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Abstract
In December 2019, a novel coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) was initially reported in 
Wuhan, China. Previous epidemics including SARS and middle east respiratory 
syndrome raises concern that COVID-19 infection may pose a significant threat to 
the mental health of affected individuals. Studies and reviews have shown the 
acute psychiatric manifestations in COVID-19 patients, although long term 
psychiatric sequelae are predicted, there are only few review studies about the 
long term psychiatry outcome in COVID-19 survivors. Clinically significant post-
traumatic stress disorder, anxiety, and/or depression among COVID-19 survivors 
during 14-90 d were observed following the diagnosis. Risk of anxiety or 
depression were higher in patients with more severe illness at 6 mo follow-up, 
early convalescence, and at 1 mo follow-up. Diagnosis of COVID-19 Led to more 
first diagnoses and relapses of psychiatric illness during the first 14-90 d after 
COVID-19 diagnosis. The possible underlying mechanisms of psychiatric sequelae 
in COVID-19 infection are neurotropism, immune response to SARS-CoV-2, 
hypothalamo-pituitary-adrenal axis hyperactivity, disrupted neuronal circuits in 
several brain regions, increased stress levels, neuroinflammation, and neuronal 
death. This study will review the psychiatric sequelae in previous coronavirus 
pandemics, current studies, risk factors, and thorough explanation on patho-
physiology of the psychiatric sequalae in COVID-19 survivors.
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Core Tip: Studies and reviews have shown the acute psychiatric manifestations in 
coronavirus disease 2019 (COVID-19) patients, and although long term psychiatric 
sequelae are predicted, there are only few review studies about the long-term 
psychiatry outcome in COVID-19 survivors. Clinically significant post-traumatic stress 
disorder, anxiety, and/or depression among COVID-19 survivors during 14-90 d 
following the diagnosis. Risk of anxiety or depression were higher in patients with 
more severe illness at 6 mo follow-up, early convalescence, and at 1 mo follow-up. 
Diagnosis of COVID-19 Led to more first diagnoses and relapses of psychiatric illness 
during the first 14-90 d after COVID-19 diagnosis.
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INTRODUCTION
In December 2019, a novel coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) was initially reported in 
Wuhan, China. This disease has caused a national outbreak of severe pneumonia in 
China and spread worldwide rapidly. On January 30th, 2020, the World Health 
Organization (WHO) declared the outbreak to be a Public Health Emergency of 
International Concern[1]. As of February 5th, 2021, there have been 103989900 
confirmed cases of COVID-19, including 2260259 deaths, globally[2]. Previous 
published meta-analysis studies have identified several comorbidities[3-7], home 
medications[8,9], and laboratory values[10,11] which are associated with severe 
outcomes and the risk of dying from COVID-19.

Based on previous epidemics experiences, including SARS and middle east 
respiratory syndrome (MERS), it is recognized that COVID-19 infection may pose a 
significant threat to the mental health of affected individuals[12]. Studies have 
reported psychiatric symptoms in SARS survivors, including post-traumatic stress 
disorder (PTSD), depression, panic disorder, and obsessive-compulsive disorder at 1 to 
50 mo follow up[13-15].

Previously published systematic review and meta-analysis studies have shown that 
the prevalence of psychological consequences of those inflicted or suspected of 
COVID-19, health care workers, and the general population is 26% (95%CI: 21-32). 
Pooled prevalence for symptoms of PTSD was 33% (0–86), anxiety 28% (21-36), stress 
27% (14-43), and depression 22% (13-33)[16]. Although psychiatric sequelae are 
predicted, there are only a few studies about the long-term psychiatry outcome in 
COVID-19 survivors.

The pandemic itself is a significant psychological stressor in addition to its 
enormous impact on social and economic sectors worldwide. Isolation and small social 
networks during quarantine period limit access to external supports[17].

Beside the pandemic-associated psychological distress, there are several arguments 
that may explain the association between COVID-19 and psychological symptoms as 
its sequelae. Hereby, we review the current evidence regarding the characteristics of 
psychiatric sequelae from COVID-19 and the mechanism of how COVID-19 infection 
affects the communication between endocrine, immune, and central nervous systems, 
resulting in psychiatric sequelae in COVID-19 survivors (Figure 1).

