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Abstract
Background  Children are at increased risk for neuropsychiatric disorders following COVID-19. However, information 
regarding the clinical, metabolic, and cerebrospinal fluid (CSF) characteristics in patients with neuropsychiatric 
disorders associated with COVID-19 is limited. In this study, we described the clinical features and retrospectively 
assessed the metabolic and inflammatory profiles of 13 pediatric patients who exhibited subacute neuropsychiatric 
symptoms within one month of SARS-CoV-2 infection (NP-COVID-19).

Methods  We retrospectively reviewed and analyzed the clinical and paraclinical data of 13 children with 
NP-COVID-19 admitted to Qilu hospital from December 15, 2022, to January 31, 2023. Healthy children (HC, n = 21) 
and pre-pandemic migraine patients (n = 12) were included as controls. Systemic metabolic and inflammatory 
parameters in NP-COVID-19 patients including thyroid hormone levels and neutrophil-to-lymphocyte ratio were 
compared with HC. Blood-brain barrier (BBB) integrity and CSF biomarkers of intrathecal inflammation including 
cytokines and immunoglobulin G index were compared with migraine patients.

Results  CSF SARS-CoV-2 RNA was negative in all patients with NP-COVID-19. No differences in systemic inflammatory 
parameters were found between NP-COVID-19 patients and HC. However, NP-COVID-19 patients with intact BBB 
integrity exhibited significantly higher CSF interleukin (IL)-8 levels than migraine controls. In addition, serum free 
triiodothyronine (FT3) levels were lower in NP-COVID-19 patients than HC and low-T3 syndrome occurred in 61.5% of 
NP-COVID-19 children.

Conclusions  Systemic inflammation rarely occurred in children with NP-COVID-19. Low-T3 syndrome is prevalent in 
NP-COVID-19 pediatric patients and the neuroinflammatory activation is mainly characterized by elevated CSF IL-8. 
Further study is required to investigate the pathophysiologic mechanisms in NP-COVID-19.
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Introduction
Although the respiratory system complications of coro-
navirus disease 2019 (COVID-19) have been the most fre-
quent, mounting evidence indicates that neurological and 
psychiatric manifestations following severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection are 
common [1, 2]. In adults, patients with COVID-19 are at 
increased risk for developing long-term neuropsychiatric 
symptoms, such as anxiety, depression, cognitive deficit, 
dementia, and psychotic disorders [3, 4]. Neuropsychiat-
ric symptoms associated with COVID-19 such as psycho-
sis typically occur within days to weeks after the infection 
[5] and the post-viral syndrome is seemingly unrelated 
to COVID-19 severity [6]. In contrast to adults, children 
were not found to be at greater risk of mood and anxi-
ety disorders after COVID-19, but children are at greater 
risk of psychotic disorders and cognitive impairment [1]. 
However, there is limited literature on neuropsychiatric 
complications associated with COVID-19 in the pediatric 
population.

A variety of systemic inflammatory processes are 
upregulated after SARS-CoV-2 infection, and the hyper-
inflammatory response can promote the development of 
extrapulmonary manifestations [7, 8]. Evidence has indi-
cated that psychiatric symptoms among adult patients 
recovered from COVID-19 correlate positively with the 
baseline levels of systemic inflammatory markers such as 
neutrophil-to-lymphocyte ratio (NLR) [9]. In addition, a 
robust innate immune response with circulating inflam-
matory cytokine production, such as IL-8 and tumor 
necrosis factor, has also been observed in adults with 
post-COVID-19 mood disorders and cognitive impair-
ment [10–13]. Furthermore, patients with neurologi-
cal complications after the acute SARS-CoV-2 infection 
also exhibit neuroinflammatory activation characterized 
by blood-brain barrier (BBB) dysfunction and high cere-
brospinal fluid (CSF) levels of proinflammatory markers, 
such as IL-6 and IL-8 [14, 15]. However, systemic and 
intrathecal inflammatory changes in pediatric patients 
with post-COVID-19 neuropsychiatric symptoms (NP-
COVID-19) remain largely unknown.

