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Introduction 

This resource document will describe acute neuropsychiatric sequelae of COVID-19 infection. 
Importantly, the literature on neuropsychiatric manifestations of COVID-19 continues to evolve rapidly, 
and many of the largest and best studies were based on early waves and variants. Very little data exist 
on neuropsychiatric sequelae of infection with micron subvariants, suggesting that some data may not 
be generalizable to the current pandemic state. “This paper will synthesize and summarize the current 
state of knowledge about neuropsychiatric sequelae in the context of COVID-19. It will need to be 
updated as more literature emerges.” 

Acute Neuropsychiatric Sequelae of COVID-19 

Reports of acute neuropsychiatric sequelae of COVID-19 emerged almost immediately after the 
virus was recognized. Early studies estimated that 22.5% of patients will develop neuropsychiatric 
symptoms during an acute infection by SARS-CoV-2 (Nalleballe et al., 2020). In the first wave of the 
pandemic, nearly 50% of affected patients reported anosmia or ageusia, suggesting that the virus was 
impacting sensory systems and might have neuroinvasive potential (Butowt et al., 2020). Other 
neurological illnesses have also been associated with COVID-19, including cerebrovascular accidents 
(CVA), encephalitis, posterior reversible encephalopathy syndrome, dysautonomia, tinnitus, and seizures 
(Varatharaj et al., 2020). With newer variants, rates appear to be decreasing. However, 10%–20% of 
infections with omicron variants are still associated with anosmia or ageusia (Butowt et al., 2022). With 
regard to acute psychiatric manifestations of COVID-19, the three most commonly described 
phenomena, which will serve as the focus of this section of the resource document, are delirium, 
nondeliria psychoses, and catatonia and related syndromes. 

Among patients with neuropsychiatric manifestations of COVID-19, workup is often unrevealing 
or nonspecific. Large case series have suggested that an electroencephalogram (EEG) usually shows 
nonspecific diffuse background slowing, indicative of delirium/encephalopathy (Helms et al., 2020). Few 
patients have evidence of seizure activity on an EEG, though risk for epilepsy is increased for patients 
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who have preexisting neurological risk factors for seizures (Taquet et al., 2023). Similarly, in patients 
who undergo lumbar puncture, cerebrospinal fluid (CSF) findings are generally nonspecific. Some 
patients have demonstrated elevated protein and oligoclonal bands, both associated with inflammation, 
but only a minority (less than 6% in one study of patients with neuropsychiatric manifestations who had 
CSF tested) have virus isolated in CSF (Helms et al., 2020). Magnetic resonance imaging (MRI) is normal 
in most patients with neuropsychiatric findings. However, several specific patterns have been described 
in a minority of patients, with the most common involving signal abnormalities in the medial temporal 
lobes, similar to what is sometimes seen with anti-NMDA-receptor-antibody encephalitis (Helms et al., 
2020). Other patterns involve lesions indicative of diffuse microhemorrhages. In a small series of 
patients with acute neuropsychiatric sequelae of COVID-19 infection, magnetic resonance spectroscopy 
demonstrated a pattern similar to that seen with delayed post-hypoxic leukoencephalopathy in some 
patients (Nersesjan et al., 2022). Finally, autopsy studies have provided conflicting evidence, with most 
(but not all) studies failing to identify SARS-CoV-2 RNA in brain tissue (Satturwar et al., 2021; Matschke 
et al., 2020). This may reflect the length of time between infection and autopsy, with longer gaps 
associated with a decreased likelihood of identifying RNA in brain tissue (Maccio et al., 2022).  

 

Delirium  

As emergency departments and hospitals began to fill with COVID-19-positive patients in the 
first COVID-19 wave in the spring of 2020, neuropsychiatric manifestations were increasingly recognized, 
with delirium affecting a significant portion of those infected. COVID-19 delirium can present in a variety 
of ways but is typically characterized by a sudden change in mentation in the setting of infection. For 
many patients with delirium in the setting of COVID-19, altered mental status is associated with severe 
respiratory illness, such as pneumonia and acute respiratory distress syndrome (ARDS). Between 73% 
and 83% of patients in intensive care units (ICU) will develop delirium (Beckwith et al., 2023; Khan et al., 
2020). Conversely, delirium has also been described in otherwise asymptomatic patients, with one study 
suggesting that altered mental status was the 6th most common presenting feature of acute COVID-19 
infection and that nearly one-third of patients presenting with delirium and found to be COVID-19-
positive did not have other physical signs (Kennedy et al., 2020).  

Many COVID-19-positive patients presented with classic features of delirium, including 
inattention, cognitive dysfunction, perceptual disturbances, and agitation, and exhibited a waxing and 
waning course. However, delirium in the setting of COVID-19 has also been associated with atypical 
motor and amotivational symptoms, including myoclonus, rigidity, withdrawal (decreased eating and 
drinking), alogia, and abulia (Beckwith et al., 2023). These features suggest the possible involvement of 
the dopaminergic system, which drives movement and behavior (discussed further in the Catatonia and 
Related Syndromes section). Studies have been mixed with regard to motoric subtype, with some 
finding hyperactive features to be more common while another prominent study found a substantial 
majority of hypoactive patients (Khan et al., 2020). Mortality in COVID-19 delirium has been linked to 
higher frequency of pulmonary infections, mechanical ventilation, and vasopressor use as well as longer 
admissions. Laboratory and CSF findings showing elevated inflammatory markers have been reported in 
numerous studies (C-reactive protein (CRP), D-dimer, lactate dehydrogenase) (García-Grimshaw et al., 
2022; Edén et al., 2022). García-Grimshaw et al. notably looked at neutrophil-to-lymphocyte ratios 
(NLRs) upon admission and found that an NLR ≥ 9, indicating high physiologic stress, was strongly 
associated with in-hospital delirium (García-Grimshaw et al., 2022). 
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The unique clinical features of COVID-19 delirium suggest distinct pathophysiologic mechanisms 
that link COVID-19 infection with altered mental status. One avenue of research has focused on direct 
invasion of the virus into the brain. Early work into previous SARS (severe acute respiratory syndrome) 
demonstrated that it has neuroinvasive potential. One animal study found SARS-CoV-1 RNA in the 
hypothalamus and brainstem of those infected, while another looking at MERS (Middle East respiratory 
syndrome) also showed MRI abnormalities with hyperintensities noted in the cortex, basal ganglia, 
brainstem, and cerebellum (Gu et al., 2005; Saad et al., 2014). In an autopsy study by Meinhardt et al., 
two-thirds of those infected had the virus in their nasal mucosa and one-third had it in the olfactory bulb 
and cerebellum (Meinhardt et al., 2021), suggesting neuroinvasive potential existed for SARS-CoV-2 as 
well. Direct invasion is further supported in that brain regions found to be afflicted by the virus correlate 
with the motoric abnormalities being found on exams in COVID-19 patients. However, there has been 
controversy. In a study by Llorens et al., results show substantial reductions in viral concentration inside 
the brain (Llorens et al., 2021). While a small number of patients had evidence of central nervous system 
(CNS) invasion, many more without such evidence still presented with delirium during infection, 
suggesting that other pathophysiologic mechanisms may be contributing to altered mental status. 
Researchers have suggested that COVID-19 causes altered mentation by mechanisms such as  
inflammation, molecular mimicry, and hematogenous spread (Cappello et al., 2020; Thakur et al., 2021; 
Teuwen et al., 2020).  

