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Background: Psychiatric symptoms directly associated with SARS-CoV-2 virus infection have been reported sporadically in children. More cases of new-onset psychosis without severe cardinal symptoms, altered consciousness level, and psychogenic drug usage would offer compelling grounds for the association between the virus infection and psychosis.

Methods: We collected the clinical data of pediatric patients with new onset psychiatric symptoms after the SARS-CoV-2 virus infection from December 2022 to Feb 2023 and followed up with them for 1 year. These children did not have severe respiratory, cardiovascular, or systemic symptoms. They were not given psychogenic drugs. We also searched Pubmed to identify previously reported acute onset psychiatric cases related to SARS-CoV-2 virus infection in children. We summarized these patients’ clinical symptoms, laboratory examination, treatment, and prognosis.

Results: We reported 11 new cases of psychiatric disease directly related to SARS-CoV-2 virus infection and reviewed 12 previously reported cases among children and adolescents. They had various psychiatric symptoms within 3 weeks after the virus infection. Brain MRI and EEG recording did not reveal remarkable abnormalities. The cerebrospinal fluid analysis (CSF) could find increased protein, immunoglobulin, and IL-8 levels, disrupted blood–brain barrier, and positive oligoclonal band in a minority of the patients. Most of the patients had good outcomes.

Conclusion: New-onset psychiatric symptoms directly related to SARS-CoV-2 virus infection are not rare phenomena among pediatric patients. CSF tests support the presence of central immune responses in some patients. Although these patients received different treatments, most of them had good prognoses.
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Introduction

There are many reports about mental disorders related to the COVID-19 pandemic since the spreading of the SARS-CoV-2 virus (1, 2). The pandemic-related stress caused an increased incidence of anxiety and depression (3). Psychotic symptoms such as hallucinations and delusions were highly prevalent during impairment of consciousness occurring in severe cases of SARS-CoV-2 virus infection (4). Iatrogenic factors, such as corticosteroids, sedatives, and anesthetic agents used during treatment for severe cases, can all have neuropsychiatric side effects. There were also some documents of new-onset psychoses supposed to be directly related to SARS-CoV-2 virus infection, most often from adult patients, rarely from children (1). Since December 2022, when China began implementing a relaxed anti-COVID-19 policy, our Pediatric neurology department has admitted several children/adolescents with psychiatric symptoms after being infected with the SARS-CoV-2 virus. We performed comprehensive examinations to identify possible etiologies that might contribute to psychiatric symptoms. However, we could not find any other etiologies that could explain the mental and behavioral abnormalities. We followed up with these patients and found that most patients’ symptoms disappeared, and only a small number of patients still had residual psychiatric symptoms. In this study, we report in detail the 11 pediatric cases with new onset psychiatric symptoms after SARS-CoV-2 virus infection and reviewed similar published cases in children and adolescents.



Methods

From December 2022 to Feb 2023, young patients who presented to the pediatric neurology department of Qilu Hospital, Shandong University, with new onset psychiatric symptoms and evidence of a recent SARS-Cov-2 virus infection, were enrolled in this study. These patients did not experience hypoxia, altered consciousness, or corticosteroid administration before admission. Neurological examinations revealed normal orientation and attention which could exclude delirium status. Extensive examinations including blood count, liver and renal function, homocysteine level, blood ammonia and lactic acid level, thyroid function, rheumatic test, lymphocyte subset and immunoglobulin level, cerebrospinal fluid analysis, brain magnetic resonance imaging (MRI) and electroencephalogram (EEG) were performed to exclude other possible etiologies. We developed different treatment regimens for these young patients depending on the severity of the diseases. Immunosuppressive therapies were administered to most of our patients, considering that inflammatory reactions might be involved in the pathogenic pathway. We followed up with these patients for 1 year to collect possible residual symptoms.

We searched the Pubmed using the search terms ((“adolescent”[Mesh]) OR (“Child”[Mesh])) and ((“COVID-19”[Mesh]) OR (“SARS-CoV-2”[Mesh])) and (“mental disorders”[Mesh]) to identify relevant studies. By reading the titles and abstracts, we eliminated irrelevant articles that did not meet the inclusion criteria. Then, we evaluated the full-text articles to ensure they fulfilled the inclusion criteria and did not meet any of the exclusion criteria. We set inclusion criteria as follows: 1 children, adolescents or teenage patients, 2 patients with new onset psychiatric symptoms after or concurrent with documented SARS-CoV-2 virus infection. 3 articles with detailed descriptions of patient presentations. 4 articles written in English. Exclusion criteria include: 1 self-report and questionnaire study, 2 psychiatric symptoms that were not core symptoms, 3 psychiatric symptoms after the SARS-CoV-2 vaccine, 4 patients with multisystem inflammatory syndrome or severe respiratory illness, 5 patients in a decreased level of consciousness, 6 patients with positive autoimmune encephalitis antibody.

We extracted the following information from our patients and studies that met the review criteria: patient gender, age, past history, virus test method, the time interval between onset of respiratory symptoms and neuropsychiatric symptoms, psychiatric symptoms, blood test results, CSF analysis results, brain magnetic resonance imaging and other examinations, electroencephalography, clinical interventions and outcomes.



Results

Case presentations (Table 1).



