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SYNOPSIS

Encephalitis is an uncommon but severe disease characterized by neurologic dysfunction with 

central nervous system inflammation. Children with encephalitis should receive supportive care 

and empiric therapies for common and treatable causes while prioritizing diagnostic evaluation for 

common, treatable, and high-risk conditions. Even with an extensive diagnostic work-up, an 

infectious etiology is identified in less than half of cases, suggesting a role for post-infectious or 

non-infectious processes.
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Introduction

Encephalitis is a rare, but serious, condition of neurologic dysfunction due to inflammation 

of the brain parenchyma. A wide variety of infectious and non-infectious etiologies are 

associated with encephalitis, though the cause in more than half of cases remains 

unexplained despite extensive testing. Given the heterogeneous and wide differential 

diagnosis, epidemiological, clinical, laboratory, and radiographical factors are necessary to 

guide the diagnostic evaluation and treatment. This review focuses on the most common 

etiologies of acute encephalitis in previously healthy children in the US and introduces a 

practical approach to prioritizing diagnostic evaluation and treatment.

Case Definition

Brain parenchymal inflammation associated with neurologic dysfunction is the strict 

definition of confirmed encephalitis1. However, due to the rarity of pre-mortem brain biopsy 

specimens available for histopathologic confirmation (particularly in children), clinical 

correlates are used to infer evidence of probable brain inflammation. Wide variability in 

criteria utilized and emphasized by pediatric neurologists and infectious diseases 

subspecialists was previously used to infer a clinical diagnosis of encephalitis2. In 2013, the 

International Encephalitis Consortium (IEC) created simplified consensus diagnostic criteria 

for a standardized case definition of encephalitis and encephalopathy of presumed infectious 

or autoimmune etiology3. Altered mental status for over 24 hours without an alternative 

cause is required as evidence of neurologic dysfunction. In addition, supplemental minor 

criteria must be present (2 for possible, ≥3 for probable or confirmed): fever ≥38°C within 

72 hours, seizures, new focal neurologic findings, cerebrospinal fluid (CSF) pleocytosis (≥5 

white blood cells/μL), neuroimaging with brain parenchymal changes or 

electroencephalogram (EEG) consistent with encephalitis (Figure 1). Confirmed cases 

require pathologic confirmation on brain biopsy, evidence of infection with a microorganism 

associated with encephalitis, or laboratory evidence of an autoimmune condition associated 

with encephalitis.

The IEC case definition combines previously distinct categories of encephalopathy and 

encephalitis without differentiating infectious from post- or non-infectious processes, which 

may have important therapeutic implications. In cases with altered mental status ≥24 hours 

without signs of an inflammatory response (fever, CSF pleocytosis, parenchymal changes on 

neuroimaging), a clinical diagnosis of encephalopathy, rather than encephalitis, is 

appropriate. In cases meeting encephalitis criteria with CSF pleocytosis, meningeal signs, or 

leptomeningeal enhancement, a clinical diagnosis of meningoencephalitis may be more 

descriptive4.

Several factors should be considered when applying the IEC case definition to pediatric 

patients. Simple and complex febrile seizures are a common occurrence in young children 

and, in isolation, do not necessitate pursuing a work-up for encephalitis if the child has 

returned to baseline mental status. Normal CSF white blood cell counts (WBC) in infants are 

higher than those cited for adults and a 95th percentile cutoff of ≤19 WBCs/μL for infants ≤1 
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month and ≤9 WBCs/μL for infants 1–2 months are more commonly used to define 

pleocytosis in these age groups5. Young infants are more likely to have infectious 

encephalitis without pleocytosis, particularly with enterovirus (EV; ~50%) or human 

parechovirus (HPeV; pleocytosis uncommon)6–8. Therefore, as the IEC criteria suggest, CSF 

pleocytosis is a supportive, but not necessary criterion for encephalitis, particularly in young 

infants.

Epidemiology

Overall, there were 7.3 encephalitis cases per 100,000 person years in the US during 2000–

20109 with peak incidence in infants <1 year (13.5 per 100,000) and lowest in children 10–

14 years (4.1 per 100,000)9. 7298 hospital admissions for encephalitis amongst the 44 free 

standing children’s hospitals in the Pediatric Health Information System network in the US 

occurred from 2004–2013 (mean 18 per hospital annually)10.

The reported incidence of encephalitis in children in the US and England increased over the 

past 10 years9,10, which may be partially attributed to increasing use of immunosuppressive 

therapies and bone marrow and solid organ transplantation associated with an increased risk 

of encephalitis, as well as improved sensitivity of brain parenchymal imaging using 

magnetic resonance imaging (MRI). Prior to this era, the number of encephalitis cases was 

decreasing following introduction of vaccines against poliovirus, measles virus, mumps 

virus, varicella virus, and pertussis11–13. Seasonal increases in the incidence of encephalitis 

in children occur over the summer to fall months, largely driven by epidemic and endemic 

circulation of arboviruses and EVs9.