One hypothesis linking COVID-19 infection to altered mental status is via disruption of the 
blood-brain barrier. Direct infection of endothelial cells via ACE2 receptor binding and the 
proinflammatory state triggered by SARS-CoV-2 contribute to blood-brain barrier dysfunction (García-
Grimshaw et al., 2022). The orbitofrontal cortex is particularly vulnerable to blood-brain barrier 
disruption, making it more susceptible to direct and indirect invasion with infected macrophages 
crossing through the epithelium. The orbitofrontal region also notably contains dopaminergic 
projections, the deterioration of which would clinically correlate with motoric symptoms such as abulia, 
immobility, and withdrawal. Such cellular senescence has been identified by Chen et al. (Chen et al., 
2021). 

Newer hypotheses propose that the SARS-CoV-2 virus targets alveolar endothelial cells, 
triggering blood clotting (hemostasis?) and inflammation as well as leakage of contents into neighboring 
capillaries (Teuwen et al., 2020). Such hematogenous spread could also occur through the mucus 
clearance system, allowing entry to the gastrointestinal system, where the virus is then absorbed 
through the gut and into the bloodstream. There have also been cases that suggest molecular mimicry 
and autoimmunity as other potential mechanisms (Cappello et al., 2020). Taken together, these data 
suggest that there is substantial heterogeneity in the trigger for delirium in those with COVID-19 and 
that individual risk factors and clinical presentation should be considered in evaluation and 
management.  

The most common risk factor for delirium associated with COVID-19 is age. Among elderly 
patients who were hospitalized with COVID-19, 34% developed delirium, as did 83% of COVID-19 
patients being managed in ICUs (Beckwith et al., 2023). In the general population, as with other non-
COVID-19 delirium, disruptive environment, restraint use, illness severity, age, preexisting 
neurocognitive disease, use of mechanical ventilation, and increased use of deliriogenic sedative agents 
have been associated with COVID-19 delirium. However, other risk factors specific to COVID-19 delirium 
have now been identified. One international cohort study showed that delirium was more common and 
more prolonged in patients with severe COVID-19 infections compared to those with non-COVID-19 
acute respiratory failure (Pun et al., 2021). Researchers have also investigated the unique impact of 
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quarantine, noting reduced risk of delirium with family visitation, which was abolished early during the 
COVID-19 outbreak (Pun et al., 2021). As hospitals adjusted to the demands of the pandemic, some of 
the changes needed for infection control were also in conflict with the tenets of delirium prevention, 
thus increasing risk for delirium (Inouye, 2021). Interventions like early mobilization, frequent 
orientation, and clear communication are staples in delirium prevention and treatment (Fong, 2022). 
However, during the pandemic, patients were confined to their rooms, interactions were often kept 
brief to minimize staff exposure, and the communication that did take place in person was muffled 
through masks.  

 As with delirium not associated with COVID-19, COVID-19 delirium should be managed with 
both nonpharmacologic and pharmacologic approaches. First, management begins by optimizing 
behavioral interventions to avoid or minimize the use of CNS medications and restraints. Over the past 
three years, implementation of behavioral techniques has improved. However, some practices like 
reorientation and redirection, which require the consistent presence of family or sitters, may be limited 
in the setting of COVID-19 depending on hospital quarantine, isolation, and visitation restrictions. Ready 
access to tablets and phones, early mobilization, and consolidation of nighttime disruptions have been 
successfully utilized in treatment. For ICU patients, the ABCDEF bundle (Assess, prevent, and manage 
pain; Both spontaneous awakening trials and spontaneous breathing trials; Choice of analgesia and 
sedation; Delirium: assess, prevent, and manage; Early mobility and exercise; and Family engagement 
and empowerment) has been demonstrated to reduce rates of delirium, though not specifically in 
COVID-19 patients.  

Similarly, few studies have evaluated nonpharmacologic treatments for COVID-19 delirium 
specifically. For example, in common delirium management practice for those on mechanical 
ventilation, teams often consider light sedation, minimal use of neuromuscular blockade, and frequent 
awakening and breathing trials (Pun et al., 2021; Girard et al., 2008). However, during the first wave of 
COVID-19, the ARDS was so profound that patients required deep sedation, high positive end-expiratory 
pressures, and proning to maintain oxygenation (Flinspach et al., 2021; Mittermaier et al., 2020). In 
contrast, omicron variants are less associated with lower respiratory tract infection, and previous 
delirium prevention recommendations might be appropriate (Piersiala et al., 2022; Kozlov, 2022). Choice 
of sedative agents for ICU patients is also critical, with non-COVID-19 studies demonstrating lower rates 
of delirium in patients treated with dexmedetomidine compared to older agents such as fentanyl and 
midazolam (Riker et al., 2009). In COVID-19 delirium, the authors have also seen benefits with 
dexmedetomidine (Baller et al., 2020). In cases where patients are experiencing perceptual disturbances 
or significant agitation that interfere with the safety of the patient or clinical team, the addition of 
pharmacologic treatment should be considered.  

Though treatment plans will vary case by case, there are unique management considerations for 
patients with COVID-19 delirium. Given reports of increased tone and akinetic mutism, low-potency 
atypical antipsychotics that block the dopamine D2 receptor and muscarinic receptors may be favorable 
for treating psychosis while avoiding extrapyramidal symptoms (EPS) (Beckwith et al., 2023). However, 
these medications may also worsen delirium due to anticholinergic burden. Another consideration is the 
selection of agents that spare the respiratory centers given the risk of respiratory failure in patients with 
COVID-19 pneumonia. Additionally, SARS-CoV-2 can deposit in the heart tissue and may increase the risk 
for QTc prolongation.  

Though there are no Food and Drug Administration-approved treatments for COVID-19 delirium, 
a number of treatment guidelines have been proposed. Two protocols, developed early in the pandemic 
via expert consensus and anecdotal experience, provide a potential roadmap for management (Baller et 
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al., 2020; Sher et al., 2020). These protocols extrapolate data from non-COVID-19 delirium and 
incorporate unique features of the clinical exam. The majority of COVID-19 patients with delirium are 
recommended to be on melatonin. Production of melatonin is reduced in delirium, and in addition to 
regulating the sleep-wake cycle, the supplement has anti-inflammatory properties (Zhang et al., 2020). 
Caution is recommended only for severely immunocompromised patients who may not be mounting an 
adequate inflammatory response to COVID-19 and in whom melatonin could further suppress the 
immune response. 

 If the patient is hemodynamically stable, alpha-2 agonists should be considered. As noted 
above, dexmedetomidine, an alpha-2 agonist, is associated with lower rates of delirium. It can be 
weaned by up to 20% daily or cross-tapered to clonidine using a patch, which should be started the day 
prior to weaning (Baller et al., 2020). While antipsychotic agents are often used as a first line in the 
management of delirious patients, alpha-2 agonists may be chosen first in COVID-19-positive patients 
because of some potential for worsened EPS and additional QTc prolongation. 