PSYCHIATRIC SEQUELAE IN PREVOUS CORONAVIRUS PANDEMICS
Past pandemics have demonstrated that diverse types of neuropsychiatric symptoms, 
such as encephalopathy, mood changes, psychosis, neuromuscular dysfunction, or 
demyelinating processes, may accompany acute viral infection, or may follow 
infection by weeks, months, or longer in recovered patients[18].

A meta-analysis study conducted by Rogers et al[19] showed that the prevalence of 
PTSD in the post-illness stage among patients admitted to hospital for SARS or MERS 
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Figure 1 Mechanisms of psychiatric sequelae in coronavirus disease 2019 survivors. ACTH: Adrenocorticotropic hormone; CRH: Corticotropin-
releasing hormone.

was 32.2% (95%CI 23.7–42.0; 121 of 402 cases from 4 studies), while the prevalence of 
depression was 14.9% (12.1–18.2; 77 of 517 cases from 5 studies), and that of anxiety 
disorders was 14.8% (11.1–19.4; 42 of 284 cases from 3 studies). 446 (76.9%; 95%CI 
68.1–84.6) of 580 patients from 6 studies had returned to work at a mean follow-up 
time of 35.3 mo (SD 40.1).

Survivors of SARS-CoV-1 were clinically diagnosed with PTSD (54.5%), depression 
(39%), pain disorder (36.4%), panic disorder (32.5%), and obsessive compulsive 
disorder (15.6%) at 31 to 50 mo post-infection, a dramatic increase from their pre-
infection prevalence of any psychiatric diagnoses which is only 3%[15]. Fatigue, 
myalgia, depression and poor sleep were seen in a cohort of 22 patients and a post-
SARS syndrome, similar to fibromyalgia or post viral chronic fatigue syndrome, was 
suggested, possibly as a result of the psychological trauma or neurological involve-
ment of SARS[20]. SARS has been since described as a mental health catastrophe as a 
result of the psychological impact on survivors, especially in Health Care Workers, 
including anxiety, depression, psychosis and high rates of PTSD[21]. After a mean 
post-SARS duration of 39 mo, 181 subjects underwent interviews with SCID-II for 
assessment of any psychiatric morbidity. The commonest disorders were major 
depressive disorder, post-traumatic stress disorder, somatoform pain disorder, and 
panic disorder[22].

One study showed that at 12 mo post-MERS 27% of survivors had depression and 
42% had PTSD, which improved at 18 mo but was still a problem in 17% and 27% of 
survivors respectively[23]. At 4-6 mo after release from isolation, anxiety symptoms 
were observed in 3.0% (95%CI: 2.2%-3.9%). Feelings of anger were present in 6.4% 
(95%CI: 5.2%-7.6%)[24].

Severance et al[25] also found the increased prevalence of antibodies against 4 
HCoV strains in patients with a recent psychotic episode compared to non-psychiatric 
controls, suggesting a possible relationship between CoV infections and psychosis, 
which may also occur in SARS-CoV-2. Seropositivity for coronaviruses associated with 
suicide and psychosis persisting 1 year after SARS[26].

CURRENT STUDIES ON PSYCHIATRIC SEQUELAE IN COVID-19 
SURVIVORS
Recent ambi-directional cohort study of 1733 of COVID-19 survivors in Wuhan found 
that risk of anxiety or depression were higher in patients with more severe illness at 6 
mo follow-up. Patients showed an odds ratio OR 0.88 (0.66–1.17; P = 0.37) for scale 4 
(requiring supplemental oxygen) vs scale 3 (not requiring supplemental oxygen) and 
OR 1.77 (1.05–2.97; P < 0.05) for scale 5–6 (requiring HFNC, NIV, or IMV) vs scale 3 for 
anxiety or depression. Sleep difficulties (26%, 437 of 1655) were one of the most 
common symptoms reported[27].

Current studies reported clinically significant PTSD, anxiety, and/or depression 
among COVID-19 survivors during 14-90 d were observed following the diagnosis[28-
32], early convalescence[33], and at 1 mo follow-up[34]. PTSD was the most common 
condition reported, with female gender, past traumatic events, protracted symptoms, 
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stigmatization, and a negative view on the COVID-19 pandemic as the predictors of 
symptoms severity (P < 0.05)[28]. Older survivors experienced less severe PTSD and 
anxiety symptoms than younger ones (P = 0.04 and P = 0.045, respectively). Older age 
had a significant inverse association with the severity of emotional symptoms of 
depression (P < 0.001)[33].

