis 
factor (TNF), are able to disrupt the BBB [18] and could facilitate the viral entry. 
Even in some studies SARS-CoV-2 has been predicted to induce infection in cere-
bral endothelial cells as well as inflammation in peripheral vessels [19], but direct 
evidence has not been far provided. Co-morbidity factors like cardiovascular risk 
factors and/or pre-existing neurological diseases could alone or in combination with 
cytokines intensify the rate of BBB permeability [18]. Nonetheless, viruses are able 
to enter the brain by carried by infected immune cells that also act as a reservoir [20]. 
Neutrophils T cells and Monocytes, may traffic into the brain through the vasculature, 
whereas the meninges and the choroid plexus [21], could be considered as entry 
points for infected immune cells. In COVID-19 loss of smell is considered a frequent 
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neurological manifestation that is consistent with infection of the olfactory system. 
The internalization of the virus in nerve terminals by endocytosis, transportation 
retrogradely, and spread trans-synaptically to other regions of brain, has been studied 
in other coronaviruses [22]. Detection of ACE2and TMPRSS2 in the nasal mucosa at 
both RNA and protein levels increases the chance of involvement of olfactory neurons 
in viral transmission. The hypothalamus could contribute to the dysregulation of the 
immune cells. In COVID-19, upregulation of cytokines like IL-6, IL-1b, and TNF act 
as the activators of the hypothalamic-pituitary-adrenocortical (HPA) axis. This HPA 
axis acts as the center of the systemic immune activity regulation and is activated by 
BBB dysfunction and neurovascular inflammation [23].

However, apart from ACE2, SARS-CoV-2 can utilize neuropilin-1 (NRP1) and 
basigin (BSG; CD147) as docking receptors, whereas a variety of proteases such as 
cathepsin B and L,TMPRSS11A/B, and furin (FURIN) have been shown to promote 
viral cell entry as well as replication within the host cell [24–26]. Exposure of brain 
tissue to COVID-19-related injuries like hypercoagulable states, inflammation, 
hypoxia, immune response (cytokine storm), or dyselectrolytemia is thought to 
play the main role in the cerebral pathomechanism of viral damage and cause all the 
neurodegenerative conditions like AD and PD [27].

3. Molecular link between COVID-19 and Parkinson’s

Parkinson’s disease (PD) is a neurodegenerative disorder, defined as 
α-synucleinopathy that affects 1% of the population aged above 60 years with an 
annual incidence of 15 per 100,000 populations. It is a disorder of the central nervous 
system (progressive loss of dopamine neurons) that mainly affects the motor system, 
particularly, the nigrostriatal pathway. Therefore, the major PD symptoms include 
tremor, bradykinesia/akinesia, rigidity, and postural instability. The clinical manifes-
tations of PD also include non-motor symptoms (NMS) such as dementia, anxiety, 
depression, fatigue, and others [28]. The major pathological features of PD include 
selective loss of dopaminergic neurons in the substantia nigra pars compacta and 
aggregation of protein (called Lewy neurites and Lewy bodies) consisting mainly of 
α-syn proteins present in neurons [29, 30].

Alpha-synuclein (α-syn), is a small protein (forms an α-helix-rich tetramer) that 
comprises of 140 amino acids, and the human SNCA gene encodes them. Expression 
of α-syn takes place in the central nervous system (CNS) and is mainly localized in 
synapses and nuclei. Although the exact function of α-syn is not clearly explained 
yet, various studies have shown that maintaining synaptic plasticity, vesicle traf-
ficking, and interaction with synaptic vesicles as well as physiological regulation of 
vesicle recycling is regulated by α-syn [30–32]. The major biological function of α-syn 
is employed through the non-amyloid-beta component (NAC), N-terminal, and 
C-terminal domains. The KTKEGV motif is present in the N-terminus that maintains 
tetramerization of α-syn, and mutations in this motif lead to neurotoxicity. NAC is 
a highly hydrophobic domain and was first identified in patients with AD. It forms 
a β-sheet structure for α-syn aggregation. The C-terminus of α-syn is a proline-rich 
region domain that helps in interaction with other proteins [30, 33]. Misfolded or 
unfolded α-syn protein forms fibrillar aggregates that generate insoluble inclusions in 
the affected neurons and glial cells. Aggregated α-syn can induce other pathological 
features, such as mitochondrial dysfunction, dysregulation of calcium homeostasis, 
endoplasmic reticulum (ER) stress, neuroinflammation, Golgi fragmentation, 
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lysosomal dysfunction, and impaired protein quality control that lead to neuronal 
toxicity [30, 33–35]. The non-neuronal cells present in the brain are called Gila 
cells that play a critical role in maintenance of the neuronal system. Glia cells are 
comprised of microglia, astrocytes, and oligodendrocytes in the CNS. The glial cells 
comprise a majority of brain cells, and they regulate neurogenesis and synaptogen-
esis. Furthermore, glial cells influence the development and function of brain-blood 
barrier (BBB) by interactions with endothelial cells and neurons to protect the brain 
from pathogenic attacks [30, 33]. Although the major function of astrocytes and 
microglia involves the immune response but under pathological conditions, they 
seem to be activated by specific stimuli. Upon activation, microglia and astrocytes 
can release pro-inflammatory cytokines like tumor necrosis factor-alpha (TNF-α), 
interleukin-1 (IL-1), IL-2, IL-4, interleukin-6 (IL-6), and also causes reduced levels 
of neurotrophins, like nerve growth factor and brain-derived neurotrophic factor 
(BDNF) that lead to the reactive oxidative stress (ROS) production followed by BBB 
dysfunction. Intercellular crosstalk between these factors induces neuronal cell death 
and engenders neurodegenerative diseases such as AD or PD [30, 33, 36].

In patients with PD/parkinsonism, the COVID-19 pandemic has had an indirect and 
negative impact that might be explained by the dopamine-dependent adaptation hypoth-
esis. Due to the pandemic, there is a change in daily life and routine; therefore, flexibility 
in cognitive (and motor) functions is required to adapt to such changes. Even pharma-
codynamic effects, social isolation, stress, and anxiety as well as prolonged immobility 
have detrimental effects on motor and non-motor symptoms and quality of life in PD. In 
patients with PD, damage to nigrostriatal dopamine neurons results in lower cognitive as 
well as motor neuron flexibility. Such patients often experience confusion and increased 
psychological stress, which can lead to the worsening of parkinsonism symptoms as well 
as mental illnesses such as anxiety and depression [37]. The development of permanent 
or transient Parkinsonism followed by a viral might occur through different mechanisms:

1. Damage to structural and functional basal ganglia mainly involving the substan-
tia nigra pars compacta and nigrostriatal dopaminergic projection;

2. Extensive inflammation including hypoxic brain injury within the context of an 
encephalopathy;

3. Unmasking hidden non-symptomatic Parkinson’s disease; or

4. A series of processes that might be triggered by a viral infection that result in 
Parkinson’s disease development over the long term in individuals with genetic 
susceptibility.

There are fundamental clinical and anatomopathological differences present in 
each of these instances [37, 38].

The onset of transient parkinsonism has been associated with many viral infec-
tions including West Nile Virus, Japanese Encephalitis, Western Equine virus, 
Coxsackie virus, Epstein Barr virus, HIV, and currently SARS- CoV-2. Expression of 
high level ACE2 receptor on the midbrain dopamine neurons could facilitate entry of 
SARS-CoV-2 that can alter the expression of alpha-synuclein [39–41]. Since elevated 
alpha-synuclein levels can promote aggregation of the protein, this could predispose 
an infected patient to PD down the line. Various experimental models also suggest 
that SARS-CoV-2 may interact with different proteins in age-related pathways (lipid 
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metabolism, proteostasis, mitochondrial function, and stress responses) [37, 40]. 
Dysfunction of these pathways could lead to alpha-synuclein aggregation and selec-
tive neurodegeneration. Even elevated cytokines (the primary mediators of inflam-
mation in SARS-CoV-2) can accelerate the neurodegeneration in PD [41]. Studies 
revealed that the release of cytokines may activate the resident immune cells in the 
CNS. Activation of immune cells leads to their infiltration including activated T cells 
and microglia from the periphery that may kill neurons, astrocytes, and vascular cell 
types. Elevated levels of pro-inflammatory cytokines, such as TNF and IL-1beta, are 
also associated with increased risk of PD [41].

A current study has established the possible mechanism of triggering PD followed 
by COVID-19 infection. Virus-initiated amyloid-formation of α-synuclein acts as 
the main cell-toxic agent in the death of dopamine-producing neurons in the brain. 
By interacting with amyloidogenic regions with nucleocapsid protein (that encap-
sulates the RNA genome inside the virus), SARS-COV-2 speeds up the formation 
of amyloid fibrils. In the context of Alzheimer’s disease, it has been speculated that 
amyloid fibrils are formed as an immune response to an infection, and neutralizing 
pathogens. A similar mechanism may play a role in progression of PD. In a current 
study, test tube experiments have shown that SARS-CoV-2 spike protein (S-protein) 
has no effect on α-synuclein aggregation, whereas SARS-CoV-2 nucleocapsid protein 
(N-protein) considerably speeds up the aggregation process That results in formation 
of multiprotein complexes and eventually amyloid fibrils that disturb the α-synuclein 
proteostasis and increase the rate of cell death (Figure 2) [42, 43].

As the cases of PD rises sharply in the older age group, particularly in those over 
the age of 80 years, a personalized approach to the clinical management of PD patients 
affected by COVID-19 is need of the hour. In addition, disturbance of α-synuclein 
proteostasis might be considered the first step toward nucleation of fibrils. Direct 

Figure 2. 
Schematic representation of neuroinflammation and neurodegeneration due to SARS-CoV-2 infection. A 
immunological crosstalk between different organs. Created with BioRender.com.
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interaction between the N-protein of SARS-CoV-2 and α-synuclein establishes a 
molecular link between virus infections and Parkinsonism. This piece of puzzle thus 
suggests that SARS-CoV-2 infections may have prolonged implications and consider 
N-protein as an attractive alternative target in designing novel vaccination strategies.

4. Targeted therapies for Parkinson’s disease

Till date, no specific curative therapy is available for PD. There are two main 
approaches such as protective therapy and symptomatic therapy that have been prac-
ticed for the treatment of PD. Under symptomatic therapy, anticholinergic agents and 
some dopamine analogs help to restore the dopamine levels and result in improve-
ment of the movement disabilities. Though, anticholinergic agents cause some serious 
effects on central nervous system such as cognitive impairment and hallucination 
along with constipation and dryness of mouth. In the field of PD management 
Levodopa brought a revolution by improving quality of life, parkinsonian symptoms, 
and normalizing life expectancy [44]. Other recent dopaminergic therapies, such as 
monoamine oxidase B inhibitors, dopamine agonists, catechol-O-methyltransferase 
inhibitors, and other unique formulations of levodopa, have also been developed to 
address parkinsonian symptoms [44, 45]. Continuous duodenal infusion of levodopa/
carbidopa intestinal gel and apomorphine subcutaneous pumps are used to overcome 
the levodopa shortcomings. On the other hand, as PD pathogenesis mainly deals with 
oxidative damage, protective therapy that has free radical scavenging properties helps 
to reduce the side effects of drugs. Selegiline, bromocriptine, ropinirole, pramipexole, 
and vitamin E fall under this category [46].

Moreover, deep brain stimulation (DBS) is considered a very useful approach for 
patients with motor complications [47]. All these therapies have been of great value 
in the PD symptoms management in patients who are not responsive to medication. 
Currently, development of PD treatments majorly depends upon development and 
application of biomarkers that will help to improve the target engagement, disease 
state, safety, and disease outcome [48]. The development of new genetic editing 
technologies can open the possibility to correct mutated genes and regulatory DNA 
in the monogenic forms of PD [49–51]. Several methods of gene delivery that include 
use of viral vectors and CRISPR as well as the process of genome editing have been 
developed to manage PD symptoms. Currently, clinical trials of Gene therapy in PD 
have tried to focus on 4 main targeted approaches such as restoring dopamine syn-
thesis, neuroprotection, genetic neuromodulation, and addressing disease-specific 
pathogenic variants [52].

To prevent the neurodegeneration of dopaminergic neurons by the overexpression 
of neurotrophic factors (NTF) is considered as a powerful strategy in PD manage-
ment. The delivery of these factors, such as the glial cell line-derived neurotrophic 
factor (GDNF), neurotrophic factor (NF), cerebral dopamine neurotrophic factor 
(CDNF), neurturin (NRTN), and growth/differentiation factor 5 (GDF5) by the use 
of recombinant viral vectors to enable long-term expression might open a new way in 
PD management [53].

Even experimental studies have shown that down-regulation of α-syn levels by 
gene silencing with RNA interference (RNAi) can be beneficial in the normalizing 
expression of α-syn and improving motor function, though balance is important to 
avoid nigrostriatal neurotoxicity caused by excess downregulation. At epigenetic 
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level, DNA methylation at SNCA intron1 acts as a regulator of the α-syn transcription, 
and thus it can consider a target for tight control of α-syn expression. In recent times, 
active immunization approaches are involved to develop vaccines targeting either the 
N or C-terminal of α-syn or its aggregation forms. Extensive clinical trials on these 
advanced techniques are required to prove their efficacy against PD symptoms [54].

4.1 In silico studies and prediction of therapeutic drug

In the absence of extensive experimental and pharmacological studies, none of 
the drug candidates are recommended for human use. Molecular docking or in silico 
studies is the answer to the problem with good potential tool in drug development. 
Molecular docking is an early guidance tool in contemporary drug discovery that 
minimizes not only time but also resource. In some cases, scientific data shows that the 
prediction results based on in silico studies are comparable with in vitro and in vivo 
results [55]. Molecular docking studies depend upon on joining of a particular ligand to 
a receptor region, providing information about orientation, conformation, and organi-
zation at the receptor site [55]. Nowadays, studies using computational chemistry have 
been done to predict potential inhibitors for neurodegenerative diseases from flavonoid 
derivatives [39]. During the pandemics or for the disease like PD or AD alternative 
food-based medicine or the flavonoids or bioactive compounds from the plant can be 
considered as the good alternatives. Development of the drug from the plant bioactive 
compound depends upon a great deal of in silico molecular docking investigation.

In silico studies, involving Parkinson’s disease and anti-inflammatory activity 
of novel bioactive compounds such as quercetin, epigallocatechin gallate (EGCG), 
and acacetin have been done to predict inhibitory activities against the enzyme 
α-synuclein. According to other studies involving flavonoids including morin, nar-
ingenin, taxifolin, esculatin, daidzein, genistein, scopoletin, galangin, and silbinin 
have proven their inhibitory effect against lipoxygenase enzyme. Moreover, data 
using karanjin against several protein targets in relation to AD and PD have shown 
their efficiency in management of PD. Ligand-based-virtual screening together with 
structure-based virtual screening (docking) can be done to prove the efficiency of 
plant-based bioactive compounds, like alkaloids or flavonoids as inhibitors of PD- or 
AD-related proteins [56–58].

4.2 Treatment of Parkinson’s disease and its impact on SARS-CoV-2 infection

Till now, no specific medicine is available to treat the SARS-CoV-2 infection. 
Nowadays, drug repurposing by the in silico studies is an essential technique for quick 
identification of frontline weapons to combat COVID-19. Antiviral and other life-
saving drugs are trying to repurpose for the treatment of COVID-19 as SARS-CoV-2 
replication shows a variety of clinical symptoms. Some of them are investigated 
to block different steps of host tropism such as transmembrane serine protease 2 
(TMPRSS2), and/or viral entrance through the ACE2 receptor, viral membrane 
fusion, endocytosis, the activity of the SARS-CoV-2-3-chymotrypsin-like protease, 
etc. Treatment options for various diseases linked with COVID-19 such as obesity, 
sleep apnea, Parkinson’s disease, and Alzheimer’s disease have markedly changed 
during the pandemic. FDA-approved drug levodopa is mainly involved in alteration in 
dopamine synthetic pathways but studies have shown its involvement in the patho-
physiology of SARS-CoV-2. DDC inhibitors act upon DDC and also ACE2, the gene 
encoding, the main receptor to SARS-CoV2. On the other hand, dopamine agonists 
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are found to have detrimental effects on patients with PD symptoms and positive 
for the COVID-19. As per a study, a small number of COVID-19-positive PD patients 
were prescribed to take amantadine but did not manifest symptoms of the disease. 
Furthermore, COMT inhibitors like entacapone have shown potential effects against 
the virus SARS-CoV-2, when interactome analysis of potential drug repurposing 
studies was done [59, 60].

5. Conclusion

Since the beginning of the pandemics, SARS-CoV-2 has become one of the main 
research interests, especially due to high mortality rates among different populations 
and its catastrophic impact on global healthcare as well as socio-economic condition. 
Like other members of the Coronaviridae family, SARS-CoV-2 also has neurotropic 
properties. The harmful effects of the virus seem to exert either in a direct manner—by 
spreading through gastrointestinal nervous and/or olfactory pathways, or by evoking 
an inflammatory response. Along with the inflammatory response, the pathophysiol-
ogy of COVID-19 also involves the complement and the coagulation systems. These 
triad systems interact with each other and show detrimental effects like appearance of 
the cytokine storm in ARDS. This leads to multisystem failure, especially in the case of 
disseminated intravascular coagulation disorders. In both cases – prodromal PD and 
COVID-19 induced PD. Parkinsonism is majorly associated with motor dysfunction, the 
hyposmia and hypogeusia. The cytoplasmic alpha-synuclein accumulation is associated 
with neurodegeneration in the nigrostriatal system of PD-affected patients [6, 8].

As SARS-CoV-2 may have a trigger for blood-brain barrier impairment and gain 
direct access to brain regions, the N-protein of the virus may play a major role in PD 
pathogenesis. Interaction between viral N-protein and alpha-synuclein promotes 
formation of amyloid fibril and hallmark of Parkinson’s. There is a broad spectrum of 
COVID-19-related symptoms, perhaps associated with either pre-existing conditions 
or the presence of T cells that are reactive to previous coronavirus infections or in part 
of viral entry points. The neurological manifestations may be involved with capillaries 
inflammation, hypoxemia, the blood-brain barrier, and thrombosis that act as triggers 
for seizures or ischemic or hemorrhagic strokes. Production of pro-inflammatory 
cytokines and chemokines by activated microglia, astrocytes, or mitochondrial 
dysfunction in glial cells is considered as a major contributor to neuroinflammation. 
The crosstalk between these contributors may induce α-syn accumulation mediated 
neurodegeneration in α-synucleinopathies. This crosstalk mechanism may be consid-
ered a favorable target for α-synucleinopathy-associated neurodegenerative disease 
treatment [17, 18, 24]. Due to various impeding factors, such as limited understanding 
of the neurodegeneration mechanisms in PD, the heterogeneity of the pathology, 
absence of reliable biomarkers to diagnose the pathology, and the lack of adequate 
animal models, the development of effective preventive or curative therapies for PD 
has become extremely challenging. Though some medicine and therapy are avail-
able for the management of PD, they have severe detrimental effects on the central 
nervous system. Molecular docking or in silico studies are good potential tools in drug 
development for repurposing the drug or identification of new plant-based bioactive 
with potential neuroprotective activity. Shortly, by using this technology it will be 
possible to develop broad-spectrum, novel drugs active against not only a larger array 
of coronavirus but also will be the ultimate treatment strategy for circulating and 
emerging COVID-related neurological manifestations.
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Chapter 4

COVID-19 Pandemic  
and Neurocognitive Process:  
New Scenarios for Understanding 
and Treatment
Serefnur Ozturk and Fettah Eren

Abstract

COVID-19 disease was defined as a disease of primary respiratory system. 
However, symptoms associated with central nervous system were detected in 
approximately 2/3 of the hospitalized patients. The rate of ischemic cerebrovascular 
diseases is higher in central nervous system. In addition, hemorrhagic cerebrovascular 
diseases, encephalitis and/or encephalopathy are the other diseases. Complex patho-
genesis was demonstrated in the central nervous system diseases associated with 
SARS-CoV-2. It was reported that SARS-CoV-2 virus could directly invade the central 
nervous system, especially via the olfactory nerves or the haematological pathway. 
As a result, endothelial cells, pericytes and/or neurons can be infected (direct 
pathway). Another mechanism is central nervous system deficit resulting from 
peripheral immune reactivation (indirect pathway). All these etiopathogenetic results 
support that COVID-19 disease is associated with cognitive dysfunction. Cerebral 
hypoperfusion associated with vascular endothelial structures is the main factor 
in the etiopathogenesis. It was reported that COVID-19 disease induced amyloid-β 
(Aβ) and α-synuclein phosphorylation. Besides, it was detected that this process 
was associated with tau and TDP-43 pathology. “Cognitive COVID-19” is a term that 
describes acute and long-term cognitive changes in people infected with SARS-CoV-2. 
Encephalopathy, delirium and cognitive disorders are most frequently detected. In 
this chapter, the clinical and etiopathogenetic processes of cognitive dysfunction 
after COVID-19 disease were evaluated. In addition, the disease, disease process and 
treatment were evaluated in general.

Keywords: COVID-19 disease, SARS-CoV-2 infection, pandemic, cognitive function, 
neurocognitive disorder

1. Introduction

Coronavirus disease 2019 (COVID-19) was initially defined as a disease that only 
causes respiratory system infiltration. However, in addition to major respiratory sys-
tem symptoms, some systemic and neurocognitive symptoms were also detected in 
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the acute or subacute/chronic period [1]. In these studies, the sample size and clinical 
and sociodemographic characteristics of the patients were heterogeneous. Therefore, 
the relationship between COVID-19 disease and neurocognitive dysfunction could 
not be determined definitively. Recent studies confirmed this relationship. Based on 
these results, the disease was named “infectious disease-associated encephalopathy” 
or “Cognitive COVID [2].” Neurological deficits associated with COVID-19 disease 
were investigated in the several studies. Cognitive deficits were detected more 
frequently in the post-hospitalization period associated with COVID-19 disease 
[2–4]. In addition, severe cognitive impairment was observed in some patients with 
COVID-19 [5, 6].

Nonspecific encephalopathy symptoms (headache, confusion, delirium, disori-
entation, etc.) were detected in 25% (53/214) of hospitalized patients [7]. This rate is 
higher in studies reported from Europe. Neurocognitive disorders and psychosis were 
detected 69% in studies from France and 31% from the United Kingdom (UK) [8, 9]. 
In a recent study, inattention and disorientation were detected at a frequency of 33% 
after hospitalization in patients with COVID-19 disease [8]. Micro-structural changes 
and functional disorders were reported during 3-month follow-up of COVID-19 
patients [10]. These results demonstrate that COVID-19 disease causes structural and 
functional changes in the brain over a long period.

Previous studies have emphasized that the pathogenesis of encephalopathy associ-
ated with infection is different from non-infectious encephalopathy. In the literature, 
there are some studies on the effects of influenza A virus subtype H1N1 (A/H1N1) 
virus and severe acute respiratory syndrome coronavirus (SARS-CoV) virus on the 
central nervous system. However, scientific data regarding the etiopathogenesis of 
cognitive impairment are insufficient [2, 3]. Many mechanisms were reported about 
the acute, subacute and chronic effects of the SARS-CoV-2 virus. The first mechanism 
is viral neurotropism. The second mechanism is the general systemic inflammation 
and secondary effects of cytokine storm. The rates of acute and chronic cognitive 
dysfunction are higher in patients with acute respiratory distress syndrome (ARDS) 
and mechanical ventilation [4]. The third mechanism is neurocognitive dysfunction 
associated with psychosocial isolation. Pandemic-related social isolation and increas-
ing death rates have revealed neurocognitive and neuropsychiatric symptoms over a 
long period [3, 11]. Evaluating the mechanisms and results of this process is impor-
tant for the disease and possible treatment strategies.

COVID-19 disease affects the central nervous system with vascular and paren-
chymal deficits. Many cases of encephalopathy associated with COVID-19 have been 
reported without cerebral lesions [12]. Patients with neurological clinical symptoms 
are older and have more severe respiratory symptoms [7]. It is known that SARS-
CoV-2 infection directly affects the central nervous system. It also produces indirect 
neurotoxicity with systemic immune hyperinflammation [13]. Infections damage the 
endothelium in cerebral vascular structures as well as systemic vascular endothelial 
structures and blood-brain barrier (BBB). As a result, neurological symptoms are 
associated with this neuroinflammatory process [14]. Previous studies have reported 
a relationship between chronic infection and hippocampal atrophy [15]. These results 
support the relationship between infections and cognitive dysfunction.

Patients with severe respiratory symptoms should be frequently evaluated for neu-
rocognitive dysfunction during the COVID-19 disease process. Particularly, patients 
with cerebrovascular disease and other neurological complications should be evalu-
ated more frequently. Detailed cognitive evaluation including long-term neurological 
and psychiatric symptoms should be performed on these patients. We aim to evaluate 
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“Cognitive COVID” and its neuropathological process in this chapter. In addition, we 
aim to discuss the clinical features and etiopathogenetic process of the disease with 
the current literature and to present the results associated with treatment.

2. Neurocognitive impairment in the previous coronavirus outbreaks

Two major coronavirus outbreaks were reported before the SARS-CoV-2 infection. 
These outbreaks were acute respiratory distress syndrome (ARDS) associated with 
SARS-CoV and Middle East respiratory Syndrome (MERS) associated with MERS-
CoV virus [6, 16]. Neurocognitive disorders during the COVID-19 pandemic process 
have often been compared with these outbreaks. It has been reported that neurocog-
nitive impairment is dominant in the COVID-19 process. These results were explained 
by the psychosocial effect of the disease and social isolation [12]. However, neuro-
cognitive impairment is not only associated with psychosocial processes. Because the 
induced systemic inflammatory process contributes to neurocognitive dysfunction 
[14]. In a study of MERS-CoV patients, confusion was indicated to be associated with 
magnetic resonance imaging (MRI) results [17]. It was reported that approximately 
25.7% of the patients had confusion [18].

Confusion, neurocognitive and neuropsychiatric symptoms are not only present in 
coronavirus infection. Inattention, memory and learning defects have been reported 
in human immunodeficiency virus (HIV) and Zika virus (ZIKV) diseases [19, 20]. 
Influenza virus may also cause cognitive dysfunction. The clinical presentation of 
the disease may progress from mild cognitive impairment to seizure and/or severe 
encephalopathy [21]. Influenza-associated neurological clinical manifestation is not 
common compared to coronavirus. In a national study conducted in Malaysia, the rate 
of neurological manifestation was detected as 8.3%. The hospitalization rate is higher 
in this patient group. However, long-term cognitive deficits are rare in patients with 
influenza [21, 22].

3.  Neuropsychiatric and neurocognitive effects of the disease in the acute 
and chronic periods and its clinical manifestations

During the COVID-19 pandemic, social restrictions and the fear of contact with 
a COVID-19 patient have created a serious social panic. This is a cause for many 
psychological disorders [11, 23]. Anxiety and depression are the most common 
psychiatric disorders in this process [24]. In some studies, it has been demonstrated 
that the incidence of post-traumatic stress disorder (PTSD) is between 7 and 53.8% 
during the pandemic process [25]. Especially in elderly patients, cognitive dysfunc-
tion is associated with social isolation and psychological disorder [26]. In a recent 
population-based study, the effect of psychological stressors on the general cogni-
tive functions of the population was evaluated. The results demonstrated that these 
factors cause cognitive dysfunction. In addition, it has been demonstrated that the 
psychological disorders associated with the pandemic are induced by anxiety and 
depression [27].

Cognitive disorders after viral infections have a complex presentation [12, 28]. 
There are some publications about neurocognitive effects of the COVID-19 pan-
demic. Acute impairment in neurocognitive functions during the COVID-19 disease 
is associated with metabolic disorder. Other neuropathological mechanisms are 
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neurotropism of SARS-CoV-2, mechanical ventilation and adverse effect of neuro-
sedative treatments [29].

In a study during the initial period of the pandemic, many neurological symptoms 
have been reported in patients with COVID-19. Dizziness, headache and neurocogni-
tive deficits were detected in 24.8% of the patients [7]. In a study reported from the 
UK, behavioural and cognitive impairments were detected in 31% of the patients. 
Major neurocognitive disorders were determined in approximately 5% of total 
patients. Some cases of acute viral encephalitis have been reported during or after 
COVID-19. Transient or persistent neurocognitive disorders were determined in 
patients with encephalitis [3, 30]. These symptoms are called dysexecutive syndrome. 
Approximately 25% of COVID-19 patients presenting with ARDS had dysexecutive 
syndrome. Executive dysfunction predominates in these patients [8, 31]. It has been 
reported that neurocognitive disorder symptoms are more common in the elderly 
patients with severe respiratory/systemic symptoms [3]. Many mental disorders 
have been reported in the acute or chronic period of COVID-19 disease. In addition, 
post-infection cognitive disorders continue with long-term inattention and memory 
problems.

The long-term effects of COVID-19 disease were investigated in some studies. In 
a study by Woo et al., cognitive functions of COVID-19 patients were evaluated after 
being discharged from the intensive care unit. A lower cognitive function score was 
detected in the patients. More than one cognitive disorder, such as inattention (50%) 
and memory disorders (44.4%) was detected [32]. Lu et al. evaluated 60 patients 
during the early stage of SARS-CoV-2 infection and at a 3-month follow-up. Cognitive 
impairment increased during the process in this study [33].

4. Pathophysiology of neurocognitive disorders in COVID-19

The pathophysiological mechanisms of neurocognitive impairment after COVID-19 
disease have not been determined definitively. SARS-CoV-2 infection causes deficits in 
the central nervous system by direct and/or indirect mechanisms. The induced psy-
chosocial process contributes to neurocognitive dysfunction. This disease is a complex 
process with vascular and metabolic disorders. All factors associated with neurocogni-
tive dysfunctions are summarized in Figure 1. There are 4 main pathophysiological 
mechanisms in this process. They are vascular, inflammatory, psychosocial factors and 
direct neurotropism.

4.1 Cerebrovascular diseases

The risk of acute cerebrovascular disease increased in COVID-19 disease after 
SARS-CoV-2 infection. In studies, cerebrovascular disease was detected with a 
frequency of 2−6% in hospitalized patients with the diagnosis of COVID-19 [12]. In 
a study reported from Spain, stroke was determined in 23 (1.4%) of 1683 patients. 
Approximately 75% of stroke patients were ischemic stroke [34]

It has been detected that cerebrovascular diseases are more common in COVID-19 
patients with neurological complications. The incidence of stroke is higher in elderly 
patients with severe disease activity. This rate is higher, especially in patients with 
comorbid diseases, such as hypertension, diabetes mellitus and cerebrovascular 
disease [30]. However, stroke associated with large vessel disease after COVID-19 
disease may be detected in young adults [35].
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Neurocognitive disorders associated with cerebrovascular diseases occur in 
COVID-19 patients. The pathophysiological mechanism of this process has not been 
definitively defined. This process is associated with systemic inflammation and 
disseminated intravascular coagulation (DIC) [36]. In patients with ARDS associated 
with COVID-19, a series of reactions including endothelial cell dysfunction, vascular 
leakage and dysregulated immune activation have been demonstrated for the mecha-
nism of DIC. Activation of kallikrein-bradykinin system, leukocyte adhesion mole-
cules, platelets and neutrophils increase inflammation. This process potentially causes 
vascular and neuronal damage in patients with COVID-19. SARS-CoV-2 infection 
damages vascular endothelial structures in cerebral vascular and many other tissues 
[37]. In many studies, major neurological complications after COVID-19 disease have 
been associated with cerebral vascular injury and ischemia.

Postmortem neuropathological autopsy studies in COVID-19 patients identified acute 
hypoxic-ischemic brain injury and perivascular inflammation in the cerebrum and cerebel-
lum. However, SARS-CoV-2 virus could not be isolated in the central nervous system [38]. 
In the early postmortem period, hemorrhagic lesions and evidence of posterior reversible 
encephalopathy syndrome (PRES) were detected in patients with COVID-19 [39].

Figure 1. 
Possible causal factors of cognitive symptoms associated with COVID-19 (coronavirus disease 2019).
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The results of the studies describe that COVID-19 process causes deficits in the 
central nervous system. The pathophysiological mechanisms of neurocognitive 
dysfunction in COVID-19 disease are systematically summarized in Table 1. It has 
been demonstrated that brain damage and cognitive impairment are associated 
with ischemic and inflammatory processes. Cognitive dysfunction associated with 
hypoxic-ischemic brain injury is explained by these mechanisms.

4.2 Systemic inflammation and acute respiratory distress syndrome

During the COVID-19 disease process, cytokine storm causes severe systemic 
inflammation [14]. Increased interleukin-1 (IL-1) and other mediators in the systemic 
circulation are major factors in systemic inflammation associated with COVID-19 
[40, 41]. Increased proinflammation causes a vasculitic process, impaired capil-
lary permeability and diffuse vascular thrombosis. This process causes damage 
to the blood-brain barrier. In addition, microglial inflammation is activated [42]. 
Neurological symptoms occur as a result of all these mechanisms. In the early period, 
delirium and seizures have been described [3]. Besides, increased inflammation may 
be associated with cerebrovascular diseases. As a result, a cerebral hypoxic-ischemic 
process is induced [5]. The possible causal elements of inflammatory factors on cogni-
tive symptoms associated with COVID-19 disease are figured (Figure 2).

It is known that there is a relationship between cognitive disorders and increased 
inflammation. In a study evaluating Alzheimer's patients and the control group, 
a correlation was detected between cognitive impairment and increased systemic 
inflammation [43]. Long-term cognitive dysfunction is more common in patients 
with severe inflammatory disease. In addition, neurocognitive dysfunction associated 
with inflammation is higher in patients with neurodegenerative disease [44, 45].

The relationship between C-reactive protein (CRP) level and cognitive dysfunc-
tion was investigated in patients with COVID-19 disease. A positive correlation 
was determined between increased CRP level and cognitive impairment [46]. 

No. Factor Mechanisms

1. Cardiorespiratory 
failure

Cerebral hypoperfusion
Hypoxic-ischemic brain injury
Diffuse white matter damage

2. Coagulation disorder Cerebral artery thrombosis
Disseminated intravascular coagulation

3. Cerebral 
microvascular 
dysfunction

Endothelial damage
Pericytes damage
Blood-brain barrier leakiness
Neurovascular dysfunction
Impaired autoregulation
Impaired vascular/para-vascular drainage

4. Renin-angiotensin 
system (RAS) 
dysregulation

RAS dysregulation
RAS signal hyperactivity

5. Encephalitis Neuroinvasion via olfactory nerve
Indirect inflammatory or vascular system

Table 1. 
The pathophysiological mechanisms of neurocognitive dysfunction in COVID-19 disease.
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These results were evaluated in another study. The relationship between CRP levels 
and cognitive impairment was confirmed. In the same study, the relationship between 
cognitive dysfunction and CRP level was also demonstrated over a long period. 
Disease-related respiratory failure and hypercapnia are the causes of increased IL-1 
levels. These results are associated with cognitive impairment [47].

In a study from China with a large patient population, hospitalization was 
indicated in 19% of COVID-19 patients. In addition, ARDS was detected as a major 
indication for hospitalization associated with COVID-19 disease [48]. Post-ARDS 
cognitive impairment is not only associated with COVID-19 disease. Other diseases 
can also cause cognitive impairment after ARDS [49]. Neurocognitive impairment 
after ARDS is associated with hypoxia, induced hyperinflammation, and hemo-
dynamic instability. Meta-analyses and studies have reported that neurocognitive 
dysfunction after ARDS has a high incidence. The incidence of neurocognitive 
dysfunction is 70−100% at the time of hospital discharge, 46−80% one year after 
discharge and 20% five years after discharge [49]. In addition, mechanical ventilation 
without ARDS is associated with long-term cognitive dysfunction and poor quality of 
life. Sedative treatments for mechanical ventilation are also associated with long-term 
cognitive impairment [50]. The evidence for the isolation of the virus directly from 
the cerebrospinal fluid (CSF) is insufficient [14]. There is a relationship between 
all these pathophysiological mechanisms. These mechanisms are complex and they 
create cognitive dysfunction.

4.3 Direct neurotropism

The investigations are limited about the direct invasion of the SARS-CoV-2 virus 
to central nervous system. However, it is thought that SARS-CoV-2 may invade 
neuronal tissue similar to other coronaviruses [51, 52]. Rare investigations have 
reported evidence of SARS-CoV-2 in the CSF examination [30, 53]. There are some 
mechanisms for the invasion of the virus (SARS-CoV-2) into the central nervous 
system However; these mechanisms are not definitive evidence. All mechanisms are 
explained in 3 main pathways.

Figure 2. 
The possible causal elements of inflammatory factors on cognitive symptoms associated with COVID-19.



COVID-19 Pandemic, Mental Health and Neuroscience - New Scenarios for Understanding…

64

The first pathway is direct retrograde neuronal transmission via olfactory neurons. 
It is known that the sense of smell and taste associated with SARS-CoV-2 is reduced. 
This is the first symptom of the disease in some COVID-19 patients. The smell impair-
ment is explained by direct invasion of the mucosal epithelium and olfactory nerves 
[54]. Direct invasion is associated with angiotensin-converting enzyme 2 (ACE2) 
and transmembrane protease serine 2 (TMPRSS2) receptors. SARS-CoV-2 has a high 
affinity for ACE2 receptors [55]. Experimental studies about SARS-CoV confirmed 
neuronal transmission to the brain via the olfactory bulb. Structural and/or func-
tional changes associated with COVID-19 have been reported in several areas of the 
brain (entorhinal cortex and hippocampus). Neuronal dysfunction associated with 
this process has been demonstrated [24].

The second pathway is hematogenous spreading. Some researchers report that 
the virus may cause cognitive disorders by direct hematogenous spread via the 
cerebrovascular pathway [5]. There is some data that SARS-CoV-2 has been detected 
in the blood samples of some COVID-19 patients. Functional (ACE2) receptors of 
SARS-CoV-2 are higher in endothelial cells and pericytes [56, 57]. The interaction of 
the virus with these receptors is the first step towards neuronal dysfunction. Delayed 
neurotropic features of SARS-CoV-2 induce major etiopathogenetic mechanisms 
for cognitive deficits and neurological symptoms [3]. Induced interleukins, tumour 
necrosis factor (TNF) and other inflammatory cytokines associated with SARS-CoV-2 
may disrupt the endothelial structure of the blood-brain barrier [58]. This process 
contributes to a major neuroinvasion.

The third pathway is immune-mediated neuronal spreading. In a SARS-CoV-
related study published in 2005, it was demonstrated that viral particles were detected 
in monocytes and lymphocytes [59]. Immune system cells may cause direct brain 
damage via ACE-2 receptors [60]. However, direct immune cell infiltration was not 
detected in the brain with pathological investigation after autopsy [60].

5.  The relationship between COVID-19 vaccination and cognitive 
functions

Major neurocognitive disorders are higher in the elderly population. This disease 
is higher in patients over 60 years old, especially over 80 years of age. In addition, this 
age group is more sensitive to infections. Immune dysregulation causes a decreased 
vaccine-associated immune reaction in these patients. Increased age is associated with 
decreased immunity and increased risk of complications. International investigations 
have been initiated to accelerate the development of vaccines and medications for the 
COVID-19 pandemic. These results suggest a different vaccination protocol, espe-
cially with increased age. Because this group is highly sensitive to major neurocogni-
tive disorders and other diseases [61].

More cases of adverse reactions after COVID-19 vaccination are being reported. 
One of the adverse reactions is neurocognitive disorders after vaccination. 
However, neurocognitive disorders are lower after COVID-19 vaccines. In a recent 
case report, two cases of encephalopathy were reported within one week after 
mRNA vaccination [62]. In addition, delirium was reported in an 89-year-old 
patient after the first dose of the mRNA vaccine [63]. The mechanism of the disease 
is systemic inflammation associated with anti-spike antibodies and macrophage 
activation after mRNA vaccines [62–64]. However, there is no case-control study 
on this subject.
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Most of the immunogenic epitopes of SARS-CoV-2 are similar to human pro-
teins. Vaccines with these epitopes have more risk for autoimmunity [65]. Increased 
inflammation and biochemical reactions associated with autoimmunity can cause 
neuroinflammation and cognitive impairment [66]. Experimental studies have dem-
onstrated that there is a relationship between increased autoimmunity and cognitive 
impairment [67]. However, all these evaluations demonstrate that there is no definite 
relationship between vaccination and cognitive dysfunction.

6.  Etiopathogenetic evaluation for understanding and treatment of the 
disease

It is important to know the causality and etiopathogenesis of COVID-19-related 
cognitive impairment before the treatment phase. All mechanisms are explained in 3 
major pathways. The first is the direct neurotropism of SARS-CoV-2 and is explained 
by past SARS-CoV studies. The virus may invade the brain by direct neuronal or 
indirect immune cells-mediated hematogenous pathway. One of the main steps 
of treatment is to prevent the infiltration of virus-infected immune cells into the 
central nervous system. It is aimed to prevent cytokine storm with immunosuppres-
sion treatment. However, it is important that immunosuppression therapy does not 
induce infection. The second important step is to prevent the invasion of infiltrating 
cells with SARS-CoV-2 into the impaired blood-brain barrier structure. At this stage, 
it should be aimed to stabilize the blood-brain barrier structure [57, 58]. The main 
aim of treatment is to prevent immune reactivation. Viruses can cause retrograde 
brain invasion via olfactory neurons. However, there is not enough data about this 
subject. Invasion has been demonstrated to be associated with ACE2 and TMPRSS2 
[12]. Therefore, these proteins and receptors should be targeted in therapy to prevent 
direct neuronal invasion [12]. Therefore, these proteins and receptors should be 
targeted during the treatment phase to prevent direct neuronal invasion.

Increased hyperinflammation is detected after cytokine storm in patients with 
COVID-19. Cytokine storm causes systemic inflammation and vascular damage. Thus, 
over-induced neuroinflammation is triggered. In addition, mechanical ventilation, 
cardiopulmonary failure and hypoxia also induce the neuropathological process. 
Prevention of hypoxia and increased proinflammation is important in the prevention 
of cognitive impairment. As a result of these mechanisms, cerebral microvascular 
dysfunction is tried to be prevented [57, 58].

Neuropsychiatric factors have been demonstrated to be important in the patho-
genesis. Evaluation of neuropsychiatric disorders in the treatment phase is one of the 
main strategic steps. Therefore, all patients with and without neurological diseases 
should be evaluated for neuropsychiatric diseases. The major neuropsychiatric 
disorders in the COVID-19 disease process are anxiety and depression. These diseases 
should also be treated [6, 45, 68]. Evaluation of psychiatric and neurocognitive status 
is important in these patients.

The most important step of this process is the prevention of viral transmission. 
SARS-CoV-2 spread primarily via respiratory droplets during close face-to-face 
contact. Personal hygiene, social distance (at least 1 meter, optimum 2 meters) 
and personal protective equipment are important for protection from COVID-19 
disease [57].

Neurocognitive disorders associated with coronavirus infection may have iat-
rogenic aetiology. Favipiravir and hydroxychloroquine are safe drugs for cognitive 
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dysfunction. No cognitive impairment has been reported as an adverse reaction to 
tocilizumab. Azithromycin may cause somlonans, insomnia or agitation [57].

7. Approach to cognitive disorders in COVID-19 disease

The primary cause of cognitive impairment and the etiopathogenetic process 
should be investigated in patients with COVID-19. It is important to investigate 
systemic and metabolic causes. Activation of the renin-angiotensin system may also 
impair the metabolic process. Therefore, patients should also be evaluated for endo-
crinological status [69, 70]. Cardiopulmonary failure and hemodynamic disorders 
that cause cognitive impairment should be evaluated in patients with COVID-19. 
Hypoxic ischemic brain injury and diffuse white matter injury associated with hypox-
emia are important for treatment and etiopathogenetic process [38, 39, 57].

Hypercoagulability-related cerebrovascular disease should be considered in 
COVID-19 patients with acute neurological clinical symptoms. Ischemic stroke in 
a COVID-19 patient is associated with indirect intravascular coagulation or direct 
cerebral arterial thrombosis after DIC [36, 71]. Brain neuroradiological imaging is 
indicated for these patients (Computed tomography (CT) and/or magnetic resonance 
imaging (MRI)).

Encephalitis may be detected as a result of direct or indirect neuronal invasion in 
patients with COVID-19. In these patients, diffusion restriction in the central nervous 
system, particularly in the corpus callosum splenium, has been reported. Patients 
usually have encephalopathy and neurocognitive symptoms. The neurological exami-
nation should be repeated periodically. CT and/or MRI neuroimaging is required. 
Electroencephalography (EEG) and CSF examination should be performed in some 
patients [3, 72, 73].

Hyperactive delirium is more common than hypoactive delirium in COVID-19 
disease. Treatment and management of this clinical symptom are difficult. Scales 
associated with cognitive dysfunction and delirium should be applied periodically 
during the COVID-19 process. Control of risk factors associated with this process, 
optimum blood oxygenation, fluid and calorie support and cognitive behavioural 
therapy are important [2, 42].

It should be recommended not to change the living environment of patients 
during the COVID-19 disease process. Chronic diseases, alcohol and drugs may 
precipitate cognitive dysfunction. Therefore, it is important to evaluate these fac-
tors. Anticholinergic adverse effects of treatments for COVID-19 disease should 
be evaluated. In addition, anticholinergic adverse effects of treatments for chronic 
diseases should be evaluated [57, 74]. Agitation and cognitive changes are treated with 
haloperidol and benzodiazepines. However, these treatments have the potential for 
respiratory depression and extrapyramidal adverse reactions.

8. COVID-19 pandemic and major neurocognitive disorder

The COVID-19 pandemic has different effects on patients with Alzheimer's disease 
and other major neurocognitive disorders. These effects are not only associated with 
SARS-CoV-2 infection. On the other hand, the psychosocial process of the pan-
demic process also has negative effects. In some clinical studies, patients with major 
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neurocognitive disorder and non-major neurocognitive disorder have been compared. 
Patients with major neurocognitive disorders have higher risk for COVID-19 disease. 
There are many etiological risk factors for the COVID-19 disease in patients with 
major neurocognitive disorder. First, cognitive impairment and neuropsychiatric 
symptoms are common in patients with major neurocognitive disorders. Therefore, 
protective factors and their management are difficult in patients with COVID-19 [75]. 
Moreover, it is not possible for these patients to fulfil the requirements of quarantine.

The potential for the APOE ε4 genetic allele is higher in patients with major neuro-
cognitive disorders. This condition damages the blood-brain barrier and precipitates 
cognitive dysfunction. It is also known that APOE ε4 induces cognitive dysfunction 
associated with microglia. This process produces neuroinflammation and neurode-
generation [76]. In addition, APOE ε4 is associated with increased cytokine after 
inflammation. Cytokine storm is induced by these mechanisms. Cytokine storm is 
directly associated with serious COVID-19 disease complications, such as lung injury 
and multi-organ failure [77].

There are severe individual and social isolation precautions in many countries 
to control the pandemic. Pandemic precautions are higher in patients with major 
neurocognitive disorders. This situation causes neuropsychiatric effects. Especially 
social isolation causes serious psychiatric symptoms in this patient group. In addi-
tion, the incidence of stress, anxiety and depression has increased [75–78]. Social 
isolation is higher in patients with major neurocognitive disorders in the care centres. 
Therefore, these patients have more exposed to neuropsychiatric and neurocognitive 
effects. This is one of the reasons for increased neuropsychiatric symptoms in patients 
with major neurocognitive disorders [75, 76]. Social isolation in patients with major 
neurocognitive disorders has been associated with neuropsychiatric and neurocogni-
tive disorders.

Social isolation causes more agitation and cognitive impairment in major 
neurocognitive disorder patients than in other patient groups. The neurocogni-
tive dysfunction correlates with the duration of social isolation. Neurocognitive 
dysfunction, especially in the quarantine period, may be permanent. Older patients 
with major neurocognitive disorders have higher risk for COVID-19 disease. These 
patients have more severe disease outcomes than other patients without major 
neurocognitive disorders [79–81]. A large-scale cohort study in the UK has dem-
onstrated that patients diagnosed with major neurocognitive disorders are at three 
times higher risk for severe COVID-19 disease than other patients [80]. Risk factors 
for major neurocognitive disorders – age, obesity, cardiovascular disease, hyper-
tension and diabetes mellitus – are also risk factors for SARS-CoV-2 infection and 
severe COVID-19 disease [81]. Some genetic risk factors for COVID-19 have been 
determined. In particular, a study reported from the United Kingdom demonstrated 
that homozygous genetic mutations for APOE ε4 are a risk factor for hospitalization 
associated with COVID-19 [82].

In summary, the pieces of evidence demonstrate that: First, older patients with 
major neurocognitive disorders are at higher risk for COVID-19 disease. These 
patients are also at higher risk of disease-related morbidity and mortality after 
COVID-19 infection. Second, major neurocognitive disorder patients were isolated 
for a long period to control SARS-CoV-2 infection. These patients have a higher 
risk for neuropsychiatric and severe neurocognitive disorders. Consequently, social 
networks, occupational therapy, caregivers and staff education are important during 
and after the pandemic in patients with major neurocognitive disorders.



COVID-19 Pandemic, Mental Health and Neuroscience - New Scenarios for Understanding…

68

Author details

Serefnur Ozturk* and Fettah Eren
Selcuk University Faculty of Medicine, Department of Neurology, Konya, Turkey

*Address all correspondence to: serefnur@yahoo.com

9. Conclusion

There are limited studies about cognitive dysfunction in COVID-19 disease in 
the literature. However, the negative effects of the pandemic have decreased. There 
is some evidence about the long-term cognitive effects of the COVID-19 disease in 
the literature. Therefore, it is necessary to plan more investigations about cognitive 
dysfunction and COVID-19 disease. Understanding the etiopathogenesis is important 
for diagnosis and treatment modality.

All results demonstrate that it is not possible to explain “cognitive COVID-19” 
with a single scenario. Etiopathogenesis has multifactorial effects. The disease has a 
complex nature. Understanding the disease and its treatment is not easy. This com-
plex interaction makes it difficult to determine a single cause or effect. Understanding 
the etiopathogenesis of this process will decrease the risk of “cognitive COVID-19.” It 
is known that most of this process is at the micromolecular part with inflammatory 
mechanisms. In addition, interactions at the receptor level are also important in this 
process. Therefore, determination of the etiopathogenetic process is essential for 
detection of treatment options.
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Perspective Chapter: New Use 
of the SSRI Fluvoxamine in the 
Treatment of COVID-19 Symptoms
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Abstract

From the perspective of repurposing medication, recent evidence suggests that the 
use of selective serotonin reuptake inhibitor antidepressants (SSRIs) can help reduce 
the severity of symptoms and death associated with SARS-CoV-2 infection. To focus 
more, COVID-19 is a viral disease with potentially high risk of symptoms. There is 
presently no cure. However, there are specific treatments that may help manage the 
condition. Since the SSRI fluvoxamine has a unique mechanism of action in reduc-
ing cytokine production, researchers have started to relate the antiviral effects via 
modulation of sigma-1 receptors with the vision of treatment options for COVID-19 
patients. The scope of this chapter is to examine different mechanisms of fluvox-
amine in relation to immune response, including both the serotonin and the sigma-1 
receptor-related mechanisms. Addressing the impact of fluvoxamine in minimizing 
possible complications during COVID-19 infection.

Keywords: fluvoxamine, anti-inflammatory, coronavirus disease 2019, sigma-1 receptor, 
clinical studies, preclinical studies

1. Introduction – COVID-19 options for treatment

The coronavirus disease 2019 (COVID-19) is an acute respiratory infection related 
to the new RNA virus coronavirus 2, that produces severe acute respiratory syndrome 
(SARS-CoV-2) [1]. Since the first SARS-CoV-2-infected patients were reported in 
Wuhan, China, in December 2019, the number of individuals infected with COVID-19 
has risen significantly around the world [2]. In January 2020, the World Health 
Organization (WHO) announced that COVID-19 had been labeled as a public health 
pandemic disease worldwide [3]. Likewise, during the last three years, individu-
als worldwide face a large wave of COVID-19 produced by SARS-CoV-2 variants 
(i.e., delta, lambda, mu, and omicron) on a widespread globe. In January 2022, the 
World Health Organization (WHO) published an updated report about enhancing 
the response to the new mutation called Omicron SARS-CoV-2 variant [4]. To focus 
more on COVID-19 symptoms, after the incubation period (2–14 days), three phases 
of COVID-19 symptoms appeared [1]. The first stage, known as the acute COVID-19 
stage (stage I) characterized by mild to moderate symptoms including fever or chills, 
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cough, shortness of breath fatigue, muscle or body aches, headache, new loss of 
taste or smell, sore throat, congestion or running nose, nausea, and diarrhea [2]. The 
prevalence of mild to moderate symptoms is significant in SARS-CoV-2-infected 
individuals [5]. Post-acute viral syndromes are acknowledged as prolonged and multi-
organ effects [6]. The second stage (stage II) is less common and characterized by 
severe clinical stages such as dyspnea accompanied by hypoxemia [7, 8]. As a conse-
quence of severe clinical symptoms, stage III can occur, including serious difficulties 
such as arrhythmias, septic shock, and multi-organ failures, ultimately resulting 
in intubation or death [2]. A high proportion of COVID-19 non survivors had pre-
existing cardiovascular illness and multi organ dysfunction [9].

SARS-CoV-2 infection appears to have harmful effects on the central nervous 
system (CNS), leading to psychiatric and neurological symptoms [10]. Brain-related 
manifestations were reported in individuals with and without neuropsychiatric 
diseases [11]. Existing in vitro and in vivo studies support the notion of SARS-CoV-
2-related neuroinvasive risks. These risks were transported mainly through olfaction 
and the trigeminal pathways [12]. According to national longitudinal research in 
China, depression, anxiety, and insomnia were the most common psychiatric disor-
ders associated with the COVID-19 pandemic [13]. Another study indicated that the 
prevalence of neurological manifestations was reasonably noted, including encepha-
lopathy, delirium, seizures, Guillain-Barré-syndrome, and motor dysfunctions [14]. 
Another review reported that the emergence of psychiatric disorders occurs within 
three months in COVID-19 survivors [6].

COVID-19 outbreaks present challenges for therapeutic and drug management 
in clinical conditions and complications. Recently, several researchers emphasized 
medication repurposing as an approaching method to establish a fast-track line for 
discovering therapeutic treatments for COVID-19 patients worldwide [15–18]. Drug 
repurposing, also known as drug reuse, is defined as exploring new indications 
for existing drugs. This approach limits the cost of both research and development 
significantly [19]. Serendipitously revealed a substantial number of current identified 
repurposed drugs [20]. The repurposing strategy provided promising treatment candi-
dates in other viral pandemics outbreaks, including ZIKA, Ebola, and dengue [21].

Zhang et al summarized the current potential therapeutic approaches for diseases 
related to COVID-19 infection and explain their mechanisms of action, safety, and 
effectiveness such as antiviral drugs, convalescent plasma, spike Protein-Angiotensin-
Converting enzyme 2 blockers, chloroquine, hydroxychloroquine, human monoclonal 
antibody, mesenchymal stem cells, inhaled nitric oxide (iNO), and corticosteroids [22]. 
Another review highlighted alternative treatment approaches such as mesenchymal 
stem cells, human monoclonal antibodies, and complementary Chinese medicine [20].

A comprehensive and systematic research about the repurposing of drugs in 
COVID-19 was conducted by Srivastava and Singh (2021), the results revealed that no 
drugs passed clinical trials or were approved by the FDA for COVID-19 [23]. In fact, 
various reports that clinical trials regarding the potential therapeutic possibilities, 
such as hydroxychloroquine, lopinavir-ritonavir, and ivermectin, showed that choices 
were unsuccessful in the treatment of COVID-19 patients [24–27]. Although COVID-19 
vaccines were successfully developed and massively distributed, there is a lack of 
effective treatment [28].

Most significantly, there are cumulative clinical data linked with the use of 
antidepressants, including the selective serotonin reuptake inhibitor (SSRI) and the 
serotonin-norepinephrine reuptake inhibitor (SNRI) with a reduced risk of clinical 
complications in SARS-CoV-2-infected patients [18]. In line with this, a randomized 
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controlled trial showed that patients who received fluvoxamine had a decreased risk 
of clinical deterioration compared to those who received placebo during the early 
period of infection [29]. Following that, an observational study done by Hoertel et al. 
discovered that the antidepressants, such as SSRIs and SNRIs, may be associated with 
a lower risk of intubation or death in SARS-CoV-2-infected hospitalized patients 
[30]. This advantage was not reported with other antipsychotics. For example, a 
multicenter observational study indicated that administration of haloperidol was 
not associated with a reduced risk of intubation or death in hospitalized COVID-19 
patients [31].

Fluvoxamine has advantages over other repurposing drugs such as positive safety 
profiles, widespread availability, inexpensive, accessible mode of administration as 
immediate-release tablets and controlled-release capsules, and use for children and 
adolescents [32, 33]. The available dosage form of fluvoxamine is both immediate-
release tablets and controlled-release capsules. The main therapeutic indication of 
fluvoxamine is to treat patients with obsessive-compulsive disorder (OCD). The 
pharmacokinetic properties of fluvoxamine include long half-life of about 9–28 hours 
according to its dosage form. The clinical guideline recommended the therapeutic 
dose of fluvoxamine between 100–300 mg/day [34]. Fluvoxamine indication is 
related to COVID-19 was clarified on the US National Institutes of Health (NIH) 
COVID-19 Guidelines Panel on April 23, 2021, despite the fact that evidence for 
fluvoxamine effectiveness was lacking. Recently, a retrospective cohort study of 
COVID-19 patients treated with SSRIs using electronic health records of 87 health 
care centers across the US was done in November 2021 by Oskotsky et al. [35]. The 
study participants were COVID-19 patients receiving fluoxetine only (n = 470), 
COVID-19 patients receiving fluoxetine or fluvoxamine (n = 481), and COVID-19 
patients receiving other SSRIs (n = 2898) compared with matched untreated control 
COVID-19 patients. The results showed that the patients who received any SSRI had 
a lower risk of death. In contrast, there was no significant relationship between SSRIs 
other than fluoxetine or fluvoxamine and the risk of mortality [35]. Finally, fluvox-
amine might be used as a preventive medication for patients infected with SARS-CoV-2 
in the early stages [16, 36]. In this chapter, we review the fluvoxamine mechanisms 
of action in COVID-19 and discuss the studies that focus on the impact of the use of 
fluvoxamine in minimizing the possible complication during COVID-19 infection. 
Here, we review two main mechanisms mediated by fluvoxamine, the serotonin and 
the sigma-1 receptor-related mechanisms.