When choosing an antipsychotic agent, there are multiple factors to consider, including efficacy, 
routes of administration, and potential side effects. Olanzapine and chlorpromazine, both low-potency 
agents, have multiple formulations and allow for flexibility of administration as the patient’s medical 
picture evolves. Though quetiapine also has lower risk of EPS, it is much more limited in regard to 
administration, as it is only available orally and has minimal D2 blockage at low doses. Ziprasidone, 
though helpful for treating psychosis and acute agitation, should also be avoided given the greater risk 
of QTc prolongation (Baller et al., 2020). Aripiprazole could be considered for hypoactive delirium with 
psychosis, though it carries high rates of akathisia and a very long half-life that potentially prevents the 
binding of other D2-blocking agents. If a patient has been confirmed to not have motor symptoms, 
intravenous haloperidol may be considered with close monitoring of the patient’s neurologic exam. 
Though a high-potency antipsychotic, the intravenous formulation has been found to have reduced risk 
of EPS and minimal effects on blood pressure. It is also known to bind to the sigma receptor, which is 
thought to be immunoprotective (Gordon et al., 2020).  

If an additional agent is needed or antipsychotics are contraindicated, valproic acid should be 
considered for the management of agitation, assuming the absence of hepatic or pancreatic disease. It 
may be preferred in patients with comorbid stroke, traumatic brain injury (TBI), or seizures. Given that it 
is a CYP450 inhibitor, psychiatrists and pharmacists should perform interaction checks when starting the 
medication. Trazodone, which has been found to be effective in the management of agitation in elderly 
populations, may be preferable in some cases for its lower risks of EPS, QTc prolongation, and 
respiratory depression. Use of benzodiazepines is generally associated with increased risk of delirium 
and should be avoided (Baller et al., 2020).  
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COVID-19 delirium treatment algorithm based on recommendations by Baller et al. (Baller et al., 2020). 
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Psychosis 

Early in the pandemic, reports began emerging of patients developing symptoms of psychosis in 
the setting of acute COVID-19 infection. COVID-19-associated psychosis is now recognized as a rare but 
well-described phenomenon in the setting of acute infection. The quality of most literature remains 
poor, however, and is generally restricted to case reports and series. A series of retrospective studies, 
based on claims data and using other respiratory infections as a comparator and examining various 
neuropsychiatric outcomes, suggests that the risk of a new-onset psychotic disorder in the setting of 
COVID-19 infection remains elevated even 2 years after infection (Taquet et al., 2022; Taquet et al., 
2021). In the more recent of those studies, the risk appears to be elevated most significantly for patients 
under age 18 and over age 65, with adults ages 18-65 showing no increased risk at 2 years (Taquet et al., 
2022). An important limitation of the study design is ascertainment bias, as patients with COVID-19 
infection and particularly those who were hospitalized may be followed more closely and more 
frequently assessed for comorbidities, including neurocognitive disorders that could be coded as 
psychosis. 

            Several reviews of case reports of COVID-19-associated psychosis, including two systematic 
reviews, have now been published and provide a sketch of the typical presentation of the phenomenon 
(O’Leary et al., 2023; Smith et al., 2021; Chaudhary et al., 2022). Approximately 55%–60% of cases have 
been reported in males, with an average age of 38–44 years (O’Leary et al., 2023; Smith et al., 2021). 
Symptoms of psychosis have lasted anywhere from 2 to 90 days, with delusions being the most 
commonly reported symptom, present in 92% of patients (Smith et al., 2021). In one systematic review, 
23% of patients had significant medical comorbidities, 15% had premorbid mental illness, and 13% had 
substance use issues, numbers that are lower than would be expected for individuals with new-onset 
psychosis (Smith et al., 2021; Strakowski et al., 1993).  

The differential diagnosis of COVID-19-associated psychosis is broad and includes delirium, a 
preexisting psychotic disorder, substance-induced psychosis (in the form of medications or illicit 
substances), and psychosis secondary to other medical conditions. Importantly, because symptoms of 
psychosis, including auditory and visual hallucinations, paranoia and delusions, and thought 
disorganization, can occur in the setting of delirium, the definition of COVID-19-associated psychosis 
requires that delirium be ruled out as a contributor (Watson et al., 2021). Notably, many case reports of 
new-onset psychosis in the setting of COVID-19 do not explicitly rule out or comment on delirium, 
suggesting that the incidence may be overreported. It is also generally agreed in the literature that 
COVID-19-associated psychosis involves a first episode of psychosis, affecting patients without a history 
of prior episodes of psychosis, as any acute infection may be a risk factor for the reemergence of 
psychosis in patients with a history of, for example, schizophrenia spectrum disorders. Further 
complicating the diagnostic assessment, patients with COVID-19-associated psychosis in case report 
literature have often received medications that are associated with psychosis, including corticosteroids, 
chloroquine derivatives, and the antiviral medication favipiravir. In evaluating possible cases of COVID-
19-associated psychosis, such medications should be considered as causal, in addition to illicit 
substances associated with psychosis (e.g., cocaine, methamphetamine) and other medical conditions 
(e.g., hyperthyroidism, cerebrovascular disease). In older patients, it is also important to rule out major 
neurocognitive disorders, which may present with psychosis.   

            Also overlapping with psychosis, at least 23 cases of mania have been reported in the setting of 
acute infection with COVID-19 (Russo et al., 2022). Only 4 of these patients had a premorbid history of 
depression, and the mean age was 44 (Russo et al., 2022). In a systematic review of cases of COVID-19-
associated psychosis, 17% of cases also had features of mania (Smith et al., 2021). The latency between 
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COVID-19 infection and the onset of mania averaged 12 days in the reported cases (Russo et al., 2022). 
Similar to cases of psychosis, these reports are confounded by other factors, including the 
administration of corticosteroids.  

            Given the low quality of the literature as well as the broad differential diagnosis and multiple 
confounding factors, it is important to keep in mind that the current evidence supports an association 
between acute infection with COVID-19 and new-onset psychosis but does not establish that COVID-19 
infection causes psychosis. Some presentations of psychosis in the setting of recent COVID-19 infection 
may be coincidental, and other factors, including psychosocial stressors associated with infection, may 
also increase the risk for psychosis. Nonetheless, there are several intriguing potential pathways through 
which COVID-19 infection could lead to psychosis. At least one novel autoantibody has been isolated 
from a patient with new-onset psychosis in the setting of COVID-19, and molecular mimicry has been 
thought to play a role in several cases of NMDA-receptor-antibody encephalitis presenting with 
psychosis shortly following an acute COVID-19 infection (McAlpine et al., 2023; Vasilevska et al., 2021). 
Cases of seronegative autoimmune encephalitis in the setting of recent COVID-19 infection are also 
emerging, many of which have psychosis as a presenting symptom (Samim et al., 2022).  

