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SUMMARY 

Viral infections of the central nervous system (CNS) in neonates may run unidentified. This was the 

rationale of our study. 

1) Varicella-zoster virus (VZV) serological screening of cerebrospinal fluid (CSF) to 

201 neonates with neurological problems was done. 2) Fifty neonates with seizures without obvious 

aetiology from a birth cohort of 5709 were studied for viral findings. 3) Findings of single photon 

emission computed tomography (SPECT) in 10 neonates with viral neurological infections were 

studied. 

Four neonates of the 201 neonates with neurological problems had antibodies to VZV in 

the CSF. Seizures and abnormal muscular tone were found, but no characteristic picture of 

congenital VZV infection. None of the mothers had had VZV infection during pregnancy, but in 

three a significant rise occurred in the antibody level in serum. One child died at the age of 4 

months. Neuropathological examination showed foci of astrocytic hyperplasia but no specific signs. 

CNS viral infection was identified in 13 of the 50 neonates with seizures without 

obvious aetiology. Findings to VZV, herpes simplex 1 (HSV-1), HSV-2, cytomegalovirus, 

influenza A or B, parainfluenza 1, adeno or enteroviruses were detected in 12 neonates and 

pleocytosis without specific viral findings in one neonate. 

Mononuclear white blood cell count in the CSF was <20 x 106 /l at term, and later it was 

<10 x 106/l in all neonates without viral infection, whereas the count was above these limits in 8 of 

the 13 neonates with infection. The IgG-index remained high over 43 postconceptional weeks only 

in neonates with infection. 

SPECT showed left-right asymmetries in 7 of 9 neonates with CNS viral infection. 

Thalamic and frontal asymmetries were associated with developmental delay. All children with 

developmental delay had both an abnormal SPECT and EEG as a newborn. 

CNS viral infections in neonates with seizures seem to be more common than 



 7 

appreciated. Congenital VZV infection may appear without maternal clinical infection. 

Mononuclear cell count in the CSF appears to be a good indicator for further virological studies. 

Brain SPECT provides valuable prognostic information about neurodevelopmental outcome, 

especially together with EEG. 
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INTRODUCTION 

Seizures are the most common neurological symptoms in a neonate (Volpe 2001). It is important to 

recognise them, to determine the underlying aetiology, and to treat them. The aetiology of seizures 

in neonates is infection in 4 -17% (Rose and Lombroso 1970, Calciolari et al. 1988, Mizrahi and 

Kellaway 1998, Volpe 2001). In one study the incidence of neonatal viral infections was 3.4 % 

(Rose and Lombroso 1970). It has been suggested that viral infections of the central nervous system 

(CNS) in neonates are underdiagnosed in general (Davies and Rudd 1994). 

The inflammatory and/or destructive process of a viral infection may spread to CNS and 

its covering membranes, with effects on function and/or structure. In addition, aberrant 

development is possible if the destructive process occurs during the development of the brain 

(Volpe 2001). Viral infection with neurological symptoms during neonatal period may have been 

started during intrauterine life, delivery or during early postnatal days or weeks. It is possible, that 

the mother is asymptomatic, and also the baby might have no symptoms until after the neonatal 

period. However, diagnosis of neonatal virus infection is more difficult or even impossible after the 

neonatal period. Therefore it is important to try to identify the aetiological agent as soon as possible 

in patients with neonatal seizures. Correct diagnosis makes specific therapy possible, and facilitates 

the acquisition of information about the long-term effects of congenital and neonatal viral 

infections. It also helps the parents to adapt the child's disease in case of long-term effects. 

The spectrum of congenital and neonatal infections affecting CNS is changing and 

expanding (Goldberg et al. 1981, Abzug and Levin 1991, Bale and Murph 1992, Osamura et al. 

1993, Bale and Murph 1997, Wright et al. 1997, Isumi et al. 1999). The TORCH screen is no more 

sufficient due to unacceptably low yield (Cullen et al. 1998). Congenital rubella has disappeared 

from many countries due to effective vaccination (Peltola et al. 1994). Congenital varicella-zoster 

virus (VZV) infection has been considered rare. However, VZV reinfections may occur more 

commonly than previously thought (Hall et al. 2002), and VZV infections, also during pregnancy 
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may occur without rash (Grüningen et al. 1994). Sys tematic virological studies of cerebrospinal 

fluid (CSF) in neonates with neurological symptoms have not been available. 

Brain perfusion single photon emission tomography (SPECT) is useful in the early 

diagnosis of herpes simplex virus (HSV) encephalitis in adults (Launes et al. 1988). The value of 

SPECT in evaluation of CNS infections in neonates is not known. The electroencephalogram (EEG) 

has been used as a predictor of outcome in neonates with seizures, hypoxic ischaemic 

encephalopathy, HSV encephalitis or bacterial meningitis (Sainio et al. 1983, Chequer et al. 1992, 

Wertheim et al. 1994, Ortibus et al. 1996). The outcome could be predicted accurately in 85% of 

cases by combining findings in EEG, neuroimaging and clinical status (Ortibus et al. 1996). 

Combined findings in EEG and SPECT could give a new insight to the outcome. 

In this study we have analysed viral infections thoroughly in neonates with seizures. For 

studies of VZV infections we used data collected from different central hospitals of Finland in 

1993-95. The prospective cohort study included all neonates born in the central hospital of North 

Karelia in 1995-97 who had seizures without obvious aetiology. Children with CSF findings against 

VZV were further analysed clinically and one infant also neuropathologically. We studied 

antibodies against 13 different microbes from the serum and CSF. The polymerase chain reaction 

(PCR) test to HSV-1, HSV-2 and VZV was performed from all CSF samples, and in the prospective 

part also the enterovirus PCR from the seasonal CSF samples. Viral cultures from CSF, throat and 

stool were also performed as well tests from urine for cytomegalovirus (CMV) immediate-early 

antigen (IEA). Antigens to HSV, VZV and respiratory syncytial virus (RSV), influenza A and B, 

parainfluenza 1 and 3, and adenoviruses were studied using an immunofluorescence (IF) test from 

throat specimens. CSF cytological and chemical parameters were analysed in neonates with and 

without virus infection to determine the limits for normal CSF. The neonates born in 1996-97 

underwent SPECT studies, and asymmetric findings in neonates with CNS virus infections were 

analysed. 
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LITERATURE REVIEW 

Neonatal seizures 

The overall incidence of seizures for all neonates varies between 2.6 and 15/1000 live births 

according to different studies, and the incidence is higher in preterm infants (Brown et al. 1972, 

Dennis 1978, Bergman et al. 1983, Lanska et al. 1995, Ronen et al. 1999). Seizures are the most 

frequent clinical symptom of CNS dysfunction in a neonate (Volpe 2001). They may be difficult to 

recognise (Mizrahi and Kellaway 1998). On the other hand, there may be a tendency to overdiagnose 

paroxysmal clinical events in the neonates as seizures. Their characteristics differ from seizures in 

older children and adults because of developmental immaturity of the brain. 

A seizure is defined clinically as a paroxysmal alteration in neurological function, i.e. 

behavioural motor, and/or autonomic function (Volpe 2001, Table 1). This definition includes 

clinical phenomena that are associated with surface-recorded EEG seizure activity (clearly epileptic 

seizures i.e., related to electrical discharges), and clinical phenomena that are not consistently 

associated temporally with EEG seizure activity (e.g., subcortical seizures). The classification does 

not take into account electrical seizures without clinical seizure activity (Mizrahi and Kellaway 

1998). Volpe (2001) stated that some neonatal seizures might originate from deep cerebral structures, 

and thereby they might not be detectable by surface recorded EEG. Mizrahi, on the other hand, 

suggested, that if neonatal seizures are not accompanied by EEG seizure activity, they might not be 

of epileptic character (Mizrahi 1987, Mizrahi and Kellaway 1987). 
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Table 1. Classification of neonatal seizures. Adapted from Volpe (2001). 

Type Clinical manifestations 

Subtle Ocular phenomena: tonic horizontal deviation of eyes with or without jerking of 
eyes, sustained eye opening with ocular fixation 
Oral-buccal- lingual movements: chewing, cry-grimace 
Limb movements 
Autonomic phenomena 
Apneic spells 

Clonic 
    Focal 
    Multifocal 

Well- localised clonic jerking, infant usually conscious 

Tonic 
    Focal 
    Generalised 

 
Sustained posturing of a limb or asymmetric posturing of trunk and/or neck 
Tonic extension of upper and lower limbs, tonic flexion of upper limbs and 
extension of lower limbs 

Myoclonic 
    Focal/Multifocal 
    Generalised 

 
Well- localised, single or multiple, migrating jerks, usually of limbs 
Single or several bilateral synchronous jerks of flexion, occur more in upper than 
in lower limbs 

  

The major etiological factors of neonatal seizures are hypoxia- ischemia, metabolic 

disturbances, CNS or systemic infection and structural brain lesions (e.g., haemorrhage, infarction, 

malformations) (Rennie 1997, Evans and Levene 1998, Mizrahi and Kellaway 1998). Hypoxia-

ischemia, haemorrhage, and some metabolic disturbances may be associated with seizures in the first 

week of life, whereas infection and other metabolic disturbance may cause seizures later. Hypoxic 

ischaemic encephalopathy is the most common cause of neonatal seizures at term, and germinal 

matrix or intraventricular haemorrhage in preterm neonates (Scher et al. 1993). Variation in criteria 

of hypoxic- ischemic encephalopathy, and in recent years improved neuroimaging lead to discrepancy 

among studies considering frequency of different aetiologies (Table 2). In one study brain 

abnormalities were found by using MRI in 68% of neonates with seizures whereas by using US in 

10% (Leth et al. 1997). Early MRI was able to identify ischaemic lesions much better than US 

(Mercuri et al. 1995). 
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Table 2. Aetiology of seizures among full-term neonates in four different studies. 

Aetiology Levene and 
Trounce (1986) 
(n=61) 
% 

Calciolari et al. 
(1988)  
(n=80) 
% 

Leth et al.  
(1997) 
(n=31) 
% 

Mizrahi and 
Kellaway (1998) 
(n=100) 
% 

Hypoxic- ischaemic 53 65 35 32 

Haemorrhage 15 10 26 17 

Infection 8 5 NI 14 

Metabolic 8 5 6 9 

Infarction 5 NI NI 7 

Congenital abnormality 3 6 10 3 

Others NI 4 NI 10 

Unknown 8 5 23 9 

NI= not indicated 

Bacterial and nonbacterial infections of CNS account for 5-14% of neonates with seizures 

(Rose et al. 1970, Levene and Trounce 1986, Calciolari et al. 1988, Mizrahi and Kellaway 1998). In 

the study of Rose and Lombroso (1970) the proportion of all CNS infections was 9.5% in neonates 

with seizures, and the proportion of viral infections was 3.3%. 

The management of neonatal seizures includes aetiology-specific therapy, and control of 

epileptic seizures with antiepileptic medication (Hill and Volpe 1981, Mizrahi and Kellaway 1998, 

Volpe 2001). The factors that cause the seizures and the associated brain injury are the most likely 

factors that determine the long-term outcome. In clinical studies bad prognosis (death or severe 

impairment) was associated with congenital abnormalities (Rose and Lombroso 1970, Keen and Lee 

1973, Dennis 1978, Bergman et al. 1983, Andre et al. 1988, Ortibus et al. 1996, Mizrahi and 

Kellaway 1998). Normal outcome occurred with increasing frequency in following aetiologies: 

hypoxic-ischemic encephalopathy, infection, haemorrhage, hypoglycaemia, unknown aetiology and 

hypocalcemia. 

There was a correlation between prolonged seizures and adverse outcome (Holden et al. 

1982, Bergman et al. 1983). Occurrence of electrographic seizures or abnormal EEG background 
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activity worsens the outcome also independently of the insult (Ledigo et al. 1991, Ortibus et al. 1996, 

Bye et al. 1997, Boylan et al. 1999, McBride et al. 2000). Markedly abnormal EEG background 

activity or CNS malformation is a risk to postnatal epilepsy (Schulte 1966, Nelson and Ellenberg 

1987, Clancy and Ledigo 1991). 

The effect of underlying CNS injury might be difficult to differentiate from the effects of 

seizures themselves and their treatment (Mizrahi 1999). Clinical seizures without electroclinical 

correlation seem to be associated with good prognosis at a short follow-up (Boylan et al. 1999). 

Temple et al. (1995) reported normal outcome after neonatal seizures in a short follow-up, but in a 

long-term follow-up of 15-17 years all the patients had difficulties in neuropsychological subtests 

concerning spelling, arithmetic and/or non-verbal memory. An immature brain may be less 

vulnerable to seizure- induced cell death than adult brain in studies with animal models, but seizures 

in the developing brain might change neural connections or predispose the brain to epilepsy and to 

the damaging effect of seizures later in life (Holmes et al. 1998, Holmes and Ben-Ari 1998, Sankar et 

al. 1998, Koh et al. 1999, Schmid et al. 1999, Holmes and Ben-Ari 2001, Holmes 2002). Alterations 

of neural connections can impair learning and decrease the activity level. Neuronal damage in the 

mediodorsal nucleus of the thalamus has been observed after seizures at early age in rats, and ability 

of adaptation to novelty may deteriorate  (Kubova et al. 2001). In one study the severity of seizures in 

human neonates was independently associated with brain injury studied with MRI and single voxel 

magnetic spectroscopy (1H-MRS) (Miller et al. 2002). 

 

Diagnosis of CNS virus infection in newborn infants 

Cytological and chemical examinations of CSF 

The main components of the CSF examination of neonates include observation of colour and 

turbidity, assessment of red blood cell (RBC) and white blood cell (WBC) counts, WBC differential 

count, and concentrations of protein and glucose (Volpe 2001). 
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The average CSF WBC count in different studies (Table 3) on term neonates without 

infection was 6-11 cells/mm3 and on preterm 4-27 cells/mm3 (Gyllenswärd and Malmström 1962, 

Sarff et al. 1976, Statz and Felgenhauer 1983, Rodriguez et al. 1990, Bonadio et al. 1992). In the 

study of Sarff et al. (1976) the cell count increased in preterm infants, but in term infants it decreased 

during the first week of life. In contrast, Staz and Felgenhauer (1983) noticed a decrease between one 

and 40 days in preterm infants, but Rodriguez et al. (1990) did not find such variation. Sarff et al. 

(1976) found that in term infants 61.3% of the WBCs were polymorphonuclear, and in preterm 

57.2%. Similarly in the study of Gyllenswärd and Malmström (1962) 60% of the WBCs were 

polymorphonuclear, but in the study of Bonadio et al. (1992) only 2.2% in term neonates. In the 

study of Pappu et al. (1982) the macrophages accounted for 56 % of WBC count in infants <2500 g, 

and for 59 % in infants >2500 g. Polymorphonuclear leukocytes accounted for 16 and 21%, and 

lymphocytes 28 and 20%, respectively. Significant differences in CSF WBC count were not observed 

between infants with and without seizures (Portnoy and Olson 1985). 