2. Mechanism of fluvoxamine

2.1 Inhibition of serotonin transporter

The main mechanism of action for fluvoxamine, as a selective serotonin-reuptake 
inhibitor (SSRIs), in the brain is to inhibit the serotonin transporter (SERT) on the 
5-HT neuron in the synaptic cleft leading to an increase in the level of the neurotrans-
mitter serotonin [33, 37].

The serotonin transporter is also located on the platelet membranes [38] and in 
the gut. The serotonin plasma-platelet regulation is a complex biphasic mechanism. 
Specifically, an elevation in plasma serotonin is associated with reducing platelet 
SERT surface expression [39]. As a consequence of serotonin transporter inhibition in 
the platelets by fluvoxamine, this could reduce platelet aggregation [40]. In support of 
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this, elevated circulating serotonin was reported in hypertensive patients [41]. In fact, 
previously proven that fluvoxamine should be used with caution in patients receiving 
NSAIDs, aspirin, or other drugs that may impair coagulation and peptic ulcer patients 
due to the antiplatelet activity mechanism SSRIs that can increase the risk of bleeding 
[42, 43]. Interestingly, a previous report indicated that transgenic mice harboring 
SERT construct mutation exhibited altered platelet aggregation [44]. Overall, the 
physiological role of SERT in Platelets includes maintaining system homeostasis, 
regulation of drugs’ concentration, and function [39, 45].

Besides, the antiplatelet activity mechanism of fluvoxamine has a protective 
effect against myocardial infarction (MI) and a promising role for patients with 
thrombotic risk [46]. Clearly, fluvoxamine has anti-inflammatory properties in 
several animal and clinical studies through the mechanism of serotonin transporter 
inhibition [47, 48]. For instance, in a Parkinson’s disease model, fluvoxamine has 
been shown to reduce inflammation in injured striatal neurons by elevating anti-
inflammatory cytokines and lowering inflammatory cytokines and lipid peroxidation 
in a 6-hydroxydopamine (6-OHDA) lesion-induced rat model [49]. In line with this, 
chronic administration of fluvoxamine to the 6-OHDA Parkinsonism model improves 
the Parkinson’s-like symptoms, including a reduction in the dopaminergic neuronal 
degeneration, improvement in motor dysfunction, and normalization of corti-
costerone levels in the circuitry [50]. Another preclinical setting utilized the same 
model, the 6-OHDA Parkinsonism model, which indicated that chronic fluvoxamine 
treatment alters inflammatory hallmarks of Parkinsonism centrally using both the 
mRNA and the protein level analysis. The level of IL-1β, IL-6, and TNF-α was reduced 
following one month of Fluvoxamine treatment [49]. Highlighting the fluvoxamine-
mediated pharmacological link between serotonin – anti-inflammatory mechanisms 
at central and peripheral levels.

Likewise, another study revealed that fluvoxamine inhibits inflammation genes 
in in vitro settings [32]. In multiple sclerosis, fluvoxamine reduced the lymphocyte 
infiltration and the circulating IFN-γ in experimental autoimmune encephalomyelitis. 
It further affects the pathological demyelination of lumbar spinal cord in multiple 
sclerosis animal models [51]. In the context of dementia, a previous review high-
lighted the anti-inflammatory effects of SSRIs, and the evidence provided indicated 
that introducing SSRIs in neurodegenerative dementias has beneficial effects [52]. 
Previous studies have proven that fluvoxamine has potent anti-inflammatory proper-
ties in vitro and in vivo models. Besides being an effective anti-inflammatory agent, 
fluvoxamine was found to have antioxidant effects. In a rat model of ulcers, the stress-
induced peptic ulcer model, compared to the control group, the fluvoxamine-treated 
group exhibited reduced biochemical measurements representing oxidative stress 
[53]. Most significantly, the serotonin transporter in rodents and humans is highly 
expressed by the lung, demonstrating that the serotonin transporter in lung endo-
thelium controls the bioavailability of the potent vasoconstrictor serotonin [54, 55]. 
It was reported that inhibiting gut- and lung-serotonin modulates pulmonary hyper-
tension [56]. Additionally, fluvoxamine can positively improve the lung function of 
chronic obstructive pulmonary disease (COPD) [57]. For depressed COPD patients, 
SSRIs are the first-line treatment [58]. However, there is a need for a further clinical 
study to clarify more about the role of fluvoxamine in the treatment of COVID-19 
patients. Although other antidepressants can act on serotonin transporter as an 
inhibitor, they did not have the same favorable impact on COVID-19 patients [57]. As 
a result, it is unclear whether fluvoxamine’s blockage of serotonin transporters plays a 
substantial role in its positive benefits for COVID-19 patients. The anti-inflammatory 
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effects of serotonin transporter inhibition, on the other hand, may play a role in 
its positive benefits [55]. To support the potential use of SSRIs in the treatment of 
post-COVID-19 depression, a recent observational study showed that treatment 
with different SSRIs antidepressants has positive effects in patients with post-
COVID-19 depression [59]. In support of this, another report highlighted that SSRIs 
might decrease the rate of mortality in COVID-19 patients [35]. However, different 
mechanism of action needs to be clarified more about the role of fluvoxamine in the 
treatment of COVID-19 patients. These mechanisms might be acid sphingomyelinase 
mediated [60], or melatonin receptor-mediated [61].

2.2 The Sigma-1 receptor-mediated mechanism

Several studies established the role of the sigma-1 receptor in the replication of 
SARS-CoV-2. Initially, it was recognized by its action as a cellular factor known as 
endoplasmic reticulum (ER) protein sigma-1 receptor that mediates the early steps of 
viral RNA replication but not the persistent hepatitis C virus (HCV) RNA replication 
[62]. The ER chaperones are required to control the production of glycosylated pro-
teins in the cell, including those required for viral infection phases and those involved 
in immune escape [63]. Therefore, they play various important roles at various 
stages of the infectious cycle. A recent study recognized protein-protein interactions 
between SARS-CoV-2 and human proteins including the sigma-1 and sigma-2 recep-
tors [64]. In line with this, a recent report linked this molecular pathway and SARS-
CoV-2 replication [65]. Moreover, sigma-1 receptor agonists may protect against 
mitochondrial damage and ER stress in response to SARS-CoV-2 infection [66]. For 
that reason, the use of drugs with sigma-1 receptor ligand properties may enhance 
additive value in early intervention for COVID-19 patients [67].

Previous reports have linked sigma-1 receptor and psychiatric disorders, including 
anxiety [68], depression [69], and schizophrenia [70].

Cognitive deficit is a core feature of psychiatric disorders, including depression. 
Reports highlighted the role of the sigma-1 receptor in the fluvoxamine antidepres-
sant mediated mechanism [71]. First, Sigma-1 receptors are expressed abundantly 
in cortical and motor brain regions [72], indicating functional involvement in the 
pathology of depression. Additionally, electrophysiological studies indicated that 
sigma-1 receptor modulated glutamatergic transmission in primary hippocampal 
neurons. Besides, they were found to be highly expressed in the olfactory bulb [72], 
a brain region involved in adult neurogenesis. Adult neurogenesis is involved in 
modulating synaptic plasticity [73] and disrupted in preclinical models of depression 
[74]. A previous study reported sigma-1 receptor’s functional involvement in modu-
lating adult neurogenesis [75]. In a model of Alzheimer’s with cognitive impairment, 
sigma-1 receptors were found to promote spines’ maintenance and maturation [76]. 
Recent studies highlight the role of spine modulation in promoting fast-acting antide-
pressant effects [77], signifying the role of Sigma-1 receptors in tacking pathological 
mechanisms of depression.

Besides, sigma-1 receptors were reported to modulate protein kinase signaling 
(pERK) molecularly in a neuropathic pain animal model [78], and this kinase path-
way was found to be involved in depression [79].

In addition, a recent review found that the significant potentiation of the nerve 
growth factor (NGF) by SSRIs including fluvoxamine leading to induced neurite out-
growth in cell culture and brain plasticity via selective sigma-1 receptor agonistic activity 
[80]. In clinical settings, NGF was reported to be reduced in depressed patients [81], 
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this reduction was correlated with suicidal tendencies [82]. Moreover, preclinical studies 
in animal models of depression reported reduced NGF levels [83–85].

Additionally, modulation of the sigma-1 receptor pathway positively impacted 
inflammatory pathways such as IL-6 tumor necrosis factor-α (TNFα) [86]. In line 
with this, sigma-1 receptor agonist (the pRE-084) presented neuroprotective effects 
measured by a decreased infarct volume in an embolic stroke model. This was mostly 
regraded y a reduction in inflammatory cytokines, including TNF-alpha and multiple 
isoforms of IL in cortical tissues [87]. In another study utilizing a stroke model in 
rats, the sigma-1 receptor was reported to exert neuroprotective effects, and these 
modulations were mediated via targeting glutamate-induced excitotoxicity [88]. 
Also, in a rat model of renal ischemia, the fluvoxamine mediated sigma-1 receptor 
mechanism was reported to enhance the survival rate, renal function, and histologi-
cal characteristics [89]. All these evidence suggest that molecular modulation of the 
sigma-1 receptor has beneficial effects. It further confirms that the neuroprotective 
effects of fluvoxamine render it to be considered a prophylactic therapeutic candidate 
to prevent COVID-19 risks. However, further studies are required to answer whether 
the anti-inflammatory and other fluvoxamine neuroprotective effects of fluvoxamine 
are clinically relevant for COVID-19 patients.

Antidepressants Affinity to sigma 1 
receptor

Action at 
sigma receptor

Anti-inflammatory effect Reference

Fluvoxamine (SSRI) Potent Agonist Beneficial effect in both 
preclinical and clinical models 
of inflammation.

[40, 62, 86, 
90]

Sertraline (SSRI) High to moderate Antagonist Strong anti-inflammatory 
effects by lowering and 
controlling pro-inflammatory 
cytokines.

[18, 71]

Fluoxetine (SSRI) High to moderate Agonist Anti-inflammatory 
effects of fluoxetine in 
lipopolysaccharide (LPS)-
stimulated microglial cells.

[91, 92]

Escitalopram (SSRI) High to moderate Agonist Beneficial effect as an 
anti-inflammatory in the 
preclinical module.

[66, 93]

Citalopram(SSRI) High to moderate Agonist Beneficial effect in both 
preclinical and clinical models 
of inflammation.

[48, 92]

Paroxetine (SSRI) Very weak Partial anti-inflammatory 
effect.

[48]

Imipramine (TCA) Very weak Agonist Weak inflammatory effect. [48, 94]

Venlafaxine (SNRI) Very weak Weak inflammatory effect. [94]

Mirtazapine 
(NaSSA)

Very weak No sufficient evidence in 
clinical studies.

[95]

TCA: Tricyclic antidepressants; SSRI: Selective serotonin reuptake inhibitor; SNRI: Serotonin norepinephrine reuptake 
inhibitor; NaSSA: Noradrenaline specific serotonergic antidepressant. The measure for sigma affinity indicates that 
potent = 17 nM, high to moderate = 30–400 nM, very week > 10,000 nM.

Table 1. 
Affinity of the antidepressants for sigma-1 receptor.
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For the most important part, which is the relation between the use of antidepres-
sants and sigma-1 receptor, a study examined in an animal model the SSRIs binding 
affinity to the sigma-1 receptor [71]. As a result, the study revealed that different 
SSRIs, including sertraline, fluoxetine, citalopram, and fluvoxamine, have a signifi-
cant functional impact ranging from high to moderate affinity for sigma-1 receptors 
in the rat brain (Table 1).

3. Conclusion

In this chapter, we reviewed the mechanisms of action of fluvoxamine, including 
the serotonergic and the sigma-1 mediated mechanisms with regard to COVID-19 
infection. Fluvoxamine is not FDA-approved for the treatment of any infection-
related disorder. However, accumulated evidence highlighted potential beneficial 
effects.

To sum up, fluvoxamine could help to improve the clinical deterioration associ-
ated with COVID-19 symptoms. However, it is for future studies to mechanistically 
examine the potential mechanisms and profile consequences related to preventive 
measures of fluvoxamine in treating COVID-19 patients.
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Olfaction and Depression: Does 
the Olfactory Bulbectomized Rat 
Reflect a Translational Model for 
Depression?
Berend Olivier, Megan E. Breuer, Christiaan H. Vinkers  
and Jocelien D.A. Olivier

Abstract

The olfactory bulbectomized (OBX) rat is extensively used as an animal model to 
detect putative antidepressant drugs. The model has some unusual characteristics, as it 
detects antidepressant activity of drugs only after medium to long-term administration, 
thereby reflecting the human situation, as antidepressants do not work acutely but only 
after long-term administration. The slow onset of action of antidepressants is a major 
drawback of current antidepressants and the availability of an animal depression model 
that potentially reveals rapid onset of antidepressant activity might be a great asset. 
Although an animal model of depression ideally should reflect correlates of human 
depression, several ‘surrogate’ parameters, like ‘hyperactivity’, reflect astonishingly 
well the ‘antidepressant’ profile of antidepressants in human depression. Using a new 
environment (open field) and a home cage to measure activity, imipramine, a classic 
tricyclic antidepressant, reduced hyperactivity in OBX rats, both in home cage and open 
field. Telemetrically measured, OBX-induced hyperactivity was already found after a 
couple of days and indicated that the OBX model is able to detect early (days) effects of 
(classic) antidepressants. Although imipramine treatment for 3, 7 and 14 days reduced 
OBX-induced hyperactivity, daily treatment with imipramine for 14 days, but not for 3 
or 7 days, reduced hyperactivity (both in home cage and open field) of OBX rats up to 
6 weeks after cessation of treatment, indicating neuroplastic changes in the brain. The 
attractiveness of the OBX model for detection of antidepressants lies in the resemblance 
to the human situation (onset of action). Moreover, the model suggests that long-term 
antidepressant treatment (in rats at least 14 days) leads to long-term behavioral changes 
that far outlast the presence of the antidepressant in the body. Whether this aspect 
contributes to efficient antidepressant effects needs further investigation.

Keywords: depression, olfaction, olfactory bulbectomy, animal model, hyperactivity, 
pharmacology, antidepressants, onset of action, long-lasting effects
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1. Introduction

Depression is a prevalent and severe brain disorder that hits many people; it is 
estimated that it occurs at a 12 months prevalence rate of 7% in Europe [1]. Major 
depression is mainly characterized by depressed mood, anhedonia, loss of general 
interest and fatigue. Depression is associated with brain changes in various areas of 
the prefrontal limbic network [2]. This network involves the orbitofrontal cortex, 
anterior and posterior cingulate cortex, insula, amygdala, hippocampus and thalamus 
[3]. Regions associated with olfactory processes have a large overlap with those areas 
in the prefrontal limbic network and it has been suggested that (reduced) olfaction 
might be a (cognitive) marker for depression [4]. Croy et al. [5] showed that reduc-
tion of olfactory associated functions in the brain of depressed women improved with 
antidepressant (psycho) therapy to normal control levels, indicating that olfaction 
may represent a marker for depression. A connection between olfaction and depres-
sive behavior has come strongly forward with the introduction of the olfactory 
bulbectomized (OBX) rat (see reviews by refs. [6, 7]).

The OBX rat has been strongly advocated as an animal model of depression for 
various reasons. Rajkumar and Dawe [8] gave an extensive overview and critical 
discussion on the commonalities between the OBX model and perturbations in the 
frontal cortex of the human depressed brain. Although it is clear that the brain and 
behavioral changes in the OBX-brain (of rats) are not directly comparable to the 
changes in the brain (in particular the frontal cortical areas) of depressed humans, 
there are considerable similarities that support at least a (partial) role of the OBX rat 
as modeling (part of) human depressive behaviors [7, 9]. In this paper, the OBX model 
as used for almost two decades in our laboratory is used. Activity as parameter for 
detecting ‘depression’ aspects in rats is widely used and accepted as a sensitive measure 
of antidepressant effects of various manipulations (antidepressants). Standard use is 
the measurement of the activity of rats in an Open Field (open arena) during a short 
test (lasting between 10 and 30 minutes in general). In our research, we also applied 
telemetric measurements (heart rate, body temperature and activity) in the home cage 
to measure more refined parameters like day-night rhythms. The present paper is in 
particular a reflection of our scientific work on the OBX rat model as one of the best 
(if not the best animal model) model of human depression that can be used to study 
aspects of the process of depression that cannot be directly studied in humans.

2. Olfactory bulbectomy (OBX) in rats as a depression model

The OBX rat has been extensively used for testing potential antidepressant effects 
of new and existent drugs [6, 7]. After olfactory bulbectomy in rats, a variety of 
behavioral changes emerge, including, for example, increased activity, disturbed 
sexual behavior [10, 11], reduced taste aversion, passive avoidance deficits, impaired 
spatial learning and impaired food-motivated behavior [12–18]. Following chronic 
(weeks), but not acute treatment with clinically established antidepressants with 
various mechanisms of action, normalization of these disturbed behaviors occurs 
[13–15, 19]. The OBX model therefore is one of the very few (if not only) animal 
models that share the typical slow onset of action of antidepressants as seen in human 
depressed patients [20, 21].

One of the most used and validated parameters to study pharmacological effects 
of putative antidepressants is the hyperactivity induced by olfactory bulbectomy 
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in rats [6, 7], both in an open field test (new environment) and in the home cage 
[22]. Most OBX studies in rats have been performed in Spague-Dawley (SD) and 
Wistar (Wi) strains. Because SD rats are considerably more active after olfactory 
bulbectomy than Wi rats [23] and this hyperactivity after OBX is present for at least 
5 months, but possibly lifelong in SD rats [24]. This is not the case in Wi rats, which 
show hyperactivity 2 weeks after OBX, but not anymore after 4 weeks post-surgery 
(Figure 1), which in our hands makes the SD strain more attractive for OBX studies.

Figure 1. 
Post-surgical hyperactivity in Wistar rats. Total distance traveled (cm ± SEM) in the open field 2 and 4 weeks post-
surgery. Bulbectomized Wistar animals are significantly more active than shams 2 weeks after surgery, but this effect 
is no longer present 4 weeks after surgery. * = p < 0.05 compared to shams. For methods used we refer to refs. [25–29].

Figure 2. 
Post-surgical open field comparisons over 5 years. Total distance traveled (cm, ± SEM) in the open field 2 weeks 
post-surgery for 16 different groups of animals. Animals were placed in the open field and allowed to explore for 
15 minutes. In total, the N was approximately 750 for both OBX and sham groups. * = p < 0.05 compared to shams. 
For methods used we refer to refs. [25–29].
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Hyperactivity after OBX is always found in our experiments performed over 
several years as shown in Figure 2, portraying the activity of male Sprague-Dawley 
rats 2 weeks after sham or OBX surgery over a period of 5 years. Animals were tested 
in an open field for 15 minutes and the total distance traveled (cm) was measured. 
Although the level of activity varied over time, OBX always induced hyperactivity.

Although almost all OBX experiments are performed in male rats, whereas 
depression is more prevalent in the female than in the male human population [30], 
it is of note that OBX in female rats also leads to enhanced activity [31]. Although the 
hyperactivity after OBX is generally measured in a new environment (often an Open 
Field test), this hyperactivity is also present in the home cage and emerges approx. 
2–3 days after surgery [22] as shown in Figure 3. Although circadian rhythmicity is 

Figure 3. 
Circadian rhythmicity of locomotor activity (A, B) before (A) and after olfactory bulbectomy (B). Postsurgical 
data reflect the average over 14 days starting immediately after surgery. (C) represents the onset of the changes in 
locomotor activity induced by OBX (day 0) over the first 5 days during the nocturnal phase. For methods used we 
refer to ref. [22].
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not affected, OBX rats display several changes in basal circadian amplitudes in the 
home cage, besides increased nocturnal activity, enhanced nocturnal body tempera-
ture and decreased heart rate, confirming earlier findings [19, 32].

Although olfaction is clearly abolished after complete OBX, several aspects of OBX-
induced changes cannot be simply explained by loss of olfaction persé. Anosmia in rats, 
induced by rinsing the olfactory epithelium with zinc sulphate (ZnSO4), does not lead 
to hyperactivity in an open field [33, 34]. This lends support to the notion that dysfunc-
tional systems in the brain and particularly the limbic system that involves a variety of 
neurochemical and pharmacological changes in various neurotransmitter systems are 
involved, including, for example, the serotonergic and noradrenergic systems [7].

Remarkably, many of the behavioral and biochemical changes induced by OBX 
can be reversed by chronic administration of almost all antidepressants [6, 35]. 
Moreover, several more recently developed or applied techniques or models to treat 
depression in humans, also appear to work in the OBX model in rats, like deep brain 
stimulation of the infralimbic prefrontal cortex [36], a multi-targeted food interven-
tion [16] and environmental enrichment [37].

The OBX model in male rats has received its ‘fame’ as depression model, because 
of the activity of antidepressants in it [35]. Antidepressants with various mechanisms 
of action (SSRIs, SNRIs, NRIs, TCAs and others) exert inhibition of OBX-induced 
hyperactivity [38]. Characteristically, this inhibition does not occur after acute, but 
after (sub) chronic administration of antidepressants. This pattern of activity follows 
the human situation, where antidepressants only work after chronic administration 
(weeks-months [39]). The OBX model in rats accordingly is very efficient and reliable 
in predicting putative antidepressant activity of new psychoactive drugs or substances, 
although the model is also generating false positive and false negative results [35].

3. Does the OBX model in rats detect fast-onset antidepressants?

The question is whether the OBX model in rats can be used for detection of fast-
onset antidepressants, that is, compounds that exert antidepressant activity acutely or 
after a short interval (hours or days; not weeks). Clinical studies have indicated that low 
doses of intravenous ketamine and one of its enantiomers (esketamine) exert antide-
pressant effects, especially in treatment-resistant depression [40, 41]. However, studies 
on (es)ketamine in the OBX model are scarce. In one study [42] a single intraperitoneal 
injection of ketamine 24 h before testing did not affect hyperactivity in an Open Field in 
mice, although some other anhedonic-like behaviors were reversed. Similarly, ketamine 
did not inhibit hyperactivity in OBX rats 24 h after 10-mg/kg IP injections [43].

Although several other potential strategies for fast-onset antidepressants are in 
development [44] no emerging data are available yet in the olfactory bulbectomized 
rat model. Still, theoretically, the OBX model in rats should be able to detect fast(er) 
onset of antidepressant activity, but more fundamental research should be performed 
into the early changes in the brain after such a drastic phenomenon as ablation of the 
complete olfactory machinery.

4. Imipramine: onset of action and long-term effects in the OBX rat model

Although the OBX model seems to generate an ‘ideal’ model to accurately predict the 
antidepressant onset, this is in particular based on the effects of classical antidepressants 
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(see [35]). However, in using the tricyclic antidepressant imipramine as standard 
antidepressant in our OBX rat research [25–29], we did interesting observations. Most 
OBX/antidepressant studies measure effects 14 days after starting treatment in behav-
iourally stable (hyperactive in an Open Field) animals. However, imipramine (20 mg/
kg, IP) already reduced activity to sham-control levels after 7 days of IMI treatment 
[25]. Although not tested after 7 days, the SSRI escitalopram (5 and 10 mg/kg, PO) like 
imipramine (20 mg/kg, PO) reduced hyperactivity to sham-operated rat levels, showing 
the ‘classical’ effects of SSRI- and TCA-antidepressants [25].

The finding that imipramine has already inhibitory effects on OBX-induced 
hyperactivity after 7 days of treatment, indicates that the OBX hyperactivity model is 
very sensitive to antidepressant effects. Probably, disturbed systems in the brain after 
olfactory bulbectomy, which lead to almost immediate behavioral and physiological 
effects [22] are influenced in such a way by certain drugs (e.g. antidepressants) that 
hyperactivity is quite rapidly depressed to normal levels. It is completely unknown 
what underlies these processes and future research is needed to unravel possible 
mechanisms.

The classical OBX model uses a 14 days treatment period to find putative antide-
pressiant drug effects. The question arose whether drug treatment for a long period 
(e.g. 14 days) led to sustained effects on activity if drug treatment is stopped. In other 
words, is hyperactivity returning rapidly or delayed after discontinuation of the anti-
depressant [25]. In the latter study, the activity of sham and OBX rats was measured 
1, 2, 6 and 10 weeks after cessation of the tricyclic antidepressant imipramine (20 mg/
kg, PO) or escitalopram (5 and 10 mg/kg, PO) treatment. After these periods of drug 
cessation, no drug levels are present anymore in the experimental rats. One, 2 and 
3 weeks after stopping 14 days of treatment with vehicle, escitalopram (5 and 10 mg/
kg) and imipramine (20 mg/kg), the three antidepressant-treated groups still showed 
comparable activity levels as the sham-operated groups; 6 weeks after stopping treat-
ment the escitalopram-treated animals returned to their initial hyperactivity-level 
as observed 14 days after OBX. In contrast, the imipramine group still did not differ 
from the sham group. Only 10 weeks after cessation of treatment the imipramine 
group (and both escitalopram groups also) showed hyperactivity like before.

In a separate study, we examined the onset of action of imipramine (10 mg/kg, IP) 
and vehicle measuring activity in an Open Field test. First, 120 Wistar male rats were 
run in an open field and were assigned, based on their basal activity into equal activ-
ity groups. Half of the animals were olfactory bulbectomized, and half obtained sham 
surgery. After surgery, animals recovered for 2 weeks. Animals were then assigned to 
four groups with regard to their post-surgical open field activity so that there were 
equal numbers of more or less active animals in each treatment group (N = 15–20 
animals per group).

All animals received one intraperitoneal injection per day for 3, 7 or 14 days. On 
days 1, 3, 7 and 14, animals were tested in the open field, 30 minutes after injection, 
to observe the onset of action of imipramine. All animals were also tested 1, 2 and 
6 weeks after cessation of treatment to observe any long-lasting effects of imipramine 
treatment. No acute effects of imipramine were found on day 1 after the very first 
injection in all three groups (Table 1). Bulbectomized rats in all groups remained 
significantly more active compared to sham-operated groups.

After 3 days of treatment, imipramine significantly reduced the hyperactivity of 
the OBX group, towards the sham level (Figure 4 top). This effect of imipramine was 
short-lived: 1, 2 and 6 weeks after cessation of treatment olfactory bulbectomized 
animals returned to their enhanced OBX level. Bulbectomy-induced hyperactivity 



95

Olfaction and Depression: Does the Olfactory Bulbectomized Rat Reflect a Translational Model…
DOI: http://dx.doi.org/10.5772/intechopen.109932

Group 1  
(3 days treatment)

Group 2  
(7 days treatment)

Group 3  
(14 days treatment)

Sham vehicle 4411 ± 317.3 4999 ± 430.2 3992 ± 355.7

OBX vehicle 6703 ± 523.4* 6915 ± 387.8* 6202 ± 596.9*

Sham imipramine 3530 ± 213.3 3531 ± 219.9 3633 ± 352.5

OBX imipramine 4818 ± 262.9* 5535 ± 855.4* 5194 ± 592.5*

Data are expressed as mean distance traveled (cm) ± SEM. Group 1 = animals receiving imipramine or vehicle for 3 days; 
group 2 = animals receiving imipramine or vehicle for 7 days; and group 3 = animals receiving imipramine or vehicle for 
14 days. Methods as described in refs. [25–29].*= p < 0.05 compared to the corresponding sham group.

Table 1. 
Acute effects (on day 1 of all three groups) of imipramine on vehicle treatment or sham-bulbectomized activity 
and olfactory bulbectomy-induced hyperactivity in an open field (15 minutes in a 70 × 70 × 45 cm chamber under 
fluorescent lighting using Noldus Etho VisionR during the light period (9–13 h)).

Figure 4. 
Effects of 3 (top), 7 (middle) and 14 (bottom) days of imipramine (IP) or vehicle treatment (IP) on sham-
operated or olfactory bulbectomized rats in the open field after three, seven or 14 days of treatment as well as 1, 
2, 6 weeks after cessation of treatment. Data are expressed as mean distance traveled (cm) ± SEM. * = p < 0.05 
compared to all animals, OBX and sham, in all groups. # = p < 0.05 for both imipramine and vehicle OBX 
animals, compared to corresponding shams. Methods as described in ref. [22].
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was clearly present up to 6 weeks after cessation of 3 days of imipramine treatment. 
No effect of habituation to the open field was seen. After 7 days of treatment, imip-
ramine significantly reduced the hyperactivity of the OBX group, towards the sham 
level (Figure 4 middle). Like after 3 days of treatment, no effects of imipramine were 
found 1, 2 or 6 weeks after cessation of the 7-day treatment.

After 14 days of treatment, imipramine significantly reduced the hyperactivity of 
the OBX group, towards the sham level (Figure 4 bottom). However, this effect was 
still present 1–2 weeks after cessation of the treatment. Six weeks after cessation the 
level of (hyper) activity of the imipramine pretreated group had returned to the OBX 
sham level.

The results of this experiment show that the olfactory bulbectomy model is suit-
able to detect the onset of action of antidepressants, and also for examining the lasting 
behavioral effects after cessation of sub-chronic treatment, an effect that has hardly 
been examined. Interestingly, our results indicate that while treatment for 3 or 7 days 
may be behaviourally effective, these effects are less stable and treatment should 
continue for 14 days or more to allow for long-term antidepressant effects (which may 
be dependent on changes in brain plasticity) to take place. This makes the bulbectomy 
model attractive for observing not only the onset of action of antidepressants but also 
the optimal dose duration for long-term therapeutic effects after cessation of treatment.

For quite some time, it was suggested that the addition of 5-HT1A receptor antagonists 
to settled antidepressants might facilitate a shorter onset of action than the antidepres-
sants alone [20]. Cryan et al. [45] found that the addition of pindolol, a β-adrenoceptor 
antagonist and partial 5-HT1A receptor (ant) agonist, did not affect the onset time when 
given for 3, 7 and 14 days in combination with the SSRI paroxetine, indicating that the 
olfactory bulbectomy model may not be suitable for the detection of onset of action. 
However, since paroxetine was given at a dose of 2.5 mg/kg, this dose may have been 
too low to elicit any behavioral effects before day 14 of treatment. Moreover, the quality 
of pindolol as 5-HT1A receptor antagonist is also questionable. In a subsequent study 
examining the highly selective 5-HT1A receptor antagonist WAY100635, Cryan et al. [46] 
found that the addition of WAY100635 to paroxetine treatment did not alter onset of 
action (after 3 and 7 days of treatment), nor did the drug, when given alone, affect the 
onset time. Like earlier found in human depression, the addition of a 5-HT1A receptor 
antagonist, at least in the bulbectomy model, does not facilitate a shorter onset of action 
compared to animals treated with an antidepressant alone.

Several studies have examined the effects of antidepressants with combined 
mechanisms of action (like SNRIs or NDRIs) or combination of different antide-
pressants on olfactory bulbectomy-induced behaviors. For example, it has been 
proposed that triple reuptake inhibitors (TUIs), inhibiting serotonin, noradrenaline 
and dopamine transporters would have a faster onset [47]. Quite to the contrary 
however, Breuer et al. [27] found that TUIs have a slower onset of action compared to 
imipramine, which was already active after 3 days of administration (see Figure 4). 
Similarly, in a study examining the effects of dual treatment with sertraline (an SSRI) 
and reboxetine (a selective noradrenaline reuptake inhibitor), Harkin et al. [9] found 
that treatment had no added effect on bulbectomy-induced hyperactivity in the open 
field; the drugs, either alone or in combination, did not have any behavioral effect 
until day 14 of treatment. The current experiment has shown that bulbectomized 
animals do respond to 10 mg/kg imipramine treatment after 3, 7 and 14 days and that 
these effects, after cessation of treatment, are dependent upon treatment duration. 
Interestingly, we have shown previously that treatment with imipramine at 20 mg/
kg significantly altered bulbectomy-induced hyperactivity for up to 10 weeks after 
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cessation of treatment [25]. Also, when observing the lasting effects of pramipexole, 
a dopamine D2/D3 receptor agonist, on bulbectomy-induced hyperactivity, we found 
that while treatment with 1.0 mg/kg did not elicit any behavioral changes during the 
treatment period of 14 days (perhaps because this dose may have increased activity 
in the bulbectomy animals), this dose did have a behavioral effect after cessation of 
treatment [29]. Thus, normalization of hyperactivity may not only be dependent 
upon the duration of treatment but also upon the dosage used.

It has been previously shown that chronic treatment, whether with SSRIs or TCAs, 
leads to a sustainable effect in the open-field paradigm [25]. This suggests that antide-
pressant treatment may perhaps result in semi-permanent changes in brain plasticity. 
There is evidence that chronic antidepressant treatment may have a significant effect 
on NMDA receptors, an effect that has been shown to be sustainable for several days 
after cessation of treatment [47]. Bulbectomy leads to significant elevations in NMDA 
receptor levels in the rat prefrontal cortex, an effect that was sustainable until at least 
5 weeks following bulbectomy [48]. In addition, Keilhoff et al. [49] also found that 
chronic imipramine treatment increased neurogenesis in the hippocampal subven-
tricular zone and amygdala of bulbectomized animals, indicating that chronic antide-
pressant treatment may also have significant effects on neurogenesis in the adult brain 
and that therapeutic effects of antidepressants may be neurogenesis-dependent [50].

The fact that imipramine was active in the OBX model after only 3 days of once-
daily administration is comparable to effects found with the 5-HT4 receptor agonist 
RS 67333, in which the bulbectomized animals showed normalized activity in the 
open field after 3 days of treatment [51]. However, while bulbectomized animals in 
the current experiment showed normalized activity in the open field on day 3 or day 
7 of treatment, the effect disappeared 1 week after cessation of treatment, suggest-
ing that a longer treatment duration is needed for sustainable behavioral effects. That 
imipramine was behaviourally active after 3 days of treatment further supports the 
findings of Cryan et al. [45] which show that bulbectomized animals show attenuation 
of 8-OH-DPAT-induced hypothermia after only 3 days of combined treatment with 
 pindolol and paroxetine, suggesting that these animals do show changes in 5-HT1A 
receptor sensitivity. In an experiment examining the effects of WAY-163909 (3 mg/kg),  
a 5-HT2C receptor agonist, Rosenzweig-Lipson et al. [52] found that this drug had 
a faster onset of action in the olfactory bulbectomy model, compared to traditional 
SSRIs, in that bulbectomy-induced hyperactivity was reduced after 5 days of treatment. 
Similarly, in a study examining the effects of pramipexole (a dopamine D2/D3 agonist) 
on bulbectomy-induced hyperactivity, pramipexole, at doses of 0.3 and 0.1 mg/kg, was 
also active in the olfactory bulbectomy model after 7 days of treatment, comparable to 
imipramine and 7 OH-DPAT [29]. The results of these studies therefore indicate that the 
onset of action may not be strictly and only regulated by 5-HT1A receptors.

While we cannot completely rule out that treatment with 5-HT1A receptor antago-
nists may help to facilitate a faster onset of action, more studies must be done to pin-
point the mechanism behind the onset phenomenon before better and perhaps faster, 
treatments can be found. It has previously been shown that antidepressant treatment 
may work relatively quickly for some patients, who report improvements in mood 
after only 1 week of treatment [53, 54], though there is much debate as to whether or 
not this early onset of action in patients is due to a placebo effect. However, what if 
the therapeutic effects of antidepressant treatment are entirely reliant upon neuro-
genesis? Alterations in neurogenesis in the human adult brain may only occur after 
chronic, but not acute, antidepressant treatment [55]. If the therapeutic action of 
antidepressants is indeed entirely dependent upon neurogenesis, it may be difficult to 
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find new treatments with faster onset. However, this remains a subject for scrutiny, as 
the working mechanisms behind antidepressant efficacy are not yet fully understood 
and therefore must be further examined.

5. Effects of OBX and imipramine on activity in the home cage

Although olfactory bulbectomy leads to hyperactivity in a new environment (mostly 
an Open Field situation is used to measure activity), we have previously shown, using 
telemetric methods, that OBX-ed rats also display hyperactivity in their home cage that 
emerges already significantly 2–3 days after surgery (see Figure 4 and [22]). A cohort 

Figure 5. 
(A) Presurgery 24 h baseline: Circadian rhythm of locomotor activity before OBX/sham surgery (3 h blocks). No 
differences exist between the group that will undergo OBX surgery (n = 21) and the group that will undergo sham 
surgery (n = 21). Black/white bar represents night/day cycle respectively. (B) 24 h curves of 19 days of post OBX/
sham surgery, 3 h blocks. Methods as described in ref. [22].
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of 48 male SD rats were implanted with radio-telemetric transmitters and after 2 weeks 
of recovery randomized into two groups that either were olfactory bulbectomized or 
sham-operated. During recovery from transmitter implantation for 4 days baseline 
telemetric measures were continuously measured (activity, heart rate and temperature) 
but only activity is shown here. After OBX- and sham-surgery telemetric measures were 
continuously measured for 19 days. Six months after OBX/sham surgery, a 14-day treat-
ment period with either imipramine (10 mg/kg, IP) or vehicle (saline, IP) was given to 
either half of the OBX- and half of the sham-operated rats (Figure 5).

Figure 6 shows the circadian rhythms of locomotor activity in the home cage before 
OBX/sham surgery (5A) portrayed in 3 h blocks. No differences exist between the 
groups that will undergo OBX surgery (N = 21) and the sham surgery group (N = 21). 
Figure 6B shows the average circadian activity over 19 days of post-OBX (N = 19)/
sham surgery (N = 17); OBX rats showed an overall increased activity (surgery main 
effect (F(1,37) = 20.5; p < 0.001), but mainly during the night (day: surgery main 
effect F(1,37) = 4.412, p < 0.05; night: surgery main effect F(1,37) = 24.748, p < 0.001).

After 14 days of vehicle, OBX rats receiving vehicle were still overall more active 
than shams receiving vehicle (main surgery effect, F(1,19) = 5.391, p < 0.05), which 
appeared a stronger nocturnal hyperactivity (vehicle night blocks: main operation 
effect F(1,19) = 5.329, p < 0.05; vehicle day blocks: effect F(1,19) = 4.038, p = 0.059, 

Figure 6. 
24 h activity pattern of 14 days imipramine administration, 3 h blocks (A) OBX vehicle vs. sham vehicle; (B) 
OBX imipramine vs. sham imipramine; (C) OBX vehicle vs. OBX imipramine. Black/white bar represents night/
day cycle respectively. The peak in activity seen around 10 h is due to the daily injection stress (compare the peak 
in Figure 5 vs. Figure 6). Methods as described in ref. [22].
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NS) (see Figure 6A). OBX animals that were treated with imipramine were however 
no longer different from sham animals treated with imipramine (surgery effect 
F(1,17) = 0.588, p = 0.454, NS) (see Figure 6C). As a result, OBX animals receiving 
imipramine were no longer identical to OBX animals getting vehicle (main treatment 
effect F(1,18) = 8.832, p < 0.01), the diminished activity in imipramine OBX rats 
being present during day as well as night (see Figure 6B).

Over the 2 weeks after imipramine treatment stopped, OBX rats that had received 
imipramine increased their nocturnal activity, almost being different again from 
sham animals that had received imipramine (imipramine group: surgery effect 
F(1,17) = 3.482, p = 0.079, NS, see Figure 7). OBX animals that were in the vehicle 
group still displayed overall (but mainly nocturnal) hyperactivity (sham group: 
surgery effect F(1,19) = 5.687, p < 0.05). Whereas during treatment, imipramine OBX 
rats were less active than vehicle OBX rats, 2 weeks after cessation they were no longer 
different (OBX group: treatment effect F(1,18) = 1.182, p = 0.291, NS, see Figure 7C).

Unfortunately, we have not tested all these parameters in the various groups at 
later stages (weeks 6 and 10). We assume that the home cage activities in the vari-
ous treatment groups show a comparable pattern as observed in the Open Field (as 
described earlier). The telemetric data (we also gathered body temperature and heart 
rate-not used here) on activity in the home cage strongly reflect similar findings when 
OBX- and sham-operated animals are tested in the Open Field, although the effects 

Figure 7. 
Average 24 h activity circadian rhythm of the 2-week period after stopping imipramine treatment, 3 h blocks 
(A) OBX vehicle vs. sham vehicle; (B) Sham-imipramine vs. OBX imipramine. (C) OBX imipramine vs. OBX 
vehicle. Black/white bar represents night/day cycle respectively. Methods as described in ref. [22].
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are more pronounced. This possibly reflects that a new environment induces addi-
tional stress that enhances activity, both in sham and OBX rats, which was already 
found earlier [22].

6. The olfactory bulbectomy model in rats: a model of what?

Although the OBX model in rats (and to a lesser extent mice) is primarily known for 
its detection of antidepressant activity in a molecule, the model has several other inter-
esting features, in particular, to study degenerative processes in the brain after removing 
the olfactory bulbs. OBX leads to widespread trans-neuronal degeneration, cognitive 
decline, reduced volumes of several brain structures (hippocampus, nucleus caudatus 
and amygdala), disruption of the blood-brain barrier and several other serious changes 
[7, 15]. All these aspects make the OBX model in rats attractive, as has also been illus-
trated in the present chapter with regard to onset of behavioral changes after OBX, but 
also neuroplastic changes after long-term administration of antidepressants. Whether 
these changes reflect effects on neurodegenerative processes is not clear yet. Much 
research using the model is needed to show its further contribution to neuroscience.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Zinc is a trace metal ion that has a role in both physiological and pathological 
 processes, making it one of the most common and necessary components involved 
in brain function. Besides, zinc is required for cell proliferation control in a variety 
of mechanisms, including hormonal regulation of cell division. Also, zinc serves as a 
biochemical signal to immune cells and transcription factors involved in the synthesis 
of inflammatory cytokines. On the other hand, zinc has a variety of crucial roles in 
neurogenesis and also acts as a neuromodulator on a wide range of membrane receptors, 
ion channels, and transporters. Zinc is produced by neurons under several conditions to 
activate microglia. The link between zinc dysregulation and psychiatric disorder was that 
zinc acts as an inhibitory modulator at the N-methyl-D aspartic acid (NMDA) glutamate 
receptor. Ionophores are ion carrier molecules that reversibly bind and transport ions 
through biological membranes. Ionophores can be natural or synthetic products. Zinc 
ionophores such as quercetin, epigallocatechin gallate (EGCG), hinokitol, and proantho-
cyanidins have been shown to protect brain health, particularly in depression clinically 
significant depression and depressive symptoms in post-COVID-19 syndrome may 
have severe implications as it relates to life outcomes quality, herein according to previ-
ous research studies, we showed zinc deficiency as a possible risk factor for depression 
symptoms, which were commonly observed following severe infection of COVID-19.

Keywords: ionophore, zinc, cytokines, quercetin, EGCG, hinokitol, proanthocyanidins

1. Introduction

Zinc is a trace metal ion that has a role in both physiological and pathological 
processes, making it one of the most common and necessary components involved in 
brain function. The cortex, amygdala, olfactory bulb, and hippocampus neurons all 
carry “free ionic zinc” (Zn2+), which appears to have the largest concentration of zinc 
in the brain. Zinc is involved in the physiochemical function of enzymes, proteins, 
and signal transcription factors, as well as the maintenance of numerous homeostatic 
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systems, functioning as structural, regulatory, and catalytic cofactors for enzymes 
including DNA and RNA polymerases, histone deacetylases, and DNA ligases. Zinc is 
also required for cell proliferation and genomic integrity [1–5].

As a neuromodulator, zinc is produced during synaptic transmission and attaches to 
presynaptic or postsynaptic membrane receptors, allowing it to translocate from presyn-
aptic terminals to postsynaptic neurons [6, 7]. Zinc can be found in glutamatergic neurons’ 
synaptic vesicles. Zinc is therefore liberated from glutamatergic synaptic vesicles and 
then interacts with excitatory and inhibitory amino acid receptors (N-methyl-D aspartic 
acid (NMDA), α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), and 
γ-aminobutyric acid (GABA) [8–10]. Because of its actions on numerous voltage-gated ion 
channels, extracellular Zn2+ can modify the excitability of nerve cells [11–13].

Besides, zinc is required for cell proliferation control in a variety of mechanisms, 
including hormonal regulation of cell division. Also, zinc serves as a biochemical signal 
to immune cells and transcription factors involved in the synthesis of inflammatory 
cytokines. Zinc supplementation has been proven in trials to reduce rates of infection 
and proinflammatory cytokine secretion. Zinc also possesses metal-binding charac-
teristics and is widely recognized for its antioxidant qualities [14, 15]. Zinc deficiency 
causes apoptosis in neurons via the mitochondrial pathway [16, 17]. Zinc has just lately 
been discovered to have a role in intracellular signaling as a second messenger. It is also 
used by immune cells as a molecular signal. Zinc controls a variety of transcription fac-
tors that control gene expression and are engaged in the signal transduction of inflam-
matory cytokines and adhesion molecules. Zinc helps to preserve genomic stability by 
regulating redox homeostasis, DNA repair, synthesis, and methylation [18, 19].

2. Role of zinc in the brain

2.1 Role of zinc in neurogenesis and synaptic transmission

Zinc has a variety of crucial roles in neurogenesis [4]. Zinc deficiency decreases 
the neurogenesis process and impairs the expression of genes involved in hippocam-
pus proliferation and neuronal development in the postnatal rat cerebellum [20]. 
Further, zinc deficiency reduces the proliferation of the human neuroblastoma cell 
line, promotes apoptosis, and inhibits retinoic-acid-induced neuronal development in 
cultured cells [1, 21].

Of note, zinc is found in the presynaptic glutamatergic vesicles across the 
brain, including the cerebral cortex, limbic system, hippocampus, and olfactory 
bulb [22].

It acts as a neuromodulator on a wide range of membrane receptors, ion channels, 
and transporters [23]. Synaptic zinc, in particular, is enhanced via a specialized zinc 
transporter, ZnT3, and is coreleased with glutamate during action potential-induced 
exocytosis [24]. These also have an impact on synaptic transmission, which interacts 
with receptors and channels that regulate auditory processing [25, 26]. Synaptic zinc has 
been discovered to inhibit NMDA receptors, GABA-A receptors, and calcium channels 
while activating AMPA and glycine receptors [27–30]. Zinc also has vital effects on other 
kinds of receptors, including serotonin, dopamine, and acetylcholine receptors, as well 
as voltage-gated ion channels for sodium, potassium, calcium, and chlorine [29, 31].

Synaptic zinc regulates sensory processing and improves acuity in the discrimina-
tion of different sensory stimuli. Synaptic zinc plasticity leads to prolonged adapta-
tions and sense memories. Recently, the mechanism of this long-term synaptic 
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zinc plasticity has been described as being due to group 1 metabotropic glutamate 
receptors (G1 mGluRs)-dependent mechanism that triggers a bidirectional long-term 
change in synaptic zinc signaling [32].

2.2 Role of zinc at depression

No one denies that depression treatment is a gateway to overcoming many social 
and psychological problems that affect millions of people all over the world. Many 
factors play a role in depressive-like behaviors, such as impairment of functions of the 
hippocampus and the prefrontal cortex. These brain parts play an important role in 
decision-making processes, so any dysfunction at this area can induce a predisposition 
to negative feelings, and many glucocorticoid receptors are involved in these areas [33].

In terms of both pharmacological and clinical/epidemiological data, recent years have 
provided additional evidence confirming the role of zinc in depression. Zinc demon-
strated antidepressant-like efficacy in preclinical studies and depressive models. Clinical 
evidence suggested that zinc supplementation might be beneficial in people suffering 
from depression. Zinc supplementation has been demonstrated to be beneficial as adju-
vant therapy or as a stand-alone intervention for depression. Furthermore, zinc consump-
tion has been linked to an increased risk of depression. Dietary zinc restriction was found 
to be a causal factor in the development of depressive-like symptoms or anhedonia in 
mouse studies [34]. Some epidemiological studies have reported that reduced nutritional 
zinc consumption is related to depression in females but not in males [35]. Even though 
the first prospective study examining the relationship between zinc intake and depression 
risk found a small but significant inverse correlation between them, a 20-year follow-up 
study found that a reduced dietary zinc intake protects from depression in men who were 
not previously depressed. However, because the research participants were all men with 
a hospital discharge diagnosis of unipolar depression, the findings cannot be applied to 
women or patients who did not require hospitalization. On the contrary, a reduced nutri-
tional zinc intake was found to be a risk factor for depression in a prospective analysis of 
both men and women [36]. Mice missing the G-protein-coupled receptor 39 (GPR39), a 
zinc-activated receptor, show depressive-like behavior [37]. TC-G-1008, a GPR39 agonist, 
was recently discovered to have antidepressant-like effects [38]. These findings add to the 
growing body of evidence that zinc is useful in the treatment of depression.

Meta-analyses support the use of zinc as a supplement in the treatment of severe 
depression, and single research currently supports the use of zinc for psychotic symp-
toms [39]. Zinc deficiency has also been linked to neuropsychiatric symptoms such as 
altered behavior and cognition, learning difficulties, and depression [40–42].

The link between zinc dysregulation and psychiatric disorder was that zinc acts as 
an inhibitory modulator at the NMDA glutamate receptor [43–45]. In addition, the 
inhibitory effects on the nicotinic acetylcholine receptor (nAChR), GSK3 (glycogen 
synthase kinase 3beta), and NOS (nitric oxide synthase) are also relevant to depres-
sive processes [46, 47].

Numerous studies show lower zinc blood levels in depressed people compared 
with healthy people, with a meta-analysis showing depressive symptomatology 
at zinc serum levels of 1.8 M or below [48]. In several investigations, zinc supple-
mentation enhanced mood in those who were suffering from treatment-resistant 
depression [41, 49].

Zinc’s effect on the brain-derived neurotrophic factor (BDNF), a growth factor 
that promotes neurogenesis and differentiation, may be connected to depression. 
The hippocampus is a center of lifelong neurogenesis, and periods of significant 
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depression are associated with reduced BDNF expression and neuro/synaptogenesis. 
Rodents on a zinc-deficient diet had lower zinc levels in the hippocampus vesicles, a 
part of the brain where zinc levels are generally greater, as well as lower amounts of 
progenitor cells and immature neurons. Zinc-rich diets, on the other hand, increased 
amounts of progenitor cells [3, 41]. The GPR39 receptor is most likely a critical 
connection in the interaction between zinc and the serotonergic system, which is 
required for antidepressants that affect the serotonin pathway to work [34].

2.3 Zinc and neuroimmunity

Of note, laboratory animal models showed that zinc insufficiency induces thymus and 
lymphoid tissue atrophy. It lowers the number of spleen cells and the sensitivity to anti-
gens that are both T-cell-dependent and -independent [50]. Microglia is a kind of immune 
cell found in the central nervous system (CNS) [51]. The link between zinc and microglial 
activation reflects an undiscovered process that may play a role in neuropathy. However, 
zinc is produced by neurons under several conditions to activate microglial [52].

3. Zinc ionophores

Ionophores are ion carrier molecules that reversibly bind and transport ions 
through biological membranes. Many ionophores are lipid-soluble ion transporters 
that traverse the cell membrane. Ionophores accelerate ion transport through hydro-
phobic membranes such as liquid polymeric membranes (carrier-based ion-selective 
electrodes), lipid bilayers in live cells, or synthetic vesicles (liposomes). A hydrophilic 
core and a hydrophobic section interact with the membrane in the structure of an 
ionophore [53]. Many microorganisms, fungi, and plants naturally manufacture iono-
phores, which import ions into their cells and function as a defense against competing 
or harmful species. Ionophores made from synthetic materials have also been devel-
oped. Ionophores that select for cations and anions have a wide range of uses in the 
analysis [54]. When paired with the ion they bind, these chemicals have been proven 
to have a variety of biological effects as well as a synergistic impact [55]. Ionophores 
change the permeability of biological membranes in the direction of certain ions for 
which they have affinity and selectivity (Figure 1). An ionophore has a hydrophilic 
core and a hydrophobic section that interacts with the membrane in terms of structure. 
An ionophore-ion complex is formed when ions are bound to the hydrophilic center. 
X-ray crystallography has confirmed the structure of the ionophore-ion complex [58].

Zinc ionophores (Table 1; Figure 2) have been shown to inhibit replication of 
various viruses in vitro, including coxsackievirus [63, 65], equine arteritis virus [68], 
coronavirus [68], HCV [69], HSV [70], HCoV-229E [71], HIV [72, 73], mengovirus 
[63, 65], MERS-CoV [71], rhinovirus [65], SARS-CoV-1 [68], and Zika virus [74].

3.1  Examples of zinc ionophores and their role in brain health, depression as an 
example

3.1.1 Quercetin

Quercetin has attracted the attention of many researchers because of its capacity 
to pass the blood–brain barrier. It appears in the brain after hours of administration 
and plays a key function in the central nervous system [75]. Discoveries from animal 
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model research reported that antioxidant, anti-inflammatory, and neuroprotective 
effects of quercetin keep neurons in healthy condition by inhibiting the formation of 
hydroperoxide, reducing free radicals, and restoring antioxidant enzymes. Further, 
the study of quercetin at rat models proves its antidepressant action [76, 77]. Also, 
quercetin can reduce stress and depressive-like symptoms [75].

3.1.2 Epigallocatechin gallate (EGCG)

EGCG may act as a new antidepressant by inhibiting neuroinflammation, which 
may help to alleviate depression. Models of chronic unexpected mild stress (CUMS) 
in rats have been created in experimental investigations of depression [78]. Although 
the etiology of depression is not well understood, one popular theory is that depressed 

Figure 1. 
Zinc ionophores mechanism in penetrating cell membranes. Two ionophore molecules can mediate intracellular 
zinc accumulation by exchanging extracellular Zn2+ with 2H+ [56]. Then, ionophore-zinc complex is taken up by 
endocytosis, followed by lysosomal disruption to release zinc into the cytoplasm [57].

Zinc Ionophore Sources References

Calcimycin Streptomyces chartreusensis [59, 60]

Chloroquine Cinchona officinalis [61]

Clioquinol Synthetic ionophore [55]

Diiodohydroxyquinoline Synthetic ionophore [62]

Dithiocarbamates Synthetic ionophore [63]

EGCG Camellia sinensis (tea plant), apples, plums, onions [64]

Hinokitiol Cupressaceae species [65]

Proanthocyanidins Grape seed [66]

PBT2 Synthetic analog of 8-hydroxyquinoline [67]

Pyrithione Allium stipitatum [65]

Quercetin Vegetables, fruits, berries, herbs, trees, and other plants [64]

Zincophorin Streptomyces griseus [55]

Table 1. 
Nature and synthetic zinc ionophores.
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people have greater amounts of cytokines such as IL-6 due to lower levels of amines 
such as serotonin, noradrenaline, and dopamine [79]. EGCG injection improved 
depressed behavior in rats by reducing Il-6 levels in the hippocampus. As a result, 
EGCG was suggested to be used as a new antidepressant to reduce neuroinflamma-
tion, which could help to alleviate depression [80].

3.1.3 Hinokitol

Hinokitiol (β-thujaplicin) is a monoterpenoid that occurs naturally in the wood 
of Cupressaceae plants. It is a natural zinc ionophore that is safe to use. Because of its 
powerful, broad-spectrum antiviral, antibacterial, antifungal, anti-inflammatory, 
and anticancer effects, it is frequently employed in oral care and medicinal products. 
It is also a food additive that does not build up in the body. Throughout years of use, 
there have been no reports of allergic, poisonous, or adverse consequences in the 
literature. Hinokitiol is a safe zinc ionophore that increases the intracellular pool of 
labile zinc by facilitating zinc influx into cells [81].

3.1.4 Proanthocyanidins

Proanthocyanidins (GSPs), which comprise dimers, trimers, oligomers, and 
oligomers of catechin and epicatechin, are known to have antidepressant properties. 
Recent research has demonstrated the mechanism of GSPs’ antidepressant effects in 
female juvenile prenatally stressed offspring rats. The main pathway was that GSPs 
work synergistically to inhibit oxidative stress and inflammatory response activator 
proteins [66].

4. Cross talk between zinc deficiency and depression caused by COVID-19

High rates of neuropsychiatric symptoms (e.g., depression) have been observed 
among patients affected by COVID-19, suggesting an effect of COVID-19 on the human 
central nervous system (CNS) [82–85]. It was showed globally that depression is a lead-
ing cause of disability [86]. Accordingly, clinically significant depression and  

Figure 2. 
Natural zinc ionophores and their sources. Chemical structures of ionophores obtained from Pubchem database 
(Hinokitiol, CID: 3611; quercetin, CID: 5280343; EGCG, CID: 65064; Proanthocyanidin, CID: 108065).
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depressive symptoms in post-COVID-19 syndrome may have severe implications as it 
relates to life outcomes quality [86]. Herein according to previous research studies, we 
showed zinc deficiency as a possible risk factor for depression symptoms, which were 
commonly observed following severe infection of COVID-19. A meta-analysis of 17 
observational studies found that blood Zn2+ concentrations were lower in depressed 
subjects than in control subjects [48]. Interestingly, a recent study showed that a 
significant number of patients with COVID-19 were zinc-deficient [87], and a higher 
number of zinc-deficient COVID-19 patients had prolonged hospital stay when com-
pared with those with normal zinc levels and required intensive care unit (ICU) [87]. A 
significant positive correlation was observed between the prevalence of zinc deficiency 
and COVID-19 cases [88]. A pooled analysis of 1532 COVID-19 patients suggested that 
zinc deficiency was associated with a sixfold increased risk of severe disease and 16-fold 
increased risk of death via elevating LDH [89]. The elevated LDH in the present study 
was probably indicative of severe disease [87]. Because zinc has a critical role in regulat-
ing functions of the human brain, many disorders have been linked with Zn2+ deficiency, 
including neurological diseases, such as psychiatric disorders, (depression) [48, 89] 
and schizophrenia [90]. Consequently, the clinical picture, which is common in severe 
COVID-19 patients and is referred to as “Depression” [82–85], is nothing more than 
depression seen in zinc deficiency [48, 87–89]. Most likely, depression and other mental 
problems in these patients also develop due to zinc deficiency in nerve cells in the brain.

