	Neurologic, Neuropsychologic, and Electroencephalographic Findings After European Tick-Borne Encephalitis in Children

Posted 08/30/2005


Heike Schmolck MD, PhD; Elke Maritz MD, PhD; Isabel Kletzin MD; Rudolf Korinthenberg MD, PhD 


	Abstract and Introduction

Abstract

Tick-borne European early summer meningoencephalitis is believed to be a benign disease in childhood. The causative RNA virus is from the same family as the West Nile virus, and the respective clinical presentations have many similarities. We studied 19 German children who had suffered from tick-borne encephalitis virus meningitis or meningoencephalitis in an endemic area and compared them with 19 matched controls. Epidemiologic data were consistent with known features of tick-borne encephalitis infection in southern Germany. None of the children studied had severe neurologic or neuropsychologic sequelae. One child developed significant clinical depression shortly after the illness. Electroencephalograms (EEGs) from children with tickborne encephalitis were significantly slower on follow-up than control EEGs. After tickborne encephalitis, children had a higher likelihood of having an impairment of attention and psychomotor speed. Using the Touwen neurologic examination, after tick-borne encephalitis, children had lower scores than control children on 4 of the 10 subsystems. Owing to the small sample size, it was difficult to identify risk factors for and predictors of adverse outcomes.

Introduction

European tick-borne encephalitis, also known as European early summer meningoencephalitis (or Frühsommer-Meningoenzephalitis in German), and Lyme disease are the two most common tick-borne illnesses in Europe. Tick-borne encephalitis is caused by an RNA virus of the Flavivirus family, which also includes West Nile virus, dengue fever, and the family prototype, yellow fever. The Western tick-borne encephalitis subtype is endemic in large parts of northern, central, and eastern Europe, and the eastern subtype, also known as Russian spring-summer encephalitis, is endemic in the European and Asian taiga regions of the Commonwealth of Independent States (former Soviet Union). Tick-borne encephalitis was first described as a "Meningitis serosa epidemica" in 1931, occurring in the spring and early summer in a region south of Vienna, Austria.[1] In Germany, tick-borne encephalitis is prevalent in Baden-Wuerttemberg, Bavaria, and South Hessen,[2-4] where about 1500 cases occurred between 1991 and 2000, with a 1% mortality rate.[5] Tick-borne encephalitis typically takes a biphasic course. After an incubation period of 7 to 14 days, patients develop nonspecific, flulike prodromal symptoms, such as fever, headache, malaise, and myalgias. Following a fever-free interval of about 1 week, the second stage develops, and patients can present with isolated meningitis (47%), meningoencephalitis (42%), or meningoencephalomyelitis (11%).[6] In general, children and adolescents have a more favorable course with a higher rate of isolated meningitis (> 60%) and infrequent cases of meningoencephalomyelitis or death, whereas the risk of meningoencephalitis is much higher in older adults (50-80%).[6,7] In adults, although there are limited data on long-term outcomes, about one third of all patients have neurologic sequelae for longer than 3 months, and about half of these have severe sequelae, most often paresis of the extremities.[6,8] Fatigue, concentration deficits, and memory impairment are common complaints,[8,9] and measurable neuropsychologic impairment is usually present shortly after discharge.[9] In contrast, all adolescents in a recent epidemiologic analysis had a benign outcome without lasting neurologic deficits or necessity for rehabilitation.[5] However, no long-term outcome data in younger children or results of more detailed evaluations in adolescents are available.

So although the overall notion has been that tick-borne encephalitis is a relatively benign disease in children and adolescents, detailed studies corroborating this prevalent clinical impression are lacking. Thus, we chose to investigate the outcome of children previously diagnosed with tick-borne encephalitis. Findings from detailed neurologic examinations and parent interviews, electroencephalographic (EEG) analyses, and neuropsychologic testing were analyzed in 19 children with past hospitalizations for tick-borne encephalitis living in endemic areas in Baden-Wuerttemberg and in 19 age-matched healthy controls. Our goal was to explore the neurologic impact of tick-borne encephalitis on the developing nervous system and to test the hypothesis that tick-borne encephalitis is a "benign disease" in childhood. Thus, we were interested in detecting even subtle neurologic and neuropsychologic abnormalities and EEG findings.
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Participants