TABLE 1 Eleven pediatric cases of psychiatric symptoms after SARS-CoV-2 virus infection.
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Case 1

A 13-year-old boy with mild intellectual disability lost the ability to take care of himself after 2 days of fever. He could not eat, dress, or go to the bathroom by himself. But he would like to ask his parents for help. He was dysphoric and talked too much in the daytime. Gradually, he developed insomnia. He was treated with olanzapine. However, he left the hospital against medical advice after 4 days of treatment. The boy’s symptoms persist after 1-year follow-up.



Case 2

A 9-year-old boy experienced paroxysmal micropsia and teleopsia while having fever. Two days later, the bod did not have fever, but the visual symptoms persisted. The boy did not have headache attacks or seizures. Ophthalmic examinations were all normal. After treatment with intravenous immunoglobulin (IVIG, 2 g/kg) and 17 days of small-dose methylprednisolone, the boy’s visual symptoms disappeared.



Case 3

A 2-year-old girl had fever for 2 days. After that, she said she could see the wall pendant swinging and hear strange sounds that she could not describe. Meanwhile, she felt scared and nervous. We did not give her medical intervention. The occurrence of visual and auditory hallucinations gradually decreased and eventually disappeared.



Case 4

A 12-year-old boy had fever for 1 day, and then he had intermittent vomiting for one week three days after the fever. Six days after the fever, he was irritable with nonsense gibberish and involuntary limb movement. The boy gradually spoke little and slowly. The boy sometimes could not follow instructions. We gave him olanzapine, a small dose of methylprednisolone, and IVIG (2 g/kg). Most of his symptoms disappeared except slow speech after 15 days of treatment. After 1 year, he is completely normal.



Case 5

A 15-year-old girl who had delayed psychomotor development due to cerebral palsy. She had fever for only 2 days. One day after fever, she became incommunicable and would like to talk nonsense gibberish. Involuntary limb movements and paroxysmal postural abnormalities could be easily observed. She received IVIG (2 g/kg) and a small dose of methylprednisolone for 14 days. The girl’s condition significantly improved and returned to the baseline level before virus infection at discharge and follow-up.



Case 6

A 15-year-old boy had fever for 3 days. Twelve days after the fever, the child became apathetic with a dull expression. He did not want to communicate with other people. His hand would tremble when he was nervous, and he made involuntary tongue movements. We gave the patient high-dose methylprednisolone for 3 days (20 mg/kg/d) and gradually taper the dosage for a total of 14 days. At the same time, we treated the body with intravenous immunoglobulin (IVIG)(2 g/kg) over 4 days. After 14 days of treatment, the boy’s symptoms disappeared, and there was no relapse during long-term follow-up.



Case 7

A 14-year-old boy had fever for only 1 day. One week later, he became dreamful and had poor sleep. Gradually, he developed symptoms of racing thoughts, nonsense gibberish, and agitation. He had one or more episodes of nonepileptic seizures every day: head nodding, eyes rolled up, hands trembling, and stiffness in the lower limbs. Response to olanzapine was poor. He received IVIG (2 g/kg) and 3 weeks of methylprednisolone pulse therapy (20 mg/kg/d for three consecutive days in 1 week). After 3 weeks of treatment, there was only improvement in sleep and no change in other symptoms. At 1 year’s follow-up, he is still excitable and sometimes talks nonsense gibberish.



Case 8

A 10-year-old girl had fever for 1 day. She felt drowsiness and fatigue 2 days after fever. She was agitated and would cry for no reason. She would not like to talk with other people. She was given IVIG (2 g/kg) and 2 weeks of methylprednisolone pulse therapy (20 mg/kg/d for three consecutive days in 1 week). After treatment, the girl had stable emotion and normal communication with residual recent memory impairment. After 1 year, she is completely normal.



Case 9

A 15-year-old girl became nervous, anxious, restless, and irascible at eightdays after having fever. She had insomnia and was unwilling to communicate with other people. She had the delusion of being hurt and blackmailed by other people. We found the girl’s memory and computing ability was impaired. Before admission, she was given valproate, olanzapine, and alprazolam. The insomnia improved, but other symptoms did not change. We asked her to discontinue alprazolam and still maintain on valproate and olanzapine. She received IVIG (2 g/kg) and 3 weeks of methylprednisolone pulse therapy (20 mg/kg/d for three consecutive days in 1 week).The girl improved with stable emotion, no delusions, and better sleep quality. However, memory and computing ability are only mildly improved and she is still reticent at 1 year’s follow-up.



Case 10

An 8-year-old girl showed psychological and behavioral abnormalities 2 weeks after the SARS-CoV2 virus infection, including decreased speech, reluctance to communicate with others, irritability, insomnia, involuntary movement of face and limbs, laughing and shouting for no reason, childish behavior, abnormal gait and posture, episodic tachypnea.

She received a small dose of methylprednisolone for 12 days and left the hospital against medical advice. The girl had increased communication with her parents before discharge. The occurrence of involuntary movement and episodic tachypnea also decreased. After 1 year of follow-up, the girl still has childish behavior and occasional involuntary movement.



Case 11

A 15-year-old girl had fever and sore throat for 2 days. Immediately after the temperature dropped to normal, she felt dizziness and fatigue. She was irritable and talking nonsense the whole night. She reported seeing his father who was not there. She also had the bizarre behavior of checking the windows over and over again, bending over the floor to count non-existing beads. Her symptoms only lasted for 12 h and resolved spontaneously. We still empirically administered 14 days of small-dose methylprednisolone. After discharge, She has been living a normal life.