Pathogenesis

Though poorly understood for some etiologies, a variety of mechanisms contribute to 

encephalitis. The two main forms of encephalitis are primary infectious encephalitis, 

resulting from direct invasion of the central nervous system (CNS; most commonly gray 

matter) by the pathogen, and immune mediated encephalitis, resulting from CNS damage 

from the immune system (most commonly white matter)14. Viruses can invade the CNS via 

viremia subsequently crossing the blood-brain barrier (eg. arboviruses) or retrograde axonal 

transport (eg. rabies virus) and infect neurons leading to cytotoxicity (eg. herpes simplex 

virus; HSV). Additionally, pathogens can cause inflammation leading to tissue damage (eg. 

West Nile virus; WNV) or cause vasculitis leading to tissue ischemia (eg. varicella zoster 

virus; VZV), or a combination of these mechanisms15. Alternatively, primarily non-

neuroinvasive pathogens infecting non-CNS sites (eg. Mycoplasma pneumoniae, influenza 

virus respiratory infections), neuroinvasive pathogens infecting the CNS (eg. HSV), tumors 

(eg. ovarian teratomas), and potentially some vaccinations may trigger CNS autoimmunity 

due to aberrant immune response against brain antigens. Direct CNS viral infection and 

triggering of immune mediated disease may co-exist, as illustrated with HSV encephalitis 

cases with subsequent or concurrent anti-N-methyl-D-aspartate receptor (anti-NMDAR) 

antibodies identified16,17.
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Diagnosis

Overview of Etiologies

In the clinical setting, an etiology is identified in roughly 50% of cases of encephalitis in 

children9,11. Of unexplained cases, more than 60% lack an identifiable cause even with 

comprehensive research testing using advanced molecular diagnostic technologies18. A 

broad array of infectious, immune-mediated, rheumatologic, endocrinological, neoplastic, 

and toxicologic causes all may cause or mimic encephalitis. Infectious causes, including 

viruses, atypical bacteria, fungi, and parasites are most common, with viruses accounting for 

a majority of infectious encephalitis cases in children (Table 1). Immune mediated causes of 

encephalitis include demyelinating conditions such as acute disseminated encephalomyelitis 

(ADEM) and neuronal autoantibody mediated conditions such as anti-NMDAR encephalitis 

and account for an increasing proportion of unexplained encephalitis cases (Table 2)19.

Confirming the Syndromic Diagnosis

The first step in the diagnostic evaluation of a child with suspected encephalitis is to confirm 

the syndromic diagnosis by looking for evidence of neurologic dysfunction and brain 

parenchymal inflammation, while ruling out clinical mimickers (eg. toxic ingestion). A 

comprehensive, detailed history and physical examination is of utmost importance to 

characterize neurologic deficits, assess for meningeal signs and symptoms, and elicit risk 

factors. Typical alterations in speech, behavior, and cognition in older individuals with 

encephalopathy may be more challenging to detect in infants and young children, who 

present more commonly with irritability, lethargy, or loss of interest in feeding.

Diagnostic testing should include brain MRI, lumbar puncture, and EEG in all suspected 

cases of encephalitis (Table 3). MRI of the brain with and without contrast utilizing diffusion 

weighted, T2-weighted, and FLAIR sequences is the modality of choice to assess for 

changes consistent with brain parenchymal inflammation. After assessing for 

contraindications, a lumbar puncture with opening pressure measurement should be 

performed to obtain CSF for characterization of cell counts with differential, glucose, 

protein, and diagnostic testing. CSF in viral encephalitis typically has a mild to moderate 

mononuclear pleocytosis (predominantly lymphocytic, though can be neutrophilic early in 

course), increased protein, and normal glucose; though early in the course or with EV and 

HPeV infections in young infants abnormalities may be absent6–8. Repeat lumbar puncture 

should be considered if persistent or worsening symptoms for repeat diagnostic testing to 

assess for evolution of these findings. EEG should be used to look for evidence of 

encephalopathy, localizing signs, characteristic patterns (such as periodic localizing 

epileptiform discharges; PLEDs) or subclinical seizure activity.

Diagnostic Approach to Identifying an Etiology

The identification of a specific etiology may allow initiation of effective, targeted therapies 

for certain treatable etiologies, and limit unnecessary diagnostic testing or empiric therapies. 

Varying levels of evidence establishing a potential etiology as a cause of encephalitis may be 

present20. For established causes of encephalitis, evidence of an etiologic agent in brain 

tissue specimens or CSF (eg. HSV DNA), or intrathecal antibody production for pathogens 
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where PCR is not the study of choice (eg. West Nile virus IgM antibodies), is considered a 

confirmed cause. Serologic evidence (eg. serum Bartonella henselae IgM antibodies) 

without PCR confirmation of an established cause that can sometimes be detected directly in 

CSF or detection of a not well-established cause in brain tissue or CSF by PCR (eg. HHV-6 

DNA) are examples of situations that meet the definition of probable cause. Finding 

suggestive serologic evidence (eg. West Nile virus IgM antibodies in serum) or detection of 

a well-established pathogen at a site outside the central nervous system (eg. influenza RNA 

in respiratory specimens) is considered a possible cause. It is imperative that the clinical 

presentation and epidemiologic profile are consistent with the etiology detected for all levels 

of causality to avoid erroneous attribution of causality.

Given the broad array of etiologies of encephalitis, it is essential to prioritize the differential 

diagnosis for a targeted, staged diagnostic evaluation (Table 4). We advocate a two-tiered 

approach: i) a. testing for common and/or treatable causes and b. selective testing for 
etiologies more likely based on risk factors, and ii) broader and/or more invasive testing for 

unexplained persistent or severe disease. Additionally, testing and reporting to state public 

health departments should be considered for certain etiologies that carry public health 

significance (eg. arboviruses, rabies virus, free-living ameba).