One retrospective case control cohort studies of 62354 COVID-19 cases in the USA 
found that diagnosis of COVID-19 Led to more first diagnoses and relapses of 
psychiatric illness during the first 14-90 d after COVID-19 diagnosis compared control 
health events (HRs between 1.58 and 2.24, all P < 0.0001). At 90 d, the estimated 
probability of having newly diagnosed psychiatric illness after COVID-19 diagnosis 
was 5.8% (95%CI: 5.2-6.4) compared with 2.5%-3.4% of patients in the comparison 
cohorts. The most frequent psychiatric diagnosis was anxiety disorder (HRs 1.59–2.62, 
all P < 0.0001). The probability of a first diagnosis of mood and psychotic disorder was 
2% (95%CI: 1.7-2.4) and 0.1% (95%CI: 0.08-0.2), respectively. The rate of first or 
relapsed psychotic disorder diagnosis after COVID-19 diagnosis was 0.9% (95%CI: 0.8-
1.1). The probability of a first diagnosis of insomnia was 1.9% (95%CI: 1.6-2.2; HRs 
1.85-3.29, all P < 0.0001). The probability of being diagnosed with dementia was 
increased after a diagnosis of COVID-19 among patients older than 65 years the risk 
was 1.6% (95%CI 1.2-2.1; HRs 1.89-3.18). COVID-19 patients admitted to hospital have 
higher risk of psychiatric sequelae than patients not requiring admission (HR 1.40, 
95%CI: 1.06-1.85; P = 0.019)[30].

RISK FACTORS
Psychiatric outcomes of COVID-19 patients are affected by several biological factors (
e.g., obese, older age, pregnancy) and external psychosocial stressors (e.g., social 
isolation, financial stress). Associated with systemic inflammation and impaired 
immunity, obesity not only can increase vulnerability for COVID-19 infection, but also 
constitutes an important risk factor for the development or worsening of psychiatric 
disorders[32].

Aging is related to cytokine imbalances, which are high levels of pro-inflammatory 
cytokines, low levels of anti-inflammatory cytokines and decrease in T-cell-mediated 
function[33]. These changes in elderly may be associated with higher susceptibility to 
viral diseases and neuropsychiatric disturbances, such as cognitive impairments[34].

Female COVID-19 survivors are at higher risk for developing psychiatric symptoms
[27,30,31]. Maternal immune activation in early stages of fetus development is another 
important risk factor for developing neuropsychiatric disturbances, such as autism 
spectrum disorder[35]. The presence of family members or close relatives infected was 
significantly related to anxiety and depression (P < 0.001)[30]. Patients with a positive 
previous psychiatric diagnosis showed a significant increase in psychiatric symptoms 
measures[29,31].

Recent studies among COVID-19 patients found greater occurrence of depressive 
and anxiety disorders in people who are in quarantine, front-line workers or among 
family members of affected patients[36]. This finding suggested psychological 
stressors, such as social isolation, psychological impact of a severe and potentially fatal 
illness, concerns about infecting others, and stigma can lead to psychological 
consequences[31,36]. Loneliness has been associated with several psychiatric 
disorders, such as depression, anxiety, and suicide behavior[37]. In addition, it has 
been shown that lonely people present several immune dysregulations, such as 
upregulated expression of pro-inflammatory cytokine genes[38]. Studies with animal 
models have provided important clues on the neurobiological and the behavioral 
consequences of social isolation. In rodents, the stress of social isolation leads to 
changes in several neurotransmitter systems (e.g., dopaminergic, adrenergic, 
serotonergic, gabaergic, glutamatergic, nitrergic, and opioid systems). The social 
isolation stress can also lead to hyperactivity of the hypothalamo-pituitary-adrenal 
(HPA) axis through an increase in corticosterone production and release in rodents
[39].