Non-thyroidal illness syndrome (NTIS) characterized 
by the combination of low serum tri-iodothyronine (T3) 
and serum thyroid-stimulating hormone (TSH) within 
the reference range, also known as low T3 syndrome, can 
be detected in many critical illnesses [16] and is closely 
related to the prognosis of neurological diseases such as 
stroke and cognitive dysfunction [17]. Increasing data 
have shown that COVID-19 is associated with thyroid 
disturbances and NTIS is correlated with the severity the 
disease [18]. However, information about thyroid func-
tion changes in children with NP-COVID-19 is scarce.

Despite the increased risk of neurological and psychi-
atric disorders following SARS-CoV-2 infection, relevant 

studies were usually case reports and little is known 
about the metabolic and inflammatory profiles of NP-
COVID-19. Most studies focus on the adult population, 
which may not be directly comparable to children. Here, 
we reported a group of 13 pediatric patients with NP-
COVID-19 and we analyzed retrospectively metabolic 
parameters including thyroid hormone levels and inflam-
matory cytokines in their blood and CSF.

Methods
Patients and controls
Qilu Hospital of Shandong University is a national 
regional medical center serving the periphery popula-
tion and Pediatric Neurology Department contains 45 
inpatient beds which admits over 2200 patients per year. 
Under the dynamic zero-COVID policy implemented 
by the Chinese government, our department did not 
receive any pediatric COVID-19 patients until Decem-
ber 7, 2022, when the policy shifted towards reopen-
ing [19]. As the Omicron variant of SARS-CoV-2 raged 
across China, huge numbers of symptomatic COVID-19 
cases were reported everywhere. Although the number 
of patients ultimately diagnosed with neuropsychiatric 
disorders remained low, our Pediatric Neurology Depart-
ment did see a notable rise in new-onset neuropsychiat-
ric illnesses among children during this Omicron wave. 
The distribution of patients with neuropsychiatric dis-
orders from January 1, 2020, to December 31, 2024, is 
displayed in supplementary File 1. We performed a retro-
spective review of medical records of children who were 
hospitalized at the Pediatric Neurology Department of 
Qilu Hospital between December 15, 2022, and January 
31, 2023. Patients under 18 years of age with new-onset 
neuropsychiatric symptoms within one month of SARS-
CoV-2 infection were included. Patients were excluded if 
they had underlying psychiatric or neurological disorder 
or were abusing substances. Infection with SARS-CoV-2 
was confirmed with real-time positive polymerase chain 
reaction (RT-PCR) or rapid antigen test of nasopharyn-
geal swab specimens. The classification of the sever-
ity of COVID-19 infection was adapted from Wu and 
McGoogan [20]. During this period, our ward admitted 
156 patients, including 62 pediatric COVID-19 cases, 
most of whom presented with complications such as 
seizures or epilepsy, 17 patients with post-COVID-19 
neuropsychiatric symptoms (NP-COVID-19), 21 
patients with post-COVID-19 neurological diseases, 
and 56 patients with neurological disorders unrelated to 
COVID-19. The details were provided in Fig. 1. Thirteen 
individuals with subacute neuropsychiatric manifesta-
tions developing after definite COVID-19 were finally 
included in the primary cohort. After discharge, all 
patients were followed up for 6 months by interviewing 
(directly or by telephone and WeChat) (supplementary 
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file 2). Two separate control groups were retrospectively 
included. The control group for blood biomarker com-
parison comprised 21 age- and sex-matched healthy 
children who underwent physical examination at Depart-
ment of Health Management Center of Qilu Hospital 
during 2022. For comparison of biochemical parameters 
in CSF, 12 pre-pandemic COVID-19 negative patients 
with migraine served as controls. The study protocol is 
illustrated in Fig. 1. Our study was approved by the Medi-
cal Ethics Committee of Qilu Hospital of Shandong uni-
versity and we obtained written informed consent from 
the parents or guardians of all participants. Our study 
was conducted in accordance with the local legislation 
and institutional requirements.

Data collection
We reviewed retrospectively the clinical presentations, 
laboratory findings, electroencephalographic findings, 
imaging findings, treatments and outcomes of all patients. 

