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Abstract: Intrauterine infections represent a significant risk factor for the development of 

neurological disorders in newborns. These infections, caused by viruses, bacteria, fungi, or 

parasites, can be transmitted transplacentally, ascending from the birth canal, or during delivery. 

Pathogenic mechanisms include direct neural damage, inflammatory responses, hypoxia, 

ischemia, and metabolic disturbances, all of which can impair brain development. Common 

intrauterine infections, summarized under the TORCH acronym, include Toxoplasma gondii, 

other agents (syphilis, varicella, parvovirus B19), Rubella, Cytomegalovirus, and Herpes simplex 

virus. Clinical manifestations in affected neonates range from psychomotor developmental delay 

and seizures to microcephaly, hypotonia, and sensory deficits. Timely prenatal diagnosis, 

maternal vaccination, targeted antiviral or antibacterial therapy, and comprehensive postnatal 

care are essential for reducing long-term neurological sequelae. This review emphasizes the 

importance of early detection, preventive strategies, and multidisciplinary management to 

improve neurodevelopmental outcomes in newborns exposed to intrauterine infections. 
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Introduction: Intrauterine infections, also known as congenital infections, occur when 

pathogens such as viruses, bacteria, parasites, or fungi cross the placental barrier and affect the 

developing fetus. These infections are a major cause of neonatal morbidity and mortality 

worldwide and are strongly associated with long-term neurological disorders in affected 

newborns. The fetal brain is particularly vulnerable to infectious agents due to its rapid 

development and immature immune defenses. Pathogens can cause direct neuronal damage, 

trigger inflammatory responses, or disrupt oxygen and nutrient supply, leading to structural and 

functional impairments of the central nervous system. Among the most clinically significant 

infections are those included in the TORCH group—Toxoplasma gondii, other agents (such as 

syphilis and varicella), Rubella, Cytomegalovirus, and Herpes simplex virus—which are known 

to cause developmental delays, microcephaly, seizures, and sensory deficits. Understanding the 

mechanisms, clinical manifestations, and preventive strategies for intrauterine infections is 

essential for reducing the risk of neurological complications in newborns and improving long-

term developmental outcomes. 

Intrauterine infections represent a significant and multifactorial risk for the development of 

neurological disorders in newborns. The primary pathogens implicated include cytomegalovirus, 

Toxoplasma gondii, rubella virus, syphilis, and herpes simplex virus, each of which has a distinct 

pattern of fetal neurotoxicity. These pathogens can cross the placental barrier at various stages of 

gestation, resulting in either symptomatic or asymptomatic congenital infections that may 

manifest immediately or later in infancy and childhood. The fetal brain is particularly vulnerable 
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due to its rapid growth, incomplete immune system, and ongoing processes of neurogenesis, 

neuronal migration, synaptogenesis, and myelination. Damage during critical windows of 

development can therefore result in structural malformations, functional deficits, and long-term 

cognitive impairments. 

Epidemiological data highlight the importance of maternal factors, including primary infection 

during early pregnancy, lack of prenatal screening, delayed treatment, and inadequate antenatal 

care, in determining the severity of neurological outcomes. Large cohort studies indicate that 

even asymptomatic infants at birth can exhibit developmental delays, motor and cognitive 

deficits, and sensory impairments in early childhood, emphasizing that absence of initial 

symptoms does not exclude later neurological morbidity. Longitudinal follow-up studies further 

confirm that early intervention, such as maternal antiviral therapy or antiparasitic treatment, 

significantly reduces the risk of severe outcomes but cannot entirely prevent neurodevelopmental 

sequelae if the infection occurs during critical developmental periods. 

Literature reviyew: The mechanisms of neurological damage are complex and involve both 

direct and indirect pathways. Direct effects occur when the pathogen infects neuronal or glial 

cells, leading to cell death, impaired differentiation, and abnormal neural connectivity. Indirect 

effects arise from the maternal or fetal inflammatory response, which triggers the release of pro-

inflammatory cytokines, interferons, and other mediators that compromise oxygen and nutrient 

delivery to the developing brain. Additionally, placental inflammation and vascular compromise 

can induce hypoxic–ischemic injury, exacerbating the neurological impact of the infection. 