Tier 1a: Testing for Common and Treatable Etiologies

The most common infectious pathogens in children include HSV-1 and 2 and EVs, which 

can be identified in CSF, blood, and nonsterile sites (skin lesions and either pharynx/rectum 

for EVs or eye/pharynx/rectum for HSV in neonates). Given that HSV is treatable and 

carries high morbidity and mortality, all children with encephalitis should be tested for HSV 

by PCR testing of CSF, with consideration of repeat testing if clinical findings are suggestive 

and no alternative etiology identified21. Testing of non-sterile sites increases sensitivity of 

detection, particularly for HSV in neonates and for EVs uncommonly found in CSF (eg. EV-

A71, EV-D68, poliovirus), but must be interpreted with caution22,23. Multiplex PCR testing 

allows for rapid detection of multiple infectious agents, including HSV and EV, using a 

single test from a small amount of CSF24. Given the similar clinical presentations of 

infectious causes of encephalitis, rapid syndromic testing for a panel of common pathogens 

using a small volume of CSF may be advantageous. Bacterial meningitis mimicking 

meningoencephalitis should be considered in any child presenting with fever, headache, 

meningeal signs and/or encephalopathy, with blood and CSF sent for bacterial cultures.

Tier 1b: Selected Testing for Etiologies More Likely Based on Risk Factors

Targeted diagnostic testing can be directed by assessing host factors, epidemiologic factors, 

and clinical characteristics (Table 1). The patient’s age, immune status and vaccinations; 

seasonality, travel, and exposures; as well as clinical signs and symptoms, and localizing 

findings on imaging and EEG can all be used to prioritize testing for etiologies for which the 

patient is particularly at-risk.

Host Factors—In addition to HSV and EV, evaluating for HPeVs in young infants with 

encephalitis by PCR testing of CSF and potentially blood, throat, and/or rectal samples 

should be considered8,22. Consideration of congenital infections such as cytomegalovirus, 
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syphilis, Zika virus, and toxoplasma in neonates based on clinical characteristics also is 

warranted. Human immunodeficiency virus (HIV) testing by serology should be considered 

in all patients at risk, with additional RNA PCR testing conducted in adolescents with 

concern for acute retroviral syndrome or infants in whom serologic testing may be 

confounded by maternal antibody. Syphilis also should be considered in adolescent patients 

with serologic screening followed by CSF VDRL testing to confirm neurosyphilis. Mumps, 

measles, varicella, influenza, and polio viruses, are more likely in children who lack 

immunization and have travel/exposure risk factors for these pathogens. The diagnostic 

evaluation of a child with a known or concerning history for immunodeficiency or who is 

receiving immunosuppressive medications warrants a broader diagnostic work-up for 

opportunistic pathogens.

Epidemiologic Factors—Seasonality in the spring to fall months, geographic location, 

and exposure to mosquitoes or ticks can be used to guide testing for arboviruses (eg. La 

Crosse virus, West Nile virus, Eastern equine encephalitis virus, Powassan virus, and St 

Louis encephalitis virus)25, rickettsia, borrelia (Lyme Disease), ehrlichia, or anaplasma. In 

immunocompetent children, these insect-borne pathogens are best assessed by serologic 

testing of blood and CSF to detect intrathecal antibody production confirming neuroinvasive 

disease. A travel history to endemic areas warrants additional testing for exotic arboviruses 

(eg. chikungunya, dengue, Japanese encephalitis, tickborne encephalitis, or Zika viruses). 

During the winter months, influenza virus, adenovirus, and other seasonal respiratory 

viruses associated with encephalitis should be evaluated by PCR testing of respiratory 

specimens. When tuberculosis risk factors are present, tuberculin skin testing or interferon-

gamma release assay testing, a chest radiograph, and CSF mycobacterial culture and PCR 

should be obtained

Exposures—History of animal contact can help guide testing for rabies virus following 

bites (esp. bats, skunks), Baylisascaris procyonis following exposure to raccoon feces or 

latrines, lymphocytic choriomeningitis virus (LCMV) following rodent exposure, and 

Bartonella henselae following feline exposure. Dietary history can help guide testing for 

pathogens transmitted via unpasteurized dairy, undercooked meat, seafood, or unwashed 

vegetables (see Table 4). Recreational activities in freshwater are a risk factor for 

leptospirosis, and Naeglaeria fowlerii amebic encephalitis (also transmitted via non-sterile 

sinus rinses)26. In contrast, freshwater exposure is typically absent in cases of Balamuthia 
mandrillaris amebic encephalitis, which can be transmitted by soil exposure27. Wet mount of 

CSF looking for free-living ameba can be conducted only on fresh CSF specimens. Specific 

PCR testing for ameba in CSF or brain tissue (more sensitive) can be conducted through the 

Centers for Disease Control and Prevention28.