Patients

We studied 19 children with a history of European tick-borne encephalitis. Some children had been included in an earlier epidemiologic study.[6] More recent cases were identified from hospital records. Inclusion criteria were (1) children presenting with meningitis or meningoencephalitis in an endemic area; (2) seropositivity for IgG or IgM antibodies in the serum by routine serologic tests; (3) no premorbid neurologic disease or condition; and (4) residents of Freiburg or the surrounding area. Twenty children meeting the above criteria were invited to participate in the study. Treating hospitals, as well as the children's physicians, were informed about the study and were asked for their cooperation. The children's families were then contacted, and, after giving consent, they were scheduled with the University of Freiburg Pediatric Neurology Outpatient Clinic for neurologic and neuropsychologic examination and EEG. Medical records from the original hospitalization were obtained. Nineteen children and their families participated in the study because one patient was lost to follow-up.

All children had been admitted to hospitals in southwestern Baden-Wuertemberg, a federal state in southern Germany (13 in Freiburg, 5 in Offenburg, and 1 in Karlsruhe), with meningitis or meningoencephalitis and received a discharge diagnosis of central European tick-borne encephalitis. Patients were 6.9 to 18.0 years old (mean age 11.4 years), and 68% were male (n = 13). All patients were residents of an area endemic for tick-borne encephalitis. At the time of their illness, they were 4.5 to 13.4 years old (mean age 8.0 years). The mean time elapsed between hospitalization and our study was 3.2 years (6 months to 11 years).

Healthy Controls

Healthy controls were recruited from a school in the vicinity of Freiburg. Nineteen healthy children were pair-matched to the 19 patients with respect to age, sex, school type, grade level, and socioeconomic background. After informed consent was obtained from the parents, 18 children were examined neuropsychologically and neurologically in an examination room in the school. The examination was performed in identical order and by the same examiners as in the patient group. An EEG was not performed. One child was examined in the pediatric outpatient clinic and had an EEG recording done before the examination. The control group consisted of 6 girls and 13 boys, with a mean age of 11.5 years (range 6.8-18.0 years).

EEG Controls

Seventy-six normal EEGs from children studied in the clinic at an earlier point in time were used as reference EEGs for statistical analysis. EEGs were from children in a similar age range but a different age distribution from the children in the study (for details, see Results). They had been recorded during previous studies and had been read as normal.

	Methods

Electroencephalography

EEGs were recorded with a Schwarzer Encephaloscript EEG machine (Schwarzer-Picker GmbH, Munich, Germany) with the patients awake and relaxed with eyes closed, in reference and bipolar modes. Some recordings included photic stimulation and hyperventilation. EEGs were read visually on the paper printout by an experienced senior pediatric neurologist (R.K.), who was not blinded to diagnosis but to all other aspects of the case. EEGs were classified as one of the following: (1) normal, (2) change in background activity mild/moderate/severe, or (3) focal abnormality. Additionally, EEGs were recorded with the Glonner Videometrie System (Glonnor Electronic GmbH, Martinsried, Germany) with a simultaneous videochannel. For quantitative analysis, 1-minute sequences without artifacts were digitalized with a reading frequency of 128 Hz. Power spectral analysis was performed with the program Rhythm, version 10 (Stellate Systems, Spectralab B. Fricker, Kilchberg, Switzerland). For quantitative statistical EEG analysis, the mean total power and band power for the right and left parieto-occipital channels were calculated. The percentage of power of the alpha band (8-12.5 Hz) and the quotient between theta (4-7.75 Hz) and alpha power were then determined. As both of these measures were highly and linearly correlated with age and the age distribution differed between the two groups, a covariance analysis with age was performed to control for this influence.

Neuropsychologic Examination

The neuropsychologic examination was done after the EEG recording. We administered the German version of the Kaufmann Assessment Battery for Children[10] (K-ABC) for all children in the appropriate age range (2.5-12.5 years). Children older than the age range covered by the K-ABC were tested with the same battery used in a previous study to evaluate neuropsychologic sequelae of tick-borne encephalitis in adults.[9] The battery administered in the children over the age of 12.5 years contained the following tests:

Verbal Letter Fluency ("S" Words). Participants were instructed to generate as many words beginning with the letter "s" as they could think of in 3 minutes. A short practice session with a different letter was given ("f"). The measure of performance is the number of correct words given in 3 minutes.