The first study revealing a relationship between depression and dietary zinc 
deficiency was conducted by Amani et al. [90]. This study included 23 young 
females diagnosed with moderate and severe depression and 23 healthy volunteers 
who were age-matched. The findings revealed that the depressive group’s daily 
zinc consumption and serum zinc concentration were both lower than the healthy 
women’s. Moreover, an inverse correlation between serum zinc concentration and the 
depression scores was obtained [90]. According to the World Health Organization 
(WHO), zinc deficiency affects at least one-third of the world’s population [91]. The 
fact that zinc deficiency is linked to the risk of infection and severe advancement of 
COVID-19 [91] gives a first significant clue on a link between zinc deficiency and the 
risk of infection as well as its symptoms with unknown etiology such as depression 
and suggests possible benefits of zinc supplementation. Owing to Zn2+ neuroprotec-
tive properties, it is not surprising that Zn2+ supplementation could be effective not 
only on COVID-19-related symptoms but also on virus replication, as well as on 
COVID-19-related inflammation and neurological damage [92]. In vitro, Zn2+ inhibits 
Coronavirus and Arter virus RNA polymerase activity, and zinc ionophores prevent 
these viruses from replicating in cell culture [93]. Zinc ionophore may play a role in 
therapeutic management for COVID-19 [94].

5. Conclusions

Zinc deficiency has been linked to different nervous system disorders. Because 
zinc is not fat-soluble, it requires transporters called zinc ionophores, which facilitate 
the entrance of zinc in cytoplasm increasing its level of concentration in the body 
after consumption. The role of zinc in protecting brain cells has been extensively 
studied recently particularly in depression treatment. Therefore, natural zinc iono-
phores plus zinc supplements, which are commercially available, could be a new way 
to treatment of many neuropsychiatric disorders. Zinc ionophore may play a role in 
therapeutic management for COVID-19 and postcovid-19 depression.
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Perspective Chapter: Depression 
as a Disorder of Monoamine Axon 
Degeneration May Hold an Answer 
to Two Antidepressant Questions -  
Delayed Clinical Efficacy and 
Treatment-Resistant Depression
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Abstract

It has long been known that the pathophysiology of depression is associated with a 
reduction in the brain concentrations of monoamines, that is, serotonin, noradrena-
line, and dopamine. Although conventional antidepressant drugs increase mono-
amine contents immediately after their administration, it takes several weeks or more 
before their clinical efficacy becomes evident. The mechanism of the delayed onset 
of antidepressant effects remains elusive. Furthermore, over 30–50% of patients with 
depression show resistance to antidepressant drug treatment. Thus, two major ques-
tions remain to be resolved—(1) delayed clinical efficacy of antidepressant drugs, and 
(2) a large percentage of treatment-resistant depression. First, this review describes 
the evidence, obtained from animal and human studies, that similar to early-stage 
Parkinson’s disease, depression is a neurodegenerative disease characterized by the 
degeneration of monoamine axons and the delayed clinical efficacy of antidepres-
sants is due to their regenerative action on damaged monoamine axons. Moreover, 
the causes of treatment-resistant depression are discussed in relation to inflammation 
as a cause of neurodegeneration. This review provides new insights into not only the 
pathophysiology of depression but also the diagnosis and therapy of early stages of 
neurodegenerative diseases, such as Parkinson’s disease and Alzheimer’s disease.

Keywords: depression, parkinson’s disease, antidepressant, treatment-resistant, 
omega-3 fatty acid, neurodegeneration, regeneration

1. Introduction

It has long been known that the pathophysiology of depression is associated with a 
reduction in the concentration of monoamines, that is, serotonin (5-HT), noradrena-
line (NA), and dopamine (DA), in the brain [1, 2]. Conventional antidepressant drugs 
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for clinical use increase monoamine contents immediately after their administration, 
whereas it takes several weeks or more before their clinical efficacy becomes evident. 
The delayed onset of action of antidepressants suggests that antidepressants exert 
their effects by inducing slowly occurring changes in the brain. Furthermore, over 
30–50% of patients with depression show resistance to antidepressant drug treatment 
[3–5]. Thus, two major questions remain to be resolved—(1) How do the delayed 
clinical effects of antidepressant drugs occur, and (2) why does a large percentage of 
patients with depression show resistance to antidepressant treatment. This review 
article focuses on addressing these questions based on the evidence that depression is 
not a disease caused simply by the deficiency of neurotransmitters, but a neurodegen-
erative disease characterized by axonal degeneration of monoamine neurons without 
cell death [6–11].

2. Delayed onset of antidepressant effects

2.1 Antidepressants and monoamine axon regeneration/sprouting

Recent animal and human studies have demonstrated that depression is a neuro-
degenerative disease characterized by the degeneration of monoamine axons without 
cell death, and the delayed clinical efficacy of antidepressants is due to their regen-
erative action on damaged monoamine axons. In 1990, it was reported for the first 
time that antidepressants that increase the extracellular concentration of NA, such 
as desipramine, maprotiline, and mianserin, have the ability to induce regeneration 
of NA axons, but fluoxetine, a potent selective serotonin reuptake inhibitor (SSRI), 
does not [6, 7]. The regenerative effects of antidepressants on NA axons lesioned by 
6-hydroxydopamine (6-OHDA) could be induced by antidepressant infusions in the 
rat cerebral cortex for more than 2 weeks but not for less than 1 week. Furthermore, 
the ability of antidepressants to induce axonal sprouting of 5-HT neurons has been 
demonstrated by systemic injections of antidepressants for 4 weeks daily in rats 
without damaging 5-HT axons [9]. In this study, fluoxetine and the 5-HT reuptake 
enhancer tianeptine, but not the NA reuptake inhibitor desipramine, increased 
the density of 5-HT axons in the cerebral cortex and some limbic forebrain areas. 
These findings indicate that antidepressants associated with 5-HT reuptake, but not 
NA reuptake, induce axonal sprouting of 5-HT neurons. Based on the sprouting or 
regenerative effects of antidepressants on NA and 5-HT axons, the axonal degenera-
tion of monoamine neurons has been suggested to be involved in the pathophysiology 
of depression and antidepressants exert their action by inducing the regeneration of 
monoamine axons. In addition, it is suggested that the pathophysiology of depression 
includes NA-axon and/or 5-HT-axon degeneration, and NA- and 5-HT-specific antide-
pressants are effective in inducing NA and 5-HT axon regeneration, respectively.

2.2 Depression and monoamine axon degeneration

Further evidence has been provided using animal models of depression to show 
that axonal degeneration of monoamine neurons is involved in the pathophysiology 
of depression. The rat model of depression, which was developed by repeated expo-
sure to forced walking stress for 2 weeks, showed depressive behaviors including pro-
longed inactivity, seclusion, aggression, motor retardation, lack of coupling behavior, 
fitful sleep, weight loss, and hypersensitivity to light and sound [12]. Subsequent 
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studies have demonstrated that this stress-induced depression model reveals the 
degeneration of NA axons in the cerebral cortex [8]. In this depression model with 
NA axon degeneration, imipramine (intraperitoneal injections for 20 days) could 
induce regeneration of cortical NA axons and ameliorate the depression-like behav-
iors [8]. A most recent study showed that in a mouse model of poststroke depres-
sion with degeneration of NA- and 5-HT axons, chronic treatment with fluoxetine 
reversed depression-like behaviors and a loss of 5-HT axons, but not NA axons [11]. 
Furthermore, light deprivation was found to induce a loss of NA axons, but not 5-HT 
axons, in the frontal cortex and depression-like behaviors in rats, while desipramine 
improved the NA axon loss and depressive behaviors [10]. Postnatal isolation rear-
ing, which induced depressive behavior in adolescent/young adult rats, reduced the 
density of 5-HT axons, but not NA axons, in the hippocampus and amygdala [13]. A 
recent study has shown that exposure to 1-bromopropane, an alternative to ozone-
depleting solvents, which is known to induce depressive symptoms in a subset of 
people exposed to this chemical, induced the degeneration of NA axons, but not 5-HT 
axons, in the adult rat [14]. It has also been presented that repeated electroconvulsive 
shock that is most effective in the treatment of clinical depression promotes the 
regeneration of 5-HT axons of the rat hippocampus damaged by the 5-HT specific 
neurotoxin [15]. In the chronic social defeat stress model of depression with reduced 
5-HT innervation in the hippocampal dentate gyrus (DG) and ventromedial pre-
frontal cortex (vmPFC) of mice, chronic deep brain stimulation of vmPFC reversed 
depression-like behavior and restored 5-HT innervation in the DG and vmPFC [16]. 
Further evidence for the involvement of the degeneration of monoamine axons in 
the pathophysiology of depression has been reported: Interferon-α, which is widely 
used for the treatment of cancers and viral illnesses, is known to frequently induce 
depressive symptoms [17], reduces the density of NA and 5-HT axons in the frontal 
cortex, hippocampus, and amygdala of rats [18]. Finally, human brain imaging 
studies have shown evidence that the degeneration of monoamine axons is associated 
with depressive symptoms [19–21]. In these studies, the density of axon terminals of 
monoamine neurons was measured by positron emission tomography using radiotrac-
ers of presynaptic monoamine transporters. Although scant in number and limited 
to Parkinson’s diseases with depressive symptoms, the imaging studies have provided 
evidence to support the involvement of loss of monoamine axons in the occurrence of 
depressive symptoms. Importantly, a recent imaging study reported that depressed 
patients showing the improvement of depressive symptoms after cognitive behavioral 
therapy revealed an overall increase in cerebral 5-HT transporter availability, suggest-
ing the occurrence of 5-HT axon regeneration/sprouting after depression treatment 
[22]. Furthermore, in depressed suicide victims, immunohistochemistry using an 
antibody to serotonin transporters showed a localized decrease in the density of 5-HT 
axons in the PFC [23].

All these studies support the view that depressive symptoms are caused by the loss 
of monoamine axons and antidepressants exert their effects by inducing the regenera-
tion of monoamine axons. Thus, the delayed onset of antidepressant efficacy can be 
explained by the time required for the regeneration of monoamine axons.

3. Plausible causes of treatment-resistant depression

Based on the view that depression is a neurodegenerative disease, the possible causes 
of treatment-resistant depression are considered due to (1) mismatch of impaired 
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monoamines and prescribed antidepressant drugs, (2) severe degeneration or cell 
death, (3) persistent inflammation, and (4) omega-3 fatty acid deficiency. Obviously, 
we cannot exclude other causes of treatment-resistant depression (Figure 1).

3.1 Mismatch of impaired monoamines and prescribed antidepressant drugs

One of the causes of treatment-resistant depression could be explained by the 
possibility that there are different types of depression whose pathophysiology dif-
fers in which monoamine is involved (5-HT, NA, DA, or two or more monoamines). 
The problem is that there are no objective diagnostic tools to differentiate which 
monoamine is involved in the pathophysiology of depressive symptoms of individual 
patients. In fact, as mentioned before, animal studies have suggested that there 
are various types of depression that differ in the monoamine(s) involved [10, 11, 
13, 14, 18]. In clinical practice, SSRIs are most commonly prescribed as first-line 
antidepressant drugs without any distinct evidence that the depressive symptoms of 
patients are due to 5-HT deficiency. At present, it is difficult for clinicians to correctly 
administer antidepressant drugs to individual patients with depression. If patients 
with depression are not administered antidepressant drugs that are able to regenerate 
the particular monoamine axons that are damaged in their case, they may suffer from 
treatment-resistant depression.

3.2 Severe degeneration or cell death

Another likely cause of treatment-resistant depression may be attributable to 
the possibility that the degeneration of monoamine axons is not localized at axon 
terminals, but extends further from the terminals. In the most severe case, retrograde 
axonal degeneration may result in the degeneration of the neuron soma (cell death). 

Figure 1. 
Plausible causes of treatment-resistant depression. The causes of resistance to antidepressant drugs may be due to 
(1) mismatch of impaired monoamines and prescribed antidepressant drugs, (2) severe degeneration or cell death, 
(3) persistent inflammation, and (4) omega-3 fatty acid deficiency. Others may include deficiency of signaling 
pathways or molecules related to regeneration of monoamine axons.
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In fact, a great loss of NA neurons in the locus coeruleus has been reported to be 
associated with depressive symptoms in patients without dementia as well as those 
with Alzheimer’s disease or Parkinson’s disease [24, 25]. A loss of 5-HT neurons in the 
raphe nucleus is also reported to be associated with depressive symptoms of patients 
with Parkinson’s disease [26]. Depressive symptoms due to the loss of monoamine 
neurons can hardly be treated with the administration of conventional antidepressant 
drugs as well as electroconvulsive shock therapy. It is noted that at the early stages 
of Parkinson’s disease and Alzheimer’s disease the degeneration of the distal axons 
occurs first, and in the late stages, persistent axonal degeneration finally results in 
the degeneration of the neuron soma [27–29]. This implies that in neurodegenera-
tive diseases such as Parkinson’s disease and Alzheimer’s disease, possibly including 
depression, the degeneration of the distal axons precedes the loss of the neuron soma. 
Postmortem and imaging studies have shown that in Parkinson’s disease about 30% 
of DA neurons of the substantia nigra compacta (SNc) and about 50–70% of striatal 
DA axon terminals are lost by the time of motor symptom onset [30, 31]. The reason 
for making the distal axons more vulnerable to insults than the neuron soma can be 
explained by the fact that the distal portions of axons are most remote from the cell 
body that supplies proteins and chemicals required for the survival and growth of 
axons.

Whether distal axon degeneration is prone to cell death or not could be dependent 
on the length of axons from the neuron soma to the distal axon terminal and the 
morphological features of axon terminals (Figure 2). In Parkinson’s disease, motor 
symptoms occur due to the degeneration of SNc DA neurons projecting to the dorsal 
striatum. Since the distance between the two brain regions is relatively short, retrograde 
axon degeneration of SNc DA neurons is considered to result in cell death more easily. 
In contrast, NA neurons of the locus coeruleus and 5-HT neurons of the raphe nucleus 
send their axons to long distances from the brainstem to the cerebral cortex [32], thus 
taking a long time to cause soma degeneration. On the other hand, it has been reported 
that DA neurons of the ventral tegmental area (VTA), which project their axons to the 
ventral striatum (nucleus accumbens) and are responsible for reward-related behavior, 
are involved in the pathophysiology of depression [33, 34]. Similar to SNc DA neurons, 
VTA DA neurons project relatively short axons to the nucleus accumbens. Although 
the axon length of both DA neurons is almost the same, however, DA neurons of the 
SNc are more prone to cell death in Parkinson’s disease, compared to DA neurons of the 
VTA [35, 36]. A single-neuron tracing study demonstrated that a single DA neuron of 
the SNc forms highly overlapping innervation with extremely dense axonal arboriza-
tions in the dorsal striatum [37], while that of the VTA has much smaller axonal arbors 
in the ventral striatum (Figure 2) [27, 36]. A large and dense axonal arborization in 
the terminal field is considered to contribute to cell death of DA neurons of the SNc 
in Parkinson’s disease [36]. Thus, in addition to axonal length, the spread and size of 
terminal axon arbors may play a pivotal role in vulnerability to neuronal cell death. It is 
also noted that because 5-HT, NA, and DA axons all have a great capacity to spontane-
ously regenerate or sprout in response to damage in the adult brain [38–41], the com-
petition between degenerative and regenerative mechanisms may occur after axonal 
damage, finally resulting in either axonal regeneration or cell death.

3.3 Persistent inflammation

In recent years much evidence has been accumulating that inflammation is a key 
player in the pathogenesis of neurodegenerative diseases, such as Parkinson’s disease 
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and Alzheimer’s disease [42, 43]. Many researchers also reported that inflammation 
plays an important role in the occurrence of depressive symptoms and is associated 
with treatment-resistant depression [4, 5, 44, 45]. A subset of patients with depres-
sion and animal models of depression revealed increased levels of pro-inflammatory 
cytokines in the periphery and brain, including IL-1β, IL-6, and TNF-α, and a variety 
of stresses including psychosocial stress could induce activation of key inflamma-
tory pathways to elevate the serum levels of pro-inflammatory cytokines such as 
IL-6 [44–48]. Based on these findings, as mentioned previously, long-term repeated 
intraperitoneal injection of the pro-inflammatory cytokine interferon-α induces the 
degeneration of 5-HT and NA axons in the rat brain, though there is no apparent 
change in the number and shape of 5-HT and NA neuronal somata [18]. Accordingly, 
it is reasonable to assume that prolonged inflammation and persistent release of pro-
inflammatory cytokines produce the degeneration of 5-HT and/or NA axons without 
cell death, resulting in the occurrence of depressive symptoms. If inflammation as 
a cause of the axonal degeneration of monoamine neurons persists without anti-
inflammatory treatment during repeated administration of antidepressants, patients 
are likely to suffer from treatment-resistant depression.

3.4 Omega-3 fatty acid deficiency

Chronic treatment with antidepressants is reported to cause the downregulation 
of β-adrenergic receptors [49]. On the other hand, the denervation of cortical NA 
axons with the neurotoxin 6-OHDA causes upregulation (supersensitivity) in cortical 

Figure 2. 
Retrograde axonal degeneration and cell death of monoamine neurons depend on axonal length and 
morphological features of axon terminals. NA neurons of the locus coeruleus and 5-HT neurons of the raphe 
nucleus have long axons, rarely causing cell death, and depressive symptoms can occur predominantly due to 
axonal degeneration without cell death. In contrast, DA neurons of the VTA and SNc have relatively short axons. 
Although the axon length of both DA neurons is almost the same, DA neurons of the SNc are more prone to cell 
death in Parkinson’s disease, compared to DA neurons of the VTA. A single DA neuron of the SNc forms highly 
overlapping innervation with extremely dense axonal arborizations, while that of the VTA has much smaller 
axonal arbors. A large and dense axonal arborization in the terminal field is considered to contribute to cell death 
of DA neurons of the SNc in Parkinson’s disease. NA: Noradrenaline, 5-HT: Serotonin, DA: Dopamine, VTA: 
Ventral tegmental area, and SNc: Substantia nigra compacta.
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β-adrenergic receptors [50]. As upregulation of β-adrenergic receptors is associ-
ated with NA axon degeneration, it is possible that downregulation of β-adrenergic 
receptors results from regeneration or sprouting of NA axons. If upregulation of 
β-adrenergic receptors occurs due to the degeneration of NA axons in the brains 
of patients with depression, antidepressants could normalize the sensitivity of 
β-adrenergic receptors by the downregulation following the regeneration of NA axons. 
Further studies have shown that downregulation of β-adrenergic receptors following 
repeated application of β-adrenergic agonists or chronic stress treatment is blocked by 
phospholipase A2 (PLA2) inhibitors, while this downregulation can be induced by the 
activation of PLA2 [51, 52]. Moreover, it has been demonstrated that PLA2 activation is 
involved in the downregulation of β-adrenergic receptors induced by chronic desip-
ramine treatment [53]. A possible link between the downregulation of β-adrenergic 
receptors and the regeneration of NA axons raised the possibility that PLA2 is involved 
in the molecular mechanisms of the antidepressant-induced regeneration of NA axons. 
Based on these findings, the PLA2 inhibitor mepacrine or 4-bromphenacyl bromide 
could attenuate the regeneration of NA axons induced by desipramine, while the PLA2 
activator melittin induced NA axon regeneration [54]. These findings suggested that 
the PLA2 signaling pathway is involved in the pathophysiology of depression.

PLA2 generates the omega-6 polyunsaturated fatty acid arachidonic acid (AA) 
and omega-3 polyunsaturated fatty acids eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) by acting on membrane phospholipids. PLA2 enzymes are 
subdivided into several groups and among them, two groups of PLA2, cytosolic PLA2 
(cPLA2) and calcium-independent PLA2 (iPLA2), play a major role in the release of 
AA, EPA, and DHA from the cell membrane [42, 55]. PLA2 and its products, omega-3 
and omega-6 fatty acids, reveal the capacity to produce axon outgrowth of adult 
mouse sensory neurons in vitro, aged rat sensory neurons in culture, and cultured 
hippocampal and PC12 cells [56–58]. Importantly, acute administration of DHA is 
reported to induce sprouting of 5-HT axons as well as corticospinal axons in an adult 
rat model of spinal cord injury [59]. A recent study also reported that in the damaged 
cornea of the adult mouse, DHA induces axonal regeneration of trigeminal sensory 
nerves via the iPLA2 activity of the receptors of the neuroprotective molecule pig-
ment epithelium-derived factor [60]. Furthermore, using iPLA2β-knockout mice, the 
impairment of iPLA2β was found to cause widespread degeneration of axons in the 
central and peripheral nervous systems, including nigrostriatal DA axons, although 
the changes were not observed in developing and young mice, but became evident in 
older mice [61, 62]. All these findings suggest that PLA2 and its products play a key 
role in the degeneration and regeneration of axons in the periphery and brain, includ-
ing monoamine axons in the adult brain.

Recently, many reports have shown lower levels of EPA and/or DHA being associ-
ated with depression [63–66]. Animal studies demonstrated that administration of 
EPA and DHA had an antidepressant-like effect, reducing immobility in the forced 
swim test [67, 68]. Moreover, it has been reported that the antidepressant effect of 
maprotiline, an NA reuptake inhibitor, is mediated by DHA released by activation 
of iPLA2 in the mouse prefrontal cortex [69]. Notably important is that EPA and 
DHA are essential fatty acids and must be obtained from the diet. Consequently, if 
patients with depression do not get enough of these fatty acids from their diet during 
the administration of antidepressant drugs, they may suffer from treatment-resistant 
depression. Notably, in adolescents with SSRI-resistant depression who exhibited 
robust DHA deficits, DHA supplementation with fish oil increased DHA status and 
enhanced the antidepressant effects of SSRI [70].



COVID-19 Pandemic, Mental Health and Neuroscience - New Scenarios for Understanding…

130

4. Depression and neurodegenerative diseases

Depression is considered a neurodegenerative disease, such as Parkinson’s disease 
and Alzheimer’s disease. Parkinson’s disease with the degeneration of DA neurons of 
the SNc related to motor function produces motor symptoms, while the degeneration 
of 5-HT and NA neurons related to mood regulation results in depressed mood and 
anxiety of patients with depression. In addition, the degeneration of DA neurons of 
the VTA may be associated with anhedonia in patients with depression. Nonspecific 
symptoms of depression, such as sleep problems, tiredness, and changes in appetite, 
may be attributable to the degeneration of 5-HT and NA axons, because loss of these 
monoamine axons, which are distributed to almost the entire brain, could likely pro-
duce a variety of symptoms. A major difference between depression and Parkinson’s 
disease as well as Alzheimer’s disease is that the neuropathology of depression is 
characterized predominantly by the degeneration of axons, while the neurodegenera-
tive changes of Parkinson’s disease and Alzheimer’s disease include a great loss of the 
neuron cell somata. The depressive symptoms of patients with depression can occur 
due to axonal degeneration of monoamine neurons even without soma degeneration, 
whereas the motor symptoms of Parkinson’s disease and cognitive impairment of 
Alzheimer’s disease become evident after the occurrence of soma degeneration. This 
is well consistent with the fact that depression often precedes symptoms of neurode-
generative diseases, typically including Parkinson’s disease and Alzheimer’s disease 
[71, 72]. Thus, depression may be useful as a predictor of the future occurrence of 
neurodegenerative diseases characterized by cell death. In any case, detection of 
axonal degeneration before cell death is important for the treatment of Parkinson’s 
disease and Alzheimer’s disease. It is noted that DHA supplementation before the 
onset of dementia results in beneficial outcomes in patients with Alzheimer’s disease 
[55, 73, 74]. Omega-3 supplementation, as a primary intervention, also reduces cogni-
tive decline in patients with mild to moderate Alzheimer’s disease [75]. These results 
suggest that in Alzheimer’s disease omega-3 fatty acids reduce mild cognitive impair-
ment by producing axonal regeneration before the occurrence of cell death.

5. Involvement of PLA2 signaling in antidepressants effects

As mentioned earlier, neuroinflammation is reported to play a key role in neurode-
generative changes of neurological diseases, such as Parkinson’s disease and Alzheimer’s 
disease. In addition, the possibility is also discussed that the degeneration of monoamine 
axons, which is considered to occur in patients with depression, may be due in part to 
neuroinflammation. In recent years much attention has been paid to the roles of the 
PLA2 signaling pathway in neuroinflammation in relation to neurodegenerative diseases. 
It has been reported that cPLA2 releases AA and EPA, while iPLA2 preferentially releases 
DHA. In addition, AA and its products, such as prostaglandins and leukotrienes, play a 
major role in pro-inflammatory responses, whereas DHA and EPA and their products, 
such as resolvins and protectins, are involved in anti-inflammatory responses [55, 76, 
77]. Omega-3 fatty acids and their metabolites play a regulatory role in the transition 
from pro-inflammatory to anti-inflammatory phases by inhibiting pro-inflammatory 
signaling pathways [55]. Thus, the release of AA and its products in the brain induces 
inflammatory neuronal damage such as axonal degeneration, whereas omega-3 fatty 
acids and their metabolites exert anti-inflammatory actions to induce the resolution of 
inflammation and recovery, including the process of axonal regeneration (Figure 3). 
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Therefore, it is possible, at least in part, that antidepressants, which can activate iPLA2 
signaling pathways, induce the axonal regeneration of monoamine neurons by anti-
inflammatory and regenerative actions of omega-3 fatty acids and their metabolites.

6. Biomarkers for axonal degeneration

As noted in this review, many recent studies have clearly demonstrated that 
depression is a neurodegenerative disease and shares many similarities with well-
known neurodegenerative diseases such as Parkinson’s disease and Alzheimer’s disease. 
Particularly, axonal degeneration is a common phenomenon that occurs at the early 
stages of Parkinson’s disease and Alzheimer’s disease, and possibly in depression. It is 
thus essential to devise new tools for the detection of axonal degeneration of affected 
neurons. If this is realized, Parkinson’s disease and Alzheimer’s disease at early stages, 
characterized by axonal degeneration without cell death, will be treatable with drugs 
with the ability to induce axonal regeneration. In depression, one of the promising 
and powerful tools for detecting monoamine axon degeneration is neuroimaging of 
monoamine axon terminals using radiotracers of transporters of each monoamine 
axon. Interestingly, a more recent study reported that plasma phosphoethanolamine 
is a reliable biomarker of depression because it was significantly decreased in patients 
with depression and inversely correlated with the severity of depressive symptoms, 
including depressed mood, loss of interest, and psychomotor retardation [78]. 
Similarly, plasma levels of ethanolamine and phosphatidylethanolamine were found to 

Figure 3. 
A possible mechanism of degeneration and regeneration of monoamine axons related to pro-inflammatory 
and anti-inflammatory actions of PLA2. In the pro-inflammatory phase, cPLA2 and its pro-inflammatory 
metabolites cause the degeneration of monoamine axons, whereas iPLA2 and its anti-inflammatory metabolites 
(omega-3 fatty acids) play pivotal roles in inflammation-resolution and recovery by exerting anti-inflammatory 
and regenerative actions. There are distinct interactions between pro-inflammatory and anti-inflammatory 
signaling pathways. Antidepressants are considered to activate iPLA2 signaling pathway and induce anti-
inflammatory response and the regeneration of monoamine axons through omega-3 fatty acids and their 
metabolites. PLA2: Phospholipase A2, cPLA2: Cytosolic phospholipase A2, iPLA2: Calcium-independent 
phospholipase A2.
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be reduced in early-stage Parkinson’s disease [79], while ethanolamine and phospho-
ethanolamine were also decreased in cerebrospinal fluid [80] and postmortem brains 
[81, 82] of Alzheimer’s disease patients. Because ethanolamine and phosphoethanol-
amine are the precursors of the phospholipid phosphatidylethanolamine that plays 
a role in the incorporation of omega-3 fatty acids in the cell membrane, it is possible 
that phosphatidylethanolamine and its precursors are one of the reliable biomarkers of 
axonal degeneration of at least a subset of patients with depression as well as neurode-
generative diseases such as Parkinson’s disease and Alzheimer’s disease.

7. Conclusion

Recent animal and human studies have demonstrated that similar to early-stage 
Parkinson’s disease, depression is a neurodegenerative disease characterized by the 
degeneration of monoamine axons without cell death. This review may contribute not 
only to understanding the pathophysiology of depression but also to new approaches 
to the diagnosis and therapy of neurodegenerative diseases such as Parkinson’s disease 
and Alzheimer’s disease.
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Abstract

Although COVID-19 clinical presentation primarily involves the respiratory 
 system causing bilateral pneumonia, it is becoming increasingly recognized that 
COVID-19 is in fact a systemic disease. Neurological presentations have been reported 
in patients with both mild and severe COVID-19 symptoms. As such, elderly individ-
uals are at a significantly higher risk of developing severe COVID-19 as well as neu-
rocognitive consequences due to the presence of comorbidities associated with aging 
and the direct consequences of infection. Several neurological disorders that have 
been described in the literature include insomnia, depression, anxiety, post-traumatic 
stress disorder and cognitive insufficiencies. The potential underlying mechanisms 
are still incompletely understood but are likely multifaceted, involving both direct 
neurotrophic effect of SARS-CoV-2 and the indirect consequences related to social 
isolation in long intensive care units, the use of mechanical ventilation and sedation 
and the resultant brain hypoxia, systemic inflammation and secondary effects of 
medications used in treatment of COVID-19. Furthermore, neuro-cardiovascular 
adaptations resulting from the chronic stress and depression milieu of COVID-19 is 
expected to contribute negatively to the cardiovascular health of the survivors. It is 
thus imperative to implement a rigorous monitoring program for COVID-19 survi-
vors, particularly among the elderly population, to assess potential neuro-cognitive 
and cardiovascular deteriorations.

Keywords: COVID-19, neuroinflammation, chronic stress, depression, cardiovascular 
disease

1. Introduction

Since the unfolding of COVID-19 pandemic starting in early 2020 it has become 
increasingly apparent that the disease has evolved from primarily affecting the 
respiratory system to being a systemic disease. A common manifestation of the latter 
involves the neurologic system, ranging from headache and myalgia to neuroinflam-
mation and encephalopathies. Additionally, neuropsychiatric manifestations such 
as anxiety, stress, depression and post-traumatic stress disorder (PTSD) have been 
reported [1–4]. Another common manifestation affects the cardiovascular system, 
with pathologies ranging from pericarditis, myocarditis, right-hearted dysfunction, 
enodothelialitis and prothrombotic state (as reviewed in [5]). Any potential long-term 
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effects of these disorders are yet to manifest in the coming months and years. Based 
on the available data, the interactions among chronic mild stress, neurological conse-
quences and cardiovascular manifestations due to COVID-19 pandemic are likely to 
contribute to a significant public health problem worldwide. These interactions are 
explored below throughout the chapter.

Stress, depression and anxiety are being recognized as risk factors for the devel-
opment of cardiovascular disease (CVD). COVID-19 pandemic has induced many 
stressors on everyday life, including fear of infection, lack of social interactions 
due to quarantine, helplessness due to inevitability, loss of income, misinformation 
spread mostly by social media, and food and household item shortage. Furthermore, 
the viral infection itself can cause detriment to the cardiovascular system via 
cerebrovascular ischemia, coagulopathy and endothelial dysfunction. Therefore, 
both individuals who become infected and those who do not, but are exposed to 
the chronic mild stress (CMS) of COVID-19 pandemic may be at risk of developing 
neurologic and cardiovascular consequences (please see a model in Figure 1). In 
any event, the stressors of the pandemic can be modeled by the CMS rodent model 
of depression. The CMS paradigm is typically conducted for 4 weeks and consists 
of the exposure of rodents to mild stressors such as exposure to strobe light and 
white noise, acute withdrawal of water, damp bedding and social isolation [6–9]. 
This procedure causes depression as evidenced by anhedonia (in rodents manifested 
as reduced 1–2% sucrose solution consumption and spontaneous wheel running), 
circadian rhythm disturbances and demeanor. This rodent model of human depres-
sion was used extensively to demonstrate the cardiovascular dysfunction following 
4 weeks of exposure to the mild stressors, characterized by increased mean arterial 
pressure and sympathetic nervous system activity and decreased heart rate variabil-
ity [6, 7, 9]. One study found that the 4 week period of stress exposure followed by 
4 week period of stress reduction (i.e. no exposure to stressors) recovered the behav-
ioral manifestations of depressions, such as sucrose consumption and spontaneous 
wheel running, but did not result in the reversal of the cardiovascular dysfunction 
measured by heart rate variability [9]. Such long term effects of stress exposure, 
as is seen in the COVID-19 pandemic, could therefore be detrimental in the post-
pandemic era, highlighting the importance of cardiovascular health monitoring in 
all individuals.

2. Cognitive and neuropsychiatric manifestations of COVID-19

Pandemics are considered to be one of the most devastating disaster types, since 
they have global consequences that particularly affect mental health. Although not 
of pandemic proportions, previous outbreaks of viral infections involving coronavi-
ruses, SARS (SARS-CoV) and MERS (MERS-CoV), and other viruses such as Ebola 
and Zika, provided valuable insights into the potential devastating effects on mental 
health status [10, 11].

Multiple reports and meta-analyses described that most common neuropsychi-
atric manifestations of COVID-19 are insomnia, depression and anxiety, PTSD, 
and various psychoses. In terms of prevalence, almost one quarter (22.5%) of those 
infected were found to have experienced some neurological and/or psychiatric 
episodes among 40,469 patients of whom majority was in the United States [3]. 
Subsequent studies from Europe reported similar outcomes [12–14]. Critically ill 
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individuals who required intensive care unit (ICU) admissions are particularly at 
risk of developing cognitive and neuropsychiatric manifestations, due to seda-
tion, intubation, presence of comorbidities and older age [15–19]. One study from 
France reported that in a small cohort of 45 patients, 15 of them reported cognitive 
disturbances in form of dysexecutive syndrome (dysregulated movement patterns 
and lack of attention) at discharge from ICU [14]. Furthermore, almost half of them 
presented with confusion upon admission that was accompanied by brain hypoper-
fusion in several individuals revealed after brain imaging [14]. Depressive symptoms 
were also prevalent among individuals who recovered from COVID-19 in China 
[20–22]. Moreover, immune system suppression was evidenced in those with depres-
sive symptoms indicated by increased white blood cell count and pro-inflammatory 
markers [21].

The impact of COVID-19 on one’s neuropsychological well-being can be a direct 
result of SARS-CoV2 viral infection of the central nervous system (CNS) and/or an 
indirect result of endured psychological stress due to the devastating elements of the 
pandemic, such as fear of infection, social isolation, loss of income etc. The character-
istic, mechanisms and implications of the first are detailed below throughout Section 2 
of this Chapter, and those of the latter are elaborated on in Section 3 of this Chapter.

Figure 1. 
Direct and indirect effects of COVID-19 on the central nervous and cardiovascular systems. Individuals who 
became infected with SARS-CoV2 virus could experience neurologic and cardiovascular dysfunction due 
to the direct neurotrophic effects of the virus as well as indirectly, via experiencing chronic stress associated 
with the pandemic (i.e. loss of loved ones, loss of income, lack of exercise, poor nutrition etc.). Individual 
who evaded infection, although spared from the direct effects of the virus, are also at an increased risk of 
developing neuropsychiatric and cardiovascular diseases via experiencing chronic stress associated with the 
pandemic. Therefore, those who survived COVID-19 and those who never got the disease but lived through 
the pandemic should be monitored both for mental health and cardiovascular health changes in the years to 
come.
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2.1 Mechanisms of cognitive and neuropsychiatric sequelae of COVID-19

Initially in early 2020, it was speculated but not confirmed that SARS-CoV2 is 
indeed a neurotrophic virus [23]. Shortly thereafter, the first case of viral encepha-
litis was reported in May of 2020 [24], making it obvious that the virus is capable 
of invading the CNS. Similar to other coronaviruses, SARS-CoV1 and MERS-CoV, 
SARS-CoV2 infection can cause CNS issues that range from mild such as loss of 
taste and smell (ageusia and anosmia, respectively), headache and dizziness, to very 
serious such as stroke, seizures, loss of balance and mental status alterations [25]. 
These consequences could result from: (i) the direct infection of neuronal cells by 
the virus, (ii) immune system dysregulation, (iii) autoimmunity resulting from the 
infection itself and/or (iv) any combination of the above three [26]. In addition to the 
direct invasion of neuronal cells, a secondary systemic mechanism could also be at 
play. This mechanism involves acute respiratory distress syndrome (ARDS). ARDS is 
accompanied by hypoxemia, oxidative stress and uremia resulting from multi-organ 
failure, including the cardiovascular system derangements and such complications 
could lead to encephalopathy. Immune system dysregulation may involve the cytokine 
storm and subsequent breakdown of the blood brain barrier (BBB) allowing entry 
of SARS-CoV2 into the CNS. This model is further supported by the fact that the 
virus binds ACE2 receptor that is present on capillary endothelium, thus leading to 
BBB damage and entry of the virus into the CNS [27]. Furthermore, immune system 
involvement could occur at the level of toll like receptors (TLRs), of which there 
are 10 identified members in humans, numbered 1–10 [28]. In particular, TLR 7/8 is 
recruited in response to single stranded RNA viruses, such as SARS-CoV2, leading 
to the production of pro-inflammatory mediators such as interleukin (IL)-1, IL-6, 
tumor necrosis factor alpha and interferon gamma [29]. Uncontrolled production 
of the pro-inflammatory mediators may lead to cytokine storm which causes ARDS, 
leading to encephalopathy secondary to an inflammatory response [30]. In another 
model, it was suggested that SRAS-CoV2 may operate similar to HIV in that HIV 
causes encephalopathy via a mixed approach: both directly via neuronal cell invasion 
and indirectly via the above discussed inflammatory mechanisms [26].

2.2 Potential long-term neuro-psychiatric effects: long haul COVID-19

The syndrome of persistent symptoms associated with COVID-19 that extend 
beyond the period of initial infection was originally termed long haul (LH) COVID-
19 by a patient [31], the features of which have been identified in individuals irrespec-
tive of the initial illness severity [32]. One characteristic of LH COVID-19 is that the 
symptoms may either persist past the 3–4 week mark and/or new symptoms may 
develop after the 3–4 week mark. In fact, the National Institute for Health and Care 
Excellence has defined the LH or post-COVID-19 syndrome as “signs and symptoms 
that develop during or after an infection consistent with COVID-19, continue for 
more than 12 weeks ( 3 months) and are not explained by an alternative diagnosis” 
[33]. LH COVID-19 appears in the literature under several synonyms: post-COVID-19 
condition (WHO defined), post-acute COVID-19 syndrome (PACS) [34] and post-
acute sequelae of COVID-19 [32].

Neurological symptoms discussed above may contribute individually or synergis-
tically to the persistence of neurological pathophysiology past the acute phase. The 
loss of BBB integrity and neuroinflammation [35–37], coupled with coagulopathy 
and the development of micro-emboli in the CNS [38, 39] may lead to the progression 
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of LH COVID-19. Additionally, factors associated with hospital stay (i.e. intubation, 
mechanical ventilation and the use of sedatives) may further exacerbate the clini-
cal course in those with severe acute symptoms. Neuro-psychiatric features of LH 
COVID-19 are likely related to prolonged stress associated with the pandemic and loss 
of family members/friends [40].

A recently published meta-analysis aimed to evaluate the neurological and neuro-
psychiatric features of LH COVID-19 in three cohorts: outpatient (community), non-
ICU hospitalized an ICU hospitalized and at two different time points: 3–6 months 
and past the 6 month mark after the initial infection [41]. Primary outcomes included 
neurologic and psychiatric symptoms. Neurologic symptoms included: anosmia, 
dysgeusia, headache, cognitive dysfunction, fatigue, chronic fatigue syndrome, post 
exertional malaise, pain, peripheral nervous system symptoms. Neuropsychological 
symptoms included: anxiety, depression, sleep disturbances and/or insomnia and 
PTSD. A total number of full text articles screened were 80, and 18 studies, including 
10,530 patients met the inclusion criteria. The most frequent neurological symptom 
of LH COVID-19 was fatigue (37%), followed by brain fog (32%), sleep disturbances 
(31%) and memory issues (28%). The prevalence of these symptoms tended to be 
higher in non-hospitalized individuals. Similarly, the neuropsychiatric symptoms of 
anxiety (31%) and depression (27%) were higher in the community cohort compared 
to the hospitalized patients (6% and 12%, respectively). Additionally, the neuropsy-
chiatric symptoms substantially increased from mid-term follow-up to long term 
follow-up (i.e. past 6 months), suggesting that LH COVID-19 patients may experience 
increasing neuropsychiatric burden well past the initial infection. It is however not 
known when and whether it tapers off. On the other hand, the neurological symptoms 
in this cohort appear to progress from mid- to long-term highlighting that this may 
be the critical period of LH COVID-19 during which patients should be screen for 
neurological pathophysiological events and represents the critical therapeutic win-
dow. Other large retrospective cohort studies reported similar timelines [40, 42]. This 
may be explained by the chronic aspect of neuro-inflammation that ensues secondary 
to initial infection, leading to neuronal loss in that critical time period.

Taken together, the existing large cohort studies [40, 42] and meta-analyses [41] 
indicate that neurological and neuropsychiatric symptoms are a common feature of 
LH COVID-19, with specific symptoms occurring in as much as a third of the individ-
uals who were infected with SARS-CoV2. Future research should be directed towards 
identifying the therapeutic strategies during the critical window, which appears to be 
3–6 months post-acute illness, in an effort to decrease neuroinflammation, restore the 
blood brain barrier and prevent neuronal loss.

3.  Chronic stress associated with COVID-19: multifaceted attack on the 
cardiovascular system

The cardiovascular system is one of the direct targets of SARS-CoV2 made possible 
by the viral entry into the cells via ACE2 receptors expressed on endothelial cells and 
cardiomyocytes. The myocardial injury associated with the acute COVID-19 illness 
has been well documented [43–46]. The responsible mechanisms include direct 
cytotoxicity [47] and/or dysregulation of the renin angiotensin system (RAS) [33] 
and the immune response [33, 34]. The initial insights into myocardial injury came 
from autopsy studies which reported the presence of SARS-CoV2 pools located not 
in the cardiomyocytes but rather in interstitial cells and resident macrophages [48]. 
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Perseverance of these viral reservoirs is still debatable and potentially insidious as 
they could play an important role in myocardial and vascular sequel in LH COVID-19. 
Furthermore, psychological or mental stress-related consequences of the COVID-19 
pandemic are expected to contribute to the rising cases of cardiovascular disease. The 
link between mental stress and coronary artery disease, atrial fibrillation and stroke 
has been reported in various studies [49–52]. A large multicenter, multinational study, 
INTERHEART, reported after adjustment for covariates a more than 2-fold increase 
in the risk of myocardial infarction as a consequence of mental stress [53]. Although 
the long-term implications of COVID-19 pandemic on cardiovascular health are yet to 
be realized, previous work done in this area foreshadows a significant uptick of CVD 
globally, and independently of other comorbidities.

3.1  Chronic stress-associated effects on the central nervous and the 
cardiovascular systems

In order to study stress as a risk factor, a proper definition must be set in place. 
The first distinction that must be made is between the stressor and the response of an 
individual to that stressor (i.e. how well they can cope with it). A stressor is not neces-
sarily perilous per se, neither physiologically or psychologically, as there are many 
stressors that contribute to desirable outcomes. Much like physical exercise represents 
a stressor that leads to improved cardiovascular and musculoskeletal health, some 
psychological stress increases readiness and attention resulting in better outcomes in 
scholarly activities or sporting competitions. It is when individuals have unique per-
ceptions of the stress and their inability to cope with it that creates a favorable milieu 
for psychological disturbance and new onset CVD. In fact, different personality types 
have been reported to be more susceptible to CVD as a consequence of mental stress, 
including Type A (hostile and angry outlook) [54] and Type D (tendency for pes-
simism and social inhibition) personalities [55]. Given that the COVID-19 pandemic 
has brought groups of stressors globally, the impact on psychological and cardiovas-
cular well-being remains to be described.

The CMS rodent model is perhaps the most used in studying mental stress that 
humans endure and has the highest constructive, face and predicative validity [56]. 
It consists of exposing the animals to a series of mild, yet unpredictable stressors for 
at least 4 weeks. One could argue that this is a high-fidelity model of the pattern of 
stressful events that people experienced consistently during the COVID-19 pandemic, 
and in that view the data generated in CMS rats may necessitate a closer examination 
in terms of the CVD comorbidities after the chronic stress to inform future treatment 
strategies. Namely, the data has shown that rodents exposed to CMS develop depres-
sive-like symptoms and behaviors with adverse cardiovascular symptoms including 
reduced heart rate variability, elevated resting heart rate, reduced baroreceptor func-
tion and increased sympathetic nervous system activity [6–8, 57]. The sympathetic 
drive has been shown to be mediated at least in part by the paraventricular nucleus 
(PVN), and via the vasopressinergic system rather than oxytocin [7, 8]. The CMS rats 
have also been shown to have increased expression of vasopressin receptors V1a and 
V1b in the PVN and that the simultaneous inhibition of both V1a and V1b receptors 
produced maximal inhibition of the neurocardiovascular responses to the exogenous 
vasopressin administration [7].

Stress can be categorized as acute, lasting seconds to weeks, and chronic, in the 
months to years range. COVID-19 pandemic-associated stress thus falls into the latter 
category, and further can be described as CMS. Chronic stressors associated with 
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work and life related issues, such as injustice, effort-reward imbalance, marital stress 
at home, lack of life partnership, financial stress have all been shown to increase the 
risk of CVD [58–61]. Studies in humans have relied on measuring several parameters 
of the cardiovascular system function to assess the impact of mental stress, includ-
ing cardiovascular reactivity, levels of catecholamines and inflammatory markers, 
heart and brain imaging, Holter monitoring and measures of endothelial function 
with flow-mediated dilatation [62–65]. It has been suggested that it is not the cardiac 
function but rather the vasculature, endothelium in particular, where the mental 
stress translates into CVD. Studies done in monkeys where they were exposed to a 
novel social environment showed increased endothelial damage in the thoracic aorta 
and coronary arteries [66]. Other studies in mice reported that both acute and chronic 
stress reduce the expression of nitric oxide synthase [67, 68], which is responsible 
for the synthesis of the vasodilatory molecule nitric oxide, leading to endothelial 
dysfunction. Stimulation of the sympathetic nervous system further increases local 
norepinephrine production and increase in the expression of adhesion molecules 
on the endothelium, and cytokine and chemokine production by macrophages and 
vascular smooth muscle cells. These feed forward cycles ultimately lead to leukocyte 
adhesion, vascular inflammation, atherosclerotic plaques instability, precipitating a 
cardiovascular event. Therefore, it is apparent that CMS endured during COVID-19 
pandemic may cause similar vascular and endothelial dysfunction in humans as was 
shown in the above-described animal CMS models.

Chronic mild stress that individuals worldwide have endured during the COVID-
19 pandemic has put them at a higher risk of developing anxiety and depression 
[69]. Lockdown policies instituted across the world resulted in isolation from human 
contact, worsening dementia and anxiety in individuals in long-term care facilities, 
exacerbation of conflict due to confinement and fear and confusion resulting from con-
tinuous bombardment with reporting information on all media, many of which were 
unreliable. Additionally, physical activity decreased partly due to the closure of fitness 
facilities as well as the lack of motivation and fear of SARS-CoV2 infection when leav-
ing outside to obtain exercise. Some of the examples of reduced physical activity can be 
appreciated from the data from 30 million Fitbit activity tracker users, which showed a 
significant reduction in daily step counts by as much as 38% in Spain [70]. Similar data 
was obtained from analyzing step count trends from the app Argus in almost half a 
million users- a mean reduction in activity by 27.4% [71]. Some implied outcomes from 
these reductions in daily activity include exacerbation of hypertension. Several cross 
sectional studies indicated that reductions in step counts led to an increase of systolic 
blood pressure (SBP) of up to 7 mmHg [72, 73] and an increase of 4.5 mmHg for every 
additional hour of sitting every day [74]. Other behaviors during the pandemic that 
could have deleterious effects on blood pressure management include increase in body 
weight [75], increased sodium and decreased potassium intake [76, 77] which is par-
ticularly detrimental in the western countries where dietary intake of sodium is already 
high [78–81], and increase in alcohol consumption [82–84].

Most notably, CMS associated with the pandemic is expected to have adverse 
consequences on BP in both normotensive and hypertensive individuals. Although 
no study to date has reported direct associations related to COVID-19, published data 
indicate that chronic stress leads to an increase in the sympathetic drive as assessed 
with norepinephrine levels, changes in heart rate as well as via direct neurography 
[85–88]. Published clinical evidence repeatedly shows that depressed patients are at a 
higher risk of developing CVD which persists for a decade following the initial onset of 
depression [89–91]. This relationship is not unipolar, as patients with CVD have been 
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shown to develop depressive symptoms [90–93]. Some of the mechanisms explain-
ing the co-occurrence of depression and CVD include neuroinflammation [94] and 
autonomic dysfunction [95], but they are by no means an exhaustive list (Figure 1).

Important knowledge has been gleaned from reliable, validated rodent models 
of CMS [96], which are still utilized to tease apart the mechanistic links between 
CVD and stress/depression. Importantly, the new and ongoing investigations have 
been focusing on explaining the difference in vulnerability of individual animals to 
stress-associated CVD development [97–100], much like occurs in humans. Rodents 
exhibit two distinct coping styles when exposed to stress: [1] the proactive coping, 
which is characterized by more offensive, aggressive and impulsive behavior; and [2] 
and reactive coping, which is characterized by more cautious and fearful behavior 
[99, 101]. In addition to the behavioral differences, physiologically the two differ as 
well, where the proactive (active) copers exhibit heightened sympathetic activity and 
low HPA axis reactivity and the reactive (passive) copers show the opposite trends 
[99, 102]. The passive coping rats were also shown to have persistently elevated levels 
of pro-inflammatory cytokine IL-1β and oxidative stress [103], and it is thus plausible 
that neuroinflammation is at the intersection of depressive symptoms and CVD.

The sex-based dichotomy in the prevalence and severity of depression has been 
well-characterized [104, 105]. Furthermore, the efficacy of antidepressant pharmaco-
therapeutic agents also differs between men and women [106, 107]. Likewise, women 
are more likely to develop CVD that co-occurs with depression [108]. A growing 
body of evidence has emerged indicating that COVID-19 pandemic has increased 
the incidence of depression, with the meta-analysis of 12 community-based studies 
worldwide highlighting a prevalence of depression of 25% [109], with female gender 
emerging as a significant risk factor [110–112]. One study reported that women under 
50 persist more devastating symptoms such as fatigue, myalgia, brain fog and fatigue 
after being hospitalized for COVID-19 [113]. Animal model studies of CMS that 
address this disparity in males and females are scarce, and some have shown differ-
ences in behavioral and hormonal profiles. Anhedonia associated with depressive-like 
state in CMS rodents is typically measured by an intake of 1–2% sucrose solution, and 
has been found to be more pronounced in females than in males [114]. The same study 
found no differences in the corticosterone levels however, indicating similar stress 
hormonal profiles. These findings are the extend of our understanding of sex-based 
differences in CVD susceptibility as a function of chronic stress thus representing 
a large gap in knowledge that future preclinical studies should address. Developing 
treatments that will target both the depressive symptomatology and the cardiovas-
cular pathology, while also being titratable, will be of utmost importance since there 
may be a difference in the magnitude of effects caused by chronic stress associated 
with the pandemic between women than men.

3.2 Long haul COVID-19: emerging effects on the brain, heart and vasculature

During the acute phase of SARS-CoV2 infection, the viral entry into the CNS can 
be accomplished either directly or indirectly (via neuroinflammation) [115]. The 
direct viral entry, as mentioned previously, can occur via the olfactory [116] or ter-
minal cranial nerves [117]. ACE2 expression has been recognized on endothelial cells, 
pericytes and astrocytes, allowing the viral invasion of the CNS via compromised 
BBB. Alternatively or even additionally, the virus could traverse the microvascular 
endothelial cells, as has been shown [118]. Consequently, the BBB leakage would 
allow the influx of the circulating pro-inflammatory cytokines, chemokines and 
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mediators, further perpetuating neuroinflammation. In vitro studies also described 
the capabilities of SARS-CoV2 to initiate activation of astrocytes and microglia via its 
structural protein subunit (S1) [119]. This has been confirmed in autopsy studies of 
COVID-19 patients showing enlarged astrocytes and activated microglia [37]. Under 
normal physiological conditions, astrocytes play a crucial role in neurotransmission, 
as they control the synthesis of most essential neurotransmitters glutamate and GABA 
[120]. Additionally, astrocytes are involved in maintenance of synaptic plasticity via 
reuptake and recycling of neurotransmitters [121]. Under inflammatory conditions 
(i.e. SARS-CoV2 infection) astrocytes become reactive, which disrupts the glutama-
tergic balance, leading to excess extracellular glutamate contributing to dysfunction 
in both the CNS [58] and the cardiovascular systems [122]. Reactive astrocytosis is 
further supported by microglia via the NFkB pathway [123]. In the absence of the 
mechanisms that will shut down reactive astrocytosis (i.e. during COVID-19) the 
process could lead to the formation of astrocytic scars and in the long term neuronal 
death and neurodegeneration. Data describing the contribution of reactive astrocy-
tosis in LH COVID-19 is lacking. One study so far has been published that measured 
plasma biomarkers of CNS injury in 100 COVID-19 survivors in Sweden. The bio-
markers included nuerofilament light chain, glial fibrillary acidic protein (GFAP) 
and differentiation factor 15. In the acute phase, patients with severe symptoms had 
elevated neurfilament light chain compared to both age-matched controls and mild 
and moderate COVID-19, as well as higher GFAP than controls. However, after the 
median follow up of 225 days all CNS injury markers normalized and were indistin-
guishable from those found in healthy controls [124]. Since emerging data are point-
ing towards increased neuropathological manifestations one-year out compared to 
6 months out [7], more studies are urgently needed to explain the mechanistic details 
and thus inform appropriate therapeutic strategies.

Data from the prospective post-acute follow up studies focusing on cardiac 
events have been more abundant in the literature compared to those on the CNS 
abnormalities. Several large (n > 400) observational studies are still ongoing in 
2022. Transthoracic echocardiography and cardiac magnetic resonance are the gold 
standard techniques used in the diagnosis of cardiac pathologies [125, 126]. The 
vast majority of the studies have reported the presence of pericarditis, right ven-
tricular dysfunction and myocardial infarctions [127–133]. Persistent myocarditis 
was reported in a cohort of 100 patients [127], while in another study of healthcare 
workers matched for comorbidities and severity of infection showed no difference 
in cardiac abnormalities 6 months post-infection [128]. Studies in athletes [129–132] 
were undertaken within 1–2 months of infection, and the prevalence of myocarditis 
is generally considered to be low (0–3%), albeit studies beyond the 2 month mark are 
lacking. Echocardiographic studies have consistently reported right heart abnormali-
ties [133–135] while the left systolic function is significantly less impaired [133, 136], 
even in patients with severe acute symptomatology. On the other hand, perhaps the 
emerging trend that will have to be closely monitored in LH COVID-19 is the diastolic 
dysfunction, as it was shown to be common in up to 60% of hospitalized patients 
[137]. It is thus plausible to speculate that the pathologic changes in diastology could 
manifest during LH COVID-19, given the time lapse from the initial infection. In 
terms of vasculature, one angiography study reported an association between vas-
cular inflammation caused by the variant B1.1.7 (WHO label Alpha) and increased 
mortality risk [138]. Although multiple studies have been published so far that have 
highlighted or implied the development of cardiovascular pathologies in LH COVID-
19, one common denominator of limitations in most of them is that the comparator 
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groups were either healthy individuals or individuals unmatched for comorbidities. 
Perhaps the most important consideration should be the lack of pre-COVID cardiac 
imaging studies, which makes it difficult to discern whether the pathologies observed 
were due to COVID-19 or other comorbidities, or perhaps both. Nevertheless, given 
the non-invasive nature of echocardiography, it likely behooves the cardiac clinicians 
to implement cardiac imaging in LH COVID-19 given the evidence from prospective 
studies and the available therapeutics for ensuing cardiac pathologies.

The concerning aspect of the known and implied consequences of COVID-19 
discussed above and LH COVID-19 is that these pathological processes do not exist 
in isolation and ultimately lead to multisystem dysfunction. A multi-organ magnetic 
resonance imaging study on a small cohort of recovered COVID-19 patients and 
matched controls revealed some level of abnormalities in the lung (60%), heart 
(26%), liver (10%), kidneys (29%) and brain (11%) [18]. Recovery from multisystem 
damage has been shown to be impeded by the persistent pro-inflammatory state [139] 
as well as endothelial dysfunction [140–142] and perpetual prothrombotic state [143]. 
These studies highlight the importance of approaching treatment strategies from the 
multisystem perspective rather than treating isolated pathologies. For example, anti-
thrombotic therapy may be beneficial for individuals who present with the prothrom-
botic phenotype and have persistent inflammation in their LH COVID-19 phase.