            Regarding treatment of COVID-19-associated psychosis, many patients appear to respond well to 
standard antipsychotic agents, often with resolution of psychotic symptoms more quickly than would be 
expected in a typical first episode (Chaudhary et al., 2022). Given a risk for catatonia in the setting of 
COVID-19, low-potency, atypical agents such as olanzapine or aripiprazole may be preferred.  

            In addition to being aware of the potential for new-onset psychosis in the setting of COVID-19, 
psychiatrists should also keep in mind that patients with serious mental illness, including schizophrenia, 
are at increased risk for contracting COVID-19, for experiencing significant medical complications of the 
infection, and for experiencing psychotic exacerbations in the setting of acute illness (Fond et al., 2023). 
Furthermore, clozapine levels may increase dramatically in the setting of any acute infection, including 
COVID-19, due to the inhibition of cytochrome 1A2 (Dotson et al., 2020). A consensus statement 
therefore recommends very close monitoring for clozapine toxicity in patients with COVID-19, with dose 
reduction of up to 50% if signs of toxicity emerge (Siskind et al., 2020).  

 

Catatonia and Related Syndromes  

Catatonia has been described previously in the setting of viral illnesses, most famously as 
encephalitis lethargica during the influenza pandemic in 1918 (Scheiner et al., 2021). Early in the COVID-
19 pandemic, reports began emerging of cases of catatonia and catatonia-like syndromes in the setting 
of acute COVID-19 infection (Caan et al., 2020). Around the same time, others described features of 
catatonia, including mutism, immobility, and withdrawal, occurring in delirious patients hospitalized 
with COVID-19 (Beach et al., 2020). Catatonia is now a well-recognized sequela of acute COVID-19 
infection, with over 50 cases reported in the literature thus far. A study using the National Inpatient 
Sample found that 3.7% of catatonia cases identified at hospital discharge in 2020 involved co-occurring 
COVID-19, and catatonia was diagnosed in 0.04% of hospitalizations for COVID-19, with a total of 610 
patients diagnosed with both catatonia and COVID-19 (Luccarelli et al., 2022). Patients with catatonia in 
the setting of COVID-19 have significantly longer lengths of stay compared to COVID-19-positive patients 
without catatonia (11 vs. 5 days, respectively). Notably, though catatonia has largely been seen in the 
acute phase of COVID-19 infection, one review found that it was even reported in the subacute phase 
and as a long-term complication (Dawood et al., 2022).  
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Of the patients identified as having catatonia in the setting of COVID-19 in a 2022 scoping 
review, approximately 40% were over age 50 and nearly 50% had preexisting psychiatric illness, 
including more than 25% with a known schizophrenia spectrum illness (Dawood et al., 2022). In a 
different study, 20% also received a discharge diagnosis of metabolic encephalopathy, 13% of 
unspecified encephalopathy, 12% of delirium, and 11% of toxic encephalopathy, suggesting that co-
occurring delirium was highly prevalent (Luccarelli et al., 2022).  

Presentation of catatonia in the setting of COVID-19 largely mimics that of catatonia more 
generally. The DSM-5-TR defines catatonia as requiring the presence of 3 or more of the following: waxy 
flexibility, negativism, grimacing, stereotypies, catalepsy, stupor, echolalia, echopraxia, agitation, 
posturing, mutism, and mannerisms. The Bush-Francis Catatonia Rating Scale (BFCRS), the most widely 
used scale for diagnosing and tracking catatonic symptoms, requires 2 of 13 symptoms to be present. In 
a scoping review, the BFCRS was used to diagnose 24% of the COVID-19 patients found to have 
catatonia, with scores ranging from 7 to 27 and a median score of 17 (Dawood et al., 2022). One 
important feature of catatonia in the setting of COVID-19 appears to be the frequent presence of co-
occurring delirium. While the DSM-5-TR states that delirium and catatonia cannot simultaneously be 
diagnosed, clinical practice indicates that delirium is present in approximately one-third of patients with 
catatonia, particularly those who have catatonia due to a neuromedical illness (Luccarelli et al., 2022; 
Grover et al., 2014). As noted in the Delirium section, features of catatonia, including hypertonia, 
withdrawal, abulia, and alogia, have been frequently observed in delirious patients with COVID-19, 
suggesting some likely overlap (Beckwith et al., 2023). One systematic review also found that pro-
inflammatory markers (D-dimer, platelet count, lymphocyte count, lactate dehydrogenase, ferritin, CRP, 
procalcitonin) were elevated in 7 out of 10 cases of COVID-19-related catatonia and that anxiety was a 
notable symptom in patients in 6 of the publications reviewed (Scheiner et al., 2021).  

The differential diagnosis of catatonia should always include entities such as locked-in 
syndrome, minimally conscious and persistent vegetative states, parkinsonism, seizures, and malignant 
hyperthermia. In the setting of COVID-19, a particularly important set of syndromes to consider are the 
amotivation syndromes, with akinetic mutism (AM) representing the extreme of this spectrum. Cases of 
AM are now well described in the setting of COVID-19—one study estimated 13% of hospitalized COVID-
19 patients exhibited AM (Nersesjan et al., 2021)—with clinical features overlapping significantly 
(Fusunyan et al., 2021). C. Miller Fisher described AM as a pure motor catatonia, as it typically lacks the 
affective (i.e., fear) and behavioral (e.g., stereotypies, mannerisms) features (Fisher, 1989). Risk factors 
for AM in COVID-19 appear to include severe respiratory illness, meningoencephalitis, and preexisting 
neuropsychiatric vulnerability (Fusunyan et al., 2021). The distinction is important because, unlike 
catatonia, AM does not typically respond to benzodiazepines and cases typically last 1–2 weeks 
(Fusunyan et al., 2021).  

The pathophysiology of catatonia in the setting of COVID-19 remains unclear. Some have noted 
that extreme systemic inflammatory responses, as have been observed in the setting of acute COVID-19 
infection, may lead to states of dopamine depletion in the brain, which conveys a vulnerability to 
catatonia, as when a patient is administered a dopamine-blocking agent (Beach et al., 2020). Immune 
dysregulation has also been hypothesized to be central to catatonia in general (Rogers et al., 2019; 
Beach et al., 2023). One evolutionary-based hypothesis regarding catatonia in general is that it 
represents an extreme fear response, akin to lower mammals playing dead (Moskowitz, 2004). Finally, it 
has been observed that many patients with COVID-19-associated catatonia have comorbid delirium or 
psychosis. Catatonia is prominent in hypoactive delirium in general, with some studies estimating that 
up to one-third of patients with delirium exhibit features of catatonia (Grover et al., 2014). Perhaps the 
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same process that leads to delirium in COVID-19 also causes catatonia. Similarly, many of the 
pathophysiological mechanisms proposed to account for psychosis in the setting of COVID-19 may also 
apply to catatonia.   

Most cases of COVID-19-associated catatonia have responded to traditional treatments for 
catatonia, including benzodiazepines. In one series, lorazepam was successful in over 80% of the cases in 
which it was used (Dawood et al., 2022). Many cases that have not responded to benzodiazepines have 
been successfully treated with electroconvulsive therapy (Dawood et al., 2022). Some patients deemed 
to have an underlying encephalitis have also responded to treatment with steroids or immunotherapies 
(Dawood et al., 2022).  

