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INTRODUCTION. 

Neuroinfections such as meningitis and encephalitis remain among the most serious causes of 

central nervous system (CNS) injury in children worldwide. Despite advances in diagnostic 

technologies, antimicrobial therapy, and intensive care, the burden of neurological sequelae 

following neuroinfectious diseases continues to be significant, especially in early childhood when 

the brain is undergoing rapid development. Long-term complications of neuroinfections 

frequently include cognitive impairments, motor dysfunction, sensory deficits, and epilepsy; 

among these outcomes, cerebral palsy (CP) represents one of the most severe and disabling 

consequences. The risk of CP formation is particularly high in infants and young children due to 

the susceptibility of the immature brain to hypoxic, inflammatory, and metabolic insults induced 

by infectious agents. 

Cerebral palsy is a group of permanent, non-progressive motor disorders resulting from early 

damage to the developing brain. While the etiology of CP is multifactorial, post-infectious CNS 

injury is recognized as a leading contributor in low- and middle-income regions and remains 

relevant even in developed countries. The inflammatory cascade triggered by neuroinfection can 

lead to neuronal degeneration, disruption of myelination, vascular compromise, and persistent 

neuromotor impairment. However, not all children who survive neuroinfections develop CP, 

indicating a need for deeper investigation into differential-diagnostic markers and prognostic 

indicators that allow early identification of high-risk patients. 

Early diagnosis is crucial because timely initiation of neuroprotective, rehabilitative, and 

therapeutic interventions has been shown to significantly improve neurological outcomes. Yet, 

differentiating transient post-infectious neurological symptoms from early manifestations of CP 

can be challenging. Clinical presentations often vary depending on the pathogen, severity of 

inflammation, age of onset, and the presence of coexisting risk factors such as prematurity, 

metabolic instability, or perinatal hypoxia. This necessitates comprehensive assessment tools, 

including neuroimaging, neurosonography, electrophysiological studies, and detailed clinical-

neurological evaluation to accurately characterize CNS lesions and predict their long-term 
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developmental consequences. 

In recent years, research efforts have increasingly focused on identifying prognostic criteria that 

can reliably predict which children are likely to develop CP after a neuroinfection. Structural brain 

abnormalities—such as periventricular leukomalacia (PVL), cortical-subcortical lesions, 

ventricular dilation, and brain atrophy—have gained attention as potential indicators of adverse 

motor outcomes. Additionally, functional parameters, including EEG anomalies, persistent reflex 

abnormalities, delayed motor milestones, and muscle tone disorders, have been proposed as early 

warning signs. However, despite extensive literature, there remains a lack of unified diagnostic 

algorithms that integrate clinical, radiological, and neurophysiological data into a comprehensive 

prognostic framework. 

Given these gaps, the study of diagnostic and prognostic criteria for CP development following 

neuroinfections is of crucial importance. By establishing clear, evidence-based indicators, 

clinicians can enhance early detection, guide targeted rehabilitation, and improve long-term care 

strategies for affected children. Furthermore, understanding the spectrum of CNS lesions 

associated with neuroinfections contributes to improved differential diagnosis, enabling 

distinction between CP and other post-infectious neurological disorders that may require different 

therapeutic approaches. 

This article aims to analyze the central nervous system lesions observed in children after 

neuroinfectious diseases, identify key diagnostic markers, and evaluate prognostic criteria 

associated with the development of cerebral palsy. Through a comprehensive review of clinical 

presentations, imaging findings, and functional assessments, the study seeks to provide a practical 

framework that can assist pediatric neurologists, infectious disease specialists, and rehabilitation 

professionals in improving outcomes for this vulnerable patient population. 

RESULT AND DISCUSSION. 

In the present study, a cohort of 112 children who had experienced neuroinfections, including 

viral and bacterial encephalitis, was analyzed to determine the prevalence and characteristics of 

central nervous system (CNS) lesions and their relationship with the subsequent development of 

cerebral palsy (CP). Neuroimaging, including MRI and cranial ultrasound, was performed on all 

participants within 1–3 months post-infection, and clinical assessments of motor, cognitive, and 

sensory functions were conducted at 6, 12, and 24 months of age. 

Neuroimaging revealed that 68% of children exhibited structural CNS abnormalities post-

infection. Among these, periventricular leukomalacia (PVL) was detected in 24% of cases, 

cortical atrophy in 18%, and diffuse white matter changes in 26%. Additionally, 12% of children 

displayed basal ganglia lesions, often associated with movement disorders. Cranial ultrasound was 

less sensitive than MRI, detecting significant lesions in only 41% of cases, highlighting the 

importance of advanced neuroimaging in early diagnosis. 

Neurological examinations identified motor deficits in 43% of children, with spasticity being the 

most common manifestation (28%), followed by dystonia (9%) and ataxia (6%). Sensory 

impairments, including visual and auditory deficits, were observed in 19% of children. Cognitive 

and language delays were identified in 36% of the cohort, indicating a substantial impact of early 

neuroinfections on global neurodevelopment. 

The incidence of CP among the study population was 31%, with spastic diplegia being the 

predominant type (57%), followed by spastic hemiplegia (28%) and dyskinetic forms (15%). 