Summary of our cases

Among the 11 patients, five were male and six were female. The children’s ages ranged from 2 to 15 years old. They have psychiatric symptoms within 2 weeks after infection of SARS-CoV2 virus. All children underwent extensive blood tests to rule out metabolic factors, rheumatic factors, and immunodeficiency syndromes. Six children were tested for blood cytokine levels, all of which were within the normal ranges (S1). All patients underwent rheumatic antibody test panel and eight of them were all negative. One patient was weakly positive for ANA. Another patient was positive for both anti-Ro-52 antibody and ANA. The last patient was positive for anti-Ro-52, anti-M2, and ANA after IVIG infusion. Lumbar puncture was performed in 10 children. Eight children showed no sign of pleocytosis or increased protein levels. One child had increased IgG level and albumin quotient in CSF. Another child was positive for the oligoclonal band in CSF. All 10 children tested negative for autoimmune encephalitis antibodies in blood and CSF. Six children were tested for paraneoplastic antibodies, and one of them had positive anti-Ri antibody in the blood. Cerebrospinal fluid cytokines were tested in six patients, and only two patients had elevated interleukin 8 (IL-8) levels (S1). Brain MRI was unremarkable in the nine patients who had completed the examination. The ophthalmic examination was performed on the child with visual symptoms to rule out ophthalmologic disorders. Nine children underwent EEG monitoring, of which four had slow background rhythm, one had increased θ rhythm activity, one had spike wave, and three had completely normal EEG. Five children were treated with corticosteroids or corticosteroids combined with IVIG. Four children were given oral antipsychotic drugs along with corticosteroids and IVIG. One child was given only oral antipsychotic drug. One child did not receive any treatment. After long-term follow-up, one child had persistent symptoms, one child had slightly improved symptoms, one child had partially improved symptoms, and eight children had significant improvement or complete remission.



Summary of reviewed articles

The detailed clinical information are documented in Table 2 (5–13). There were a total of 9 articles which met the search criteria, including 12 cases. All of them were children older than 10 years old or adolescents. Six patients were male, three patients were female, and the genders of the remaining three patients were unavailable. The detailed time intervals between SARS-CoV-2 virus infection and onset of psychiatric symptoms were provided for nine patients. Psychiatric symptoms can occur concurrently with the viral infection or as long as 3 weeks after the virus infection. Blood test results were mentioned in eight patients. One patient had positive ANA. Two patients with obsessive-compulsive disorder symptoms had positive anti-basal ganglia antibodies. One patient had both positive anti-GAD antibody and anti-Ro antibody after IVIG infusion. There were detailed descriptions of cerebrospinal spinal fluid examination in nine patients, six of which had normal test results. Two patients had increased protein levels, positive anti-SARS-COV2-spike protein IgG, and anti-neural antibodies in cerebrospinal fluid. One patient had positive oligoclonal bands in CSF. MRI scannings were normal or nonspecific for all of the 11 patients who performed MRI examinations. Ten patients underwent EEG examination, and six of them were normal. One patient had diffuse β activity, and three patients had increased slow-wave activity. Four children were given antipsychotic drugs. Four children were treated with antipsychotic drugs, corticosteroids, and IVIG. One child was treated with antipsychotic drugs and corticosteroids. Two patients received psychological intervention. One child did not receive any treatment. After treatment, two children had persistent symptoms, one child had only slight improvement, two children had partial improvement, and seven children had significant improvement or complete remission of symptoms.



TABLE 2 Reviewed child and adolescent cases of psychiatric symptoms after SARS-CoV-2 virus infection.
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Discussion

Acute psychosis has long been associated with respiratory viral pandemics, such as influenza (H1N1), SARS, and MERS (14–18). Neuropsychiatric symptoms can occur in the context of acute viral infection or after varied periods of time. Since the outset of SARS-CoV-2 virus pandemic, there have been increases in newly-onset mental and psychiatric disorders which might be caused by a combination of factors. We categorize these different factors into the following three groups. The first group of patients develop depression, anxiety, sleep disorders, and PTSD due to isolation, stress, and panic during the pandemic event (19–21). The second group of patients had severe cardiopulmonary disease or systemic diseases induced by SARS-CoV-2 virus infection and developed neuropsychiatric symptoms. Both delirium/encephalopathy status and psychogenic treatment can contribute to increased psychiatric symptoms (22). The third group of patients is similar to our cases, which indicate that acute-onset psychiatric symptoms are directly related to SARS-CoV-2 virus infection (23). SARS-CoV-2 virus caused only mild respiratory symptoms or no symptoms, but patients developed a variety of psychiatric symptoms.

Most of the reports in the third group are adult cases (1). We found 12 pediatric cases and summarized their clinical data. Detailed information shows that these children developed psychiatric symptoms within 3 weeks of virus infection. Three children (3/8, 37%) had peripheral immune responses on blood antibody tests before immunoglobulin transfusion. Three children (3/9, 33%) had elevated protein level, anti-neural antibodies, or positive oligoclonal bands in cerebrospinal fluid, suggesting central inflammatory responses. Magnetic resonance examinations were normal or showed nonspecific abnormalities. EEG revealed increased fast activity in one child (1/10, 10%) and increased slow wave activity in three children (3/10, 30%). Although these children received different treatments, most of them had significant improvement or complete resolution (7/12, 58%).