 

Workup for Patients with COVID-19 

Given that the World Health Organization now considers altered mental status to be a core 
symptom of acute infection, and given one study suggesting it as the 6th most common presenting 
symptom (with 37% of patients presenting with altered mental status in the setting of COVID-19 
infection not exhibiting other symptoms) (Kennedy et al., 2020), all patients presenting with altered 
mental status should undergo testing for COVID-19. Basic blood work, including a metabolic panel and 
complete blood count, is recommended for all patients with COVID-19, with consideration given to 
including markers of inflammation, such as CRP. For patients presenting with delirium in the setting of 
acute infection, an EEG and a lumbar puncture are not routinely recommended in the absence of 
specific relevant findings. Imaging in the form of MRI may be useful, particularly for older patients in 
order to rule out CVA, subdural hematoma, and neurodegenerative processes. In all cases, the utility of 
testing should be weighed against the additional exposure risks, though these tend to be minimal at this 
stage in the evolution of COVID-19 when personal protective equipment is widely available.  

For patients presenting with new-onset psychosis, mania, or catatonia, a full workup is 
recommended, as would be standard for any patient presenting with a first episode of these conditions. 
Given the possibility of molecular mimicry, strong consideration should be given to obtaining an 
autoimmune encephalitis panel from these patients. Iron studies should be obtained for any patient 
presenting with catatonia given evidence that low iron constitutes a risk factor for catatonia and for 
conversion to malignant catatonia.  

 

 

 

 

 

 

 

 



Page 11 of 15 
 

  © Copyright, American Psychiatric Association, all rights reserved. 
 

References 

1. Baller, E. B., Hogan, C. S., Fusunyan, M. A., Ivkovic, A., Luccarelli, J. W., Madva, E., Nisavic, M., 
Praschan, N., Quijije, N. V., Beach, S. R., & Smith, F. A. (2020). Neurocovid: Pharmacological 
Recommendations for Delirium Associated With COVID-19. Psychosomatics, 61(6), 585–596. 
https://doi.org/10.1016/j.psym.2020.05.013 

2. Beach, S. R., Luccarelli, J., Praschan, N., Fusunyan, M., & Fricchione, G. L. (2023). Molecular and 
immunological origins of catatonia. Schizophrenia Research. 
https://doi.org/10.1016/j.schres.2023.03.013 

3. Beach, S. R., Praschan, N. C., Hogan, C., Dotson, S., Merideth, F., Kontos, N., Fricchione, G. L., & 
Smith, F. A. (2020). Delirium in COVID-19: A case series and exploration of potential mechanisms 
for central nervous system involvement. General Hospital Psychiatry, 65, 47–53. 
https://doi.org/10.1016/j.genhosppsych.2020.05.008 

4. Beckwith, N., Probert, J., Rosenbaum, B. L., Bains, A., Angelucci, V. C., Morfin Rodriguez, A. E., 
London, S., Zollman, J. W., Soto Ordoñez, A., Kontos, N., Smith, F. A., Celano, C. M., & Beach, S. 
R. (2023). Demographic Features, Physical Examination Findings, and Medication Use in 
Hospitalized, Delirious Patients With and Without COVID-19 Infection: A Retrospective Study. 
Journal of the Academy of Consultation-Liaison Psychiatry, 64(1), 35–44. 
https://doi.org/10.1016/j.jaclp.2022.07.010 

5. Butowt, R., & von Bartheld, C. S. (2020). Anosmia in COVID-19: Underlying Mechanisms and 
Assessment of an Olfactory Route to Brain Infection. The Neuroscientist, 27(6), 582–603. 
https://doi.org/10.1177/1073858420956905 

6. Butowt, R., Bilińska, K., & von Bartheld, C. (2022). Why Does the Omicron Variant Largely Spare 
Olfactory Function? Implications for the Pathogenesis of Anosmia in Coronavirus Disease 2019. 
The Journal of Infectious Diseases, 226(8), 1304–1308. https://doi.org/10.1093/infdis/jiac113 

7. Caan, M. P., Lim, C. T., & Howard, M. (2020). A Case of Catatonia in a Man With COVID-19. 
Psychosomatics, 61(5), 556–560. https://doi.org/10.1016/j.psym.2020.05.021 

8. Cappello, F., Marino Gammazza, A., Dieli, F., Conway de Macario, E., & Macario, A. J. (2020). 
Does SARS-CoV-2 Trigger Stress-Induced Autoimmunity by Molecular Mimicry? A Hypothesis. 
Journal of Clinical Medicine, 9(7), 2038. https://doi.org/10.3390/jcm9072038 

9. Chaudhary, A. M., Musavi, N. B., Saboor, S., Javed, S., Khan, S., & Naveed, S. (2022). Psychosis 
during the COVID-19 pandemic: A systematic review of case reports and case series. Journal of 
Psychiatric Research, 153, 37–55. https://doi.org/10.1016/j.jpsychires.2022.06.041 

10. Chen, S., Han, Y., Yang, L., Kim, T., Nair, M., Harschnitz, O., Wang, P., Zhu, J., Koo, S. Y., Tang, X., 
Lacko, L., Chandar, V., Bram, Y., Zhang, T., Zhang, W., He, F., Caicedo, J., Huang, Y., Evans, T., … 
Studer, L. (2021). SARS-CoV-2 Infection Causes Dopaminergic Neuron Senescence. 
https://doi.org/10.21203/rs.3.rs-513461/v1 

11. Dawood, A. S., Dawood, A., & Dawood, S. (2022). Catatonia after COVID-19 infection: Scoping 
review. BJPsych Bulletin, 1–12. https://doi.org/10.1192/bjb.2022.30 

12. Dotson, S., Hartvigsen, N., Wesner, T., Carbary, T. J., Fricchione, G., & Freudenreich, O. (2020). 
Clozapine toxicity in the setting of COVID-19. Psychosomatics, 61(5), 577–578. 
https://doi.org/10.1016/j.psym.2020.05.025 

13. Edén, A., Grahn, A., Bremell, D., Aghvanyan, A., Bathala, P., Fuchs, D., Gostner, J., Hagberg, L., 
Kanberg, N., Kanjananimmanont, S., Lindh, M., Misaghian, S., Nilsson, S., Schöll, M., Sigal, G., 
Stentoft, E., Studahl, M., Yilmaz, A., Wang, M., … Gisslén, M. (2022). Viral antigen and 
inflammatory biomarkers in cerebrospinal fluid in patients with covid-19 infection and 
neurologic symptoms compared with control participants without infection or neurologic 
symptoms. JAMA Network Open, 5(5). https://doi.org/10.1001/jamanetworkopen.2022.13253 



Page 12 of 15 
 

  © Copyright, American Psychiatric Association, all rights reserved. 
 