Blood biomarker data included complete blood count, 
C-reactive protein (CRP), erythrocyte sedimentation rate 
(ESR), folate, vitamin B12, lactic acid, ammonia, homocys-
teine, cytokines, autoimmune markers [antinuclear anti-
body (ANA), anti-ds-DNA and rheumatoid factor (RF)], 
immunoglobulin (Ig) G, IgM, IgA, thyroid hormone and 
thyroid antibody levels and anti-streptolysin O (ASO) titer. 
Blood samples were drawn after over-night fasting before 
examination. Routine CSF biomarker data included white 
blood cell (WBC) count, protein, glucose, lactic acid, cyto-
kines and meningitis/encephalitis pathogen panel. SARS-
CoV-2 virus in the CSF was tested by RT-PCR. Albumin, 
oligoclonal bands (OCB) and autoimmune encephalitis 
panel measured in paired CSF and blood samples. The 
lower detection limit was 2.5 pg/mL for all cytokines.

Statistical analyses
Data analyses were conducted using IBM SPSS Statis-
tics 26.0 (Armonk, New York, USA). Data are presented 

Fig. 1  Flowchart of patients included in the study. COVID-19 Coronavirus disease 2019; NP-COVID-19 COVID-19 associated neuropsychiatric symptoms; 
CSF Cerebrospinal fluid; QAlb CSF/serum albumin ratio

 



Page 4 of 11Yin et al. BMC Infectious Diseases          (2025) 25:963 

as median, ranges for continuous variables and number 
(%) for categorical variables. For comparisons, we used 
the Fisher exact test, Chi square test and Mann-Whitney 
U test, when appropriate. For group comparisons across 
thyroid hormone levels and CSF parameters, the Ben-
jamini-Hochberg false discovery rate (FDR) procedure 
was applied to correct the p values. Two tailed p-val-
ues < 0.05 were considered statistically significant.

Results
Demographic and clinical findings
The demographic and clinical characteristics of the 13 
patients are shown in Table 1. The median age was 168 
months (range: 51–196 months), and 8 patients were 
male (62%). In the acute stage of COVID-19, fever and 
respiratory symptoms were the most common and most 
patients were treated with acetaminophen or ibuprofen. 
The severity of the COVID-19 symptoms of all patients 
was mild. Nine patients who had undergone SARS-
CoV-2 serological tests at admission were seropositive 
for SARS-CoV-2 IgM. The interval between the onset of 
symptoms of COVID-19 and the onset of neuropsychi-
atric symptoms ranged from 13 days to 23 days (median: 
15 days). Most patients (10/13, 77%) exhibited psychiat-
ric symptoms, mainly including hallucinations, perse-
cutory delusions and disordered speech and behavior. 
Mood disorders (7/13, 54%), such as depression, aggres-
sion and agitation, were also common. In addition, 11 
patients (11/13, 85%) exhibited neurological manifesta-
tions, including 6 patients (6/13, 46%) with cognitive 
and memory impairment. Other neurological disorders 
included sleep problems, headache, gait disturbance, 
poor attention and involuntary repetitive movements. 
Magnetic resonance imaging (MRI) findings were unre-
markable for all patients. Electroencephalogram (EEG) 
findings showed normal in 9 (69%), back ground slowing 
in 3 (23%), and nonspecific spikes and sharp waves in 1 
(8%). In our cohort of patients, targeting psychosis, mood 
disorders and sleep problems with psychotropic medi-
cations provided no benefit in 5 of 7 and was minimally 
effective in 2 of 7. Thus, most of our patients received 
immunotherapy. Treatments were combination of intra-
venous immunoglobulin (IVIg) and corticosteroids in 
6, corticosteroids in 4, and supportive care in 3. Ten of 
13 made a complete recovery, and 3 of 13 made a partial 
recovery at the time of follow-up.