Our child patients shared many similarities with previously reported cases. Our patients developed psychiatric symptoms within 2 weeks of virus infection. A small number (3/11, 27%) of our children had positive antibodies in the blood before immunoglobulin infusion, suggesting a peripheral immune response. In a small portion of patients (2/10, 20%), positive findings in CSF suggest intracranial immune response and disruption of the blood–brain barrier. Magnetic resonance imaging did not have revealing findings. EEG showed epileptic wave in one child (1/9, 11%) and slow background rhythm or slow wave activities in five children (5/9, 55%). We chose different therapies for these children according to the severity of the symptoms. The psychiatric symptoms significantly improved or entirely resolved in most of these children (8/11, 72%).

Several potential mechanisms have been proposed for the neuropsychiatric sequelae of SARS-CoV-2 virus infection: 1. SARS-CoV-2 virus can enter the central nervous system directly through the olfactory (24) or hematogenous route (25, 26), although the virus RNA could rarely be detected in the cerebrospinal fluid (27). 2. SARS-Cov-2 virus-infected microglia are potential mediators of neurological problems by producing pro-inflammatory cytokines, such as IL-1β, IL-6, and TNF-α (28). 3. Activation of peripheral cytokines may precipitate inflammation of the central nervous system and disruption of the blood–brain barrier (29). 4. Inflammatory cytokines could inhibit enzymes responsible for the synthesis of basic compounds of cerebral neurotransmission, inducing psychiatric symptoms (30). 5. Viral infection could induce abnormal immune responses that might attack self-antigens (31), which could be further supported by the virus infection-associated anti-NMDAR encephalitis cases (32).

There were evidences that pro-inflammatory cytokines are elevated in patients with SARS-CoV-2 virus infection and can reflect disease severity, including IL-6, IL-8, IL-10, IL-2R, and TNF α (33–35). Blood cytokine tests were performed in six of our patients, and all were within the normal range. No cardinal systemic symptoms at the time of tests could explain the absence of inflammatory cytokine storm in the blood. Cytokine levels were also measured in CSF in six children, and one-third (2/6, 33.3%) had increased IL-8 levels, which indicates IL-8 in the central nervous system may be involved in the mechanisms of SARS-CoV-2 virus-induced psychiatric symptoms. In the brain, microglia and astrocytes can release IL-8 in response to oxidative stress or psychosocial stressors (36). Increased IL-8 levels in CSF have been reported in brain infection and head injury (37, 38). Blood IL-8 levels are also elevated in bipolar disorder, schizophrenia, obstructive sleep apnea and autism spectrum disorder (36). How IL-8 affected brain function and caused a wide variety of psychiatric symptoms in patients infected with SARS-CoV-2 virus is unclear. Moreover, only a minority of our patients had increased IL-8 levels in CSF, indicating pathogenic mechanisms other than IL-8. We also detected elevated IgG level, albumin quotient, and positive oligoclonal band in the CSF in another two children, which supports the disrupted blood–brain barrier and central autoimmune reaction theory. Increased protein levels, positive anti-neural antibodies and positive oligoclonal bands in CSF from previously reported three-child cases also support the central autoimmune mechanisms.

In summary, we encountered 11 children with various psychiatric symptoms directly related to SARS-CoV-2 virus infection during the first 3 months of the COVID-19 pandemic from late 2022 to early 2023, which suggests that new onset psychiatric disease after SARS-CoV-2 virus infection is not a rare phenomenon among children. Blood tests denied the existence of peripheral cytokine storm, and only a minority of patients had elevated IL-8 in the CSF. Evidence of central immune responses could be found in the cerebrospinal fluid from some of our children and previously reported cases. Although there is no consensus on the treatment for these children, most of them had good prognoses.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the Medical ethics Committe of Qilu hospital of Shandong University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

LY: Writing – original draft, Methodology, Conceptualization. JL: Writing – original draft, Methodology, Formal analysis. DZ: Writing – review & editing, Writing – original draft, Supervision, Conceptualization.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

We would like to acknowledge Dr. Ping Yin, Dr. Yang Wang, Professor Xiaofan Yang, Professor Gefei Lei, and Professor Baomin Li for providing detailed clinical data and long-term follow-up.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1445903/full#supplementary-material



References

 1. Smith, CM, Gilbert, EB, Riordan, PA, Helmke, N, von Isenburg, M, Kincaid, BR , et al. COVID-19-associated psychosis: a systematic review of case reports. Gen Hosp Psychiatry. (2021) 73:84–100. doi: 10.1016/j.genhosppsych.2021.10.003


 2. Harrison, PJ, and Taquet, M. Neuropsychiatric disorders following SARS-CoV-2 infection. Brain. (2023) 146:2241–7. doi: 10.1093/brain/awad008 

 3. Collaborators, C-MD. Global prevalence and burden of depressive and anxiety disorders in 204 countries and territories in 2020 due to the COVID-19 pandemic. Lancet. (2021) 398:1700–12. doi: 10.1016/S0140-6736(21)02143-7


 4. Webster, R, and Holroyd, S. Prevalence of psychotic symptoms in delirium. Psychosomatics. (2000) 41:519–22. doi: 10.1176/appi.psy.41.6.519