Verbal Memory: Wordlist Learning (Rey). A German translation of the Rey Wordlist A was used.[11] A list of 15 nouns was read aloud in each of five consecutive trials. Participants had to repeat the words remembered after each trial, in any order. We used the sum of words correctly recalled in all five trials as a measure of performance.

Psychomotor Speed: "Zahlenverbindungstest" (Number Connection Test). This is a commercially available paper and pencil psychometric test[12] similar to the better known Trail Making Test (Trail A). Ninety numbers must be connected with a consecutive line as quickly as possible. A subset of children also completed the "D2-Durchstreichtest" (D2 Test of Attention[13]).

Working Memory: Digit Span. We used the subtest from the Hamburg-Wechsler Intelligenztest fuer Erwachsene-R,[14] which is identical to the Wechsler Adult Intelligence Scale-Revised (WAIS-R) subtest.[15] The measure of performance used was the scaled score achieved.

Determining Impairment. For the K-ABC, two of three global scales were used to determine overall functional level: the Sequential Processing Scale and the Simultaneous Processing Scale. The Sequential Processing Scale contains subtests sensitive to impairments in the area of attention and working memory. Additionally, we created a differential working memory score (Simultaneous Processing Scale - Sequential Processing Scale) to assess for difficulty in attention and working memory disproportionate to the overall intellectual abilities of the child. Children were classified as "differentially impaired" if their differential working memory score was > 15, that is, there was a difference of more than 1 SD between the attention/working memory scale and the scale assessing overall intellectual functioning.

Published norms for older children are lacking for some of the tests we used. In the case of word fluency, data from a normative sample in our laboratory were used (mean 35.4; 6.5 SD).[9,16] For the wordlist learning, several published norms are available,[11,17] as well as norms we have previously obtained. No published samples have included participants under the age of 20 years. We compared our adolescent participants with norms for 20 to 30 year olds. Adolescents were thought to be differentially impaired if they had abnormal scores on more than two tests of processing speed/working memory and scored within the normal range on the other tests.

Neurologic Examination. In the final portion of the examination, a detailed neurologic examination sensitive for minimal neurologic dysfunction was performed.[18,19] This neurologic examination method is highly standardized and allows the generation of a "neurologic profile."[18] This profile consists of 10 subsystems, which are briefly outlined in the Appendix (for a more detailed description and discussion, please refer to Touwen[18-20]).

Examination Procedure. The examination was always performed in the same order: EEG, the neuropsychologic examination, and then the neurologic examination. EEGs were recorded by experienced technicians in the pediatric neurology clinic. Neuropsychologic and neurologic examinations were always performed by the same two examiners (I.K. and E.M.). One examiner performed the examination and interacted with the child while the other examiner recorded the results.
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	Results

Clinical Findings and Course of Disease

Classification. All patients suffered from serologically confirmed tick-borne encephalitis virus meningitis or meningoencephalitis. No cases of meningoencephalomyelitis or radiculitis occurred in our sample. Children were classified as suffering from meningitis if their symptoms consisted of fever, headache, nuchal rigidity, nausea, and vomiting and as meningoencephalitis if they had either additional focal neurologic deficits, alterations of mental status, or focal findings on EEG or imaging studies.

Clinical Presentation. Six children suffered from meningitis and 13 from meningoencephalitis according to the classification above. One child was found to have a concomitant infection with Borrelia burgdorferi presenting with a unilateral Bell's palsy. A second child had concurrent sinusitis and tonsillitis. Another child presented with symptoms of brainstem involvement with double vision, nystagmus, and mild high-frequency hearing loss (20 dB between 2 and 6 kHz).

Table 1 summarizes the presenting symptoms and clinical findings. All 19 children had flulike prodromes and suffered from fever and severe headache on presentation. Other common complaints were fatigue and vomiting (8/19 for each); common findings on examination were nuchal rigidity (13/19) and altered consciousness (somnolence, apathy, or confusion; 10/19). Mean hospitalization was 6.3 days in the meningitis group and 7.8 days in the meningoencephalitis group. The duration of fever was 7.1 days, with no significant difference between the meningitis and the meningoencephalitis groups. 