14. Fisher, C. M. (1989). ‘Catatonia’ due to disulfiram toxicity. Archives of Neurology, 46(7), 798–
804. https://doi.org/10.1001/archneur.1989.00520430094024 

15. Flinspach, A. N., Booke, H., Zacharowski, K., Balaban, Ü., Herrmann, E., & Adam, E. H. (2021). 
High sedation needs of critically ill COVID-19 Ards patients—a monocentric observational study. 
PLOS ONE, 16(7). https://doi.org/10.1371/journal.pone.0253778 

16. Fond, G., & Boyer, L. (2023). Lessons from the coronavirus disease 2019 pandemic in 
schizophrenia: a review. Current Opinion in Psychiatry, 36(3), 179–183. 
https://doi.org/10.1097/yco.0000000000000855 

17. Fong, T. G., Inouye, S. K. (2022). The inter-relationship between delirium and dementia: the 
importance of delirium prevention. Nat Rev Neurol, 18, 579–596. 
https://doi.org/10.1038/s41582-022-00698-7 

18. Fusunyan, M., Praschan, N., Fricchione, G., & Beach, S. (2021). Akinetic mutism and coronavirus 
disease 2019: A narrative review. Journal of the Academy of Consultation-Liaison Psychiatry, 
62(6), 625–633. https://doi.org/10.1016/j.jaclp.2021.08.009 

19. García-Grimshaw, M., Chiquete, E., Jiménez-Ruiz, A., Vidal-Mayo, J. de, Grajeda-González, S. L., 
Vargas-Martínez, M. de, Toapanta-Yanchapaxi, L. N., Valdés-Ferrer, S. I., Chávez-Martínez, O. A., 
Marché-Fernández, O. A., Jiménez-Ávila, A. I., Cantú-Brito, C., & Flores-Silva, F. D. (2022). 
Delirium and associated factors in a cohort of hospitalized patients with coronavirus disease 
2019. Journal of the Academy of Consultation-Liaison Psychiatry, 63(1), 3–13. 
https://doi.org/10.1016/j.jaclp.2021.06.008 

20. Girard, T. D., Kress, J. P., Fuchs, B. D., Thomason, J. W., Schweickert, W. D., Pun, B. T., Taichman, 
D. B., Dunn, J. G., Pohlman, A. S., Kinniry, P. A., Jackson, J. C., Canonico, A. E., Light, R. W., 
Shintani, A. K., Thompson, J. L., Gordon, S. M., Hall, J. B., Dittus, R. S., Bernard, G. R., & Ely, E. W. 
(2008). Efficacy and safety of a paired sedation and ventilator weaning protocol for mechanically 
ventilated patients in intensive care (awakening and breathing controlled trial): A randomised 
controlled trial. The Lancet, 371(9607), 126–134. https://doi.org/10.1016/s0140-
6736(08)60105-1 

21. Gordon, D. E., Jang, G. M., Bouhaddou, M., Xu, J., Obernier, K., White, K. M., O’Meara, M. J., 
Rezelj, V. V., Guo, J. Z., Swaney, D. L., Tummino, T. A., Hüttenhain, R., Kaake, R. M., Richards, A. 
L., Tutuncuoglu, B., Foussard, H., Batra, J., Haas, K., Modak, M., … Krogan, N. J. (2020). A SARS-
COV-2 protein interaction map reveals targets for drug repurposing. Nature, 583(7816), 459–
468. https://doi.org/10.1038/s41586-020-2286-9 

22. Grover, S., Ghosh, A., & Ghormode, D. (2014). Do patients of delirium have catatonic features? 
An exploratory study. Psychiatry and Clinical Neurosciences, 68(8), 644–651. 
https://doi.org/10.1111/pcn.12168 

23. Gu, J., Gong, E., Zhang, B., Zheng, J., Gao, Z., Zhong, Y., Zou, W., Zhan, J., Wang, S., Xie, Z., 
Zhuang, H., Wu, B., Zhong, H., Shao, H., Fang, W., Gao, D., Pei, F., Li, X., He, Z., … Leong, A. S.-Y. 
(2005). Multiple organ infection and the pathogenesis of SARS. Journal of Experimental 
Medicine, 202(3), 415–424. https://doi.org/10.1084/jem.20050828 

24. Helms, J., Kremer, S., Merdji, H., Clere-Jehl, R., Schenck, M., Kummerlen, C., Collange, O., Boulay, 
C., Fafi-Kremer, S., Ohana, M., Anheim, M., & Meziani, F. (2020). Neurologic features in severe 
SARS-COV-2 infection. New England Journal of Medicine, 382(23), 2268–2270. 
https://doi.org/10.1056/nejmc2008597 

25. Inouye, S. K. (2021). The importance of delirium and delirium prevention in older adults during 
lockdowns. JAMA, 325(17), 1779. https://doi.org/10.1001/jama.2021.2211 

26. Kennedy, M., Helfand, B. K., Gou, R. Y., Gartaganis, S. L., Webb, M., Moccia, J. M., Bruursema, S. 
N., Dokic, B., McCulloch, B., Ring, H., Margolin, J. D., Zhang, E., Anderson, R., Babine, R. L., 
Hshieh, T., Wong, A. H., Taylor, R. A., Davenport, K., Teresi, B., … Inouye, S. K. (2020). Delirium in 

https://doi.org/10.1097/yco.0000000000000855
https://doi.org/10.1038/s41582-022-00698-7


Page 13 of 15 
 

  © Copyright, American Psychiatric Association, all rights reserved. 
 

older patients with covid-19 presenting to the Emergency Department. JAMA Network Open, 
3(11). https://doi.org/10.1001/jamanetworkopen.2020.29540 

27. Khan, S. H., Lindroth, H., Perkins, A. J., Jamil, Y., Wang, S., Roberts, S., Farber, M., Rahman, O., 
Gao, S., Marcantonio, E. R., Boustani, M., Machado, R., & Khan, B. A. (2020). Delirium incidence, 
duration, and severity in critically ill patients with coronavirus disease 2019. Critical Care 
Explorations, 2(12). https://doi.org/10.1097/cce.0000000000000290 

28. Kozlov, M. (2022). Omicron’s feeble attack on the lungs could make it less dangerous. Nature, 
601(7892), 177. https://doi.org/10.1038/d41586-022-00007-8 

29. Llorens, S., Nava, E., Muñoz-López, M., Sánchez-Larsen, Á., & Segura, T. (2021). Neurological 
symptoms of COVID-19: The Zonulin hypothesis. Frontiers in Immunology, 12. 
https://doi.org/10.3389/fimmu.2021.665300 

30. Luccarelli, J., Kalinich, M., McCoy, T. H., Fricchione, G., Smith, F., & Beach, S. R. (2022). Co-
occurring catatonia and covid-19 diagnoses among hospitalized individuals in 2020: A national 
inpatient sample analysis. Journal of the Academy of Consultation-Liaison Psychiatry. 
https://doi.org/10.1016/j.jaclp.2022.12.010 

31. Maccio, U., Zinkernagel, A. S., Schuepbach, R., Probst-Mueller, E., Frontzek, K., Brugger, S. D., 
Hofmaenner, D. A., Moch, H., & Varga, Z. (2022). Long-term persisting SARS-COV-2 RNA and 
pathological findings: Lessons learnt from a series of 35 covid-19 autopsies. Frontiers in 
Medicine, 9. https://doi.org/10.3389/fmed.2022.778489 