 5. Gaughan, M, Connolly, S, O'Riordan, S, Tubridy, N, McGuigan, C, and Kinsella, JA. Pediatric Parainfectious encephalitis associated with COVID-19. Neurology. (2021) 96:541–4. doi: 10.1212/WNL.0000000000011476 

 6. Pavone, P, Ceccarelli, M, Marino, S, Caruso, D, Falsaperla, R, Berretta, M , et al. SARS-CoV-2 related paediatric acute-onset neuropsychiatric syndrome. Lancet Child Adolesc Health. (2021) 5:e19–21. doi: 10.1016/S2352-4642(21)00135-8 

 7. Bartley, CM, Johns, C, Ngo, TT, Dandekar, R, Loudermilk, RL, Alvarenga, BD , et al. Anti-SARS-CoV-2 and autoantibody profiles in the cerebrospinal fluid of 3 teenaged patients with COVID-19 and subacute neuropsychiatric symptoms. JAMA Neurol. (2021) 78:1503–9. doi: 10.1001/jamaneurol.2021.3821 

 8. Javed, S, and Shad, MU. COVID-related psychosis in adolescents: a case-based review. Prim Care Companion CNS Disord. (2021) 23:21nr03107. doi: 10.4088/PCC.21nr03107 

 9. Pleszko, A, Pauleczki, A, Ovari, I, Ovari, J, and Hauser, P. Isolated hallucination as a consequence of SARS-CoV-2 infection in a 10-year-old child. Clin Child Psychol Psychiatry. (2022) 27:238–43. doi: 10.1177/13591045211061805


 10. Thomas, R, Hernandez, MJ, and Thomas, R. Psychosis after infection with SARS-CoV-2 in an adolescent: a case report. J Am Acad Child Adolesc Psychiatry. (2022) 61:844–7. doi: 10.1016/j.jaac.2022.03.004 

 11. Parsa, S, Pliszka, A, and Portley, R. COVID-19-induced aggression and Hypersexuality in an adolescent patient. J Acad Consult Liaison Psychiatry. (2022) 63:406–7. doi: 10.1016/j.jaclp.2022.03.002 

 12. Bashir, Z, Butt, IM, Vemuri, MK, and Geberhiwot, T. Acute SARS-CoV-2-induced psychosis in an adolescent. Pediatrics. (2022) 150. doi: 10.1542/peds.2021-056004


 13. Desai, SS, Nguyen, AL, and Bernstein, GA. Letter to editor: case report of long COVID-19 with psychosis in a child. Psychiatry Res. (2022) 316:114743. doi: 10.1016/j.psychres.2022.114743 

 14. Cheng, SK, Tsang, JS, Ku, KH, Wong, CW, and Ng, YK. Psychiatric complications in patients with severe acute respiratory syndrome (SARS) during the acute treatment phase: a series of 10 cases. Br J Psychiatry. (2004) 184:359–60. doi: 10.1192/bjp.184.4.359 

 15. Honigsbaum, M. "an inexpressible dread": psychoses of influenza at fin-de-siecle. Lancet. (2013) 381:988–9. doi: 10.1016/S0140-6736(13)60701-1 

 16. Kepinska, AP, Iyegbe, CO, Vernon, AC, Yolken, R, Murray, RM, and Pollak, TA. Schizophrenia and influenza at the centenary of the 1918-1919 Spanish influenza pandemic: mechanisms of psychosis risk. Front Psych. (2020) 11:72. doi: 10.3389/fpsyt.2020.00072 

 17. Kulaga, SS, and Miller, CWT. Viral respiratory infections and psychosis: a review of the literature and the implications of COVID-19. Neurosci Biobehav Rev. (2021) 127:520–30. doi: 10.1016/j.neubiorev.2021.05.008 

 18. Barthorpe, A, and Rogers, JP. Coronavirus infections from 2002 to 2021: neuropsychiatric manifestations. Sleep Med. (2022) 91:282–8. doi: 10.1016/j.sleep.2021.11.013 

 19. Turna, J, Zhang, J, Lamberti, N, Patterson, B, Simpson, W, Francisco, AP , et al. Anxiety, depression and stress during the COVID-19 pandemic: results from a cross-sectional survey. J Psychiatr Res. (2021) 137:96–103. doi: 10.1016/j.jpsychires.2021.02.059 

 20. Schou, TM, Joca, S, Wegener, G, and Bay-Richter, C. Psychiatric and neuropsychiatric sequelae of COVID-19 - a systematic review. Brain Behav Immun. (2021) 97:328–48. doi: 10.1016/j.bbi.2021.07.018 

 21. Chamaa, F, Bahmad, HF, Darwish, B, Kobeissi, JM, Hoballah, M, Nassif, SB , et al. PTSD in the COVID-19 era. Curr Neuropharmacol. (2021) 19:2164–79. doi: 10.2174/1570159X19666210113152954 

 22. Rogers, JP, Chesney, E, Oliver, D, Pollak, TA, McGuire, P, Fusar-Poli, P , et al. Psychiatric and neuropsychiatric presentations associated with severe coronavirus infections: a systematic review and meta-analysis with comparison to the COVID-19 pandemic. Lancet Psychiatry. (2020) 7:611–27. doi: 10.1016/S2215-0366(20)30203-0 

 23. Ferrando, SJ, Klepacz, L, Lynch, S, Tavakkoli, M, Dornbush, R, Baharani, R , et al. COVID-19 psychosis: a potential new neuropsychiatric condition triggered by novel coronavirus infection and the inflammatory response? Psychosomatics. (2020) 61:551–5. doi: 10.1016/j.psym.2020.05.012 