Laboratory Findings. Table 2 summarizes the laboratory findings during the acute hospitalization. All children tested positive for serum tick-borne encephalitis IgM antibodies, and 18 also were positive for serum tick-borne encephalitis IgG antibodies. Seventeen children had cerebrospinal fluid studies performed, which were abnormal in all cases (see Table 2 ), but complete results were not always available. Of note, two children had low cerebrospinal fluid glucose (< 2/3 of serum glucose), and several children had high inflammatory serum markers, namely leukocytosis with immature forms, elevated C-reactive protein, and erythrocyte sedimentation rate. 

EEG and Magnetic Resonance Imaging Results. Fourteen children had EEGs performed during their initial hospitalization, and four children had magnetic resonance imaging (MRI) ( Table 3 ). Only one child had a normal EEG. Most children had mild to moderate background slowing, and two children had severe slowing of their background activity. One child had moderate slowing with a nonspecific left temporoparietal focus. The same child also had a lesion characterized by T2-weighted prolongation in the right cerebral peduncle on MRI, thought to represent an encephalitic focus. Three other children had an MRI during their acute hospitalization. The second child had a lesion with similar imaging characteristics in the right thalamus. A third child had more extensive lesions in the thalami bilaterally, extending anteriorly to the right head of the caudate and involving the left cerebral peduncles. An MRI repeated 5 months later revealed a persistent lesion in the left thalamus. The fourth child had an unremarkable MRI. 

Treatment. Eleven children received symptomatic therapy with intravenous fluids and antipyretics only. Eight children additionally received intravenous antibiotics (ceftriaxone) until the diagnosis was confirmed through serologic testing. In the child with concurrent Lyme disease, the antibiotics were continued for a course of 14 days.

Discharge Condition. Twelve children were discharged with complete resolution of symptoms and without further complaints. Two children had residual nuchal rigidity, and four children had psychomotor slowing, fatigue, mild hearing loss, and a residual facial nerve palsy, respectively. On follow-up, the parents of five children reported persistent attention deficits since their illness.

Reevaluation Results. Time between diagnosis and repeat examination averaged 3.2 years (range 0.5-11 years; mode 3 years; 11 children).

Parent Interview. In the tick-borne encephalitis group, 12 (of 19) parents had a 9th grade diploma (Hauptschulabschluss), one parent had a 10th grade diploma (Realschulabschluss), and 6 parents had a 13th grade diploma (Abitur). In the control group, 12 parents had a 9th grade diploma, 4 parents had a 10th grade diploma, and 3 parents had a 13th grade diploma. In the tick-borne encephalitis group, one child was in kindergarten, eight children were in elementary school (grades 1-4), four children attended Hauptschule (9-year track), five children attended Realschule (10-year track), and one child attended Gymnasium (13-year track). In the control group, nine children were in elementary school, six children attended Hauptschule, three children attended Realschule, and one child attended Gymnasium.

Five parents reported persistent attention and concentration deficits in their children since the illness. One child (a 12.5-year-old boy) had had significant difficulty in school following the illness (nearly failing 4th grade) that had resolved at the time of evaluation. One child, an 8-year-old girl, developed clinically significant depression in close temporal relationship with the illness that required treatment and was described by her parents as being emotionally labile and apprehensive. One 7-year-old child suffered from primary enuresis. One child developed an unexplained speech disturbance during a subsequent febrile illness that resolved without sequelae. One child was described as "moody" and prone to temper tantrums and another as fearful, chewing his fingernails and suffering from nightmares. Parents in the control group did not report significant psychosocial difficulties in their children at the time of the interview.

EEG Results. On reexamination, eight children had a normal EEG. Eleven children had mild, nonspecific slowing of the background activity, and one had an additional slow focus with parieto-occipital theta waves. Table 4 shows the relationship between initial EEG and repeat EEG findings. 

Quantitative EEG Analysis. Age correlated highly with the EEG measures obtained (mean parieto-occipital background activity, r = -.46; percent alpha activity, r = .60; alpha/theta quotient, r = -.60; all P's < .001). Because the EEG control group's age distribution diverged from the patient group (mean age: patient group, 11.1 years; EEG controls, 8.8 years; t [107] = -1.9, P = .06), differences between the groups were examined with analysis of variance (ANOVA) using age as a covariable. Figure 1 illustrates the linear relationship between age and EEG measures and the difference between patient and control EEGs. The children in the tick-borne encephalitis group had significantly slower EEGs; in particular, they had a significantly lower percentage of alpha activity and significantly more theta activity than healthy controls (ANOVA effect of group: mean parieto-occipital background activity, F[1,102] = 8.9; percent alpha activity, F[1,92] = 8.4, both P's < .005; alpha/theta quotient, F[1,102] = 5.3, P < .05; effect of age: all F's[1,92-102] > 24, all P's < .001).