Analysis of hematological and metabolic parameters in the 
blood of NP-COVID-19 patients and healthy controls
We compared systemic hematological and metabolic 
parameters in NP-COVID-19 patients and healthy con-
trols (Table 2). No significant differences were observed 
in the systemic inflammatory marker, NLR, and in the 
counts of neutrophils as well as lymphocytes between the 

two groups. The comparison of the metabolic biomark-
ers, including folate, vitamin B12, lactic acid, ammonia 
and homocysteine, showed no significant differences 
between the two groups.

Analysis of blood inflammatory and autoimmune 
parameters in NP-COVID-19 patients and healthy controls
Comparison of systemic inflammatory biomarkers 
between NP-COVID-19 patients and healthy con-
trols revealed no significant differences in the levels of 
CRP and ESR (Table  3). No significant differences were 
observed between the two groups in the levels of autoim-
mune parameters, such as ASO titer, ANA, anti-ds-DNA, 
RF, IgA, IgG and IgM. The autoimmune encephalitis 
panel for causes of neuropsychiatric symptoms in the 
blood of NP-COVID-19 patients was negative. Levels of 
serum cytokines, including IL-1β, IL-6, IL-8, IL-10, IL-2 
and tumor necrosis factor α (TNFα) in NP-COVID-19 
patients were all below the detection limits and within 
the reference ranges.

Analysis of thyroid function and antithyroid antibody 
concentrations in NP-COVID-19 patients and healthy 
controls
Compared with healthy controls, free triiodothyronine 
(FT3) levels were significantly lower in NP-COVID-19 
patients (FDR-corrected p < 0.01) (Table 4). Furthermore, 
low T3 syndrome occurred in 61.5% of NP-COVID-19 
children, which was more prevalent than healthy con-
trols (FDR-corrected p < 0.03). However, no significant 
differences were observed between the two groups in the 
concentrations of free tetraiodothyronine (FT4), thyroid-
stimulating hormone, anti-thyroid peroxidase antibody 
and anti-thyroglobulin antibody.

Analysis of CSF biomarkers in NP-COVID-19 patients and 
controls with migraine
No significant differences were observed between NP-
COVID-19 patients and controls with migraine in CSF 
WBC counts, levels of protein, glucose and lactic acid 
(Table  5). As a marker of BBB permeability, the CSF/
serum albumin ratio (QAlb) was determined. Normal 
individual age-related QAlb was determined as QAlb* 
= (4 + Age/15) ×10–3. BBB dysfunction was defined as 
QAlb > QAlb*. The QAlb and IgG index reflecting intra-
thecal IgG synthesis were within the normal range in 
all patients and no significant differences were found 
between the two groups. The comparison of the CSF 
cytokines, including IL-1β, IL-6, IL-10, IL-2 and TNFα 
showed no significant differences. However, levels of 
IL-8 in CSF were significantly higher in NP-COVID-19 
patients than migraine controls (FDR-corrected p < 0.02). 
The autoimmune encephalitis panel and restricted OCBs 
in the CSF of NP-COVID-19 patients were negative. CSF 
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Table 2  Hematological and metabolic parameters in patients with post-COVID-19 neuropsychiatric symptoms (NP-COVID-19) and 
healthy controls
Variables Patients (n = 13) Healthy controls (n = 21) P value
Age, months 168 (51–196) 149 (46–198) 0.51
Male, n (%) 8 (62%) 15 (71%) 0.55
Blood Cell Type/Ratio
Neutrophils (×109/L) 4.03 (1.01–7.82) 3.67 (2.06–6.96) 0.78
Lymphocytes (×109/L) 2.58 (1.49–4.66) 2.9 (1.08–5.17) 0.89
NLR 1.38 (0.64–3.03) 1.35 (0.81–3.16) 0.99
Folate, nmol/L (Ref > 10.0) 17.69 (11.9-33.52) 20 (13.33–35.67) 0.44
Vitamin B12, pmol/L (Ref: 133–675) 401.26 (156.21-621.74) 298.46 (119.26-632.23) 0.21
Lactic acid, mmol/L (Ref: 0.7–2.1) 1.78 (1.21–2.56) 1.66 (0.86–2.64) 0.58
Ammonia, umol/L (Ref: 9–33) 28.24 (10.06–52.23) 20.03 (10.69–50.36) 0.90
Homocysteine, umol/L (Ref < 15.0) 11.03 (6.63–17.89) 10.35 (6.32–18.26) 0.79
NLR neutrophil-to-lymphocyte ratio