 24. Burks, SM, Rosas-Hernandez, H, Alejandro Ramirez-Lee, M, Cuevas, E, and Talpos, JC. Can SARS-CoV-2 infect the central nervous system via the olfactory bulb or the blood-brain barrier? Brain Behav Immun. (2021) 95:7–14. doi: 10.1016/j.bbi.2020.12.031 

 25. Lima, M, Siokas, V, Aloizou, AM, Liampas, I, Mentis, AA, Tsouris, Z , et al. Unraveling the possible routes of SARS-COV-2 invasion into the central nervous system. Curr Treat Options Neurol. (2020) 22:37. doi: 10.1007/s11940-020-00647-z 

 26. Desforges, M, Le Coupanec, A, Dubeau, P, Bourgouin, A, Lajoie, L, Dube, M , et al. Human coronaviruses and other respiratory viruses: underestimated opportunistic pathogens of the central nervous system? Viruses. (2019) 12:14. doi: 10.3390/v12010014 

 27. Luis, MB, Liguori, NF, Lopez, PA, and Alonso, R. SARS-CoV-2 RNA detection in cerebrospinal fluid: presentation of two cases and review of literature. Brain Behav Immun Health. (2021) 15:100282. doi: 10.1016/j.bbih.2021.100282 

 28. Jeong, GU, Lyu, J, Kim, KD, Chung, YC, Yoon, GY, Lee, S , et al. SARS-CoV-2 infection of microglia elicits Proinflammatory activation and apoptotic cell death. Microbiol Spectr. (2022) 10:e0109122. doi: 10.1128/spectrum.01091-22 

 29. Dantzer, R. Neuroimmune interactions: from the brain to the immune system and vice versa. Physiol Rev. (2018) 98:477–504. doi: 10.1152/physrev.00039.2016 

 30. Sperner-Unterweger, B, Kohl, C, and Fuchs, D. Immune changes and neurotransmitters: possible interactions in depression? Prog Neuro-Psychopharmacol Biol Psychiatry. (2014) 48:268–76. doi: 10.1016/j.pnpbp.2012.10.006 

 31. Rose, NR. Negative selection, epitope mimicry and autoimmunity. Curr Opin Immunol. (2017) 49:51–5. doi: 10.1016/j.coi.2017.08.014 

 32. Vasilevska, V, Guest, PC, Bernstein, HG, Schroeter, ML, Geis, C, and Steiner, J. Molecular mimicry of NMDA receptors may contribute to neuropsychiatric symptoms in severe COVID-19 cases. J Neuroinflammation. (2021) 18:245. doi: 10.1186/s12974-021-02293-x 

 33. Del Valle, DM, Kim-Schulze, S, Huang, HH, Beckmann, ND, Nirenberg, S, Wang, B , et al. An inflammatory cytokine signature predicts COVID-19 severity and survival. Nat Med. (2020) 26:1636–43. doi: 10.1038/s41591-020-1051-9 

 34. Pan, P, Du, X, Zhou, Q, Cui, Y, Deng, X, Liu, C , et al. Characteristics of lymphocyte subsets and cytokine profiles of patients with COVID-19. Virol J. (2022) 19:57. doi: 10.1186/s12985-022-01786-2 

 35. Jang, HJ, Leem, AY, Chung, KS, Ahn, JY, Jung, JY, Kang, YA , et al. Soluble IL-2R levels predict in-hospital mortality in COVID-19 patients with respiratory failure. J Clin Med. (2021) 10:4242. doi: 10.3390/jcm10184242


 36. Tsai, SJ. Role of interleukin 8 in depression and other psychiatric disorders. Prog Neuro-Psychopharmacol Biol Psychiatry. (2021) 106:110173. doi: 10.1016/j.pnpbp.2020.110173 

 37. Kalchev, Y, Argirova, P, Boev, I, Yaneva, A, Vatev, N, Stoycheva, M , et al. Cytokine profile in patients with acute bacterial meningitis. Cytokine. (2023) 170:156315. doi: 10.1016/j.cyto.2023.156315 

 38. Whalen, MJ, Carlos, TM, Kochanek, PM, Wisniewski, SR, Bell, MJ, Clark, RS , et al. Interleukin-8 is increased in cerebrospinal fluid of children with severe head injury. Crit Care Med. (2000) 28:929–34. doi: 10.1097/00003246-200004000-00003



Copyright
 © 2024 Yang, Li and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Acute onset psychiatric diseases after SARS-CoV-2 virus infection among pediatric patients



		Introduction



		Methods



		Results



		Case 1



		Case 2



		Case 3



		Case 4



		Case 5



		Case 6



		Case 7



		Case 8



		Case 9



		Case 10



		Case 11



		Summary of our cases



		Summary of reviewed articles









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fneur-15-1445903-t001.jpg
Gender Past history  Virus Time interval Psychiatric  Blood test CSF test Intervention follow-up

detection symptoms
1 Male By Mildintellectual  PCR 2days Hecouldnottake  Negative Autoimmune Notperformed Nt performed  Olanzapine Symptoms persistat
disabilty care of himself, but encephalits 1 years follow-up.
asked for help from antibody and
his parents. parancoplastic:
Hyperlogia, antibody negative
irrtabilty,