Protein concentration of CSF in infants tends to fall with increasing age (Bauer et al. 

1965, Sarff et al. 1976, Staz and Felgenhauer 1983, Rodriguez et al. 1990, Biou et al. 2000). The 

highest levels (mean 1.77 g/L, range 1.08-3.70 g/L) were found in preterm infants aged 26-28 

postconceptional weeks (Rodiguez et al. 1990), reaching the level of <0.3 g/L at the age of three 

months (Staz and Felgenhauer 1983). Concentration of other macromolecules (e.g. albumin, IgG, 

alpha-fetoprotein) were also high in the CSF of premature infants suggesting increased blood-brain 

barrier permeability (BBBP) (Seller and Adinolfi 1975, Adinolfi et al. 1976, Adiolfi 1985, Statz and 

Felgenhauer 1983). In preterm infants BBBP seemed to be associated with conceptional age rather 

than weight or postnatal age (Statz and Felgenhauer 1983). Protein concentrations in the CSF 

compartment depend on the serum level and the permeability of the blood-brain barrier (BBB) (Statz 

and Felgenhauer 1983). Maturation of the barrier continued to the end of the first year and was 

greatest during the third month of life according to the protein levels in the CSF. 
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Table 3. CSF protein, glucose and WBC contents in normal neonates according to selected studies. 

 
 

Study N 
 

CA 
(weeks) 

Age 
(days) 

WBC  
(/mm3) 
Mean (range) 

Protein 
(mg/dl) 
Mean (range) 

Glucose 
(mg/dl) 
Mean (range) 

Pre- 
mature 

Rodriguez et al. (1990) 17 26-28  6 (0-44) 177 (108-370) 85 (41-217) 

 Statz and 
Felgenhauer (1983) 

10 27-32  7.6 (0-20) 139 (68-240)  

 Rodriguez et al. (1990) 23 29-31  5 (0-14) 144 (84-227) 54 (33-94) 

 Rodriguez et al. (1990) 18 32-34  4 (1-11) 142 (54-260) 55 (29-109) 

 Statz and 
Felgenhauer (1983) 

21 32-36  6.5 (0-20) 120 (67-230)  

 Rodriguez et al. (1990) 8 35-37  6 (2-22) 109 (45-187) 56 (31-90) 

 Statz and 
Felgenhauer (1983) 

15 36-40  7.3 (2-16) 93 (58-150)  

 Rodriguez et al. (1990) 5 38-40  9 (0-23) 117 (67-148) 44 (32-57) 

 Gyllenswärd and 
Malmström (1962) 

21  1-7 27 (4-112) 150 (57-292)  

 Sarff et al. (1976) 28  <7-28 9 (0-29) 115 (65-150) 50 (24-63) 

 Gyllenswärd and 
Malmström (1962) 

28  8-19 20 (3-56) 110 (74-189)  

 Gyllenswärd and 
Malmström (1962) 

23  21-40 17 (2-70) 86 (55-166)  

Term Gyllenswärd and 
Malmström (1962) 

135  1 5 (0-90) 63 (32-240) 51 (32-78) 

 Sarff et al. (1976) 87  <7-10 8 (0-32) 90 (20-170) 52 (34-119) 

 Statz and 
Felgenhauer (1983) 

24  0-7 5.6 (0-28) 77 (45-109)  

 CA=postconceptional age 
 

The CSF/serum albumin ratio is considered to be constant in the absence of BBB failure 

or CNS pathology even when the serum level of albumin varies (Statz and Felgenhauer 1983, 

Anagnostakis et al. 1992). This ratio is considered to be an adequate clinical measure of the BBBP, 

although this ratio is age-dependent (Tibling et al. 1977). Increased BBBP [(CSF/serum albumin) x 

103) >20] was found in newborn infants with stress (severe asphyxia or congenital heart disease) or 

bacterial meningitis, but not with aseptic meningitis or "healthy" infants (Anagnostakis et al. 1992). 

The CSF glucose content is higher in relation to blood glucose content in neonates (75-
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80%) (Sarff et al. 1976, Eldadah et al. 1987) than in older children (40-60%) (Steward 1928). BBB 

immaturity is supposed to be the reason for that. 

 It is difficult to determine the normal values for CSF RBC count in neonates due to many 

reasons (Davies and Rudd 1994, Volpe 2001). Firstly, especially preterm neonates have relatively 

high incidence of silent germinal matrix- intraventricular haemorrhages. Secondly, the process of 

delivery might be associated with minor subarachnoid bleeding. Thirdly, it is often technically more 

difficult to get satisfactory specimens during the neonatal period than at other ages. Nearly 30% of 

lumbar punctures in 537 newborn infants was significantly bloodstained (Schreider and Kleiman 

1979, Eldadah et al. 1987). Some formulas have been used in attempt to interpret the WBC findings 

in CSF contaminated by blood, but it cannot be used with confidence for ruling out possible CNS 

infection (Bonadio et al. 1990). Gyllenswärd and Malmström (1962) found no correlation between 

RBC (0-50 000/mm3) and CSF protein or WBC values, if blood was not clearly evident to the naked 

eye. Similarly Sarff et al. (1976) did not notice association between RBC (0- 45 000/mm3) and WBC 

counts in preterm and term neonates. Furthermore no differences were found by Rodriguez et al. 

(1990) in WBC, glucose and protein contents between CSF of  <1000/mm3 or  >1000/mm3 RBCs.  

In studies of CSF normal values, exclusion criteria for viral infections have been clinical 

(absence of clinical manifestations at the time of examination of CSF), and/or based on negative 

culture of virus in CSF (Gyllenswärd and Malmström 1962, Sarff et al. 1976, Statz and Felgenhauer 

1983, Rodiriguez et al. 1990, Bonadio et al. 1992). These “normal“ series may include infants with 

viral infections of CNS (Modlin 1992). In a study of 277 infants with aseptic meningitis, 63% of 

whom were under 8 weeks of age, only 35% of the CSF specimens were culture positive (Berlin et al. 

1993). Aseptic meningitis was defined as an acute illness showing >10 WBCs/mm3 in the CSF 

(RBC-WBC ratio <100) and no evidence of bacterial disease, or isolation of virus from the CSF. 

Furthermore infants with viral infection may be asymptomatic during the neonatal period (Klein and 

Remington 1995, Volpe 2001). On the other hand, absence of pleocytosis in the CSF does not 
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exclude viral infection of CNS in newborn infants (Yeager et al. 1974, Johnson et al. 1992).  

Intrathecal immunoglobulin synthesis can be determined by calculating the IgG index 

according to the following algorithm: [(CSF IgG/serum IgG) x (serum albumin/CSF albumin)] 

(Delpech and Lichtblau 1972, Lucia 1994). The concentration of albumin in serum and CSF is used 

to correct for increased BBBP, and the concentration of serum and CSF IgG is used to correct the 

possible hypergammaglobulinemia. In adults the normal value for IgG-index is 0.46+0.06 (Tibbling 

et al. 1977). Reference values for neonates are not available, although this index is not considered to 

be age-dependent. Intrathecally produced antibody can also be detected using CSF protein 

electrophoresis (Lucia 1994). In addition, isoelectric focusing, immunofixation and immunoblot for 

densitometric estimation have been used (Kleine et al. 1991, McCombe et al. 1991, Neumann et al. 

1991). The presence of oligoclonal bands in the gamma globulin region confirms the intrathecal 

production of the antibody, but does not address the specificity. 

 

Viral studies 

Isolation of a virus from tissues or body fluids is the golden standard for diagnosis of virus infection 

(Klein and Remington 1995). Isolation of a virus or demonstration of specific DNA or RNA from 

body fluids, persistence of specific antibody titre in serum, antibodies in CSF or histological evidence 

are reliable signs of virus infection in a neonate (Klein and Remington 1995, Lucia 1994). 

Isolation of a virus must be considered along with symptoms, other findings and 

epidemiological knowledge. For example, isolation of an enterovirus from stool may represent 

colonisation (Klein and Remington 1995). Sporadic enterovirus and adenovirus infections may be 

found in newborn infants (Rosenlew et al 1999). In infants less than four months old non-CSF 

(throat, nasopharyngeal and stool culture) viral cultures were not helpful in predicting enteroviral 

CNS infection (Johnson et al. 1992). In a study of 274 infants (63% were < 8 weeks old) with aseptic 

meningitis and CSF WBCs 11-4050/mm3, virus was isolated in only 35 % from the CSF (Berlin et al. 
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1993). On the other hand, it is possible to isolate a virus from CSF in neonates in the absence of 

pleocytosis (Yeager et al. 1974, Johnson et al. 1992). CSF findings are reliable in indicating CNS 

virus infection (Johnson et al. 1992, Koskiniemi 1994). 

The PCR technique has proven to be a sensitive and specific method for diagnosis of viral 

infections in neonates (Klein and Remington 1995). Detection of DNA/RNA has replaced the 

necessity of virus isolation in many cases. 

Seroconversion or significant rise in specific antibody titre is rarely seen in neonates with 

congenital infections due to the presence of maternal antibodies (McIntosh 1996). Maternal IgG 

antibodies are transferred passively across the placenta, but IgM, IgA, IgD and IgE do not have 

transplacental passage (Lewis and Wilson 1995). In term neonates the IgG level usually exceeds the 

maternal level by 5-10%. At the age of two months the IgG synthesised by the neonate and that 

derived from the mother are approximately equal. Maternally derived IgG has been catabolised by 10 

to 12 months (Brunell 1966, Gershon and Raker 1976, Trlifajova et al. 1982, Lewis and Wilson 

1995). The presence of specific IgM antibodies provides evidence of current infection in the neonate, 

but the reliability has not been fully proven (Klein and Remington 1995). Different methods have 

been used in measurement of antibodies to viruses. Radioimmunoassays (RIAs), enzyme 

immunoassays (EIAs), immunoblots and immunofluorescence (IF) tests are more sensitive and often 

more specific than complement fixation, haemagglutination and latex agglutination methods 

(McIntosh 1996). 

During a non-CNS infection specific antibodies are present in the CSF in low 

concentrations, 1:200-1:500 times lower than those in serum (Lucia 1994). The major 

immunoglobulin class in the CSF, IgG, penetrates the BBB less well than albumin (Openshaw 1994). 

However, antibodies may pass the BBB if there is a sufficiently high titre in the serum. Therefore it is 

important to show by CSF/serum albumin ratio that the BBB is intact, and that the antibody ratio of 

an uninvolved (indicator) virus is normal. Intrathecal production of specific virus antibodies can be 
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determined by calculating the virus - specific antibody index =[(virus-specific IgG in CSF/total IgG 

in CSF) x (total IgG in serum/virus - specific IgG in serum)] (Ukkonen et al. 1981, Julkunen et al. 

1985, Koskiniemi et al. 1987, Lucia et al. 1994). Values > 5 are considered elevated. CSF antibodies 

appear to be sensitive and specific in the diagnosis of HSV, measles and VZV CNS infections 

(Levine et al. 1978, Ukkonen et al. 1981, Vaheri et al. 1982a, Vaheri et al. 1982b, Taskinen et al. 

1984, Julkunen et al. 1985, Koskiniemi et al. 1987, McIntosh 1995). Usually these antibodies are not 

seen during the first week of illness, but they might persist in the CSF for a long time especially in 

chronic infections. 

In some virus infections cytology and histology may provide presumptive diagnosis 

(Klein and Remington 1995). Cervicovaginal smears and cell scrapings from the base of vesicles may 

be valuable in the diagnosis of VZV and HSV infections. Multinucleated giant cells and intranuclear 

inclusions are typical. In CMV infection urine specimen should be examined for the presence of 

intranuclear inclusions in epithelial cells, furthermore these inclusion bodies have been found from 

brain tissue (Perlman et al. 1992). Electron microscopy, direct immunofluorescence techniques and 

immunoperoxidase staining may accomplish the diagnosis. 

 

SPECT studies 

Brain SPECT detects changes in regional cerebral blood flow (rCBF) as a functional brain imaging. 

Interpretation of SPECT pictures in the neonatal period is complicated because of developmental 

changes in the distribution of cerebral perfusion. In normal neonates CBF in SPECT and metabolic 

rate in positron emission tomography (PET) have been highest in sensorymotor cortex, thalamus, 

brainsteam, and cerebellar vermis (Chugani and Phelps 1986, Chugani et al. 1987, Rubinstein et al. 

1989, Fockele et al. 1990, Chiron et al. 1992, Haddad et al. 1994, Tokumaru et al. 1999). Metabolism 

or CBF has increased in the parietal, temporal and occipital cortex by three months and in frontal 

cortex by 8 months (Chugani and Phelps 1986, Chugani et al. 1987, Tokumaru et al. 1999). Cognitive 
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development seemed to be related to the changes in blood flow of the corresponding brain regions 

(Chiron et al. 1992). 

Several dissimilar isotopes are used in SPECT studies with differences in distribution to 

white and grey matter (Hyun et al. 2001). Another reason for the variation of results is the usage of 

both visual and quantitative analyses in the interpretation of SPECT pictures. In none of the studies 

concerning neonates visual analysis has been compared to quantitative analysis. Although the 

radiation dose used in SPECT studies is small, it is not possible to use normal neonates as controls 

in predicting normal values. The invasive character of SPECT scan is another limitation. Reliability 

and validity of SPECT scan in neonates has not been fully proven.  

Although SPECT scan has certain limitations, it has also advantages in neonates. Because 

a morphological change usually follows slowly after a functional change, neuroanatomic imaging by 

using MRI has been less sensitive than SPECT in detecting neonatal acute brain injury (Konishi et al. 

1994, Chiu et al. 1998). US, CT or MRI could not find some focal brain abnormalities in neonates 

likely to develop cerebral palsy and in children with quadriplegia, that could be found by SPECT 

(Denays et al. 1989, Park et al. 1992, Yoon et al. 2000). SPECT could improve the diagnostic 

reliability in ictal phenomena during neonatal period, since it could reveal an epileptic focus or 

subclinical seizures, and differentiate brainstem release phenomenona (primitive, reflex movements 

of posturing) from epileptic seizures (Green et al. 1993, Koc et al. 1997, Alfonso et al. 1998, Børch et 

al. 1998, Alfonso et al. 2000). 

