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Background: The Omicron variant of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is less likely to cause severe disease in children than the other variants but has become an increasing cause of febrile seizures (FS) among children. In this case-control study, we aimed to examine the risk factors associated with FS in children infected with the COVID-19 Omicron variant and related treatment modalities.



Methods: This retrospective case-control study includes 113 subjects infected with the COVID-19 Omicron variant, grouped into 45 cases (those with FS) and 68 controls (those without FS). Data on clinical features, laboratory parameters, and treatment modalities were collected and analyzed.



Results: Approximately 5.74% of COVID-19 infected children developed COVID-19-associated FS. Children with COVID-19 and high body temperatures [RR 1.474; (95% CI: 1.196–1.818), p < 0.001], previous history of FS [RR 1.421; (95% CI: 1.088–1.855), p = 0.010], high procalcitonin levels [RR 1.140; (95% CI: 1.043–1.246), p = 0.048] and high neutrophil counts [RR 1.015; (95% CI: 1.000–1.029), p = 0.048] were more likely to experience FS than the controls. In contrast, children with COVID-19 and low eosinophil counts, low hemoglobin levels, and cough had a lower risk of developing FS [RR 0.494; (95% CI: 0.311–0.783), p = 0.003], [RR 0.979; (95% CI: 0.959–0.999), p = 0.044]; and [RR 0.473 (95% CI 0.252–0.890), p = 0.020]; respectively. Children with FS received more anti-flu medications than those without.



Conclusion: A significant increase in FS was observed in children with Omicron SARS-CoV-2 infection. A higher body temperature, a history of FS, a higher procalcitonin level, and a high neutrophil count were all associated with an increased risk of FS in children with COVID-19. The risk of developing FS was lower in children with COVID-19 and low eosinophil counts and hemoglobin levels than in those without.



KEYWORDS
febrile seizure, SARS-CoV-2, children, Omicron variant, COVID policy





Introduction

On December 7, 2022, China abruptly amended its COVID-19 containment policy, ending the almost three-year-long zero Covid policy. This sudden shift in approach led to a surge in COVID-19 outbreaks countrywide, with the mutated Omicron variant as the dominant variant (1). Unlike its predecessor, the delta variant, Omicron was particularly associated with significantly increased pediatric admissions in China (2–4) and abroad (5–9). It further impacted other pediatric illnesses; for instance, several US investigators noticed a sharp rise in the incidence of Croup, a clinically diagnosed pediatric disease caused by virus-induced subglottic airway inflammation or laryngotracheobronchitis (10–13). Recent publications from Korea (14), Japan (15), and the USA (16) have all demonstrated an association between the Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron variant and increased incidence of febrile seizures among children compared to the pre-Omicron stage. While emerging evidence clarifies this association, the clinical characteristics of these children and other associated factors are still largely undescribed.

Febrile seizure (FS) is a common neurological disorder affecting 2%–4% of children <5 years old who do not have any intracranial infections (17). Although its exact etiology is still unclear, it's strongly associated with the elevation of body temperature, certain vaccinations, previous history and family history of FS, maternal alcohol exposure, iron deficiency, and viral infections (18–20). Among the published viral causes of FS, adenoviruses, human herpesvirus-6, influenza, and rhinoviruses are the standout culprits (21, 22); for instance, evidence suggests that 15%–20% of children hospitalized with influenza A virus develop FS (23). In Wuhan City, the Omicron strains BA.1, BA.2, BA.5, and BF.7 were the dominant strains that significantly drove up pediatric admissions at our hospital in February 2023.

Given the reported association between the Omicron variant and increased incidence of FS, coupled with the paucity of studies on the risk factors associated with febrile seizures among children infected with the SARS-CoV-2 Omicron variant, we sought to evaluate SARS-CoV-2-Omicron infected children to ascertain their risks for developing febrile seizures and related treatment modalities.