4. Conclusions

According to the above discussed evidence and implications, the potential 
neurologic and cardiovascular consequences (Figure 1), coupled with the ensuing 
healthcare burden of COVID-19 necessitate a careful crafting of the clinical approach 
in the coming months and years. Both individuals who survived the infection and 
those who survived the pandemic without becoming infected with SARS-CoV2 
(but were exposed to CMS) are at an appreciable risk of developing neurogenic and 
neuropsychiatric disturbances (Figure 1), and thus mental health checks for virtually 
all individuals on an ongoing basis are warranted. Furthermore, female gender may 
add another layer of risk for developing depression and CVD as a consequence of 
pandemic-associated CMS exposure. Studies conducted so far underscore the utility 
of echocardiography in revealing COVID-19-associated pericarditis, myocarditis and 
right heart dysfunction. Furthermore, resolution of inflammation should be at the 
forefront of treatment strategies, since prolonged inflammatory state is associated 
with poorer outcomes and LH COVID-19 symptomatology. Ultimately, clinical vigi-
lance in monitoring individuals’ mental and cardiovascular health will be of utmost 
importance in the post-pandemic years and research strategies aimed at mitigating 
the defunct mechanisms at the intersection of neurological and cardiovascular 
pathologies are merited.
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Abstract

Post-infective fatigue is a major long-lasting complication of COVID-19. Among 
long COVID-19 survivors, the persistent fatigues experienced have had a significant 
impact on their physical health and mental health. Post-infective fatigue has been 
described as a loss of energy and a feeling of heaviness. Likewise, more evidence has 
highlighted the mental health component of fatigue triggered by subjectively minor 
physical and cognitive activities. These bouts of fatigue are commonly associated 
with mental health issues such as anxiety, depression, and sleep disorders. Ultimately, 
these mental health problems affect the quality of life of survivors. Although neces-
sary public health efforts were directed at controlling the spread of COVID-19 and 
treating physical symptoms, it is crucial to backtrack, to develop inclusive mental 
health services for individuals plagued by post-COVID-19 fatigue.

Keywords: fatigue, long COVID-19, anxiety, depression, sleep disorders

1. Introduction

Since the COVID-19 pandemic hit, we have continued to experience an aftershock 
beyond acute symptoms of the virus. In December 2019, an acute respiratory disease 
from Wuhan, China spread rapidly across the globe [1]. It was soon identified as the 
novel coronavirus which was named severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) [1]. On March 11, 2020, the disease was declared a pandemic by the 
World Health Organization [2]. The mode of transmission of this virus is usually from 
human to human commonly through air droplets, and this feature was responsible 
for its rapid and progressive outbreak [3]. As of May 1, 2022, 513 million people have 
been infected by the virus with 6.23 million deaths globally [3].

As a respiratory disease, the COVID-19 virus primarily affects the respiratory system 
[4]. Although other organs are involved, lower respiratory tract infection symptoms 
such as fever, dry cough, and dyspnea were commonly reported [4]. Other symptoms 
such as headache, dizziness, generalized weakness, vomiting, and diarrhea were also 
observed [4]. Like the virus, it was noted that the respiratory symptoms of COVID-19 
could progress rapidly [5]. As such, the symptoms could vary from minimal to significant 
hypoxia with acute respiratory distress syndrome (ARDS) [5]. In addition to the pro-
gressive nature of the virus, the short duration for the onset of symptoms was an added 
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disadvantage to the nature of COVID-19. In earlier reports, the time of onset of symptoms 
to development of ARDS-related hypoxia may be as short as 9 days [6]. Typically, these 
symptoms can prove to be fatal. Although mechanisms have been placed to ensure acute 
response and control the spread of the virus, some survivors still experience distress long 
after management [7]. Therefore, the management of COVID-19 from the acute phase 
may be the beginning of a long path to full recovery. Months following hospitalization 
and acute care, some symptoms still persist in the post-COVID-19 phase [8].

Post-Covid-19, also known as, long COVID is used to describe the persistence of 
symptoms, weeks or months after an acute infection of Covid-19 irrespective of the 
viral status [8]. This state can be continuous, relapsing or remitting in nature. Post-
COVID-19 can be divided into two stages depending on the duration of symptoms. 
The first is post-acute COVID-19 where symptoms are more than 3 weeks but less than 
12 weeks and the other, chronic COVID-19 where symptoms continue beyond 12 weeks 
[8, 9]. The commonly reported symptoms include fatigue, dyspnea, joint pain, chest 
pain, cough, skin rashes, palpitations, headache, diarrhea, and paresthesia [8]. Of these 
symptoms, post-infective fatigue is the most persistent and debilitating [10].

Post-infective fatigue syndrome (PIFS) is a persistent, severe fatigue after an 
infection that cannot be explained by other medical or psychiatric conditions, which 
has been present for at least 6 months and significantly affects daily functioning [11]. 
After the onset of COVID-19, prevalence rates of fatigue persisting for months ranged 
from 9% to 58% [11]. It is observed that an increasing number of previously fit young 
people continue to have persistent fatigue months after mild cases of COVID-19 [9, 12]. 
Although it is currently established in some post-COVID-19 individuals, PIFS is not 
unique to coronavirus [12]. According to Rudroff et al. [7], it is noticed that patients 
treated for viral infections may sustain functional limitations over long periods. Hence, 
in comparison to COVID-19, patients with severe acute respiratory syndrome (SARS) 
had similar symptoms and persistent fatigue that was observed months and years 
beyond the initial infection [7]. Following the SARS epidemic, the health outcomes of 
recovered patients were observed 3 months, 6 months, and 12 months after hospital 
discharge, the findings reported that 64% had fatigue at 3 months, 54% at 6 months, 
and 60% at 12 months [13]. It was also discovered that chronic fatigue was related to 
sleeping difficulties [13]. Other studies also reported that patients experienced myal-
gia, joint pain, and depressive symptoms in addition to their fatigue [14]. In addition 
to SARS, studies have reported a similar trend of persistent fatigue with influenza 
virus, Ebola virus, and West Nile virus months after they have recovered [11, 13]. There 
has also been a recognized link between viral symptoms and fatigue [15]. Anecdotal 
reports suggest that patients who do not recover fully from COVID-19 experience some 
lingering symptoms of fatigue. Likewise, studies suggest that COVID-19 has had an 
exacerbating effect among those with chronic fatigue syndrome [13].

Mental health symptoms such as depression and anxiety are identified to be 
related to post-COVID-19 [16, 17]. Studies support that there is an established link 
between fatigue and mental health problems [18]. Hence, among long-COVID 
patients or post-COVID-19 individuals, these symptoms were found present. Mental 
health disorders such as depression, anxiety, post-traumatic stress disorder, and 
sleep disorders were found to occur with the chronic and debilitating nature of the 
fatigue [19]. According to the DSM-V, these disorders are characteristically mental 
health disorders. Overall, these mental disorders, in addition to the physical impact 
of fatigue, result in a decline in the quality of life of individuals [20]. In COVID-19, 
since the public health focus was on safety and survival, the mental health issue has 
been widely overlooked [21]. A proper and proactive approach to the prevention and 
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management of the mental disorders associated with post-COVID fatigue is neces-
sary to improve the individual’s quality of life long after the onset of the disease.

2. Pathophysiology of post-COVID-19 fatigue

Typically, across various infections, symptoms of fatigue persist long after the 
onset of the disease [18]. Although the characteristics of chronic fatigue commonly 
associated with post-infectious diseases such as post-COVID-19 remain controversial, 
the manifestations remain similar to other post-infectious diseases irrespective of 
the pathogen. According to Poenaru et al. [17], the proposed mechanism of chronic 
fatigue in post-infection is likely multifactorial.

2.1 Immune/inflammatory mechanisms

In post-infectious fatigue, the immune system appears to be impacted by the 
pathogen [13]. The process remains unclear and can involve multiple pathways. A 
proposed mechanism is that during acute infection by the COVID-19 virus, tissue 
damage is sustained which results in the activation of auto-reactive bystander cells 
and molecular mimicry [16]. For example, in patients with severe COVID-19, there 
has been a substantial production of anti-nuclear antibodies. Also, rheumatic factor 
was detected among such individuals suggesting that there is increased activation of 
auto-reactive B-cells [16]. However, in chronic fatigue syndromes, antibodies that 
work against muscarinic and adrenergic receptors have been the syndrome but no 
auto-antibody has been linked to chronic antibodies [16].

Another mechanism purports that the deregulation of cytokine networks may 
play a role in chronic fatigue [8, 22]. A study on encephalitis detected those increased 
levels of pro-inflammatory cytokines were observed from the acute phase and 
remained consistently elevated 30 days post-infection within the central nervous 
system [16, 17]. However, evidence found no significant association between cyto-
kine levels and chronic fatigue. Better still, new evidence suggested that cytokine 
signaling was more significant [16].

2.2 Mitochondrial function

Within the muscle tissue, alterations in mitochondrial structure, metabolism, and 
energy production may be associated with chronic fatigue [8, 11, 17]. Mitochondrial 
degeneration, pleomorphic features, and structural abnormalities were found in 
muscles of individuals diagnosed with post-viral symptoms [16]. From the onset 
of symptoms, mitochondrial enzymes are involved in the inflammatory and anti-
oxidant pathways due to their involvement in peripheral vasodilation and autonomic 
regulation of the cardiovascular system [16]. This mechanism has not been evidence 
enough to link post-infectious chronic fatigue with mitochondrial dysfunction [8]. 
Also, a clear logical way to explain the pathway of lasting mitochondrial abnormali-
ties among post-infectious individuals is also lacking [8].

2.3 Central nervous system involvement

Mental health symptoms such as sleep disorders and post-anxiety stress disorders 
commonly with chronic fatigue may reflect impairment of the central nervous system [21]. 
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Many viruses, including coronaviruses, have been shown to cause damage to the CNS tissue 
[11, 21]. For example, SARS-CoV1, as well as COVID-19, has been associated with edema, 
neuronal degeneration, demyelination, and necrosis resulting in an increased risk for 
cerebral ischemic events. In addition, a high proportion of rapid eye movements and alpha 
electroencephalographic sleep disorders were found among SARS survivors who had chronic 
fatigue [16]. This is a common mechanism behind sleep disorders in post-infectious fatigue. 
Although this mechanism has been defined, the causal relationship between the infection, 
altered CNS structure, and chronic fatigue still remain unclear (Figure 1) [16].

3. Effects of post-COVID 19 fatigue on mental health

There is an inconsequential effect of post-COVID-19 fatigue on the mental health 
of survivors [22]. Several factors such as reduced physical functioning, and social 

Figure 1. 
The pathophysiology of post-COVID fatigue.
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and economic issues that may trigger fatigue may subsequently cause mental health 
issues [22]. The history of pre-existing mental health problems may also aggravate 
the mental health issues activated by fatigue [21]. Mental health problems such as 
depression, anxiety, post-traumatic stress disorder, and sleep disorders are com-
monly related to symptoms of post-COVID-19 [23]. However, among people who 
have developed post-COVID-19 fatigue, the mental health problems are usually 
co-occurring and potentially codependent on post-COVID-19 fatigue [24]. A study 
on neuropsychological and neurophysiological correlates of fatigue in post-covid-19 
patients supports that there was no significant correlation between apathy, depres-
sion, and fatigue. Although they were found to co-exist in post-COVID patients, 
they were not associated [25]. There is a paucity of literature on the direct impact 
of fatigue on mental health disorders. However, the effects on mental health were 
mainly a result of biological, psychosocial, and economic factors [25]. Reduced phys-
ical activity, which is an outcome of the chronic nature of post-COVID-19 fatigue 
influences the onset of or exacerbation of mental health problems [26]. Likewise, the 
mental component of fatigue, such as reduced motivation can influence developing 
mental health disorders [27].

4. Factors affecting the mental health impact of post-COVID fatigue

The mental health impact of post-COVID fatigue is typically a co-existing  
component of fatigue. However, contributing factors responsible for their onset or 
aggravation exists [7]. They include:

a. Biological factors: Serotonin and Dopamine play major roles in the mental/
psychological aspects of fatigue. Among COVID-19 patients, COVID-19 may 
be transported via the olfactory bulb to the forebrain, which has a substantial 
amount of dopamine and serotonin [7]. This may alter the levels of dopamine 
and serotonin responsible for controlling moods and other affect [7]. These 
changes in the brain may be responsible for mental effects such as anxiety and 
depression among post-COVID-19 individuals [7].

b. Task dependent factors: this includes changes in fatigue that are dependent on the 
tasks performed. Fatigue is commonly triggered by specific cognitive or motor 
tasks performed [7]. The extent of the task persons, especially one that over-exerts 
the individual may trigger or aggravate the mental effects of the fatigue [7].

c. Environmental factors: This refers to how the environment affects the COVID-19 
survivors from the acute phase and throughout the process of recovery [7]. For 
example, the financial implications of the pandemic or management, self-isola-
tion, lockdown, and social isolation may contribute negatively to the individuals’ 
mental capacity. It has been reported by some earlier authors that the financial 
loss as a result of Covid-19, was associated with depression [7]. Therefore, the 
environmental and societal effects of the pandemic may be largely responsible 
for mental effects such as anxiety, depression, and post-traumatic stress disor-
ders among post-COVID fatigued individuals [7].

d. Physical and Mental capacity: Initial physical capacity, that is, the prior state 
of well-being can be a contributing factor to the physical as well as the mental 
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component of post-COVID fatigue [7]. In addition, an initial mental orientation 
about COVID-19, resulting in individuals’ experiencing anxiety and distress can 
lead to and aggravate the levels of fatigue [25]. In such cases, pre-existing medical 
conditions should also be considered as primary or supplementary causes of the 
mental effects of fatigue. Conditions such as cardiovascular diseases, diabetes, and 
chronic kidney disease may cause these populations to be affected by the persistent 
effects of fatigue in comparison to people with no co-morbid conditions [7].

5. Management of mental health issues related to post-COVID fatigue

Depression, anxiety and stress are common mental health issues that have been 
identified in COVID survivors [28]. While these mental health conditions may not be 
directly linked to post-COVID fatigue, they commonly co-exist in the study popula-
tion. These mental health disorders have been reported to be effectively managed 
using a combination of psychological and pharmacological treatment methods [29].

In the management of people with depression, literature suggests psychotherapy 
by psychologists or psychiatrists, as the first line of management [29]. This includes 
behavioral activation (helping the individual to identify and adopt new routines that 
could motivate or make them happy); and guide them in the process of identify-
ing the major problems responsible for the health status, as well as self-developing 
solutions to these problems [30, 31]. Self-help materials can also be provided for these 
individuals to guide and foster the development of healthy behaviors [29].

Furthermore, it is important that healthcare professionals monitor these individu-
als during the process of healing, to ensure that they achieve their set goals [32]. 
Considering the residual fatigue post-COVID, it is important that the gradual return 
to activities is stressed. This will help them slowly adjust to the energy demand of 
activities, while this keeping their goals in mind. A sudden return to strenuous activi-
ties (which may be top on their list) may be very difficult, if not impossible for some 
of them to achieve. If not properly managed, this may demoralize the patient further, 
or in extreme cases lead to a sequela of other events. In cases where the symptoms 
persist or reoccur after psychological intervention, antidepressants are prescribed 
[33]. Cleare et al. [34] suggests that people who suffer from severe depression should 
undergo both psychological and pharmacologic management from the onset to 
achieve the best treatment outcomes.

While healthcare professionals await comprehensive research and reports on how 
to manage patients with long-COVID symptoms, it is imperative that we continue 
to use the available methods such as cognitive behavioral therapy (CBT), and peer 
support to management patients who suffer from mental health conditions due to 
the COVID experience [34]. People who report symptoms of anxiety should be asked 
about the exact reason or source of worry. Management of their condition should 
begin by addressing these worries. It is also important to educate patients on making 
treatment goals. Using these goals as a guide in helping patients during psychotherapy 
sessions, to ensure return to activity. Patients should be asked to make a list of activi-
ties they would like to return to. These activities should then be ranked based on the 
level of anxiety they cause the client. The healthcare professional should then advice 
the client to gradually commence their ‘return to activity’ with activities that worry 
them the least.

In addition, pharmacological means have proven to be effective in the manage-
ment of anxiety in this population. Class of medications such as selective serotonin 
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reuptake inhibitors, serotonin norepinephrine reuptake inhibitors, tricyclic antide-
pressants, benzodiazepenes, and gabapentinoids, among others have been success-
fully used in the management of anxiety [35]. Beyond the psychopharmacological 
treatment protocols, other conservative management techniques such as acupuncture, 
meditation, yoga, and exercise have been equally reported to be effective in managing 
anxiety in this population [35]. Exercises will steadily help to improve endurance, 
boost mood and improve immunity. Hence, I recommend exercises as an effective 
method of treating mental health issues in people with post-COVID fatigue.

Overall, due to the dearth of information on evidence-based techniques in man-
aging mental health conditions in people suffering from long-COVID symptoms, 
mental health and rehabilitation experts have resorted to using the generally accepted 
methods to manage these conditions. So far, these are the best available approaches to 
help improve the quality of life of these individuals. However, it is necessary to view 
the patient holistically and take other symptoms (such as the co-existing fatigue) that 
the patients report into cognizance. This way, health care outcomes will be optimized. 
It is recommended that more mental health experts should carry out research to 
explore the effectiveness of various protocols in the management of mental health 
issues that are associated with post-COVID fatigue.

6.  Consequences of neglecting the mental health impact of post-COVID 
fatigue

There is an overall decline in the quality of life of individuals as a result of a neglect 
of the mental health component of post-COVID 19 fatigue [36]. Commonly, the 
public health strategies focused on controlling the spread of and reducing the acute 
symptoms accompanying the virus [37]. These strategies have ranged from proper 
pharmacological management to the dissemination of COVID-19 vaccines [38]. 
However, as studies begin to report the symptoms of post-COVID-19 fatigue, the 
mental health impact is repeatedly highlighted [39, 40]. More often, post-COVID-19 
fatigue and mental health effects such as sleep disorders, anxiety and depression, 
and post-traumatic stress disorders are co-occurring and sometimes associated with 
physical components [39, 40]. Therefore, when mental health becomes repeatedly 
overlooked, the overall quality of life of the individuals declines [36, 41]. For example, 
the mental health disorder may aggravate the physical component of fatigue, result-
ing in muscle weakness and reduction in cognition. This neglect can also have a 
disproportionate impact on other mental health consequences such as suicide [42]. In 
the United States of America, during the 2 months of lockdown, more suicides caused 
by mental health disorders were recorded than COVID-19 deaths. Likewise, poor 
coping mechanisms such as drug and alcohol abuse can be taken up to alleviate the 
mental health effects [43]. With these debilitating consequences, it is important that 
strategies are put in place to alleviate them.

7.  Beyond the surge: strategies to address the mental health impact of  
post-COVID fatigue

Chronic fatigue experienced by some individuals who recovered from the  
COVID-19 infection may be a menace to its victims. It exposes people to new  
vulnerabilities that significantly impact their mental health status. Considering the 
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widespread of the corona virus in the last two (2) years, it is imperative that its mental 
health effects are checked promptly to prevent an overwhelming surge in the preva-
lence of global mental health dysfunction.

Despite a surge in the mental health issues following the first few months of the 
pandemic, the World Health Organization (2020) reported a marked reduction in the 
delivery of and accessibility to mental health services. Nonetheless, mental health 
experts came up with new ways of rendering efficient mental health services to indi-
viduals who need it. By mid-2020, many developed nations had established the use of 
digital health means to deliver mental health care [44, 45]. Chew et al. [35] reported 
the effective use of digital health methods such as cloud-based big data systems, 
artificial intelligence (AI)–based chatbots, online health communities (OHCs), and 
telehealth platforms in mental healthcare delivery.

In 2020, the National Institute for Health and Care Excellence (NICE) [46] 
proposed the empowerment of individuals to return to the community fully and take 
charge of their own management with the help of a multidisciplinary rehabilitation 
team. Healthcare practitioners have identified the need for psychologists and physi-
cians to collaborate to ensure the successful management mental health issues due to 
long-COVID [47]. A psychologist, Hardin reported the lack of an absolute treatment 
(surgery, or medication) that would instantly relieve the mental health symptoms 
experienced by survivors of the COVID-19 diseases [47]. She however opined that 
early intervention and provision of realistic advice to help patients manage their 
feelings during this period, may significantly impact the efficacy of treatment. 
Aiyegbusi et al. [48] suggested routine mental health screening as a part of the follow-
up treatment for people suffering from post-COVID fatigue and other long-COVID 
syndromes. This will help healthcare providers to promptly identify individuals who 
are at risk and commence management early [48].

8. Conclusion

Summarily, post-COVID fatigue is a potentially debilitating condition that may 
negatively impact the quality of life of individuals. Although available evidence 
suggests that mental health conditions such as depression and anxiety that exist in 
individuals with long-COVID is not directly linked to chronic fatigue experienced by 
some members of this group, they often co-exist. This implies that the status of one 
may impact the other on the long run, hence, the need for them to both be managed 
effectively. Healthcare practitioners have worked tirelessly in the last few years to 
come up with efficient and effective methods to deliver mental health care to indi-
viduals who require them. However, the body of knowledge will be greatly improved 
if more research is done to explore this aspect of health care.
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Chapter 11

Prevalence of Various Psychological 
Disorders during the COVID-19 
Pandemic
Robabe Khalili and Leila Karimi

Abstract

As a global threat, the COVID-19 pandemic is a challenge to psychological resilience. 
The aim was to determine the prevalence of various psychological disorders during the 
COVID-19 pandemic. This is a systematic review. Studies using different combinations 
of keywords COVID-19, SARS-COV, pandemic, psychological disorders, mental health 
and, psychological consequences were retrieved from different scientific databases 
Elsevier, Pubmed, Science Direct, Scopus, Web of Science. These studies were published 
from December 1, 2019, to May 30, 2020. Twenty-eight studies out of 410 retrieved 
articles were evaluated and analyzed for data extraction. The analysis of studies revealed 
that the different types of psychological disorders like stress, anxiety, depression, 
post-traumatic stress disorder, mental distress, schizophrenia, sleep disorders and sleep 
disturbances, vicarious traumatization, and internet addiction on moderate to severe 
in public and medical personnel were recorded during COVID-19 crisis. The frontline 
health care workers were more depressed, anxious, insomniac, and mentally disturbed. 
Women were more vulnerable to psychological disorders and sleep problems. Young 
people were more likely to experience generalized anxiety disorder and mental distress. 
COVID-19 has led to high prevalence and a wide range of psychological disorders in 
society. It is essential to provide psychological assistance and training strategies to deal 
with a variety of these psychological disorders.

Keywords: psychological disorders, pandemic, COVID-19, SARS-COV, systematic review

1. Introduction

Coronavirus Disease 2019 [COVID-19] appeared in Wuhan, China in December 
2019 and spread rapidly throughout the country and then the world, so today we are 
facing a pandemic [1]. From 15 April 2020 to 21 July 2022, a number of 571,833,637 
Covid-19 patients were identified in the world, of which 6,396,439 deaths due to the 
virus occurred [2]. So far, this virus has caused 108,721,646 total infected cases and 
1,499,042 total deaths in the USA. The most cases and mortality of 212,621,751 and 
1,868,908 respectively, occurred after this pandemic in Europe. Also, in Asia, there 
have been 165,724,865 total cases and 1,444,347 total deaths due to this virus [2].
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The ambiguous nature of the disease and its unfamiliarity, as well as the imple-
mentation of quarantine measures that were strictly applied in some countries, such 
as China, to keep a large number of people in isolation, increased the burden of the 
disease and affected many aspects of their lives. It has caused widespread psycho-
logical problems such as panic disorder, anxiety, and depression along with physical 
problems [3]. Sirati Nir mentions according to Wang & et al “Anxiety caused by the 
fear of being in the community causes people not to enter shopping centers, students 
do not enter educational centers, and workers and tourists do not enter work and 
leisure institutions, and these cases lead to feelings of reduced independence and 
stress and worries about income and security occupations and other issues have led 
to psychological problems, with governments in China, Singapore, and Australia 
expressing concern about the psychological side effects of Covid-19, and the long-
term effects of this isolation and fear in society are considered serious threats to 
mental health” [4].

Psychiatric disorders are highly prevalent in medical illnesses. According to world 
health organization (WHO) figures, at least 52 million people worldwide suffer from 
severe mental illness and 150 million from severe mental disorders [5]. A mental dis-
order is a behavioral and psychological pattern that occurs in a person and is associ-
ated with a functional disorder caused by a biological disorder [social, psychological, 
genetic, physical, or chemical] [6]. In addition to the suffering and limitations that it 
creates for the individual, mental illness causes discrimination in social and profes-
sional activities due to the stigma of mental illness and thus imposes a heavy financial 
burden on society and the individual [7]. In a systematic review, it was reported that 
the quality of life of communities that suffer from Covid-19 is greatly reduced due to 
social distance [8].

Also, epidemic outbreaks can cause significant psychological stress that may lead 
to adverse effects on the quality of life and overall mental health of employees, which 
emphasizes the need to establish psychological support programs for medical workers 
during infectious disease outbreaks. It has been suggested that social support may 
be a powerful strategy to reduce the negative consequences of mental status faced by 
medical workers during infectious disease epidemics [9, 10]. In research on previous 
epidemics in recent years, a wide range of psychosocial effects on individuals at the 
individual, community, and Internationally reported at the time of the outbreak of 
infection [11]; so the flu outbreak, about 3–10% of the general public were concerned 
about being infected with the virus and the disease [12]. In the study of the Ebola 
outbreak, a wide range of psychosocial effects on individuals during the outbreak of 
infection were reported at the individual, national and international levels, and at 
the individual level, individuals seeking high fears of illness or death, feeling weak. 
They had experienced disability and social stigma [11]. Closing schools and busi-
nesses increased the negative emotions that people experienced. For example, during 
the outbreak of SARS, significant psychological effects were reported, especially in 
younger people than in older people [13, 14].

2. The importance of the issue

Because the coronavirus COVID-19 is a public health emergency of international 
concern, it poses a challenge to psychological resilience. According to the evidence 
ordinary people, patients, staff, and family members of patients and health work-
ers are exposed to the psychological damage caused by the epidemic of the virus. 
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Understanding the mental state of people exposed to psychological disorders can help 
professionals to provide targeted psychological interventions to improve the patient’s 
mental health. Also, it is necessary to provide evidence-based strategies to policymak-
ers in any community to reduce the adverse psychological effects and psychiatric 
symptoms during an epidemic, which can lead to restrictive measures to control and 
alleviate psychological problems following or during the COVID-19 epidemic [15]. 
Due to the onset of the Covid-19 epidemic in China, evidence-based assessments and 
mental health interventions for patients and health care staff are relatively rare [16]. 
Therefore, conducting a systematic study by reviewing and combining all related 
documents can create a more complete picture of the dimensions of this problem 
in society. Coronavirus infection has been performed worldwide and has looked 
for symptoms such as depression, anxiety, insomnia and anxiety and potential risk 
factors associated with it, and can therefore provide a clear basis for intervention and 
implementation of mental health intervention policies for confronting this challenge 
efficiently and effectively.

3. Investigation’s method

This study was conducted by systematic review. To access articles related to vari-
ous types of psychological disorders in the face of the coronavirus covid-19 epidemic, 
articles published in databases such as Elsevier, Pubmed, Science Direct, Scopus, 
Web of Science, and Google Scholar search engines were used to search for articles 
using systematic search with the keywords Psychiatric consequences, Psychological 
disorder, Mental health problem, COVID-19, Outbreak in the period from 1 
December to 30 May 2020. In addition, the reference list of the obtained articles was 
examined to identify the articles that were not obtained using the above methods. 
An initial search found 410 articles and then according to the title and abstract of 
articles and several levels and removal of unrelated and duplicate articles, finally 28 
articles were included in the study for extraction and evaluation (Figure 1). Inclusion 
criteria included: main articles and studies on psychological disorders in the face of 
the Covid-19 coronavirus epidemic. Unknown reports from gray literature, book 

Figure 1. 
The process of investigation, screening, and selection of articles.
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chapters, personal views, letters to the editor, historical articles, and non-scientific 
articles were excluded from this study. A screening tool for the quality of articles 
to select relevant articles PRISMA checklist was used. After collecting the relevant 
information was read by one of the authors and the most important points were sum-
marized. The information was recorded in the standard format and then registered as 
a validity summary.

4. Finding

Table 1 shows a summary of information from 28 evaluated articles on the 
prevalence of various psychological disorders in the face of the Corona Covid-19 
pandemic. The items listed in Table 1 include the author and year of study, purpose, 
location, tools used, number of samples, population, study method, and related 
results. Based on Table 1, the types of psychological disorders following coronavi-
rus can be categorized in different studies. All studies on the Covid-19 crisis in six 
countries, China, Iran, Iraq, India, Mexico, and the United Kingdom, were per-
formed using standard tools using quantitative and qualitative methods. Of course, 
only a qualitative study was conducted in Iran [36]. Studies have been done only 

Author/year Aim Instrument Population/
sample size

Study design Conclusion

Qiu & et al. 
2020 [17]

A nationwide 
survey of
psychological 
distress among 
Chinese people 
in the COVID-
19 epidemic/
Hong Kong, 
Macau and 
Taiwan

Leveraging the 
Siuvo Intelligent 
Psychological 
Assessment 
Platform, the 
COVID-19 
Peritraumatic 
Distress Index 
(CPDI)

Isolated people in 
House/52,730

Cross 
-sectional

35% of the study 
population had (stress, 
anxiety, and depression). 
Women, and the age 
group 18-30 years; 
had a higher level of 
psychological distress.

Yang & et al. 
2020 [15]

Analysis of 
psychological 
state and clinical 
psychological 
intervention 
model of 
patients with 
COVID-19

Hamilton 
depression 
scale (HAMD) 
and Hamilton 
anxiety scale 
(HAMA)

Patients (113) and 
healthy people 
(30)/143

Experimental The anxiety and 
depression score of 
patients admitted with 
Covid - 19 was higher 
than volunteers. After 
Psychological intervention 
dramatically anxiety and 
depression subsided.

Lai & et al. 
2020 [16]

Factors 
Associated With 
Mental Health 
Outcomes 
Among Health 
Care Workers 
Exposed to 
Coronavirus 
Disease 2019

Chinese versions 
of Patient Health 
Questionnaire, 
Generalized 
Anxiety Disorder 
scale, Insomnia 
Severity Index, 
and the 22-item 
Impact of Event 
Scale–Revised.

Nurse (764) and 
doctor (493)/1257

Cross 
-sectional

Severity of depressive 
symptoms; Anxiety 
and insomnia and 
psychological distress in 
41.5% of medical staff on 
the front line Treatment 
at Wuhan hospitals Were 
higher than the others.
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sample size

Study design Conclusion

Zhang & 
et al. 2020 
[18]

Health, 
distress, and 
life satisfaction 
of people 
one-month 
into COVID-19 
outbreak in 
China.

On the eight 
dimensions 
of health 
(SF12), distress 
(K6), and life 
satisfaction

Adult citizen/369 Cross 
-sectional

Those who quit 
their jobs due to the 
corona epidemic Had 
lower health and life 
satisfaction scores and 
had more psychological 
distress.

Wang & 
et al. 2020 
[4]

Immediate 
Psychological 
Responses and 
Associated
Factors during 
the Initial Stage 
of the 2019 
Coronavirus 
Disease 
(COVID-19) 
Epidemic 
among the 
General 
Population in 
China

Event 
Scale-Revis 
Depression, 
Anxiety and 
Stress Scale 
(DASS-21)ed. 
(IES-R)

Adult 
citizen/1210

Cross 
-sectional

53.8% moderate to 
severe psychological 
disorders they had. 
16.5% depression, 28.8% 
Anxiety, and 1.8% 
moderate to severe stress 
they had. Poor personal 
health status Wearing 
a mask and hand 
washing) with higher 
levels He was associated 
with psychological 
disorders.

Huang & 
Zhao 2020 
[19]

Generalized 
anxiety 
disorder, 
depressive 
symptoms and 
sleep quality 
during COVID-
19 epidemic in 
China

General anxiety 
disorder 
(GHQ ), 
Pittsburg 
Sleep Quality 
Index (PSQI), 
Center for 
Epidemiologic 
Scale- 
Depression 
(CES-D)

Health care 
worker and 
non Health care 
worker/603

Cross 
-sectional

34% of generalized 
anxiety, 18% of 
depression, and 18.1% 
reported sleep disorders. 
Persons with Younger 
Depression and more 
widespread anxiety And 
medical staff also had 
sleep disorders Showed 
more.

Ying & et al. 
2020 [20]

Mental 
health status 
among family 
members of 
health care 
workers in 
Ningbo, China 
during the 
Coronavirus 
Disease 2019 
(COVID -19) 
outbreak

Chinese 
version of 
Patient Health 
Questionnaire-9 
(PHQ-9) and 
the Chinese 
version of 
Generalized 
Anxiety 
Disorder-
7(GAD-7)

Family of health 
care worker/822

Cross 
-sectional

33.7% reported 
generalized anxiety 
disorder and 3.29% 
reported depression. 
Family members who 
came in direct contact 
with suspected or 
positive Covid-19 cases 
were more prone to 
widespread anxiety.

Liu & et al. 
2020 [21]

Online mental 
health services 
in China during 
the COVID-19 
outbreak.

The Hospital, 
Anxiety and 
Depression 
scale – Anxiety 
(HASD-A)

Health care 
worker/patients/
students/General 
population/72 
health screenings 
in 31 province

Cross 
-sectional

50.7% anxiety; 36.1% 
had insomnia and 
73.43% had stress related 
to the symptoms of the 
disease.
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Author/year Aim Instrument Population/
sample size

Study design Conclusion

Kwok & et al. 
2020 [22]

Social 
Responses 
During the 
Early Stage of 
the COVID-19

The Hospital, 
Anxiety and 
Depression 
scale - Anxiety 
(HASD-A)

General 
population/1715

Cross-
sectional

The majority (97%) were 
concerned about the 
prevalence of Covid-19, 
and 98% had a slight 
disturbance in their daily 
activities. Also, their 
anxiety score was on 
average abnormal.

Jiang & et al. 
2020 [23]

Psychological 
Impact and 
Coping 
Strategies 
of Frontline 
Medical Staff in 
Hunan Between 
January and 
March 2020 
During the 
Outbreak of 
Coronavirus 
Disease 2019 
(COVID-19) in 
Hubei, China.

Researcher based 
Questionnaire (5 
sections)

doctors, nurses, 
and other hospital 
staff/534

Cross-
sectional 
observational 
study

The COVID-19 
outbreak in Hubei 
resulted in increased 
stress for medical staff 
in adjacent Hunan 
province. Continued 
acknowledgment of the 
medical staff by hospital 
management and the 
government, provision 
of infection control 
guidelines, specialized 
equipment, and facilities 
for the management of 
COVID-19 infection 
should be recognized 
as factors that may 
encourage medical staff 
to work during future 
epidemics.

Dai & et al. 
2020 [24]

Psychological 
impact of the 
coronavirus 
disease 2019 
(COVID-19) 
outbreak on 
healthcare 
workers in 
China.

General Health 
Questionnaire

Healthcare 
workers/4357

Cross-
sectional 
study

Among the front-line 
staff at Wuhan Hospitals 
who were isolated and 
family members and 
co-workers had affected, 
there was a 39 percent 
psychological distress.

Liu & et al. 
2020 [25]

Prevalence and 
predictors of 
PTSS during 
COVID-19 
Outbreak 
in China’s 
Hardest-hit 
Areas: Gender 
differences 
matter

PTSD Checklist 
for DSM-5, 
the Pittsburgh 
Sleep Quality 
Index (PSQI0), 
(PCL-5)

Residents of cities 
in crisis/285

Cross-
sectional 
study

One month after the 
epidemic, the results 
showed that 7% of the 
study population had 
severe symptoms of 
post-epidemic stress. 
There were accidents 
(hyperexcitability, 
frequent reminders, 
and negative changes in 
mood and cognition). 
People with better 
sleep quality and early 
awakening had the 
fewest symptoms of 
post-traumatic stress.
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Sun & et al. 
2020 [26]

prevalence 
of and risk 
factors for acute 
posttraumatic 
stress disorder 
(PTSD) in 
Chinese people 
shortly after 
the COVID-19 
outbreak.

PTSD Checklist 
for DSM-5 (PCL-
5), Sleep Quality 
Index (PSQI) 
(PCL-5)

Chinese 
people/2091

Cross-
sectional 
study

One month after the 
epidemic, the results 
showed that 1.4% of 
the study population 
developed post-traumatic 
stress symptoms. 
Predictors of post-
traumatic stress included 
the female population, 
people with a history 
of recent exposure in 
Wuhan, people at risk of 
infection, and poor sleep 
quality.

Hu & et al. 
2020 [27]

to validate this 
observation and 
find potential 
risk factors, if 
applicable

International 
Classification 
of Diseases 10th 
Edition (ICD-10)

Chines Adult 
population/13783

Cross-
sectional 
study

After eliminating seasonal 
factors such as spring 
festivities, a positive 
relationship was found 
between the prevalence 
of schizophrenia and the 
Covid-19 epidemic for 
the first time. Also in the 
middle age group (39-50), 
a large increase in the 
incidence of schizophrenia 
was observed for the first 
time.

Qi & et al. 
2020 [28]

to evaluate sleep 
disturbances of 
fMW and made 
a comparison 
with non-fMW.

Pittsburgh Sleep 
Quality Index 
(PSQI), Athens 
Insomnia Scale
(AIS) and Visual 
Analogue Scale 
(VAS)

medical workers 
from multiple 
hospitals in 
Hubei Province, 
China/1306

Cross-
sectional 
study

Frontline staff had lower 
scores on sleep quality, 
insomnia, and depressive 
symptoms, and they were 
more anxious than other 
health care workers. 
Women showed lower 
sleep quality and more 
sleep disturbance than 
men compared to the 
subgroup.

Xiao 2020 [6] Social capital 
and sleep 
quality in 
isolated 
individuals 
during the 
Covid-19 
epidemic

Personal Social 
Capital Scale 
16 (PSCI-16), 
Self-Rating 
Anxiety Scale 
(SRAS), the 
Stanford Acute 
Stress Reaction 
(SASR), 
Pittsburgh Sleep 
Quality Index 
(PSQI)

Isolated people 
For 14 days/170

Cross-
sectional 
study

Low levels of social 
capital were associated 
with increased levels of 
anxiety and stress. But 
with increasing levels 
Social capital had a 
positive relationship with 
increasing the quality 
of sleep. Anxiety was 
associated with stress and 
decreased sleep quality, 
and the combination of 
anxiety and stress reduced 
the positive effects of social 
capital on sleep quality.



COVID-19 Pandemic, Mental Health and Neuroscience - New Scenarios for Understanding…

188

Author/year Aim Instrument Population/
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Study design Conclusion

Li 2020 [29] The effect 
of declaring 
the Covid-19 
epidemic on 
psychological 
consequences

Online 
Ecological 
Recognition 
(OER)

Socially 
prosperous 
class/17865

Cross-
sectional 
study

After the announcement 
of the Covid epidemic 
- 19 negative emotions 
(anxiety, depression, 
and violence) increased 
and vice versa positive 
emotions (life satisfaction 
and happiness) decreased. 
The subjects were most 
concerned about their 
own health and that of 
their families.

Li, & et al. 
2020 [30]

Adjacent 
psychiatric 
traumatization 
at the 
community 
level and 
medical and 
non-medical 
teams helping 
to control 
Covid-19

A mobile 
app-based

community 
members and 
nurses/730

cross-
sectional 
study

Proximity psychological 
trauma was assessed 
with psychological and 
physiological scores among 
Frontline nurses were 
lower in treatment than 
nonlinear frontline nurses. 
The scores of proximity 
psychological trauma to the 
general public were higher 
than front-line nurses, 
but did not differ from 
non-front-line nurses.

Moghani & 
et al. 2020 
[31]

Assessing the 
level of anxiety 
of the Iranian 
community in 
Covid-19

Online 
questionnaire

General 
population/10754

Descriptive Anxiety levels in women, 
Young people 21-40 years 
old, and People who had 
at least one sick family 
member or friend, It was 
higher.

Taghizadeh 
& et al. 2020 
[32]

Anxiety and 
depression 
in medical 
staff and the 
community

Hospital Anxiety 
and Depression 
Scale (HADS)

General 
population/2045

Descriptive- 
cross- 
sectional

65.6% and 423% of the 
samples had moderate 
to severe anxiety and 
depression, respectively. 
The prevalence of anxiety 
was higher in the age 
range of 30-39 years. 
Anxiety and depression 
in doctors, nurses, and 
people suspected of 
having Covid-19 were 
higher than in other 
occupations and the 
general public.

Jahanbakhshi 
& et al. 2020 
[33]

Anxiety of 
Iranian adults 
during Quaid; 
Predicting more 
distress than 
Chinese

Covid-19 
Peritraumatic 
Distress Index 
(CPDI)

Adult General 
population/1058

Descriptive- 
cross 
–sectional

The level of psychological 
distress in Iranians was 
33.54 on average, which 
was higher than the 
average level of stress in 
the Chinese at 23.65.
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Kaveh & 
et al. 2020 
[34]

Anxiety level in 
the treatment 
staff during 
Covid-19

Beck Anxiety 
Inventory (BDI)

Hospital medical 
staff/1038

Descriptive- 
cross 
–sectional

39.6% of participants 
had moderate to severe 
anxiety. The level of 
anxiety of women and 
nurses was higher than in 
other samples.

Ansari & 
et al. 2020 
[35]

Factors 
related to the 
psychological 
state of 
individuals in 
Covid-19

Hospital Anxiety 
and Depression
Scale (HADS)

Adult General 
population/788

Descriptive- 
cross 
–sectional

Mean anxiety and 
depression scores 
of the samples, 
respectively; were 
7/08 ± 3.68 and 
6.27 ± 71.3. Anxiety 
and depression scores 
were higher in widows, 
women, and those with 
cardiovascular disease.

Eisazadeh & 
et al. 2020 
[36]

Psychological 
consequences 
of Covid-19 
patients

Semi- Structure 
Interview

Adult General 
population/9

Qualitative 
Content 
Analysis

Fear of death, anxiety, 
depression and decreased 
social activity and 
feelings of exclusion 
from society and reduced 
contact with family 
and community and 
the experience of the 
social stigma of having 
Covid-19 disease in the 
individual or family 
members were expressed.

Othman & 
et al. 2020 
[37]

Depression, 
Anxiety, 
and Stress in 
the Time of 
COVID-19 
Pandemic in 
Kurdistan 
Region,
Iraq. Kurdistan 
Journal of 
Applied 
Research

Depression, 
Anxiety and 
Stress Scale 
(DASS-21)

Adult General 
population/548

Descriptive- 
cross- 
sectional

45% had depression, 47% 
anxiety, and 18% stress. 
In regression analysis, 
the female gender was 
the most important 
factor for the high level 
of depression, anxiety, 
and stress. Depression, 
anxiety, and stress were 
higher in people with 
higher education.

Suryadevara 
& et al. 2020 
[38]

Mental Health 
Status among 
the South Indian 
Pharmacy 
Students during 
Covid-19 
Pandemic 
Quarantine 
Period: A 
Cross-Sectional 
Study.

Depression, 
Anxiety and 
Stress Scale 
(DASS-21)

Pharmacy 
students/500

Descriptive- 
cross 
sectional

31.5%, 26%, and 19% 
of students had severe 
to very severe anxiety, 
depression, and stress, 
respectively.
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in the community [4, 18, 22, 25–27, 31, 33, 35–37, 39, 40]. A study has been done 
on the patients ‘families [20]. A study has been done exclusively in the patients’ 
community [15]. Studies have also been done on isolated people in the community 
[6, 17]. Also, studies have been done on the medical staff [19, 21, 23, 24, 28, 30, 
32, 34, 38]. Studies have been conducted jointly between patients, the community, 
staff, and students [21, 22]. A study also shows a psychological comparison between 
the general public and nurses [30]. Schizophrenia, mental distress, insomnia and 
sleep disturbances, and Internet addiction were among the various studies. Anxiety 
levels of community members, patients, and treatment staff were reported to be 
moderate to severe in different studies of [6–65.6%] percent [4, 6, 15–18, 21–23, 28, 
29, 40]. Symptoms of depression were moderate to severe [8.4–50.4%] in isolated 
individuals, patients, medical staff, families of medical staff, and the affluent class 
of society [4, 15–17, 19, 20, 29].

Generalized anxiety disorder also occurs in medical and non-medical staff and 
the families of medical staff [34%] were reported [19, 20]. Stress levels in isolated 
individuals, affluent class, and the general public were expressed from [8.1% to 
73.4%] [6, 25]. A study was shown on adults in the community aged 39–50 years 
[27]. Psychological disturbance and distress were reported in quarantined and 
isolated individuals, the general adult population, and the medical staff on aver-
age to severe [39.1–71.5%] [16–18, 24, 33]. Internet addiction was also reported 
[62.7%] [39]. Sleep disorders were shown as low quality of sleep and insomnia in the 

Author/year Aim Instrument Population/
sample size

Study design Conclusion

Garcia-Priego 
2020 [39]

Anxiety, 
depression, 
attitudes, and
internet 
addiction 
during the 
initial phase of 
2019
coronavirus 
disease 
(COVID-19) 
epidemic

Hospital Anxiety 
and Depression 
Scale (HADS), 
Internet 
Addiction Test 
(IAT)

Adult General 
population/561

Descriptive- 
cross 
–sectional

Fifty percent had 
anxiety, 27.6 percent had 
depression, and 62.7 
percent had Internet 
addiction in the first few 
weeks of quarantine. 
Anxiety, depression in 
young people, and people 
addicted to the Internet 
with sleep problems were 
more.

Pieh & et al. 
2020 [40]

Mental health 
during COVID-
19 lockdown: A 
comparison of 
Austria and the 
UK. Available

Depression 
(PHQ-9), 
anxiety 
(GAD-7), stress 
(PSS-10), and 
sleep quality 
(ISI)

Adult General 
population/2015

Descriptive- 
cross 
–sectional

8.4% and 24.6% had 
severe depression in 
Astaria and England, 6% 
and 18.9% had severe 
anxiety in Austria and 
the UK, respectively, and 
15.8% and 28.2% in the 
UK had sleep problems 
following COVID-19. 
The average perceived 
stress score in Staria and 
England was 16 ± 7.5 and 
17.7 ± 7/9 respectively.

Table 1. 
Summary of studies.
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community, medical and non-medical staff about [18.1–36.1%] [6, 19, 21, 25–28, 39]. 
Vicarious traumatization was also, reported in a study in community, frontline, and 
non-front line nurses [30], so in community and non-frontier nurses who suffered 
from psychological damage in the form of symptoms of loss of appetite, fatigue, 
irritability, fear, inattention, numbness, despair, and insomnia were expressed. 
Behavioral disorders such as violence and aggression were reported in the affluent 
class of society [29, 32]. Psychosocial consequences following having Covid-19 dis-
ease in an individual or family member were reported in a study in Iran [36]. In some 
community studies, women were more vulnerable to psychological and sleep disor-
ders [17, 23, 28, 31, 34, 35, 37]. Unemployed people [25%] also suffered from anxiety 
and psychological distress [18]. The level of psychological distress in Iranians with 
an average of [34.54] and a standard deviation was [14.92] which was higher than 
the average level of stress in Chinese with a value of 23.65 with a standard deviation 
of [5.45] [33]. Also, in front-line staff studies, about [41.5] were more likely to suffer 
from depression, anxiety, insomnia, and mental distress [16, 23, 28]. In some studies, 
younger people were more prone to generalized anxiety disorder and psychological 
distress [17, 19, 31, 39]. This study aimed to investigate the prevalence of various 
psychological disorders in the face of the coronavirus Covid-19 pandemic. Based on 
the results, the prevalence of various mental disorders was studied in 28 studies. In 
these studies, different groups including patients, patients’ families, healthy people 
in the community, and medical staff were examined. Most of the 28 studies on the 
prevalence of mental disorders and related factors were related to the general public 
[13 studies] and medical staff [9 studies].

The most common mental disorders in the studied studies were depression  
and anxiety disorders so the level of anxiety in the community, patients, and  
medical staff were reported in different studies from moderate to severe [6–65.6%]  
[4, 6, 15–17, 21–23, 28, 29, 40]. Generalized anxiety disorder was also reported in 
medical and non-medical staff and the families of medical staff [about 34%]  
[19, 20]. The use of measures such as accurate updating of health information, 
especially about the number of people who have improved, has been associated with 
low- stress levels in the Covid-19 epidemic in Chinese society. Additional information 
about medications or vaccines, transmission routes, and updates on the number of 
infected cases and locations [e.g., real-time, online tracking map] were also associated 
with lower levels of anxiety [20], which can be of interest to the health authorities 
of other communities in the Covid-19 epidemic. In this study, the prevalence of 
moderate to severe anxiety was in the community, patients, and medical staff and 
the anxiety of medical staff was higher than normal in the community. Psychological 
problems such as anxiety, fear, and stress are more common in patients with Covid-
19 or people who suspect it and the families of these patients or those with whom 
they are in contact. Epidemiologists, doctors, and all health professionals can also be 
affected by these disorders [22]. Also, the results of the above studies showed that 
nurses are more vulnerable to serious psychological damage in their work environ-
ment than physicians and other treatment staff [28]. Consistent with the findings of 
the present study, the results of a study during the SARS epidemic in Taiwan showed 
that nurses suffered from severe psychological problems such as anxiety and depres-
sion and militancy, and mental distress [3, 41]. Also during the MERS-CoV epidemic 
in Saudi Arabia, nurses became frightened and nervous after experiencing stressful 
patient care experiences [42]. However, in this study, compared to previous studies, 
the percentage of mental disorders is higher.
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5. Discussion

The aim of this study was to investigate the prevalence of various psychological 
disorders in face of the coronavirus Covid-19 epidemic. Based on the results, the 
prevalence of various mental disorders was evaluated in 28 studies. In these studies, 
different groups including patients, patients’ families, healthy people in the com-
munity, and medical staff were examined. Most of the 28 studies on the prevalence 
of mental disorders and related factors were related to the general public (13 studies) 
and medical staff (9 studies). The most common mental disorders in the studied 
studies were Depression and Anxiety Disorder, so the level of anxiety in the com-
munity, patients, and staff were reported in various studies from moderate to severe 
(6–65.6%) [6, 21–23, 28, 29, 40, 15–19]. Disseminated anxiety disorder was also 
reported in medical and non-medical staff and about 34% of the staff of medical 
staff [19, 20]. Particularly in terms of the number of people who recovered, the low 
level of stress in the Covid-19 epidemic was associated with 19 Chinese communities. 
Additional information about drugs or vaccines, routes of transmission, and updates 
on the number of infected cases and location (e.g., real-time, map Online tracking) 
was also associated with lower levels of anxiety [20], which could be of concern to 
health officials in other communities in the Covid-19 epidemic.

In this study, the prevalence of moderate to severe anxiety was in the community, 
patients, and medical staff and the anxiety of medical staff were higher than normal 
in the community. Psychological problems such as anxiety, fear, and stress are often 
present in patients with Covid-19 or people who suspect it and the families of these 
patients or those with whom they are in contact. Also, epidemiologists, physicians, 
and all health professionals can be affected [22]. The results of the above studies also 
showed that nurses are more psychologically exposed to serious psychological damage 
in their work environment than physicians and other medical staff [28]. Results of 
the present study The results of a study during the SARS epidemic in Taiwan showed 
that nurses suffered from severe psychological problems such as anxiety, depression, 
militancy, and mental distress [3, 41]. Patients were taken care of, but in this study, 
compared to previous studies, the percentage of mental disorders is higher.

Another finding of the study was the higher prevalence of anxiety, depression, 
and stress in quarantined people, patients, treatment staff, and families of treat-
ment staff as well as the affluent segment of society (8.1–73.4%) [4, 6, 17]. Similar to 
this finding, other studies have found long-term quarantine to cause psychological 
problems, including anxiety and depressive disorder [11]. People who are quarantined 
at home avoid stress and feel lonely due to lack of space for physical activity, stress 
due to limited social interactions, and anxiety due to fear of transmitting the infection 
to family members, so their mental health needs more attention [43]. Other studies 
have also found that social support and social activity in the community are effective 
in reducing the level of depression and anxiety and better mental health [6, 44]. Post-
traumatic stress disorder was also reported at approximately (4.6–7%) among adults 
living in cities affected by the Covid-19 epidemic crisis. Other studies have noted this 
point that many quarantined people have experienced psychological distress, includ-
ing post-traumatic stress disorder (PTSD) and depression, and the longer they are 
quarantined, the more likely they are to experience PTSD symptoms [6]. In most of 
the studies, a high percentage of the general public (97%) were concerned about the 
prevalence of Covid-19 and 98% had a slight disturbance in their daily work and life, 
as well as an anxiety score. On the contrary, the results of this study were conducted 
during a study of the H1N1 flu outbreak. The results showed that about 10–30% of 
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the general public were concerned about being infected with the virus and the disease 
[12]. Decreased contact with family and community and experience of the social 
stigma of having Covid-19 disease in the individual or family members were also 
reported in a qualitative study in Iran [36].

In a study of the Ebola outbreak, a wide range of psychosocial effects was reported 
on individuals during an outbreak of infection, including fear of illness or death, 
feelings of weakness, disability, and social stigma [11]. In most of the studies, women 
were more vulnerable to psychological disorders and sleep disorders [18, 23, 28, 31, 
34, 35, 37]. Although the prevalence of the disease in Iran was higher in men in than 
women [45], the results of the present study with most studies in Iran and The world, 
including the study of Ahmadvand, Khosravi, and Meyer, is consistent [46–48]. 
Evidence suggests that the higher prevalence of mental disorders in women than 
men may be more related to women ‘s limitations in social participation, biological 
factors, and environmental stress [49]. A history of positive contact with people with 
symptoms and people with higher education were more aware of the risk of SARS and 
had moderate anxiety levels and took more precautions [14]. They performed against 
the infection, which is somewhat different from the results of this epidemic. In some 
studies, young people were more prone to generalized anxiety disorder and mental 
distress [18, 19, 31, 39]. That people experience more, also during the outbreak of 
SARS, significant psychological effects have been reported, especially in young people 
compared to older people [13, 50], which is similar to the results of our study. The 
findings of the study emphasize the need to pay attention to the health of people who 
have not been affected by the virus, especially those who quit when the disease broke 
out or people who are active in sports, who have been forced to stop physical activity 
due to the outbreak of the disease. Also, people who are healthy themselves but have 
been in contact with infected people through family or work relationships because 
they had lower health, more anxiety, and less life satisfaction [18], as well as support 
for patients, family members, and providers. Health services during the epidemic 
were among the items mentioned in the studies. Things like paying more attention to 
vulnerable groups such as youth, the elderly, women, and migrant workers, accessing 
and strengthening medical resources, and the public health service system, especially 
after the initial midwifery examination and management of the Covid-19 epidemic. 
Nationwide strategy and coordination for psychological first aid during major disas-
ters, which potentially.

Presented through medicine Telemedicine is one of the interventions that should 
be established, and finally, a comprehensive program to reduce stress should be 
designed through prevention and intervention including epidemiological monitor-
ing, screening, referral, and targeted intervention to prevent further mental health 
problems [23]. Research timing can explain the difference in results. For the reasons 
mentioned above, what seems to increase the prevalence of mental disorders in the 
treatment of coronary heart disease is the application of traffic regulations, followed 
by the closure of recreational and sports facilities, unemployment, and the result-
ing economic pressures. He noted the low income of some citizens. According to 
the results of studies and the impact of COVID-19 disease in different segments of 
society, including patients, the general public, medical staff, and their families, it is 
necessary to do timely and effective psychological interventions. In addition to medi-
cal care for patients, especially pneumonia patients who need serious quarantine, 
the detection of psychological problems in the disease process online, is emphasized 
[21]. During the Corona epidemic in some countries, including China, psychologi-
cal counseling services, including the telephone and, the Internet for counseling 
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or intervention programs, became widespread, and the China Provincial Council 
announced that it was launching online institutions in response to the outbreak [49].

One of the limitations of the present study is that all research has been done in a 
short period of time, and due to the fact that new studies on the psychological con-
sequences of this disease are updated every day, we were able to publish the studies 
until the end. May 2019 and evaluate in this study. However, due to a large number of 
participants and the study population, which has been done among all classes, includ-
ing patients, medical and non-medical staff, patients’ families, quarantined people, 
and adults in general, this limitation is largely overshadowed.

6. Conclusion

According to the findings of the present study, Covid-19 causes a high prevalence 
and a wide range of psychological disorders such as (stress, anxiety, depression, 
post-traumatic stress disorder, schizophrenia, psychological distress, insomnia and 
sleep disturbance, and Internet addiction) in different individuals and groups. And 
especially the treatment and care staff. Because treatment and care staff are at the 
forefront of this incident, hospitals should strive to provide psychological support 
to nurses and provide timely psychological assistance and training to deal with the 
problem by empowering nurses to manage emotions and effective coping strategies. 
Other people in the community and patients also need training and support to deal 
with the psychological effects of the disease.
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Chapter 12

Overarching Goal and Intervention 
for Healthy Aging in Older People 
during and after the COVID-19 
Pandemic: Impact of Rehabilitation
Koki Kawamura, Shinichiro Maeshima, Aiko Osawa  
and Hidenori Arai

Abstract

The coronavirus disease 2019 (COVID-19) pandemic has had a major impact on 
society and our lives. Many older people and those with underlying medical conditions 
have refrained from social activities and become housebound, increasing the risk of 
frailty. Therefore, we developed the Home Exercise Program for Older People, a multi-
disciplinary program that makes it easier for older people to exercise at home. We also 
provide outpatient rehabilitation for not only those affected by COVID-19, but also 
older people with frailty who have become confined under the COVID-19 pandemic. 
In this chapter, we overview the situations and lives of older people in Japan under the 
COVID-19 pandemic and discuss preventive strategies.