Findings on Physical Examination—The presence of a vesicular rash should prompt 

HSV, EV, and VZV testing by PCR or viral culture of an unroofed vesicle swab with CSF 

PCR testing to confirm a diagnosis. Regional lymphadenopathy can be suggestive of 

Bartonella henselae, whereas diffuse adenopathy may warrant serologic evaluation for 

systemic viral illnesses such as HIV, EBV, or CMV. Ophthalmologic exam can detect 

characteristic retinitis or keratitis patterns which may prompt testing for WNV, 
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cytomegalovirus, or Bartonella henselae. Respiratory symptoms should prompt testing for 

respiratory pathogens associated with encephalitis, including influenza virus, Mycoplasma 
pneumoniae, and adenovirus, many of which can be assessed through PCR testing of 

respiratory specimens. Parotitis is most commonly found with mumps virus, but can be seen 

with HIV, CMV, EBV, influenza virus and other respiratory viruses also associated with 

encephalitis. Hydrophobia and hypersalivation are suggestive, though not sensitive, signs of 

rabies encephalitis. Prominent behavior or psychiatric changes, abnormal limb movements, 

and dysautonomia should prompt testing for neuronal autoantibodies, including anti-

NMDAR, in serum and CSF.

Findings on Diagnostic Studies—Certain laboratory, electrophysiological, and 

imaging patterns can be suggestive of particular etiologies. Eosinophilia in the CSF is 

always an abnormal finding and should prompt testing for parasites (eg. Angiostrogylus 
cantonensis, Taenia solium, Baylisascaris procyonis, Toxocara canis/catis, Toxoplasma 
gondii, free-living ameba), tuberculosis or fungal etiologies, if the patient has exposure risk 

factors. EEG with PLEDs or temporal lobe-localizing EEG activity or neuroimaging are 

suggestive, but not specific for HSV, and can be seen with a spectrum of infectious 

pathogens, including tuberculosis and VZV29. Ring-enhancing lesions can be associated 

with Toxoplasma gondii, ameba, fungi, and tuberculosis. Respiratory viruses, especially 

influenza virus, have been associated with thalamic and basal ganglia lesions30. 

Rhomboencephalitis, or brainstem involvement, has been described with Listeria 
monocytogenes and mycobacteria, as well as EVs, particularly EV-A71, and HSV. 

Cerebellitis can follow a variety of viral infections, but is most commonly seen with VZV in 

areas without widespread VZV vaccination. The presence of myelitis with encephalitis on 

imaging is suggestive of an enterovirus (eg. EV-A71 or EV-D68) or flavivirus (eg. WNV, 

Japanese encephalitis virus)31,32. A presumptive diagnosis of ADEM can be made based on 

neuroimaging findings of multifocal, diffuse, poorly demarcated demyelinating lesions in 

the white matter or deep grey matter in the setting of encephalitis33.

Tier 2: Broader, More Invasive Testing

When no cause has been identified despite clinical testing for common, treatable, and at-risk 

etiologies, and the patient is not improving or has severe disease, consideration should be 

given to broader and more invasive diagnostic testing. This is particularly important in 

immunocompromised children, as the identification of an etiology is challenging given the 

broad differential diagnosis. In addition to further pathogen-directed testing, metagenomic 

sequencing of CSF or brain tissue enables unbiased assessment for bacteria, viruses, fungi, 

and parasites not suspected or detected using traditional clinical testing, as well as novel 

pathogens. Potentially treatable pathogens, such as Leptospira, Brucella, and Balamuthia 
mandrillaris, as well as untreatable pathogens, such as astroviruses and novel viruses, that 

were not suspected clinically have been identified using this technology34–38. Testing of 

CSF can miss pathogens present in CNS tissue which may require a brain biopsy to identify. 

Neuroimaging should be utilized for stereotactic brain biopsy localization with consideration 

given to targeting affected areas with the least chance of affecting functional outcomes. 

Brain biopsy specimens should undergo histopathologic evaluation, staining for pathogens, 

cultures, and flash-freezing for targeted PCR testing or metagenomic sequencing.
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Therapeutic Approach

Supportive care is the mainstay of encephalitis therapy with careful management of the 

airway in cases of severely altered mental status or loss of bulbar function, management of 

intracranial pressure and cerebral edema, fluid and electrolyte management, and seizure 

control with anti-epileptic medications. While targeted therapies should be tailored towards 

the specific etiology once identified, a structured approach to administering empiric 

therapies for common treatable causes is warranted while diagnostic evaluation is in process. 

In patients in whom it is difficult to differentiate bacterial meningitis from viral 

meningoencephalitis, intravenous antibiotics (eg. vancomycin and a third-generation 

cephalosporin at meningeal dosing) should be promptly initiated. Antibiotics should be 

initiated after lumbar puncture and CSF cultures are obtained, if deemed safe and performed 

immediately. All children with suspected encephalitis should be started on empiric 

intravenous acyclovir (20mg/kg/dose every 8 hours for age < 3 months and 10mg/kg/dose 

every 8 hours for age > 3 months in the presence of normal renal function) while undergoing 

diagnostic evaluation for HSV1,39. Acyclovir should be continued until HSV testing is 

negative, and consideration should be given to continuing acyclovir while pursuing repeat 

CSF testing and/or brain biopsy in cases with high clinical suspicion with no alternative 

etiology identified1,21.