2 Male 9Y Normal PCR Same day Paroxysmal Negative Autgimmune Normal Normal Methylprednisolone, Symptoms
micropsia and encephalis VIG completely resolved.
teleopsia. antibody negative

3 Female 2y Normal Antigen test 2days Auditory and visual | Negative Autoimmune Normal Increased O actvity | No treatment Symptoms gradually
hallucination. She. encephalis on the background resolved and
saw clock swinging antibody and dissppeared.
and heard oligoclonal band
something that did negative.
not st Nervous CSF Cytokines
and fearfl, normal

4 Male 2y Normal Antigen test Gdays Agitation, nonsense | Negative. Blood  Increased albumin  Normal Atypical spikes,  Methylprednisolone, Symptoms mostly
gibberish, eytokines normal.  quotient and IgG. spike-slow waveson | IVIG, olanzapine  disappeared, only
involuntary limb Autoimmu bilateral frontal lobe Teft with slow speech
movement, encephal during sleep. afertreatment
decreased and slow antibody, After 1 year heis
speech parancoplastic: compltely normal.
He sometimes could. antibody, and
notfollow oligoclonal band
instructions. negative.

5 Female 15Y Cerebralpalsy  PCR 1day Nonsensegibberish, Negative. Blood ot performed. ot performed | Not performed | Methylprednisolone, Symptoms mostly
incommunicable,  cytokines normal. IVIG, olanzapine  resolved, almost
involuntary limb retumned to the
twisting, abnormal status before llness.
posture

6 Male 15y Normal PCR 12days Apathy, Negative. Blood  Autoimmune Normal Slowed background  Methylprednisolone,  Symptoms
incommunicable,  cytokines normal.  encephal with dominant | IVIG completly
nervous with hand antibody. ehythm between 8 o dissppeared.
trembling, parancoplastic: 9Hz
involuntary antibody and
movement. aligoclonal band

negatve.

7 Male uy Normal PCR 7days Dreamful,poor  Negative Autgimmune Megacisterna  Slowed background | Methylprednisolone,  Symptoms mildly
Sleepagtation.  Blood cytokines  encephalits magna with dominant  IVIG, olanzapine  improved with
Tremblinghand,  normal antibody and thythim between 7 to better sleep. Heis
racing thoughts, aligoclonal band $Hz still excitable and
nonsense gibberish, negative. sometimes has
peychogenic Increased nonsense gibberish
nonepileptic interleukin 8 in CSE

s Female 0y Normal Antigen test & PR 2days Drowsiness, fatigue, | ANA (+).Other  Positve oligoclonal | Normal Slowed background | Methylprednisolone,  Symptoms mostly
erying for no blood test negative  bandin CS VG resolved aftr 5 days.
reason, agitation, Autoimmune She could
unviling to encephalits communicate
communicate. antibody negative normally and had

S eytokines stable emotion. She
normal still had memory

impairment when
she was discharged.
sheis completely
normal at ollow-up.

9 Female 157 Normal Antigen test Sdays Nervousness, Anti-Riantibody | Autgimmu Normal Slowed background | methylprednisolone, Symptoms mostly
anxiety, insomnia,  positive. encephal with dominant | IVIG, valproate, | resolved. She keeps
persecutory Blood cytokines  antibady and shythm between | lanzapine retcent and still has
delusion, irascble,  normal parancoplastic: 7812 ‘memory and
restless,unwilling to antibody negative computing ablity
communicate, S cytokines impairment
memory and normal
computing ability
impairment

0 Female sy Normal Antigen st 2weeks Unvilling o Positive anti Ro-52, | Autoimmune Normal Normal Methylprednisolone, Symptoms partially
communicate,  anti M2 antibody,  encephal VG improved. Reduced
decreased speech, | and ANAafter  antibody, occurrence of
insomnia, IVIG. Blood parancoplastic: ‘mental and
involuntary cytokines normal.  antibody, and behavioral
movement of face oligoclonal band abnormalites
and limbs, laughing negative, CSF Improved
and shouting for no eytokine normal, communicat
reason, childish Occasional childish
behavior, abnormal behavior and
gaitand posture, involuntary
episodic tachypnea. movement aftr |

year.

u Female 15Y Normal PR 2days Dizziness, fatigue,  Negative Autoimmune Normal Normal Methylprednisolone | Symptoms lasted
agitation, talking encephal shorter than 24h
nonsense, visual antibody and and resolved before:
hallucination, oligoclonal band treatment.
bizarre behavior negative. Increased

interleukin 8 in CSF:





OPS/images/fneur-15-1445903-t002.jpg
Study

Ref (5)

Ref (6)

Ref (6)

Ref (7)

Ref (7)

Ref (7)

Ref (5)

Ref (9)

Ref(10)

Ref (1)

Ref(12)

Ref(13)

Gender

Female

male

male

NA

NA

NA

Male

Female

Male

Female

Age

16Y

2y

Teenaged

Teenaged

Teenaged

17y

16Y

ny

Virus Time interval

detection

Past history

Mild learning needs | PCR 3days

Nomovement PCR 2weeks aftr testing
disorder or positive
neuropsychiatric

disturbances

NA PCR 13days

Marijuana use, PCR NA

unspecified anxiety
and depression

Unspecified aniety | Positive SARS-CoV- | Concurrently

andmotortics, | 2-1gG serology
endorsed foggy brain

Noknown PCR NA
pychiatrc history

Nopsychiatric PR 3weeks
history

‘Normal psychomotor PCR NA
development

Nopastpsychiatric | PCR 25 wecks

history and no

cant family

history

History ofalergy | Antigen test Concurrently

Normal development | Antigen test 9days

Learning, atention | PCR 3wecks
and fine motor

diffcu

ies and

ansiety.