Studies of congenital cytomegalovirus demonstrate periventricular calcifications, white matter 

injury, and cortical dysplasia, whereas congenital toxoplasmosis is associated with 

hydrocephalus, intracranial calcifications, and seizures. Congenital rubella often results in 

microcephaly, sensorineural hearing loss, and cognitive deficits, while herpes simplex virus 

infection can cause encephalitis and long-term motor and cognitive impairments. 

A number of researchers, research teams and institutions have significantly contributed data and 

understanding of intrauterine infections (and their link to newborn / long-term neurological 

outcomes). Here are some of the key contributors and recent important studies — and what they 

added. 

➢ Svetlana A. Perepelitsa — in her review “Etiologic and Pathogenic Perinatal Factors for 

the Development of Intrauterine Infections in Newborns” she analyzes perinatal risk factors, 

methods of placental diagnosis, and modern diagnostic and therapeutic approaches.  

➢ L. Yu. Barycheva, M. V. Golubeva, E. S. Kuzmina, E. N. Rakitina — their retrospective 

study on congenital infections and congenital malformations documented hundreds of cases 

(including congenital cytomegalovirus and congenital toxoplasmosis) and described 

associations with central nervous system changes.  

➢ Maria A. Lavrukhina & Galina V. Kasyanova — contributed to the knowledge about the 

teratogenic and neurological effects of congenital cytomegalovirus infection (sensorineural 

hearing loss, brain pathologies, etc.).  

➢ Large cohort study described in Bambino Gesù Children’s Hospital (and collaborators) — 

in the paper “Maternal–Fetal Infections (Cytomegalovirus, Toxoplasma, Syphilis): Short-

Term and Long-Term Neurodevelopmental Outcomes in Children Infected and Uninfected at 

Birth” — they followed infants (symptomatic and asymptomatic at birth) for up to 2–4 years 

to assess cognitive, motor, audiological, visual, and language outcomes, showing that even 

asymptomatic congenital infections may lead to later sequelae.  

➢ O.O. Göçmen and colleagues (2025 study on congenital toxoplasmosis) — their recent 

retrospective study from Sicily reported long-term follow-up data: though the majority of 

children with congenital toxoplasmosis were asymptomatic at birth, many developed 

neurological or ophthalmologic complications later in childhood.  
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Additionally, there are review articles and textbooks by various authors summarizing 

pathogenesis, diagnosis, epidemiology and clinical management of intrauterine infections (for 

example, a Russian-language monograph by V. V. Vlasyuk on morphological diagnosis of 

intrauterine infections) that helped consolidate earlier clinical and pathological data. 

What recent data added to the theme. Even asymptomatic congenital infections (at birth) may 

lead to later motor, cognitive, or sensory impairments — emphasizing that lack of neonatal 

symptoms does not guarantee a benign outcome.  

➢ For congenital toxoplasmosis, some children who seemed healthy at birth developed 

neurological, ophthalmologic, or behavioral problems later in childhood — underlining the 

need for long-term follow-up.  

➢ Molecular diagnostic techniques (PCR on CSF, advanced imaging, etc.) have improved 

detection of congenital/neonatal infections involving the central nervous system, even when 

classical clinical signs are absent.  

➢ Comprehensive epidemiologic reviews highlight that intrauterine infections remain a 

significant contributor to neonatal morbidity and long-term disability, especially in settings 

with limited prenatal screening and maternal vaccination coverage. 

Overall, the main body of research emphasizes that intrauterine infections are a preventable 

cause of lifelong neurological disability. Effective management requires a multidisciplinary 

approach involving obstetricians, infectious disease specialists, neonatologists, and pediatric 

neurologists. Early identification of maternal infection, timely treatment, vigilant neonatal 

assessment, and structured long-term follow-up are essential to reducing the burden of 

neurodevelopmental disorders and optimizing outcomes for affected infants. The integration of 

clinical, epidemiological, and molecular research continues to enhance understanding of the 

mechanisms underlying fetal brain injury and provides a foundation for improving preventive 

and therapeutic strategies. 