There are only a few studies concerning the prognostic value of neonatal SPECT in 

predicting the outcome. In one study SPECT could predict the outcome quite accurately in neonates 

with early brain injury or with high risk (Denays et al. 1993). Semi-quantitative analysis using 

regions of interest (ROIs) were used in this study. Changes in the anteroposterior rCBF distribution 

were observed in 7 of 10 neonates with adverse outcome (death or major neurological sequelae) but 

in none of the 78 neonates with any major neurological sequelae. In patients with the most severe 
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motor handicaps focal sensomotor and thalamic abnormalities in regional cerebral blood flow (rCBF) 

were identified. Quantitative SPECT could demonstrate large perfusion defect indices in children 

with severe mental retardation whereas only small perfusion defect indices in those with mild mental 

retardation (Kao et al. 1994c). In the study of Valkama et al. (2001) SPECT could identify the most 

severe forms of cerebral palsy (CP) in preterm infants, but could not identify all mild forms. Kumar 

et al. (1994) reported that normal SPECT scan was likely to predict normal development, but 

abnormal SPECT did not predict abnormal outcome. Both Valkama et al. (2001) and Kumar et al. 

(1994) used only visual analysis in the interpretation of brain SPECT images. Haddad et al. (1994) 

concluded that the use of SPECT with visual analysis of the pictures did not improve diagnostic or 

prognostic accuracy as an additional study to neuroradiological investigations. They discussed that 

semiquantitative analysis would provide a more reliable estimation of the lesion. 

In adults SPECT has proven to be useful in the early diagnosis of HSV encephalitis 

(Launes et al. 1988). Hyperperfusion of the temporal lobe is typical. There are only a few SPECT 

studies in the acute stage of viral encephalitis (Epstein-Barr, HSV, Japanese B, coxsackie A3 and 

coxsackie B viruses) in children (Kao et al. 1994a, Kao et al. 1994b, Kimura et al. 1997, Wakamoto 

et al. 2000, McAbee and Kadakia 2001). Bilateral frontoparietal hyperperfusion was identified in 

one-year-old infant in association with HSV infection (Kao et al. 1994a). HSV infection of the CNS 

seems to be more diffuse and bilateral in neonates compared to older children and adults, which 

suggests that the disease process is different in neonates (Benator et al. 1985, Batnitzky et al. 1986, 

Cleveland et al. 1987). In general, a focally increased rCBF was observed in the acute stage of a viral 

infection, and a focal hypoperfusion after the acute stage as an indicator of brain damage (Launes et 

al. 1988, Kao et al. 1994a, Kao et al. 1994b, Kimura et al. 1997). Increased rCBF during the  acute 

stage might reflect the increased brain blood flow; inflammation or other pathological mechanisms 

whereas decreased rCBF might present true hypoperfusion due to decreased metabolism in the area 

of neuronal death. In contrast, focal hypoperfusion possibly caused by local vasculitis was identified 
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in two children in the acute phase of enterovirus encephalitis (Wakamoto et al. 2000, McAbee and 

Kadakia 2001).  

In encephalitis SPECT showed changes in rCBF even if CT or MRI were initially normal 

(Launes et al. 1998, Wakamoto et al. 2000). McAbee and Kadakia (2001) reported MRI and SPECT 

to be complementary to each other in defining the extent of brain involvement and were superior to 

CT. Kao et al. (1994b) showed an increased rCBF in SPECT in the acute phase of virus encephalitis 

in 17 of 18 children whereas MRI and/or CT showed a local abnormality in 4 of 18 children. 

Children with a normal follow-up SPECT scan had better outcome than those with abnormal SPECT 

scan (Kao et al. 1994a, Kao et al. 1994b,Wakamoto et al. 2000, McAbee and Kadakia 2001). 

 

CNS viral infections in neonates 

Perinatal virus infection may origin from foetal life, birth or from the first days of life (Volpe 2001). 

Transplacental passage of the virus or ascending infection prior to birth or during passage through an 

infected birth canal is possible. The virus can cause an inflammatory, destructive lesion and/or a 

developmental, teratogenic lesion of the brain. Because early foetal brain has only limited capacity to 

respond to injury, it may be difficult to identify specific signs of parenchymal inflammation and 

destruction later. Teratogenic effects are variable, and may include aberrations of neuronal 

proliferation and migration. Meningoencephalitis causes inflammation, often accompanied with 

tissue injury. 

Neonatal viral infections are likely to be underdiagnosed because virological 

methodology is still a relatively new discipline, and because neonatal illnesses are still largely 

underinvestigated from the viral point of view (Davies and Rudd 1994). Furthermore neonates with a 

virus infection may be asymptomatic during the neonatal period (Volpe 2001). Later on the diagnosis 

of congenital virus infection might be difficult or even impossible. Accurate figures for the incidence 

of neonatal neurovirological infections are not available. 
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In the diagnosis of congenital and neonatal infections the TORCH screen has been used 

since 1971. The acronym TORCH is derived from toxoplasmosis, rubella, CMV and HSV, and 

includes specific antibody tests against these microbes. Several studies have proven that the TORCH 

screening has an extremely low yield (Leland et al. 1983, Best and Sutherland 1990, Cullen et al. 

1998). Serological tests of neonates are problematic because maternally derived virus antibodies 

confuse the results (McIntosh 1996). It has been stated that TORCH screening should be replaced by 

individual tests based on a careful history and examination of the infant. Furthermore indigenous 

rubella has been eliminated from Finland by a vaccination program (Peltola et al. 1994), and many 

other viruses e.g. varicella- zoster, enterovirus, human parvovirus B19 and choriomeningitis might 

cause neonatal neurological problems (Bale and Murph JR. 1992, Bale and Murph 1997, Volpe 

2001). 

Repetitive and systematic investigations of the neonate should be performed especially if 

there is a known history of maternal viral disease during the pregnancy (Enders 1984). 

Epidemiological information as well as virological and immunological studies of the neonate are 

needed for the diagnosis. Information about maternal seroconversion or diagnostic rise in specific 

antibody might support the diagnosis. 

 

Cytomegalovirus  

Human cytomegalovirus (CMV) persists after the primary infection in a latent form (Britt and Alford 

1996). Recurrent (secondary) infections are caused by reactivation of the latent virus or reinfection 

by another strain. Congenital CMV infection is transmissed across the placenta as a consequence of 

maternal primary or recurrent infection (Stagno 1995). CMV, together with HIV, is the most 

common congenital viral infection causing developmental defects. The incidence of congenital CMV 

infection is 0.2-2.2% varying in different populations (Stagno 1995, Ahlfors et al. 1999). After 

primary infection during pregnancy 10-15% of the children get congenital infection, 90% of them 
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have developmental sequelae. After recurrent infection during pregnancy 0.15-1% of children get 

congenital infection, and 0-1% of the infected infants may have clinical disease or sequel. The 

frequency of congenital CMV in preterm and term infants seems to be similar (Yamamoto et al. 

2001). 

Clinical findings in apparent congenital CMV infection during the neonatal period are 

presented in Table 4 (Boppana et al. 1992). Involvement of the reticuloendothelial system and CNS 

with or without auditory damage is common. Within the first 2 years 10-15% of the asymptomatic 

neonates might obtain developmental abnormalities, such as sensorineural hearing loss, 

microcephaly, motor defects, cognitive deficits, chorioretinitis and/or dental defects (Stagno 1995). 

The hearing impairment might progress during infancy and early childhood (Hickson and Alcock 

1991, Williamson et al. 1992, Fowler et al. 1999). One or more sequel was seen in 25% of children 

after maternal primary infection and in 8% of children after maternal recurrent infection (Fowler et 

al. 1992). After maternal primary infection 13% of children had mental retardation and 15% (bilateral 

in 8%) had sensorineural hearing loss, whereas after recurrent infection of the mother none had 

mental retardation and 5% (none bilateral) had sensorineural hearing loss. The presence of maternal 

antibody might provide protection against congenital CMV infection. Recently, however, in two 

studies hearing impairment and CNS damage were seen considerably after maternal primary and 

secondary CMV infections (Ahlfors et al. 1999, Casteels et al. 1999). 
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Table 4. Clinical findings 106 neonates with symptomatic congenital CMV infection, modified from 

Boppana et al. (1992). 
Abnormality Reported/total examined 

 
% 

Prematurity (<38 wk) 36/106 34 
Small for gestational age (<10th percentile) 56/106 50 
Petechiae 80/106 76 
Jaundice 69/103 67 
Hepatosplenomegaly 63/105 60 
Purpura 14/105 13 
Neurologic finding 
    Microcephaly 
    Lethargy/hypotonia 
    Poor suck 
    Seizures 

72/106 
54/102 
28/104 
20/103 
7/100 

68 
53 
27 
19 
7 

 

The most reliable diagnostic method of congenital CMV is demonstration of the virus or 

viral DNA within the first 2 weeks of life, before the onset of natally or postnatally acquired infection 

(Stagno 1995). Detection of CMV in urine by PCR is as sensitive as isolation of the virus from urine 

(Demmler et al. 1988, Xu et al. 1993).  PCR is valuable for retrospective diagnosis of congenital 

CMV infection, since blood samples from isolation-positive neonates on filter papers were PCR-

positive in 81% (Ahlfors et al. 1999, Malm et al. 2000). Furthermore, successful screening for 

congenital CMV infection has been done by detection of virus in saliva (Warren et al. 1992, Balcarek 

et al. 1993). Maternally transmitted IgG antibodies decrease with a half- life of approximately one 

month and disappear within 4 and 9 months (Stagno 1995). The problem with serological diagnosis 

of congenital CMV infection is the high rate (44%) of natally or postnatally acquired CMV infection 

(Ahlfors et al. 1999). CMV-IgM was found in 72% (49/68) in cord serum samples of infants with 

congenital infection (a positive CMV isolation test from urine within the first 2 weeks of life) and in 

4% (2/51) of controls (a negative CMV isolation test from urine within the first 2 weeks of life).  

Increased cell count (mean value 42/mm3), predominantly lymphocytes, and increased 

protein content (mean value 192 mg/dl) were observed by Bale et al. (1985) in CSF of 18 infants with 

neurological manifestations in association of congenital CMV infection. In one study (Nigro et al. 
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1994) the white blood cell count in CSF was 13-44 x 106/L and protein content 0.33-1.5 gm/L in 

infants with neurological symptoms. Neuroradiological findings demonstrated intracranial 

calcifications, cortical atrophy, ventricular enlargement, subdural effusions, porencephaly, polycystic 

encephalomalacia, oligo/pachygyria, delayed/pathological myelination, and cerebellar hypoplasia 

(Bale et al. 1985, Boesch et al. 1989, Perlman and Argyle 1992, Steinlin et al. 1996,  Boppana et al. 

1997, Malm et al. 2000). 

  

Herpes simplex virus  

HSV, like all herpesviruses, persists in a latent state after the primary infection, and can be 

reactivated later (Whitley and Arvin 1995). The usual manifestation of primary HSV-1 infection in a 

young child is gingivostomatitis, but the infection may be asymptomatic as well. HSV-2 is usually 

transmitted through a sexual contact and may be asymptomatic too. Symptomatic primary HSV-2 

infection in women is characterised by fever, pain and vesicoulcerative lesions (Volpe 2001). The 

incidence of infection in women varies in different populations but may be 30% or more. The 

estimated incidence of neonatal HSV infection is variable, 1 in 2000 to 1 in 5000. Transplacental or 

ascending infection can occur in utero, but the most common route of infection is intrapartum contact 

of the foetus with infected maternal secretions. Postnatal infection is also possible, e.g. from mothers 

with oral herpetic lesions or from other adult, and from other infected infants.  

Neonatal HSV infection may occur after a primary, rarely after secondary, maternal 

infection (Volpe 2001). Maternal primary infection close to labour accounted for 75% of neonatal 

HSV infections (Brown et al. 1997). If the mother had acquired HSV infection just before labour, the 

neonate had 10 times higher risk to get neonatal HSV than after reactivated HSV infection of the 

mother (Brown et al. 1991). About 70% of the mothers had been asymptomatic (Whitley et al. 1980). 

The presence of maternal antibodies specific to HSV-2 clearly reduced the transmission risk of the 

infection (Brown et al. 1991). Approximately 75% of neonatal infections were caused by HSV-2, and 
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25% by HSV-1 (Forsgren and Malm 1996, Volpe 2001). The outcome was more serious in HSV-2 

than in HSV-1 infection (Whitley et al. 1991, Malm et al. 1995, Forsgren and Malm 1996). 

Transfer of maternal primary or recurrent HSV occurs rarely across the placenta but if it 

happens it can cause a serious congenital infection (Hutto et al. 1987, Volpe 2001). In one study 8 of 

155 (5%) prematurely born infants with neonatal HSV infection were supposed to have acquired the 

infection in early gestation (Hutto et al. 1985). Clinical features of intrauterine infection are 

summarised in Table 5 (Christie et al. 1986). They include skin lesions, chorioretinitis, 

microphthalmia, microcephaly, hydranencephaly, multicystic leukomalacia, cerebral calcifications, 

porencephalies, and other CNS abnormalities. Prolonged rupture of membranes is one risk factor 

(Whitley 1995), and  a fetal monitor scalp electrode is one possible route of infection (Kaye and 

Dooling 1981, Brown et al. 1991). 

 

Table 5. Clinical features of intrauterine HSV infection at birth and outcome, adapted from Christie 

et al. (1986). 
 Presumed timing of infection 

 1st or 2nd trimester 
reported/ 
total examined    % 

3rd trimester 
reported/ 
total examined      % 

Premature delivery 3/5 60 9/12 75 
Skin lesions 5/6 83 14/14 100 
Eye abnormalities  5/6 83 4/14 29 
Brain abnormalities 5/6 83 4/14 29 
Microcephalia 6/6 100 0/14 - 
Neonatal death 1/5 20 6/13 46 
Developmental delay 4/5 80 2/9 22 
Normal outcome 0/5 - 5/9 56 

 

Neonatal HSV infection is classified as disseminated, CNS or skin/eye/mouth disease 

(Table 6). Disseminated HSV infection has the worst prognosis for mortality and morbidity (Whitley 

and Arvin 1995). HSV pneumonitis or disseminated intravascular coagulopathy is the most common 

cause of death. Liver and adrenals are the principal organs involved, but as well larynx, trachea, 
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lungs, oesophagus, stomach, lower gastrointestinal tract, spleen, kidneys, pancreas and heart may be 

involved. Encephalitis can occur without disseminated disease, with or without skin, eye and mouth 

involvement. Disseminated infection might cause multiple cortical haemorrhage necrosis probably 

seed by circulation. It has been supposed that retrograde axonal transmission of the virus has 

occurred if the newborn has encephalitis without disseminated infection (Gressens et al. 1994). 