Figure 1.  (click image to zoom) 

For quantitative electroencephalographic (EEG) analysis, 1-minute sequences without artifacts were digitalized with a reading frequency of 128 Hz. The mean total power and band power for the right and left parieto-occipital channels were calculated. The percentage of power of the alpha band (8-12.5 Hz) and the quotient between theta (4-7.75 Hz) and alpha power were then determined. The graph illustrates the linear relationship between age and EEG measures and the difference between patient and control EEGs. The children in the tick-borne encephalitis group had significantly slower EEGs. TBE = tick-borne encephalitis.     
Neuropsychologic Examination. Eleven children in each group were tested with the K-ABC, and seven adolescents were tested with the battery used in adults in a previous tick-borne encephalitis study. Nineteen children, 12 in the patient group and 7 in the control group, also completed the D2 test. There were no significant differences between the control group and the patient group in any of the K-ABC subscores or in any of the other neuropsychologic tests.

Significantly more children in the tick-borne encephalitis group had a relative impairment of attention and psychomotor speed (> 1 SD difference to general intellectual functioning). Nine children in the patient group and three children in the control group fulfilled the criteria (χ2 [1] = 4.4, P < .05).

Neurologic Examination. Table 5 shows the scores for controls and patients in all 10 neurologic subsystems.[18,19] Patients' scores were significantly lower in 4 of the 10 systems: sensorimotor apparatus (Mann-Whitney U = 22, P < .001), posture (Mann-Whitney U = 59.5, P < .001), gross motor function (Mann-Whitney U = 112.5, P < .05), and quality of motility (Mann-Whitney U = 103, P < .05). Figure 2 shows the distribution of individual scores in both the patients with tick-borne encephalitis and the healthy controls. Although the distribution of scores is quite narrow in the control children, the patients show a much greater variability in the integrity of their motor system. Although there is some overlap in the distribution with the control group, with some patients achieving scores as high as the majority of healthy children, several performed outside the range of the control group. The difference in scores between the two groups is most pronounced for the subsystem sensorimotor apparatus: 12 patients achieved scores outside the normal range (disregarding one healthy outlier), and 12 healthy controls scored higher than the best patient (see Figure 2A). 




Figure 2.  (click image to zoom) 

A detailed neurologic examination sensitive for minimal neurologic dysfunction was performed.[18,19] This highly standardized examination allows the generation of a "neurologic profile"; the four subsystems that differed significantly (P's < .05) between controls and patients are shown. Although the distribution of scores is quite narrow in the control children, the children with tick-borne encephalitis show a much greater variability in the integrity of their motor system. TBE = tick-borne encephalitis.     
Predictors and Factors of Outcome. We investigated whether any findings at the time of initial hospitalization were able to predict impairments of neurologic or neuropsychologic functioning. We could not identify any major predictors; neither the severity of the disease, length of the fever, abnormality of the EEG or MRI, nor length of the interval between the acute illness and the follow-up consistently influenced outcome measures. There were some suggestions of interactions, which, in most cases, did not reach significance. Children with meningitis only tended to be younger (mean 6.6 years) than children with meningoencephalitis (mean 8.7 years). Children with meningitis only had better scores in differential working memory (3.8 vs 8.7 in the children with meningoencephalitis) and digit span (scaled score 10.7 vs 9.7) and performed better in the D2 test (error-corrected percentile rank 79.1 vs 70.2). Two of the nine children classified as "differentially impaired" had suffered from meningitis and seven from meningoencephalitis. Only one of the nine children was female (χ2 [1] = 3.3, P < .10).