Table 3  Blood inflammatory and autoimmune markers in patients with post-COVID-19 neuropsychiatric symptoms (NP-COVID-19) 
and healthy controls
Variables Patients (n = 13) Healthy controls (n = 21) P value
CRP, mg/dL, (Ref: 0–10) 2.36 (0.2-10.94) 2.96 (0.2–9.01) 0.62
ESR, mm/h, (Ref: 0–15) 6 (2–16) 5 (2–19) 0.83
Cytokines (pg/ml)
IL-1β (Ref ≤ 12.4) < 2.5 ND NA
IL-6 (Ref ≤ 5.3) < 2.5 ND NA
IL-8 (Ref ≤ 17.8) < 2.5 ND NA
IL-10 (Ref ≤ 4.91) < 2.5 ND NA
IL-2 (Ref ≤ 7.42) < 2.5 ND NA
TNF-α (Ref ≤ 4.60) < 2.5 ND NA
ASO titer, IU/ml, (Ref < 400) 126 (49–223) 146 (36–293) 0.51
Autoimmune markers
ANA All negative ND NA
Anti-ds-DNA, IU/mL, (Ref ≤ 100.0) All < 100 ND NA
RF, IU/mL, (Ref ≤ 15.0) All < 15 ND NA
IgA, g/L, (Ref: 0.70-4.00) 2.94 (1.06–3.69) 2.64 (1.46–3.97) 0.72
IgG, g/L, (Ref: 7.00–16.00) 11.23 (8.64–5.6) 12.66 (7.69–15.66) 0.37
IgM, g/L, (Ref: 0.40–2.30) 1.64 (1.21–2.1) 1.78 (1.2–2.23) 0.12
*Autoimmune encephalitis panel All negative ND NA
CRP C-reactive protein. ESR erythrocyte sedimentation rate, ND not determined, NA not applicable, ASO antistreptolysin O, ANA antinuclear antibody, RF rheumatoid 
factor

* Test for NMDAR, AMPA Ab, LGI1, CASPR2, DPPX, GABA-B receptor, GAD65, GFAP, IgLON5, mGLUR, D2R

Table 4  Thyroid function and antibodies in patients with post-COVID-19 neuropsychiatric symptoms (NP-COVID-19) and healthy 
controls
Variables Patients (n = 13) Healthy controls (n = 21) P value P (FDR corrected)
FT3, pmol/L (Ref: 3.93–7.70) 3.19 (1.14–5.49) 5.12 (4.21–7.2) < 0.001 < 0.01
Low T3 syndrome, n (%) 8 (61.5%) 0 (0%) < 0.001 < 0.03
FT4, pmol/L (Ref: 12.6–21.00) 17.66 (13.6–20.1) 16.8 (13.36–20.3) 0.35 0.61
Thyroid-stimulating hormone, µIU/mL (Ref: 0.51–4.30) 2.38 (1.09–4.1) 3.13 (0.89–5.19) 0.31 0.52
Anti-thyroid peroxidase antibody, IU/mL (Ref < 34) 9.01 (5.6-16.68) 10.23 (6.26–25.61) 0.52 0.79
Anti-thyroglobulin antibody, IU/mL (Ref < 115) 19.64 (8.96-36) 17.56 (9.8-39.46) 0.58 0.81
FDR false discovery rate, FT3 free triiodothyronine, T3 triiodothyronine, FT4 free tetraiodothyronine
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meningitis/encephalitis panel and SARS-CoV-2 RNA by 
RT-PCR were negative in NP-COVID-19 patients.