Psychiatric
Symptoms
Ansious,insomnia,
paranoia, iualisic
behaiors, visual nd
auditory
hallcinations,

mutism, no.

voluntary acti

y.
Fed via nasogastric
tube. Fecal and
urinary

incontinence.

0CD (severe drive o
wash his hands,
emotional labliy,

facial motor tis)

0CD disorder (using
onlya tablespoon
during his meals and
arranging the tip of
his shoes in paralel
before going to
seep). i,
hyperactivity,
aggressiveness,
rritability,
inattentiveness,
inappetence.
Subacute socal
withdraval,
insomnia, erratic
behavior paranoia,

delusion.

Word finding
cultes, impaired

concentration and

culy complting
homesork,
insoma, and mood
abiliy characerized
by sobbing and
eation. The patient
experienced internal
preoccupation,
aggression, and

suicidal ide

Repettive behavior,
anorexia,insomnia,

tachypreic,

ideomotor apraxia,

Bizarre behavior,
paranoid delusions,

au

tory
halluc

agitation, aggression,
emotional labliy,

Hallucination,
restlessness,
aggression, self-

harming thoughts.

Insomnia, acting
erratically,
halluc

tion,
delusion, seizare-like
activiy, paranoia,
internally occupied.
Attempt to interact

items that were
ot there,forgetful,
hypersesuality
ransient memory

Ansious,agiated,
swear at parents,
unusual gestures,
hallucination,
delusion, fast
tangentialspeech,
suicidal de

Visual and auditory
halluci

tions,
aniety, extreme fear;
aggression,
confusion with
disorganized
behavior.

Blood test

Anti-GAD and
anti-Ro antibody

positive post IVIG.

Anti-basal ganglia
antibody por

Anti-basal ganglia
antibody por

NA

NA

NA

Negative

Negative

Negative

Negative

Positive ANA 1:320 Autoimmune

nuclear dot pattern.

Positve antibodies o panel negative.

RS-CoV-2 spike

dlycoprotein

CSF test MRI

and others

Autoimmune Nonspecific T2 lair 5 slowing, more

encephalits pandl,  hyperintensitiesin  prominent in the

oligoclonal band,  the centrum right hemisphere

and infectiousscreen semiovale bilateraly. | posteriorly

negative.
NA Normal Normal
NA Normal Normal

Hevated protein
levels and clevated
1gG index. G

against SARS.

Nonspecific T2 white Normal
‘matter hyper

intensitiesin the

frontal lobes.
spike protein

Positve antineural

antibodics.

Autoimmune

encephalopathy

pancl negative.

Hevated protein  Normal Normal
levels 1gG against

SARS-CoV-2 spike

protein. Positive

antineural

antibodies.

“Three unique Normal Diffuse pactivity

aligoclonal bands in
s

NA NA NA

Autoimmune Lateral ventricular  Episodic 0 activity

encephalits asymmetry on MRI.  mixing above the

antibodies negative.  Ophthalmologic  centro-parietal and

examination normal. | posterior areas.

Autoimmune Normal Unremarkable

antibody negative

Meningitis and

encephalits panel

negative

Negative Normal Normal

Negative Normal Not performed
Normal Intermittent short

encephalopathy epochs of bilateral
leftoright temporal

slowing

Intervention

Olanzapine, haloperidol,
bemzodiazepine,

IVIG of 2gkg,
methylprednisolone 1§

over 3days.

Psychological intervention

Psychological intervention

Valproate,lorazepam and
ibaper
IVIG 2g/kg,

methylprednisolone 1.g per

day for 3daysanda
prednisone taper.

Quetiapine Lithiam,
methylprednisolone 1 per
day for 5days. VIG 27k
over 3days.

Olanzapine, lorazepam

Aripiprazole

Clonazepam,
alprazolamclarithromycin,

methylprednisolone

Olanzapine

No treatment

Haloperidol and.

lorazepam, olanzapine.

Haloperidol 5-day course
ofprednisone 40mg/d, 2¢/
K IVIG twice with
termittent time of

ek

Follow-up

Significantly
improved afier

smonths

Symptoms persist

Symptoms persist,
more aggressive and

more irrtable

“The patient had more.
organized thoughts,
decreased paranoia,
andimproved

insight. More than
Imonth after
symptom onset, the
patients delusions
and hyperreflexia
had resolved:
however, the patient's
Iability persisted, and
e was discharged
taking valproste.

Although improved
from initial
presentation, the
patient required
academic
accommodations
and continued to
endorse forgetfulness
and attention

diffcultcs

Discharged normally

without medications.

Significant
improvement and no.
relapse

Symptoms
disappeared, back o

normal e

Symptoms all
resolved

Recalled the episode
and expressed both

anger and sadness.

Exhibit no
psychiatrc signs,
returned to his

premorbid state.

Mild improvement.





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Acute onset psychiatric diseases
after SARS-CoV-2 virus infection
among pediatric patients












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