Materials and methods


Study design and population

This study was a retrospective case-control design conducted at the pediatrics department of Zhongnan Hospital of Wuhan University, Wuhan, China, using medical records of pediatric patients below 14 years of age who were admitted due to COVID-19 in December 2022. The cases had febrile seizures, while the controls were febrile children without seizures. Febrile seizures were diagnosed based on the International Classification of Disease (ICD)-10 code of R56.0 (febrile seizure), while COVID-19 was diagnosed using polymerase chain reaction (PCR) or antigen test. Cases were children aged 0 months to 12 years presenting with febrile seizures as per the American Academy of Pediatrics (AAP) guidelines (24), while controls were children aged 0 months to 13 years presenting with fever but no seizures. Children with afebrile seizures, chronic neurodevelopmental problems, metabolic abnormalities, central nervous system infections, and diagnosed cases of other hematologic issues, those on an iron supplement, chronic systemic diseases, and very sick children were excluded from the study. Consecutive cases and concurrent controls were selected from the same setting in a ratio of 1:1. We defined a simple febrile seizure as a generalized tonic-clonic seizure lasting less than 15 min, occurring only once in 24 h in a child between 6 months and 5 years of age with a fever of 38°C. A seizure lasting more than 15 min in a child under 6 months or more than 5 years of age and occurring more than once in 24 h is a complex febrile seizure. Febrile status epilepticus is any prolonged or recurrent seizure lasting more than 30 min without returning to full consciousness.



Data collection

Data collected on both cases and controls were: Clinical history, physical examination, relevant laboratory investigations, and treatment. Clinical characteristics include; age (in months), sex, underlying disease, previous febrile seizure history, and family history. Seizure features included; underlying disease, previous febrile seizure history, family history, seizure duration (in minutes), total seizure number in 24 h, and peak body temperature. Treatment provided included; anticonvulsant therapy, antipyretics, and other medications used.



Data analysis

The Statistical Package for Social Sciences, SPSS (Version 27, IBM, Inc.), was used for the data analysis. Statistical analysis included descriptive statistics and a multivariate Poisson regression model to determine the adjusted risk ratio and independent risk factors for febrile seizures in children.




Results


Database cohort overview

In December 2022, 1,289 pediatric patients were diagnosed with COVID-19 in our outpatient department. Among these patients, 74 (5.74%) were diagnosed with febrile seizures, of which 45 (60.8%) were hospitalized. The majority of the patients 29 (64.4%), had simple febrile seizures, whereas 16 (35.6%) suffered from complex febrile seizures (Figure 1).
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FIGURE 1
Database cohort overview flowchart.




Patient's clinical characteristics

The two groups of patients did not differ in age, gender, underlying disease, number of days of hospitalization, and poor sanity (all p > 0.05). However, we observed significant differences regarding previous history of FS, family history of FS, and maximum body temperature (all p < 0.05). Concerning COVID-19 associated clinical symptoms, cases did not differ from controls with regards to a stuffy nose, runny nose, headache, vomiting, diarrhea, non-consciousness, pulse rate, and SPO2 (all p > 0.05) but differed significantly in terms of cough, expectoration, dry rales, wet rales, and respiration rate (all p < 0.05). Detailed information is summarized in Table 1.


TABLE 1 Clinical characteristics of the patients.
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Laboratory investigations

There were no statistically significant differences between the two groups in terms of C-reactive protein, interleukin 6, carbon dioxide, myoglobin, high-sensitivity troponin, and creatine kinase MB (all p > 0.05). Similar results were obtained for respiratory syncytial virus, influenza A and B, mycoplasma pneumonia, Epstein-Barr virus capsid antigen IgM, and cytomegalovirus IgM. In contrast, erythrocyte sedimentation rate, procalcitonin, and bacterial infection rates differed significantly (p < 0.05). Procalcitonin levels and bacterial infection rates were higher in cases than in controls, while ESR was lower in cases. Analysis of hematological parameters revealed that hemoglobin, platelets, lymphocytes, and eosinophils were significantly lower in cases than in controls (all p < 0.05). At the same time, neutrophil counts were significantly higher in cases than in controls (p < 0.05). However, there were no significant differences between the two groups regarding white blood cell counts, red blood cell counts, and monocyte counts (all p > 0.05). Liver, renal function tests and electrolyte levels showed no difference between cases and controls in terms of the levels of alanine transaminase, aspartate aminotransferase, total protein, albumin, globulin, creatinine, potassium, sodium, chloride, and calcium levels (all p > 0.05), while, blood urea nitrogen levels were significantly higher in cases than control (all p < 0.05). Detailed information is presented in Table 2.