Viremia and disease appear earlier in infants with disseminated disease than in those with 

encephalitis alone, 9 to 10 days vs 16 to 17 days, respectively (Whitley and Arvin 1995). Skin, eye 

and/or mouth localised infection appears within 10-11 days of life. The skin vesicles are usually 1-2 

mm in diameter and involve multiple sites. More than 20% do not have skin lesions. In the eye 

keratoconjunctivitis, chorioretinitis or cataracts may appear. Each of the manifestations may be 

present alone or in combination with other symptoms. 

 

Table 6. Clinical characteristics of neonatal HSV infection, adapted from Whitley and Arvin (1995). 
Disease classification   

Disseminated CNS Skin/eye/mouth 

Infants 32% (93 of 291) 33% (96 of 291) 35% (102 of 291) 
Skin lesions 77% (72 of 93) 63% (60 of 96) 84% (86 of 102) 
CNS involvement 74% (69 of 93) 100% (96 of 96) 0% (0 of 102) 
Pneumonia 49% (46 of 93) 4% (4 of 96) 3% (3 of 102) 
Mortality at 1 year of age (regardless of 
therapy) 

60% (56 of 93) 14% (13 of 96) 0% (0 of 102) 

Neurologic handicap 
(adenine arabinoside) 

50% (13 of 26) 49% (25 of 51) 9% (3 of 34) 

Neurologic handicap (acyclovir) 17% (1 of 6) 67% (18 of 27) 8% (4 of 51) 
Neurologic handicap (placebo) 50% (1 of 2) 67% (2 of 3) 38% (3 of 8) 
Neurologic handicap (regardless of 
therapy) 

44% (15 of 34) 56% (45 of 81) 11% (10 of 93) 

 

Diagnosis of neonatal HSV infection is based on isolation of the virus, or detection of 

viral DNA (Volpe 2001). Vesicular lesions should be scraped for examinations, but identification of 

virus is possible also from throat, stool, urine and CSF. PCR assay from the CSF is more sensitive 

than culture. Multinuclear giant cells and intranuclear inclusions are typical morphological changes. 
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In addition to material from lesions, CSF and urine may contain viral particles observed with electron 

microscopy. Immunofluorescence techniques may identify HSV antigen from CSF, however, only 

with good and fresh cell yield. Findings of meningoencephalitis, i.e. pleocytosis and elevated protein 

content, are usually present in CSF (Kaye and Dooling 1981, Mikati and Krishnamoorthy 1985, 

Koskiniemi et al. 1989, Malm et al. 1991, Silverman et al. 1992). In severely affected neonates CSF 

contains also red blood cells, and CSF glucose level might be depressed. 

EEG may show characteristic periodic discharges. During the first 4 days of disease EEG 

showed abnormality whereas CT and US did not (Mikati et al. 1990). Furthermore, abnormalities in 

EEG are highly prognostic (Sainio et al. 1983, Koskiniemi et al. 1989, Malm et al. 1991). CT, US 

and MRI may initially show diffuse brain oedema, but progression to multicystic encephalomalacia 

has been documented (Kaye and Dooling 1981, Benator et al. 1985, Batnitzky et al 1986, Cleveland 

et al. 1987, Volpe 2001). MRI has been shown to be more sensitive than CT in demonstrating 

abnormalities in white matter and in defining the extent of parenchymal lesions in children with CNS 

herpesvirus infections (Bale et al. 1987). Diffusion imaging has been more sensitive than 

conventional MRI alone in detection of lesions in HSV encephalitis (Teixeira et al. 2001). 

 

Varicella-zoster virus infection 

VZV is a member of the herpesvirus family (Gershon 1995). This family includes eight closely 

related viruses that infect humans: HSV-1, HSV-2, VZV, CMV, EBV and human herpesviruses 6, 7 

and 8. Herpesviruses have a DNA genome and enveloped virions exhibiting icosahedral symmetry 

with a diameter of 180-200 nm. Primary infection of VZV, chickenpox (varicella) is an acute 

contagious disease consisting of vesicles, and it most commonly occurs in childhood. After the acute 

infection VZV persists in a latent form in dorsal root ganglia (Gilden et al. 1983, Groen et al. 1988, 

Cohrs et al. 1992, Meier and Straus 1992). The virus can reactivate as zoster (herpes zoster, shingles) 

with pain and vesicular rash. Rarely, VZV can reactivate without rash but with radicular pain, or as a 
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neurological, ophtalmological or as systemic disease (Soushi et al. 1988, Mayo et al. 1989, Suttorp-

Schulten et al. 1989, el Azazi et al. 1991, Gilden et al. 1992, Echevarría et al. 1994, Koskiniemi et al. 

1997). Reactivated VZV can be asymptomatic or manifest itself in the form of a second varicella 

infection or zoster (Gilden et al. 1992, Hall et al. 2002). 

The incidence of varicella during pregnancy is 0.05-3 per 1000 (Gershon et al. 1974, 

Miller et al. 1993). Grüninger et al. (1994) has reported asymptomatic varicella infections during 

pregnancy. The diagnosis was based on VZV-specific IgM or a significant increase in IgG antibody 

titre. Martin et al. (1994) has reported occurrence of chickenpox during pregnancy in women 

seropositive for VZV. Serological responses to VZV were observed after reinfection.  Maternal 

varicella infection during pregnancy can cause congenital varicella syndrome (Gerson 1995). 

Congenital varicella may also manifest as herpes zoster during childhood, or it may be asymptomatic 

as well. If varicella occurs in the mother preceding parturition, congenital chickenpox or death of the 

neonate may follow.  

The overall risk of congenital varicella syndrome after maternal VZV infection during the 

first 20 weeks of pregnancy is 1-2% (Enders et al. 1994, Pastuszak et al. 1994, Grose 1999), and 

before 24 weeks of pregnancy 2.8% (Mouly et al. 1997). Herpes zoster in infancy is the manifestation 

of congenital infection in about 1-3.8% (Enders et al. 1994, Mouly et al. 1997). Specific IgM 

antibodies were found in 12% and persistence of specific IgG antibodies in 7% of asymptomatic and 

in 25 and 75% of symptomatic children. In the study of Mouly et al. (1997) VZV DNA was found in 

9 of 107 amniotic fluid samples of mothers with VZV infection and the risk of transplacental passage 

before 24 weeks of pregnancy was 8.4%. Paryani and Arvin (1986) reported the risk of transplacental 

passage to be 25%, when all trimesters of the pregnancy were included. It is possible that the risk of 

transplacental passage increases during pregnancy, but the risk of symptomatic congenital VZV 

infection does not increase. After all, the risk of congenital varicella syndrome is considered to be 

low in the first and third trimester, although affected infants have been described (Paryani 1986, 
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McIntosh and Isaacs 1993, Enders et al. 1994, Pastuszak et al. 1994).  

The incubation period of varicella is 10-21 days (Arvin 1996). Thus congenital 

chickenpox is possible when maternal chickenpox occurs within 21 days preceding parturition 

(Meyers 1974). In 28 mothers with varicella preceding parturition, the spectrum of clinical infection 

of VZV in newborn infants ranged from mild disease in 19 to death in five, the rest were 

asymptomatic. One death was not clearly due to varicella. Four neonates of 13 died (31%), if the 

mother developed rash within four days before delivery; and none of the 23 neonates born to mothers 

with varicella onset five or more days before delivery. In the latter cases presumably VZV occurred 

long enough before parturition, so that there was time for specific antibodies to be elaborated by the 

mother and to cross the placenta in time (Gershon 1995). When maternal chickenpox occurred more 

than one week before delivery, the antibody titres were similar in maternal samples and cord blood at 

parturition (Brunell 1966). When chickenpox occurred 4 days or less before delivery, the mother had 

VZV antibodies, but cord blood samples were negative. Congenital chickenpox has been reported 

without maternal rash, after contact to a person with chickenpox 8 and 14 days before delivery 

(Pridham 1913, Newman 1965). Persons immune to VZV might serve as vectors of VZV while they 

are in household contacts of children with chickenpox, since VZV DNA has been identified in the 

nasopharynx of such persons (Conelly et al. 1993). 

Laforet and Lynch (1947) were the first to describe the congenital varicella syndrome. 

Since that time to 1992 a total of 50 cases have been reported: 45 after maternal varicella and five 

after maternal zoster (Gershon 1995). In 45% of cases, varicella occurred in the 7th-13th 

conceptional week, in 52% in the 13th-26th week and in 2% in the 28th week. Developmental defects 

associated with congenital varicella syndrome are presented in Table 7 (Gershon 1995). Specific IgM 

VZV antibodies were found in 4 of 11 infants. A decline of specific antibodies was observed in most 

of the infants, but in ten persistence of or increase in the antibody titre, supported the diagnosis. 

Persistence of VZV antibodies beyond 8 months of age is highly suggestive of congenital VZV 



 32 

infection, if there is no history of chickenpox after birth (Gershon et al. 1976). 

 

Table 7. Clinical characteristics of 50 infants with congenital varicella syndrome (1947-1992), 

modified from Gershon (1995). 
Defect No of 

cases 
% Possible pathophysiologic mechanism 

Skin scars 35 70 Intrauterine herpes zoster 

Eye abnormalities 
    Chorioretinitis 
    Horner's syndrome/aniscoria 
    Microphtalmia 
    Cataract 
    Nystagmus 

33 
16 
11 
10 
10 
8 

66 
32 
22 
20 
20 
16 

 
 
Viral invasion into cervical sympathetic ganglia 

Abnormal limb 
    Hypoplasia 
    Equinovarus 
    Abnormal/absent digits 

25 
20 
8 
8 

50 
40 
16 
16 

Viral invasion into nerve ganglia and spinal cord 

Prematurity/low birth weight 25 50  

Cortical atrophy/mental retardation 23 46  

Poor sphincter control 16 32 Viral invasion into nerve ganglia and spinal cord 

Early death 14 28  

 

Bennet et al. (1985) and Hajdi et al. (1986) reported VZV IgG antibodies in the CSF in 

two children with congenital varicella syndrome; furthermore Bennet et al. (1985) found VZV IgM 

antibodies in the CSF in one child. On the contrary, Coong et al. (2000) reported negative findings to 

VZV IgG and IgM antibodies in the CSF in one child with congenital VZV syndrome. Other reports 

about VZV antibodies in neonates with congenital VZV syndrome in the CSF are not available. 

Neuroradiological findings of congenital VZV syndrome have been reported in 8 children 

(Bale et al. 1987, Cuthbertson et al. 1987, Lambert et al. 1989, Scheffer et al. 1991, Schuster et al. 

1994, Wheatley et al. 1996, Deasy et al. 1999, Dimova 2001). Manifestations in the CNS were found 

alone or in association with ocular and/or skin and/or limb malformations. All 8 infants had 

developmental retardation and 5 had chorioretinitis. Microcephalia appeared in 4 and hydrocephalus 
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in 3 children. CT or MRI revealed cortical atrophy, cerebellar aplasia or porencephalic cysts (parieto-

occipital, temporo-occipital, frontal or middle cranial fossa) in 6, and calcifications were detected in 

the same frequency. 

The mildest congenital varicella syndrome is not fully known, but the spectrum of 

clinical features is expanding (Pastuszak and Koren 1994). Isolated skin, eye or CNS manifestations 

have been reported (Cotlier, 1978, Palmer and Pauli, 1988, Lloyd and Dunne 1990, White et al. 1990, 

Scheffer et al. 1991, Dimova and Karparov 2001). Peculiar skin lesions or cataracts and infantile 

herpes zoster have been the only skin and eye manifestations of congenital varicella (Palmer and 

Pauli 1988, Lloyd and Dunne 1990).  

The most severe manifestations of the syndrome have been seen in the 19 infants (11 

boys) who died during the first two years of age (Table 8) (Dodion-Fransen  et al. 1973, McKendry 

and Bailey 1973, Savage et al. 1973, Strabstein et al. 1974, Alexander 1979, Essex-Cater and 

Heggarty 1983, Bennet et al. 1985, Hajdi et al. 1986, Cuthbertson et al. 1987, Harding and Baumer 

1988, da Silva et al. 1990, Scharf et al. 1990, Magliocco et al. 1992, Michie et al. 1992, Pons et al. 

1992, Salzman and Sood 1992, Pastuszak et al. 1994, Choong et al. 2000, Cooper et al. 2000). 

Maternal varicella infection had appeared in about 13 conceptional weeks (range 8-25 weeks). Eight 

children survived over one month, and psychomotor retardation was reported in 7 of them. Autopsy 

was performed on 14, and manifestations of liver were found in 5 (36%). Lungs as well as heart 

were affected in 4 (29%), and spleen, pancreas as well as adrenals in 2 (14%). The most common 

cause of death was pneumonia or ventilatory failure. 

Neuropathological findings have been described in 13 infants (Strabstein et al. 1974, 

Alexander 1979, Essex-Cater and Heggarty 1983, Bennet et al. 1985 Harding and Baumer 1988, da 

Silva et al. 1990, Scharf et al. 1990, Magliocco et al. 1992, Michie et al. 1992, Pons et al. 1992, 

Salzman and Sood 1992, Choong et al. 2000, Cooper et al. 2000). In two (15%) no lesions of the 

brain were found (Alexander 1979, Pons et al. 1992). Necrosis, destruction or gliosis of the brain 
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tissue were the most common findings (77%). Inflammatory changes were found in 46%, 

calcification in 31% as well as cystic structures, and heterotopias in 8%. Spinal cord atrophy was 

reported in 40%. In adults vasculopathy with pale or haemorrhagic infarctions, ischaemic or 

demyelinative lesions, and ventriculitis or periventriculitis have been the typical findings of varicella 

encephalitis (Kleinschimidt-Demasters et al. 1996). 

 

Table 8. Clinical characteristics of 19 infants with fatal congenital varicella syndrome, the 19 

references are cited in the text. 