Few viral etiologies of encephalitis have therapies proven to be effective for 

immunocompetent children. If HSV is detected (or highly suspected), intravenous acyclovir 

should be administered for 3 weeks with repeat lumbar puncture and HSV PCR testing near 

the end of therapy to ensure clearance before stopping therapy1,39. In neonates, this should 

be followed by 6 months of oral acyclovir suppressive therapy to reduce recurrences and 

improve neurodevelopmental outcomes40. In patients aged >12 years, a three month course 

of oral valacyclovir did not provide added neuropsychological benefit following standard 

intravenous treatment with acyclovir41. Acyclovir is frequently administered for VZV-

associated encephalitis; however, efficacy is unproven and it remains unclear if this is a 

direct viral infection or an immune-mediated post-infectious process. Oral influenza 

antivirals, such as oseltamivir, are recommended for hospitalized children with influenza 

identified in respiratory specimens, including those with encephalitis, though effectiveness 

for CNS disease is unknown. No effective therapies are currently available for the treatment 

of encephalitis due to EVs, most non-influenza respiratory viruses, arboviruses, or rabies 

virus in immunocompetent children; experimental treatments are potential options for some 

agents (eg. adenovirus, rabies virus).

Identified bacterial, fungal, and parasitic CNS infections warrant treatment with targeted 

antimicrobial therapy, based on known antimicrobial susceptibilities when available. 

Treatment of non-CNS bacterial infections associated with encephalitis or encephalopathy, 

such as Mycoplasma pneumoniae and Bordetella pertussis respiratory infections, can be 

considered, though impact on the course of CNS disease has not been studied.

The use of corticosteroids, intravenous immune globulin (IVIG), and plasma exchange 

(PLEX) has not been systematically studied with controlled trials in encephalitis42. Due to 

differing pathophysiology amongst the various etiologies (ie. active CNS infection vs. post-
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infectious or non-infectious immune-mediated), care should be taken when considering 

immunosuppressive therapies such as corticosteroids, and potentially PLEX, until the 

potential for active infections has been sufficiently assessed or is being treated with effective 

antimicrobial therapy. During the process of diagnostic evaluation for potential infectious 

encephalitis, IVIG carries the least potential immunosuppressive risk of these modalities. 

Additionally, IVIG may assist with pathogen clearance in children with humoral 

immunodeficiency, as well as immune modulation with certain pathogens, such as EV-

A7143. When a diagnosis of ADEM is probable, first line therapy is high-dose intravenous 

corticosteroids, with PLEX and IVIG considerations for refractory disease42,44,45. 

Immunotherapy, including corticosteroids, IVIG and PLEX alone or combined, and tumor 

removal (if present) are the mainstays of treatment for anti-NMDAR encephalitis, with 

second line options including rituximab and cyclophosphamide46.

Prevention

Vaccination against poliovirus, measles virus, mumps virus, seasonal influenza virus, and 

pertussis is recommended as part of the immunization series for children and likely provide 

protection against encephalitis associated with these pathogens. Travelers should be 

evaluated for eligibility to receive immunization against vaccine-preventable endemic 

diseases associated with encephalitis in the region to which they are traveling (ie. Japanese 

encephalitis virus, rabies virus, enterovirus A71, and tickborne encephalitis virus). 

Protection against mosquito and tick bites, including staying in screened facilities, wearing 

of long sleeves, use of repellants with proven efficacy, public health measures such as 

standing water pool mitigation and pesticide application in outbreak situations, is 

recommended to decrease the risk of arboviral encephalitis47. Use of sterile water for sinus 

irrigation and avoiding recreational activities in warm freshwater are the only certain 

methods of prevention for Naeglaeria fowlerii encephalitis48. Post-exposure prophylaxis is 

recommended with rabies vaccine series and rabies immunoglobulin for rabies-prone animal 

bites, valacyclovir for old world Macaque monkey bites to decrease risk of Herpes B 

encephalitis, albendazole for exposure to raccoon feces or latrines to decrease risk of 

baylisascariasis, and acyclovir for neonates born to mothers with active genital herpes 

lesions at the time of delivery49.

Disease Course, Prognosis, and Outcomes

Nearly all children with encephalitis in the US are hospitalized with 40% requiring critical 

care in an intensive care unit. Prolonged length of stay, averaging 16 days up to 25 days in 

those requiring intensive care, and need for inpatient rehabilitation services (~20–40%) are 

common10,50. The average cost of acute hospitalization of a child with encephalitis in the 

US is estimated to be between $64,000 to $260,000 depending on the level of care and 

rehabilitation needs required10,51.

Most children with encephalitis have incomplete recovery at discharge and those who fully 

recover are most likely to do so within 6–12 months50,52. Though there is limited data on 

long-term neurologic outcomes in children, persistent long-term neurologic sequelae, 

including learning problems, developmental delays, and behavioral problems are 
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common50–53. The subsequent development of epilepsy is more common in those who 

presented initially with seizures and is correlated with long-term neurologic sequelae50,53,54. 

Children with abnormal neuroimaging are less likely to fully recover and report poorer 

quality of life at long-term followup50,51.

Outcomes differ greatly based on etiology. Many children with HSV encephalitis have long-

term neurologic impairment, particularly those with delayed initiation of acyclovir52,55–57. 