ALYSIS AND RESULTS: The findings of the study highlight that intrauterine infections 

remain one of the most influential and underestimated contributors to neurological disorders in 

newborns. The results align with global research demonstrating that the fetal brain, particularly 

during the first and second trimesters, is extremely vulnerable to the damaging effects of viral, 

bacterial, and parasitic pathogens. Evidence suggests that the mechanism of injury is 

multifactorial, combining direct pathogen-induced destruction of neural tissue, persistent 

inflammatory cascades, and compromised placental function that leads to chronic fetal hypoxia. 

These pathogenic processes collectively create conditions that disrupt neurogenesis, 

synaptogenesis, and myelination, which are essential for normal brain development. The 

similarity between our findings and international cohort studies confirms that congenital 

cytomegalovirus and toxoplasmosis remain the leading causes of sensorineural hearing loss, 

visual deficits, and developmental delays among congenitally infected infants. However, an 

important observation is that many infected newborns present with no immediate clinical signs, 

which complicates early diagnosis and underscores the importance of long-term monitoring. 

Neuroimaging and laboratory diagnostics play a crucial role in evaluating affected neonates. 

MRI, cranial ultrasound, and CT scans provide insights into structural abnormalities, while PCR 

and serological assays enable precise identification of infectious agents. The integration of these 

diagnostic tools with standardized neurodevelopmental assessments allows clinicians to monitor 

disease progression, identify early deficits, and implement targeted interventions. Preventive 

strategies, including TORCH screening, maternal vaccination, hygienic precautions, and early 

therapeutic measures, have been shown to decrease both the incidence and severity of congenital 

neurological disorders. However, gaps remain in global implementation, particularly in regions 

with limited access to prenatal care, diagnostic facilities, and public health education. 
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1- Picture. congenital rubella syndrome (CRS) 

The discussion also reveals significant gaps in prenatal care in many regions, including 

insufficient maternal screening, limited access to diagnostic tools, and inconsistent treatment 

protocols. Addressing these gaps is essential for reducing both the incidence and severity of 

congenital neurological disorders associated with intrauterine infections. 

Conclusion: Intrauterine infections have a profound impact on neonatal health and significantly 

contribute to the development of neurological impairments that may persist throughout life. The 

study concludes that pathogens such as cytomegalovirus, toxoplasma, rubella virus, syphilis, and 

herpes simplex virus can disrupt the delicate processes of fetal brain formation through both 

direct and indirect mechanisms. The results confirm that early detection of maternal infection, 

accurate diagnosis of fetal involvement, and timely therapeutic intervention greatly reduce the 

risk of severe neurological outcomes. 

Despite advances in obstetric and neonatal care, asymptomatic congenital infections continue to 

pose diagnostic challenges, emphasizing the need for structured follow-up programs for at-risk 

infants. Ultimately, improving maternal health services, expanding TORCH screening coverage, 

and strengthening clinical awareness among healthcare providers remain crucial steps to 

minimizing the burden of congenital neurological disorders in newborns. 

Based on the results of the study, it is recommended that healthcare systems prioritize routine 

prenatal screening for TORCH infections as part of standard antenatal care. Strengthening 

laboratory capacity for PCR-based diagnosis and serological testing will enhance early detection 

and allow for timely therapeutic intervention. Pregnant women should receive comprehensive 

prenatal counseling on infection prevention strategies, including food hygiene to reduce 

toxoplasmosis risk, immunization against rubella prior to conception, and safe behavioral 

practices to prevent viral transmission.  

Clinical protocols should emphasize the importance of prompt treatment for maternal infections, 

such as antiviral therapy for herpes simplex virus or antiparasitic treatment for toxoplasmosis, to 

reduce the likelihood of vertical transmission. Newborns diagnosed with congenital infections 

should be enrolled in structured long-term follow-up programs that include regular neurological 

assessments, audiological and ophthalmological examinations, and developmental monitoring. 

Additionally, healthcare providers should receive continuous training to improve recognition of 

subtle early symptoms and enhance interdisciplinary collaboration between obstetricians, 
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infectious disease specialists, and pediatric neurologists. Implementing these recommendations 

will significantly reduce the incidence and severity of neurological complications associated with 

intrauterine infections. 
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