Manifestation No of cases % 
Low birth weight 19 100 
Neurological 
    Bulbar symptoms 
    Paresis (facial/limb/diaphragmatic) 
    Hypotonia 
    Seizures 
    Hydrocephalus   

17 
9 
6 
6 
6 
4 

90 
47 
32 
32 
32 
21 

Skin 13 68 
Limb 11 58 
Ocular 10 53 
Herpes zoster 3 16 

 

VZV has not been isolated from tissues (other than skin vesicles) or CSF of patients with 

congenital VZV syndrome. Only amniotic fluid samples or zoster vesicles have been culture-positive 

(Bennet et al. 1985, Pons et al. 1992). Mouly et al. (1997) reported that PCR was more sensitive than 

viral culture for detection of VZV virus from amniotic fluid samples. Nine of 107 (8.4%) amniotic 

fluid samples were positive in PCR while only 2 (1.8%) were positive in cell culture before 24 weeks 

of pregnancy. In fatal, congenital VZV syndrome or in aborted infants, the PCR test could detect 

VZV DNA in about half of the tissue samples, in brain 4 of 10, liver 3 of 7, spleen 2 of 4, skin 1 of 3, 

kidneys 1 of 3 and thymus 1 of 3 (Scharf et al. 1990, Isada et al. 1991, Mitchie et al. 1992, Demetrick 

et al. 1993, Pastuzak et al. 1994, Puchhammer-Stöckl et al. 1994, Mouly et al. 1997, Sauerbrei 1998, 

Choong et al. 2000, Cooper et al. 2000). The virus has been identified most often from lung tissue, in 

5 of 7. In other tissues, blood or CSF of neonates with VZV syndrome the virus has not been 
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detected. In older children with chickenpox VZV DNA has been detected from throat swabs and 

blood up to 10 days after the clinical appearance of the disease (Ozaki et al. 1990, Kido et al. 1991, 

Ozaki et al. 1994). The virus was undetectable 15 days or more after the onset of symptoms as well 

as from healthy children. The presence of VZV in peripherial blood mononuclear cells has been 

correlated with age (Devlin et al. 1992). Detection of VZV DNA from CSF has been a useful 

diagnostic tool in children and adults with neurological disease especially in the absence of cutaneous 

manifestations (Puchhammer-Stöckl et al. 1991, Koskiniemi et al. 1997, Koskiniemi et al. 2002). 

 

Enteroviruses 

Poliovirus is nowadays a rare cause of perinatal infections, but coxsackie and echoviruses are 

relatively common causes of such infections, likely underestimated (Volpe 2001). Outbreaks of 

nonpolio enteroviruses occur mainly during the warm summer months also among pregnant mothers 

and newborn infants (Jenista et al. 1984, Abzug et al 1993, Druyts-Voets et al. 1993, Davies and 

Rudd 1994).  

Nonpolio enteroviruses may be transferred transplacentally, during parturition or 

postnatally by human contacts. The incubation period of nonpolio enteroviruses varies between 2 to 

32 days (Melnick 1995). If the mother had had an acute nonpolio enterovirus infection before 

delivery, it often precedes neonatal infection which may be serious or even fatal (Modlin 1986, 

Abzug et al. 1993). Fever, irritability, anorexia, lethargy, rash and jaundice are typical neonatal 

symptoms. Furthermore, respiratory distress and hypoperfusion are often noticed (Abzug et al. 1993). 

The majority of neonates with nonpolio enterovirus infection have a mild disease, less than 20% 

develop a multisystem involvement with possible hepatitis and/or myocarditis. 

CSF abnormalities in nonpolio enterovirus infections were found in 19 of 27 (70%) 

neonates (Abzug et al. 1993). Viral meningitis is the most common manifestation of CNS nonpolio 

enterovirus infection, encephalitis is much less common (Volpe 2001). Neonatal echovirus 
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encephalitides with white matter necrosis and malformations have been reported (Blokzijl and 

Koskiniemi 1989, Haddad et al. 1990). Coxsackie B encephalitis may affect spinal cord, medulla 

oblongata and cerebellum (Volpe 2001). 

Only a few studies are available concerning the outcome of neonatal enterovirus 

infections. At the age of 1 year neurological development was normal in 16 of 17 (Rantakallio et al. 

1970), and at the age of 6 years 13 of 15 children had developed normally after neonatal coxsackie B 

meningoencepahlitis (Farmer et al. 1975). Irritability or twitching was associated with the 

development of spasticity and low intelligence. Antibodies against coxsackie B virus suggestive of 

congenital infection were found from ventricular fluid in 4 of 28 new-borns with abnormalities in 

CNS (Gauntt et al. 1985). In another study coxsackie virus RNA was detected from placenta in 6 of 7 

cases with neurodevelopmental problems, whereas from none of the 10 normal controls or 5 children 

with other known viral infections (Euscher et al. 2001). 

Isolation of the virus or detection of specific RNA from the CSF is the method of choice 

to make diagnosis in enteroviral CNS infection (Johnson et al. 1992, Daley et al. 1998). Isolation of 

enterovirus from the CSF is possible even in the absence of CSF pleocytosis (Yeager et al. 1974, 

Johnson et al. 1992). CSF pleocytosis in association with non-CSF viral culture has been used to 

make presumptive diagnosis of enteroviral meningoencephalitis in neonates (Farmer et al. 1975). 

Because neonatal diseases are usually generalised, collecting material from multiple sites is usually 

recommended (Cherry 1995, Volpe 2001). None of 666 healthy neonates were found to excrete 

nonpolio enteroviruses within 1 day of delivery (Jenista et al. 1984). However, the incidence of 

acquisition of the virus was 12.8 % from stool obtained weekly for 1 month. Non-CSF cultures were 

not sensitive enough to exclude an enterovirus as the cause of meningitis in infants less than 4 

months of age (Johnson et al. 1992). Non-CSF viral cultures were positive also in some infants with 

another aetiology (i.e. urinary tract infection). 

Serological diagnosis is not usually possible in acute stage of the disease, because 
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demonstration of an increase in the antibody level takes place about 6 weeks in newborn infants, and 

it is difficult with conventional methods to recognize the maternally acquired antibodies (Klein and 

Remington 1995) In addition, the large number enteroviruses and different strains may impair the 

reliability of the tests (Cherry 1995). 

 

Other viruses 

Infection with the human immunodeficiency virus (HIV) is a pandemic public health problem also 

among pregnant women (Mueller and Pizzo 1995). Neurological manifestations of congenital HIV 

infection are, however, rare during the neonatal period (Volpe 2001). Fortunately, congenital HIV 

infections have been infrequent in Finland. Congenital rubella was a common disease previously, but 

has been eliminated by effective vaccination program from Finland, as well as measles and mumps 

(Peltola et al. 1994). 

About 26 serologically confirmed congenital lymphocytic choriomeningitis (LCM) virus 

infections have been reported (Sheinbergas 1976, Wright et al. 1997). Ocular abnormalities, 

macrocephaly or microcephaly were the most frequent neonatal features. The overall mortality has 

been 35%, and 63% of the survivors has had neurological sequel. Hydrocephalus and intracranial 

calcifications were found in neuroimaging studies. Rodents, most often mice and hamsters, have been 

implicated as the source of human infections (Arvin and Maldonado 1995). 

There are epidemiological studies concerning possible association between maternal 

influenza virus infections and congenital defects (Wilson and Stein 1969, Hakasalo and Saxen 1971, 

Monif et al. 1972, Granroth et al. 1978, Griffiths et al. 1980). No consistent syndrome has been 

identified, although a slight increase in congenital anomalies was observed in some studies (Arvin 

and Maldonado 1995). Transplacental passage of influenza virus has been shown in one report 

(Yawn et al. 1971). Maternal infection of parainfluenza type 3 has been reported in association with 

fetal hydrocephalus (Seidman et al. 1996).  
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Human parvovirus B19 can cause hydrops foetalis and foetal death (Török 1995, 

Markenson and Yancey 1998). In one follow-up study of 113 children exposed to maternal 

parvovirus infection in utero, no increase in the frequency of developmental delays was observed 

(Rodis et al. 1998). Severe CNS abnormalities have been associated in three infants after 

serologically proven maternal infection during pregnancy (Conry et al. 1993). Neuroimaging studies 

of these infants showed periventricular calcifications and/or hydrocephalus or enlarged ventricles 

and/or cerebral atrophy and/or cortical dysplasia. One of these infants died, and B19 specific DNA 

was detected in brain tissue. In another report postmortem examination of the brain revealed 

multinucleated giant cells and small calcifications around the vessels, predominately in the cerebral 

white matter (Isumi et al. 1999). Parvovirus B19 DNA was identified from brain and liver. 

Neonatal adenovirus infection has been fatal in 11 of 13 (85%) reported patients (Abzug 

and Levin 1991). Adenovirus was acquired usually from the mother via birth canal, and the virus was 

isolated from respiratory secretions, lung and liver. Lethargy was a constant finding and respiratory 

distress as well hepatomegaly were frequent. Adenovirus has been isolated from brain tissue in one 

fatal neonatal case (Osamura et al. 1993). Neuropathological examination showed diffuse oedema, 

perivascular cuffing and gliosis in the white matter. 
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AIMS OF THE STUDY 

 

The rationale of this study was to investigate viral infections of the CNS in newborn infants. There 

are neonates with neurological symptoms who remain without specific diagnosis. The hypothesis of 

this study was that viral infections might be a cause of neonatal seizures more often than 

appreciated. 

 

The specified aims of this study: 

1. To study the incidence of virus infections among newborn infants with seizures of unknown 

aetiology. 

 

2. To determine parameters of CSF in newborn infants with and without CNS virus infection. 

 

3. To study VZV infection in newborn infants with seizures. 

 

4. To study the disease characteristics of newborn infants with CNS VZV infection in the absence 

of maternal clinical infection during pregnancy. 

 

5. To study the diagnostic and/or prognostic value of SPECT in newborn infants with CNS viral 

infections. 
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PATIENTS AND METHODS 

Patients and protocol 

The first part of the study included 201 neonates born 1993-1995 in different central hospitals of 

Finland for studies of VZV (Figure 1). 

The second part was a prospective population based cohort study. All 50 neonates born 

in North Karelia Central Hospital during 1995-1997 who had seizures without obvious aetiology in 

initial examinations (blood, CSF and US) underwent virological studies. Parameters of CSF were 

determined to neonates with and without CNS virus infection. Furthermore SPECT studies of the 

brain were done to 30 neonates born 1996-1997. All the children in the first and second part were 

under 28 days of age at the onset of symptoms. 

 

First part in different hospitals of Finland 1993-1995: 

Study group with CSF VZV 
antibodies (n=4)  

 
164 968 
live births 

 Neurological 
symptoms, 
suspected viral 
infection (n=201) 

 CSF viral 
antibody 
screening 
(n=201) 

 

Reference group without CSF 
VZV antibodies (n= 6) 

 

Second part in North Karelia Central Hospital 1995-1997: 

Cohort of  
live births 
(n=5709) 

 Neonatal seizures 
without obvious 
aetiology (n=50) 

 Viral and CSF 
studies 1995-1997 
(n=50) 

 SPECT of the brain 1996-1997 
(n=30) 

 

Viral 
findings 
in CSF 
(n=13) 

No viral 
findings 
in CSF 
(n=37) 

 Study group, 
CNS virus 
infection 
(n=9) 

Reference 
group, normal 
findings (n=10) 

 

 

Figure 1.  Study populations 
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Studies of varicella-zoster virus infection 

Lumbar puncture for viral antibody screening was performed for clinical reasons (suspected viral 

infection) on 201 newborn infants (117 males and 84 females) with neurological symptoms during 

the years 1993-1995 in different central hospitals of Finland. The study area covered 85% of 

children born in Finland, a total of 164 968 live births.  

 In the study group were enrolled all children who had VZV-specific antibodies in the 

CSF and no other viral findings. For a reference group, we selected from the cohort of 201 neonates 

those infants who were born in the same month as the index patients and who had as high VZV 

antibody levels in serum but no VZV-specific antibodies in the CSF. 

Follows-up serum antibody examinations were performed at the age of over six months. 

The neuroimaging, EEG and neurological follow-up examinations were done to those infants who 

had had VZV antibodies in CSF. 

 

Studies of all viral infections and CSF parameters  

During the study period, from the first of January 1995 to the end of December 1997, a total of 

5709 children were born in this hospital, which takes care of all deliveries in the district of eastern 

Finland (North Karelia). Newborn infants with seizures of unknown origin were included, 

altogether 50 children (32 boys and 18 girls; gestational age 30-41 weeks, mean 38 weeks; birth 

weight 1379-4560 g, mean 3553 g). Neonates with no evident cause of seizures in the first step 

examinations (physical and neurological examination, conventional analyses from the blood, urine 

and CSF, bacterial tests and US of the head) were enrolled into the study. The seizures were 

classified, according to Volpe (2001), as focal clonic in 3, multifocal clonic in 16, generalised 

clonic in 2, subtle in 13, myoclonic in 12 and generalised tonic in 2. Both subtle and multifocal 

clonic seizures were observed in 2. 
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Viral studies were performed at the onset of symptoms, at the age of 7-30 days, and 

additionally at 1-2 and >6 months. Blood, urine and CSF studies were performed at the onset of 

symptoms (0-24 days, mean 3.5 days). CSF studies were repeated after two weeks, and also later, if 

clinically indicated. According to results obtained from virological studies two groups were formed 

a) with and b) without CNS virus infection. According to the age since conception (<40, 40-43 and 

>43 weeks) at the time of CSF sample collection, the two groups were further divided into three 

subgroups. 

 

SPECT studies of the brain 

Those 30 neonates (11 girls and 19 boys) with seizures but without obvious aetiology born during 

the period of January first, 1996 and the last of December 1997, were admitted to the SPECT study. 

If not acutely needed, EEG and SPECT was carried out during the following days after the onset of 

symptoms. The CT was performed within 10 days after the onset, the MRI at the age of 3 to 11 

months. A child neurologist performed a structural neurological examination at the onset of 

symptoms, and later at the age of 1.5, 4, 8 and 18 months. In three cases, where the 18-month 

follow-up could not be performed because of family reasons, the follow-up lasted only 8 months. 

 

Methods 

Virus antibody tests 

Antibodies to HSV-1, HSV-2, VZV, respiratory syncytial virus (RSV) (commercial antigens, 

VirionR, Würzburg, Germany), adeno, influenza A and B, rota, coxsackie B5, untyped entero and 

parainfluenza 1 viruses (antigens grown and purified as described by Julkunen et al. 1984) were 

measured from serum and CSF using enzyme immunoassay (EIA) tests (Vaheri et al. 1982b, 

Koskiniemi et al. 1995). In solid-phase EIA for specific IgG, antigens were used at a protein 
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concentration of 1-5 µg/ml in dilution buffers to coat polystyrene microtitre plates (NUNC, 

Copenhagen, Denmark, and Labsystems, Helsinki, Finland). The optical densities (OD) at 405 nm 

were measured from serial dilutions starting from 1:200 in serum and from 1:20 in CSF, with 

positive and negative controls. Enzyme immune unit (EIU) levels were obtained when the OD of 

the sample in dilution 1:200 was divided by the OD of the positive control and multiplied by 100.  

EIU values >20 in serum and >5 in CSF were regarded as positive. CSF antibodies or 

seroconversion or an increase of serum antibodies >40 EIUs was considered diagnostic. 

HSV- and VZV-specific IgM antibodies were determined using a commercial kit (kit 

for testing indirect IgM immunofluorescence, Gull Laboratories, Salt Lake City, UT). Positive tests 

were repeated after IgG inactivation as recommended by the manufacturer (Gullsorp absorption). 

Commercial kits were used for CMV and Toxoplasma gondii antibodies (CMV-IgG and IgM kitR; 

Toxoplasma gondii IgG EIA kitR, IgM EIA kitR, Labsystems, Helsinki, Finland). 