Keywords: COVID-19, SARS-CoV-2, rehabilitation, frailty, NCGG-HEPOP®

1. Introduction

1.1  Worldwide spread of COVID-19 and refraining from leaving the home among 
the aged

The spread of the coronavirus infection caused by the novel severe acute respiratory 
syndrome coronavirus 2 has had a major impact on people’s lives [1, 2]. Within approxi-
mately 1 month after the global outbreak of coronavirus disease 2019 (COVID-19), 
when it was declared a pandemic by the World Health Organization, the average number 
of steps taken by 455,404 people in 187 countries was reported to have decreased by 
27.3% [3]. In Japan, a state of emergency was declared, and many people were forced to 
refrain from going out and to restrict their social activities. They were also encouraged 
to stay indoors to avoid the “Three Cs” (closed spaces, crowded places, and close-contact 
settings). Because higher mortality rates were reported among older patients and those 
with underlying medical conditions [4], older individuals more strictly refrained from 
activities. In fact, in a survey of 1600 older persons aged 65 years and older, physical 
activity levels were approximately 30% lower than before the spread of COVID-19 [5, 6].  
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Although a trend toward less restraint with respect to engagement in activities has 
recently been seen, many older people remain at increased risk of frailty or dete-
riorating to a level requiring nursing care as the COVID-19 pandemic continues 
unabated. The risk of frailty or deterioration to the state of requiring long-term care is 
therefore increasing.

1.2 Definition of frailty

Frailty, a condition in which older people lose the ability to perform activities, 
is defined as “a state of multiple declines in physical functions with reserve capac-
ity approaching or exceeding a clinically disabling threshold, assuming there is a 
threshold for clinical impairment” and falls between normal health and the need for 
nursing care [7, 8]. Frailty progresses because of not only the age-related deteriora-
tion of physical functions such as muscle strength, balance, and walking ability, but 
also psychological problems such as cognitive impairment and depression, and social 
problems such as living alone and economic deprivation, which can lead to outcomes 
such as functional disability, the need for nursing care, and even death [7, 9–11]. Both 
the prevention and remediation of frailty are important because decreased activity 
levels in older people increase the risk of developing frailty and, with respect to older 
people with underlying medical conditions, the risk of requiring long-term care 
[12, 13]. Frailty is characterized by vulnerability to functional decline even under 
mild stress and is notably reversible, allowing a return to a robust state, if appropriate 
measures are taken. Frailty encompasses not only physical, but also mental, cognitive, 
social, and other aspects (Figure 1). The physical aspect of frailty is based on the 
concept of the phenotype model proposed by Fried et al. [7]. Rockwood et al. have 
also proposed the deficit accumulation model [14]. The deficit accumulation model 
is useful for comprehensive assessment of functional impairment in the selection of 
clinical interventions and prediction of life expectancy and risk of institutionaliza-
tion, including for those with disabilities or at end-of-life stages. Of the two models, 
the accumulation model is more complex to use in clinical practice, so the phenotypic 

Figure 1. 
Conceptual diagram of frailty for older people, there is concern about the progression of frailty, in which a small 
amount of stress can lead to major deteriorations in health. Prepared by the author with reference to Kuzuya M 
(2009) [13].
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model definition is often used in studies of community-dwelling elderly, and the 
phenotypic model focusing on physical aspects will be used in this paper.

1.3 Assessment of frailty

The Cardiovascular Health Study (CHS) criteria proposed by Fried [7] are often 
used to consider disability prevention for older individuals living in the community. 
These criteria assess five items—fatigue, weight loss, decreased physical activity, 
decreased walking speed, and decreased muscle strength—with those meeting the 
criteria for three or more items being considered to be frail, and one or two items 
pre-frail. The revised Japanese version of the CHS criteria (J-CHS) [15] and the Frailty 
Screening Index [16] are commonly used in Japan. The former includes measures of 
walking speed and grip strength and focuses on the physical aspects of frailty, whereas 
the latter is a more general assessment, as all questions are binary choice and some 
focus on memory. The Kihon Checklist, which has been used to identify people eligible 
for secondary prevention projects and lifestyle support services, is also used. A total 
score of eight points or more is considered to indicate frailty, and a score of 4–7 points 
pre-frailty, suggesting an increased risk of requiring nursing care and even death [17].

1.4 Evidence of interventions for frailty

Intervention studies on older individuals with reduced mobility have reported the 
effectiveness of muscle strengthening exercises, stretching, aerobic exercises, and bal-
ance exercises on lower limb muscle strength, and many of these studies have reported 
that exercises combining two or more of these exercises are more effective [18]. 
However, evidence for interventions in older adults with frailty remains weak because 
the definition of “frailty” differs from country to country and study to study, and the 
target population is not sufficiently uniform. It is therefore desirable to establish the 
same definition of frailty, clarify the inclusion criteria, and accumulate larger samples.

2.  Survey of the effects of COVID-19 on older people with underlying 
medical conditions

2.1 Survey on the influence of the spread of COVID-19 on living at home

The Asian Working Group on Sarcopenia (AWGS) recommends establishing a 
balance between the prevention of COVID-19 and maintenance of function [19], as 
well as providing continued physical activity and daily living instructions to sustain 
activity levels and exercise opportunities while working to prevent infection and 
avoid functional decline. A systematic review of the impact of the spread of infec-
tion on rehabilitation found that all patients with COVID-19, regardless of infection 
status, had limited rehabilitation services [20], and a follow-up study found that 
community-dwelling older adults who lived alone or were less socially active tended 
to remain less active [21]. Older individuals with frailty or underlying conditions who 
live alone and have little social interaction may be at a particularly increased risk of 
developing frailty and disability.

Our hospital provides rehabilitation services to older patients not only during 
inpatient care, but also on an outpatient and home-visit basis. Under this situa-
tion, with the aim of discussing future interventions to maintain activity levels and 
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function in older patients with underlying diseases, we conducted a survey on the 
impact of the spread of COVID-19 in older patients undergoing rehabilitation at our 
hospital [22].

2.2 Impact of the pandemic in the patients who received rehabilitation

We surveyed 175 patients aged 65 years or older receiving outpatient or in-home 
rehabilitation at our center regarding their activities before and during the spread 
of COVID-19. The results indicated that the frequency of going out for errands 
tended to decrease during the period of infection spread. On the other hand, the 
frequency of going out for health reasons tended to be divided into two groups: 
those who consciously went out and those who refrained from and reduced the 
frequency of going out. Regarding exercise, approximately half of the respondents 
reported engaging in some form of exercise during the COVID-19 pandemic, with 
the most common reference material being “nothing in particular” (Figure 2). The 
frailty group was classified into three groups based on scores on the Kihon Checklist 
and whether they required nursing care [17, 23]. Both the frailty and nursing care 
groups were significantly less likely to go out after the start of the infection spread 
(Figure 3).

2.3 Outcomes of older patients hospitalized with COVID-19

The number of infected patients in Japan increased dramatically around January 
2022 as the Omicron variant, which is associated with a lower mortality rate but 
greater infectiousness compared with the Delta variant, became the dominant strain 
[24]. Older individuals with pre-hospitalization frailty were found to be more likely 
to experience disability during acute treatment and a reduced ability to perform 
activities of daily living, even in relatively mild cases of COVID-19, and to sometimes 
require continued rehabilitation even after treatment is completed [25, 26]. We con-
ducted a study using the Clinical Frailty Scale (CFS) to determine whether patients 
admitted to our hospital with a positive COVID-19 test result could be discharged 
directly home from the COVID-19 ward after the completion of acute care, depending 
on the severity of their frailty. The cutoff value on the CFS for not being discharged 
home [14] was six points (moderate frailty) or higher, with a sensitivity of 77.8% and 
specificity of 81.8% [27].

3. Home exercise program for older people (NCGG-HEPOP®)

3.1 Development and Purpose of HEPOP®

To maintain the physical and mental functions of older individuals whose social 
activities were limited because of the prolonged spread of COVID-19 and other 
factors and to create materials that would allow nonprofessionals to provide appro-
priate advice regarding exercise and activity, the National Center for Geriatrics 
and Gerontology published a “Home Exercise Program for Older People” (NCGG-
HEPOP®). This program was drafted mainly by therapists and completed by con-
sidering advice and opinions from specialist physicians from each department and 
multiple other professionals.
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3.2 Contents of HEPOP®

In HEPOP®, a flowchart was created to enable the selection of an appropriate 
individual exercise and activity package and exercise and lifestyle guidance program 
(Figures 4 and 5) based on several questions [28]. For example, responses of “Yes” 

Figure 2. 
Status of exercise and going out.



COVID-19 Pandemic, Mental Health and Neuroscience - New Scenarios for Understanding…

206

to the items “Do you think you walk slower than before?” and “Have you experienced 
a fall in the past year?” recommends of balance improvement package. Five other 
packages were also created: Strengthening package, Inactivity prevention package, 
Cogni-package, Feeding and swallowing improvement package, and Nutrition 
improvement package [29, 30]. Each package includes more than 10 different 
programs and is classified into three levels according to the exercise difficulty and 
load, thereby allowing participants to select and combine exercises according to their 
abilities and condition on that particular day. Since the appropriate package may 
change depending on one’s physical and mental condition, it was recommended to 
answer the flowchart questions once a month or after changes in one’s physical or 

Figure 4. 
Home exercise program for older people (HEPOP®︎).

Figure 3. 
Change in frequency of going out before and after the spread of infection. Before the pandemic = November/2019–
January/2020. During the pandemic = March/2020–May/2020. (a) Kihon Checklist (KCL) score < 8, (b) KCL 
score ≥ 8, (c) Person in need of nursing care.
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mental condition and to choose exercises and activities more appropriate for one’s 
condition at that time.

3.3  Preparing and publishing shortened, video, and multi-language versions  
of HEPOP®

To disseminate HEPOP® widely around the world, we made it available for 
anyone to view and download free of charge from our website and also printed and 
distributed booklets. In addition, we produced a DVD that included some of the 
exercises with explanations [31] and distributed it to those who wanted to learn more, 
in addition to uploading the contents to YouTube. We also had the videos translated 
into English, Chinese, Thai, Russian, and other languages, with the aim of creating 
content that could be used by anyone around the world.

3.4  Application of HEPOP® and problems experienced during the COVID-19 
pandemic

Study participants with various diseases, as described in the previous section (2.1), 
were given exercise instructions using HEPOP® and encouraged to exercise indepen-
dently at home. Several weeks later, those who were non-frail, frail, or in need of care 
at the time of the intervention were surveyed to determine whether they had imple-
mented the exercises [22]. Approximately 50% of those in the non-frail group and 
those in need of care were able to implement exercises at least once a week, whereas 
the frail group had a lower frequency, in the 30% range. The non-frail group was more 
likely to exercise because they already had a higher rate of exercise, whereas those 
in need of nursing care used some kind of nursing care service and required more 
involvement from a third party. On the other hand, the individuals with frailty were 

Figure 5. 
HEPOP®︎ exercises.
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less likely to participate in social activities because of limitations in their communi-
ties, such as a lack of social gatherings and senior citizen clubs, which are the main 
hubs for social participation activities, as well as having fewer friends and neighbors, 
which may have resulted in less social participation and consequently fewer exercise 
opportunities [32, 33]. As the spread of COVID-19 is expected to be prolonged,  
and the associated limitations on social participation are presumed to further increase 
the risk of functional decline [34], we would like to build on these results and expand 
the use of tools such as HEPOP® for frail older adults and their family and medical 
caregivers to complement the opportunities for and quality of exercise.

4. Outpatient clinic for locomotive and frailty syndrome

4.1 What is a locomotive-frailty outpatient clinic?

To properly assess and improve the holistic health of older individuals with or at risk of 
frailty, our hospital has been providing a comprehensive medical service since 2016, when 
we established the world’s first locomotive-frailty outpatient clinic. In this clinic, a multi-
disciplinary team of geriatricians, orthopedic surgeons, and rehabilitation physicians, as 
well as physical therapists, dietitians, pharmacists, and social workers, conduct evalua-
tions to determine an appropriate treatment plan for patients and propose and implement 
intervention methods. For example, dietitians provide dietary and nutritional guidance to 
patients with malnutrition and obesity problems, and physical therapists provide exercise 
guidance to patients with decreased muscle strength and balance. The prevalence of 
frailty among the patients seen in our clinic was found to be 30.9%, which is higher than 
the 6.1% and 11.3% [8] reported in a survey of older adults living in the community.

4.2 Early detection of high-risk patients in need of care

One of the main roles of our locomotive-frailty outpatient clinic is the easy and 
early detection of patients at particularly high risk of worsening to the need for care 
and the provision of appropriate preventive caregiving measures. In our previous 
study of risk factors for worsening to the need for long-term care in 233 patients 
(mean age 78 ± 6 years) who had visited our locomotive-frailty outpatient clinic [35], 
we found an association between scores on the Short Physical Performance Battery 
(SPPB), which is used in AWGS 2019 [36], and whether a person was certified as 
requiring long-term care 1 year later. Specifically, an SPPB cutoff score of nine points 
or less was associated with an increased risk of new or worsened long-term care need 
certification after 1 year (area under the receiver operating characteristic curve 0.74, 
sensitivity 65%, specificity 75%) (Table 1).

5. Rehabilitation for older patients with frailty

5.1 Voluntary exercise efforts and behavior modification

Behavior modification is one of the most important perspectives in implement-
ing rehabilitation for patients with frailty and those at risk of needing care. Even if 
high-quality exercise regimens are provided by professionals such as physical thera-
pists or HEPOP®, simply providing it to the individual does not prevent caregiving. 
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In our clinic, we use the transtheoretical model of health behavior change (TTM) 
[37, 38], a stage classification based on behavioral modification, preparation for 
exercise, and duration of practice, to assess exercise awareness and provide stage-
appropriate interventions when conducting rehabilitation and exercise interven-
tions for people with frailty (Figure 6). Some people have always been regular 
exercisers, whereas others have always wanted to exercise, but have not been able 
to do so regularly. The method of involvement varies depending on the stage, and 
one of the goals is to get patients to progress to further stages. A meta-analysis of 
practice reports for people with diabetes found that introducing practices, setting 
up step-by-step exercise, working toward habituation, and providing feedback on 
assessment results significantly improved HbA1c levels in people with diabetes after 
the intervention [39].

Further study is needed to determine the effectiveness of this model for older 
patients with frailty. However, those in stages 2 and 3 may share a schedule and 
specific targets to make it easier for them to continue exercising. In stages 4 and 5, we 
instruct patients on the appropriate amount of exercise, the selection of an exercise 
program, and the correct posture so that they do not exercise incorrectly or overuse 

Figure 6. 
Transtheoretical model flowchart some modified quotations from Prochaska JO (1997) and Marcus BH (1998) [37, 38].

Usual walking speed (m/s) SPPB (score)

Cutoff value 0.92 9

P <0.001 <0.001

Sensitivity 62.2% 64.9%

Specificity 77.0% 75.0%

Maximum youden’s index 0.392 0.399

AUC [95%CI] 0.740 [0.656–0.825] 0.737 [0.647–0.827]

SPPB, Short Physical Performance Battery; AUC, area under the curve; CI, confidence interval.

Table 1. 
Cutoff values for usual walking speed and the SPPB.
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the exercise program. In stage 1, which involves the initial explanation of the benefits 
of exercise, followed by family participation, an immediate effect may be seen.

5.2 Changes in motor function and behavior modification stage after exercise

This section presents the findings of our clinical study on outpatient rehabilitation 
for older individuals who were referred from the locomotive-frailty outpatient clinic 
at our hospital because of declines in muscle strength and balance. Rehabilitation con-
sisted mainly of exercise instruction at home by a physical therapist using HEPOP®. 
The following points were tried and tested: (1) regular evaluations were conducted 
to provide feedback to the patients, (2) the amount and frequency of exercise were 
gradually increased based on the evaluation results, (3) the importance of voluntary 
exercise at home was explained and the patients were asked to record their daily 
exercise status, (4) low-intensity, high-frequency strength exercises were performed at 
home, whereas high-intensity, high-difficulty balance exercises were performed at the 
hospital under the supervision of a physical therapist, and (5) the frequency of visits 
to the hospital was reduced from once a week to once a week or longer as the exercise 
habits became more firmly established. After 3 months of outpatient rehabilitation 
among 36 older individuals aged 65 years and over, we found significant improvements 
in walking time, on the Timed Up and Go test (TUG), and on the five times sit-to-
stand test (paired t test, p < 0.05). In addition, 75% of the participants improved their 
TTM stage by one stage or more (McNemar’s test, p < 0.05). Based on these findings, 
we believe that home exercise instruction using HEPOP® may be effective for improv-
ing physical function and promoting behavioral modification in older individuals.

5.3  A Case in which frailty improved with appropriate exercise guidance despite 
the COVID-19 pandemic

We present a case in which physical function was improved by exercise instruction in a 
homebound older adult who had originally established an exercise habit, but whose activ-
ity was restricted during the COVID-19 pandemic. An older man in his 70s with a history 
of a classic lumbar vertebral compression fracture had subjective symptoms of stumbling 
when walking after refraining from activity due to the ongoing pandemic. Prior to 
visiting our institution, he was attending a gym for training five to six times a week. He 
mainly performed aerobic exercises using an ergometer and treadmill, and his behavioral 
modification stage was 5. However, he was not performing muscle strengthening exercises 
or balance training. When COVID-19 began to spread, it limited his access to the training 
gym and thus reduced his activity levels. Therefore, exercise instruction from a physical 
therapist was started once a week at an outpatient rehabilitation center. At the time of his 
initial examination, he had a J-CHS score of 1 (Pre-frailty), a walking speed of 1.1 m/s, a 
TUG time of 7.7 s, knee extension muscle strength of 42.3 kgf on the right and 36.9 kgf on 
the left, and a one-leg standing time of 8.7 s. Outpatient rehabilitation included exercise 
instruction using HEPOP®, routine home exercise checks using a notebook, standing 
balance exercises, and resistance training instruction for 3 months (Figure 7). After the 
intervention, he started to perform machine training in addition to aerobic exercise at the 
gym, which he resumed, and was also able to perform HEPOP exercises daily at home. As 
a result, 3 months after the intervention, his complaint of stumbling when walking disap-
peared and his physical functions improved (walking speed 1.3 m/s, TUG time 6.2 s, and 
one-leg standing time 17.1 s). His knee extension muscle strength improved to 43.3 kgf on 
the right and 40.8 kgf on the left. Although this patient was in behavioral modification 
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stage 5, we found that his exercise content was skewed, his balance ability had declined, 
and he had no exercise routine other than those performed at the gym. Therefore, even 
in patients with apparently good exercise habits and motivation, a specialized evalua-
tion may reveal decreased or declining function, and a review of exercise content and 
improvement of function may be achieved by taking a more targeted approach. It is 
assumed that many older people are at risk for such functional decline as a result of the 
COVID-19 pandemic, so assessment and intervention in outpatient frailty clinics may 
play an important social role during this prolonged situation.

6. Conclusion

This chapter introduced the risk of frailty due to COVID-19 and key points regard-
ing exercise guidance in the community and medical institutions. There is some con-
cern that the prolonged COVID-19 pandemic has reduced the frequency of outings and 
opportunities for exercise and activity among many older adults, thereby increasing 
their risk of deteriorated physical and mental functions. In addition, in this situation, 
rehabilitation and other medical services are difficult to provide, and older adults with 
frailty are at a higher risk of decreased physical function and the need for increased 
caregiving. We hope that the use of guides for activities that can be performed at home 
according to each individual function, the provision of comprehensive support mainly 

Figure 7. 
Actual exercise instruction for older people using HEPOP®︎.
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Abstract

The coronavirus disease caused by the SARS-CoV-2 virus (COVID-19) pandemic 
has changed not only global epidemiological and economic developments but also the 
lives of every individual, with particular severity for patients. The number of acute 
illness cases grew rapidly, significantly increasing the workload of hospitals, and 
simultaneously, new chronic diseases emerged, such as persistent post-COVID-19 
syndrome (PPCS), with unclear etiology, symptoms, and complexity—similar to 
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). Accordingly, the 
burden of chronic diseases poses new long-term challenges for primary healthcare 
and requires new approaches to patient care. This chapter provides insight into the 
integrative approach to healthcare and focuses on potentially new solutions by  
implementing an integrative attitude to the treatment of post-COVID-19 and  
ME/CFS patients in primary healthcare. Integrative health coaching contributes the 
holistic approach to patients’ overall health and resilience through cognitive practice 
and patient active engagement. The findings of this chapter can enrich the person-
centered approach and healthcare system strengthening through holistic measures 
and systems thinking.

Keywords: persistent post-COVID-19 syndrome (PPCS), myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS), integrative approach, coaching, patient-reported 
outcomes (PROs)

1. Introduction

The coronavirus disease caused by the SARS-CoV-2 virus (COVID-19) pandemic 
induced overload in acute healthcare and significantly increased the burden of 
chronic diseases. One of the new manifestations of chronic diseases is the post-
COVID-19 disorder, for which a common definition has not yet been established, but 
which creates the preconditions for expanding the prevalence of related diseases. The 
results of an online survey of 3762 participants with confirmed (diagnostic/antibody 
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positive; 1020) or suspected (diagnostic/antibody negative or untested; 2742) 
COVID-19, performed in 56 countries, from September 6, 2020 to November 25, 
2020, demonstrated that 1700 respondents (45.2%) required a reduced work schedule 
compared to pre-illness, and an additional 839 (22.3%) were not working at the time 
of survey due to illness. After 6 months of the post-COVID conditions, the most 
frequent symptoms were fatigue, post-exertional malaise, and cognitive dysfunction. 
Cognitive dysfunction or memory issues were common across all age groups (~88%) 
[1]. Already in July 2020, Dr. Anthony Fauci, the Director of the National Institute 
for Allergy and Infectious Diseases (US Department of Health and Human Services), 
assumed that patients post-COVID-19 can develop “a post-viral syndrome that’s very 
strikingly similar to myalgic encephalomyelitis/chronic fatigue syndrome” [2].

The authors, in one of the previous studies on the COVID-19 pandemic consisten-
cies in healthcare [3], revealed that since October 2020, several articles have reported 
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) as a potentially 
post-COVID-19-associated disease [4–11]. The literature reviews on the potential 
causal interaction between post-COVID-19 and ME/CFS also appeared in the fol-
lowing period [12–19]. The reviews’ results highlighted problems associated with the 
definitions and diagnostic criteria for ME/CFS and post-COVID-19 disorder. There 
were various manifestations of the interaction between post-COVID-19 and ME/CFS, 
from the similarity of the symptoms to the assumption that it is the same disease [3]. 
Over time, the COVID-19 long-haulers reported an overall reduction of most symp-
toms including unrefreshing sleep and post-exertional malaise, but an intensification 
of neurocognitive symptoms. When compared to ME/CFS, the COVID-19 sample 
was initially more symptomatic for the immune and orthostatic domains but over 
time, the long-haulers evidenced significantly less severe symptoms than those with 
ME/CFS, except in the orthostatic domain [20]. However, almost all publications 
indicated the need for further research into the similarities and differences between 
post-COVID-19 and ME/CFS to determine the nature of these conditions and define 
risk factors, prevalence, and possible interventions [3].

Concerning the definitions, ME/CFS commonly is defined as a poorly under-
stood, serious, complex, multisystem disorder, characterized by symptoms lasting 
at least 6 months, with severe incapacitating fatigue not alleviated by rest, and other 
symptoms—many autonomic or cognitive in nature—including profound fatigue, 
cognitive dysfunction, sleep disturbances, muscle pain, and post-exertional malaise, 
which lead to substantial reductions in the functional activity and quality of life [21]. 
The common definition of post-COVID-19 disorder has not yet been established, 
but the results of some studies suggest, for instance, that it is composed of heteroge-
neous sequelae that often affect multiple organ systems, with significant impacts on 
morbidity, mortality, and quality of life [1]. Regarding the defining post-COVID-19 
symptoms, based on the relapsing/remitting nature of post-COVID-19 symptoms, the 
following integrative classification was proposed by researchers: potentially infec-
tion-related symptoms (up to 4–5 weeks), acute post-COVID-19 symptoms (from 
week 5 to week 12), long post-COVID-19 symptoms (from week 12 to week 24), and 
persistent post-COVID-19 symptoms (lasting more than 24 weeks) [22]. Therefore, in 
the context of the time reference, ME/CFS is most closely associated with persistent 
post-COVID symptoms.

Persistent post-COVID symptoms were considered in light of a new “syndrome,” 
as the British Medical Association defines a syndrome “as a set of medical signs and 
symptoms which are correlated with each other and associated with a particular 
disease” [22]. Accordingly, the term “Persistent Post-COVID-19 Syndrome (PPCS)” 
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was introduced in practice, as a pathologic entity, which involves persistent physical, 
medical, and cognitive sequelae following COVID-19, including persistent immuno-
suppression as well as pulmonary, cardiac, and vascular fibrosis [23]. Consequently, 
some authors note that the preliminary findings raise concern regarding a possible 
future ME/CFS-like pandemic in SARS-CoV-2 survivors [24].

The prevalence of ME/CFS in population varies from 0.19% to 7,6% [21]. Based on 
the earlier studies on other infections, researchers suggested that 10% of COVID-19 
survivors could develop ME/CFS [2]. Accordingly, it is estimated that the US ME/CFS 
prevalence of 1.5 million prior to the COVID-19 pandemic (and an annual economic 
impact of $36–51 billion) could rise to between five and nine million people. This 
would incur an annual US economic impact of $149 to $362 billion in medical 
expenses and lost income, exclusive of other costs, such as disability benefits, social 
services, and lost wages of caretakers [25].

Considering the health-related quality of life (HRQoL) ME/CFS demonstrates 
a significant negative impact on general health, physical functioning, emotional 
health, vitality, cognitive health, and well-being, in different populations [12, 26–32]. 
Various tools are used to elaborate the HRQoL, such as EuroQoL-5 Dimensions 
(EQ-5D-3L) [26, 31] and (EQ-5D-5L) [12], 36-Item Health Survey (SF-36) [29, 31], 
Pediatric Quality of Life Inventory (PedsQL) [28], overall health status reported on 
a Visual Analogue Scale (VAS) [12, 27, 30], Abbreviated World Health Organization 
Quality of Life questionnaire (WHOQOL-BREF) [32], completed by people with 
ME/CFS, and Family Reported Outcome Measure (FROM-16) questionnaire [30, 32], 
completed by family members. Simultaneously, HRQol widely affected by all post-
COVID-19 domains [24] mostly is assessed by EuroQoL-5 Dimension EQ-5D-5L and 
VAS [33–35].

The predominant score of ME/CFS and PPCS patients’ healthcare is related 
to primary healthcare, given that patients of these syndromes are mostly treated 
on an outpatient basis [36–39]. The unifying issues for these diseases are also 
complex and multisystem nature, which requires coordinated integrative mul-
tidisciplinary teamwork to achieve treatment goals [34, 39]. Previous research 
demonstrated significant results of the interdisciplinary approach, such as the 
“Recovering from COVID” course, which took a whole system, biopsychosocial 
approach to understanding COVID-19 and post-viral fatigue and was led by an 
interdisciplinary team consisting of a clinical psychologist, physiotherapist, 
occupational therapist, dietitian, speech and language therapist, and a personal 
support navigator [34].

Moreover, COVID-19 is associated with high rates of psychiatric symptoms, 
including anxiety, depression, fatigue, sleep disruption, and posttraumatic 
stress, and consistent risk factors for psychiatric symptoms include the history 
of a psychiatric disorder and female gender [40]. Researchers notified that while 
the exact etiology remains unknown, and future research is needed, it is now 
recognized that overlapping symptomology between post-COVID-19 syndrome 
and ME/CFS provides a promising avenue for the development of post-COVID-19 
rehabilitation [34].

Prior to the COVID-19 pandemic, it was assumed that primary care transforma-
tion will usher in a new era of advanced team-based care with extensive roles beyond 
the physician to build authentic healing relationships with patients [41]. The pan-
demic hampered the development of primary healthcare, with an emphasis on the 
hospital sector, but some achievements remain topical. In the context of integrity, the 
integrative and patient-centric view argues strongly that populations with physical, 
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developmental, or cognitive disabilities—often with related chronic conditions or 
complex illnesses—endow the concept of healthcare integration with unique logic 
and meaning. Vulnerable individuals have complicated and ongoing needs (which fre-
quently are part-medical, part-physical, part-psychological, and part-social), experi-
ence difficulties in everyday living, require a mix of services delivered sequentially 
or simultaneously by multiple providers, and receive both cure and care in the home, 
community, and institutional settings [42]. These statements mostly are applicable 
also for ME/CFS and post-COVID-19 conditions.

In order to organize person-centered health services for a growing number of 
people with multiple complex health and social care needs, a shift from fragmented 
to integrated health services delivery has to take place. For the organization of 
governance in integrated health services, it is important to better understand the 
underlying factors that drive collaboration, decision-making, and behavior between 
individuals and organizations [43]. There are multiple levels of integrated care, 
and four levels of health services delivery are investigated more often: the personal, 
the professional, the management, and the system level [43, 44]. In addition to the 
different levels, researchers present two crucial dimensions of integration: systemic 
integration, which includes the coherence of rules and policies in the health system, 
and normative integration, which comprises the role of shared values in coordination 
and collaboration [43–45].

In the scope of this research, the authors focus on two central levels of the inte-
grative model—the personal level, assuming the relation with the person-centered 
approach, and the professional level of collaboration (Figure 1).

The following section provides an example of professional collaboration and 
patient outcomes in the integrative approach for ME/CFS and post-COVID-19 care.

Figure 1. 
The research focused on the personal and the professional level of integrated health services for myalgic 
encephalomyelitis/chronic fatigue syndrome (ME/CFS) and post-COVID-19 patients.
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2.  Coaching as a supportive tool in integrative primary healthcare of  
post-COVID-19 and ME/CFS patients

Assuming that an integrative approach positively affects the treatment of chronic 
multimorbid conditions, this research aimed to identify opportunities to improve 
the health status of post-COVID-19 and ME/CFS patients by involving a professional 
coach in healthcare teamwork.

The theoretical foundation of coaching is based on psychological concepts [46]. 
Several types of models and theories form the basis of behavioral change in coach-
ing. Those most frequently referred to in the literature include the Transtheoretical 
Model of Change (TTM), the Theory of Planned Behavior (TPB), Social Cognitive 
Theory (SCT), the Information-Motivation-Behavioral-Skills Model (IMB), Self-
Determination Theory (SDT), Health Action Process Approach (HAPA), and Social 
Learning Theory (SLT) [47]. Each theory is distinct; however, coaching recognizes 
that individuals intrinsically learn in different ways, and thus the process could 
involve one or a combination of models or theories which may complement one 
another [46]. Practical coaching intends to facilitate, support, challenge, and guide a 
change to achieve a goal [48].

Regarding the coaching experience in healthcare during the COVID-19 pandemic, 
literature resources identified that COVID-19-specific tele-coaching effectively sup-
ported the risk-reduction behavior of patients with heart failure [49] and improved 
diabetes patients’ health behavior [50], as well as coaching promoted medical staff 
well-being during COVID-19 [51] and demonstrated a positive effect on medical 
students’ well-being [52]. On the whole, there are insufficient studies on the use of 
coaching in ME/CFS and post-COVID-19 patients.

To evaluate the complementary opportunities provided by coaching in post-
COVID-19 in ME/CFS patients’ healthcare, the longitude case study was performed in 
a primary care institution, in Latvia. The professional team consisted of a general prac-
titioner, infectiologist, and coach. The coaching sessions were led by a certified coach 
of the Erickson Coaching International. Patient-centeredness, patient-determined 
goals, use of a self-discovery process, accountability, and consistent coaching relation-
ship represent the key elements of coaching. Erickson coaching expands the coaching 
over and above these elements by strict focus at the solution (i.e. client’s determined 
goal) not only throughout the individual coaching conversation but also throughout 
the entire coaching relationship (solution-focused Erickson coaching) [53].

Four patients, two ME/CFS and two post-COVID-19 patients with symptoms 
persistent for more than 6 months prior to diagnosis “Long-COVID-19,” were invited 
to participate in this study. “Portraits” of the patients prepared by the supervising 
physicians are available in Figure 2. Virtual coaching sessions were held for each 
patient once a week for 4 weeks, in March and April 2022 (two additional sessions 
were conducted for Patient 2, by her request).

The work steps were devoted to the assessment of patients’ HRQoL before and after 
the coaching course. In order to obtain comparable data for evaluation of the potential 
impact of the coaching process, HRQoL was assessed using the EuroQol-5D-5L measure 
(certified translation: EQ-5D-5L Latvian) as the patient-reported outcomes (PROs). The 
EuroQol EQ-5D-5L assesses HRQoL across five dimensions: mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression [54], and it was mentioned in previ-
ous research [12, 33–35]. Prior to the coaching course, patients were asked to assess their 
health across five dimensions, before the illness and at the present time. Accordingly, 
after the last coaching session, the patients had reassessed their health status.
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The results of the PROs are shown in Figure 3 (each dimension of health was 
scored from 1 (extreme problems) to 5 (no problems)). Descriptive and analytical 
statistical methods were utilized for the analysis of the obtained data.

The results (Figure 3) show that Patient 1 (ME/CFS) and Patient 3 (post-
COVID-19) demonstrated full-health HRQoL prior to illness, but Patient 2 (ME/CFS) 
and Patient 4 (post-COVID-19) had the pain and discomfort also before making the 

Figure 2. 
“Portraits” of Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) and post-COVID-19 patients in 
the study.

Figure 3. 
Patient-reported health-related quality of life, as measured by the EuroQol-5D-5L framework (1—extreme 
problems, 2—severe problems, 3—moderate problems, 4—slight problems, and 5—no problems), in myalgic 
encephalomyelitis/chronic fatigue syndrome (ME/CFS) and post-COVID-19 patients: prior illness, prior coaching 
course, and after 4 weeks coaching course (Patient 2—after 6 weeks).
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diagnosis. Self-care ability was less affected by the illness—by two points in sum for 
all patients; usual activities were more affected—by five points in sum for all patients; 
mobility was affected harder—by six points in sum for all patients; anxiety/depression 
was activated—by six points in sum for all patients; and pain/discomfort was most 
accelerated—by seven points in sum for all patients. After the coaching course, PROs 
demonstrate a stronger impact on pain/discomfort reduction—by eight points in sum 
for all patients, and on anxiety/depression—by four points in sum for all patients; 
while mobility was improved—by five points in sum for all patient, usual activities—
by three points in sum for all patient, and self-care ability—by two points in sum for 
all patient (self-care ability was less affected by illness).

Additionally, the overall health self-assessment was performed by the VAS. Prior 
to the coaching, patients were asked to rate their health on a scale from 0 to 100 
(where 0 means the worst health patient can imagine, and 100 means the best health 
patient can imagine), before the illness and at the present time. Accordingly, after the 
last coaching session, the patients had reassessed their health status. The results of the 
PROs by the VAS are shown in Figure 4.

PROs by the VAS (Figure 4) show that all patients reported a significant reduction in 
overall health status due to illness: Patient 1 (ME/CFS)—by 40%, Patient 2 (ME/CFS) 
and Patient 3 (post-COVID-19)—by 20%, and Patient 4 (post-COVID-19)—by 15%. 
After the coaching period, all patients demonstrated an improvement in overall health 
status by more than half: Patient 1 and Patient 2—by 30%, Patient 3—by 20%, and 
Patient 4—by 10%. Remarkably that ME/CFS patients reported greater improvement in 
overall health, and Patient 2 reported a higher score of overall health after the coaching 
course than it was before the diagnosis of illness.

In order to obtain more information on the health status of patients during the 
study, the physicians supervising these patients were also asked to assess patients’ 
health state, prior to the coaching course and after the course. The assessment was 

Figure 4. 
Patient-reported health-related quality of life, as measured by the Visual Analogue Scale (0—the worst health 
patient can imagine, and 100—the best health patient can imagine), in myalgic encephalomyelitis/chronic fatigue 
syndrome (ME/CFS) and post-COVID-19 patients: prior illness, prior to the coaching course, and after 4 weeks 
coaching course (Patient 2—after 6 weeks).
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performed by the VAS with a rating on a scale from 0 to 100 (where 0 means the worst 
health state of the patient, and 100 means the best health state of the patient). Three 
dimensions of health were defined for evaluation: overall health, emotional health, and 
cognitive health. The results of the assessment of the patients’ health provided by the 
physicians are shown in Figure 5. Significant improvement was indicated in all dimen-
sions of health in each patient. Remarkable that the physicians indicated a lower initial 
rate of the health states for ME/CFS patients in comparison with the health status of 
post-COVID-19 patients. Notably that the improvement also is greater in ME/CFS 
patients. Overall health state assessment after the coaching period is correlated with 
the results of PROs performed by VAS (Figure 4) (except for Patient 2 data in which 
patient’s self-assessment is higher—probably by the fact that Patient 2 performed the 
last self-assessment after two additional weeks of coaching). The stabilization between 
all dimensions of health was a common tendency for all patients (Figure 5).

Overall results of the study demonstrate significant improvement in the health state 
of ME/CFS and post-COVID-19 patients, particularly, in overall health, emotional sta-
bility, and cognitive functionality. However, this case study has limitations, such as the 
following: data are not statistically significant for extrapolation to the whole population 
of patients; there are no sufficient data for comparison with data in other countries 
on coaching approach in healthcare of post-COVID-19 and ME/CFS patients; during 
the coaching period, patients continued to receive the standard treatment; therefore, 
coaching could be considered as a complementary tool in an integrative approach, but 
not as a monomethod. The strength of this research is focused on the great additional 
opportunity to resolve the problems arising in chronic diseases management, by affec-
tive collaboration and integrative approach, particularly, in primary healthcare.

Figure 5. 
Evaluation of the patient’s overall health status, emotional health, and cognitive health, measured by the Visual 
Analogue Scale (0—the worst health state of the patient, and 100—the best possible health state of the patient), 
in myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) and post-COVID-19 patients: prior to the 
coaching course, and after 4 weeks coaching course.
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This study can encourage the further investigation of coaching potential in health-
care, to receive more evidence on the effectiveness of this approach. Additionally, more 
sensitive evaluation instruments could be considered and would facilitate patients’ 
self-assessment of such symptoms as anxiety, depression, fatigue, sleep disruption, 
and posttraumatic stress. At the same time, patients should be supported by teaching 
to work with the PROs tools in the process of health self-assessment. Eventually, in the 
scope of managerial and system level of integrative healthcare, it should be considered 
that the financing of the integrative approach can face the challenges in countries with 
strictly limited budget allocation for healthcare and social issues.

3. Conclusion

This chapter provided insight into the integrative approach to healthcare, with 
a particular focus on post-COVID-19 and ME/CFS disorders. Integrated healthcare 
consists of four main levels of health services delivery: the personal, the professional, 
the management, and the system level. In the framework of the practical research, the 
example of integration of coaching in the personal and professional level of primary 
healthcare of post-COVID-19 and ME/CFS patients demonstrated the potential for 
improvement in healthcare outcomes.
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Chapter 14

How COVID-19 Brought Medical 
Gaslighting to the Forefront  
and Made Invisible Illness Visible: 
Lessons from the BIPOC Long 
COVID Study
Margot Gage Witvliet

Abstract

Back in March 2020 I became ill with COVID-19. It almost killed me. My journey 
with the illness is documented publicly and I am featured in New York Times, USA 
Today, Washington Post and People Magazine to name a few publications. Health 
Magazine named me one of seven African American women unsung heroes of 
COVID-19. Last year in 2021 I was invited to address President Biden’s COVID-19 Task 
Force Team. In the medical community, there is a pattern of treating people differ-
ently based on their gender, sexual orientation, age and disability status. COVID-19 
shed light on the need for the medical community to shift to a modern outlook in the 
treatment of patients with invisible illnesses. In this chapter, I will discuss what is long 
COVID, findings from the BIPOC Long COVID Study, and how long COVID made 
invisible illnesses such as chronic fatigue syndrome, fibromyalgia, chronic Lyme 
disease and lupus visible. Recommendations are given on long COVID recovery.

Keywords: long COVID, medical gaslighting, invisible illness, African American, 
COVID-19, chronic fatigue syndrome, RECOVER, integrative medicine, health disparity

1. Introduction

Back in March 2020 I took one of the last flights allowed in from Amsterdam, 
The Netherlands to Houston, Texas. I was a perfectly fit, healthy young woman who 
did not smoke. I was an active social epidemiologist with a tenure-track assistant 
professorship at an American university with my entire life ahead of me. The idea 
that I could die from an airborne illness before I turned 40 was not in my reality. I 
had no autoimmune diseases. I am not someone who has struggled with a chronic 
illness, in fact I have rarely been sick with the common cold or flu. I have never 
broken a bone and I had no co-morbidities. I have two healthy children and before 
COVID-19, I was a hands-on active mother. Women in my family have consistently 
lived into triple digits.
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By the second week of March all of that changed. For me, Covid-19 started out 
like the flu. Initially I did not think I had COVID-19, but rather that I was coming 
down with a bad cold. But my symptoms progressed quickly. By March 15, 2020, I 
had arrived home from a two-hour car drive, I sat outside to rest in my backyard, 
and I had an intense pain in my chest-- it felt like an elephant had sat on my chest. 
I stumbled inside and lay on my bed. I took deep breaths and waited for the pain to 
pass. At this point I knew something was terribly wrong, my heart had never felt like 
it would pop out of my chest in my entire life. The next day my symptoms worsened. 
I developed a slight cough, a headache and a sore throat—my sore throat has been 
ongoing for the past 2 years. To this day (June 2022), I still have a light sore throat, 
that intensifies after eating or talking for an extended period. My health rapidly 
declined after my heart issues arose. By mid-March I landed in the hospital because 
I could not breathe, and by the beginning of May, I had a seizure. Covid-19 almost 
killed me several times.

Doctors did not know what to do with me. I never had a fever, and I did not have 
a persistent dry cough, so even with my severe shortness of breath I did not present 
symptoms of how doctors expected COVID-19 patients to present. At that time, the 
American Centers for Disease Control (CDC) said that in order to have COVID-19, 
the patient had to have a fever. And so began my journey down the rabbit hole of the 
American healthcare system. I was not listened to by doctors, not taken seriously and 
infantilized. At one appointment, the doctor spoke the entire time with my husband, 
instead of speaking with me--the actual patient who was a 38-year-old woman with a 
PhD in social epidemiology and public health.

I joined a COVID-19 online support group, where I witnessed woman after 
woman, irrespective of their socioeconomic status, race or country location, share 
stories about how doctors were not believing them about their COVID-19 symptoms. 
Early in the pandemic, sharing your COVID-19 status publicly was taboo in the rural 
Southeast Texas town where I reside. But I decided that I would use the small platform 
that I had as an assistant professor to come forward about my health status and shed 
light on the fact that doctors were not believing women, and that women of color 
were having a particularly hard time being believed. Women of color were being drug 
tested and getting the police called on them at the hospital. In my own experience, 
when I presented at the emergency room with shortness of breath, I was always asked 
by hospital staff if I had “taken something.” I would get asked repeatedly if I had used 
drugs. I was not treated with compassion until after my drug test came back clean.

My goal is to transform my negative experience with COVID-19 and the American 
healthcare system into a positive teaching moment. I was one of the first people in 
Texas to be interviewed by the local news about my COVID-19 symptoms lasting 
longer than a few weeks. Following this, I wrote an article in The Conversation about 
my COVID-19 experience [1]. That article received over 400,000 views. My video 
diary that I made documenting my trip from Amsterdam to Houston during the 
pandemic was re-published across several media outlets and received over 20,000 
views [2]. It was unexpected, but my COVID-19 advocacy work led to me being 
named by Health Magazine as one of seven African American women unsung heroes 
of the COVID-19 pandemic [3]. I was featured in several American media outlets, 
some including MSNBC, People Magazine, Washington Post, New York Times, and 
in international media outlets in the UK, Indonesia, Korea, and New Zealand. I 
presented a TEDx Talk where I spoke about the problem with doctors not believing 
patients with chronic illnesses and how doctors need to treat patients with compas-
sion and drop their biases at the door [4].
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My TEDx Talk received over one million views. I started an online Facebook 
support group for BIPOC women with long COVID. The group was featured in the 
Washington Post in 2021 [5].

Today I am a COVID-19 survivor. It has been over 2 years and I am still in recovery 
[6]. I am not as sick as I once was, but I am not 100%. I have been diagnosed with 
post-acute sequelae of SARS-CoV-2 infection (or long COVID). It is estimated that 
half of the people who survive COVID-19 will get long COVID [7]. Long COVID is 
a chronic debilitating condition that effects multiple organs, including the brain [8]. 
People with long COVID develop symptoms that are similar to myalgic encephalomy-
elitis/chronic fatigue syndrome (ME/CFS) [8]. We also have chronic pain, and some 
develop renal, kidney and heart issues. Many continue to have pulmonary and gastro-
intestinal problems even after initial COVID-19 infection. The list of health problems 
caused by long COVID is wide ranging and diverse. Brain fog, mild dementia, pins 
and needle sensation, vision problems teeth and hair loss are just to name a few [8]. 
Long COVID is a debilitating health condition that severely impacts women more 
often than men [9]. Women aged 40–60 tend to experience more severe symptoms of 
long COVID [9].

I have been invited to address President Biden’s COVID-19 Taskforce team [10] 
and I am on the Publications Oversight Committee of RECOVER, a 470-million-
dollar long COVID research project funded by the American National Institute of 
Health (NIH) [11]. In July 2021, because of my advocacy efforts and that of many 
other COVID-19 patient advocates, President Joe Biden announced that long COVID 
could qualify as a disability [8]. In this chapter, I discuss medical gaslighting during 
the pandemic, findings from the BIPOC Long COVID Study, and explain how long 
COVID made invisible illnesses like ME/CFS, fibromyalgia, chronic Lyme disease, 
and Lupus visible.

2. Gaslighting during the pandemic

At the start of the pandemic in 2020 doctors knew very little about COVID-19. The 
CDC symptom guidelines were short. Doctors initially believed that a person with 
COVID-19 had to have a fever and a persistent cough to have COVID-19 [4]. Today 
we know that the list of COVID-19 symptoms is extensive [8]. We also know that a 
COVID-19 infection can cause post-COVID (also referred to as long Covid, chronic 
COVID, long-term effects of COVID, post-acute COVID-19), which is a post-viral 
condition where symptoms last 4-weeks or longer [8]. Currently there is no clear 
definition of long COVID, because COVID-19 is such a diverse illness, that manifests 
differently in each person, but researchers are working to change this [11]. Science has 
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taught us that both adults and children can get long COVID [12]. The acute infection 
of COVID-19 does not have to be severe to get long COVID [13]. There are also people 
who have milder forms of long COVID and do not realize that they have long COVID 
[14]. For example, people who lost only their taste or smell, or people who only get 
headaches, and have no other health complaints. It is suspected that COVID-19 wreaks 
havoc in the mitochondria of immune cells and since mitochondria is paramount for 
cell survival this is one of the reasons why we can observe such devastating effects to 
health [15]. It is thought that long COVID patients have damage to blood vessels and 
nerve fiber damage [16], and this is harmful to all systems within the body, including 
the gastrointestinal and respiratory systems. It is also a possibility as to why in severe 
cases of long COVID exercise is excruciatingly painful. Science has found that long 
COVID causes brain inflammation, and it is one of the first viruses to break the blood 
brain barrier [17]. The neurological impacts of COVID-19 are profound, and it impacts 
cognitive ability. It is important to remember that people with long COVID have damage 
to their body that can cause unbearable pain even if medical tests or blood tests are not 
picking it up. The pain experienced by long COVID patients is unbearable. An increased 
risk of suicide exists in this population, and many have experienced psychosis [18].

When I became ill with COVID-19 during the first wave (March 2020), I never had 
a fever and never had a persistent cough. Given this, doctors did not initially believe 
that I had COVID-19. This made an already stressful medical situation even more 
horrendous. I was told by one doctor that my problems with breathing must be due 
to anxiety. Doctors tried to make me believe that my illness was all in my head. Since 
doctors could not ascertain what was wrong with me, they used mental health as a 
deflector instead of admitting that they did not have an answer for me on how to get 
well. In my case, it is true that I had anxiety, but my anxiety was not the reason I could 
not breathe. The fact that I could not breathe because my oxygen levels regularly 
dropped to as low as 60%, was the reason I had anxiety during my breathing attacks.

When COVID-19 raised my glucose levels, I was told by a doctor to watch my diet 
and exercise more. In essence I was blamed for my new-onset of high glucose levels, 
instead of the doctor connecting that the elevated glucose levels could be triggered 
by COVID-19. A few weeks later reports were published that COVID-19 can cause 
diabetes [19]. Further, the recommendation of a reformed diet and more exercise from 
the doctor was absurd, given that I was experiencing severe respiratory problems and 
post-exertional malaise. The doctor dismissed my issues and tried to make me believe 
that my health problems were my fault. The doctor assumed that I had a poor diet and 
did not exercise as the reason of why I now had elevated glucose levels. The doctor was 
treating me from a biased perspective instead of examining my entire patient history. 
What I experienced by this doctor and several other doctors both male and female from 
all varying racial and ethnic backgrounds is a term called medical gaslighting. Many 
people who initially became ill with COVID-19 during the first wave had an extremely 
hard time being believed by doctors when they presented with COVID-19 symptoms to 
emergency rooms. Unfortunately, dismissal and disbelief by doctors is still happening 
to this day. In some countries long COVID is not even recognized as an illness. A report 
out of Africa shows that even though doctors believe in COVID-19, patients and doctors 
are not recognizing the illness long COVID [20]. This is also happening in Trinidad and 
Tobago. Patients are being dismissed by doctors, and doctors are focused only on treat-
ing the symptoms without ever addressing the elephant in the room (i.e., long Covid).

When a person makes another person question their memory or perception 
of a given situation this is referred to as gaslighting. Internally I knew that prior 
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to my COVID-19 infection I was a healthy person, and that my elevated glucose 
levels were not because of poor diet or lack of exercise, but that this doctor was 
attempting to make me doubt my own experience, which is a common characteristic 
of gaslighting [21]. Gaslighting is not just a medical phenomenon, it can occur 
anywhere and between anyone. Gaslighting is a form of psychological abuse that 
involves a power component, with people who use these tactics typically being in a 
position of power as compared to their victim [22]. The psychological impact left 
on the person who has experienced gaslighting can be profound [22]. Patients who 
experience medical gaslighting might start to question their own reality, especially 
if the person doing the gaslighting is a medical doctor [23]. Anxiety, hypertension 
and depression can develop in a person experiencing medical gaslighting, resulting 
in loss of patient-doctor trust, and in extreme cases, some patients might withdraw 
from social life [24, 25].

Medical gaslighting does not happen to everyone equally. It occurs most often to 
women and people of color. For illnesses where there is no clear test to ascertain if 
a person has the illness, medical gaslighting is a common occurrence. For example, 
a study found that women who present with symptoms of abdominal pain are not 
believed by doctors in the same way men are believed who report with the same type 
of pain [26]. Medical gaslighting is particularly a problem when there are no objec-
tive tests to diagnosis the health complaint. Patients in this “difficult to diagnose” 
category are often blamed and are not believed by doctors [25]. Doctors might dismiss 
difficult to diagnose patients with having a mental health issue, rather than having a 
physiological problem, which leads to devaluing of the patient [27, 28]. Disparity in 
treatment by doctors because of a patient’s gender, race, sexuality, age or disability 
status has been a problem for people with chronic illnesses long before the COVID-19 
pandemic [29–32]. Given that research has thoroughly documented bias in healthcare 
for decades, and little has been done to resolve this issue, the COVID-19 pandemic 
has highlighted that it is time for medical school curriculum to systematically address 
biases that doctors and other medical staff bring to the treatment room.
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3. Findings from the BIPOC long COVID study

In Spring of 2022 I distributed an Intuitional Review Board (IRB) approved ques-
tionnaire to the online BIPOC women long COVID support group. The term BIPOC 
is used to refer to women of color. This group has been in existence since summer of 
2020 and was featured in the Washington Post [5]. It is an online support group for 
women with long COVID. Women from around the world share their experience, 
symptoms, recovery tips, and support each other mentally as they deal with their 
newfound long COVID illness. The women in the group were asked to complete a 
study about their long COVID symptoms and experience.

Most of the women who completed the questionnaire (n = 46) were African 
American and college educated. Figure 1 shows the top health complaints reported 
by the participants. Some of the women had even more health complaints then the 
complaints shown in Figure 1, but over 50% of the women who completed the ques-
tionnaire experienced at least 18 different health complaints. Despite this, most of the 
women (63%) report not being believed by their doctors about their health complaints. 
And of the 27 women who went to the hospital, 19.6% of them report being drug tested 
for narcotics when they went for medical assistance. More than half of the women 
(78.3%) report their trust in doctors has been lowered since contracting COVID-19.

The total devaluation by doctors during the COVID-19 pandemic happened to a 
lot of people, especially women and in particular women of color. The questionnaire 
asked women to report tips on what they did to find the right doctor. Many of the 
women reported never being able to find the right doctor. Others reported having an 
emotional breakdown in the office before being heard. Those with long time doctors 
reported that their doctors focused on treating their symptoms. Box 1 highlights tips 

Kept searching until I found someone who would listen.
Chose a DO instead of an MD.
After my positive antibodies test, my doctor took me seriously.
Research and read reviews. And have a doctor that is a black female.
I do not tolerate gaslighting.
My PCP referred me to the new Covid clinic within the hospital.

Box 1.  
Select responses to question: what did you do to find the right doctor for you?.
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extracted from the questionnaire that showed how some women handled navigating 
the health system, while dealing with medical gaslighting.

The sample size for the BIPOC Long COVID Study is small. However, results are 
consistent with news reports that highlight how doctors showed a pattern of dismiss-
ing long COVID patients [33–35]. The COVID-19 pandemic shed a huge spotlight on 
the sexism and racism prevalent in medical culture. As observed in Figure 1, the top 
three health complaints reported by BIPOC women with long COVID are headaches 
(100%), fatigue (87.5%) and neurological problems (87.5%). These symptoms are not 
typically ascertainable from a medical test, making them difficult to diagnosis by a 
doctor. Given past research, it is then not surprising that more than half of the women 
who completed the BIPOC Long COVID questionnaire reported experiencing medical 
gaslighting. Clearly, the findings from the BIPOC Long COVID Study highlight that it 
has been nearly impossible for many doctors to think outside of the box when it comes 
to diagnosing long COVID. The COVID-19 pandemic shed light on how the ridged 
frame of thinking can be disastrous during a pandemic when scientific information is 
rapidly changing and evolving.

4. Recognizing invisible illness

Before the pandemic, the world was not thinking about the nearly 17–24 million 
people around the world who have CFS/ME [36]. Nor were we thinking about the 
2–4% of people around the globe with fibromyalgia [37]. Or the estimated 14% of the 
global population that has had Lyme disease [38], or the estimated five million people 
around the world with Lupus [39]. All four of these illnesses are chronic conditions 
that disrupt the immune system and are similar to long COVID [40–43]. The sheer 
volume of people who fell deathly ill with long COVID at once, and the relentless 
advocacy of patient-led groups, has led to a global movement that has commanded 

Figure 1. 
Top Long COVID Health Complaints in BIPOC Women.
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post-viral illnesses take center attention on the world stage. Long COVID patients 
taught the world to see invisible illnesses.

When our mind thinks of the word disability, most often it connects to a visible 
disability (such as someone who is in a wheelchair). We seldom think about invisible 
illnesses (also known as silent illnesses) that cause a person to be disabled. Invisible 
illnesses are wide ranging, for example neurological problems, mental health, diges-
tive and addiction issues can all be classified as an invisible disability [44]. The main 
characteristic of an invisible illness is that the primary health complaint is not visible 
or easy to see, and for some invisible illnesses a medical scan or bloodwork cannot 
detect the health problem. Even though the invisible illness cannot be seen, and the 
person who has the invisible illness might appear normal, it does not mean the person 
living with the illness is making it up. Research finds that women with invisible 
disabilities often encounter microaggressions from medical professionals and are not 
believed or taken seriously because they appear healthy or are attractive [45]. Just 
because someone does not look sick and is smiling or having a good time does not 
mean that they are not disabled or do not have an invisible illness.

When people come to doctors complaining of unexplainable debilitating fatigue 
not explainable by another diagnosis, they are often diagnosed with ME/CFS. If the 
predominant problem is unexplainable pain on certain places on their body, then 
the patient is streamed into the fibromyalgia category. Similar to long COVID, ME/
CFS is an invisible illness that causes extreme fatigue that is not resolved by rest [46]. 
People with ME/CFS can face a host of other symptoms some including headache, 
sleep disturbances, neurological issues and sore throat [47]. Severe ME/CFS can 
restrict a person to being bed bound because of the extreme pain that is caused by 
movement, light, and sound [47, 48]. Few fully recover from ME/CFS, and most 
patients only experience symptom reduction [48] ME/CFS can cause social isolation 
and job loss [47, 48]. Like ME/CFS, one of the main health complaints for fibromyal-
gia is fatigue [49]. However, with fibromyalgia, chronic pain tends to center around 
specific trigger points. Symptoms of fibromyalgia also include sleep problems, 
headaches, and gastrointestinal issues to name a few [50]. People with ME/CFS or 
fibromyalgia are often met with skepticism by their doctor, family or friends. Many 
people do not fully understand how debilitating ME/CFS or fibromyalgia can be 
for a person. Women are more often diagnosed with ME/CFS, and fibromyalgia as 
compared to men [50, 51] and people of color are often underdiagnosed by doctors, 
yet it has been identified that people of color have a higher prevalence of ME/CFS in 
the general population [51, 52].