TABLE 2 Comprehensive laboratory investigations.
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Medication use

There was no difference in the prescription of piperacillin, tazobactam, azithromycin, clindamycin, ceftriaxone, cefoperazone, sulbactam, ribavirin, and ganciclovir between cases and controls (all p > 0.05). In contrast, more children in the case group were prescribed antiflu medications than those in the control group (p < 0.05). Additionally, we did not observe any significant differences between case and control with regards to intravenous corticosteroids, such as hydrocortisone, dexamethasone, or nebulizers, including beclomethasone dipropionate inhalation, ipratropium bromide inhalation, albuterol inhalation, acetylcysteine inhalation or expectorants such as ambroxol oral medicine, oral montelukast sodium, non-invasive breathing, oxygen with a mask or nasal cannula, invasive breathing (all p > 0.05). In contrast, fewer children in the case group were given methylprednisolone, sodium succinate injection, budesonide inhalation, and ambroxol injection than those in the control group (p < 0.05). Detailed information is presented in Table 3.


TABLE 3 Medications used.
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Predictors of febrile seizures in COVID-19 infected children

Lastly, we conducted a Poisson regression analysis to determine factors that can predict the development of febrile seizures in children infected with COVID-19. We adjusted for cough, maximum body temperature, history of previous seizures, eosinophil count, hemoglobin levels, procalcitonin levels, neutrophil count, platelet count, and blood urea nitrogen.

In a minimally adjusted model (model 1), children with COVID-19 and cough were less likely to experience FS than their controls, adjusted [RR 0.309; (95% CI: 0.170–0.564), p < 0.001], while those with high body temperatures and previous history of febrile seizures were more likely to experience febrile seizures than their controls, adjusted [RR 1.474; (95% CI: 1.196–1.818), p < 0.001], and [RR 1.421; (95% CI: 1.088–1.855), p = 0.010], respectively.

Using the moderately adjusted model (model 2), which was adjusted for eosinophil count, hemoglobin level, neutrophil count, platelet count, and blood urea nitrogen, children with low eosinophil counts and hemoglobin levels had a lower risk of developing FS [RR 0.494; (95% CI: 0.311–0.783), p = 0.003] and [RR 0.979 (95% CI: 0.959–0.999), p = 0.044], respectively. In comparison, those with higher procalcitonin levels and neutrophil counts had a higher risk of experiencing FS than those without [RR 1.140; (95% CI: 1.043–1.246), p = 0.048], and [RR 1.015; (95% CI: 1.000–1.029), p = 0.048], respectively.

After adjusting for all these factors in (model 3), children with COVID-19 with low eosinophil counts [RR 0.428 (95% CI: 0.275–0.666), p < 0.001], low hemoglobin levels [RR 0.978 (95% CI: 0.960–0.996), p = 0.015], and cough [RR 0.473 (95% CI: 0.252–0.890), p = 0.020], had a lower risk of developing FS. Meanwhile, children with COVID-19 with higher procalcitonin levels [RR 1.140 (95% CI: 1.043–1.246), p = 0.004] and neutrophil counts [RR 1.017 (95% CI: 1.003–1.031), p = 0.015] had a higher risk of experiencing FS than those without (Table 4).


TABLE 4 Adjusted poisson regression models for predicting febrile seizures.
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Discussion

In this case-control study, we examined the incidence of febrile seizure among SARS-CoV-2-Omicron-infected children, their admission rate, risk factors associated with febrile seizures among the infected children, and their treatment modalities. Our findings revealed that 5.74% of the children had febrile seizures, and approximately 60.8% were hospitalized. These findings suggest that both COVID-19 associated OPD visits and the incidence of febrile seizures among the COVID-19-infected children rapidly increased during the Omicron period. Our results are consistent with those of Cloete et al., who reported a rapid rise in pediatric COVID-19 hospitalizations in the early stages of the Omicron wave in South Africa (25). Furthermore, a Korean study by Joung et al. demonstrated that 7.0% of COVID-19 infected Korean children developed COVID-19-associated febrile seizures during the Omicron period (26).