Maternal serum samples collected at the first trimester and after delivery were studied 

for the same specific antibodies as neonatal samples. 

 

Nucleic acid detection  

PCR assays for HSV-1, HSV-2, and VZV specific nucleic acids were performed on CSF samples of 

49/50 neonates, since one CSF sample was not sufficient for all tests. The primers were selected 

from the DNA polymerase genes for HSV-1, HSV-2 and VZV; and the PCR product was detected 

using luminometric microplate hybridisation (Piiparinen and Vaheri 1991, Vesanen et al. 1996, 

Koskiniemi et al. 1997). PCR assays of enteroviruses on 40 seasonal (children born between June 

and December) CSF samples were performed as described previously (Muir et al. 1993). 
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Other viral tests 

Urine specimens were investigated by shell vial assay for CMV immediate-early antigen (IEA) as 

described previously (Manez et al. 1994) with minor modifications. Briefly, the incubation 

coverslips were rinsed twice with phosphate-buffered saline, pH 7.4 (PBS), fixed in methanol at 

room temperature for 10 minutes, rinsed again twice with PBS, incubated for 30 minutes and 

treated with 0.2 unit of monoclonal anti-CMV antibody specific for the major immediate-early 

antigen of CMV (Biosoft, Argene). The coverslips were then rinsed twice with PBS, stained with 

rabbit anti-mouse conjugated IgG (Dako) for 30 minutes at 37o C, rinsed again and counterstained 

with Evans blue dye and read under a fluorescence microscope. 

Viral cultures from CSF, throat and stool samples were performed in 4 different cell 

lines: African GMK, Vero, human amniotic epithelial cells and human embryonic skin fibroblasts. 

Antigens to HSV, VZV and RSV, influenza A and B, parainfluenza 1 and 3, and adenoviruses were 

studied by an immunofluorescence (IF) test from throat specimens. 

 

Other laboratory tests 

CSF red blood cell (RBC) and white blood cell (WBC) counts (mononuclear and 

polymorphonuclear) were performed in Fuchs-Rosenthal counting chamber using a standard 

technique within one hour after collection. Glucose was assayed amperometrically using the 

glucose oxidase reaction on an Eppendorf EBIO 6666 analyser and the total protein by pyrogallol - 

red colorimetric method on a Hitacchi 717 automated chemical analyser. The assay was calibrated 

with Nycomed Seronorm protein standard and with IMPRO Nordic 96 (Labquality, Helsinki). The 

protein level was determined by using the primary calibrator BCR CRM 470 (International 

Federation of Clinical Chemistry). The CSF and serum albumin as well as the CSF and serum IgG 

concentrations were assayed by immunoturbidimetry on a Hitachi 911 automated chemical 

analyser. The assays were calibrated with the IMPRO Nordic 93 standard (Labquality, Helsinki). 
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Blood haemoglobin, cell count, glucose, lactate, ammonium, gases, CRP, calcium, 

sodium, potassium and magnesium were analysed together with cell count, glucose, protein, 

albumin and bacterial cultures from CSF. 

 

CSF indices 

The virus antibody index was calculated according to the following formula (modified from 

Ukkonen et al. 1981): [(virus-specific IgG in CSF in EIUs/virus-specific IgG in serum in EIUs) x 

(total IgG in serum/total IgG in CSF)]. The albumin ratio [(CSF albumin/serum albumin) x 103] and 

the CSF IgG index [(CSF IgG x serum albumin)/(CSF albumin x serum IgG)] was determined 

(Delpech and Lichtblau 1972). 

 

Brain SPECT procedure  

99Tc-HMPAO (technetium-99m d,l-hexamethylpropylene amide oxime, Ceretec, Amersham, UK) 

was used as a tracer in 12 patients, and 99Tc-ECD (technetium-99m ethyl cysteinate dimer, 

Neurolite, duPont, Hertfordshire, UK) in the other 18. The administered activity varied from 40 to 

70 MBq. The tracer was injected in a dark and quiet room into a previously set i.v. cannula. The 

SPECT imaging was carried out with a single-head gammacamera (Orbiter, Siemens, Hoffman 

Estates, IL) with a scatter correction (Weigted Aquisition Module, WAM, Siemens, Hoffman 

Estates, IL), using a specially designed Plexiglas table, that allowed the distance from the patient's 

head to the collimator to be about 2 centimetres. A 20-minute acquisition was done with 64 angles 

over 180o  starting from the frontal side of the head and ending to the occipital side. The matrix size 

was 64 cm x 64 cm with a 1.5 magnitude zoom, giving an acquisition pixel size of 4.1 mm. The 

FWHM at 50% was 5.17 mm. The slices were reconstructed iteratively with 32 iterations and 8 
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subsets (Hosem, Nuclear Diagnostics, Sweden). A 3D post-reconstruction Butterworth filter, with a 

cut off  of 0.6 cm and an order of 6 was used. No correction in the attenuation was applied. 

Transaxial and sagittal slices were calculated. No sedation was used. 

 

Interpretation of brain SPECT images 

Quantification. As a modification of the method by Denays et al. (1993) tracer uptake was 

measured from the transaxial slices. Five symmetrical, right-angled regions of interest (ROIs) from 

4 summed slices with the thickness of 1.64 cm, were drawn on each hemisphere according to 

anatomical structures: frontal, parietal, motor cortical, thalamic and occipital; and the mean 

radioactivity of ROIs was recorded as a regional cerebral blood flow (rCBF). The global or mean 

hemispheric CBF (mCBF) was calculated as the mean value for the ROIs in each hemisphere. Left-

right indices were calculated for average values of symmetric regions and hemispheres [2 x (left 

rCBF - right rCBF/left rCBF + right rCBF)]. This formula was modified from a study with Xenon-

133 (Chiron et al. 1995). 

Definition of a normal limit for quantification. SPECT results obtained from 10 neonates (reference 

group), with normal findings in all conventional studies, were used to determine the “normal“ 

reference values, defined as a mean + 2 S.D. for left-right indices (Denays et al. 1992). The SPECT 

was considered abnormal, if at least one of the left-right indexes was outside the normal limits. 

Visual interpretation. In addition to the quantification of the SPECT, visual analysis was performed 

by two physicians in a double blind manner and with a consensus construction. The results from the 

visual interpretation were compared with the results from the quantification and conventional 

neurological studies. 

 

Conventional neurological examinations  

Digital EEG recording (Nervus, Taugagreining, Reykjavik, Iceland or Cadwell Spectrum 32/Easy 



 47 

writer, Clinilab, Washington, U.S.) was performed with a sensitivity setting of 7-10 µV/mm and a 

frequency of 1-70 Hz. The electrodes were placed bilaterally on the frontal, temporal, central, and 

occipital regions. EEGs were evaluated blindly by an experienced neurophysiologist and classified 

normal or abnormal according to Stockard-Pope et al. (1992). Abnormality was defined as a 

moderate or severe background abnormality and/or a focal abnormality or an electrical seizure 

activity. 

The US examination was performed by Computed Sonography System (Acuson 128XP, 

U.S.) equipment with a 5 MHz probe, used with a colour mapping by an experienced paediatrician. 

Both coronal and sagittal views through the anterior fontanelle were obtained, as described 

previously (Paneth et al. 1994). The CT images were taken without sedation (Toshiba TCT HQ, 

Japan or Siemens Somatom +4, Germany) and evaluated by an experienced neuroradiologist. MRI 

of the brain was performed under a brief anaesthesia using a standard 1.5 T whole-body imaging 

system (Siemens Magnetom or Vision, Erlangen, Germany). The results were analysed in a double 

blind manner and two neuroradiologists made a consensus. 

A child neurologist performed a structural neurodevelopmental examination modified 

from the test of Touwen (1976) and Bzoch et al. (1991) at the onset of symptoms, and later at the 

age of 1.5, 4, 8 and 18 months. The development was regarded as normal at the age of 18 months, if 

the infant fulfilled the following criteria: 1. normal play, 2. gross and  3. fine motor function as well 

as 4. expressive and 5. receptive language skills, consistent with age. With the classification of a 

“slight delay“ it was referred to a delay in one of the five previously described. A “moderate“ 

means more than one delay in the specified criteria. 

 

Neuropathological examination 

Neuropathological macroscopic and microscopic examinations were done to one infant with VZV 

infection, who died at the age of 4 months. Immunoperoxidase staining for glial acid proteins 
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(GFAP) and immunoperoxidase staining for VZV were performed as well as polymerase chain 

reaction (PCR) assays for VZV from brain tissue (Vesanen et al. 1996, Koskiniemi et al. 1997). 

 

Statistical analysis 

Results of serum influenza A and VZV antibodies as well as CSF parameters of neonates with 

antibodies to VZV in CSF, and the results of the reference patients were compared with Mann-

Whitney U-test. 

The differences in CSF parameters between neonates with and without CNS virus 

infections were compared with Mann-Whitney U-test. Each group was divided into three subgroups 

according to the age since conception (<40, 40-43 and >43 weeks) at the time of CSF sample 

collection. One-way analysis of Kruskal-Wallis (ANOVA) was used to detect the overall difference 

between groups. When significance was found, pairwise comparisons between successive age 

groups were performed with Mann-Whitney U-test. CSF parameters in groups with low (<1000 x 

106/l) and high (>1000 x 106/l) RBC counts in CSF as well as low (<20) and high (>20) albumin -

ratios were compared in children without infection by using the Mann-Whitney U-test. 

Accuracy, specificity, sensitivity, negative and positive predictive values of results in 

visual analysis and quantification of SPECT images were calculated compared to results in 

conventional neurological studies. The differences in the left-right indices between the patients with 

virus infection and the patients with normal findings in all viral and conventional neurological 

studies were compared with the Mann-Whitney U-test. 

 

Ethical consideration 

It is not possible to obtain CSF from healthy neonates because of ethical reasons. 

Therefore, we performed careful exclusion studies for infections when defining non- infectious 
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values for CSF. All our patients had seizures, but it has been proven earlier, that patients who have 

had convulsions do not have increased number of WBCs in their CSF (Portnoy and Olson 1985). 

Although the radiation dose, used in SPECT studies, is small, it is not possible, for 

ethical reasons, to study neonates without neurological or other symptoms for a control. Therefore, 

reference values for studies of cortical symmetry in our study were obtained by using a reference 

group with transient neurological symptoms, but with no abnormalities in other investigations and 

in neurodevelopmental studies. 

The ethics committee of North Karelia Central Hospital approved this study, and the 

parents of the neonates gave their informed consent. 
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RESULTS 

Varicella-zoster virus infection 

Viral findings 

Four infants of 201 (2%) with VZV IgG in the CSF were found to have neither other antibodies in 

the CSF nor signs of any other causes for their neurological symptoms. The mean age of the 3 boys 

and 1 girl at the onset of symptoms was 8.5 days. All of the cases had weakly positive serum IgM 

antibodies to VZV in the serum in at least one examination, one of them had also reactivity in the 

HSV IgM test. For every patient we found 1-2-reference subjects, 4 boys and 2 girls (mean age at 

the onset of symptoms 1.3 days). The reference patients had as high levels of VZV antibodies in the 

serum but had no VZV antibodies in the CSF. VZV-specific DNA or virus antigen was not found. 

At the follow-up the antibody level to VZV increased in one case (from 58 to 111 EIU); 

in the others the level remained about the same, whereas in the reference subjects the level declined, 

but the difference between the groups was not statistically significant (Table 9). Antibodies to VZV 

persisted over the age of 6 months in 2 of 3 children in the study group but in none of the reference 

group. The one who did not show persistence of VZV-specific antibodies was born prematurely (h 

33) and additionally had RSV infection at the age of 25 days. She did not show persistence of serum 

antibodies to RSV either. Decline in the reference antibodies (influenza A) was similar in both 

groups and was also comparable to the decline in VZV antibodies in the reference group. One child 

in the reference group had persistence of influenza A antibodies over the age of 6 months. He had 

influenza A antibodies in the CSF as a neonate. No other patients of the study and reference groups 

showed persistence of influenza A antibodies over the age of 6 months. 
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Table 9. VZV findings for infants in the study (1-4) and reference (5-10) groups in three 

consecutive serum (S) and CSF samples.  EIU indicates antibody level and it is obtained when the 

optic density (OD) of the sample in dilution 1:200 is compared with the OD of the positive control 

and multiplied by 100.  Values > 100 are considered high and values < 20 negative in serum, and < 

5 negative in CSF. 

VZV IgG (EIU)  
  

VZV IgM 
  
 

Patient Sample Age 

S CSF 

VZV 
IgG 
(EIU) 
S/CSF 
ratio 

VZV 
IgG 
antibody 
index S CSF 

1 I 4 d 82 10 8.2 ND Not done Negative 
 II 11 d 59 8 7.4 20.8 Negative Negative 
 III 7 mo 38    Unspecific  
2 I 25 d 65 15 4.3 13.4 Negative Not done 
 II 62 d 66 8 8.3 ND Negative Negative 
 III 6 mo <20     Positive  
3 I 9 d 86 11 7.8 9.3 Negative Negative 
 II 57 d 76 <5 ND ND Negative Negative 
 III 11 mo 24      Negativex  
4 I 5 d 58 16 3.6 ND Positive Not done 
 II 25 d 111 6 18.5 8.3 Positive Unspecific 
Mean I 10.8 d 72.8 13 6 11.4   
Mean II 38.8 d 78 5.8 11.4 14   
Interval  II-I 28.0 d 5.3 -7.3 5.4 2.6   
5 I 1 d  88 <5   Negative Negative 
 II 17 d  51 Not done   Negative Not done 
6 I 11 d  81 <5   Negative Negative 
 II 49 d  87 Not done   Negative Not done 
7 I 5 d  64 <5   Negative Negative 
 II 21 d  64 <5   Negative Not done 
8 I 6 d  75 <5   Negative Negative 
 II 21 d  51 <5   Negative Not done 
 III 7 mo <20       
9 I 2 d  63 <5   Negative Negative 
 II 51 d  31 <5   Negative Negative 
 III 8 mo <20    Not done  
10 I 3 d  81 <5   Negative Negative 
 II 57 d  46 <5   Not done Negative 
 III 6 mo <20    Negative  
Mean I 4.7 d  75.3      
Mean II 36 d  55.0      
Interval   II-I 31.3 d  -20.3      

x At the age of 5 months VZV IgM weakly positive 
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The serum/CSF VZV antibody ratio of the study group ranged from 3.6 to 8.2 (mean 6) 

in the first samples, and VZV antibody indices were above the normal limit (>5) suggestive of 

intrathecal antibody production. The mothers of both the study and the reference groups had similar 

antibody levels to VZV in the first trimester (Table 10). After delivery the level was higher 

(p=0.03) in the sera of the study group than in those of the reference mothers. 