Abnormal EEGs at reevaluation were associated with lower scores in some neurologic subsystems and with more problems concerning attention, concentration, and fluency. Figure 3 illustrates this relationship, comparing scores obtained for three neurologic subscores in controls, patients with a normal EEG, and patients with an abnormal EEG. Significant differences between children with normal EEGs and children with abnormal EEGs were seen only for fine manipulative ability and digit span (fine manipulative ability: 13.4 vs 11.8, t [17] = 2.2, P < .05; digit span: 11.25 vs 7, t[5] = 7.5 , P = .001). The child with a focal EEG abnormality scored lower compared with the children with generalized slowing on EEG (eg, fine manipulative abilities = 8; quality of motility = 0.0).




Figure 3.  (click image to zoom) 

An abnormal electroencephalogram (EEG) at follow-up predicted poorer performance on the neurologic examination. This is illustrated here comparing scores obtained for three neurologic subsystems in controls, children with tick-borne encephalitis, and children with an abnormal EEG. The difference reached significance only for the subsystem "fine manipulative abilities" (P < .05); the difference was also significant for digit span (neuropsychologic testing).     
Persistent attention deficits by history were associated with poorer performance on tests of attention and concentration. This trend was significant only for differential working memory (19 vs 2.2; t [10] = -2.8, P < .05; the Zahlenverbindungstest percentile rank was 3.5 vs 14.4). Four of the five children with persistent attention deficits were classified as relatively impaired (χ2 [1] = 2.9, P < .10).
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Discussion

To test the assumption that tick-borne encephalitis in children is a benign disease, we studied 19 children who had suffered from tick-borne encephalitis virus, meningitis, or meningoencephalitis and compared them with 19 matched controls. None of the children had severe neurologic or neuropsychologic sequelae. One child developed significant clinical depression shortly after the illness. EEGs from children with tick-borne encephalitis were significantly slower on follow-up than EEGs from the controls. Children after tick-borne encephalitis had a higher likelihood of having impairment of attention and psychomotor speed. On 4 of the 10 subsystems in the neurologic examination, children after tick-borne encephalitis had lower scores than control children. Owing to the small sample size, it was difficult to identify risk factors for and predictors of adverse outcomes. Boys and children with meningoencephalitis had a higher likelihood of being classified as differentially impaired on neuropsychologic testing. An abnormal EEG and persistent attention deficits at follow-up were associated with poorer performance on some subsystems in the neurologic examination and on selected subtests of the neuropsychologic battery.

Epidemiologic findings were consistent with previously described features of tick-borne encephalitis infection in our endemic area[5,6] and elsewhere.[2,3,21,22] A large number of cases in our sample occurred in 1994 (11/19), which was an especially virulent year in southern Germany,[3,23,24] and most cases (15/19) occurred in early summer (May, June, and July). In keeping with previous reports, the male to female ratio was about 2:1.[6,7,21,22] In contrast to previous observations,[22,25-27] meningoencephalitis was the most common presentation in our sample of children, and this might have been an underestimate owing to incomplete data or a misperception at the time of the hospitalization (see details below); on the other hand, this might also be due to ascertainment bias in our small population. We did not observe any cases of meningoencephalomyelitis or radiculitis, which is more common in the elderly population.[5-7] Also, there was no child requiring intubation or prolonged hospitalization or suffering serious sequelae. Although this was not the goal of this investigation, it must be pointed out that there is no such severe case reported in a child in our endemic area to date.[5] There have been single reports of children with devastating courses,[26,28,29] but the overall sentiment prevails in the literature that these are rare in childhood.

All children had a biphasic course, and most did remember a tick bite. Presenting symptoms (see Table 1 ) were remarkably similar to those of a previous group of 20 Slovenian children described by Logar et al in 2000.[7] In comparison with presenting symptoms in adults, vomiting was more common in children, whereas myalgias, arthralgias, and photophobia were much less common. Of note, ataxia and limb paralysis, as well as cranial nerve deficits, were rare in the course of illness in our population, whereas these are the most common neurologic deficits described in adults.[5,6] The only child with a cranial nerve VII palsy also had a concomitant infection with Borrelia, so the palsy cannot be attributed to the tick-borne encephalitis infection. The duration of fever was 7 days in our group and 6 days in the Logar et al group, whereas adults tend to have a longer duration of fever (9-10 days[5,6]); a similar trend occurred for duration of hospitalization, which tends to be longer for adults (9-10 days for meningitis, 16 for encephalitis[6]) than for children (6.3 vs 7.8 days in our group, 6 days in Logar et al[7]). Overall, our children had a more severe course than both the children described by Logar et al[7] and another large group of Slovenian children,[22] with a higher incidence of meningoencephalitis and impairments of consciousness. 