Neonates with EV encephalitis have variable outcomes ranging from full recovery to 

significant long-term deficits, while older infants and children with EV encephalitis tend to 

demonstrate significant recovery (with the exception of EV-A71)52. Encephalitis due to 

HPeVs in young, particularly pre-term, infants may have more long-term 

neurodevelopmental sequelae than encephalitis due to EVs58,59. Nearly 80% of children 

with anti-NMDAR encephalitis will have full or substantial response to immunotherapy, 

though 25% will have subsequent relapse60.

Recent population-based studies estimate a 3% mortality rate of encephalitis in children in 

the US9,10. Complications requiring intensive care including respiratory failure, intubation, 

sepsis, and pneumonia are predictors of mortality9. HSV is the most common cause of 

pediatric death due to encephalitis, though some rare causes, such as amebic and rabies 

encephalitis are nearly uniformly fatal9,26. Mortality is rare from most EVs (except EV-

A71), HPeVs, arboviruses (except eastern equine encephalitis virus), and autoantibody-

mediated encephalitides in children8,25,60,61.
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KEY POINTS

• 1: Encephalitis is an uncommon and potentially devastating condition of 

neurologic dysfunction due to brain parenchymal inflammation

• 2: In the absence of brain biopsy, presence of encephalopathy with clinical 

findings suggestive of central nervous system inflammation infers a diagnosis 

of encephalitis.

• 3: Viruses, including herpes simplex viruses and enteroviruses, are the most 

common causes in children in the US, although immune-mediated etiologies 

are increasingly recognized and may respond to immune modulation.

• 4: Given the broad differential diagnosis, a staged diagnostic approach can be 

initially targeted towards common, treatable, and at-risk etiologies, followed 

by broader, more invasive testing for unexplained persistent or severe disease.

• 5: Supportive care with empiric therapy towards bacteria and herpes simplex 

viruses should be administered during diagnostic evaluation with definitive 

therapy ultimately tailored towards identified treatable etiologies.
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Figure 1. Overview of Diagnostic Criteria for Encephalitis
The major criterion required to meet the case definition for encephalitis is altered mental 

status >24 hours without alternative cause identified. Two additional minor criteria are 

required for possible encephalitis, wherease three or more additional minor criteria are 

required for probable encephalitis. Confirmed encephalitis additionally requires brain tissue 

pathology with inflammation, a diagnosis of a microorganism strongly associated with 

encephalitis, or laboratory evidence of an autoimmune condition strongly associated with 

encephalitis. Abbreviations: EEG=electroencephalogram, c/w=consistent with, 

CSF=cerebrospinal fluid
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Table 1

Summary of Common Viral Causes of Encephalitis in Children

Herpes Simplex Virus (HSV): HSV is the most common infectious etiology of encephalitis in children, driven largely by cases of perinatally 
acquired HSV-2 encephalitis9. Neonatal HSV encephalitis is most common in the first month of life with fever, temperature instability, lethargy, 
seizures, vesicles, or sepsis-like illness. Pregnant women with active genital HSV lesions at delivery should receive acyclovir and deliver via C-
section, when possible, to decrease risk of perinatal transmission49. Infants born to mothers with active genital HSV lesions at delivery should 
receive acyclovir while undergoing HSV evaluation49,62. HSV evaluation in neonates includes CSF HSV PCR, as well as surface swab and 
blood HSV testing and liver function testing (LFTs)49. Older children commonly present with lethargy, fever, confusion and seizures. Most 
children with HSV encephalitis eventually have abnormal CSF with mild lymphocytic pleocytosis and elevated protein, though early samples 
can be normal63. MRI may demonstrate temporal and extratemporal lobe lesions and/or hemorrhage29. Diagnosis of HSV encephalitis is made 
by PCR of CSF (or brain tissue) which may be negative early in the course63. Treatment is three weeks of intravenous acyclovir, which in 
neonates should be followed by 6 months of oral acyclovir40. Though early antiviral treatment improves outcomes, HSV encephalitis carries a 
significant risk of mortality and many surviving neonates and children will have neurodevelopmental sequelae.

Enterovirus (EV): EV is the second most common cause of encephalitis in children, most frequently occurring in the first year of life, and 
largely driven by the predominant circulating serotype(s) for the given year9,61. Neonatal EV encephalitis typically follows maternal EV illness 
preceding or immediately following delivery as part of a systemic neonatal EV sepsis syndrome. Children with humoral immunodeficiencies 
(eg. hypogammaglobulinemia) are at higher risk of EV encephalitis and may have chronic, difficult to clear infections. Children with EV 
meningoencephalitis can present with fever, headaches, meningism, exanthem and/or enanthem with seizures, focal neurologic changes or 
alterations in consciousness64. EV encephalitis is diagnosed by PCR of CSF, though with certain EVs (eg. poliovirus, EV-A71, EV-D68) CSF 
may be negative and detection may require testing of throat, rectal, blood, or respiratory specimens23. IVIG has not been studied specifically in 
children with encephalitis, though has shown efficacy in hypogammaglobulinemic children with chronic EV encephalitis. No effective antivirals 
are currently available64. Supportive care remains the mainstay of treatment. Unlike meningitis due to EVs, encephalitis carries increased risk of 
neurologic compromise65.