32. Matschke, J., Lütgehetmann, M., Hagel, C., Sperhake, J. P., Schröder, A. S., Edler, C., Mushumba, 
H., Fitzek, A., Allweiss, L., Dandri, M., Dottermusch, M., Heinemann, A., Pfefferle, S., 
Schwabenland, M., Sumner Magruder, D., Bonn, S., Prinz, M., Gerloff, C., Püschel, K., … Glatzel, 
M. (2020). Neuropathology of patients with covid-19 in Germany: A post-mortem case series. 
The Lancet Neurology, 19(11), 919–929. https://doi.org/10.1016/s1474-4422(20)30308-2 

33. McAlpine, L. S., Lifland, B., Check, J. R., Angarita, G. A., Ngo, T. T., Chen, P., Dandekar, R., 
Alvarenga, B. D., Browne, W. D., Pleasure, S. J., Wilson, M. R., Spudich, S. S., Farhadian, S. F., & 
Bartley, C. M. (2023). Anti-SARS-cov-2 and autoantibody profiling of a COVID-19 patient with 
subacute psychosis who remitted after treatment with intravenous immunoglobulin. Biological 
Psychiatry, 93(9). https://doi.org/10.1016/j.biopsych.2022.09.007  

34. Meinhardt, J., Radke, J., Dittmayer, C., Franz, J., Thomas, C., Mothes, R., Laue, M., Schneider, J., 
Brünink, S., Greuel, S., Lehmann, M., Hassan, O., Aschman, T., Schumann, E., Chua, R. L., Conrad, 
C., Eils, R., Stenzel, W., Windgassen, M., … Heppner, F. L. (2020). Olfactory transmucosal SARS-
COV-2 invasion as a port of central nervous system entry in individuals with covid-19. Nature 
Neuroscience, 24(2), 168–175. https://doi.org/10.1038/s41593-020-00758-5 

35. Mittermaier, M., Pickerodt, P., Kurth, F., de Jarcy, L. B., Uhrig, A., Garcia, C., Machleidt, F., 
Pergantis, P., Weber, S., Li, Y., Breitbart, A., Bremer, F., Knape, P., Dewey, M., Doellinger, F., 
Weber-Carstens, S., Slutsky, A. S., Kuebler, W. M., Suttorp, N., & Müller-Redetzky, H. (2020). 
Evaluation of peep and prone positioning in early COVID-19 Ards. EClinicalMedicine, 28, 100579. 
https://doi.org/10.1016/j.eclinm.2020.100579 

36. Moskowitz, A. K. (2004). “Scared stiff”: Catatonia as an evolutionary-based fear response. 
Psychological Review, 111(4), 984–1002. https://doi.org/10.1037/0033-295x.111.4.984 

37. Nalleballe, K., Reddy Onteddu, S., Sharma, R., Dandu, V., Brown, A., Jasti, M., Yadala, S., 
Veerapaneni, K., Siddamreddy, S., Avula, A., Kapoor, N., Mudassar, K., & Kovvuru, S. (2020). 
Spectrum of neuropsychiatric manifestations in covid-19. Brain, Behavior, and Immunity, 88, 71–
74. https://doi.org/10.1016/j.bbi.2020.06.020 

38. Nersesjan, V., Amiri, M., Lebech, A.-M., Roed, C., Mens, H., Russell, L., Fonsmark, L., Berntsen, 
M., Sigurdsson, S. T., Carlsen, J., Langkilde, A. R., Martens, P., Lund, E. L., Hansen, K., Jespersen, 
B., Folke, M. N., Meden, P., Hejl, A.-M., Wamberg, C., … Kondziella, D. (2021). Central and 



Page 14 of 15 
 

  © Copyright, American Psychiatric Association, all rights reserved. 
 

peripheral nervous system complications of COVID-19: A prospective tertiary center cohort with 
3-month follow-up. Journal of Neurology. https://doi.org/10.1007/s00415-020-10380-x 

39. Nersesjan, V., Fonsmark, L., Christensen, R. H., Amiri, M., Merie, C., Lebech, A.-M., Katzenstein, 
T., Bang, L. E., Kjærgaard, J., Kondziella, D., & Benros, M. E. (2022). Neuropsychiatric and 
cognitive outcomes in patients 6 months after COVID-19 requiring hospitalization compared 
with matched control patients hospitalized for non–COVID-19 illness. JAMA Psychiatry, 79(5), 
486. https://doi.org/10.1001/jamapsychiatry.2022.0284 

40. O’Leary, K. B., & Keenmon, C. (2023). New-onset psychosis in the context of COVID-19 infection: 
An illustrative case and literature review. Journal of the Academy of Consultation-Liaison 
Psychiatry. https://doi.org/10.1016/j.jaclp.2023.01.001 

41. Piersiala, K., Kakabas, L., Bruckova, A., Starkhammar, M., & Cardell, L. O. (2022). Acute 
odynophagia: A new symptom of COVID‐19 during the sars‐cov‐2 omicron variant wave in 
Sweden. Journal of Internal Medicine, 292(1), 154–161. https://doi.org/10.1111/joim.13470 

42. Pun, B. T., Badenes, R., Heras La Calle, G., Orun, O. M., Chen, W., Raman, R., Simpson, B.-G. K., 
Wilson-Linville, S., Hinojal Olmedillo, B., Vallejo de la Cueva, A., van der Jagt, M., Navarro 
Casado, R., Leal Sanz, P., Orhun, G., Ferrer Gómez, C., Núñez Vázquez, K., Piñeiro Otero, P., 
Taccone, F. S., Gallego Curto, E., … Sarwal, A. (2021). Prevalence and risk factors for delirium in 
critically ill patients with covid-19 (COVID-D): A multicentre cohort study. The Lancet Respiratory 
Medicine, 9(3), 239–250. https://doi.org/10.1016/s2213-2600(20)30552-x 

43. Riker, R. R. (2009). Dexmedetomidine vs midazolam for sedation of critically ill patients: A 
randomized trial. JAMA, 301(5), 489. https://doi.org/10.1001/jama.2009.56 

44. Rogers, J. P., Pollak, T. A., Blackman, G., & David, A. S. (2019). Catatonia and the immune system: 
a review. The Lancet Psychiatry, 6(7), 620–630. https://doi.org/10.1016/s2215-0366(19)30190-7 

45. Russo, M., Calisi, D., De Rosa, M. A., Evangelista, G., Consoli, S., Dono, F., Santilli, M., Gambi, F., 
Onofrj, M., Di Giannantonio, M., Parruti, G., & Sensi, S. L. (2022). Covid-19 and First Manic 
episodes: A systematic review. Psychiatry Research, 314, 114677. 
https://doi.org/10.1016/j.psychres.2022.114677 