In August 2021, during the highly transmissible “delta variant” wave, the Chinese government adopted the “Dynamic zero-COVID” policy to stem the spread of the disease (27). During that period, pediatric seizure-related hospitalizations dropped drastically. For instance, a study in Hong Kong demonstrated a significant reduction in seizure-related emergency department visits in 2020 [RR 0.39 (95% CI: 0.174–0.526), p = 0.001]. Furthermore, the rate of febrile seizure-related admissions for children aged 0–6 decreased by more than 20% from the previous year (28). However, on December 7, 2022, China abruptly abandoned its zero-COVID policy, leading to a surge in COVID-19 outbreaks nationwide, with the mutated Omicron variant as the predominant strain (1). Since then, there has been a significant increase in pediatric infections with the SARS-CoV-2 Omicron variant and subsequently increased incidence of febrile seizures (2).

This study had no statistical difference in the ages of cases and controls (p > 0.05). However, children with febrile seizures had a slightly higher median (IQR) age than the controls, 24.0 (15.5–41.0) vs. 22.5 (3.0–68.3) months, respectively. Our findings are supported by Juong et al., who also found that children with COVID-19 and febrile seizures were generally older than those without febrile seizures; median (IQR) age 33.0 (22.0–60.0) and 23.0 (14.5–31.5) months, although their control group was COVID-19 negative children (26). In addition, evidence suggests that sex can influence the differentiation and maintenance of virus-driven T cells and antiviral immune response in tissues (29). This study had no statistical difference between the groups regarding sex distribution. Similarly, the underlying disease, number of days of hospitalization, and poor sanity of both groups did not statistically differ.

Published literature alludes to genetic predispositions for FS. For instance, Veisani et al.'s meta-analysis concluded that family history is strongly associated with febrile seizure (30). In this study, we observed a previous history of FS and a family history of FS in 20.0% and 11.1% of the cases and only 2.9% and 0% of the controls, respectively. Based on these findings, genetic factors and shared environmental exposures may play an essential role in the development of FS.

According to Taytard and colleagues, children infected with the Omicron variant have significantly higher body temperatures than those infected with the Delta variant (30). The higher peak body temperature caused by SARS-CoV-2 infection during the Omicron period may have contributed to increased febrile seizures. Despite both cases and controls in our study being positive for the Omicron variant, the cases had significantly higher body temperatures than the controls; mean (±SD) body temperature, 39.5 ± 0.7°C and 38.8 ± 1.1°C, respectively. These findings are consistent with those of Margaretha et al. (31), who found mean temperatures of 39.01 ± 0.56°C and 38.64 ± 0.45°C for children with and without FS, respectively (31). Meanwhile, Leung et al. observed that FS tended to occur when body temperatures exceeded 39°C (32).

Other clinical symptoms associated with COVID-19 were not significantly different between cases and controls, except for cough, expectoration, dry rales, wet rales, and respiration rate, which were significantly higher in controls. In most cases, COVID-19 affects children in a mild form. Fever, dry cough, and fatigue are some of the common symptoms experienced by children (33). In previous studies, the cough has been associated with high intrathoracic pressure, which can result in cough-induced syncope and fainting (34). However, our study found that cough was associated with a lower risk of febrile seizures [RR 0.473 (95% CI: 0.252–0.890), p = 0.020]. Children with COVID-19 and cough were less likely to experience febrile seizures than controls, whereas those who had a high fever were more likely to experience febrile seizures. This suggests that fever is more closely associated with FS than respiratory symptoms.

Regarding the laboratory results, bacterial infection rates were higher in cases than in controls. Bacterial infection was observed in 33.3% of children with FS and 16.2% of controls. Our findings are consistent with Jarrett et al. (35), who found a higher prevalence of bacterial infection in cases than thin e control. Similarly, procalcitonin levels (PCT) were higher in cases than in controls, with median PCT levels of 0.29 ng/ml in cases ag/ml in controls. A similar finding was found by Murakami et al. (36) who found increased levels of PCT in convulsion patients. Increased levels of procalcitonin were first observed in 1993 in patients with sepsis, and today it is a widely used biomarker for serious bacterial infections (37). PCT is a natural prohormone of calcitonin synthesized by C-cells of the thyroid glands (38). Its production increases in patients with septicemia and infections caused by gram-negative bacteria due to inflammatory cytokines, such as tumor necrosis factor-alpha and interleukin-6 (IL-6) (39). This study observed gram-negative mycoplasma pneumonia co-infections in 23.3% of cases compared to 20% of controls. Furthermore, the erythrocyte sedimentation rate was significantly lower in cases than in controls, which corresponds with the findings of Abbasi et al. (40).