Chronic Lyme disease and Systematic Lupus Erythematosus (lupus) differs from 
ME/CFS and fibromyalgia in that the doctors can identify a cause of the condition 
[53, 54]. Typically, if a patient has symptoms of immune system dysfunction and has 
been bitten by a tick, a doctor is able to treat the acute Lyme infection [54]. Chronic 
Lyme disease has a host of symptoms, some including extreme fatigue, chronic pain, 
and neurological problems to name a few [54]. For lupus the patient undergoes a 
series of major blood tests to identify if a patient has lupus. Nevertheless, even though 
there is a blood test for lupus, lupus is an autoimmune disease that is considered an 
invisible illness because some symptoms, for example extreme fatigue, are not visible 
[53]. Lupus can trigger many health complaints, some experience chronic pain, hair 
loss, cardiovascular problems, stoke, and rashes. Lupus occurs more often in women 
as compared to men [53]. In America, Lupus is more commonly seen in African 
Americans, followed by Latinx and Asian Americans [39]. Outcomes are often worse 
for African American women with lupus [55].
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Long COVID is now part of the growing list of invisible illnesses. As evident in 
Figure 1, most of the women are experiencing health complaints that are invisible. 
As a bystander, you cannot see the pain from pins and needle sensations that 70% of 
women in the BIPOC Long COVID Study report having. The bystander can also not 
see the weakness and body pain reported by 70 and 72.5% of the women respectively. 
The joint pain (70%) and muscle pain (70%) is also invisible. This means that most of 
the women in the BIPOC Long COVID Study are in pain. In my personal experience, 
for the past 2-years, I have not awoken without a headache and have not experienced 
a day of being pain-free. As I sit here and write this chapter, I appear normal and 
healthy. However, I have ringing in my ears (tinnitus), a throbbing headache mostly 
contained to my left frontal lobe, sharp shooting pain on my right frontal lobe, a pins 
and needles sensation radiating through my arms and legs, I have chest pain and 
sensitivity to heat and external stimuli. I have joint pain that feels like arthritis, mak-
ing every stroke of the keyboard painful. Despite the pain and extreme fatigue that I 
experienced for the past 2-years, my situation is improving and that gives me hope to 
a full recovery. Unfortunately, I cannot say the same for many women in the BIPOC 
Long COVID Study. About 70% of these women report that they do not believe they 
will ever get better.

People who have long COVID have been turning to the ME/CFS community 
for advice and guidance since people with ME/CFS have been dealing with the 
ramifications of chronic fatigue for decades. The world has largely ignored people 
with ME/CFS, but COVID-19 has helped bring their advocacy efforts to the fore-
front. Long COVID is an invisible illness that shares many similarities to ME/CFS. 
Many long COVID patients have learned from people with ME/CFS that pacing is 
important. Pacing is a technique to conserve energy to get the body through the day 
[56]. It is imperative that a person with long COVID learns to “pace” themselves. 
Unfortunately, even people with long COVID are still not aware of this powerful tech-
nique to help manage long COVID. In the BIPOC Long COVID Study, roughly 48% 
of women reported never having heard of pacing. Public health programs focused on 
long COVID recovery and treatment need to raise awareness about pacing, because 
many people with long COVID are going to have a problematic recovery process if 
they do not learn to appropriately manage their energy throughout the day.

5. Where do we go from here?

The BIPOC Long COVID Study shares similar findings as compared to other inves-
tigations that show people with long COVID report a multitude of health complaints 
simultaneously (some including fatigue, chest pain, headaches, and so on) [57–59]. 
At a certain point, doctors will need to accept that even though the scientific com-
munity has not identified a clear definition of long COVID, because it manifests and 
impacts each person differently, we cannot deny that people are experiencing health 
complaints. The first doctor who took my complaints seriously was my neurologist. 
He was the first person to identify that the symptoms I reported appeared to manifest 
in the same way as ME/CFS. I had never heard of ME/CFS before talking to him.

It is important to acknowledge that a questionnaire implemented in an online support 
group has its limitations. Nevertheless, the stories shared by these women show a pattern 
and can teach the medical community how to deal with patients with invisible illnesses. 
The questionnaire asked women: What (if anything) do you think doctors or nurses could 
have done better when you came for medical help? Two main themes were identified 1.) 
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patients wanted their doctors to listen to them, be patient, open minded, and compas-
sionate 2.) patients did not want to be led to believe that their health problems were due 
to anxiety. One of the hardest things for a medical professional to have to admit is that 
they do not know how to help their patient. The findings from the BIPOC Long COVID 
Study highlight how it is imperative for doctors to have empathy with their patients, even 
for those patients who present with difficult to diagnosis illnesses.

Long COVID has affected millions of people at once, and because of our struggles, 
the people who have ME/CFS and those suffering from other post-viral illnesses have 
been brought to the forefront. The ME/CFS community has been largely ignored 
for far too long and research on post-viral illness deeply underfunded. According to 
research, ME/CFS impacts a great proportion of the population in the US as compared 
to HIV/AIDS and almost half that of cancer, yet ME/CFS research is one of the least 
funded research areas by the NIH [60]. Instead of starting from scratch, we should 
begin research investigations on treatment modalities for long COVID that is a 
continuation on the path that was already made by others who have been investigating 
post-viral illnesses like ME/CFS prior to the COVID-19 pandemic.

6. Treatment tips

We must acknowledge that we cannot fit long COVID symptoms into a box. Long 
COVID recovery will require an integrative medicine treatment approach. Integrative 
medicine focuses on whole body healing [61]. Integrative medicine increases quality 
of life in cancer patients and increases patient satisfaction [62]. Western medicine has 
been slow to adopt integrative medicine into the healthcare system, [62, 63] leaving 
people with chronic illnesses at a disadvantage because of not using a whole-body 
approach to recovery. In order to make solid advances on COVID-19 treatment and 
recovery we need to raise awareness and educate doctors about long COVID symp-
toms. In addition to this, long COVID recovery should focus on healing both mental 
and physical health.

The women in the BIPOC Long COVID Study report doing the recovery work 
to take care of their mental health. Alternative practices to manage symptoms are a 
widely used approach amongst the women. The main alternative practices reported 
were meditation, followed by art therapy, acupuncture and herbs. Two women report 
doing physical therapy. All but seven of the women report being on vitamins, supple-
ments, and probiotics. More than half of the women were on medicines prescribed 
by doctors. Some of the medicines included those for respiratory symptoms (e.g., 
Albuterol inhaler, Breo inhaler, zyrtec), others for mental health (e.g., Gabapentin, 
Xanax, Cymbalta, Wellbutrin XL), high blood pressure (benazepril), heart and 
diabetes medication, and medication for pain and sleep aids were reported. Other 
personal recovery tips shared by the women in the study are shown in Box 2.

It should be noted that although the women share their experience and recovery 
tips, there is no cure for long COVID. None of the women in the sample were fully 
recovered. To improve quality of life I have found that targeted meditation helps 
manage symptoms. Everyone will not be able to complete physical activity, but as you 
progress in your recovery light low-intensity physical activity (such as a short slow 
walk, yoga or Tai Chi) might be possible. Listening to your body is important and can 
aid in the recovery process. Getting plenty of rest is necessary and monitoring vitals is 
useful along with drinking plenty of water and treating the symptoms. I also suggest 
doing intensive cognitive work for short periods of time (e.g., reading, writing or 
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puzzles) to exercise your brain. Strengthening the gut by eating healthy, adding a 
probiotic to your diet and taking vitamins and supplements is also important.

Another important aspect of my recovery process has been to try to minimize 
stress as much as possible and do an activity that brings me joy daily. Your body needs 
rest, but ultimately it needs to feel safe so that it can take the necessary time to heal 
from the trauma caused by COVID-19. It is important to keep in mind that recovery is 
not a sprint it is a marathon. I do not look at my progress each day, instead I examine 
the trend of my progress overtime. I am not in the same state that I was at 6 months, 
or at 12 months or at 18 months and so on.

7. Conclusions

The COVID-19 pandemic showed the world that we need to improve how medi-
cal doctors are trained. Medical gaslighting by doctors during the pandemic was a 
consistent pattern around the world. Medical gaslighting did not just happen to a few 
people, the blatant gaslighting happened to a substantial portion of the long COVID 

“Never take antibiotics while 
having Covid it will not treat viral 
infection and could lead to severe 
gut complications as in my case 
even if your symptoms are mild stay 
rested do not work out and keep 
eating healthy.”

“Find at least one good support group. An online group is the best option for 
me. Stay current on new information. A good support group will provide 
information and links to studies and panel discussions. Be extra vigilant 
about what you put in your body. Start with one thing. I’m doing a deep dive 
into sugar. What it actually is and how it actually interrupts and eventually 
shuts down what our bodies are designed to do. Pay attention to what Covid 
is teaching you….”

“Take Vitamin Supplements; focus 
on getting sleep.”

“Pay attention to your body and get emotional support!”

“Ginger tea, sunlight, vitamins.” “Rest a lot.”

“Surround yourself with people 
who are on the journey and who 
understand. Do not give up on 
yourself. Stay hydrated.”

“To get medical support quickly. I feel my body went through more damage 
because of the medical delay in treatment.”

“Listen to your body and rest, not 
everyone will believe you, seek 
support groups.”

“Get plenty of rest and drink water. These seem to make me feel better.”

“Try to avoid stressful situations if 
possible.”

“Be prepared for a battle, advocate for yourself and do not stop fighting, 
even when it seems no one is listening.”

“Get dental checkup.” “Keep a personal medical journal.”

“Eat less processed foods. Rest, allow 
yourself to rest. Learn to listen to 
your heart rate. I use a Fitbit type 
of watch now, and any time my 
bp and heart rate starts to rise, it 
alerts me. I stop and force myself to 
breathe.”

“Do not give up on getting better: stay active and Prayful; Do online Bible 
study lessons; be an interchange of encouragement to someone daily. I have a 
young lady that calls me so much with her problems that I get a break from 
thinking about mine. More happiness in giving than there is in receiving; Be 
peaceful and stay calm remember “A calm heart gives life to the body.” The 
Journal of the American Medical Association reports: “men who experience 
outbursts of anger have twice the risk of strokes as men who control their 
tempers.” Get a hobby. I like fishing or watching others fishing now that I 
experience pain.”

Box 2.  
Recovery tips from BIPOC women with long COVID.
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community. It has ruined patients trust in doctors. Medical school curriculum should 
be expanded to include formal training on how to recognize and reduce bias in health-
care settings. It should also include making integrative medicine the norm, rather 
than the exception. Even though people with long COVID have a long way to go with 
recovery, it is possible that with the right treatment, quality of life can be improved. 
The first step in accomplishing this is to remove doctors from your healthcare team 
who do not take your health complaints seriously. The second step is tapping into the 
power of integrative medicine.

Acknowledgements

Thank you to the online BIPOC Women Long COVID Support Group for complet-
ing the BIPOC Long COVID Study. This research was funded by the Lamar University 
College of Arts and Science Dean’s Summer Fellowship.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



How COVID-19 Brought Medical Gaslighting to the Forefront and Made Invisible Illness Visible…
DOI: http://dx.doi.org/10.5772/intechopen.107936

245

References

[1] Gage WM. I’m a COVID-19 long-
hauler and an epidemiologist – here’s how 
it feels when symptoms last for months 
[Internet]. The Conversation. 2020. 
Available from: https://theconversation.
com/im-a-covid-19-long-hauler-and-
an-epidemiologist-heres-how-it-feels-
when-symptoms-last-for-months-143676 
[Accessed: June 25, 2022]

[2] Gage WM. Video diary [Internet]. 
2020. Available from: https://youtu.be/
NVb8LzlIoGU [Accessed: June 15, 2022]

[3] Peck P. These 7 black women are the 
unsung heroes of the COVID pandemic 
[internet]. Health 2021. Available from: 
https://www.health.com/mind-body/
health-diversity-inclusion/these-7-black-
women-are-the-unsung-heroes-of-the-
covid-pandemic [Accessed: June 20, 2022]

[4] TedxMileHigh. I’ve had COVID-19 for 
a year. Here’s what I’ve learned|Margot 
Gage Witvliet|TEDxMileHigh [Internet]. 
www.youtube.com. 2021. Available 
from: https://youtu.be/4LX_ JRHZdkI 
[Accessed: June 20, 2022]

[5] Ables K. Covid “long haulers” 
have nowhere else to turn—So 
they’re finding each other online. 
Washington Post. 2020. Available 
from: https://www.washingtonpost.
com/technology/2020/10/01/long-
haulers-covid-facebook-support-group/ 
[Accessed: June 20, 2022]

[6] Gage WM. My 15-month 
rollercoaster ride with COVID-
19: A social epidemiologist’s 
perspective. Scandinavian Journal 
of Public Health. 2022;50(1):1-3. 
DOI: 10.1177/14034948211067682

[7] Groff D, Sun A, Ssentongo AE, 
et al. Short-term and long-term rates 

of Postacute sequelae of SARS-CoV-2 
infection: A systematic review. 
JAMA Network Open. 
2021;4(10):e2128568. DOI: 10.1001/
jamanetworkopen.2021.28568

[8] CDC. COVID-19 and Your Health 
[Internet]. Centers for Disease Control 
and Prevention. 2021. Available from: 
https://www.cdc.gov/coronavirus/2019-
ncov/long-term-effects/index.html 
[Accessed: June 20, 2022]

[9] Torjesen I. Covid-19: Middle 
aged women face greater risk of 
debilitating long term symptoms. BMJ. 
2021;372:n829. DOI: 10.1136/bmj.n829

[10] US Department of Health and 
Human Services. Health Equity 
Task Force Meeting Readouts – The 
Office of Minority Health [Internet]. 
2021. Available from: https://www.
minorityhealth.hhs.gov/omh/Content.
aspx?ID=22546&lvl=3&lvlid=123 
[Accessed: June 28, 2022]

[11] RECOVER. Researching COVID 
to Enhance Recovery [Internet]. 2022. 
Available from: https://recovercovid.org 
[Accessed: July 20, 2022]

[12] Kikkenborg Berg S, Palm P, Nygaard U, 
Bundgaard H, Petersen MNS, Rosenkilde S, 
et al. Long COVID symptoms in SARS-
CoV-2-positive children aged 0-14 
years and matched controls in Denmark 
(LongCOVIDKidsDK): a national, 
cross-sectional study. Lancet Child 
Adolesc Health. Sep 2022;6(9):614-623. 
DOI: 10.1016/S2352-4642(22)00154-7. 
Epub: 2022 Jun 23. PMID: 35752194; 
PMCID: PMC9221683

[13] van Kessel SAM, Olde Hartman TC, 
Lucassen PLBJ, van Jaarsveld CHM. Post-
acute and long-COVID-19 symptoms in 
patients with mild diseases: A systematic 



COVID-19 Pandemic, Mental Health and Neuroscience - New Scenarios for Understanding…

246

review. Family Practice. 2022;39(1):159-
167. DOI: 10.1093/fampra/cmab076

[14] Ducharme J. You could have long 
covid and not even know it. Time. 
[Internet]. 2022. Available from: https://
time.com/6191655/long-covid-under-
diagnosed/ [Accessed: July 20, 2022]

[15] Miller B, Silverstein A, Flores M, 
et al. Host mitochondrial transcriptome 
response to SARS-CoV-2 in multiple cell 
models and clinical samples. Scientific 
Reports. 2021;11:3

[16] Oaklander AL, Mills AJ, Kelley M, 
Toran LS, Smith B, Dalakas MC, et al. 
Peripheral neuropathy evaluations of 
patients with prolonged long COVID. 
Neurology Neuroimmunology and 
Neuroinflammation. 2022;9:3

[17] Meinhardt J, Radke J, Dittmayer C, 
Franz J, Thomas C, Mothes R, et al. 
Olfactory transmucosal SARS-CoV-2 
invasion as a port of central nervous 
system entry in individuals with COVID-
19. Nature Neuroscience. 2021;24(2):168-
175. DOI: 10.1038/s41593-020-00758-5

[18] Sher L. Are COVID-19 survivors 
at increased risk for suicide? Acta 
Neuropsychiatrica. 2020;32(5):270-270. 
DOI: 10.1017/neu.2020.21

[19] Sathish T, Kapoor N, Cao Y, 
Tapp RJ, Zimmet P. Proportion of newly 
diagnosed diabetes in COVID -19 
patients: A systematic review and 
meta-analysis. Diabetes, Obesity and 
Metabolism. 2020;23(3):870-874

[20] Dalberg. Creating a Publicly-Led 
Long Covid research Agenda. [Internet]. 
2021. Available from: https://wellcome.
org/reports/creating-publicly-led-
research-agenda-long-covid [Accessed: 
June 12, 2022]

[21] Dorpat TL. On the double whammy 
and gaslighting. Psychoanalysis & 
Psychotherapy. 1994;11(1):91-96

[22] Sweet PL. The sociology of 
gaslighting. American Sociological 
Review. 2019;84(5):851-875

[23] Fraser S. The toxic power dynamics 
of gaslighting in medicine. Canadian 
Family Physician. 2021;67(5):367-368. 
DOI: 10.46747/cfp.6705367

[24] McQuillan S. Gaslighting: What Is It? 
Psycom.net - Mental Health Treatment 
Resource Since 1986. [Internet]. 2022. 
Available from: https://www.psycom.
net/gaslighting-what-is-it/ [Accessed: 
July 15, 2022]

[25] Sloan M, Naughton F, Harwood R, 
Lever E, D'Cruz D, Sutton S, et al. Is it 
me? The impact of patient-physician 
interactions on lupus patients' 
psychological well-being, cognition 
and health-care-seeking behaviour. 
Rheumatology Advances Practise. 
2020;4(2):37

[26] Chen EH, Shofer FS, Dean AJ, 
Hollander JE, Baxt WG, Robey JL, 
et al. Gender disparity in analgesic 
treatment of emergency department 
patients with acute abdominal 
pain. Academic Emergency 
Medicine. 2008;15(5):414-418. 
DOI: 10.1111/j.1553-2712.2008.00100.x

[27] McManimen S, McClellan D, 
Stoothoff J, Gleason K, Jason LA. 
Dismissing chronic illness: A qualitative 
analysis of negative health care 
experiences. Health Care for Women 
International. 2019;40(3):241-258. 
DOI: 10.1080/07399332.2018.1521811

[28] Lapp CW. Initiating care of a patient 
with myalgic encephalomyelitis/chronic 
fatigue syndrome (ME/CFS). Frontiers 
in Pediatrics. 2019;6:415. DOI: 10.3389/
fped.2018.00415

[29] Schieber A-C, Delpierre C, Lepage B, 
Afrite A, Pascal J, Cases C, et al. Do 



How COVID-19 Brought Medical Gaslighting to the Forefront and Made Invisible Illness Visible…
DOI: http://dx.doi.org/10.5772/intechopen.107936

247

gender differences affect the doctor-
patient interaction during consultations 
in general practice? Results from the 
INTERMEDE study. Family Practice. 
2014;31(6):706-713

[30] Gordon HS, Street RL, Sharf BF, 
Souchek J. Racial differences in 
doctors’ information-giving and 
patients’ participation. Cancer. 
2006;107(6):1313-1320

[31] Bhugra D. Doctors’ attitudes to male 
homosexuality: A survey. Sexual and 
Marital Therapy. 1990;5(2):167-174

[32] Chrisler JC, Barney A, Palatino B. 
Ageism can be hazardous to Women’s 
health: Ageism, sexism, and stereotypes 
of older women in the healthcare 
system. Journal of Social Issues. 
2016;72(1):86-104

[33] Fong A. “Medical gaslighting” 
harming long-COVID patients. Healthy 
Debate. [Internet]. 2022. Available 
from: https://healthydebate.ca/2022/07/
topic/medical-gaslighting-long-covid/ 
[Accessed: July 21, 2022]

[34] Cooney E. From medical gaslighting 
to death threats, long covid tests patients 
[internet]. Stat 2021. Available from: 
https://www.statnews.com/2021/11/22/
long-covid-patients-medical-gaslighting-
death-threats/ [Accessed: July 21, 2022]

[35] Jason L, Perkins V. Long COVID 
and Gaslighting | Psychology Today 
[Internet]. 2022. Available from: https://
www.psychologytoday.com/us/blog/
the-mental-health-revolution/202204/
long-covid-and-gaslighting [Accessed: 
July 21, 2022]

[36] Centers for Disease Control and 
Prevention. CDC Team Takes ME/
CFS Around the World | [Internet]. 
2020. Available from: https://
blogs.cdc.gov/global/2020/05/12/

cdc-team-takes-me-cfs-around-the-
world/ [Accessed: July 20, 2022]

[37] Häuser W, Fitzcharles MA. Facts 
and myths pertaining to fibromyalgia. 
Dialogues in Clinical Neuroscience. 
2018;20(1):53-62. DOI: 10.31887/
DCNS.2018.20.1/whauser

[38] Dong Y, Zhou G, Cao W, et al. Global 
seroprevalence and sociodemographic 
characteristics of borrelia burgdorferi 
sensu lato in human populations: A 
systematic review and meta-analysis. 
BMJ Global Health. 2022;7:e007744

[39] Lupus Foundation of America. Lupus 
Facts and Statistics. 2018. Available from: 
https://www.lupus.org/resources/lupus-
facts-and-statistics [Accessed: June 20, 
2022]

[40] Mensah FKF, Bansal AS, Ford B, 
Cambridge G. Chronic fatigue syndrome 
and the immune system: Where are we 
now? Neurophysiologie Clinique/Clinical 
Neurophysiology. 2017;47(2):131-138

[41] Gur A, Oktayoglu P. Status of 
immune mediators in fibromyalgia. 
Current Science. 2008;12:175-181

[42] Bockenstedt LK, Wormser GP. 
Review: Unraveling Lyme disease. 
Arthritis & Rheumatology. 
2014;66(9):2313-2323

[43] Askanase A, Shum K, Mitnick H.  
Systemic lupus erythematosus: An 
overview. Social Work in Health Care. 
2012;51(7):576-586

[44] Ann DN. Invisible disability. Ethics. 
2005;116(1):153-213

[45] Olkin R, Hayward H, Abbene MS, 
VanHeel G. The experiences of 
microaggressions against women with 
visible and invisible disabilities. Journal 
of Social Issues. 2019;75(3):757-785



COVID-19 Pandemic, Mental Health and Neuroscience - New Scenarios for Understanding…

248

[46] Fukuda K, Straus SE, Hickie I, 
Sharpe MC, Dobbins JG, Komaroff A. The 
chronic fatigue syndrome: A comprehensive 
approach to its definition and study. 
International chronic fatigue syndrome 
study group. Annals of Internal 
Medicine. 1994;121(12):953-959

[47] Assefi NP, Coy TV, Uslan D, 
Smith WR, Buchwald D. Financial, 
occupational, and personal consequences 
of disability in patients with chronic 
fatigue syndrome and fibromyalgia 
compared to other fatiguing conditions. 
The Journal of Rheumatology. 
2003;30(4):804-808

[48] Dafoe W. Extremely severe ME/
CFS-A personal account. Healthcare 
(Basel). 2021;9(5):504

[49] Vincent A, Benzo RP, Whipple MO, 
McAllister SJ, Erwin PJ, Saligan LN. 
Beyond pain in fibromyalgia: Insights 
into the symptom of fatigue. Arthritis 
Research & Therapy. 2013;15(6):221. 
DOI: 10.1186/ar4395

[50] Williams DA, Clauw DJ. 
Understanding fibromyalgia: Lessons from 
the broader pain research community. 
The Journal of Pain. 2009;10(8):777-791. 
DOI: 10.1016/j.jpain.2009.06.001

[51] Bhui KS, Dinos S, Ashby D, et al. 
Chronic fatigue syndrome in an 
ethnically diverse population: The 
influence of psychosocial adversity 
and physical inactivity. BMC Medicine. 
2011;9:26. DOI: 10.1186/1741-7015-9-26

[52] Gage Witvliet M. Post-COVID 
Syndrome Is Real, And POCs are 
Disproportionately Losing the Battle. 
Blavity News & Politics [Internet]. 
2020. Available from: https://blavity.
com/post-covid-syndrome-is-real-and-
pocs-are-disproportionately-losing-the-
battle?category1=opinion [Assessed May 
21, 2022]

[53] Pons-Estel GJ, Alarcón GS, Scofield L, 
Reinlib L, Cooper GS. Understanding 
the epidemiology and progression 
of systemic lupus erythematosus. 
Seminars in Arthritis and Rheumatism. 
2010;39(4):257-268. DOI: 10.1016/j.
semarthrit.2008.10.007

[54] Trevisan G, Bonin S, Ruscio M. 
A practical approach to the diagnosis 
of Lyme borreliosis: From clinical 
heterogeneity to laboratory methods. 
Frontiers in Medicine. 2020;23:7

[55] Somers EC, Marder W, Cagnoli P,  
Lewis EE, DeGuire P, Gordon C, 
et al. Population-based incidence and 
prevalence of systemic lupus 
erythematosus: The Michigan lupus 
epidemiology and surveillance 
program. Arthritis & Rhematology. 
2014;66(2):369-378. DOI: 10.1002/
art.38238

[56] Kos D, van Eupen I, Meirte J, Van 
Cauwenbergh D, Moorkens G, Meeus M, 
et al. Activity pacing self-Management 
in Chronic Fatigue Syndrome: A 
randomized controlled trial. The 
American Journal of Occupational 
Therapy. 2015;69(5):6905290020. 
DOI: 10.5014/ajot.2015.016287

[57] Davis HE, Assaf GS, McCorkell L, 
Wei H, Low RJ, et al. Characterizing 
long COVID in an international cohort: 
7 months of symptoms and their impact. 
E. Clinical Medicine. 2021;38:101019

[58] Silva Andrade B, Siqueira S, de Assis 
Soares WR, de Souza RF, Santos NO, Dos 
Santos FA, et al. Long-COVID and Post-
COVID Health Complications: An up-to-
date review on clinical conditions and 
their possible molecular mechanisms. 
Viruses. 2021;13(4):700

[59] Seeßle J, Waterboer T, Hippchen T, 
Simon J, Kirchner M, Lim A, et al. 
Persistent symptoms in adult patients 



How COVID-19 Brought Medical Gaslighting to the Forefront and Made Invisible Illness Visible…
DOI: http://dx.doi.org/10.5772/intechopen.107936

249

1 year after coronavirus disease 2019 
(COVID-19): A prospective cohort 
study. Clinical Infectious Diseases. 
2022;74(7):1191-1198. DOI: 10.1093/cid/
ciab611

[60] Mirin AA, Dimmock ME, 
Jason LA. Research update: The relation 
between ME/CFS disease burden and 
research funding in the USA. Work. 
2020;66(2):277-282. DOI: 10.3233/
WOR-203173

[61] Brown BI. Chronic fatigue syndrome: 
A personalized integrative medicine 
approach. Alternative Therapies in 
Health and Medicine. 2014;20(1):29-40

[62] Gannotta R, Malik S, Chan AY, 
Urgun K, Hsu F, Vadera S. Integrative 
medicine as a vital component of 
patient care. Cureus. 2018;10(8):e3098. 
DOI: 10.7759/cureus.3098

[63] Seetharaman M, Krishnan G, 
Schneider RH. The future of medicine: 
Frontiers in integrative health and 
medicine. Medicina (Kaunas, Lithuania). 
2021;57(12):1303. DOI: 10.3390/
medicina57121303





251

Chapter 15

Emotional and Psychological 
Impact of COVID-19 Induced 
Delay in Treatment of Medical 
Conditions
Harpreet Kaur and Asmita Kaundal

Abstract

COVID-19 pandemic significantly affected the physical, social, economical and 
mental health globally. Social distancing, quarantine and national wide lockdowns 
became new norm. Hospital emergencies and were flooded with patients diagnosed 
with COVID-19, Intensive care units were full with critically ill COVID-19 patients. 
Most of the health care facilities were diverted towards the management of COVID 19 
patients. Majority of the manpower were involved in the screening, diagnosing and 
management with those infected with COVID 19. There was no arrangements for non 
COVID patients which lead to delay in diagnosis of new onset disease and cancella-
tion of the previously planned appointments of those with chronic disease. Delay in 
treatment resulted in increased anxiety, stress, fear and emotional and psychological 
disturbances in many.

Keywords: Covid-19, psychological impact, fertility treatment, treatment

1. Introduction

Covid-19 pandemic caused by SARS-CoV-2 virus hit the world in December 2019 
[1, 2]. Because of rapid rise in the cases worldwide it was declared as an international 
emergency by WHO on 30th January 2020. Social distancing, face mask, hand hygiene 
became the new norms. Public transport & travel restriction were implemented in 
most of the countries.

While all the efforts were made to curtail the transmission of the virus and 
management of those affected by the virus, a lot of routine procedures, treatment 
appointments were put on halt. Most of the hospitals both public and private were 
either managing COVID-19 patients or only those with emergency conditions. As a 
result, lot of patients suffering from diseases other then COVID-19 had to cancel their 
scheduled appointments indefinitely. Due to the uncertainty neither the doctor nor 
the patients were sure when will the routine care start again which leads to anxiety, 
frustration, fear of progression of disease or development of complications related 
to diseases and depression in many of the patients and health care providers as well. 
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According to a report published by WHO in June 2020, 94% of the member countries 
reported that all or some of the ministry of health staff with responsibility for non-
communicable diseases were reassigned the duty for management of Covid-19. As per 
this report around 53% of the countries disrupted their medical services for hyperten-
sion, 49% for diabetes, 63% for rehabilitation services, 42% for cancer and nearly 31% 
for cardiovascular diseases [3]. Due to the delay in treatment many patients develop 
anxiety which also manifested as physical symptoms like palpitation, gastrointestinal 
disturbances, depression, substances abuse. Mental health of such patients waiting for 
procedures and treatment worsened.

2. Non-communicable disease

Nearly 70% of deaths in the developed nations and 80% in low & middle-income 
countries occur due to non-communicable disease every year [4].

Non-communicable disease include disease like hypertension, diabetes, coronary 
artery disease, cancers etc. Patient suffering from such conditions need repeated 
appointments to adjust their drug dose, check compliance to the drugs, follow 
improvement in the symptoms and to check for any further progression of the 
disease. Due to the closing of all non-emergency services during the pandemic 
resulted all routine appointments were postponed resulting in delayed treatment. 
Due to this sudden disruption in the existing health care system patients and health 
care professionals did not get time to discuss and plan their further management. 
This caused lot of anxiety and distress in many patients suffering from the any of 
the disease. Many patients experienced mental health problems, sleep disturbances, 
anxiety, mood disorders to add on to the existing symptoms but had no clue whom to 
seek clue from.

3. Cancer management

Being diagnosed to have cancer in itself is distressing for a patient and family. The 
anxiety levels are higher in newly diagnosed cases and new stressor can be difficult 
to manage for such patients [5–7]. Treatment delay due to COVID-19 pandemic and 
the fear associated with higher chances of acquiring infection due to week immune 
system lead to increased psychological issues in many cancer patients [8–10]. Many 
patients could not travel to hospitals on the scheduled appointments due to travel 
restriction and many of the hospitals temporarily suspended their services causing 
delay in treatment. Delayed treatment lead to progression of the disease and raised 
the mortality rate. A study done by Yingjun ye et al. found that psychological distress 
was significantly higher in the patient with cancer during COVID 19 as compared to 
the healthy volunteers [11].

4. Fertility treatments

Infertility i.e. not able to conceive is one of the most distressing diagnosis for a 
couple and is associated with lot of anxiety, depression and feeling of guilt.

Due to the advancement in the fertility services now many couple see ray of hope. 
Ovulation induction, intrauterine insemination, in-vitro fertilisation are some of the 
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options which can be opted by the couple as per their medical needs decided after 
meticulous fertility workup. The whole work-up is itself time demanding and cycle 
dependent. Cycle cancellation of any reason can be distressing for a couple who is 
waiting to conceive for long [12, 13]. During the pandemic due to the restrictions 
and fear of contracting the disease lot of cycles needed to be cancelled and several 
couples kept waiting for their treatment. Due to the risk of exposure and conser-
vation of resources on March 2020 American Society of reproductive Medicine 
(ASRM) and many other international societies recommended to suspend all kind 
of fertility treatments [14]. In a study published in 2020 by Kaur H et al. shows that 
50% of the fertility treatment cycles were cancelled due to COVID-19 pandemic 
and 16.4% of the couples found it extremely upsetting. Around 10.9% experienced 
sleep disturbances, 14.15 were anxious, 18.4% had mood disturbances and 17.4 had 
disturbed thoughts [15].

5. Pregnancy and childbirth

Pregnancy and childbirth is one of the most joyful news for a couple. Lot of 
physical and hormonal changes takes place in the body to prepare for a growing 
baby and childbirth. Many women may experience mood swings, irritability and 
psychological issues like sleep disturbances, anxiety, fear and depression along 
with the other physical symptoms of pregnancy. These changes also make women 
more prone to infections due to decreased immunity. During the pandemic though 
the emergency obstetrics care were functional but routine ante-natal care were 
suspended. Routine antenatal care involves inquiry regarding any high-risk factor 
posing present pregnancy at higher risk of any adverse outcome, routine examination 
for maternal and fetal well-being, immunisation during pregnancy, investigations, 
ultrasound and childbirth preparedness. Due to the limited knowledge and evidence 
about the COVID-19 and its impact on pregnancy it was assumed that COVID-19 
can cause a threat to the pregnant women and baby. Many pregnant women suffered 
anxiety because of the fear of contracting the disease. Antenatal women also suf-
fered psychological issues in the absence of routine antenatal checkup and medical 
reassurance that everything is going fine. Women with early pregnancy were unsure 
about the risk of COVID-19 to the baby and experienced more psychological issues. 
Some even terminated the pregnancy. Women in advanced pregnancy were distressed 
because of the uncertainty of the place of delivery and limited options for transport 
in odd hours, fear of contracting COVID-19 on hospital admission for delivery. Many 
women even chose to deliver at home by female relatives and suffered complications 
like.

6. Postpartum care

Period immediately after delivery is very crucial. Women requires a lot of sup-
port emotionally and physically to handle the changes that occurred with the birth 
of the baby. Initiating breastfeeding could be a real stressor for women. Reassurance 
and support from family members can help them adjust. Due to social distancing 
and to avoid overcrowding in the hospitals women did not get enough support 
postpartum and they were left at there own to manage. Feeling of loneliness and fear 
of contracting COVID-19 by mother or baby added to the anxiety. Even at home due 
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to lockdown and travel restriction many women lack support post-delivery because 
of which many women experienced anxiety, sleep disturbance, mood swings and 
agitation.

7. Contraceptive needs

Many couple could not access contraceptive services during the pandemic due to 
closure of many of the hospitals and medical stores. Due to lockdown and restric-
tions also many could not visit the nearby medical stores as per their convenience. 
Those who could not get the contraceptive of their choice either practiced tempo-
rary abstinence, natural methods or did not use any method. Unintended pregnan-
cies resulting as a result of non use of contraceptives needed abortion services 
and resulted in unsafe abortion services or continued with unwanted pregnancy 
and delivered. Many children born as a result of such unwanted pregnancies were 
abandoned. Many women suffered anxiety disorders, sleep disturbances and feeling 
of guilt because of this.

8. Abortion care

Since all the efforts were made to tackle COVID-19 and related emergency many 
routine family planning suffered. One of such important services was abortion care. 
Abortion services are usually used by a women/couple in cases of unintended preg-
nancy due to contraceptive failure or non use of contraceptives or rape. Unintended 
pregnancy can be a cause of psychological issue in a couple if they are not prepared to 
have a baby, due to financial or personal reasons. During the pandemic many couples 
with unintended pregnancy could not avail medical abortion services within time as 
the out-patient/family planning departments were closed, patient were themselves 
also scared to visit hospital, medical stores could not dispense MTP kits due to 
unavailability of the prescription. As a result many couples had to keep the pregnancy 
and deliver at term which adversely affected the mental health of the mother and 
couple.

9. Adolescents health

Adolescent means between childhood and adulthood from age 10–19 years. This 
is the time when a person experiences physical, cognitive and psychosocial growth. 
Most of the habits related to diet, exercise, substance use and sexual activity are 
formed during this period. For a healthier development adolescents need informa-
tion, opportunities, safe and supportive environments.

Though considered to be the most healthy phase of life adolescent also struggle 
through lot of medical and psychological issues which needs to be addressed. 
Certain conditions like Polycystic ovarian disease, Abnormal uterine bleeding, 
sexual concerns, sexually transmitted diseases and contraception could not be 
addressed due to lockdown during COVID. Due to the uncertainty regarding future 
mental issue further deteriorated. Cases of eating disorders, obesity and body image 
disorders rise but due to unavailability of the routine health care services the issues 
could not be addressed.
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10. Mental disease

Patients already suffering from psychiatric diseases like depressive disorders, 
anxiety disorders, schizophrenia etc. faced major challenges due to the changes in 
brought about due to pandemic. Many of them on long term treatment and follow 
-up could not plan there scheduled appointments and hence missed the neces-
sary treatments. Some of them experienced worsening of the existing symptoms 
while others found difficult to cope with the new stressor along with their existing 
symptoms.

11. Substance abuse

Social distancing, quarantine, limited travels are the measures used to prevent 
COVID 19 transmission however these measures resulted in negative emotions, bore-
dome, worthlessness in many and specially those trying to abstain from the substance 
abuse. Outbreak resulted in relapse in many long-term abstainers due to missing of 
counselling and treatment sessions. Many suffered intolerable and life-threatening 
withdrawal symptoms. Due to lack of medical services to address the issues or inabil-
ity to reach the facilities many found it difficult to cope with the situation resulting in 
increased relapse, irritability, domestic violence and suicidal attempts [16].

12. Preventing health service

Health services aimed at prevention of certain non-communicable disease, cancer 
screening like screening for cervical cancers were suspended and hence most of the 
patients missed the opportunity to be diagnosed for treatable pre-cancerous lesion.

13. Minor ailments

Apart from the chronic and existing disease there are certain acute conditions 
which does not require emergency management but certainly require treatment 
as the symptoms can be boresome to the patient. In the absence of an appropriate 
diagnosis patient feel scared about the new onset symptoms. Certain such symptoms 
like abnormal uterine bleedings, acute abdominal pain, new onset headaches, ear 
infections, trauma remained untreated in the absence of routine care. Postponement 
of appointments for these non COVID or non-emergency conditions cause frustration 
and unrest to many.

14. Neuropsychiatric sequelae of COVID-19

None of the countries were prepared for such pandemic. Even the countries with 
best of health care system faced shortage of beds, ventilators during the first and 
second peak. Millions of people died due lack of effective management. Fear, anxiety 
about contracting the disease, uncertainty about future, disruption in work and 
social isolation affected psychological wellbeing of people. Since SARS-CO -V-2 also 
affects the central nervous system many studies have shown acute neuropsychiatric 
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symptoms like cerebrovascular accidents/stroke and encephalopathies [16]. Patients 
presented with symptoms like headache, dizziness, myalgia, loss of smell and loss of 
taste. A lot of people experienced mood changes, anxiety disorders and sleep distur-
bances because of it. Those who contracted COVID-19 also suffered post-traumatic 
stress disorder (PTSD) [17, 18].

COVID 19 Pandemic had a significant impact on the existing health care system. 
As per WHO dashboard around 564,126,546 patients have been infected and around 
6,371,354 died because of COVID- 19 virus till 22nd July 2022. Since Majority of the 
health care system was over-burdened due to the COVID 19 cases there was no place 
and arrangements which were made for non COVID patients. COVID-19 pandemic 
brought major challenges to the existing health care system through-out the world. 
Countries with underdeveloped digital healthcare system suffered the most. Due to 
the delay in treatment for new onset medical conditions and follow up and continued 
management of those on long term treatment adversely affected patients existing 
medical condition. As a lot of patients developed psychological issue and sleep distur-
bances. While a lot of effort was being made to curtail the transmission of COVID-19 
and prevention and management of the complications because of it no separate 
arrangements were made to manage the longstanding disease and no effort was made 
to address the mental health issues of such patients [19].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Effects of Covid-19 Pandemic on 
Women’s Mental Health: A Critical 
Review of Literature
Chika Eze, Nneka Okafor, Emelda I. Emmanuel  
and Chinecherem Iloka

Abstract

Although COVID-19 has affected both men and women, it seemingly has impacted 
on women’s mental health in peculiar ways, specifically in terms of varying forms of 
abuse such as increased gender-based violence (GBV), which dehumanizes women. 
Across the globe, women have been notable victims of gender-based violence, but the 
surge of COVID-19 has worsened the records of GBV. Therefore, this chapter provides 
a critical review of literature conducted through three database sites: Google Scholar, 
Research Gate, and Sage based on researches published across 2020–2022 (and other 
available data documents) in relation to the effects of COVID-19 on women’s mental 
health. Based on the reviewed articles, recommendations were made for strategic 
adjustment, particularly for policy makers and for women themselves to be more 
proactive in being agentive toward self-protection and advocacy.

Keywords: COVID-19, women’s mental health, gender-based violence, victims, 
strategic adjustment

1. Introduction

The COVID-19 pandemic has had a major impact on the mental health and well-
being of many vulnerable groups [1] of which women are among those most heavily 
affected [2]. Although COVID-19 seems to hit men harder than women, based on 
the fact that fatality rate for men who have contracted virus is 60–80% higher than 
for women [3], its continual spread around the world has severely impacted on 
women [3–5]. This severe effect is largely manifested through lockdown situations, 
which apart from affecting women’s employability, have also exacerbated risks of 
violence, exploitation, abuse, or harassment against women [6]. The assumption 
regarding the severe effect of the pandemic on women is based on the fact that any 
global/national/local emergence is a risk factor that tends to escalate gender-based 
violence (GBV) [1, 4, 5], of which COVID-19 is no exception. In this perspective, 
United Nations Population Fund [7] in conjunction with European Parliamentary 
Forum for Sexual & Reproductive Rights [8] projected that gender-based violence 
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has increased due to COVID-19 lockdown making it difficult for women to have safe 
shelter and support.

Hence, the reality is that the restriction of movement as governments’ contain-
ment measure to control the spread of the virus has compelled women/girls to spend 
longer period of time with their perpetrators, resulting in sustained experience 
of greater gender-based violence, exploitation, abuse, or harassment [3, 9]. Put in 
another form, the UNFPA has warned that women are more likely to face domestic 
violence behind closed doors during lockdown due to Government restrictions on 
movement, that is “the stay at home” measures to curb the spread of the disease, espe-
cially at a period when counseling and support services may be limited [10].

In this chapter, GBV is presented as the outcome of unequal and unjust social 
conditions based on gender relations [11], facilitated by the limited mobility during 
the COVID-19 safety protocol across the globe [9, 12–14]. Tentatively, the hub of 
the risk factor escalating the increased GBV experience for women is leveled on the 
nationwide lockdown safety protocol. Hence, this chapter focuses on exploring how 
confinement to the home environment has contributed to the increased gender-based 
violence that women encountered during the COVID-19 pandemic and its impact on 
their mental health.

As part of the presentation, the chapter makes some recommendations, propos-
ing that women become more proactive in terms of self-protection. In addition, 
policy makers ought to device further ways of ensuring that perpetrators of GBV 
are  re-oriented toward self-transformation in order to foster safer environment for 
promoting dignity for all.

2. The global narratives

Across the globe, there were increased narratives revealing incidences of GBV 
within the context of COVID-19 pandemic. The report from United States reflects 
that there was significant increase in gender-based violence and domestic violence 
during the period of COVID-19 lockdown. For instance, UN Women Australia global 
report emphasized that prior to the COVID-19 pandemic, one out of every three 
women/girls experienced gender-based violence, but during the pandemic, the situ-
ation worsened to one out of every two women/girls [15]. UN Women/UN Women 
Count report affirms such recordings indicating that women encounter GBV directly 
or indirectly during the COVID-19 pandemic [5]. Furthermore, UNFPA reported that 
although the lockdowns, curfews and other restrictions during the COVID-19 pan-
demic were measures taken to increase the safety of all, these measures were rather 
sources of increased risk of violence and death for women/girls [15]. The report went 
further to express that the number of women/girls aged 15–49 years who experienced 
sexual or physical violence by an intimate partner before the pandemic were 243 
million across the globe [15]. But within the context of the pandemic, the figures 
have almost doubled [16, 17]. However, these figures may change after the pandemic, 
though that might not be certain.

The report emphasized that the exacerbating factors were due to security, health 
and money worries, cramped living conditions, isolation from abusers, movement 
restrictions, and deserted public spaces [15]. Whatever the reasons were, the essential 
fact is that women/girls’ mental health was gravely impacted upon and such is worri-
some. In a more recent document, UN Women and UNDP report stated that COVID-
19 has deepened a trio of interlocking crises that threaten women and girls around the 
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world [4, 5], as could be seen in spiking levels of gender-based violence, steep losses 
of employment, and unmanageable increase on unpaid work care. Interestingly, these 
three levels of threats are very important. But this chapter strictly addresses the issue 
of increased levels of gender-based violence in terms of reviewing published research 
that reports gender-based violence during the pandemic and its impact on women’s 
mental health and what possible options women and the wider society ought to 
engage in, in order to tackle such a menace [18].

Focusing on global statistics, specific narratives across nations are not encourag-
ing; for instance, the statistics from Brazil show an increased incidence of domestic 
violence to the tone of 40–50% during the pandemic period [19]. In France, in 
addition, the report says that there is a 30% increase, and the report from Spain 
indicates an 18% increase [20, 21]. Across the Arab world, it was noted that GBV rates 
increased during the COVID-19 pandemic in many Arabic countries such as Lebanon, 
Syria, Jordan and Iraq [22–24]. In the Palestinian context, it has been reported that 
37% of women were exposed to violence, while 58.6% of them experienced psycho-
logical violence, 23.5% encountered physical violence, 11.8% had sexual violence, 
54.8% encountered social violence, and 55.1% encounter economic violence [25]. For 
China, the police reports of domestic violence were three times higher in February 
2020 compared to reports from the previous year [26]. In Africa, the story is not dif-
ferent, and the report expresses that there is increase in gender-based violence during 
the heat of the pandemic [12, 14, 27]. The situation in Nigeria reflects the global trend 
of increased gender-based violence. GBV is reported to have significantly increased 
since the lockdown began in the three most affected areas (Lagos State, FCT, and 
Ogun State) by March 30, 2020 [12]. The Lagos State Domestic and Sexual Violence 
Response Team [28] reported a threefold increase in the number of telephone calls 
received through their hotlines in 1 month. In particular, service providers have 
reported sharp increases in cases of intimate partner violence and domestic violence.

The reality is that, in the face of such daunting experiences, women/girls are 
caught in the continuous web of ever struggling for equity as expressed in SDG goals. 
Therefore, this chapter particularly focuses on exploring the different forms of 
gender-based violence women/girls encountered during the pandemic as reflected in 
published articles between the years 2020 and 2022. However, particular attention is 
paid to African context based on the author’s research interest and location.

3. Method

This chapter conducted a critical literature review of articles published between 
2020 and 2022 aimed at exploring effects of COVID-19 on women’s mental health. 
Consequently, a systematic search was conducted across three databases, namely 
Google Scholar, Research Gate, and Sage using the search term COVID-19 and/or 
coronavirus or pandemic, women’s mental health, and gender-based violence includ-
ing Africa. The rationale for focusing on Africa was based on the authors’ contextual 
location using index-term definitions, dwelling on the authors’ knowledge of the topic 
under investigation. The time parameters of the search were January 2020 to August 
2022. Research Gate like Google Scholar is an aggregator database, referring to the 
fact that it includes content from various publishers (referring to different journals 
and databases). Thus, the rationale to opt for these two databases was based on the 
fact that they provide access to a large scope of work, which might have been excluded 
in more focused databases. Sage journals were included as it is a database that covers 
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social and behavioral sciences, including our interest on women’s mental health and 
gender-based violence. We sourced 25 articles from Google Scholar, Research Gate 
had 13, and Sage had 8 articles. Articles were screened and only articles (and reports/
reviews) that had these keywords in their titles or abstracts were considered in the 
current chapter. Articles that were duplicated in terms of being published in more 
than one database were merged. In this context, we opted for one instead of reviewing 
the two. Articles selected for retrieval were independently assessed by two authors 
for conceptual rigor. Two reviewers were included to avoid bias. Working together 
in pairs enable verification and contributed to apt possible level of methodological 
rigor. Statistically, the review included seven published articles in relation to women’s 
mental health and COVID-19, revealing how COVID-19 has facilitated varying 
degree of gender-based violence in Africa. The criterion for inclusion or exclusion 
of reviewed articles was based on content analysis of which article aligns itself with 
the thematic focus of the chapter. In addition, only articles focused on Africa were 
included (Figure 1).

Based on the thematic analysis, the review is presented in one key theme of 
COVID-19 movement restriction and its implication for heightened gender-based 
violence and impact on women’s mental health. This one key theme is expressed via 
three sub-themes as follows: Women’s emotional and physical abuse, sexual abuse, 
and economic challenges.

4.  Review report of gender-based violence during the COVID-19 
pandemic

As stated earlier, the review from previous literature is presented in one board 
theme: Women confinement and gender-based violence during COVID-19 pandemic, 

Figure 1. 
PRISMA flowchart of reviewed articles.
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reflecting women’s emotional and physical abuse, sexual abuse, and financial abuse. 
Generally, these three sub-themes captured some of the contextual confinement 
experience that women across Africa encountered during the COVID-19 pandemic, 
which by extension could be similar to the experiences of women across the globe. 
The reviewed articles were from Ethiopia, Nigeria, South Africa, and Tunisian. The 
findings are presented in Table 1. Reviewed Articles, reflecting the thematic summary 
findings of the reviewed articles with emphasis on how the movement restriction has 
led to heightened increase of gender-based violence during the COVID-19 lockdown.

5. Brief discussion of the reviewed articles

Literally, all the reviewed articles engaged the discourse of confinement to the 
home environment to describe women’s increased experience of gender-based 
violence during the COVID-19 pandemic [12, 14, 27, 29–32]. In unison, all the seven 
articles (including other related reports) claimed that the safety protocol of lockdown 
imposed by government compelled men and women to spend longer period of time 
together at home, which heightened the incidences of gender-based violence. The 
popular argument is that the lockdown protocol has dual effect. On the one hand, it 
helped to control the rapid spread of the virus, by reducing the frequency of con-
tracting the virus. But on the other hand, the limited mobility skyrocketed women’s 
experience of gender-based violence as men and women were forced to spend long 
hours together resulting to greater experience of GBV. Hence, the dominate reality is 
that women encountered an increased experience of GBV during the COVID-19 lock-
down, which could have a lasting effect on their mental well-being. Accordingly, what 
follows is a summary of the predominate themes that the reviewed articles surfaced, 
reflecting psychological abuse embedded in emotional/physical abuses, sexual abuse 
and economic abuse, which all put together impacted on women’s mental health and 
well-being.

6.  Women’s psychological abuse: emotional/physical abuses during 
COVID-19 lockdown safety protocol

Unanimously, all the reviewed articles affirmed that the COVID-19 safety protocol 
of restricted movement/lockdown worsen women’s experience of GBV [12, 14, 27–32]. 
The argument is that COVID-19 pandemic and its associated safety protocol forced 
men and women to stay at home for longer period of time. In this context, the reality is 
that women who experienced violence of any kind could not even leave the house and/
or seek support from others. One research narrative review based on exploring the 
impact of COVID-19 on South African women’s experience of GBV stated that, at the 
start of the lockdown in March 2020, 87,000 cases of GBV and interpersonal violence 
were reported, reflecting a significant increase compared to pre-COVID-19 space [28]. 
Although the authors emphasized that the reports did not indicate what type of inter-
personal relationships or who the perpetrators were, they argued that men are often 
noted as the aggressors. They backed up their argument with South African President 
Ramaphosa’s concern during one of the COVID-19 progress report regarding serious-
ness of GBV and femicide, and his statement that at every three hours, a woman loses 
her life due to GBV in the country [28]. If a woman loses her life every three hours, 
such happening is horrendous and a pointer to the fact that COVID-19 has indeed 
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facilitated heightened GBV experience for women, which no doubt impacts on their 
mental health and well-being. Another research finding focusing on Nigerian women’s 
experience of GBV during the COVID-19 pandemic reechoed the same increased 
reality of violence, reaffirming emotional and physical abuses [12]. In this perspec-
tive, the report reflected cases of how women have been threatened by their partners 
to be banished from the house and/or ostracized by their children. Such threats are 
sources of emotional torture for some of the women [12]. Another corroborating 
research finding confirms that women/girls in Nigeria were emotional tortured in 
the face of national lockdown, and the report clearly indicated that women/girls who 
were abused could not seek for help/support from others [31]. Certainly, it was in this 
context that some researchers have described the home as no longer a safe place to be 
[12]. In addition, a research report from Tunis also presents similar findings, indicat-
ing that women experience emotional torture during COVID-19 pandemic [14], which 
they describe as having psychological impact. In fact, the researchers claimed that 
78% of cases recorded during the lockdown were de novo, meaning that these women 
were assaulted for the first time [14]. Hence, the researchers expressed that in Tunisia, 
the Ministry of Women, Family and Childhood reported that GBV during the COVID-
19 pandemic rose sevenfold. These narratives were indicative of the daunting GBV 
experiences women across African nations have encountered, and implications will 
reflect on their state of mental health.

7. Women’s experiences of sexual abuse during the COVID-19 lockdown

Another devastating GBV experience that nearly all the reviewed articles reported 
were cases of sexual abuse during the COVID-19 lockdown. In most cases, the articles 
emphasized that incidences of sexual abuse arose as women encountered excessive 
sex demands from their partners based on the fact that they were confined to stay 
at home for long period of time. In regard, a sensational case report was made of a 
woman, who was sighted running away from her house onto the street nearly naked 
in the bid to escape from her husband, who according to her has had sex all night yet 
wanted some more [12]. The woman in her own views expressed that she has to run 
onto the empty street despite the lockdown restrictions because she did not want 
her husband to snuff out all the life in her. Furthermore, the same research reported 
that some women who resisted their husband’s excessive sex demands often times 
encounter physical beating [12]. Similar cases of sexual abuses were reflected in a 
mini-research review focusing on adolescent sexual and reproductive health during 
COVID-19 pandemic [29]. Hence, there is strong affirmation that sexual violence 
was on the increase across African nations during the lockdown restrictions and not 
only for women but also for girls and children [30]. In this regard, they reported that 
in Uganda, sexual violence was the “third most reported form of abuse contributing 
20.1% of all the cases” [31]. Equally, their report indicated that Kenya had witnessed 
a significant increase of more than 80% in teenage pregnancies in 2020 compared 
to 2019 (Kenya Situation Report. Nairobi: UNOCHA Kenya, 2020 cited in [31]). 
Similarly, in Malawi, in 2020, an approximately 35% rise was noted in the number of 
teenage pregnancies among adolescent girls (Davies, 2020 cited in [31]).

In addition, they stated that sexual violence against girls had been reported across 
West of Africa including Benin, Cameroon, Côte d’Ivoire, Gambia, Ghana, Guinea, 
and Sierra Leone (Commonwealth Foundation [31]. In general, the dominant argu-
ment is that prevalence of sexual violence is associated with unwanted pregnancies 



269

Effects of Covid-19 Pandemic on Women’s Mental Health: A Critical Review of Literature
DOI: http://dx.doi.org/10.5772/intechopen.109109

including ever raising demand for abortion, and all of these impact on mental health 
and wellness of life [30]. Another study reported 22% prevalence of intimate partner 
sexual violence among Ethiopian women during the COVID-19 pandemic lockdown 
[30]. Therefore, there is evidence-based speculation regarding the risk factors associ-
ated with COVID-19 pandemic and increased incidences of GBV, and what is more 
worrisome is the type of impact such experiences make on women’s mental health.

8. Women’s economic abuse during the COVID-19 lockdown

Women economic abuse has been concurrently alleged to by all the reviewed 
articles, pointing to the fact that COVID-19 pandemic demean women’s economic 
power further than it used to be. In this context, a good number of the articles argued 
that women who used to struggle to run small entrepreneur business scales such 
as selling bean cakes and water among many others, suddenly discovered that the 
lockdown protocol prevented them from doing so [12, 29], which for some women 
has led to excessive financial dependence on their partners [28]. The resultant effect 
is that women were emotional and physically abused when they ask for resources that 
they partners could not afford to supply [12, 29].

One of the research projects reviewed narrated how the “stay at home” restriction 
order had forced a woman to remain in her boyfriend’s house for a long period of time 
and eventually there was shortage of food and the boyfriend locked up the woman in 
the house [12]. The boyfriend went out for hours, only to return in the evening drunk 
and physically attacked her. She sustained injury from the violence. Similar cases were 
reported by [12, 14] claiming that financial stress is one of the facilitating factors for 
increased GBV experiences for women. Other scholars argued that informal traders 
who depend on their partners for financial support have no alternative than to remain 
in abusive relationship in order to secure their daily bread [6, 27]. Hence, financial 
stress is represented through reduced income and bleak future because of restricted 
movement and retrenchment are potential catalyst flaming violence against women.

In the same vein, a case study report of a woman who during the pandemic lock-
down asked the husband to collect N30,000 that a friend had sent to her from abroad 
but her husband after collecting the money, refused to relinquish the money to her 
[12]. Although the woman insisted amidst verbal insults from her husband to retrieve 
the money from him, that led to her leaving the house with her children in seek of 
safety in a relative’s house. Thus, she and her children became internally displaced 
for a time being and such is another form of emotional torture, directly or indirectly 
impacting on mental health. Consequently, it can be argued that economic stress 
forms part of the reason for further GBV experience during the COVID-19 pandemic. 
And in most cases, women/girls are always at the receiving end of being victims.

9. Recommendations

This chapter makes only two recommendations based on the vital issues raised 
within the reviewed articles: one for women to improve their level of proactiveness 
in the face of any adversity, particularly in sustaining a viable economic strength. 
The act of achieving proactiveness should be done through advocacy, which ought to 
promote self-efficacy and assertiveness. In addition, some form of psycho-education 
ought to be conducted while carrying out the advocacy programs. In order to achieve 
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a viable level of proactiveness, women in particular need to be involved in conduct-
ing the advocacy process, wherein they (women) ought to create the awareness for 
and with themselves. Such advocacy can be championed by Ministry of Women 
Affairs (including women’s organizations) through media and faith-based channels.