Financial problems may enhance the impact of social isolation on mental health 
during quarantine[40]. Studies showed that a worse socioeconomic status is directly 
related to higher systemic levels of inflammatory markers such as interleukin (IL)-6 
and C-reactive protein[41].
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PATHOPHYSIOLOGY
The underlying mechanisms of psychiatric sequelae in COVID-19 infection are still 
unknown and in need further investigation. However, the relationship between 
COVID-19 severity and psychiatric outcome, albeit modest, might represent a dose-
response relationship, suggesting that the association might be mediated by biological 
factors directly related to the virus (e.g., immune system, viral load)[29] (Figure 1 and 
Table 1).

Neurotropism
Coronaviruses, including SARS-CoV-2 also invade the central nervous system. There 
is evidence of SARS-CoV-2 neurotropism based on clinical, pathological, and 
molecular studies. SARS-CoV-2 invades epithelial cells by binding to ACE2 on the cell 
membrane which is also expressed in the brain, both in neurons and glia. There are 
several routes for viral neuroinvasion, including trans-synaptic transfer across infected 
neurons in splanchnic nerves, entry via the olfactory nerve, infection of vascular 
endothelium, leukocyte migration across the blood-brain barrier (BBB), and/or a 
conjunctival route[42].

Immune response to SARS-CoV-2
COVID-19 infection triggers a local immune response, recruiting macrophages and 
monocytes that release cytokines and induce T and B cell responses. In most people, 
this adaptive immune response is capable of resolving the infection. However, in some 
individuals, a dysfunctional immune response occurs which may cause severe lung 
damage and multiple organ failure through catalyzing enzymes such as proteases and 
toxic free radicals. These processes may damage immune residue in brain neural 
circuits among COVID-19 patients[43].

High levels of IL-1β, IL-6, interferon-γ, CXCL10, and CCL2 were observed in 
COVID-19 patients, suggesting an activation of T-helper-1 cell function. Moreover, 
unlike in SARS and MERS, elevated levels of T-helper-2 cell-secreted cytokines (such 
as IL-4 and IL-10) were found in COVID-19 patients[44]. Persistent with these findings, 
emerging evidence found that COVID-19 infection can induce a cytokine release 
syndrome as a part of host’s innate immune, commonly observed in cytopathic virus 
infections[45]. Soluble cytokines that reach the brain have significant effects on 
multiple neurotransmitters, including dopamine, serotonin, norepinephrine and 
glutamate through impact on their synthesis, release, and reuptake[46]. Changes in the 
metabolism of neurotransmitters contributed to the pathophysiology of various 
psychiatric disorders, such as depression, anxiety, and PTSD[47,48]. Pro-inflammatory 
cytokines increase oxidative stress which damages cellular membranes and reduce the 
expression of excitatory amino acid transporters that are necessary to end glutama-
tergic signaling that results in elevated glutamate levels[42]. Hence, the immune 
activation hypothesis which has been postulated for many psychiatric disorders may 
be a relevant mechanism for mental health issues in COVID-19 survivors[18] 
(Figure 1).

HPA axis hyperactivity
Since communication occurs between the endocrine, immune, and central nervous 
system, the activation of inflammatory responses may affect neuroendocrine 
processes, and vice versa. During COVID-19 infection, pro-inflammatory cytokines are 
released by immune cells present in the periphery (e.g., macrophages, T and NK cells) 
and/or in the brain (microglia). High levels cytokines can affect neuroendocrine axis 
and activate the HPA axis at three different levels: increasing the secretion of the 
corticotropin-releasing hormone in the hypothalamus, the secretion of adrenocortico-
tropic hormone in the pituitary, and release of glucocorticoids (e.g., cortisol) through 
the adrenal cortex[49]. Inflammatory cytokines and their signaling pathways including 
MAPK, NF-kappa B, signal transducers and activators of transcription and cyclooxy-
genase have been found to inhibit glucocorticoid receptor (GR) function by acting on 
its translocation or on GR-mediated gene transcription, thus inducing glucocorticoid 
resistance that results in dysfunction in the negative feedback between the HPA axis 
and the immune system.

HPA axis hyperactivity is one of the characteristic features of major depression 
(MD). Some studies have suggested that glucocorticoids also contribute to the 
hippocampal atrophy found in patients with MD[50]. Rates of insomnia diagnosis 
were also markedly elevated, in agreement with predictions that circadian 
disturbances will follow COVID-19 infection. The HPA axis plays important roles in 
modulating sleep. Therefore, dysregulation of the HPA axis at any level can disrupt 
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Table 1 Comparison of psychiatric sequelae in severe acute respiratory syndrome, middle east respiratory syndrome, and coronavirus 
disease 2019 survivors

Psychiatric sequelae SARS MERS COVID-19 Ref.