According to a study by Pisacane et al., children with FS had significantly higher rates of iron deficiency anaemia than their non-FS counterparts (41). Interestingly, Talebian et al. revealed that anaemic children had a reduced incidence of febrile seizure compared to children without anaemia (42). In support of this finding, Yousefichaijan and colleagues found that iron deficiency prevents febrile convulsions in children and likely increases the threshold of neuronal excitation during fevers (43). In line with these studies, our findings revealed that cases had lower haemoglobin levels than controls and had a lower risk of developing FS [RR, (0.979; 95% CI: 0.959–0.999), p = 0.044]. Similarly, children with low eosinophil counts had a lower risk of developing FS [RR 0.494; (95% CI: 0.311–0.783), p = 0.003] than the controls. Eosinophils play an essential role in allergic inflammation, but no evidence has been found linking them to FS (44).

Moreover, in a recent study by Romanowska et al., the platelet and lymphocyte count of children with FS were significantly lower than those of controls. In contrast, the neutrophil counts were significantly higher (45). In line with the study, our study found that the platelet and lymphocyte counts were significantly lower in cases than in controls. Meanwhile, neutrophil counts were significantly higher in cases than in controls. It has been determined that neutrophil-lymphocyte ratio and mean platelet volume are novel inflammatory biomarkers associated with the development of FS in children (44).

Regarding liver and renal function tests and serum electrolytes, there was no significant difference between cases and controls, other than blood urea nitrogen level, which was significantly higher in cases than in controls. This finding is supported by Abbasi et al., who also found that patients with febrile seizures had substantially higher levels of BUN and creatinine than those without febrile seizures (40). It has been shown that patients with a history of illnesses, such as vomiting and diarrhea or signs of dehydration, may affect their renal function tests (46). In this study, 24.4% of the cases and 11.8% of the controls reported vomiting during admission. While it has been shown that hyponatremia is associated with febrile seizures (47), another study by Yousefichaija et al. has found that children with febrile seizures have normal electrolyte levels. And therefore, it is not necessary to routinely test the electrolyte levels of all patients with simple febrile seizures (48). This study found no differences between cases and controls in electrolyte levels.

The prescription of antibiotics and antivirals was not significantly different between the two groups, except for the antiflu medications, where cases got more than the controls. In contrast, fewer children in the case group were given corticosteroids and expectorants than controls. The increasing use of antiflu medications could be attributed to SARS-CoV-2 co-infection with influenza A and B viruses. A meta-analysis by Masoud Dadashi et al. showed that influenza infection was 0.8% in patients with confirmed COVID-19, while the frequency of influenza virus co-infection among patients with COVID-19 was 4.5% in Asia and 0.4% in North America (49). In line with these findings, we observed a higher incidence of influenza A; 23.3% vs. 13.8%, and influenza B; 41.9% vs. 27.7% among cases than controls, respectively.

Strengths and limitations: This study had a few distinct advantages worth highlighting: (1) It was the first study to examine the incidence of febrile seizures in children infected with the SARS-CoV-2-Omicron variant in Hubei, China. (2) It further examined detailed clinical presentations and risk factors associated with febrile seizures in children infected with the SARS-CoV-2-Omicron variant. However, the following limitations existed: (1) Sample size was rather small and this could limit the study's power. (2) The study was retrospectively conducted thus it carried the inevitable disadvantages of retrospective studies such as recall bias and missing information. (3) The study was a single-center study, so the findings cannot be generalized to make inferences on the incidence of FS among children infected with COVID-19 across the country.



Conclusion

In summary, a significant increase in febrile seizures was observed in children with SARS-CoV-2-Omicron infection. Approximately 5.74% of participants with COVID-19 suffered febrile seizures. A higher body temperature, a history of FS, a higher procalcitonin level and a higher neutrophil count were all associated with an increased risk of FS in children with COVID-19. The risk of developing FS was lower in children with COVID-19 who had low eosinophil counts, and low hemoglobin levels. More children in the case were prescribed antiflu medications than those in the control group. In contrast, fewer children in the case group were given corticosteroids and expectorants than those in the control group.
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