 

Table 10. VZV antibody findings for mothers in the study (1-4) and reference (5-10) groups in two 

consecutive serum (S) samples.  EIU indicates antibody level and it is obtained when the optic 

density (OD) of the sample in dilution 1:200 is compared with the OD of the positive control and 

multiplied by 100.  Values > 100 are considered high and values < 20 negative in serum. 

Mother of 
patient nro 

Sample Gestational 
weeks 

Age of infant 
(days) 

VZV S-IgG (EIU)  VZV S-IgM 

1 I 6  69x Unspecific 
2 I 16  74 Negative 
 II  62 141 Positive 
3 I 8  54 Negative 
 II  57 86 Negative 
4 I 14  107 Not done 
 II  25 104 Not done 
Mean I  11  76  
Mean II   48 110 xx  
Interval II-I    34  
5 I 15  45 Negative 
6 I 7  22 Positive 
7 I 12  72 Negative 
 II  5 73 Unspecific 
8 I 15  58 Negative 
 II  5 64 Negative 
9 I 10  35 Negative 
 II  2 41 Negative 
10 I 14  59 Negative 
 II  3 62 Negative 
Mean I  12  48.5  
Mean II   3.8 60  
Interval  II-I    11.5  

x At the gestational age of 16 weeks VZV IgG 102 EIU 
xx The difference between the groups is statistically significant (p=0.03) 
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Parameters of CSF 

The patients in the study group had higher RBC counts in the CSF than the reference group had. 

The glucose concentration in the CSF was low in one reference patient, who had Coxsackie B5 

virus infection (reference values 2.2-4.5 mmol/l), but in all others the glucose of CSF was normal. 

There were no differences between the groups in serum/CSF albumin ratios and CSF IgG indices. 

 

Clinical and neuropathological findings 

Chickenpox or herpes zoster had not been observed in any of the mothers during pregnancy neither 

in the infants during the follow-up period. Clinical findings of the 4 infants are summarised in Table 

11. Patient number 1 died at the age of 4 months. He was severely disabled, and during a respiratory 

infection his general condition deteriorated. 

At autopsy, brain weight was 720 g, and there were no necrotic areas, haemorrhages, 

nor signs of herniation. There was no significant inflammatory infiltration. Immunoperoxidase 

staining for GFAP showed scattered foci of astrocytic hypertrophy and hyperplasia in the cerebral 

cortex, cerebellum and brain stem. Small calcifications were found in the area of basal ganglia. In 

the cerebellum there was a slight loss of Purkinje cells. No viral inclusion bodies were found. 

Immunoperoxidase staining for VZV was negative. The PCR assay for VZV in brain tissue gave 

negative results. 
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Table 11. Summary of the four cases with suggested congenital VZV infection without maternal 

clinical disease during the pregnancy (II). 
Patient Age at 

onset of 
symptoms 

Duration of 
symptoms 

Main  symptoms 
 

Outcome 

1 0 days 4 months Contractures and rowing 
movements of lower limbs, 
irritability, clonic seizures, 
spasticity, dysphagia and 
hypoventilation 

Died at the age of 4 months 

2 3 days 1 day Clonic seizures, slight muscular 
hypertonia 

Development normal at the 
age of 2.5 years 

3 2 days 3 days Jitteriness, slight muscular 
hypotonia, clonic seizures 

Development normal at the 
age of 18 months 

4 24 days 5 days Apneic spells, tonic and clonic 
seizures, muscular hypertonia 

Slight muscular hypertonia at 
the age of 6 months 

 

All viral infections in the CNS 

CNS viral infections accounted for 26% (13/50) of the neonates with seizures of 

unknown origin according to the findings in CSF. Nine children had specific antibodies in the CSF 

to VZV, HSV-1, influenza A or B, parainfluenza 1, adeno or enteroviruses. HSV-2 specific DNA in 

the CSF was observed in one child (Table 12). Two children had positive CMV culture in urine and 

pleocytosis in CSF. One child had mononuclear pleocytosis in the CSF, but no specific viral 

findings (Patient 13). He had no signs of bacterial infection or other etiology. The incidence of CSF 

viral findings in neonates with seizures was 2.3/1000 born infants. In addition one neonate had 

seroconversion of HSV-2. 

 



 55 

Table 12.  Viral findings in CSF and urine. EIU indicates antibody level and is obtained when the 

optic density (OD) of the sample in dilution 1:200 is compared with the OD of the positive control 

and multiplied by 100. Values >100 are considered high and values <20 are negative in serum, and 

<5 are negative in CSF.  CSF antibody index >5 is regarded as pathological (III). 

    Specific virus antibody levels   

Patient 
No. 

GA 
(weeks) 

Specific virus findings CA S-IgG 
(EIU) 

CSF IgG 
(EIU) 

CSF virus 
antibody 
index 

CSF WBCs  
(x106/l) 

1 
 

39 
 

Influenza A 
 

3 d 
8 d 
9 mo 

124 
109 
41 

8 
<5 

6.2 
 

7 
6 

2 41 
 

Influenza A 
(Maternal serum level 
from 68 to 137 EIU* 

1 d 
8 d 
8 mo 

162 
147 
76 

13 
11 
 

ND 
5.3 

8 
40 

3 38 Influenza B 2 d 
14 d 
7 mo 

116 
159 
<20 

 
20 

 
8.5 

36 
5 

4 37 
 

Parainfluenza 1 
(Maternal serum level  
from 84 to 217 EIU* 

12 d 
20 d 
8 mo 

161 
149 
<20 

16 
<5 

12.8 ND 
ND 

5 39 
 

Adeno 1 d 
7 d 
42 d 
6 mo 

140 
90 
80 
<20 

10 
8 
<5 

ND 
10.6 

35 
ND 
13** 

6 39 
 

Entero 3 d 
10 d 
7 mo 

101 
103 
<20 

10 
<5 
 

ND 
 

3 
1 

7 33 VZV 
(Maternal serum level 
from 74 to 141 EIU* 

24 d 
39 d 
61 d 
11 mo 

65 
73 
66 
<20 

15 
13 
8 

13.4 
ND 

2 
ND 
ND 

8 38 VZV 8 d 
57 d 
11 mo 

86 
76 
24 

11 
<5 

9.3 15 
 
18** 

9 32 CMV 
(U-culture) 

31 d 
44 d 
6 mo 

78 
43 
82 

ND 
 

 ND 
29 

10 30 CMV 
(U-culture) 

41 d 
54 d 
62 d 

28 
 
25 

<5 
ND 

 15 
40 

11 39 HSV 1 2 d 
37 d 
6 mo 

75 
72 
<20 

8 ND 49 

12 39 HSV 2 
(CSF DNA) 

5 d 
10 d 
7 mo 

<20 
<20 
<20 

<5 
<5 

 6 
0 

13 39 Not found 3 d 
60 d 

   732 
4** 

GA = Gestational age at birth;  CA = Chronological age; ND = not done; * The first value is from week before 12 of 
gestation and the second after delivery;  **  CSF IgG index >0,65. 
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The CSF antibody- index was abnormal in seven neonates. The specific antibody which 

was found in the CSF in neonatal period, persisted in the serum of three children longer than 6 

months, which supports the diagnosis of infection in these neonates. No persistence of these serum 

antibodies was observed in patients without CSF findings. One child with influenza B antibodies in 

the CSF had a diagnostic rise also in serum antibody level during the first two weeks of symptoms. 

Three neonates with viral findings were born prematurely (two with CMV and one with 

VZV), and two of the 38 without infection were born prematurely (23% vs 4%). One child with 

parainfluenza 1 antibodies in the CSF was small for gestational age (patient no 4 in Table 11) 

whereas all the others were appropriate for gestation. 

 

Maternal viral antibodies 

Eleven mothers had an increase of ≥40 EIU in specific antibody levels. None of the mothers had 

seroconversion. Three mothers of those infants with virus infections (influenza A, parainfluenza 1 

and VZV, mothers no 1, 2 and 3 in Table 13) had an increase in the respective antibody level 

between the first trimester and the post-delivery sera, while the other antibody levels of these 

mothers did not change. Three mother-infant pairs had divergent virus findings, and five mothers 

had an increase in specific antibody level without any virus finding in the neonate. Six neonates had 

viral findings without increase in any specific antibody level of the mother. 



 57 

Table 13. Mothers with a ≥40 EIU increase in specific antibody level and newborn infants with 

virus findings. 
Mother 
no 

>40 EIU increase in 
specific antibody level 
of the mother 

Virus finding of the neonate 

1 VZV VZV antibodies in CSF 
2 Influenza A Influenza A antibodies and pleocytosis in CSF, persistence of 

influenza A antibodies in serum > 6 months 
3 Parainfluenza 1 Parainfluenza 1 antibodies in CSF 
4 Influenza A Enteroviral antibodies in CSF 
5 Adeno CMV in urine, pleocytosis in CSF 
6 Coxsackie B5 CMV in urine, pleocytosis in CSF 
7 Coxsackie B5, Entero No 
8 Parainfluenza 1 No 
9 Parainfluenza 1 No 
10 RSV No 
11 VZV No 
12 No Adeno antibodies, pleocytosis and abnormally high IgG index 

in CSF 
13 No VZV antibodies and abnormally high IgG index in CSF, 

persistence of VZV antibodies in serum > 6 months 
14 No HSV 1 antibodies and pleocytosis in CSF 
15 No Seroconversio of HSV 2  
16 No Influenza A antibodies in CSF, persistence of influenza A 

antibodies in serum > 6 months 
17 No Pleocytosis and high IgG index in CSF 

 

Determination of CSF parameters 

All 37 neonates without infection had mononuclear WBC count ≤20 x 106/l at the age of <40 

weeks, and ≤10 x 106/l at the age of ≥40 weeks since conception. In 8 of 13 neonates with viral 

findings the values were >20 x 106/l and >10 x 106/l respectively. The polymorphonuclear WBC 

count was negligible. 

Protein and albumin contents in the CSF decreased significantly (<0.001 each) in 

relation to increasing age since conception in children without infection, but the change was 

inconsistent in the children with infection. However, the differences between the two groups did not 

reach statistical significance. The albumin ratio decreased in relation to increasing age since 
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conception both in children without (p=0.0001) and with infection (p=0.02). High albumin ratio 

(>20) was associated with high contents of CSF total protein (p=0.001), albumin (p<0.001) and IgG 

(p=0.002), but neither with IgG index nor with CSF cell content. The IgG index remained high 

(>0.65) at the age of >43 weeks since conception in all three neonates with virus infection, whereas 

all four without infection had lower values (p=0.025). 

High RBC values of CSF (>1000 x 106/l) were associated with increased total (p=0.02) 

and polymorphonuclear WBC values (p=0.01) as well as with increased CSF IgG concentration 

(p=0.02) and IgG index (p<0.001) in neonates without viral infection. The CSF RBC value was not 

related to CSF mononuclear WBC, protein, albumin and glucose contents. All the neonates had 

normal CSF glucose concentrations. 

 

SPECT findings 

Visual analysis of SPECT was abnormal in 17 and quantification of SPECT was 

abnormal in 13 children (Table 14). Frontal asymmetries seemed to be difficult to identify by visual 

analysis. Quantification appeared to be more predictive than visual analysis while compared to 

other neurological studies (Table 15). Therefore quantification was used for interpretation of 

SPECT pictures in neonates with CNS viral infections. 

 

Table 14.  Results of interpretation of brain SPECT images by quantification and by visual analysis 

in relation to each other. 

 Visual analysis normal Visual analysis abnormal Total 

Quantification normal 9 8* 17 

Quantification abnormal 4** 9 13 

Total 13 17 30 

*six of these neonates were normal in all conventional studies 
**all frontal abnormalities in quantification 
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Table 15.  Specificity, sensitivity, negative and positive predictive values of brain SPECT images 

while interpreted by quantification and by visual analysis compared to other neurological studies. 

 
 

Specificity Sensitivity Negative 
predictive power 

Positive 
predictive power 

Quantification vs EEG 0.86 0.69 0.70 0.85 

Visual analysis vs EEG 0.5 0.63 0.54 0.59 

Quantification vs MRI/CT/US 0.64 0.80 0.94 0.40 

Visual analysis vs MRI/CT/US 0.44 0.6 0.85 0.18 

Quantification vs development 0.65 1.0 1.0 0.31 

Visual analysis vs development 0.46 0.75 0.92 0.18 

 

According to quantification SPECT was abnormal in 7 of 9 neonates with CNS viral 

infection. The abnormality was on the left side in five neonates and on the right in two. Four left- 

sided abnormalities were hypoperfusions, the rest hyperperfusion. Asymmetry was frontal, 

occipital, thalamic or parietal (Table 16). The difference between children with viral infection and 

reference subjects was statistically significant (p=0.016) only for occipital indices. 

Four children had developmental delay (Patients 2, 3, 4 and 9), and all had abnormal 

SPECT as a neonate. A thalamic and/or an occipital hypoperfusion appeared in HSV-associated 

infection (Patients 2, 7 and 9). Two of them (Patients 2 and 9) had a developmental delay. In two 

other neonates (Patients 3 and 4), a focal frontal perfusion asymmetry was associated with 

developmental problems. Parietal hypoperfusion did not show any such correlations. 

The background of EEG was abnormal in 5 of 9 neonates with CNS viral infection 

(Patients 2, 3, 4, 8 and 9). Focal abnormalities were not found during the neonatal period. All three 

children with developmental delay had abnormal EEG and SPECT. The development was normal if 

either SPECT or EEG or both were normal. 
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Table 16. SPECT findings in 9 newborn infants with CNS viral infection onset at postconceptional 

age of 32 weeks in one infant (patient number 4) and at term in 8 infants. 

Patients Postconceptional 
age (weeks) 

SPECT Etiological factor 

1 39 Normal  
 

Influenza A 

2 41 Left occipital and thalamic hypoperfusion HSV 2  

3 40 Right frontal hyperperfusion Nonspecific serous 
meningoencephalitis 

4 37 Left frontal hyperperfusion 
 

Prematurity (30 wk) 
CMV 

5 39 Left frontal and hemispheric 
hypoperfusion 

Influenza A 

6 39 Right parietal hyperperfusion Parainfluenza 3 

7 40 Left occipital hypoperfusion HSV 1 

8 40 Normal Enterovirus 

9 43 Left thalamic hypoperfusion HSV 2 

 
 

MRI was abnormal in 4 infants of 9 with CNS virus infection (Patients 2, 4, 8 and 9). In 

one of these with abnormal MRI SPECT was normal (Patient 8), in one the abnormality was in the 

same side in MRI as in SPECT (Patient 2), and in two the abnormality in MRI was bilateral 

(Patients 4 and 9). One child with developmental delay had normal MRI (Patient 3).  
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DISCUSSION 

VZV infections in neonates with seizures 

The presence of specific antibodies to VZV in the CSF in four neonates with convulsions after 

maternal subclinical infection, and serum/CSF antibody ratios suggesting intrathecal antibody 

production against VZV was a novel finding. Only two cases with VZV antibodies in CSF have 

been reported before, but in these the mother had had clinical chickenpox during the pregnancy 

(Bennet et al. 1985, Hajdi et al. 1986). The specific antibody production to VZV was confirmed by 

the prolonged presence of antibodies in serum indicating nonmaternal origin. At the same time 

antibody levels to other microbes declined which is typical of maternal antibodies. The test for 

VZV-IgM antibodies was also positive, although weakly, in all four neonates. Remarkably, the 

antibody level to VZV was also higher in sera of the four mothers compared to those in the controls. 