Post-traumatic stress disorder √ √ √ [15,21-23,28,29]

Pain disorder √ - - [15,21]

Panic disorder √ √ √ [15,21,22,24,27-29]

Depression √ √ √ [20-23,27-29]

Sleep problems √ - √ [20,27,29]

Psychosis √ - - [21]

Dementia - - √ [29]

COVID-19: Coronavirus disease 2019; MERS: Middle east respiratory syndrome; SARS: Severe acute respiratory syndrome.

sleep[51].

Disrupted neuronal circuits in several brain regions
Findings from neuroimaging studies indicate that inflammatory cytokines impact the 
function of subcortical and cortical neuronal circuits in the brain, especially the basal 
ganglia and dorsal anterior cingulate cortex, leading to significant changes in motor 
activity and motivation as well as anxiety, arousal and alarm. Chronic activation of 
this innate behavioral and immune response may contribute to the development of 
depression and anxiety disorders in vulnerable individuals. Other brain regions 
including amygdala, hippocampus, insula, dorsolateral prefrontal cortex and 
subgenual anterior cingulate cortex are also involved[46].

Increased stress levels
Increased stress levels and worries during pandemic are also the major contributing 
factors to clinical insomnia[52]. Worry provokes cognitive arousal and may therefore 
disturb sleep cycle. Reduced physical fatigue and exposure to the sun, as well as 
increased use of electronic devices may also affect sleep homeostasis. A study showed 
increased prevalence of insomnia in women compared with men, suggesting that they 
are more prone to develop stress-related disorders such as post-traumatic stress 
disorder and anxiety disorders[53]. Sleep disturbances are involved in PTSD 
development and maintenance[54].

Neuroinflammation and neuronal death
SARS-CoV-2 infection triggers a massive release of inflammation signals leading to 
BBB dysfunction, injury to astrocytes, activation of microglia and astrocytes resulting 
in neuroinflammation and neuronal death. Immune response and excessive inflam-
mation in COVID-19 may also speed up the progression of brain inflammatory 
neurodegeneration. An early report found that one in three individuals with COVID-
19 had dysexecutive syndrome at the time of hospital discharge. SARS-CoV-2 can 
infect endothelial cells leading to further damage of the vasculatures. The resulting 
hypoperfusion may disrupt energy substrates needed for maintaining neuronal 
networks thereby accelerating cognitive decline. Damage to limbic and cortical regions 
could cause retrograde and anterograde amnesia[42].

CONCLUSION
Studies above identified COVID-19 survivors at high risk for psychological problems. 
Good social support and a number of simple attitudes or activities should be done to 
prevent psychiatric sequelae in COVID-19 survivors, such as strengthen bonds with 
other people through social media, think and talk positively, sleep properly, balance 
diet, regular daily routine, relaxation exercise and other healthy lifestyle measures[49,
55]. Music therapy can also be a relevant and simple strategy to improve mental 
health. A meta-analysis study showed music can modulate cytokine levels (including 
reducing IL-6 levels), as well as neuroendocrine-immune responses triggered by 
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physical stress caused by viral infection[56]. In addition, music interferes positively in 
the immune system when subjected to acute stress, regulating the function of IL-6 and 
the HPA axis[57]. On the other hand, substance use, eating too much fast food, 
excessive online activity, excessive watching television, and trusting fake news should 
be avoided[58].

We suggested that all COVID-19 survivors should be screened for stress disorder, 
anxiety, and depression regularly to identify those with psychological distress for 
timely intervention; particularly those with the positive predictive factors (female, 
prior psychiatric diagnosis, presence of infected family members). Previous studies 
found that psychiatric sequelae occurred months after the acute infection, therefore the 
need for sustained follow-up beyond documenting acute stress levels, is important 
and urgent. Strategies aiming at minimizing mental problems during not only the 
acute phase of infection but also recovery phase must be designed. Since poorer 
mental health can be associated with shorter life expectancy and higher economic 
burden, political and health authorities should be aware of the mental health of 
COVID-19 survivors[59-61].
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