The key aim of the awareness creation will be focusing on facilitating women’s 
ability to treasure the need to be resilient, which will include the act of self-efficacy, 
assertiveness, and independent, which can be achieved through psycho-education. 
This is based on the notion that depending on their partners for sustenance has 
resulted in varying abuses: be it emotional, physical, and/or sexual. It does not mean 
that women could end GBV by just being economic independence but rather such a 
stance will minimize the GBV abuses. In all, women may not be able to achieve much 
on their own without the help of men; therefore, the awareness creation ought to 
include soliciting the cooperation of men. Thus, the advocacy process has to factor in 
men as active participants (reflecting the act of communal (collective) involvement, 
which is usually Africa’s strategic step reflecting interdependence). The involvement 
of men could be achieved through media/faith-based channels, wherein men should 
be encouraged to appreciate women and perceive them as valued.

The second recommendation relates to policy makers, which strongly laid empha-
sis on the fact that women should be more agentic in protecting themselves from 
abuse by voicing out the experiences. In this stance, existing policies ought to be 
reviewed to include clauses that advocate for women’s proactiveness toward self-pro-
tection and economic independence. To achieve this stance, women in carrying out 
the advocacy process ought to continue to include aspects of creating the awareness 
that speaking out matters. In addition, policy makers should device means to ensure 
that the perpetrators of GBV are re-oriented toward self-transformation to promote 
a safer environment for all. Below is a diagram indicating the channel through which 
the intervention process could be achieved.

10. Intervention process
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11. Conclusion

The effects of COVID-19 have impacted on women’s mental health due to an 
increased number of GBV during the national and international lockdown. It has 
impacted on women’s mental health in peculiar ways as varying forms of abuses such 
as increased gender-based violence (GBV), which dehumanizes women. Across the 
globe, women have been notable victims of gender-based violence, but the surge of 
COVID-19 has worsened the records of GBV, particularly in the face of home confine-
ment. The chapter provides a critical review of literature based on published research 
across 2020–2022 (and other available data documents) in relation to the effects of 
COVID-19 on women’s mental health. Based on the reviewed articles, recommenda-
tions were made, reflecting the need for strategic adjustment, particularly for policy 
makers and for women themselves to be more proactive in being agentive toward 
self-protection.
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Chapter 17

Conflict Settings and COVID-19’s 
Effects on Psychological Health
Derebe Madoro

Abstract

The COVID-19 epidemic’s ongoing effects on the conflicted, disturbed environment 
tend to exacerbate mental health issues. People from areas afflicted by conflict are put 
under double stress as a result. The majority of displacement due to conflict has occurred 
in Ethiopia. Mental disturbance among those affected by conflict has been recognized 
as a significant public health issue. Therefore, this study’s objective was to assess how the 
COVID-19 outbreak in Ethiopia’s conflict-affected population affected people’s mental 
health and its correlates. Mental distress was reported at about 49.4% with a 95% CI of 
47 to 52.9%. Being female gender (AOR = 3.01, 95% CI 1.61, 5.44), fired house materials 
when present (AOR = 3.49, 95% CI 1.61, 5.44), Living in a host community (AOR = 1.8, 
95%CI 1.97, 3.35), living alone (AOR = 3.57, 95%CI 2.06, 6.19), and sexual assault 
(AOR = 4.1, 95% CI 2.37 to 6.94) were found to be substantially correlated. Conflict-
affected people have a high risk of mental distress during COVID-19 era. Therefore, 
the ministry of health and humanitarian organizations should work collaboratively in 
providing consistent; psychosocial support and appropriate intervention for conflict-
affected people.

Keywords: psychological health, conflict, setting, COVID 19, Ethiopia

1. Introduction

In order to address the health and development catastrophe brought on by the 
virus, low- and middle-income countries get assistance from the UN COVID-19 
Response and Recovery Fund [1]. The COVID-19 conference took place in Eastern 
Africa while the region’s governments struggled with a number of problems. Millions 
of people have been compelled to leave their homes due to protracted hostilities, 
droughts, and insecurity [2]. Millions more have fled to neighboring countries where 
they live in makeshift refugee camps. The majority of the countries in the region are 
in some type of fragile and conflict-prone state (for example, Somalia and South 
Sudan) and/or are undergoing political reform (for example, Sudan and Ethiopia). 
They have a very low capability to contain the COVID-19 pandemic and lower the 
ensuing unemployment, poverty, and hunger [2].

Some of the most significant political, security, and conflict developments related 
to COVID-19 and its effects on neighboring nations include the postponement of 
Ethiopia’s August 2020 elections and the declaration of a state of emergency by the 
government. Given that many of Ethiopia’s most potent opposition groups and one of 
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its most potent regional governments (Tigray) have voiced their opposition to these 
changes, this might be a significant source of conflict. If COVID-19 spreads widely 
across the nation, the mounting costs of the disease could cause significant socio-
political instability. COVID-19’s rising economic expenses could become sources 
of serious socio-political instabilities if it spreads broadly across the country. Since 
November 4, 2020 war has been started following Ethiopian Northern Command 
attack by Tigray People Libration Front (TPLF). A millions were displaced, thousands 
massacred, all public and private infrastructures destroyed in the conflict setting, 
children were raped in group, thousands killed [3, 4]. This in turn highly influences 
the mental well-being of conflict-affected people in Ethiopia during COVID-19 era.

“One in five persons in conflict zones lives with some type of mental disease, rang-
ing from mild sadness or anxiety to psychosis,” was according to WHO data from 2019. 
To contain the COVID-19 epidemic and reduce the accompanying unemployment, 
poverty, and starvation, it is also stated that “almost one in ten people live with a mild 
or severe mental disorder [5].” Despite the fact that there was limited research among 
students from conflict-affected areas, various research on the impact of the pandemic 
on individuals’ mental and psychological well-being, notably at the college and univer-
sity level, were undertaken during COVID-19 in Ethiopia. In the Benchi Sheko zone, for 
instance, the prevalence of sadness, anxiety, and stress was 21.2%, 27.7%, and 32.5%, 
accordingly [6], while the psychological impact of COVID-19 was 16.2% among college 
students [7]. According to another study, 22.2%, 39.6%, and 40.2% of graduating class 
members, respectively, suffered from stress, anxiety, or depression [8]. In a related 
study, depression was shown to be widespread in 46.3% of participants, anxiety in 52%, 
and stress in 28.6% [9]. The prevalence of depression, anxiety, and stress among univer-
sity students in Addis Abeba was 51%, 51.6%, and 11.1%, respectively [10].

Students are subjected to both direct and indirect repercussions of violence during 
armed conflict, including erroneous military enlistment, murders, gender-based 
violence, trafficking, illegal detentions, and family separation [11]. Schoolchildren 
who have experienced conflict are more likely than those who have not to experience 
post-traumatic stress disorder, sadness, or anxiety [12]. Direct and indirect exposure 
to traumatic events, as well as increased levels of daily stressors, are suggested to be 
the causes of these effects [13]. There are not many mental health therapies available 
for conflict-affected students, and treatment disparities between adults and primary 
school students in low-resource settings are even worse [14].

People who have had to move frequently have gone through various traumas, acts 
of violence, wounds, and economic crises, making them more vulnerable to psychiat-
ric issues [15–17]. The following issue is likely to get worse as a result of the COVID-19 
epidemic’s ongoing spread. Despite this, there are no reports on the influence of the 
pandemic and the conflict environment on the mental health of those affected by the 
conflict in Ethiopia. For people affected by armed conflict, mental anguish has been 
identified as a key public health concern and has been connected to social network 
alterations, poverty, unemployment, community violence, and unsecured living 
situations. Therefore, even when the hostility has subsided and the crisis has passed, 
emotional distress is substantially associated with a lower quality of life [18, 19]. 
Additionally, mental trauma can affect anyone and have a detrimental effect on 
everyday activities, sleep quality, productivity, and job performance [9]. Their long-
term academic, social, and mental health results may be significantly impacted by 
their capacity to manage the epidemic and to effectively and correctly regulate their 
emotions and behavior during the pandemic [20].
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The prevalence of mental disorders appears to be significantly higher than the 
general population in post-conflict and conflict-ridden cultures, including student 
populations [21]. Statistical estimates from a number of general population studies 
indicated that the prevalence of mental distress ranges from 1% to 5% [22, 23], and 
for high-risk populations such as displaced people [24, 25], it ranges from 3% to 58%. 
When COVID-19 was in effect, it was anticipated that mental anguish would increase 
in a conflicting environment [26]. To the best of the investigators’ knowledge, 
Ethiopia has not had any particular published studies. As a result, this study aimed to 
close that gap by generating new knowledge regarding the mental health of conflict-
affected people in Ethiopia during the COVID-19 era.

2. Methods

From April 1 to April 30, 2021, a community-based cross-sectional survey was 
undertaken. During the mid-COVID-19 outbreak in south Ethiopia, the survey was 
done in conflict-affected areas. In which more than a million were displaced in year 
2018 due to inter-communal violence and conflict between Gedeo and Guji zone in 
south Ethiopia [27]. The respondents were chosen using a systematic random selec-
tion procedure. Because the conflict-affected people resided in different sites, propor-
tional allocation to the number of household in each site was used to ensure that the 
sample was representative. The study covered all houses in the conflict-affected area 
of south Ethiopia that are situated on the border between the Gedeo and West Guji 
zones, as well as those that were accessible during the data collection period. Seriously 
ill people were not allowed to participate in the study.

According to a study conducted in Adama, Ethiopia, the sample size was calcu-
lated using the single population proportion technique, with a 3% margin of error 
(d), a 95% confidence interval of certainty (alpha = 0.05), and a 10% non-response 
rate, assuming p = 21.6% [28]. A total of 795 people were chosen as a representative 
sample size. Mental distress was the study’s dependent variable. Conflicted- and 
trauma-related factors, clinical-related factors (history of mental illness, family 
history of mental illness, pre-existing medical illness), COVID-related factors 
(suspected/confirmed for COVID-19, knowledge about COVID-19), and social 
support were all independent variables. Using pretested questionnaires, data was 
collected by six Bsc nurses and routinely monitored by three psychiatry profes-
sionals. The questionnaire was translated into Amharic and then back to English 
to verify uniformity. Data collectors were taught how to conduct interviews with 
respondents and how to clarify any ambiguous questions as well as the study’s goal. 
They were also taught about ethical principles and how to gain informed consent 
from respondents.

Mental distress was measured using the Kessler Psychological Distress Scale (K-10, 
[29]). The K10 scale, which consists of 10 questions on emotional states and a five-
point rating scale for each response, is an easy way to gauge psychological distress. 
The K10 scale is a 10-item survey that asks respondents to score their recent 30-day 
anxiety and depressive symptoms on a five-point Likert scale. Participants in this 
study were classified as normal if they received a score of 20 or less, whereas those 
who had a score of 20 or more were identified as experiencing emotional distress 
[30]. It was validated with a consistency of 0.93, sensitivity of 84.2%, and specificity 
of 77.8% at a cut-off point of 6/7. It was reasonable as a result [31].



COVID-19 Pandemic, Mental Health and Neuroscience - New Scenarios for Understanding…

278

The Oslo-3 social support scale, which goes from 3 to 14, is used to assess social 
support. According to this scale, those who score between 3 and 8 are considered to 
have insufficient social support, those who score between 9 and 11 have moderate 
social support, and those who score between 12 and 14 have high social support [32]. 
According to this study’s findings, pupils who scored below the minimum require-
ments during the study’s conduct had lower law achievement. Data on sociodemo-
graphics, drug use history, clinical variables, COVID-19-related characteristics, and 
conflict and trauma-related events were gathered using yes/no response question-
naires and operationalized in accordance with a number of academic works.

Epidata version 4.2 was used to clean, code, and enter data, which was subse-
quently exported to SPSS Data was cleaned, coded, and entered using Epidata version 
4.2 before being exported to SPSS version 24 for descriptive methods analysis and 
data summarizing. Logistic regression analysis was used to establish links between 
mental anguish and related factors. In bivariable logistic regression, variables with a 
P value of less than two were included in the multivariable logistic regression model. 
An adjusted odds ratio (AOR) with a 95% confidence interval was used to assess the 
strength of associations, and a P value of less than 0.05 was considered statistically 
significant (CI).

3. Results

A total of 795 participants participated in the study, and all of them responded. 
Men made up the majority of the 412 responders (51.8%). The responders were, on 
average, 21.98 (2.22) years old. Urban areas produced the bulk of responses (517, or 
65.1%) (Table 1).

Variables Frequency(n) Percent (%)

Age

15–19 years old 403 50.6

20–24 years old 238 29.9

≥25 years old 154 19.3

Gender

Male 412 51.8

Female 383 48.2

Religion

Orthodox 117 14.7

Protestant 588 73.9

Catholic 74 9.3

Muslim 11 1.4

Other* 5 0.6

Perform less well than anticipated

Yes 354 44.5

No 441 55.4
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Regarding the COVID-19-related factors, 93(11.5%) of respondents had a history 
of possible or proven positive for COVID-19. Out of the total respondents, 17(2.1%) 
had experienced death in the household and most of the respondents 598(75.2%) 
had Sufficient familiarity with COVID-19. With regard to clinical characteristics, 122 
(15.3%) of the respondents had ever been treated for a known psychiatric illness. Of 
a total study participants, 150(18.9%) were khat users within 3 months. With respect 
to psychosocial characteristics of respondents, more than one-third of respondents 
306(38.5%) had a poor social assistance (Table 2).

Out of the total participants, 461(57%) of participants reported aversion to 
safety and 358(45%) observe firing house materials around them. Whereas, more 
than one-third (68%) of participants family’s houses were destroyed during conflict 
(Table 3). The prevalence of mental distress among conflict-affected people from 
conflict-affected settings were determined to be 49.4% in this study, with a 95% 
confidence interval of (47–52.9%). Multivariate logistic regression revealed signifi-
cant correlations between respondents’ mental distress and sexual assault, house 
fires when present, female gender, residing in the host community, and living alone, 
all with a P value of 0.05.

Sexual assault victims were 4.1 times more likely than their peers to experience 
mental distress (AOR = 4.1, 95% CI 2.37–6.94). When compared to their counterparts, 
people who had their homes fired upon during hostilities or war had a 3.49 higher 
risk of developing mental distress (AOR = 3.49, 95% CI 1.61, 5.44). Females were 
3.01 times more likely than males to experience mental distress (AOR = 3.01, 95% 
CI 1.61–5.44). Those living in the host community were 1.8 times more likely to have 
mental distress (AOR = 1.8, 95%CI 1.97, 3.35), and participants living alone were 3.57 
times more likely to have mental distress (AOR = 3.57, 95%CI 2.06, 6.19) (Table 4).

Variables Frequency(n) Percent (%)

Living area

Urban 517 65.1

Rural 278 34.9

Living with

Alone 185 23.3

With single parents 166 20.9

With friends/relatives 67 8.4

With both parents 377 47.4

Financial constraint

Yes 496 62.4

No 299 37.6

Living in host community

Yes 431 54.2

No 364 45.8

*others: only Jesus, Jehovah witness.

Table 1. 
Description of socio-demographic factors among people from conflict affected setting in South Ethiopia, 2021 
(n = 795).
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Variables Frequency(n) Percent (%)

Possible or proven positive for COVID-19

Yes 93 11.7

No 702 88.3

I read about COVID-19 for the majority of 
the time

Yes 128 16.1

No 667 83.9

Known mental illness

Yes 122 15.3

No 673 84.7

Psychiatric problem in the family

Yes 92 11.6

No 703 88.4

Health issue that was present before

Yes 168 21.1

No 627 78.9

COVID death in the household

Yes 17 2.1

No 778 97.9

Sufficient familiarity with COVID-19

Yes 598 75.2

No 197 24.8

Received education on COVID-19

Yes 205 25.8

No 590 74.2

Social assistant

Low 306 38.5

Medium 352 44.3

High 137 17.2

Alcohol use in the past 3 month

Yes 39 4.9

No 756 95.1

Khat use in the past 3 month

Yes 150 18.9

No 645 81.1

Tobacco use in the past 3 month

Yes 21 2.6

No 774 97.4

Table 2. 
Description of COVID related, psychosocial, clinical and behavioral factors of participants from conflict affected 
setting in South Ethiopia, 2021 (n = 795).
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Variables Percent (%)

Childhood abuse 15

Family tragedy 17

Injury 19

Engaged in the conflict 22

Abducting 25

Split from family 27

Torture 30

Sexual assault 32

Absence of shelter 39

Observe firing house materials 45

Food security 55

Aversion to security 57

Assets devastation 68

Imprisonment 27

Being in war 21

Childhood abuse 39

Table 3. 
Trauma and conflict related events from conflict affected setting in South Ethiopia, 2021 (n = 795).

Explanatory variables Mental distress COR(95%CI) AOR(95%CI)

Yes No

Gender

Male 185 227 1 1

Female 275 108 3.12 [1.84, 4.37] 3.01 [1.61, 5.44]***

Age

15-19 318 85 3.55 [1.32, 3.99] 2.9 [0.17, 3.4]

20–24 166 72 2.1 [2.18, 4.33] 1.9 [0.89, 3.1]

> = 25 79 75 1 1

Living area

Urban 329 185 1.58 [1.18, 2.14] 1.41 [0.56, 3.04]

Rural 147 131 1 1

Social support

Poor 102 204 4.1 [2.49, 6.29] 3.33 [0.95, 5.70]

Moderate 56 296 1.54 [0.87, 2.50] 1.34 [0.76, 2.38]

Strong 15 122 1 1

Health issue that was 
present before

Yes 111 57 1.45 [0.95, 2.25] 1.26 [0.76, 2.08]

No 359 268 1 1
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4. Discussion

The prevalence of mental distress was found to be 49.4% in this study, with a 95% 
confidence interval of (47–52.9%) among conflict-affected people, according to the 
findings of this study. The prevalence found in this study resembles that found in 
Saudi Arabia (58.1%) [9], and Pakistan 57.6% [33]. On the other hand, the results of 
the present investigation were lower than those of a Pakistani study, which registered 
68.4 [34]. The gap may be because of different methodologies utilized in Pakistan 
to conduct an online cross-sectional survey, which could have produced results that 
were more subjective and biased than those acquired through the in-person inter-
views used in this study. Financial, cultural, or environmental disparities could also 
have a role. Nevertheless, the prevalence found in this study was higher than that seen 
in earlier studies conducted in Canada 39.5% [35, 36], Malaysia 30.7% [34], China 
27% [37], Croatia 19.4% [38], and Ethiopia 21.2% [6] 51.3% of the students at Addis 
Ababa were from Ethiopia [9], followed by Gondar 46.3% [39], 47% from students in 
Europe [40], and Pakistan 48% [41]. This study was conducted in a conflict-affected 

Explanatory variables Mental distress COR(95%CI) AOR(95%CI)

Yes No

Sexual assault

Yes 74 99 3.26 [2.05, 5.04] 4.06 [2.37, 6.94] **

No 116 506 1 1

Sufficient familiarity 
with COVID-19

Yes 122 476 0.68 [0.55, 2.64] 1.1 [0.87, 2.19]

No 54 143 1 1

Fired house martials 
when present

Yes 292 66 3.69 [2.54, 5.39] 3.49 [2.7, 5.89]**

No 238 199 1 1

Living in host 
community

Yes 145 286 2.12 (1.95,4.15) 1.8 [1.97, 3.35]*

No 70 294 1 1

Living with

Alone 70 114 2.87 (2.03, 5.31) 3.57 [2.06, 6.19] **

With single parents 29 137 0.98 (0.51, 1.86) 1.19 (0.62, 2.26)

With friends/relatives 11 55 0.92 (0.71, 2.19) 1.46 (0.80, 2.68)

With both parents 67 311 1 1

*p < 0.05.
**p < 0.01.
***p < 0.001.

Table 4. 
Multivariable logistic regression analysis showing an association between factors and mental distress among people 
from conflict affected setting in South Ethiopia, 2021 (n = 795).
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environment during the COVID-19 era, however, specific participants from conflict-
affected environments were not included in the earlier investigations. Each country 
may have a distinct level of understanding and perception of COVID-19, which 
measures people’s capacity to cope with stress.

Participants who experienced firing house materials when present were 3.49 times 
more likely than those who did not experience firing household materials during the 
conflict/war to experience emotional distress. People, like other creatures, become 
anxious or terrified when exposed to or seeing a terrible scenario. The possible 
reason might be, the participants feel that those types of losses will be difficult, if not 
impossible, to replace, resulting in increased psychological distress. Also following 
a traumatic event like the destruction of personal property, acute stress is a typical 
response, if this problem persists may become a risk to develop PTSD. This finding is 
supported by a study done in northwestern Nigeria [42–44].

Being a female was found to be one of the strongest predictors of mental distress. 
Mental distress was three times more common in females than in males. According to 
the report, girls suffer more harm than boys because they are more likely to experi-
ence sexual assault on school property or because their parents keep them at home 
when the security situation deteriorates. According to research, girls usually quit 
school after it is full, and their educational outcomes in countries afflicted by violence 
are frequently worse than boys’. One of the reasons is a fear of sexual assault in the 
classroom [45]. During times of war, gender inequality is entrenched and women 
are disproportionately disadvantaged in terms of personal safety, resource access, 
and human rights. Girls who live in a nation that is experiencing conflict are about 
2.5 times more likely to be out of school, and adolescent girls are almost 90% more 
likely to have dropped out of secondary school [46]. This collectively worsens people’s 
mental health in a situation of conflict.

When compared to their counterparts, those who were living alone were 3.57 times 
more likely to have mental distress. These findings are in line with the studies done 
in Arbaminch town, Ethiopia, in Harar, and southeast Nigeria [47–50]. The answer 
could be that parents are more concerned about their daughters than their friends and 
relatives, which can reduce the likelihood of sexual abuse which in turn influences the 
mental health of thechildren who live with them in conflict areas during the era of 
COVID-19.

The odds of having mental distress among participants living in a host community 
due to internal displacement were 1.8 times higher as compared to their counterpart. 
Sexual abuse followed by mental distress in the past year and throughout the course 
of one’s lifetime is strongly correlated with displacement. Those who have experi-
enced displacement and living in a host community are 9–10% more likely to experi-
ence sexual violencewhich negatively influences their mental health at some point in 
their lives and 6–8% more likely to experience past years sexual violence [51–53].

When compared to counterparts, those who had sexual assault were 4.1 times 
more likely to have mental distress. The disparity could explain the observed dispari-
ties in tool, socioeconomic, environmental, and study design (in Croatia, for example, 
an 8-wave longitudinal study was used). In addition to the prevalence of wartime rape 
and sexual violence committed by people outside the home, rates of intimate partner 
violence are significantly higher in conflict settings [54]. For survivors of sexual and 
other gender-based violence, there can be a number of detrimental effects, including 
social ramifications and poor health [55]. A study found a considerable frequency of 
psychological distress and other mental issues among survivors of sexual and gender-
based violence in areas of armed conflict. Anxiety disorders (including Posttraumatic 
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Stress Disorder (PTSD), major depressive disorder, medically unexplained problems, 
substance use disorders, and suicidal ideation are among the mental disorders 
reported [56].

5. Conclusion

High rate of mental distress was found from conflict affected setting. Being 
female, fired house materials when present, sexual assault, living host community, 
and living alone were all significant indicators of mental distress. As a result, the 
ministry of health and humanitarian organizations should collaborate to provide 
persons living in conflict-affected areas with constant psychosocial assistance and 
appropriate intervention. To reducethe double burden of COVID-19 and conflict on 
mental health, special attention is needed.

6. The Study’s strengths and limitations

First, this is the first research of its kind in Ethiopia, involving peoples from 
conflict-affected areas. Second, it included key variables that had previously been 
overlooked in previous research. One of the study’s strengths was that it measured 
the outcome variable with an updated standardized and validated instrument. Only 
students from conflict-affected parts of south Ethiopia were included, which was one 
of the disadvantages.
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Abstract

Under circumstances such as the COVID-19 pandemic, decompression is essential 
to slowly overcome the lockdown stressors as a transition period between lockdown 
and resuming work in a manner that is no longer going to be ‘business as usual’. 
Firstly, we examine what is decompression in the context of reducing overwhelming 
and unwanted pressure emanating from the pandemic. Secondly, we reiterate the 
objectives and goals of decompression. Thirdly, we list ways in which one can decom-
press as a suitable way of endowing us with better psychological and much needed 
emotional support in pandemic times. Finally, the chapter offers guidelines for future 
research as this aspect has not been researched much and opens up new avenues in 
the field of psychosocial research in civilian as well as military contexts which brings 
the need for psychological debriefing to the forefront. The results of psychological 
disaster research to foresee, reduce and soothe the psychological effects of mass 
disasters – in this case, the global COVID-19 pandemic, maybe reconstructive.

Keywords: decompression, post-traumatic growth, pandemic, reconstruction,  
third-location decompression

1. Introduction

“Decompression fosters a means of progressively adjusting to a new normal, by 
allowing us to take a step back and reflect on the recent past before we leap ahead into 
unchartered waters of the future.” - Lt Col Dr Samir Rawat

Life is tough at Siachen glacier, in the Himalayas, India, the highest altitude battle 
zone in the world. A vast land spread over approximately 75 km, the glacier is deadly, 
because of sub-zero temperatures, frequent avalanches, high-altitude weather uncer-
tainties, crevasses which go unnoticed, almost unimaginable and scary conditions for 
even soldiers to be. Soldiers deployed at the glacier typically spend three to four months 
in extreme conditions, highly vulnerable to fatal high altitude ailments like frost bites, 
chill blains and hypothermia. When soldiers return from active service in operational 
zones, they may find it difficult to immediately adapt to what seems to be a new 
reality now, they need some ‘time-off ’ to adjust and acclimatize to out-of-operations 
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conditions. Military psychologists [1], recommend a period of decompression- a 
release from compression, for soldiers returning from operational duties.

Given the adversity, the globe experienced in 2020, a global crisis of COVID-19 
which ravaged the world order, destroyed poor and developed economies alike, 
exerted immense pressure on the mental health of people across the globe and pushed 
a whole civilization into nothing less than a warlike zone. The battle was with an 
unknown enemy- a virus that caught nations, societies and communities off-guard 
and thrust them into battle of survival. Traditional systems of social support, 
interpersonal relationships, easy access to resources became, which served as buffer 
to problems earlier, were challenged with most nations calling for lockdowns and 
social distancing as immediate strategies to curb the spread of the virus. This period 
has resulted in people losing control over their actions and emotions because of the 
suddenness and magnitude of change that the pandemic has brought in. Now, though 
the battle against the virus is far from over, we must move forward to normalcy, roll 
up our sleeves and put together strategies to bounce back- be adaptively resilient. 
Nearly a year long lockdown has exhausted our mental capacities, has been addition-
ally difficult due to multiple roles that some of us are expected to take on, has changed 
how we approach life in general. For economies, global markets and multi-national 
organization, it has been a tough time and getting back to relative state of normalcy is 
a task that requires planning and organisation. Just as soldiers, when returning from 
the operational duties are allowed a period of decompression, a populace that has 
been wrecked by the pandemic be allowed a period of decompression.

2. Definitions

Emotional decompression: Consists of working on emotions, paying attention 
to mental schemas, and releasing what’s not useful to you, leaving space for well-
being to enter.

De-acclimatise: The process of training the soldiers to be prepared for the volatil-
ity, vigilant, intense, sometimes dramatic nature of the battlefield and that soldiers 
unlearn some of the approaches to resilience and vigilance required during wartime 
and adapt to new realities and approaches for non-combat functioning.

Psychological debriefing: An intervention immediately following a traumatic 
event (e.g., a disaster) that aims to mitigate long-term distress and prevent the emer-
gence of posttraumatic stress disorder in those exposed to the event.

Post-traumatic growth: A concept describing positive psychological change 
experienced as a result of struggling with highly challenging, highly stressful life 
circumstances.

9-R model of decompression: A nine-component model of decompression 
aiming to be a start point for future research and development into strengthening the 
understanding of how to manage the effects of combat and war fatigue.

3. Decompression: an ally in reconstruction

In this article, we will introduce to the readers the concept of decompression, its 
relevance in the pandemic times especially in managing post-traumatic stress and 
other psychological issues which come part and parcel with the pandemic. Borrowing 
from their own experiences in the highly-dramatic theatre of war, and the potential 
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benefits of decompression, will guide us in how this can be used as a strategic 
approach as we move toward post-pandemic reorganization. The authors propose the 
‘9-R Model of Decompression’ [1], which provides insight into decompression aims to 
reduce the unsolicited pressures emanating from the pandemic, how decompression 
can result in better psychological well-being; backed with empirical data. Lastly, in 
concluding remarks, the authors throw light on the direction for further psychosocial 
research in the military and non-military contexts.

A conceptual understanding of psychological decompression finds most mention 
in military literature; it refers to a process that allows soldiers returning from theatre 
of military operations and duties in war zones, to adapt to the home environment 
gradually, in a systematic manner with the aim to reduce the potential for maladaptive 
psychological well-being [2, 3]. Decompression is viewed as a period of transition 
between high-stress operational environment and home environment perceived to be 
relatively less stressful [3]. This organised period of transition is also known as third 
location decompression or TLD [4].

Psychological health issues experienced by soldiers returning from combat zone 
are well researched and documented. Highly volatile, ambiguous environments that 
theatre of operations are, exert mental pressure and stress on soldiers in spite of being 
trained in the use of arms and technological advances of militaries. Whether return-
ing home victorious or mere deployment under volatile uncertain conditions or even 
peace-keeping operations, some amount of stress is innate and places them at higher 
risks for post-traumatic stress disorder, depression, alcohol or drugs abuse, and other 
co-morbidity conditions [5–10]. Thus, with high vulnerability to post-traumatic stress 
disorders and related adjustment issues it seems reasonable that there is a period of 
relative adjustment to reduce the risks of full-scale disorders.

A period of psychological decompression with a focus on rest, cognitive and 
emotional reappraisal may a-part solution for soldiers after deployment along with 
psycho-educational interventions. In one of the studies [11], it was found that soldiers 
returning from war who got little time to decompress between off-operational duties 
and enrollment into inherently stressful academic environments, showed higher 
levels of academic stress than soldiers who got plenty or enough time to ‘get back to 
the center’. Shea [11] noted that soldiers who did not get time to adjust to roles like 
that of a parent, husband, kin in their families, if were put through additional pres-
sures of academic stress, would experience stress the most and not perform as per 
expectations. In another study, [though not documented as an empirical study] of 
how decompression got charted into after-deployment or homecoming programs for 
militaries across the globe, is after the Falklands War in 1982, British military person-
nel reached back home by either of two ways—entirely by sea, meant an additional 
week to return home or they ferried their journey by sea and air. Press reports of 
the time suggested that the soldiers who travelled by sea route, and spent more time 
between the war and homecoming had better psychological health than those who 
made the trip in a shorter time [12].

3.1 Value of decompression

While engaging with the enemy on the ground, in the skies or even at sea are 
challenging environments, where military personnel go through immense psychologi-
cal and mental changes, what could be as challenging, is to transition to environ-
ments that place different needs on their mental and psychological resources- like 
playing different roles, being available for their families, adjusting to non-combat 
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environment. To successfully tread, they must bring about physical and psychological 
changes [13]. A line of thought also suggests that personnel returning from opera-
tional environments may in fact be happy about being home right after, however, at 
the cost of signs of mental health symptoms getting masked [14].

Though there is perhaps no absolute consensus on definitions of decompression 
and what comprises decompression programs, there is a general understanding that 
this period consists of rest, and restoration and should have psychologists or trained 
mental health professionals conduct psychological debriefing. There is a general belief 
that decompression should be closer or in close proximity to the unit or teams that 
were together in the operational tasks. We will discuss some of the aims of decompres-
sion in this section, namely, providing opportunity for emotional settling, a safe place 
to de-acclimatise, and an opportunity for structured debriefing to release tension.

1. Emotional decompression: combat or operational environments are marked by 
exposure to deprivation from resources, isolation and oftentimes, no communi-
cation with families for long spells, exposure to war atrocities that may result in 
acute or chronic psychosocial issues irrespective of the consequences of the opera-
tions [5, 15, 16]. The guilt of surviving when their colleagues suffered injuries 
or lay dead on the battlefield, anxiety about being away from the high-tension, 
sorrow could be some of the general emotional reactions. Some of these may 
go unnoticed or un-reported during or after deployment mainly because of the 
notions of military being a profession where emotions are not exhibited openly 
[17]. Similarly, emotions resulting from fear of being killed or due to degree of 
sustained injury [18] could also place individuals at higher risks of developing 
post-traumatic stress disorder or other adjustment issues [like substance abuse, 
depression, insomnia, cognitive overload, etc.]. Negative emotions are known to 
be detrimental to motivation, performance and sense of achievement not just in 
military but also in non-military environments [19, 20]. Thus, it becomes impera-
tive that the negative emotions are acknowledged and strategies to manage these 
negative emotions such that these do not interfere with wellbeing, or spillover/
displace to other areas of one’s functioning are made available. Third-location 
decompression is likely to provide with such much needed opportunities.

2. De-acclimatise: APA defines acclimatisation as adjustment or adaptation to 
new circumstances or environmental conditions, particularly the physiological 
changes that improve an individual’s ability to tolerate environmental altera-
tions [21]. Extending on the element of adjustment or adaptation, we propose 
that decompression allows for de-acclimatization, which is to suggest that as the 
military or operational training trains the soldiers to be prepared for the vola-
tility, vigilant, intense, sometimes dramatic nature of the battlefield; it is also, 
imperative that when the battle is over, soldiers unlearn some of the approaches 
to resilience and vigilance required during wartime and adapt to new realities 
and approaches for non-combat functioning.

3. Psychological debriefing: Research in the area of trauma and stress suggest that 
psychological debriefing has positive therapeutic effects for people with expo-
sure to trauma and volatile conditions [22–25]. Bartone and Adler [26] define 
debriefing [event-oriented after action debriefing] as a factual review of events, 
and reaction to events by the individual involved or the group/unit engaging in 
the events. In their classic research paper, they indicate the goals of debriefing to 
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be—identification of lessons learned during operations which can direct actions 
in the future, resolve any misconceptions there could be, help soldiers paraphrase 
their battle experience positively, reduce sense of isolation and also make soldiers 
better aware of possible psychological symptoms resulting from stressful battle 
conditions.

Similar directions for the use or structure of debriefing are found in the work of 
Everly and Mitchell [2], who coined the term ‘critical incident stress debriefing’. 
According to CISD model [2], debriefing promotes emotional wellbeing by allow-
ing opportunities for dialog to the soldier, where they can vent and work on their 
emotions, perceptions and appraisals of the critical events in the theatre of war. 
However, it is important to acknowledge that such expression of emotions can be 
overwhelming to soldiers, perhaps risking them to relive the events. Thus, the aim 
of psychological debriefing should be established and affirmed by psychologists 
and team leaders [or those who are close to the trauma context] before use to pre-
vent this technique from being detrimental [27]. Post-mission debriefing sessions 
typically involve talking about critical or traumatic incidents during tour of duty 
[4]. While psychological debriefing may be seen as a viable technique for emergency 
responders, caregivers especially in the COVID times, the authors recommend the 
use of debriefing under strict vigilance and with caution, simply because pandemic 
has resulted in limited or depleted resources and the technique could in fact prove to 
be detrimental if missed shot. Debriefing could perhaps well be replaced with more 
effective techniques like cognitive therapy, mindfulness training [28, 29].

4. Fostering post-traumatic growth attitude: Decompression period can also be 
looked as a window of opportunity to foster growth-attitude among soldiers. 
Post-traumatic growth defined as positive and meaningful psychological change 
that an individual can experience after they have experienced a traumatic 
incident or event and are coping from it [30]. Though events like wars, or even 
calamities get associated with negative consequences, and changed worldviews, 
some may see these as opportunities to review their perceptions of world view 
before and after the events, restructure their thoughts and emotions and direct 
their action in order to grow, revitalize their self-concepts and relationships with 
others, from having experienced the events [31]. Thus, post-traumatic growth is 
essentially moving away from the baseline and toward growth in refurbishing the 
worldview, sense of control over what the future holds [31]. Research suggests 
that post-traumatic growth thoughts and attitudes are inversely related to post-
traumatic stress symptoms [32, 33]. Decompression thus can be an important 
period when psychologists or professionals or team leaders can facilitate develop-
ment of post-traumatic growth attitudes and cognitions. Post-traumatic growth 
perspective could prove useful in the post-COVID times with the virus having 
caused loss of enthusiasm and change in worldview with prolonged experiences 
of isolation, social distancing and uncertainty. For example, recent studies sug-
gest emotional creativity, may result in post-traumatic growth attitude, thereby 
reduces the chances of full-blown post-traumatic stress disorder [34].

COVID-19 pandemic has brought about tectonic changes beyond the realm of 
imagination of most of societies, even for those who have experienced WW II, which 
so far was thought to be the most ravaging event of the century. Other epidemics 
[like SARS, plague, Ebola] and calamities have not had the magnitude of impact and 
consequences that COVID-19 has caused. Thus, it becomes essential that the available 
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knowledge of the past from crisis management experiences be remodeled, reinvented 
and re-adapted to suit what may fit the bill for reconstruction post-COVID crisis.

3.2 Psychological consequences of covid-19 pandemic

Why a discussion on decompression becomes important lies in the spectrum of 
psychological, social and interpersonal impact COVID-19 virus has brought about. 
COVID-19 presents before us the most-multifaceted crisis the human race has seen, a 
battle where the enemy is unknown and unseen. No amount of intelligence and force 
mobilization can fully avert the mayhem that the virus resulted in. With some com-
mon knowledge or best described as available knowledge of how spread of the virus 
can be curtailed, governments across the world imposed lockdown of economies, 
restrictions on movement, curb of social and interpersonal interactions and what 
seemed to be business as usual was no longer the same. Medically, the rapid infection 
and contagion resulted in strained medical systems. Economically, it meant businesses 
were thrown into fiscal deficits and societies were propelled into threats of destabili-
sation and loss of normalcy. Beyond the socio-economic disaster that the pandemic 
has been, psychological impact has been beyond comprehension and indisputable 
[35, 36]. Research suggests that fear of the pandemic and its uncertain nature could 
be a precursor to stress disorders, anxiety and other related problems, depression and 
even substance abuse [37]. With businesses being affected, it has resulted in people 
losing their source of livelihood and thereby adds to the stress of managing families. 
These could have potentially triggered related problems of substance abuse and panic 
disorders [38]. For emergency responders, this has been a period of turmoil, both 
professionally and personally. Long working hours, limited resources, worries about 
those affected, fear of being infected, inadequate access to basic resources, not being 
allowed to meet own families, being continuously in the line of action, suddenly being 
forced into harm’s way has all resulted in psychological distress [39].

A general environment of despair and loss of hope has resulted from the experi-
ence of loss of loved ones or witnessing death in close proximity or sense of being lost. 
Being home bound or quarantined has resulted in sense of loneliness and isolation 
and curtailed scope of human-to-human interaction or social support. Measures put 
in place as first reaction to curb spread of virus like lockdown and social distancing 
are likely to result in far-reaching psychological problems which may keep brewing 
on the inside and erode the very fabric of human civilisation more than the damage 
caused by the virus itself. Thus, it has been nothing short of a psychological warfare.

Yet, in all this, it is important to acknowledge that survival instinct is innate in the 
human race and while the pandemic might have bogged down the spirit, the ability to 
bounce back higher and with far greater strength also are innate. Further to the dis-
cussion on post-traumatic growth, the application of the same may be exemplified in 
times to come. New learning gathered from the pandemic can be put to use to develop 
habits and systems which are resilient as well wean off behaviors (like addictions, 
behaviors detrimental to general hygiene, burnout at work, pollution, etc.) which are 
detrimental in survival of the species.

4. 9-R model of decompression for war-at-hand

Most of decompression programs, as they exist in military organisations, agree 
on some of the core fundamentals like—belief that soldiers need some time-off after 



297

Perspective Chapter: Decompression as a Safety Valve during Pandemic
DOI: http://dx.doi.org/10.5772/intechopen.104648

high-tension deployment, having collective decompression opportunities for those 
who experience challenging operations, providing for individual and group unwind-
ing–rewinding sessions and focus of relaxation and rest. The aim of decompression 
programs is to restore and regain resilience in soldiers, authors of this article seek to 
provide and facilitate movement of societies, communities and organisations toward 
post-pandemic resilience and remodeling of mental capacities. The authors of this 
article, from their own experience of serving in the high-emotions theatre of war, 
volatile and uncertain battle grounds, as well as detailed research and empirical data 
(both internet data and personal communication) propose a nine-component model 
or 9-R model of decompression, see Figure 1. Authors also state firmly that an indi-
vidual’s willingness and urge to change the status quo, resources available, learn new 
coping and adapt with resilience lie at the centre or core of any effective program.

1. Rest: Rest which can be understood as ceasing of any movement or activities in 
order to recover strength, especially after stressful event. Rest is a vital for bet-
ter mental and physical health and people recovering from strains and illnesses 
are advised to observe period of rest to reinstate health and wellbeing [40–42]. 
Human downtime, is important not just for survival, but also for creativity and 
innovation. A period of rest could help individuals to break the chain of negative 
thoughts and habits they may have developed during the pandemic and develop 
new ways to move into new reality with a sense of growth and resilience [43].

2. Relaxation: relaxation defined as an emotional state of low tension, marked by 
absence of arousal [resulting from anger, fear, anxiety] is much researched and ap-
proved technique in stress management [44, 45]. Relaxation if practised conscious-
ly or mindfully is likely to result in reduction of physical and psychological stress. 
Empirical data suggest that relaxation- physical and mindful mental relaxation 
results in lowered anxiety levels during pandemic [36]. Relaxation can have benefits 
like normalizing heart rate, better sleep, lower fatigue, reduce muscle tension, most 
of which could be the result of heightened levels of anxiety for soldiers after deploy-
ment in warzone or COVID warriors with changes in their life circumstances.

Figure 1. 
9-R model of decompression.
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3. Recognize achievement: Recognize one’s own and other’s achievement: In times 
like the pandemic or even battles, sense of self-worth and self-concepts may go 
through a sort of shift because the outcomes, personal loss, depletion of resourc-
es, and isolation. Dolan and Sanchez [46] suggest that in such times, being overly 
critical of oneself or others may be detrimental. A soldier who may have lost some 
of his fellow colleagues in the battle could already be struggling with guilt of 
survival or loss of a dear family member, may result in self-doubt of the caregiver. 
In such times, appreciation of their effort, could help in reinstating their belief in 
self-worth.

4. Reduce stigma: Stigma as defined by Goffman [47] is an attribute, of discredit-
ing, reducing a person from a whole and usual person to a tainted, discounted 
one. By and large, intense situations like fighting a war or being involved in 
high-tension situations may be associated with a sense of bravado, valour and 
grit, there are certain inherent expectations especially and traditionally of how 
soldiers need to be—not come across as ones exhibiting emotions, being a team 
player. While most of these expectations may be occupational requirement, any 
deviation in following the same may have stigma attached to it. Decompression 
should be viewed as a period when such soldiers are provided with assistance to 
overcome fear of being stereotyped and steer clear any such detrimental thoughts 
they may have. In 2020, when most of the nations experienced the wrath of the 
virus, emergency first responders like medical professionals, doctors, police, 
pharmacos were the first to respond, which also placed them at a higher risk of 
infection and the risk of infection may get associated with stigma [48]. For in-
stance, since the epicenter of the virus was located in one of the Asian countries, 
there were cases of discrimination being reported against foreigners of Asian 
origin [49, 50]. The debilitating effects of stigma place patient or affected groups 
of people at risk of being discriminated and isolated and thus lead to more 
psychological concerns. Now that societies take time to reflect before plunging 
into the future, measures should be taken to reduce the stigma and make avail-
able psychological assistance for people who could be at higher risks or being 
discriminated.

5. Regulated response: the pandemic has posed unique and unexpected chal-
lenges and health risks that place additional pressure on our coping resources. 
Collective restraint and control will enable our ability to curb the spread of 
the infection. The self-regulatory approach includes cognitive and emotional 
skills that allow us to intentionally control thoughts, emotions, and behavior 
[51]. A soldier’s ability to regulate during operations and even peace-keeping 
operations [which partly comes from military training], is critical to in sustain-
ing military prudence and conforming to military norms and standards [52]. 
Decompression could be viewed as a period to strengthen self-regulatory habits 
such that soldiers restrain or control any spillover of negativity or other emo-
tions like performance anxiety, extreme caution from highly charged combat 
environments into relatively docile family, interpersonal and social environ-
ments. Just like how soldiers are expected to observe restraint in their reactions, 
emotions, the pandemic has placed a demand on the civilian societies to control 
and manage their actions- like restrained movement, measures of hygiene, con-
trolling substance abuse, etc. When working professionals return to workplace, 
it could be required of them to continue to observe limited interactions with 
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their colleagues and also follow protocols such that they do not place themselves 
or others in the harm’s way.

6. Reflection: self-reflection is defined as an ability to willingly learn more about 
one’s fundamental purpose and to willingly exercise introspection [53]. As the 
world witnesses, almost a full range of change for example reorganization of 
lifestyle during and after the pandemic an ability to reflect on one’s thoughts, 
feelings and actions would be imperative [54]. During the decompression phase, 
reflection can help, steer clarity about the perceptions of the situation and how 
one approaches the change process. Reflection could be effective especially after 
a critical incident when certain milestones have been achieved or when one is 
trying to make sense of available information. A simple reflection of which hab-
its [like social distancing, no smoking] helped in minimizing the effects of the 
virus or for soldiers reflecting on how training worked effectively during opera-
tions could go a long way in directing actions and thoughts for the future.

7. Reintegrate: any crisis brings with it some degree of loss of equilibrium. Golan 
[55] refers to a crisis as a sequence of events leading the movement from lack of 
equilibrium or disequilibrium to the state of equilibrium. Right after a war is 
fought or in this case a psychological war which is far from over, the definition of 
reality which existed has been challenged. Thus, as we take some time out, it is 
important that we re-assess the meaning and purpose of new reality and how best 
we respond to the changes that are resulting from a fairly long period of disrup-
tion. Reintegration would likely require making conscious changes in self and 
environment, organizations and communities. For example, organizations are 
putting together robust rehabilitation plans for employees coming back to work, 
religious communities which provided assistance to their members through meet-
ings and congregations are moving to online modes of communication, etc.

8. Reboot: Albert Einstein exclaimed that in the midst of every crisis lies great 
 opportunity. This crisis though has been an unsolicited one, has brought to the 
fore that issues like climate change, global healthcare systems, medical and sci-
entific advances, need to dealt with foremost priority and shared responsibility 
among nations and global institutions which were caught off guard. Just as when 
soldiers return from theatre of war, can use their experience—how they survive 
with limited resources, how they follow a disciplined life, being vigilant; these 
life skills could be most beneficial to the non-military world which is dealing 
with the crisis. The pandemic with its mulling consequences of loss, grief and 
negative emotions has changed behaviours and thoughts which could be detri-
mental, for example, loss of a family member could make an individual overly 
cautious or being isolated could result in an individual showing asocial traits 
and other altered behaviors. These consequences may go unnoticed, however, 
could covertly damage the fabric of human interactions. It is a right time to slam 
hard on the reset/reboot button and aim at building conducive transition models 
holistically.

9. Reconstruction: Reconstruction in Myer and Zunin’s ‘Phase of Disaster’ theory 
[56] marks the stage of new beginning. This phase according to the theory is 
marked by individual and community effort to rebuild their lives while continu-
ing to grieve the losses. Reconstruction particularly is the phase of recovery or 
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conscious effort to move toward state of recovery. Most of the nations have now 
begun their journey of recovery, a pandemic-like crisis, which requires collective 
force mobilization efforts on the part of developed nations- in form of providing 
the necessary resources and developing nations and poorer economies to use this 
time to build stronger and sustainable systems for better future.

The authors hope and assert that the model will prove a new direction in our 
endeavour to move toward re-integration and reconstruction of what lay in front of 
us as a new reality now that it becomes evident that moving to relative normalcy as a 
necessity for sustenance of the civilization. The 9-R decompression model aims to be a 
start point for future research and development into strengthening our understanding 
of how to manage the effects of combat and war fatigue. The period of decompres-
sion may vary from person to person and like in counselling, eclectic or customized 
approach may be an apt pick to deal with individual’s socio-economic and psychologi-
cal build.

5. Conclusion

In conclusion, the authors of the article promote the benefits of having a period of 
transition, between the social isolation that people around the globe have been forced 
to and going back to work or new reality. However, as psychologists and responsible 
leaders, it is also important to create awareness of the nature and the process of 
decompression, for it to be effective. Some research results suggest that if this transi-
tion is considered prolonged, this could have a negative impact on health and well-
being of the individuals [57], thus caution and communication should be prioritized 
for decompression to be effective.

Decompression seems to be a viable solution given the necessity to tread being well 
and with relatively less damage to the foundation of the societies, organizations and 
communities. Thus, decompression programs need to be tailored to suit the require-
ments and could be coupled with other effective techniques and approaches—like 
post deployment longitudinal screening [58, 59], trauma-focused cognitive therapy 
[60] which have proven as if not more effective in managing psychological and physi-
cal wellbeing in the aftermath of a crisis.

Finally, the authors also acknowledge that thriving through calamities and disas-
ters perhaps is partly innate. As a civilization, even when we face catastrophe like 
COVID-19 of sorts we are engineered in a way to sustain and thrive and some of us are 
likely to show exceptional courage and grit to turn a tragedy into testimony of prog-
ress and success and show the lead to way into a new future.
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A Way Forward: Psychological 
Adaptation and Transformation  
of Life Post COVID-19
Kanwar Hamza Shuja, Arfa Mubeen, Sania Mazher  
and Shazia Tariq

Abstract

This chapter focuses on the exclusive and social experiences of people in  
post-COVID-19 life. As it can be observed from the current scenario how people have 
already accepted COVID-19 as a part of their daily routine. That is from wearing 
masks to using hand sanitizers and other precautionary activities. Based on these 
observable changes and adaptation of habits, the current chapter will delve into the 
psychological causes based on various theoretical concepts and the present literature 
on how humans use varied mechanisms to adapt to aversive situations and emerge 
by transforming themselves to be more resilient than before. Likewise, the chapter 
will also focus on individual and social strategies that can be employed to further 
strengthen the resilience of people post COVID-19.

Keywords: post COVID-19, social experiences, psychological adaptation, 
transformation, theoretical concepts, resilience

1. Introduction

Coronavirus-19 (COVID-19) began as a viral pneumonia in China in late 2019. By 
March 2020, it has attained pandemic proportions as it transmitted rapidly through-
out most of the world. The ease of transmission, lack of population immunity, as well 
as delayed responses in testing, lack of equipment, and the challenges in implement-
ing community-based measures to limit contact were all taking an unprecedented 
toll on our collective health care, political, economic, and social-welfare systems [1]. 
COVID-19 has hitherto led to the sickening and loss of life for thousands of people 
(Figure 1). As initial evidence already indicates [2], it contains the potential of 
leaving deep psychological scars on many. With its unpredictability and the need for 
distance and isolation, COVID-19 has caused a tear in the fabric of our most funda-
mental methods of coping and calls for novel ways of adapting to and thinking about 
crises. In this chapter, we will discuss numerous theories and mechanisms of psycho-
logical adaptation to life after COVID-19. Life after COVID-19 is peculiar from the life 
before COVID-19. The mental health of people all over the globe has been affected. 
But now people are coping and adapting to COVID-19.
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The COVID-19 epidemic led to a significant shift in how individuals embark on their 
routine lives and projects. To control the transmission of the virus, the triple shock of 
proclaiming a national health emergency, enforcing an economic shutdown, and com-
bining social isolation and temporal distance became the conventional reaction, all of 
which produced long-term effects on how people perceive and perform social behaviors. 
From working to learning, from amusement to purchasing, from socializing to family life 
and love connections, from the meaning of home and living environments to our ideas 
and expectations of citizenship, nearly every sphere of practice has been impacted [3].

Sustainability experts refer to the epidemic as a possible catalyst for change in 
the direction of a more ecologically sound, socially just, and ethical future [4]. The 
crisis presents a once-in-a-lifetime chance to design a long-term transition depend-
ing on individual lifestyle changes, as well as a multi-stakeholder strategy build-up 
of systemic-institutional changes toward a larger, low-carbon arrangement [5]. The 
COVID-19-related watershed of changes provides both horror and promise to groups 
working to promote sustainable development.

It was evident from the start of the epidemic that individualism was one of the 
numerous ways the crisis manifested in our society. People raced to purchase prod-
ucts that they deemed essential. Grocery stores and supermarkets immediately ran 
out of toilet paper rolls and hand sanitizers, owing to some people buying far more 
than they needed and therefore exhibiting blatant contempt for the needs of others. 
Individualism, on the other hand, indicates governments’ failure to care for citizens 
during challenging times [6].

The shutdown caused everyone’s house the center of their existence, making it 
the distinct location for a variety of functions that were not initially envisioned. 
Excluding the populations like the elderly, few people would have expected to experi-
ence a life that was so physically and socially secluded. Isolation became the current 
social norm overnight. These trends predict that previously out-of-home activities 
will presently be exclusively conducted at home and that social relations and social 
life will be limited to a smaller and more intimate circle of trusted (clean-reliable) 
contacts. Accelerated trends allude to pre-COVID-19 initiatives that were scaled up 
and amplified during the epidemic, achieving mainstream status [7]. These things 
collectively induced a high level of mental distress and anxiety among people as was 
observed in several studies [8].

Figure 1. 
Worldwide cases of coronavirus.
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The digitization and remote involvement of both functional and emotional aspects 
of life, for example, have forced an internet-mediation of activities, which has pushed 
online navigation from the periphery to the center. Work, recreation, study, com-
merce, and love were all taking place in internet-enabled contexts, with the qualities 
of remoteness and multi-functionality established. Simultaneously, gamification of 
material from the entertainment, social, and academic sectors grew in popularity, 
combining virtual socializing and remote learning with immersive technology.

In the same way, wearing a mask was found to remain a visual feature that estab-
lished temporal separation as a public health strategy in a recent study done in the 
Italian Venice metropolitan region [9]. Distances were measured by an operator oper-
ating a unique sensor-based “social distancing belt” between February 24 and April 29, 
2020. “Unmasked,” “masked,” “do it yourself (DIY) masked,” “goggles masked,” and 
“goggles DIY-masked” were all used interchangeably. People tended to stay closer to an 
uncovered individual, but wearing a mask tended to increase the substantial distance 
between them. This contradiction can be answered by considering humans’ inherent 
social nature, which promotes social over antisocial activity. Wearing a mask might 
transform unintentional social conduct into intentional antisocial behavior [10].

Mask-wearing and social distance restrictions may be eased in the near future, 
depending on danger levels. COVID-19 mitigation techniques might rapidly be 
adopted to combat outbreaks and subsequently withdrawn after the threat has 
passed—this would involve excellent communication. Without regulations, vulner-
able or risk-averse individuals may continue engaging in pandemic behaviors such 
as wearing masks, particularly in congested areas like movie theatres and concert 
venues. The most draconian COVID-19 methods, like school closures, lockdowns, and 
travel restrictions, may no longer be acceptable to the public [11].

The instability of the contemporary globalized capitalist system, with its reliance 
on transnational financialized trades, just-in-time manufacturing, and lengthy, 
carbon-intensive international supply chains, has been revealed by COVID-19. It has 
also demonstrated how small economies are often more robust to massive shocks and 
can provide for themselves effectively and efficiently during a crisis. Economies based 
on mutualism and solidarity, which are embedded, inclusive, frequently informal, 
and turbulent, have thrived. For example, there has been a notable increase in soli-
darity and grassroots engagement in the domain of food provisioning, ranging from 
widespread food donations to the poor in India and Pakistan to the supply of mobile 
meals to disadvantaged groups in the United States and Canada [12].

Communities have bonded together to fill up holes in the system and assist people 
in need, with civil-society organizations collaborating with concerned governmental 
actors on occasion. In India’s largely decentralized system, the state of Kerala, for 
example, has taken the lead in responding to COVID-19 by providing food distribu-
tion through free community meals organized by women’s networks [13]. Such 
examples are suggestive of the communal bonds that arose and facilitated resilience 
in the aftermath of previous tragedies [14]. The question is whether such solidarity 
is limited to the specific environment of an emergency, or whether it hints at future 
potential economies.

COVID-19 risk reduction led to significant social isolation and loneliness, as 
shown by increased anxiety, sadness, drug misuse, and suicide ideation. Sheer 
pleasures, such as hugging family or friends, dining out, or seeing a grin that is 
not disguised behind a protective mask, appeal to the public. Humans are sociable 
creatures by nature. The United States began extensive socializing not long after the 
1918 epidemic, with the Roaring Twenties bringing people together in crowded dance 
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halls, movie palaces, and speakeasies. If there is social utility, some epidemic behav-
iors may survive, at least in part. A hybrid working (both remote and in-person) 
may outlive the epidemic, providing many people with a better work-life balance 
and more housing options. For the time being, air travel may also remain stationary. 
International traffic was 72 percent lower in December 2021 than in December 2019, 
and it may not rebound until 2024 [11].

2.  Psychological adaptation after COVID-19 through the lens of 
evolutionary psychology

According to evolutionary psychology, evolutionary changes shape not only the 
physique but also the mind, where psychological systems are triggered, which are 
thought to be psychological modifications meant to handle issues that previously 
aided to survival and growth. Natural selection represents a crucial principle that 
Darwin offered that underlies much of current psychology study. It directs psycholo-
gists to groupings of evolutionary issues associated with survival and development.

Evolutionary theory, according to Wiles [15], explains “the diversity of species that 
has arisen through descent and adaptation from a distinguished ancestor.” It refers to 
variations in life forms of living creatures over time as a result of inherent differences and 
organic selection processes that contribute to more egregious preservation and fertility 
rates of those better adapted to their surroundings, striving to increase the frequency of 
unique characteristics in the inhabitants. Whereas it is commonly believed that variance 
occurs at random intervals, natural selection guides the process and leads to the forma-
tion of multiple stressors that influence people differently, like access to food, global 
warming, and other types of competitions between organisms in the similar area [16].