Interestingly, more than two thirds of the patients had increased inflammatory markers in the serum, such as leukocytosis and elevated C-reactive protein and sedimentation rate, which has been pointed out elsewhere;[5,6,22] almost 70% of children had a breakdown of the blood-brain barrier with elevated cerebrospinal fluid protein. We do not have sufficient data to report on the dominant cells causing cerebrospinal fluid pleocytosis, but a lymphocytic predominance has been described in only about half of cases elsewhere.[7] Together with the clinical presentation, these laboratory findings mimic bacterial meningitis, and many children thus received antibiotics initially until tick-borne encephalitis infection was confirmed serologically. Of note, the cerebrospinal fluid glucose was normal in most of our cases (if reported), which could help distinguish the two entities. In our small sample, there was no correlation between the severity of the disease and the degree of protein elevation in the cerebrospinal fluid, as has been reported elsewhere.[5,6]
EEG and MRI findings during the acute illness were similar to what has been described elsewhere.[5,6,9] All but one child had an abnormal EEG during the acute illness. The percentage of children with abnormal EEGs is higher than what has been described for adults (77% in Kaiser[5]); this has been noted in previous studies (87% vs 75% in children vs adolescents, respectively, in Kaiser[6]). Previous MRI studies in patients with tick-borne encephalitis have demonstrated lesions confined to the thalamus in most patients, as well as additional lesions in the cerebellum, brain stem, and caudate nucleus in some cases.[5,6] Lesions on MRI in our sample also occurred most commonly in the thalamus; one child had a lesion in a cerebral peduncle only.

Although there is no doubt that, in keeping with the prevalent view, children in our sample had a more benign course than has been described in adults, our detailed reexamination clearly shows persistent EEG changes and lasting impairments in many children following tick-borne encephalitis infection. Fifty-eight percent still had an abnormal EEG by visual analysis. Abnormal EEGs at follow-up were associated with lower scores in some neurologic subsystems and psychometric tests, making the possibility of a clinically insignificant observation less likely. Additionally, the tick-borne encephalitis group as a whole had significantly slower EEGs than a group of control children. There is a linear relationship between age and predominant EEG frequencies in the normal maturation of the EEG, and EEGs in our tick-borne encephalitis group of children maintained that relationship but were shifted toward slower frequencies as a group. We thus favor the interpretation that this shift represents a delay in normal EEG development compared with a sample of healthy children, most likely as a result of the viral infection. Alternatively, the findings could simply represent central nervous system dysfunction from tissue injury. Longitudinal follow-up might help distinguish between those two possibilities.

Five parents reported persistent attention and concentration deficits in their children after tick-borne encephalitis (26%). Four of these children were classified as differentially impaired for tasks requiring working memory and psychomotor speed at follow-up. On discharge, psychomotor slowing had been noted in only one of the children by the clinicians. We recently conducted a detailed reexamination of 63 adult patients with tick-borne encephalitis, including neuropsychologic assessment.[9] Ninety-four percent of these patients described a significant neurasthenic syndrome following discharge from the hospital, lasting for several months in severe cases. Fifty-three percent of patients still experienced difficulties with concentration and attention at follow-up. Six patients were studied shortly after discharge and had significantly reduced psychomotor speed and fluency, as well as a blunted affect. On retesting at follow-up, these findings had resolved. Overall, the patients with complaints tended to perform worse, and 7 of 11 patients with a severe clinical course showed significant neuropsychologic deficits.[9] In keeping with these findings in adults, it is thus not a surprise that a significant number of children also experienced similar problems. One child had transient but substantial difficulty in school. Most of the deficits seen in the children we studied were mild but could potentially become problematic in school, especially if they remain unrecognized. Boys were more likely to develop impairment in our sample. In a previous report, all children with a lasting neurologic deficit after a more severe disease course were male.[27] Deficits observed in our study were consistent with dysfunction in the frontosubcortical circuitry; its anatomic substrates are commonly involved in tick-borne encephalitis pathologically (thalamus and caudate nucleus).[5,30-32] The child with bilateral thalamic and right caudate pathology on MRI showed more extensive difficulties, including problems with logical thinking and abstract reasoning, as well as some indication of semantic memory deficits, suggesting more widespread cortical pathology. There are rare reports in the literature about children developing even more severe cognitive sequelae,[28,33,34] as well as a seizure disorder,[29,33,35] following tick-borne encephalitis, suggesting more extensive cortical damage in rare instances. One girl in our sample developed significant clinical depression following the acute illness. Psychiatric morbidity has been described in adults after tick-borne encephalitis.[21,36]
On neurologic examination, the children in the tick-borne encephalitis group had significantly lower scores on 4 of the 10 Touwen subsystems; all affected subsystems describe different aspects of motor function. Interestingly, coordination was not affected, although cerebellar involvement has been shown clinically and pathologically in adults; also, none of the children had been noted to be ataxic during the acute illness. None of the children had gross clinical neurologic dysfunction, and the findings were discovered only by a very detailed examination known to be sensitive for minimal neurologic dysfunction. Nevertheless, the findings indicate a minor compromise of motor skills in comparison with healthy controls.