Discussion
During the wave of the Omicron variant of SARS-
CoV-2, there was a spike in children presenting with 
neuropsychiatric disorders in our pediatric neurology 
department. The potential pathophysiological connec-
tion between COVID-19 and these neuropsychiatric 
symptoms is supported by two key observations: (i) 
the onset of symptoms occurred following the actual 
infection, and (ii) there was no other plausible clinical 
explanation to justify the occurrence of these symp-
toms other than the former infection [21]. Our study 
included 13 pediatric patients who exhibited neuro-
psychiatric symptoms including psychosis, mood dis-
orders, sleep disorders and cognitive impairment after 
COVID-19 despite the absence of SARS-CoV-2 RNA in 
CSF. None of the patients had neuronal autoantibod-
ies in their CSF and blood. Furthermore, we found that 
patients with NP-COVID-19 had higher CSF IL-8 than 
migraine controls. However, no differences were seen in 
blood systemic inflammatory biomarkers between NP-
COVID-19 patients and healthy children. These find-
ings showed that systemic inflammation rarely occurred 
in pediatric patients after SARS-CoV-2 infection. In 
addition, we also observed lower serum FT3 levels and 

prevalent low T3 syndrome in COVID-19 patients with 
neuropsychiatric involvement.

Erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP) and peripheral blood neutrophil-to-
lymphocyte ratio (NLR) are indicators of the systemic 
inflammatory response and elevated NLR is associated 
with neuropsychiatric disorders as well as poor clini-
cal outcome in adult patients with COVID-19 [22–24]. 
Recent studies have also found increased CRP and NLR 
in patients with psychotic disorders compared to healthy 
population [25, 26]. However, we observed no significant 
difference in NLR, CRP and ESR between patients with 
NP-COVID-19 and healthy controls. Moreover, more 
specific markers of systemic inflammation, including 
IL-6, IL-8, IL-1β and TNF-α, were all below lower limit 
of quantification in the present study. As a matter of fact, 
clinical features of children with COVID-19 are much 
milder and systemic inflammation rarely happens, high-
lighting the possibility that systemic inflammation may 
not be a trigger of COVID-19 associated neuropsychiat-
ric impairments in pediatric patients [27].

Patients who underwent serological tests for SARS-
CoV-2 upon admission were all found to be seroposi-
tive for SARS-CoV-2 IgM, supporting the fact of recent 
infection. The absence of SARS-CoV-2 RNA and pleo-
cytosis in the CSF of our cohort, along with the delayed 
onset of neuropsychiatric symptoms after SARS-CoV-2 

Table 5  CSF findings in patients with post-COVID-19 neuropsychiatric symptoms (NP-COVID-19) and controls with migraine
Variables Patients (n = 13) Controls (n = 12) P value P (FDR corrected)
Age, months 168 (51–196) 141 (59–201) 0.40 0.64
Male, n (%) 8 (62%) 7 (58%) 0.87 0.99
CSF biomarkers
WBC count,/uL 2 (1–4) 2 (1–4) 0.84 0.95
Protein levels, mg/dL (Ref 15 ~ 45) 0.3 (0.13–0.41) 0.34 (0.12–0.42) 0.62 0.83
Glucose, mmol/L (Ref 2.8 ~ 4.5) 3.6 (3.1–4.1) 3.5 (3.0-4.2) 0.83 0.91
Lactic acid, mmol/L (Ref 1.2 ~ 2.1) 1.8 (1.4–2.3) 1.6 (1.3–2.4) 0.21 0.46
QAlb 3.46 (2.03–4.72) 3.37 (2.21–4.34) 0.85 0.99
Restricted OCBs All negative All negative NA
IgG index (Ref ≤ 0.7) 0.51 (0.25–0.67) 0.52 (0.29–0.62) 0.98 0.99
Cytokines, pg/ml
IL-1β (Ref ≤ 2.96) < 2.50 < 2.50 NA
IL-6 (Ref ≤ 6.77) < 2.50 < 2.50 NA
IL-8 (Ref ≤ 15.80) 78.43 (40.77-308.62) 13.97 (8.6-22.74) < 0.001 < 0.02
IL-10 (Ref ≤ 2.63) < 2.50 < 2.50 NA
IL-2 (Ref ≤ 3.24) < 2.50 < 2.50 NA
TNF-α (Ref ≤ 2.78) < 2.50 < 2.50 NA
*Autoimmune encephalitis panel Negative ND NA
※Meningitis/encephalitis panel by RT-PCR Negative Negative NA
SARS-CoV-2 RNA by RT-PCR Negative ND NA
CSF cerebrospinal fluid, FDR false discovery rate, WBC white blood cell, QAlb CSF/serum albumin ratio, CSF blood albumin ratio (×10–3), OCBs oligoclonal bands, NA 
not applicable, ND not determined, RT-PCR reverse transcription polymerase chain reaction