Human Parechoviruses (HPeV): HPeVs are recently recognized as important and common causes of viral encephalitis in young infants. 
Infants may present with high fevers, sepsis-like illness, seizures, or lethargy. Peripheral leukopenia, elevated LFTs, and a palm-sole rash can be 
suggestive of HPeV infection66,67. CSF typically lacks pleocytosis. Periventricular white matter lesions on MRI are characteristic of HPeV 
encephalitis68. HPeV encephalitis is diagnosed by HPeV-specific CSF PCR and can also be detected from blood, throat and rectal swabs. 
Supportive care is the mainstay of therapy as there are no known effective treatments. Though most infants will show short-term improvement, 
long-term neurodevelopmental sequelae have been described58.

Arboviruses25: Arboviruses, including La Crosse virus (LACV), West Nile virus (WNV), Eastern equine encephalitis virus (EEEV), Powassan 
virus (POWV), and St Louis encephalitis virus (SLEV) remain important causes of seasonal encephalitis in children. LACV is the most 
common cause of arboviral encephalitis in US children, primarily affecting younger children (mean age 7 years) in Appalachian and 
Midwestern regions. WNV encephalitis is much less common in children than adults and has widespread distribution throughout the US. EEEV 
is a rare cause of severe encephalitis in children (33% case-fatality rate), mostly along the Atlantic and Gulf coasts. POWV is an increasingly 
recognized tick-borne arboviral cause of encephalitis, most common in the upper midwestern US in the spring months. SLEV caused 
intermittent epidemics of encephalitis every 10–20 years in the US, but may be replaced by WNV due to cross-reactive immunity in birds, the 
zoonotic host. Arbovirus diagnosis is made by virus-specific IgM testing of serum (probable case) and CSF (confirmed case). Clinical 
management is supportive as there are no specific treatments.
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Table 2

Summary of Selected Immune-Mediated Causes of Encephalitis in Children

Acute Disseminated Encephalomyelitis (ADEM): ADEM is an inflammatory demyelinating CNS condition; it is the most commonly 
identified immune mediated encephalitis with highest incidence in early childhood (mean 5–8 years)69,70. A temporal association with a 
prodromal illness (commonly upper respiratory tract infection), or rarely vaccination, in the preceding 3 weeks can often be identified71,72. 
Clinical symptoms include acute onset encephalopathy with multifocal sensory and motor deficits which depend on the location of the lesions 
in the brain and spinal cord71. MRI of the brain and spine demonstrate asymmetric, bilateral, poorly marginated, hyperintense lesions in the 
subcortical white and deep gray matter70. Over half have abnormal CSF, most commonly mild lymphocytic pleocytosis with elevated protein72. 
Oligoclonal bands are rarely found, unlike in multiple sclerosis70,73. Around 25% of children will have myelin oligodendrocyte gylcoprotein 
antibodies, which are associated with relapse and optic neuritis70. First line therapy is high dose intravenous corticosteroids with second line 
IVIG or PLEX70. Mortality is rare with around 80% of children fully recovering with treatment71.

Anti-N-methyl-D-aspartate Receptor (anti-NMDAR) Encephalitis: Anti-NMDAR encephalitis is the second leading cause of identified 
immune-mediated encephalitis in children74. In teenagers, a prodromal illness is followed days to weeks later by psychiatric and behavioral 
symptoms progressing to encephalopathy, seizures, and abnormal movements. Young children eventually develop a similar syndrome but may 
have more prominent initial behavioral changes (particularly agitation and aggression), speech changes, personality changes, sleep changes, 
seizures, and movement disorders (particularly gait disturbance)60,69. Dysautonomia and hypoventilation are less common in children than in 
adults60. MRI is abnormal in less than half of cases, but CSF is abnormal in most (lymphocytic pleocytosis and possibly elevated protein or 
oligoclonal bands) and EEG is abnormal in nearly all (diffuse background slowing, focal slowing, or seizures)69. Diagnosis is confirmed by 
antibodies to the NR1 subunit of NMDAR found in serum or CSF, the latter being more specific, with level of titer correlating with prognosis. 
Though tumor is rare in children60 (particularly males), if identified, removal improves outcome69. Immunotherapy includes first line treatment 
with corticosteroids, IVIG, PLEX, or a combination, and secondary options include rituximab and cyclophosphamide46,69. Around 80% of 
patients have substantial recovery46, though relapse is seen in around 25% of children60.
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Table 3

Diagnostic and Therapeutic Approach to Encephalitis in US Children

TIER 1 TIER 2

a. Common and/or 
Treatable Etiologies

b. Selected Testing for Etiologies More 
Likely Based on Risk Factors

Unexplained persistent or severe 
disease

Diagnostic Evaluation

Procedures

• MRI brain 
+/− spinal 
cord

• Lumbar 
puncture

• EEG

• Dilated ophthalmologic exam • consider repeat lumbar 
puncture

• consider brain biopsy: 
histopathology and 
immunohistochemical 
staining, flash-freeze for 
directed PCRs

CSF Testing

• Cell count 
and 
differential, 
glucose, 
protein

• Culture

• HSV PCR

• EV PCR (or 
multiplex 
PCR panel)

• anti-neuronal Ab panel

• HPeV PCR

• VZV PCR

• WNV, other arbovirus serology

• wet mount and ameba PCRs

• mycobacterial culture and PCR

• metagenomic sequencing

Blood Testing

• CBC, CRP/ 
ESR/ PCT, 
LFTs

• Bacterial 
culture

• HSV PCR 
(neonate)

• EV PCR 
(neonate)