46. Saad, M., Omrani, A. S., Baig, K., Bahloul, A., Elzein, F., Matin, M. A., Selim, M. A. A., Mutairi, M. 
A., Nakhli, D. A., Aidaroos, A. Y., Sherbeeni, N. A., Al-Khashan, H. I., Memish, Z. A., & Albarrak, A. 
M. (2014). Clinical aspects and outcomes of 70 patients with Middle East respiratory syndrome 
coronavirus infection: A single-center experience in Saudi Arabia. International Journal of 
Infectious Diseases, 29, 301–306. https://doi.org/10.1016/j.ijid.2014.09.003 

47. Samim, M., Dhar, D., Goyal, S., Dey, T., Parvin, N., Shah, R. D., Singh, V., Chowdhury, S., Lal, B. 
M., Varghese, N., Gohel, A., Chowdhury, A., Chatterjee, A., & Siddiqui, S. (2022). AI-COV study: 
Autoimmune encephalitis associated with covid-19 and its vaccines—a systematic review. 
Journal of Clinical Neurology, 18(6), 692. https://doi.org/10.3988/jcn.2022.18.6.692 

48. Satturwar, S., Fowkes, M., Farver, C., Wilson, A. M., Eccher, A., Girolami, I., Pujadas, E., Bryce, C., 
Salem, F., El Jamal, S. M., Paniz-Mondolfi, A., Petersen, B., Gordon, R. E., Reidy, J., Fraggetta, F., 
Marshall, D. A., & Pantanowitz, L. (2021). Postmortem findings associated with SARS-COV-2. 
American Journal of Surgical Pathology, 45(5), 587–603. 
https://doi.org/10.1097/pas.0000000000001650 

49. Scheiner, N. S., Smith, A. K., Wohlleber, M., Malone, C., & Schwartz, A. C. (2021). Covid-19 and 
catatonia: A case series and systematic review of existing literature. Journal of the Academy of 
Consultation-Liaison Psychiatry, 62(6), 645–656. https://doi.org/10.1016/j.jaclp.2021.04.003 

50. Sher, Y., Rabkin, B., Maldonado, J. R., & Mohabir, P. (2020). Covid-19–associated hyperactive 
intensive care unit delirium with proposed pathophysiology and treatment: A case report. 
Psychosomatics, 61(5), 544–550. https://doi.org/10.1016/j.psym.2020.05.007 



Page 15 of 15 
 

  © Copyright, American Psychiatric Association, all rights reserved. 
 

51. Siskind, D., Honer, W. G., Clark, S., Correll, C. U., Hasan, A., Howes, O., Kane, J. M., Kelly, D. L., 
Laitman, R., Lee, J., MacCabe, J. H., Myles, N., Nielsen, J., Schulte, P. F., Taylor, D., Verdoux, H., 
Wheeler, A., & Freudenreich, O. (2020). Consensus statement on the use of clozapine during the 
COVID-19 pandemic. Journal of Psychiatry and Neuroscience, 45(3), 222–223. 
https://doi.org/10.1503/jpn.200061 

52. Smith, C. M., Gilbert, E. B., Riordan, P. A., Helmke, N., von Isenburg, M., Kincaid, B. R., & Shirey, 
K. G. (2021). Covid-19-associated psychosis: A systematic review of case reports. General 
Hospital Psychiatry, 73, 84–100. https://doi.org/10.1016/j.genhosppsych.2021.10.003 

53. Strakowski, S., Tohen, M., Stoll, A., Faedda, G., Mayer, P., Kolbrener, M., & Goodwin, D. (1993). 
Comorbidity in psychosis at first hospitalization. American Journal of Psychiatry, 150(5), 752–
757. https://doi.org/10.1176/ajp.150.5.752  

54. Taquet, M., Devinsky, O., Cross, J. H., Harrison, P. J., & Sen, A. (2022). Incidence of epilepsy and 
seizures over the first 6 months after a COVID-19 diagnosis. Neurology, 100(8). 
https://doi.org/10.1212/wnl.0000000000201595 

55. Taquet, M., Geddes, J. R., Husain, M., Luciano, S., & Harrison, P. J. (2021). 6-month neurological 
and psychiatric outcomes in 236379 survivors of covid-19: A retrospective cohort study using 
electronic health records. The Lancet Psychiatry, 8(5), 416–427. https://doi.org/10.1016/s2215-
0366(21)00084-5 

56. Taquet, M., Sillett, R., Zhu, L., Mendel, J., Camplisson, I., Dercon, Q., & Harrison, P. J. (2022). 
Neurological and psychiatric risk trajectories after SARS-COV-2 infection: An analysis of 2-year 
retrospective cohort studies including 1 284 437 patients. The Lancet Psychiatry, 9(10), 815–827. 
https://doi.org/10.1016/s2215-0366(22)00260-7 

57. Teuwen, L.-A., Geldhof, V., Pasut, A., & Carmeliet, P. (2020). Covid-19: The vasculature 
unleashed. Nature Reviews Immunology, 20(7), 389–391. https://doi.org/10.1038/s41577-020-
0343-0 

58. Thakur, K. T., Miller, E. H., Glendinning, M. D., Al-Dalahmah, O., Banu, M. A., Boehme, A. K., 
Boubour, A. L., Bruce, S. S., Chong, A. M., Claassen, J., Faust, P. L., Hargus, G., Hickman, R. A., 
Jambawalikar, S., Khandji, A. G., Kim, C. Y., Klein, R. S., Lignelli-Dipple, A., Lin, C.-C., … Canoll, P. 
(2021). Covid-19 Neuropathology at Columbia University Irving Medical Center/New York 
Presbyterian Hospital. Brain, 144(9), 2696–2708. https://doi.org/10.1093/brain/awab148 

59. Varatharaj, A., Thomas, N., Ellul, M., Davies, N. W., Pollak, T., Tenorio, E. L., Sultan, M., Easton, 
A., Breen, G., Zandi, M., Coles, J. P., Manji, H., Al-Shahi Salman, R., Menon, D., Nicholson, T., 
Benjamin, L., Carson, A., Smith, C., Turner, M. R., … Michael, B. (2020). UK-wide surveillance of 
neurological and neuropsychiatric complications of COVID-19: The first 153 patients. SSRN 
Electronic Journal. https://doi.org/10.2139/ssrn.3601761 

60. Vasilevska, V., Guest, P. C., Bernstein, H.-G., Schroeter, M. L., Geis, C., & Steiner, J. (2021). 
Molecular mimicry of NMDA receptors may contribute to neuropsychiatric symptoms in severe 
COVID-19 cases. Journal of Neuroinflammation, 18(1). https://doi.org/10.1186/s12974-021-
02293-x 

61. Watson, C. J., Thomas, R. H., Solomon, T., Michael, B. D., Nicholson, T. R., & Pollak, T. A. (2021). 
Covid-19 and psychosis risk: Real or delusional concern? Neuroscience Letters, 741, 135491. 
https://doi.org/10.1016/j.neulet.2020.135491 

62. Zhang, R., Wang, X., Ni, L., Di, X., Ma, B., Niu, S., Liu, C., & Reiter, R. J. (2020). Covid-19: 
Melatonin as a potential adjuvant treatment. Life Sciences, 250, 117583. 
https://doi.org/10.1016/j.lfs.2020.117583 

https://doi.org/10.1016/j.genhosppsych.2021.10.003