*Test for NMDAR, AMPA Ab, LGI1, CASPR2, DPPX, GABA-B receptor, GAD65, GFAP, IgLON5, mGLUR,

※Test for HSV-1, HSV-2, HHV-6, CMV, Epstein-Barr virus, varicella zoster virus, adenovirus, Japanese encephalitis, enterovirus, mycoplasma, Listeria monocytogenes, 
Haemophilus influenzae and Escherichia coli
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infection, clearly distinguishes COVID-19 from typi-
cal CNS invasive infections [28]. Furthermore, targeting 
psychiatric symptoms with psychotropic medications 
provided no benefit or was minimally effective in patients 
with NP-COVID-19 while their symptoms remitted 
after immunotherapy. These findings highlight the pos-
sibility of the immune-mediated mechanisms other than 
direct viral invasion and infection in the pathogenesis of 
NP-COVID-19 [29]. Accumulating evidence indicates 
elevated levels of intrathecal pro-inflammatory cyto-
kines, such as IL-8 and IL-6, in patients with COVID-19 
who present with neuropsychiatric symptoms [30–33]. 
Additionally, recent studies have reported persistently 
elevated CSF levels of cytokines, including IL-18, IL-6, 
and IL-8, along with sustained BBB dysfunction in 
patients experiencing post-COVID-19 neurological dis-
orders, such as acute disseminated encephalomyelitis, 
limbic encephalitis, and cognitive deficits [14, 34, 35]. 
In contrast, a study by Kanberg et al. found no evidence 
of ongoing immune activation in CSF or BBB dysfunc-
tion in patients suffering from post-COVID neurocogni-
tive complications [36]. The discrepancies among these 
findings may be attributed to differences in neurological 
complications, variations in the timing of CSF sampling 
after symptom onset, and differences in patient popula-
tions. In our cohort of 13 patients with NP-COVID-19, 
we observed a significant increase in CSF levels of IL-8 
compared to migraine controls. Other cytokines, includ-
ing IL-1β, IL-6, IL-10, IL-2, and TNFα, did not show 
significant differences between the two groups. Further-
more, BBB permeability, as indicated by QAlb, was within 
normal reference ranges, suggesting intact BBB function 
in patients with NP-COVID-19. Notably, serum levels of 
IL-8 were below the detection limit. The elevated levels 
of IL-8 in CSF but not in sera in NP-COVID-19 patients 
with intact BBB integrity indicate that production of IL-8 
happened in the CNS, potentially supporting the notion 
of an active CNS process. Additionally, other chemokines 
such as monocyte chemoattractant protein-1, macro-
phage-derived chemokine, and C-C motif chemokine 11 
have also been found to be elevated in the CSF of patients 
with NP-COVID-19, making IL-8 a relatively nonspecific 
marker for this condition [1, 33]. Interestingly, recent 
data show that adult patients with schizophrenia spec-
trum disorders exhibit significantly higher IL-8 levels in 
their CSF compared to healthy controls [37]. This raises 
two critical questions: First, was the elevation of CSF IL-8 
in our NP-COVID-19 cohort a result of SARS-CoV-2 
infection or a direct consequence of the neuropsychiat-
ric complications? Second, is the high level of CSF IL-8 
a cause or a consequence of the neuropsychiatric symp-
toms? To investigate the cause of the increased CSF IL-8, 
it would be beneficial to include two additional groups: 
children who did not develop neuropsychiatric symptoms 