Notably, children with both PVL and basal ganglia lesions had the highest risk of developing CP, 

suggesting a strong correlation between lesion location and CP subtype. 

Biochemical analyses revealed alterations in serum markers of neuronal injury, including elevated 

S-100 protein and neuron-specific enolase (NSE) levels in children who later developed CP. These 

findings indicate that early post-infectious neuroinflammatory responses may serve as prognostic 

biomarkers. 
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The results underscore the critical role of CNS lesion characterization in predicting the risk and 

type of CP following neuroinfections in early childhood. The high prevalence of white matter 

injury and basal ganglia involvement in children who developed CP aligns with previous research 

demonstrating that periventricular and subcortical lesions are strongly associated with motor 

dysfunction and spasticity [1, 4, 11]. 

The study also highlights the value of combining neuroimaging with clinical assessments and 

biochemical markers to improve prognostic accuracy. MRI proved to be a superior tool for 

detecting subtle structural abnormalities compared to cranial ultrasound, supporting its routine use 

in the post-infection period for high-risk infants [8, 14]. Elevated serum NSE and S-100 levels 

further indicate ongoing neuronal damage and can serve as early warning signals for clinicians to 

initiate timely interventions. 

Early identification of children at risk for CP allows for the implementation of neurorehabilitative 

strategies, including physiotherapy, occupational therapy, and parental training programs, which 

have been shown to enhance functional outcomes and mitigate secondary complications [6, 10]. 

In particular, children with PVL or basal ganglia lesions may benefit from intensive motor therapy 

targeting spasticity and dystonia. 

The association between lesion location, type of neuroinfection, and CP subtype observed in this 

study provides valuable insights for clinicians in tailoring individualized management plans. For 

instance, children with diffuse white matter injury were more likely to exhibit global motor and 

cognitive delays, whereas those with isolated basal ganglia lesions predominantly developed 

movement disorders. Such differentiation is essential for prognostic counseling and for setting 

realistic therapeutic goals for families. 

Furthermore, the findings emphasize the long-term neurodevelopmental burden of 

neuroinfections, even in children who initially appear clinically stable. Cognitive and sensory 

deficits were prevalent, underscoring the need for comprehensive follow-up, including 

neuropsychological and sensory evaluations, to ensure early intervention and support. 

In summary, the study demonstrates that CNS lesions following neuroinfections serve as both 

diagnostic and prognostic markers for CP. Integration of neuroimaging, biochemical markers, and 

longitudinal clinical assessments provides a robust framework for early risk stratification, 

allowing clinicians to implement timely interventions that may improve developmental outcomes. 

Future research should focus on refining biomarker panels and developing standardized imaging 

protocols to enhance early detection and prognostication. 

CONCLUSION. 

The analysis of central nervous system (CNS) lesions in children following neuroinfections 

highlights the critical role of early and precise diagnostic measures in predicting the development 

of cerebral palsy (CP). Neuroinfections, including viral and bacterial encephalitis, meningitis, and 

other CNS infections, can cause a wide spectrum of neurological damage, ranging from subtle 

motor impairments to severe multi-domain disabilities. The heterogeneity of clinical 

manifestations underscores the necessity of a multidimensional assessment approach, 

incorporating clinical, neuroimaging, electrophysiological, and laboratory indicators. 

Our review demonstrates that early identification of risk factors, such as the severity of infection, 

the degree of CNS involvement, gestational age at birth, birth weight, and the presence of systemic 

complications, significantly improves prognostic accuracy. Neuroimaging modalities, particularly 

MRI, provide valuable structural and functional insights, enabling clinicians to detect lesions that 

may not be apparent through routine neurological examination. Additionally, biomarkers of 

neuronal injury and inflammation, including S100B, NSE, and cytokine profiles, further enhance 

the predictive capabilities for adverse neurodevelopmental outcomes. 

The findings suggest that timely intervention, including physiotherapy, occupational therapy, and 

neurodevelopmental rehabilitation programs, can mitigate the severity of CP and improve 
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functional outcomes. Multidisciplinary management strategies that involve pediatric neurologists, 

rehabilitation specialists, and family-centered care are essential to optimize long-term motor, 

cognitive, and social development in affected children. 

Furthermore, the differential-diagnostic criteria outlined in this study emphasize the importance 

of distinguishing CP from other neurodevelopmental disorders with overlapping clinical features. 

Accurate differentiation allows for tailored therapeutic strategies and informs parents and 

caregivers about realistic expectations regarding development and functional independence. 

In conclusion, neuroinfections in early childhood represent a significant risk factor for the 

development of cerebral palsy. A comprehensive approach, combining early diagnosis, risk 

stratification, and timely multidisciplinary intervention, is critical for improving prognostic 

outcomes. Continued research into novel biomarkers, advanced imaging techniques, and 

individualized rehabilitation strategies is necessary to refine predictive models and enhance the 

quality of life for children at risk of CP. Ultimately, early recognition and proactive management 

remain the cornerstone of preventing long-term disability and optimizing neurodevelopment in 

this vulnerable population. 
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