The tick-borne encephalitis virus has an affinity for certain regions of the central nervous system, which have been identified by imaging and by postmortem studies in patients and monkeys.[30-32] The cerebral and spinal meninges are usually diffusely affected, with the most extensive involvement seen in the meninges around the cerebellum. The central nervous system can have microscopic lesions in almost all regions, but particularly in the medulla, pons and cerebellum, spinal cord, and thalamus and basal ganglia. Lesions are located in the gray matter; Purkinje cells in the cerebellum and anterior horn cells in the spinal cord are particularly vulnerable. In the cerebral cortex, changes are mostly restricted to the motor areas, with predominant degeneration and necrosis of the pyramidal cells. The most common neurologic difficulties caused by tick-borne encephalitis infection in adults (ataxia and limb paralysis), as well as the common occurrence of cognitive difficulties with a frontosubcortical pattern, can thus be well understood as the result of the pathologic changes observed in the disease. It appears that in children, the motor system is affected to a lesser degree, although the deficits detected on close scrutiny can be attributed to mild dysfunction in that system. The cognitive difficulties identified are well explained pathologically, and transient difficulties are to be expected. Interestingly, the emerging West Nile virus epidemic in the United States shows many close clinical and pathologic similarities with tick-borne encephalitis; there are very few studies on the clinical course and long-term prognosis of West Nile infections to date,[37] so some of the experience regarding tick-borne encephalitis might be of interest until further clinical studies and observations become available.

Examination of individual cases led to some additional considerations. First, because the number of children examined was small, the possibility cannot be excluded that coincidental deficits unrelated to tick-borne encephalitis might have disproportionately affected results (eg, case 4 had a mild global cognitive impairment that was unlikely due to tick-borne encephalitis; although he was not included in the number of children with neuropsychologic deficits owing to tick-borne encephalitis, because he had no differential impairment, it is difficult to determine whether abnormalities on his neurologic examination and EEG are secondary to tick-borne encephalitis or an unrelated disorder). Second, some children who were classified as having suffered from a meningitis according to hospital records in retrospect more likely suffered a meningoencephalitis, considering the difficulties encountered after discharge, or from the findings on reexamination, or both. Several children did not have EEGs performed in the acute phase of their illness. In a recent large retrospective series, only 27 of 371 children with tick-borne encephalitis had an EEG performed in the acute phase.[22] It appears that tick-borne meningoencephalitis can be missed in children based on clinical data only, consistent with the observation that ataxia and frank paralysis are much less likely to occur in children. Thus, it is possible that the percentage of children suffering from meningoencephalitis has been underestimated in the past.

In summary, we agree with the opinion that tick-borne encephalitis in childhood and adolescence usually has a more favorable course and better outcome than in adults, especially the elderly. On the other hand, it is obvious from our data that the disease is not benign in children and that detectable deficits exist in a significant number of affected children on careful follow-up examination. The pattern of difficulties observed is consistent with the known pathologic susceptibilities of particular central nervous system structures. It remains unclear why children show much less involvement of the cerebellum and motor system, especially the anterior horn cells, than adults; this fact, on the other hand, might lead to an underestimation of the frequency of meningoencephalitis clinically because presentations are not as dramatic as in adults. Our findings underline the importance of including young children when recommending vaccination to the population in endemic areas.