following COVID-19 and children with acute-onset neu-
ropsychiatric symptoms who have had no prior SARS-
CoV-2 infection. Hypothetically, if CSF IL-8 levels in 
these two groups were found to be normal, we could infer 
that sustained intrathecal IL-8 production triggered by 
SARS-CoV-2 infection, may contribute to the pathogen-
esis of NP-COVID-19. However, due to the retrospective 
nature of this study and ethical considerations, perform-
ing lumbar punctures on children who did not experience 
neuropsychiatric symptoms following COVID-19 is not 
feasible. The role of neuroinflammation, such as IL-8 in 
the pathogenesis of NP-COVID-19 still remains unclear. 
Future studies should aim to recruit a larger number of 
subjects, including healthy volunteers, post-COVID-19 
individuals who are free of neuropsychiatric symptoms, 
and individuals with neuropsychiatric symptoms but 
without a prior COVID-19 infection. Additionally, con-
ducting follow-up lumbar punctures would help us to 
understand the mechanisms underlying NP-COVID-19. 
If elevated CSF cytokine levels are proven to be the cause, 
effective agents to block the key cytokines will be neces-
sary to prevent the onset of NP-COVID-19.

Thyroid hormones have a profound influence on the 
human brain and behavior [38], and thyroid dysfunc-
tion is common in COVID-19 patients [39]. In our 
study, the serum FT3 levels were significantly lower in 
NP-COVID-19 patients than healthy controls. Low T3 
syndrome occurred in 61.5% of our patients, indicating 
that NTIS is prevalent in pediatric patients who develop 
neuropsychiatric symptoms after SARS-CoV-2 infec-
tion. Indeed, NTIS may occur in a variety of systemic 
illnesses and stress states and accumulating evidence 
has demonstrated that NTIS was associated with poor 
clinical outcomes in patients with neurological diseases 
[17]. As a matter of fact, low T3 syndrome is recognized 
as a nonspecific adaptive response to acute psychiatric or 
underlying systemic illnesses, aimed at reducing energy 
expenditure and preventing catabolism, rather than act-
ing as a pathogenic factor [38, 40]. The implications of 
this observation for the progression and prognosis of 
patients with NP-COVID-19 remain largely unclear. We 
propose that low T3 syndrome may serve as an adaptive 
response to NP-COVID-19 rather than a contributor to 
disease progression. The role of low T3 syndrome in the 
progression and prognosis of NP-COVID-19 warrants 
further investigation.

Our study has several limitations, mainly due to its 
retrospective design and ethical considerations. First, it 
is important to address the inclusion of a control group 
consisting of migraine patients, as neuroinflammation 
has been implicated in migraine through altered cyto-
kine levels. Although a previous study found no sig-
nificant differences in CSF IL-8 levels between migraine 
patients and healthy controls [41], the underlying 
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pathophysiology of migraine may have influenced the 
group differences, potentially resulting in an overesti-
mation or underestimation of the pathology in the NP-
COVID-19 cohort. Second, due to the absence of control 
groups consisting of individuals who did not develop 
neuropsychiatric symptoms following COVID-19, the 
role of neuroinflammation, such as IL-8, in the patho-
genesis of NP-COVID-19 remains unclear. Consequently, 
our study should be considered preliminary. Third, given 
the widespread presence of the virus, the relatively low 
incidence of NP-COVID-19, and the confounding factors 
that can lead to neuropsychiatric symptoms, we cannot 
rule out the possibility that NP-COVID-19 occurred as 
coincidental conditions rather than as a consequence of 
the virus.

Conclusions
Despite the limitations, we demonstrate that neuropsy-
chiatric disorders can occur after mild SARS-CoV-2 
infection in pediatric patients. In contrast to adult 
COVID-19 population, systemic inflammatory responses 
rarely occur in children with NP-COVID-19. Low T3 
syndrome and neuroinflammation characterized by ele-
vated CSF IL-8 levels are observed in pediatric patients 
with post-COVID-19 neuropsychiatric disorders. Future 
studies would benefit from recruiting a larger number 
of subjects, including post-COVID-19 neuropsychiatric-
free volunteers, conducting follow-up lumbar punctures 
and performing animal studies to help to elucidate the 
mechanisms underlying neuropsychiatric complications 
associated with COVID-19 and guide treatment.
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