Exclusion of population groups due to location or biological constraints might 
cause them to follow divergent evolutionary pathways, resulting in differentiation. 
Furthermore, the evolutionary theory contends that the existing variety of living spe-
cies arose from a limited number of ancient predecessors [17]. The concept of evolu-
tion, as distinct from abiogenesis, thereby describes the cycle of exchange associated 
with every species, like the era of modern humans and our evolution from universal 
ancestors with other primates [18].

During the coronavirus epidemic in 2020, there will be significant variations 
in how people experience their lives. Teaching and learning processes in academic 
environments have evolved from conventional tactics such as face-to-face exchanges 
to digital training, in which students utilize technology and computer devices to com-
municate with online content. Many businesses have failed as a result of lockdowns. 
Those who can adjust to such alterations more rapidly and easily, on the other hand, 
will attend more competition. Furthermore, social relationships have shifted in so 
many aspects that the phrase “new normal” has become commonly used to character-
ize new appropriate behaviors that individuals have developed in response to the 
epidemic. In this chapter, we discuss psychological features thought to indicate traits 
of persons who can successfully adjust to challenges.

3. Resilience: the psychological trait of being able to bounce back

For an exceptionally extended period, the word “resilience” has been hotly 
disputed in psychology since it has diverse, complicated meanings depending on a 
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person, a community, and a country, if they designate it as a feature, a practice, or a 
result. There are several ways to describe resiliency. The term “resilience” is derived 
from the Latin word “Resilens,” which indicates “the elastic property of a material” 
[19]. The capacity to “come back from hardship, disappointment, and misfortune” 
[20] is equally described as a talent that will later “advance in self-responsibility” [21]. 
Another description of resilience represents the capacity to respond to stress-related 
situations calmly [22], like the capacity to restore instantly from traumatic circum-
stances [22, 23]. Furthermore, resilience is determined by whether people permit 
themselves to be overpowered by pressure and hardship or if they endure and adapt to 
obstacles [24]. Nevertheless, resilience can alter as a result of a person’s development 
and interaction with the world [25]. Individuals may be more resistant at points in 
their life and less resilient at others [23].

In terms of cultural ramifications, the notion of resiliency varies according to 
a person’s surroundings and mastery expertise. Face-to-face conversations with 
Afghans on their own meaning of the word “resilience” were utilized by researchers 
who conducted research in Afghanistan [26]. The research demonstrated resilience, 
which indicates “faith.” They found that the Afghan people prioritized the future 
above the past since it dictated their current problems and well-being because what 
happened in the past could not be reversed. Similarly, as per the study of Michel 
Ungar, which was undertaken in various nationalities, resilience can vary substan-
tially depending on cultural and contextual factors [27]. As a consequence, instead of 
concentrating on individual resilience, we should improve people’s levels of resilience 
to boost resilience capacity in each person. This will lead to more possibilities for them 
to maintain a livelier life [28]. This refers to the concept of systemic resiliency, or the 
provision of excellent education and resources so that individuals may recognize their 
capability [29].

Resilience training may help with both therapeutic and preventative strategies 
for approaching problems. To begin, “the challenge model” proposes that if people 
encounter the danger of a non-tragic exposure occurrence, they will enhance their 
knowledge and manage it in the future [30]. For example, when teens are confronted 
with a modest degree of risk variables, they can benefit from it and practice what they 
have acquired when confronted with the same desperate circumstance in the future. 
Children are prepared for emergency response procedures and how to respond to a 
house fire during fire drills. Furthermore, “the compensating model” defines resil-
ience as a strategy for avoiding traumatic experiences [31]. This is reinforced by stud-
ies on teenage alcohol withdrawal, which will reduce the risk of suicide in teens [32]. 
Inexorably, “the protective factor model” proposes that if dangers are minimized, 
the likelihood of a bad result decreases [30]. According to Andersson and Ledogar’s 
[32] research, when young individuals are not introduced to substances, they are less 
prone to consume alcoholic beverages; consequently, reducing the risk for suicide.

Nevertheless, resilience exhibits some unique traits that set it apart from positiv-
ity, faith, and other attributes [33]. For example, being “proactive and reactive” in the 
face of overwhelming odds is a resiliency attribute. It is also defined as “the ability to 
come back” from traumas and life-altering situations [22, 34]. As a result, resilience 
may be defined as positive attitudes on risk variables that may be identified as risks 
that increase the likelihood of a poor consequence or decrease the likelihood of an 
optimistic one [35]. Put differently, resilience entails doing something and respond-
ing to adversity. Optimism and hope, on the other hand, represent solely optimistic 
states of thought. Briefly expressed, hope and optimism are best applied to events 
that may occur with a plan and can be described using identifiable variables, whereas 
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resilience includes the need to be flexible, adjustable, and improvable in specific 
conditions [36].

Keeping everything discussed above in mind, resilience may be acquired by 
putting things in context and recognizing unreasonable thinking. It is eminent to 
recognize a transformation is unavoidable to develop adaptability. Being both positive 
and adaptable will aid a person in coping with adverse conditions. Lastly, learn from 
history and improve the future [33]. There are several daily steps that everyone may 
undertake to improve their resistance. For instance, individuals can go for a stroll to 
nourish their bodies moving and generate endorphins into their bodies. People can 
equally strike up conversations with someone they are familiar with and can have a 
general discussion. Gathering a deep breath every time they are anxious may also be 
beneficial. People who acquire this personality feature are more likely to reinforce 
their “self-responsibility,” allowing them to study more effectively and develop in a 
vigorous manner since they have conquered challenges [37]. To explain the psycho-
logical effect of resilience, we can look at a recent ecological model that was suggested 
by researchers based on resilience including various resources that were found to be 
directly associated with resilience and non-resilience [38].

4. Agility: the psychological trait of adapting to changes

Many individuals have explored the word “agility” or “learning agility” and 
attempted to define it. The capacity to retain from experience shows people’s capacity 
to control the changing requirements of their employment, according to the defini-
tion of “agility” [39]. It was equally described as “a person’s capacity to study consists 
of a broad and varied number of characteristics and proficiencies, including but are 
not restricted to persons’ intellectual ability [40, 41], eagerness to study and active 
pursuit of educational possibilities [42, 43], and personal characteristics such as 
openness to experience [44].”

The potential to do so rapidly and in a variety of circumstances was also termed 
agility [45, 46]. In their search for a more precise definition of the term, DeRue et al. 
[47] revealed that learning agility has been predominantly associated with the capac-
ity to learn. They then defined academic agility as “the aptitude to rapidly absorb a 
situation and move between ideas flexibly in service of knowledge inside and between 
interactions.” They also established a scheme of learning agility based on the findings 
of Eichinger and Lombardo [48], which imply there are two essential elements of 
learning agility: speed and flexibility.

According to the work of Eichinger and Lombardo [48], agility is essential for the 
implementation of this psychological structure, as “the building of learning agility 
originated from the need to produce considerable numbers of competent workers 
capable of performing successfully in a changing situation.” The research by Neubert 
et al. [49] additionally notes that “the association between learning agility and the 
trend for no routine and dynamic workplace features is evident.” For instance, it is 
crucial to select a worker with high agility so that he or she can adapt to or respond 
to a variety of unforeseen situations. On a broader scale, Baran and Bible’s [50] study 
propose, “At the group level, agility extends on what we know about high-performance 
groups by adding behaviours and mindsets that facilitate insight making and swift 
decision making.” Additionally, as a business attribute, agility may benefit the com-
pany in a variety of ways. Gligor et al. [51] provide six elements of the qualities of agil-
ity that contribute to the growth of a business, including the ability to quickly change 
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course, speed/accelerate processes, monitor the environment, encourage the client, 
modify strategies and processes (versatility), and integrate processes across firms.

5. Identification and training of possible vulnerable population

Psychologists have various tools that they have used to identify vulnerable 
populations and individuals who were affected by COVID-19 pandemic. The most 
common factors that were identified and linked with the pandemic were anxiety, 
stress, depression, and suicidal ideations [52]. Training should be given to hospital 
staff, and more psychological trainees must be hired to increase the reach of iden-
tifying possible cases. Additionally, online resources can be of great help as there 
are several studies that used online survey methods for the collection of data from 
individuals for connecting and associating possible linkages between COVID-19 
and psychological issues [53]. With the help of such tactics, training of other 
 medical staff can be of great use.

Moreover, resilience itself is a natural phenomenon that each human uses to a 
varied extent on daily basis. If psychologists can use mediums like social platforms 
to outreach to people and communities they can easily deliver their message across, 
teaching people how to use the resources they have to overcome their distress and 
fears and use their own capabilities and strengths in these times of need to emerge 
into a better-transformed version of themselves.

5.1 Post—COVID-19 as new era

The post—COVID-19 epidemic period became known as the “new normal.” It is 
a time of hardships and insecurity. Flexibility, inquiry, risk minimization, education 
by investigating, education by doing, and attention are all highly valued in today’s 
world [54]. All conceptions would be undergoing metamorphosis in this new normal. 
As the globe continues to confront socioeconomic challenges that highlight the need 
for reform, these notions will become more innovative. The kind and direction of 
change in the new normal would be determined by the type and quantity of programs 
evaluated during the society’s crisis or stability state. More inventive strategies are 
anticipated to manage the constantly volatile market in this period. Many unique sorts 
of obstacles are foreseen in every industry throughout the new normal. This should 
increase the likelihood of creativity as a consequence of possibilities that come with 
the obstacles, as well as resilience, which represent a necessary attitude for existence 
during times of upheaval. This is essential as studies conducted during and post—
COVID-19 pandemic suggested distress of varying degrees, while stating the distress 
flow to be continuous at the highest [55].

5.2 Importance of inspiration and resilience during times of transformation

The new normal necessitates effective alternatives that in turn can utilize and spread 
to several domains of life. At this pivotal juncture, it is vital to incorporate epidemic 
measures into routine lives. Concludingly, it is a period for creativity and endurance, 
which increases confidence in people and allows them to implement change [56].

The extreme turmoil caused by the COVID-19 epidemic generated unique possibilities 
that can currently be observed in medical and social progress and undiscovered financial 
concepts. With the rise of both dire moments and hazards, there are also concealed 
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possibilities. For instance, as the duration of the lockdown increased, individuals began 
to experience worry or stress as a consequence of their concerns about their ultimate 
possibilities, as a consequence of the volatility and unpredictability that impacted their 
employment, educational ambitions, and overall life path. As a result, health officials and 
other state authorities must implement more involvement and participation programs to 
guarantee each individual has a supervisor to assist him or her in coping with the devas-
tating repercussions of the post—COVID-19 overflow. The advisor’s duty is to investigate 
the origins and attitude of motivation of the community engaged to promote their 
resilience [57].

5.3 A new journey of life and livelihood

More than ever before, this new normal is dictating how we live and earn a living. 
For example, we must wholly, at present, live with and fix the underlying factors 
that caused the disaster. Isolation difficulties, as well as taking and dealing with all 
safeguards, are becoming the standard. The COVID-19 epidemic is even shifting our 
criteria of life happiness away from cash and goods and toward capability, which 
contributes to the transformation. This requires a shift in attitude that recognizes 
the significance of having “life business strategies” that maintain enjoyment without 
being constrained by “what happens to you,” but by “what occurs from you” [57].

While adjusting to the “New Normal,” supplemental programs are required to 
alleviate the sensation and worry of the “BIG changes” arriving so quickly, which 
would have an instantaneous psychological effect like job insecurity, according to 
Buheji and Sisk [56]. Working from home is getting increasingly difficult, with many 
people and even organizations struggling to survive, competing for such scarce posi-
tions. As a result, every one of us must identify our novel regular function as a game 
while attempting to manage the unpredictable 3 Fs surrounding us: family, finance, 
and freedom.

People would be facing more constrained freedom of many activities that they did 
not anticipate to occur in their life during the transition to the new normal, particu-
larly when the majority of this liberty is tied to the reason of preserving lives. As a 
result, it is time to reconsider our options for reorganizing. This resetting changes our 
mentality and forces us to reconsider what we desire from our lives and the courses we 
will follow. This is a watershed moment in our lives, therefore let us seize it.

5.4 Career resilience

After COVID-19, nearly every day, we overhear accounts of how this condition has 
tested people’s resiliency or inspired them to persevere. Whether it is people handling 
telecommuting, health workers risking their personal safety by continuing to perform 
their responsibilities in close interaction with each other, or others suffering unem-
ployment, resilience, and employment are intrinsically linked to the coronavirus 
discourse.

Modern scholars disagree on whether career resiliency (CR) is a trait, a skill, 
or a behavior. CR has been described in numerous ways [58, 59]. Yet the majority 
concur it is about adapting and enduring in the face of shocks or hardship, and they 
recognize its value while considering professions in today’s fast-changing economy. 
Rochat et al. [60] outlined a procedure for determining the “fundamental elements of 
professional adaptability,” which contains (1) Evaluating scenarios that may present 
threats to employment — in this case, COVID-19; and (2) Identifying related “risk 
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and protective variables” to establish effective, adaptable results. They assert that 
CR functions as a mediator between unpleasant professional situations and potential 
rewards.

Most research on CR agrees that both personal and situational factors influence a 
person’s career adaptability [59, 61, 62]. Personal characteristics, abilities, attitudes, 
and actions have been shown to cause favorable or negative effects on a person’s 
resilience. Considerable implications for CR also include environmental elements 
such as welcoming workplaces, occupational characteristics, and supportive families 
[59]. These personal and situational traits are the “risk and protective components” 
described by Rochat et al. [60], particularly essential for occupational resilience. 
Therefore, a lack of resources renders people in danger and can adversely affect their 
resistance capacity, but personal resources can produce favorable outcomes.

Despite the indisputable significance of CR, one of the critical provisions of the 
endeavor to develop worker resiliency is the emphasis on transforming individuals 
instead of the environment, which frequently serves as the source of the problem 
[60, 63]. However, a lack of resilience is commonly perceived as a “personality 
defect” [64] and firms would prefer to recruit for resiliency and provide resistance 
training than adjust the organizational conditions that may be causing the problem. 
As organizations plan for a post-pandemic era, we have reached a critical point. How 
can institutions that invest in sustaining a competent workforce establish resilient 
cultures, and how might HRD assist?

5.5 Sustainability and careers after COVID-19

The requirements for successful professions include four factors: longevity, social 
space, action, and relevance. In practice, this means that sustainable jobs encompass 
the entirety of a person’s life, including both paid and unpaid work. They acknowl-
edge the confluence of several life contexts, such as social, professional, and familial, 
and accommodate the needs of each. Ultimately, they are assisted by professionally 
created options that prioritize both significance and utility [65]. Increased acknowl-
edgment of collective responsibility among employees and their employers is a 
fundamental notion. Although these characteristics were not created for the COVID-
19 era, they are well-suited for the future of professions.

Unexpected benefits of hiding in place have included the ability to reflect on one’s 
professional past, present, and future, which has sometimes led to a re-evaluation of 
life and accomplished goals. It has fostered a revitalized awareness of social con-
nectedness, highlighting the more congenial environment in which we live and work, 
and has enhanced the ties between work, social, and family life on an unprecedented 
scale. As individuals and organizations exit the first phase of COVID-19 adaptation, 
the experience will have transformed how we think about and conduct future work.

To develop a successful career post coronavirus, it will be essential to learn from 
this occurrence and utilize the knowledge gained. Being in a learning mode is a meta-
competency in the quest of occupational longevity, according to Heslin et al. [66]. 
The McKinsey Institute [67] echoed this conclusion, but from a systems perspective, 
reckoning that “innovation, expertise, and adaptability” will likely be necessary to 
successfully emerge from this disaster.

Chudzikowski et al. [68] provided a further dimension to the sustainable link 
to the post-COVID study, adding extra layers of difficulty on how an environment 
affects professional choice. People make career decisions on the basis of how they 
value individual desires in combination with the needs of their communities, and 
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these goals may change with professional phases, leading to numerous decisions at 
diverse career stages. Companies committed to retaining talent and developing a 
durable environment can assist in this endeavor by providing guidance and studying 
ways to maintain people participating and progressing over time [68]. As we progress, 
we have the opportunity to establish and strengthen workplaces that adhere to the 
triple bottom line of profits, planet, and people. This is an opportunity to begin again.

5.6 The conservation of resources (COR) theory

These many profession elements use Hobfoll’s Conservation of Resources (COR) 
theory as a theoretical model to illustrate how professions are maintained, the 
potential implications of profession interruptions, and how assets can influence 
professional resiliency [61, 69, 70]. The COR idea was developed to help comprehend 
what occurs when individuals are exposed to distress [71]. Humans, according to 
Hobfoll [72], seek to develop and conserve resources and will endeavor to minimize 
the erosion of these resources when pressured. COR theory emphasizes the impor-
tance of the environment in the stress reaction and how it might diminish or enhance 
people’s resources. COR theory highlights the significance of the environment in the 
stress response and how it can deplete or boost people’s resources [73]. Therefore, this 
concept of gathering and keeping resources can characterize and aid in the manage-
ment of professional disruptions, the development of resilience, and the maintenance 
of careers.

However, what happens to persons with meager resources? According to Hobfoll 
[72], resources are undistributed evenly, and those without resources are most 
exposed to increased losses. In addition, Hobfoll [73] hypothesized situations 
can threaten a person’s resource capacity, with these occurrences offering greater 
problems for “less resource-endowed persons of financially affluent nations and for 
developing and financially distressed nations.” This occurrence, COVID-19, has exac-
erbated the widening gaps between those with and without in recent years. COVID-
19 has worsened disparities between populations within nations (like low-income 
and marginalized groups) and between nations [74]. Many individuals will lack the 
resources essential to remain resilient in the face of this career setback.

Consequently, what can be done to ensure that people have the essential skills 
and resilience components to enhance their resilience throughout this crisis? Clearly, 
this requires more than a singular, temporary solution. On the contrary, it involves 
constant efforts by organizations, authorities, and societies to examine a variety of 
techniques to aid individuals in amassing and maintaining riches. The importance of 
a holistic strategy that acknowledges the interconnection of business, government, 
and society. The coronavirus has deepened these links, extending across borders and 
requiring coordinated efforts or failure. As we advance in our rehabilitation, we must 
be determined not to abandon vast segments of the population.

6. Conclusions

Conclusively, humans have a great capacity for adaptability in adverse situations. 
History is filled with such evidence of how humans have survived and triumphed over 
such difficult situations. Currently, humans have already developed habits such as 
using face masks and sanitizers as part of their daily routines. Likewise, using proper 
psychological, individual, and social models immensely increase the adaptation and 
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transformation of humans into stronger and more persistent organism. The chapter 
has greatly discussed and elaborated several theories of resilience and their adaptabil-
ity to the daily lives of people. Likewise, the chapter has also covered various tech-
niques that can be implemented by government and local bodies for the betterment of 
humans post COVID-19 pandemic.
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Abstract

This chapter focuses on the importance of workers’ personal resources during 
difficult times, such as the pandemic period. In particular, the role of self-compassion 
in the work context is examined as an important resource for maintaining psycho-
physical well-being. Further attention will be given to the impact of self-compassion 
on neuroscience research and possible organizational interventions to develop and/or 
support self-compassion in workers.

Keywords: self-compassion, COVID-19, occupational health, interventions, 
neuroscience

1. Introduction

The recent pandemic has led to an unprecedented situation in terms of public 
health management, serious impact on the global economy, and also drastic changes 
in people’s lifestyles. The effects on the psycho-physical health of the population 
have been widely documented internationally. The quality of the sleep-wake cycle 
has deteriorated [1], depression and anxiety have increased [2], as have symptoms 
of post-traumatic stress disorder (PTSD) [3]. As a result of the global pandemic, 
the world of work has changed and tried to adapt to the new scenario. Remote work 
became a useful tool to keep companies running, but also had an impact on work-
ers’ personal lives. The required constant availability, the difficult detachment from 
work and also the experience of social isolation [4, 5], indeed affected their mental 
health [6].

In a challenging context like that of the recent COVID-19 pandemic, it is essential 
to count on resources that can counterbalance negative consequences. These resources 
can be social, organizational, or—as we’ll see in more detail in this chapter—of per-
sonal nature. First, we will deepen the theoretical frameworks that deal with personal 
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resources and we’ll show the evidence of the research with respect to the importance 
of maintaining and developing personal resources in workers. Second, we will look at 
a particular resource that has recently become the subject of occupational research, 
namely, self-compassion. Finally, we will address how self-compassion can be fostered 
in the work context and explore what types of interventions are most effective.

2. Personal resources in the work context

The reality of work has changed fundamentally in recent decades with new forms 
of contracts, demands for greater flexibility, and the introduction of information 
technology. Therefore, in order to understand these new work environments, it is 
essential to use lenses that allow an adequate reading of the relevant work-related 
factors. This is precisely the direction of the job demands-resources (JD-R) theory, 
proposed by Bakker and Demerouti [7] which has been widely validated by scientific 
evidence in the occupational field. This theoretical framework holds that each job 
has specific demands and resources that characterize it. Job demands deal with those 
aspects of work that require physical and/or psychological effort; whereas work 
resources are linked to those aspects of work that are functional for the achievement 
of professional goals, stimulate personal development and growth, and balance the 
negative effects of job demands [7]. Resources, in particular, can also be of a personal 
nature, other than work. The issue of resources and their importance in maintain-
ing individual well-being is tackled by Hobfoll, who developed the conservation of 
resources (COR) theory [8, 9]. The COR theory states that individuals are inclined 
to protect their own resources (personal, social, and material) and acquire new ones 
[10]. According to the author, there are four basic principles that define this theory. 
The first principle holds that the loss of resources has a far greater and more rapid 
impact on the individual than their acquisition. This seems to have an evolutionary 
basis: even small losses can threaten survival from an evolutionary perspective. The 
second principle states that people must invest their resources to prevent the loss 
of resources, to recover from the loss of resources, and to increase resources. The 
third principle argues that in situations where the loss of resources is high, the gain 
of resources is more significant. The last principle states that when people consume 
their resources, they become defensive, aggressive, and irrational in order to preserve 
their self [11]. From this theoretical framework, it follows that people with more 
resources are less vulnerable to the loss of resources and are more able to obtain them 
in any case; since the loss of resources has a greater impact than the gain of resources 
and stress increases when resource loss occurs, individuals and organizations are 
in a loss spiral; finally, since the process of gaining resources has less impact and is 
slower, the spiral of gaining resources can develop slowly [11]. This framework states 
that resources can mitigate the relationship between demands (threats) and negative 
outcomes, which is consistent with the assumptions of the JD-R theory [12].

In accordance with the COR theory, personal resources are helpful because they 
can protect individuals from stressful events [9]. The role of personal resources 
in maintaining workers’ well-being has been studied in various contexts, such as 
academia [13], education [14, 15], social work [16], health care [17–19], and mental 
health [20, 21]. Among the personal resources that have been most studied in the 
occupational context is optimism, i.e., a positive attitude toward life [22]. Optimists 
feel confident about meeting life’s challenges and are more likely to maintain a bal-
anced perspective during difficult times [23]. Research has shown that optimism is 
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positively associated with work happiness [24], engagement [25], performance  
[26, 27], and job satisfaction [24, 28, 29], and negatively associated with occupa-
tional stress [30] and burnout [17, 18, 31]. The role of optimism in protecting against 
exhaustion has also been noted in recent studies related to work in the pandemic 
context [32, 33]. Another personal resource that has recently become of interest in 
the occupational context is humor, i.e., a lighthearted attitude toward ideas or life 
events [34]. Humor can be a useful coping strategy to relieve stress [35], and it can 
also facilitate communication when it would be too risky to be direct [36]. Relying 
on humor in situations of intense traumatic and emotional impact has been shown 
to be a functional coping strategy to maintain individuals’ well-being among funeral 
professionals [37], emergency personnel [38], and body handlers [39]. In a meta-
analysis on humor in the workplace, this personal resource was found to be positively 
associated with group cohesion, satisfaction, and job performance, while negatively 
associated with stress, burnout, and work withdrawal [40]. Humor was also found 
to be an important factor in balancing perceived stress and exhaustion during the 
COVID-19 pandemic [32, 41, 42].

There are many personal resources that are studied in the work context (e.g., social 
support, resilience, self-efficacy, and to name a few), but one particular resource has 
attracted research interest in recent years, namely, self-compassion, an attitude of 
kindness toward oneself when experiencing difficult moments.

3. Self-compassion: a recent interest for an ancient practice

The practice of self-compassion, which originated in Eastern culture, began 
to attract the interest of the West about twenty years ago. This practice is deeply 
rooted in the Buddhist tradition and has undergone some changes over the centuries. 
Originally—according to textual sources from the 5th to 3rd century BC—, this 
meditation process aimed at awakening compassion as a “radiation in all directions” 
[43]. The focus was thus on subjective experience, not toward a specific object. It was 
only in later times that the meditation practice became focused on individuals. In the 
Sarvāstivāda and Theravāda exegesis, as explained by Anālayo and Dhammadinnā 
[43], the suggested meditation pattern was to direct compassion first to a friend, then, 
progressively, to a neutral person, to a hostile or “difficult” person, and finally to all 
beings. In the Theravāda text, a reference to “oneself” also appears in the  description 
of mettā [43], namely, a meditation aimed at cultivating loving-kindness [44]. The 
authors believe that the practice of mettā first directed toward oneself is due to a mis-
translation of a Pāli word [43]: since meditation is considered a radiation, the prac-
titioner should have achieved a certain level of self-acceptance to overcome aversion 
and ill will, therefore there is no need to direct mettā toward oneself. The distinction 
between compassion for oneself and for other people arises “accidentally,” so to speak. 
Buddhist modernism, influenced by the Theravāda model, is much evident the impor-
tance to cultivate compassion toward oneself. Therefore, compassion to ourselves is 
considered the first step to a wider feeling of compassion to others [45, 46].

In Western society, compassion is often equated with the concept of empathy. When a 
person empathizes with another person, it means that he or she is experiencing the other 
person’s emotional state, or in other words, that he or she is feeling into the other person’s 
experience [47, 48]. Instead, an individual experiences the feeling of compassion when 
he or she sees the suffering of another person and desires to help in order to soothe that 
suffering [49]. In other words, there is a feeling with in the nature of compassion [48].
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When we speak of self-compassion, as we have seen, we are referring to the 
practice of compassion directed toward ourselves. In recent years, Kristin Neff 
[50, 51] has begun to study self-compassion in order to explore what this concept 
entails and what kind of relationship exists between it and psychological func-
tioning. According to the researcher, the construct of self-compassion is defined 
by three dimensions: self-kindness, common humanity, and mindfulness [50]. 
Self-kindness means showing gentleness and understanding toward ourselves 
instead of harshness and disapproval. Feeling connected to the world when we 
have experiences—especially unpleasant ones—is part of common humanity, 
namely, seeing our feelings as part of the human experience and not isolated. The 
third characteristic that qualifies self-compassion is being present to our feelings 
and thoughts—even the unwelcome ones—without identifying with them [50]. 
These three aspects, although different, can influence and reinforce each other. 
The detachment that mindfulness requires can promote self-kindness and reduce 
self-criticism in favor of self-understanding. In addition, because mindfulness leads 
to a more balanced perspective, it can help individuals feel more connected to the 
world rather than isolated from it. Self-kindness and common humanity can also 
promote mindfulness. When we are gentler with ourselves, we are more likely to 
accept ourselves and therefore less likely to be touched by negative emotions: these 
conditions can make it easier for us to consciously notice what we are experiencing 
without avoiding our feelings. Similarly, recognizing that pain and suffering are 
everyday human experiences helps to rebalance our perspective and to be mindful 
of our thoughts and feelings without identifying with them [50].

In defining the construct of self-compassion, it is also important to highlight 
from which concepts it differs. For example, research has shown a remarkable cor-
relation between self-compassion and self-esteem [52, 53]. This correlation is likely 
due to the fact that both are positive self-attitudes [54]. The study by Leary et al. [52] 
showed that self-compassion—not self-esteem—was associated with a more positive 
evaluation of others and lower negative affect when receiving unpleasant feedback. 
Moreover, important differences emerged between the two constructs when com-
pared to the attribution of negative events. People with high self-esteem tended to 
relate negative outcomes less to themselves, whereas people with high self-compas-
sion tended to do the opposite. This result shows that people with high self-esteem 
may also have a selfish attitude to make themselves feel better, while people with high 
self-compassion are able to be gentle with themselves and also take personal responsi-
bility [52].

Gilbert and Irons [55], instead, on the other hand, attribute the difference between 
self-compassion and self-esteem to the different physiological systems with which 
they are associated. According to the authors, self-compassion deactivates “the threat 
system,”—related to feeling insecure and defensive—and activates “the self-soothing 
system”—related to feeling safe. In brief, both self-compassion and self-esteem are 
associated with well-being, but while the first is useful to feel safe and secure, the 
latter makes individuals feel superior and self-confident. Thus, given the downsides 
of high of self-esteem, it would be useful to consider self-compassion as “a healthy 
attitude toward oneself,” as Neff [50] suggests, in part because it is an easier resource 
to acquire.

Another concept from which self-compassion should be distinguished is self-
pity. When people feel self-pity, they are absorbed in their troubles, feeling isolated 
from the rest of the world: they are the only ones who suffer. Self-pity is associated 
with egocentrism because people feel separate from others and overemphasize their 
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painful feelings. Self-compassionate people, on the other hand, see their experiences 
in relation to others and do not over-identify with them, so they have the mental space 
to give kindness to themselves [50, 53].

Having defined what self-compassion is, we can address its relationship to the 
well-being of the individual. Indeed, several studies have shown the importance of 
this personal resource at different stages of the lifespan. Parents with self-compassion 
are better able to cope with shame and guilt, which are common in difficult parent-
ing situations [56], and also with stress [57], improving their personal well-being. 
Adolescents who practice self-compassion show less perceived stress, fewer rumina-
tive thoughts, and fewer depression symptoms, but higher positive affect and overall 
life satisfaction [58, 59]. In young adults—particularly students—self-compassion 
has been found to be associated with physical and psychological well-being [60, 61], 
psychological flexibility [62], and lower negative affect [63]. Research has also shown 
that self-compassion is associated with subjective well-being in older adults [64], even 
in elders with poor physical health [65].

As research widely demonstrates that self-compassion is a key concept in maintain-
ing individual well-being [66], scientific interest has also increased in the occupational 
field to determine whether this personal resource can help workers cope with daily job 
demands. The role of self-compassion has been studied in various professions, such as 
health care [67, 68], education [69], social work [70, 71], mental health [72, 73], and 
construction [74]. In general, studies have shown that self-compassion is associated 
with lower levels of exhaustion—the core component of burnout—[68, 75–79] and 
higher job satisfaction [68, 78, 80]. Moreover, proactive coping is a promising research 
topic in the field of self-compassion. For example, it has been suggested that people 
with greater self-compassion approach life more proactively, which has implications 
for how people prepare for and cope with negative events [81].

Research on leadership has also found that self-compassionate leaders are per-
ceived as more competent and politer [82].

The importance of self-compassion as a functional strategy has also been noted 
in challenging events, such as the recent COVID-19 pandemic. Cultivating self-
compassion has been shown to be an important resource for protecting workers’ 
mental health [32, 83, 84], mitigating feelings of loneliness in the workplace [85], and 
promoting occupational quality of life [86].

4. Neurobiological basis of self-compassion: preliminary findings

There is a lack of understanding of the structural and functional neural basis of 
self-compassion, despite its importance as a protective factor. Neural underpinnings 
of dispositional self-compassion have never been studied, but similar constructs have 
been studied in voxel-based morphometry studies [53]. Indeed, not only positive 
attitudes like self-compassion and self-esteem are highly correlated [50], but self-
compassion is closely related to compassion as a more general concept [53].

This suggests that voxel-based morphometry studies of self-esteem and compas-
sion could shed light on self-compassion’s neural correlates. The anterior cingulate 
cortex (ACC), right dorsolateral prefrontal cortex (DLPFC), insula, and right 
temporo-parietal junction (TPJ) show greater gray matter volume when self-esteem 
and compassion are elevated [87–89]. Emotion regulation or empathic processes 
were thought to be associated with these regions [87, 88]. Moreover, according to 
Guan et al. [90], self-compassion is negatively correlated with gray matter volume 
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in the left DLPFC, largely because self-judgment is reduced. The DLPFC has been 
previously associated with executive control [91, 92] and emotion regulation [93].

The identification of neural regions supporting dispositional self-compassion may 
also inform hypotheses about regions whose morphology can be associated with this 
trait via functional magnetic resonance imaging (fMRI). Several fMRI studies have 
found that dispositional self-compassion or self-kindness is associated with activa-
tion in the DLPFC, dorsal ACC, and posterior cingulate cortex (PCC)/precuneus, 
regions [94–96] believed to be involved in emotion regulation and self-referential 
processing [92, 97]. Studies suggest that self-compassion may depend on resources 
associated with the theory of mind and empathy (such as the insula and TPJ) as well 
as those responsible for emotion regulation and self-referential processing (such as 
the DLPFC, ACC, PCC, and Precuneus).

Researchers have therefore found dispositional self-compassion is associated with 
brain structure in areas that regulate emotion, process self-referential information, 
and process emotions, indicating possible cognitive and neural mechanisms that 
underlie self-compassion and shedding new light on how self-compassion works and 
how it contributes to health.

5. Interventions in the work context

Although research on self-compassion in the organizational field is quite recent, 
there are several studies in the literature that have allowed the construct to be outlined 
in this area as well.

According to a recent work by Dodson and Heng [98], the antecedents of 
self-compassion in the workplace are due to both individual and contextual char-
acteristics. Regarding individual factors, some personality traits such as emotional 
intelligence [99] and attachment style [100] have been identified; some demographic 
characteristics also seem to be related to the level of self-compassion in workers, such 
as having more years of experience [101] and being men [102]. The work environment 
can also affect workers’ self-compassion. For example, workload may be a barrier 
to the practice of self-compassion because it reduces the time available to engage in 
self-care strategies [103]. On the other hand, organizational support appears to be an 
element that facilitates the practice of self-compassion: working with supportive and 
compassionate colleagues helps workers engage more in self-compassion [103, 104].

The practice of self-compassion has been shown to have positive effects on the 
work environment. The greatest benefits are related to the psycho-physical workers’ 
well-being: lower depression [74], lower exhaustion [68, 75–79], better self-reported 
physical health [105], and better sleep quality [106]. Among workers in close contact 
with suffering, self-compassion was also associated with lower compassion fatigue 
and greater compassion satisfaction [107].

Scientific evidence has amply demonstrated the importance of this personal 
resource for employee well-being. So how can self-compassion be developed and/or 
promoted in work environments? Although the use of interventions to enhance work-
ers’ personal resources is a relatively new trend [108], a number of training programs 
can already be identified that have produced effective results. Among the most widely 
tested interventions, even in work contexts, is Joh Kabat-Zinn’s Mindfulness-Based 
Stress Reduction (MBSR) [109, 110]. The intervention was developed to reduce suf-
fering in patients with chronic pain and consists of an 8-week program that includes 
both group work sessions and homework. The program consists of focusing attention 
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on the here-and-now—that is, paying attention to the body’s sensations, to emotions, 
thoughts, sounds, and breath—and taking distance from self-judgments and rumina-
tion. A recent systematic review considered more than 20 studies reporting the use of 
this methodology in work contexts [77]. Results show that this type of intervention 
benefits workers’ well-being, particularly through lower levels of exhaustion, stress, 
depression, and anxiety, as well as increases in mindfulness, personal accomplish-
ment, sleep quality, relaxation, and self-compassion [77].

Another widely used program, inspired by MBSR, is the Mindful Self-Compassion 
(MSC), developed by Neff and Germer [111]. It also consists of an 8-week commit-
ment that includes learning both formal (sitting meditation) and informal (in daily 
life) practices of self-compassion. Compared to MBSR, this program is more focused 
on self-compassion and only secondarily on mindfulness [111]. While MBSR is 
systematic mindfulness training [112] and both MBSR and MSC programs focus on 
how to approach suffering with a mindful, non-overidentified attitude, MSC consid-
ers the experiencer rather than the experience. MSC emphasizes how to respond to 
personal suffering with kindness, acceptance, and caring during meditations but also 
in daily life by practicing “self-compassion in action” [113]. Results from samples of 
workers showed that after participating in the program, levels of self-compassion and 
mindfulness increased [107].

The approach proposed by Paul Gilbert should also be mentioned. The 
Compassionate Mind Training (CMT) was originally developed to help individuals 
with high levels of shame and self-criticism. The course lasts 8 weeks and is focused 
on developing compassion for oneself. The main practices and exercises for attaining 
mindfulness are focusing on the calming rhythm of breathing and the use of com-
passionate imagery. Six modules are provided, ranging from exploring the concept 
of compassion, to understanding how emotions work and how to manage them, to 
dealing with self-criticism through self-compassion [114]. Several studies have shown 
what benefits the adoption of this program can bring to the workers involved: less 
burnout, depression, anxiety, intrusion and avoidance symptoms, and self-criticism, 
higher professional life satisfaction, and self-compassion [78, 115–118].

Despite (i) the lack of comparability between studies due to differences in content, 
modes of implementation, and quality [98, 119–121], and (ii) fewer studies that 
explicitly focused on self-compassion as a primary outcome it has been recorded 
change in baseline self-compassion scores following compassion- or mindfulness-
based interventions, raising the possibility that organizations can help employees 
improve their self-compassion skills.

6. Conclusions

Focusing on the role of personal resources is a very important issue for maintaining 
the well-being of workers, especially in a challenging period such as the COVID-19 
pandemic. In order to support employees’ psycho-physical health, improve their 
job performance and consequently increase productivity, employers can promote 
interventions aimed at developing and improving personal resources. Among these 
resources, self-compassion can be considered an adaptive strategy for well-being and 
positive psychological functioning, especially in stressful and demanding situations 
(i.e., assuming a role in the coping process) [81]. This type of improvement strategy/
intervention aims to promote a culture of self-care in the work environment, i.e., a set 
of professional practices to promote personal well-being [122–124].
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Perspective Chapter: Cultural
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COVID-19
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Abstract

This manuscript aims to discuss the experiences and expectations regarding the
cultural competence of Brazilian CSD students and the challenges brought by the
COVID-19 pandemic. Cultural awareness has been one of the competencies focused
on by CSD programs in Brazil. However, travel and face-to-face contact with persons
from different cultures and environments is just one of the possible ways of
experiencing cultural awareness. The interruption of these opportunities due to the
COVID-19 pandemic did not reduce the interest in learning and improving cultural
abilities. It is possible to think about alternatives for embedding discussions and
experiences regarding cultural sensitivity in students’ routine studies and practice.

Keywords: COVID-19 PANDEMIC, cultural competence, communication sciences
and disorders, Brazil

1. Introduction

This chapter aims to bring information and consideration regarding cultural compe-
tence as part of the education of the professionals thatworkwithCommunication Sciences
and Disorders in Brazil. The first important information is that this professional is called
Phonoaudiologist and has habilitation both in Speech and Language and in Audiology.

Phonoaudiologist is the professional with higher education that works in the area of Communication
Sciences and Disorders. In all Latin America the areas of Audiology (assessment and rehabilitation of
hearing and hearing disorders) and Speech-Language Therapy (assessment and intervention with
communication, voice and swallowing disorders) are the professional field of Phonoaudiology.

Another major aspect that must be brought to attention is the complexity of the
country. The authors will present some information about Brazil as a country and the
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current issues that are most relevant to the discussion of how cultural competence is
considered in the education of Phonoaudiologists and the impact of COVID-19 in this
regard.

It is easy to understand that the overview about Brazil will be superficial and
incomplete, as would happen with any other attempt to synthesize important aspects
such as the history, geography, and economy of a country in just a few paragraphs.

2. Brazil: some information about the country

What is nowadays the country of Brazil was a Portuguese colony from the six-
teenth century until the nineteenth century. The formation of its people and society
was the result of the genocide of the original population, the enslavement, and forced
immigration through the kidnapping of African individuals aiming to boost the
colony’s economic workforce based on the extractivist agriculture [1]. During the
three centuries of slavery, almost 4 million persons were forcibly brought from Africa
to Brazil [2]. These groups, added by the European colonizers, brought different
cultural elements that are now an intrinsic part of Brazilian culture in areas such as
food, religion, music, and language [3].

When slavery came to an end there was no official segregation, but structural
racism still can be observed. It is clear in the small numbers of African descendants in
universities, or higher positions in the workforce or political posts—when the topic is
black women, the lack of possibilities is even bigger. Albeit several debates have been
dedicated to the racial question in Brazil, including the famous idea of a racial democ-
racy [4], this is still a sensitive issue generating social gaps in different and complex
levels of the Brazilian society in major cities as well as in small and distant towns.

Structural racism is defined as a social, economic and politic system where institutional and public policies
reinforce and maintain the segregation and inequities of social groups based on ethnicity, race or “color.”

The “whitening” process that the Brazilian population went through during the
nineteenth and twentieth centuries, with the arrival of different groups of immi-
grants, mainly from Europe, the Middle East, and Japan, was a National State Policy
and helped in the deepening of racial and social inequalities. Its reflexes are seen until
the present day. Figure 1 shows the origins of the 4.3 million immigrants that arrived
in Brazil during the nineteenth century.

Brazil is the 5th largest country in the world and there are also enormous geo-
graphic contrasts. The largest cities are located in the southeast, a very industrialized
region that concentrates almost 55% of the country’s entire gross product and 42% of
the population. For example, São Paulo is the largest city, with over 12.3 million
inhabitants; Rio de Janeiro has a demographic density of over 5.6 thousand inhabitants
per square kilometer. The north and central regions are the most rural and preserved
areas, despite the recent reduction of environmental preservation policies. In the
Amazon region, the state of Roraima has the lowest demographic density in the
country, with 2.33 inhabitants per square kilometer.

Immigration and migration processes are also different in different regions and at
various moments, with different cultural impacts. During the last decade, the number of
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immigrants arriving in Brazil has increased from 17,188 in 2010 to 117,037 in 2020 [2].
Figure 2 shows the origins of the largest groups of immigrants to Brazil in the last decade.

Their distribution in the different regions of the country is shown in Figure 3.
Brazil has many and large cultural, social, environmental, economic, and educa-

tional differences. Portuguese is the official language, spoken by the whole population
(over 213 million), but there are large differences associated with specific regions of
the country, traditions, age groups, and other aspects.

The original populations are still another aspect of Brazilian diversity. Of the
almost 1 million persons of indigenous origin, 60% live in protected areas designated
by the federal government. The North region has the largest indigenous population
and there are 305 different ethnic groups that speak 274 different languages [5].

It becomes clear that cultural differences are, historically, a relevant part of Brazilian
society. Therefore, all the major universities have “Culture and Extension” offices that
encourage and support initiatives directed toward the integration between the univer-
sities and the specific society where they are located. This way, different actions are
carried out in different universities aiming to better reach the different groups. This
includes the programs in the areas of communication sciences and disorders.

Figure 1.
Imigrants during the nineteenth century.

Figure 2.
Immigrants in the last decade.
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Culture and Extension offices in the universities usually have a mission statement of bringing together the
university and the environment and community where it is located. The activities are usually as diverse as
developing educational experiences to children of different groups to expand sports technology, or from
providing health assistance to facilitating cultural shows of developing environmental systems for
pollution control.

3. Phonoaudiology—CSD professional education in Brazil

Out of approximately 48,000 phonoaudiologists in Brazil, 16.5% are specialists,
7.3% have a Master’s degree, and 3% have Ph.D. degrees. The phonoaudiologist has
habilitation in both Speech-Language Pathology and Audiology, after completing a
bachelor’s program with an average workload of 4000 h, including supervised prac-
tice. Presently there are 81 bachelor’s programs in Phonoaudiology, with a total of
approximately 8000 students.

The Ministry of Education determines education guidelines for phonoaudiologists
that guarantee basic standards for the whole country. The guidelines allow different
programs address specific needs and characteristics associated with different regions,
cultures, and institutions. The number of programs in the different regions of Brazil is
roughly associated with the size of the population therein, as can be observed in
Figure 4. Programs include a minimum of 800 h of supervised practice in clinical
schools and school hospitals, with supervision by professors [6]. These services are
offered free of charge. They include populations that are usually underserved in all the
regions of the country.

The first programs were developed in Brazil in the 1950s decade. One of them was
part of the education department of a catholic university and the other was part of the
otorhinolaryngology department of a school of Medicine. As expected, there are clear
differences regarding how each program approaches cultural competence in profes-
sional education. In both programs, as is the case in all Phonoaudiology education, the
opportunities for supervised practice involve contact with a very diverse population.

Figure 3.
Distribution in the different regions.
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Cultural Competence refers to a continuously evolving process that involves self-awareness regarding our
actions with individuals from cultures that are different from our own. It includes considering the culture,
beliefs and values of students, clients and patients in any decision-making and intervention processes.

Therefore, fostering competencies of cultural awareness, respect and empathy is
part of the supervisors’ routine work. However, there is not a uniform approach to
this content by the different programs; there is a constant search for improvement,
based on specific institutional aims and policies.

For example, in one of the oldest programs mentioned above, 5 years ago, after
ample discussions by the faculty, a new educational project was approved. According
to the project, students started observing supervised practice during the first semester
of the program. This activity enabled the early start of discussions about cultural
diversity and exercises of cultural competence. These experiences continue to
develop, involving different activities and experiences in all the 10 semesters of the
program, with effective practice in various scenarios in the last four semesters.

Regarding reach-out projects, depending on the specific pedagogical plan of each
program, before the COVID-19 pandemic, actions from various programs focused on
cultural diversity in different contexts. They involved, for example, screening for
hearing and communication disorders in regular visits to riverside communities in the
Amazon region by students from the state of Sao Paulo. Other groups could be
involved in programs developed in small towns in the Southeast region, or reaching
refugees that arrived from countries such as Venezuela, Haiti, or Colombia.

Cultural competence has been part of the different programs, with different
intensities and approaches, for several years. There is not a specific policy about it,
determining how or at which moment of the program the issue should be addressed.
Therefore, each program can place the focus on cultural competence according to the
specific academic context.

The process of getting access to academic education in Brazil is a process mostly
based on the results of specific academic exams. Therefore, usually, the groups of
students are also comprised of individuals from different social, economic, and cul-
tural backgrounds. Dealing with these differences is an important issue in academic

Figure 4.
Distribution of Phonoaudiology bachelor programs and of the population in the different regions of Brazil.
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programs, and most important in areas that deal with human communication and
interaction, such as Phonoaudiology.

4. Changes and challenges presented by the COVID-19 pandemic

Brazil has public systems that guarantee integral health care and 9 years of funda-
mental education to the whole population. However, these systems do not eliminate
the severe inequities that can be observed everywhere. The COVID-19 pandemic had
a major impact in several areas of health care delivery. Despite a vaccination system
that otherwise works very efficiently and a population that was willing to be vacci-
nated, the distribution of vaccines was delayed and the process was very slow. The
health system collapsed in all regions of the country, with overloaded ICUs and even a
shortage of oxygen at some moments.

As occurred in several countries, the Brazilian central government was slow to
respond to those challenges, failing to provide leadership aimed toward unified and
collaborative actions. All decisions were transferred to state and city authorities,
resulting in disjointed efforts and few positive results.

More than 650,000 persons perished, millions were infected, and continue to
struggle with the consequences. Economic impacts continue to be observed in unem-
ployment, increasing numbers of bankruptcies, hunger, and homelessness. These
consequences are evident in all regions and affect either rural or urban populations.

Now, more than 1 year after the start of the vaccination in Brazil, a significant
proportion of the population is vaccinated and the number of infections and deaths
are decreasing. Several restrictions are being suspended, face-to-face activities are
starting, and schools are re-opening. However, the consequences of the COVID19
pandemic will probably continue to affect the educational, health, and economic
systems for a long time. It is not possible to think that things will be “back to normal”
within a short period. It is important to think, for example, not just about children that
were sick with COVID-19 and the long-term consequences of long hospitalization
periods with, eventually, reduced oxygen amounts provided to the brain. Health,
educational, and social security systems will have to deal with a great number of
children that were orphaned and how to guarantee equal chances and compensating
intervention. There are several challenges that will have to be met in the near and
farther future.

4.1 Phonoaudiology education and the pandemic

Since the onset of the pandemic, in the first semester of 2020, it became clear that
social distancing was one of the most effective ways of avoiding the spread of the
COVID-19 pandemic. Authorities and stakeholders proposed several strategies to
reduce human physical contact while trying to maintain most of the activities we used
to consider “normal.”Most of the universities either enhanced or implemented online
classes, study groups, and supervisions. However, it was believed that this situation
would last for a few weeks or a few months at the most. During those first weeks,
there was a somewhat relaxed approach to the new challenges with expectations such
as “we will do what we can”; “when we go back to normal we will solve it” or even “we
should stop everything and wait it out and then see what needs to be done.”

As a result, different groups proposed and organized different responses. Some
universities interrupted completely their activities, while others continued with online
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theoretical courses but interrupted all practice. Still, others built on previous experi-
ence and expertise in telehealth in order to continue to offer services. This also
facilitated the establishment of clinical competence for future practice.

Telehealth or telepractice is the use of digital information and communication technologies, such as
computers and mobile devices, to access and provide/receive health care services remotely.

Access to the Internet and digital equipment varies widely among students. In some
cases the public university provided equipment and Internet packages to students,
aiming to improve equity of access to tele-practice, tele-supervision, and distance
education among students. The same was not true for many patients. It was not as easy
to reduce the differences between patients from different social and cultural back-
grounds, who did not have access to such technologies. Barriers to providing services
through remote technologies also included the parent’s education level, their proficiency
in the use of digital technology, and involvement with the intervention process.

Remote technologies can include, personal computers, notebooks, tablets and mobile phones.

As weeks, months and a year went by it became clear that those who started
adapting their practices earlier had more effective results and better outcomes. This
applied to teaching activities involved in theoretical courses as well as interventions
associated with supervised practice.

The COVID 19 pandemic made even more evident another unwanted kind of
social distancing. Differences in access to basic health resources highlighted social
differences. As a result, discussions with students about alternatives to address the
various and specific difficulties became frequent topics of classes and supervision
meetings. Through such discussions, access to technology emerged as another
challenge to be addressed in the process of increasing the equality of chances and
opportunities for all.

Even considering that there are an increasing number of Internet users, there is
still a large proportion of the population without any access to the web. Concerns
about the use of digital technology in school environments, which have yielded poor
results despite some public policies supporting accessibility to persons with special
needs, are reported [7].

Research conducted before the pandemic revealed that, with 71% of the Brazilian
population responding, 28% of the households did not have access to the Internet; 25%
of the population did not use the Web and only one-third of the participants did any
kind of work through the Internet. People living in the rural area (79%) or with lower
income (85%) reported using the Internet exclusively on their cell phones [8].

A study focused on children and adolescents before the pandemic informed that
there were 3 million children and adolescents that did not have access to the Internet
in Brazil; of which 1.4 million never had access to theWeb either in school, at work, or
at home. Besides that, 4.8 million children and adolescents between 9 and 17 years
(18% of the population) did not have access to the Internet at home [9]. Considering
the use of digital technology in the schools, the study reports that 58% of the students

347

Perspective Chapter: Cultural Competence and the Education of CSD Professionals in Times…
DOI: http://dx.doi.org/10.5772/intechopen.104649



from urban schools used cell phones to perform school activities and only 33% of the
teachers had some kind of instruction about the use of the Internet. In rural environ-
ments, only 40% of the schools had at least one computer with access to the Internet
and 9% could access the Web via other devices [10].

Telehealth resources have great potential to address barriers such as the lack of
professional experts in a specific area, and physical distance, besides saving transpor-
tation time and costs. However, not all families have access to the best technology
devices to allow for the best services of online therapy. Professional education pro-
grams should include competencies regarding the resources available in different
contexts.

It seems that the alternative strategies that had to be used in the implementation of
tele-practice represent an important experience to be considered in offering SLP
services to underserved or unserved populations and to in-training professionals that
will be able to use them [11]. A study [12] conducted in 2020 assessed the reactions of
final-period undergraduate students after 10 weeks of supervised telepractice with
children with ASD in Sao Paulo, Brazil. Results indicate that 70% of them reported
being self-confident and encouraged and that it was possible to continue the learning
process. They considered that the improved contact with the families was the most
positive aspect of telepractice, while the negative aspects were the lack of personal
contact and the dependency on technology. This same publication [12] reports on 552
sessions of online language therapy with 83 children with ASD. These data highlight
the importance of flexibility in the use of the available technology. More than 50% of
the contacts occurred through WhatsApp. This surely is not the best way to provide a
speech-language therapy session, but the alternative was no therapy. Overall, in 76.3%
of the sessions, the therapists (supervised students) reported that the specific goals
were met. These preliminary results seem to indicate that even in a situation where
the resources are not the best ones, telehealth seems to be a viable alternative to the
delivery of SLP services to children with ASD and their families.

5. Cultural awareness and cultural competence

Cultural differences and characteristics are not just observed in the minorities
represented by migrants, refugees, and persons that frequently lack adequate access to
basic housing, health, and education services [11]. They can also be observed in
everyday life in small attitudes, and in regional popular sayings and customs that
involve social, cultural, and economic aspects. Critical thinking is necessary to under-
stand cultural differences that may reflect power differences associated with cultural
identity. The notion of cultural humility [13] involves a better understanding of health
issues regarding the context in which they occur.

Cultural awareness is essential to all SLPs in everyday situations [14], but more so
when the service is provided through technological resources that “put the therapist
inside the client’s home.”

This is the situation either when the therapist proposes to work with the client with
the assistance of an adult at home or if “guiding” activities that are to be conducted at
home by a familiar adult. Anyway, we are “invading” the client’s home (and probably
the whole family), by being part of the routine of other family members, sharing
routines and habits. Regardless of how productive it can be for the work itself,
allowing the inclusion of tasks and abilities in the child’s routine and environment, we
are entering their homes and it is easy to consider that this “participation” maybe a
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little (or too much) more than the families anticipated. The same may be true about
online teaching. The study setting for the student may not be appropriate; or the
student may feel uncomfortable and exposed, sharing their home environment or a
disrupted routine during a class or supervision. It can happen anywhere, with anyone.
Building the notion that improving cultural competence will be a never-ending task
for any professional that deals with people, education, or communication should be
part of the aims of education regarding remote access in education and intervention
for the future.

The pandemic interrupted projects of modernity previously proposed and the need
for changes has emerged. The ruptures created by the pandemic may represent an
important opportunity for society to overcome barriers imposed by prejudices, lack of
coherent information, and other elements that can harm the action of the speech
therapist within the clinical practice. The notion of telepractice as the only mode of
access between the phonoaudiologist and the client/patient during a long period and
the cultural aspects involved has never been discussed like this before. Cultural com-
petence in remote practice is now an essential part of the equation.

The concept of cultural competence has already been studied by several specialties
within the area of health, addressing how it can benefit both the professional and the
patient. One of the studies highlights that culture is not only something that people
have but also something present in every human being, in its roots, which influences
all their actions. In the literature, cultural aspects have already been defined as a set of
values, beliefs, and norms that guide the thinking and decision-making processes of a
certain population group about the actions it takes [15, 16]. Then, if the culture in
which individuals are born can determine the thought and actions of each individual
and the group, the expansion of this culture and the encounter, clash, and confluence
with other cultures, can modify complete mental processes as well as personal, pro-
fessional, and group decision-making mechanisms [17].

The phonoaudiologist is the professional trained to assist the language and com-
munication skills of individuals of all ages. The assistance, however, should consider
all complex issues regarding cultural sensitivity in all aspects involved in the integra-
tion of knowledge, competencies, and attitudes that influence therapeutic practice.
Betancourt et al. [18] pointed out that the health professionals’ awareness of these
complex dimensions that relate to cultural competence incorporates the understand-
ing of the influence of social and cultural issues on beliefs and behaviors, taking into
account their interaction with health providers. For these reasons, the COVID-19
pandemic and the need to transform all intervention, supervision, and education
activities to remote access, made it clear that cultural competence must include these
resources as part of the discussions during the speech-language pathologist’s training.

The understanding of the multicultural aspects of clients with speech, language,
and hearing problems is essential to the professional’s ability to perform their best
practices, providing a high-quality service for the population.

A small study conducted online interviews with 54 undergraduate and graduate
students of Phonoaudiology and questioned their positions on the relevance of cul-
tural competence in their professional training and their ability to work with individ-
uals from different cultures. The results indicate that only 20% of the participants
considered they had good knowledge about different cultures and 70% would be
interested in different cultural experiences. This is important feedback regarding
teaching strategies. Faculty needs to address how to bring cultural awareness as one of
the competencies that are focused in several academic activities so students would be
able to recognize and value the experiences they are already having with persons from
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different cultures. Different strategies may be used to achieve this goal, such as
lectures, online discussions, or classroom activities [19]. The challenges imposed by
the pandemic, restricting personal contact, will demand the continuity of the search
for the best strategies.

6. Considerations

The small study reported above confirms the expectations of Brazilian students in
the area of communication sciences and disorders regarding the impact of experiences
with different cultural groups on the development of cultural competence. The limi-
tations imposed by the COVID-19 pandemic delayed all planning about face-to-face
contact in the short term. However, there are many alternatives for distance meetings
and communication. Developing communication partnerships among students and
universities from different regions, environments, and even countries can foster
interaction between students and improve general cultural sensitivity. Hopefully, the
return to more mobile possibilities will allow the continuity and improvement of
previous experiences.

Even different languages should not be barriers if communication is the true aim.
Learning how to understand each other and reducing differences and distances may
be the kind of soft skill that contributes to the development of empathy. It can surely
be interesting for a CSD student to experience the role of not being able to communi-
cate efficiently and needing to overcome linguistic and cultural barriers and becoming
more flexible in different settings. It may be said that empathy is not enough, but it
can be an important intrinsic motivator to the development of cultural competence.
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