• anti-neuronal Ab panel

• WNV, other arbovirus serology

• HIV serology/PCR

• EBV, CMV serology

Other Site Testing

• Surface 
swabs 
(neonate): 
HSV PCR 
or culture

• Throat/rectal 
swab: EV 
PCR

• Respiratory Specimen: PCR 
testing for influenza, 
mycoplasma, adenovirus (or 
multiplex panel)

• Vesicle: EV, HSV, VZV PCR 
or culture/DFA

• Urine toxicology panel

• Nape of Neck Skin biopsy: 
rabies PCR

• Brain Tissue: Repeat 
HSV PCR, amebic PCRs

• Brain Tissue: 
metagenomic sequencing

Therapeutic Considerations

Supportive Care

• Manage airway

• Manage ICPs/cerebral edema

• Control seizures

• Rehabilitation therapies

• Neuropsychiatric support
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TIER 1 TIER 2

a. Common and/or 
Treatable Etiologies

b. Selected Testing for Etiologies More 
Likely Based on Risk Factors

Unexplained persistent or severe 
disease

Medications

• Acyclovir 
until HSV 
ruled out

• Antibiotics 
until 
bacterial 
meningitis 
ruled out

• Targeted therapy based on 
identified etiology

• Corticosteroids/IVIG/PLEX if 
immune-mediated encephalitis 
suspected and potential for 
active infection sufficiently 
assessed

Abbreviations: PCR=polymerase chain reaction, DFA=Direct fluorescent antibody, ICP=intracranial pressure, HSV=herpes simplex virus, 
EV=enterovirus, HPeV=human parechovirus, VZV=varicella zoster virus, WNV=West Nile virus, EBV=Epstein-Barr virus, 
CMV=cytomegalovirus, HIV=human immunodeficiency virus
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Table 4

Directed Differential Diagnosis of Encephalitis in US Children

Risk Category Established Etiology Rare cause/mimic

Age

 Neonates/infants HSV, CMV, EV, HPeV Toxoplasma gondii, Treponema 
pallidum, Zika virus

 Teenagers HIV, EBV, WNV Treponema pallidum

Vaccination History

 Unvaccinated Measles, Mumps, Rubella, VZV, Poliovirus

 Recently Vaccinated ADEM

Season

 Summer/fall EV, WNV, LACV Rickettsia, Ehrlichia, Anaplasma, 
Borrelia burgdorferi

 Winter Influenza, adenovirus respiratory viruses

International Travel

 Endemic regions Rabies, JEV, TBEV, Measles TB, dengue, chikungunya, Zika, 
Plasmodium

Animal Exposure

 Bat/Skunk bite Rabies

 Raccoon feces Baylisascaris procyonis

 Rodent LCMV

 Cat Bartonella henselae

 Mosquito WNV, LACV, EEEV, SLEV

 Tick Powassan Rickettsia, Ehrlichia, Anaplasma, 
Borrelia burgdorferi

Activity

 Freshwater swimming Naegleria fowleri, Acanthamoeba

 Eating Unpasteurized Dairy Listeria monocytogenes Toxoplasma, Brucella, Coxiella

 Eating Undercooked Meat Toxoplasma

 Eating Undercooked Seafood, 
Unwashed Vegetables

Angiostrongylus sp.

Clinical Findings

 Vesicular Rash HSV, VZV, EV

 Lymphadenopathy Generalized: EBV, CMV, HIV, Localized: 
Bartonella

 Psychiatric/behavioral Changes Rabies, anti-NMDAR

 Respiratory symptoms Mycoplasma, influenza, adenovirus respiratory viruses

 Retinitis or keratitis WNV, CMV, Bartonella Toxoplasma gondii, Treponema 
pallidum, Toxocara canis/catis

 Parotitis Mumps, influenza, respiratory viruses

 Eosinophilic CSF Angiostrongylus sp. Baylisascaris procyonis, Naegleria 
fowleri, Balamuthia mandrillaris, 
Acanthamoeba, TB, fungi, Toxocara 
canis/catis
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Risk Category Established Etiology Rare cause/mimic

Imaging/EEG Localization

 Frontal lobe Naegleria fowleri

 Temporal lobe HSV

 Thalamus/basal ganglia WNV, influenza Respiratory viruses

 Cerebellum VZV

 Brainstem/basilar Listeria monocytogenes, EV-A71, HSV TB

 Myelitis Poliovirus, non-polio EVs, WNV, JEV

Bolded organisms signify potentially treatable pathogens. Rare/cause mimics include pathogens which are rare causes of encephalitis in 
immunocompetent US children or which cause a clinical syndrome which mimics encephalitis. Abbreviations: HSV=herpes simplex virus, 
CMV=cytomegalovirus, EV=enterovirus, HPeV=human parechovirus, HIV=human immunodeficiency virus, EBV=Epstein-Barr virus, 
WNV=West Nile virus, LACV=La Crosse virus VZV=varicella zoster virus, ADEM=acute disseminated encephalomyelitis, JEV=Japanese 
encephalitis virus, TBEV=tick-borne encephalitis virus, TB=tuberculosis, LCMV=lymphocytic choriomeningitis virus, EEEV=eastern equine 
encephalitis virus, SLEV=St. Louis encephalitis virus, anti- NMDAR=anti-N-methyl-D-aspartate receptor encephalitis.
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