Reinfections of chickenpox during pregnancy may occur (Martin et al. 1994), and 

asymptomatic varicella infections during pregnancy have been diagnosed by detecting IgM 

antibodies specific to VZV or a significant increase in the IgG antibodies in the maternal serum 

(Grüninger et al. 1994). Neonatal neurological problems in newborns of such mothers have not been 

reported before. One infant with convulsions in neonatal period without other symptoms has been 

reported. The mother had had chickenpox two days before labour (Wutzer et al. 1990). Perinatal 

varicella eruptions at birth and on the 9th day of life have been reported in infants without clinical 

VZV infection in the mothers (Pridman 1913, Newman 1965). Afterall, in these cases, the  mother 

had been in a virus-rich environment. VZV DNA has been identified in nasopharyngeal secretions 

of immune household contacts of chickenpox (Conelly et al. 1993). 

There are several problems in diagnosing congenital VZV syndrome if the clinical 

picture is atypical. Even if suspected, isolation of the virus from skin, CSF, eye and other organs 

usually gives negative results. In some cases IgM antibodies specific to VZV have been found. IgG 



 62 

antibodies to VZV often decline in serum (Gershon 1995). From foetuses and prematurely born 

infants VZV DNA has been detected in autopsy from brain, lungs, liver, kidney, spleen, skin, 

thymus and adrenal glands in cases when the mother had had varicella infection during pregnancy 

(Mitchie et al. 1992, Puchhammer-Stöckl et al. 1994, Mouly et al. 1997, Sauerbrei 1998, Cooper et 

al. 2000). Specific nucleic acid has been detected from nasopharyngeal secretion, CSF and white 

blood cells in older children. However, two weeks or more after an acute infection specific nucleic 

acid is usually not any more detectable (Ozaki et al. 1990, Kido et al. 1991, Ozaki et al. 1994). Even 

in cases with typical congenital varicella syndrome the VZV PCR test from tissue samples may give 

negative results (Scharf et al. 1990, Demetrick et al. 1993, Puchhammer-Stöckl et al. 1994). This 

happened in our study as well, which after all did not exclude the congenital infection. 

The clinical spectrum of congenital VZV infection is apparently wider than appreciated. 

To improve the diagnostics, specific VZV antibodies should be measured from both serum and CSF 

of newborn infants with seizures without obvious aetiology. In our series the infants had intrathecal 

production of specific antibodies, and congenital VZV infection appeared to be the only noteworthy 

cause for their neurological problems. The diagnosis could be supported by detection of specific 

antibodies in serum for more than 6 months. 

Maternal infection during pregnancy is difficult to identify if the disease mimics a 

common cold or an undefined illness without cutaneous signs. Serological tests are useful if first- 

trimester serum samples are available like they were in our cases. Virus-specific IgM, 

seroconversion or clear increase in specific antibodies are diagnostic. In our series two mothers of 

four had a significant increase in VZV antibody level and positive VZV IgM after delivery, and one 

mother had a persistently high VZV antibody level. Timing of studies is problematic, and on the 

other hand symptomatic infection of the foetus in utero after maternal infection seems to be rare 

(Enders et al. 1994, Pastuszak et al. 1994, Grose 1999). 

Congenital CMV infection may occur after primary or chronic maternal infection, but in 
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the latter case the congenital disease might be milder (Fowler et al. 1992). Also VZV can reactivate 

without clinical symptoms (Gilden et al. 1992). VZV antibodies cross the placenta (Gershon et al. 

1976), and it is possible that in our cases antibodies acquired from the mother modified the mode of 

the infection. By the age of 6 months of age the infants are no longer passively protected against 

varicella by maternal antibodies. The mortality rate is high up to 30% in perinatal varicella if the 

mother has chickenpox during a “window period“, 4 days before to 2 days after delivery, whereas 

the mortality rate is zero if chickenpox occurs >5 days before delivery (Meyers 1974). 

We found out that congenital VZV infection may occur and cause neurological 

problems during the neonatal period even without maternal VZV clinical manifestations. Congenital 

VZV infection should be suspected if a neonate has seizures without obvious causes, even if the 

mother has had no rash during pregnancy. The diagnosis can be made by studying specific 

antibodies from the CSF during neonatal period and supported by the presence of specific IgM or 

persistence of specific antibodies in serum over the age of six months. Further studies are needed to 

evaluate the long-term effects of the infection in the developing CNS. Congenital chickenpox has 

been reported without maternal rash, but with maternal contact with chickenpox (Pridham 1913, 

Newman 1965), and clinical or subclinical varicella reinfection is possible during pregnancy 

(Martin et al. 1994, Grüningen et al. 1994). Even if seropositive for VZV, pregnant women should 

avoid contacts with varicella infection since second varicella infections are possible especially in a 

virus-rich environment (Hall et al 2002). 

 

All viral CNS infections in newborn infants 

In the second part of the study we observed viral infection in 26% of the neonates with seizures of 

unknown aetiology in studies of CSF. Earlier the incidence of all infections in neonates with 

seizures has been reported to be lower, 5-10% (Volpe 2001), and the incidence of viral infections in 

neonates with seizures has been 3.3% (Rose and Lombroso 1970). Apparently many neonatal viral 
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infections have run unidentified, or a true increase in viral infections has occurred. Anyway, 

sensitive methods for CSF besides other specimens are needed to identify viral CNS infections in a 

neonate. We identified cases of HSV, CMV, influenza A and B, parainfluenza 1, adenovirus, 

enterovirus and VZV which was our key microbe. Accurate diagnosis for a neonate with 

neurological symptoms is worthwhile. 

We were able to find specific viral antibodies in the CSF of several neonates. The 

diagnosis was supported by other findings in the acute phase and during follow up as well as by 

maternal serology during pregnancy. Specific nucleic acid was detected only for HSV-2 and only in 

one child. In congenital infections this is usual because specific nucleic acid in the CSF is an acute 

phase indicator and disappears in one to two weeks and specific antibodies appear instead. 

Therefore it is quite reasonable that most diagnoses were based on antibody findings. The timing of 

foetal infection is difficult, the time lapse may be several weeks or even months (Volpe 2001). In 

neonates with CMV in the urine, neurological involvement was supported by pleocytosis, and in 

one case also by the persistently elevated antibody level in serum. Only one child had weakly 

detectable seroconversion against HSV-2. He had no findings refering to infection in CSF. 

Remarkably, there were only a few CSF WBCs (<20x106/l) in all infants without viral 

findings. One child had mononuclear pleocytosis without specific viral findings. He was included in 

the group of neonates with CNS viral infection because he had no signs of bacterial infection or 

other underlying etiology.  

Neurological problems in neonates with congenital influenza or parainfluenza infections 

have not been reported before. Hakosalo and Saxen (1971) observed an increase in CNS anomalies 

after influenza- like disease at 5 to 11 conceptional weeks, and maternal influenza was a risk of CNS 

defects also in the study of Granroth et al. (1978). Maternal parainfluenza 3 infection was 

associated with viral encephalitis and hydrocephalus of the fetus (Sideman et al. 1996). We found 

influenza A antibodies from the CSF of two neonates, influenza B antibodies from the CSF of one 
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neonate, and parainfluenza 1 antibodies from the CSF of one neonate. In both children with CSF 

findings of influenza A, persistence of specific IgG antibodies in serum was observed at the age of 8 

and 9 months. Increased CSF WBCs were found in one neonate with influenza A infection and in 

the neonate with influenza B infection. Moreover, a significant increase in maternal antibody level 

during pregnancy was found in association with one neonatal influenza A infection and with the 

neonatal parainfluenza 1 infection. 

The TORCH screen for neonatal infections is no more sufficient as it today has an 

unacceptably low yield (Cullen et al. 1998). Rubella has disappeared in many countries with 

effective vaccination (Peltola 1994, Banatvala 1998, Rosa 1998). The spectrum of neonatal diseases 

will change continuously (Abzug and Levin 1991, Seidman et al. 1996, Wright 1997, Isumi et al. 

1999). 

As far as we know, systematic virological studies of CSF in neonates with neurological 

symptoms have not been carried out earlier. This prospective population-based study inevitably 

suggests that CNS viral infections may be more important as a causal or as an associated factor in 

neonatal seizures than is generally assumed. If a neonatal CNS viral infection is suspected, studies 

on CSF are essential in the acute phase, including a combination of sensitive serological tests, 

nucleic acid detection and viral cultures. 

 

Cerebrospinal fluid alterations 

The tight limits of mononuclear WBC count in the CSF were characteristic for neonates without 

CNS infection. The numbers were consistently <20 x 106/l before term and <10 x 106/l at term. The 

series of  "normal" infants used in earlier studies (Sarff et al. 1976, Bonadio et al. 1992) as a 

reference may have included infants with CNS viral infections (Modlin 1992). This may explain the 

wider limits of "normal" WBC count reported in those studies. In our series the increased number of 

mononuclear WBCs was the most constant finding in neonates with CNS virus infection. There was 
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a significant decline in the mononuclear WBC count only in those infants without infection. RBCs 

from traumatic tap and BBB failure did not interfere with the mononuclear WBC findings. In 

addition, tests for albumin and IgG index will further improve the advantage of CSF evaluation. 

Our results may provide a more firm reference for studying neonates. 

Both neonates with and without infection had high concentrations of proteins in the CSF 

before 40 weeks since conception. Later on the values decreased significantly only in infants 

without infection. The protein concentrations in the CSF compartment depend on the serum levels 

of these proteins and on the permeability of the BBB (Statz and Felgenhauer 1983). On the other 

hand the maturity of BBB is known to depend on the age since conception, rather than on birth 

weight or postnatal life span. The maturity of BBB according to albumin ratio was equal in both of 

our groups. The IgG index remained high only in those with viral infection. BBB was reported to be 

normal in neonates with aseptic meningitis according to albumin ratio in one study (Anagnostakis et 

al. 1992). It seems that viral infection may induce intrathecal production of proteins and IgG also in 

newborn infants. Earlier reports about IgG index in neonates are not available. 

CSF RBC count in the range of 1000-34 320 x 106/l was associated with increased total 

and polymorphonuclear WBC as well as with increased IgG content and IgG-index values, but not 

with mononuclear WBC, protein and albumin contents. Similarily no correlation between WBC and 

RBC counts has been found in earlier studies (Gyllenswärd and Malmström 1962, Sarff et al. 1976, 

Schreiner and Martin 1979, Pappu et al. 1982, Rodiguez et al. 1990). The WBC:RCB ratio of 

peripheral blood and CSF are used to distinguish whether CSF pleocytosis preceded traumatic 

lumbar puncture. Although intuitively correct, this correlation has been shown to be inaccurate 

(Osborne and Pizer 1981, Novak 1984, Rubinstein and Yogev 1985, Bonadio et al. 1990). That was 

the reason why we did not use such a ratio, as well as in earlier studies concerning normal limits of 

CSF in neonates this ratio has not been used although CSF RBC count has been varied considerably 

(Gyllenswärd and Malmström 1962, Sarff et al. 1976, Schreiner and Martin 1979, Pappu et al. 
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1982, Rodiguez et al. 1990).  It may often be technically difficult to obtain satisfactory CSF 

specimens at neonatal period. In an earlier series, nearly 30 % of the neonatal samples were 

significantly blood stained (Schreiner and Kleiman 1979, Eldadah et al. 1987). Repeated spinal 

punctures can be avoided if the clinician is aware whether or not traumatic taps may alter different 

CSF parameters. 

 

Maternal antibody studies 

Maternal antibodies may have diagnostic impact if specimens are available from the beginning of 

the pregnancy. The long time lapse during pregnancy, however, may obscure the mutual 

relationships. The efficacy of transmission from the infected mother to the foetus varies among 

viruses and with the trimester of pregnancy (Klein and Remington 1995). However, we observed 

parallel findings in three mother and neonate pairs. These newborn infants had findings of VZV, 

influenza A and parainfluenza 1, and these mothers had a significant antibody increase during the 

pregnancy. In five neonates with HSV-1, HSV-2, VZV, influenza A and adenovirus infections, no 

diagnostic changes in maternal antibody levels occurred. The reason for negative maternal results 

might be the long time lapse between the two serum samples collected. The changes in serum levels 

might have been returned normal. 

 

SPECT studies in neonates with CNS viral infections 

SPECT showed asymmetry in 7 of 9 neonates with CNS viral infections. All four infants with 

developmental problems had thalamic or frontal abnormalities. Denays et al. (1993) found 

sensomotor and thalamic abnormalities in association with the most severe motor handicaps. 

According to our study CNS viral infection in a newborn can change CBF distribution, but because 

we had only a few children with developmental delay; further studies are needed to support these 
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results. With asymmetry in SPECT scan, together with an abnormal background activity in EEG, 

the probability to anticipate developmental problems was better than with EEG or SPECT alone. 

In most studies the acute phase of encephalitis has been associated with increased rCBF, 

and decreased rCBF afterwards as a sign of brain damage (Launes et al. 1988, Kao et al. 1994a, Kao 

et al. 1994b). Increased rCBF during acute stage might reflect to increased blood flow, 

inflammation, or other pathological mechanisms. Decreased rCBF after the acute phase might 

present true hypoperfusion due to decreased metabolism in the area of neuronal death. In the 

subacute stage normal SPECT has indicated a good clinical outcome, and abnormal SPECT has 

indicated neurological deficits (Launes et al. 1988, Kao et al. 1994a, Kao et al. 1994b). In our series 

increased and decreased rCBFs were found in association with neonatal CNS virus infections. It is 

possible, that some of our patients had had acute infection earlier during intrauterine life. Therefore 

it was reasonable to combine findings of EEG with findings of SPECT in determining the outcome. 

In children with acute encephalitis focal abnormalities could be identified by SPECT in 

17 of 18, whereas by MRI and/or CT in 4 of 18 (Kao et al. 1994b). Similarly in our neonates with 

CNS infections, SPECT could demonstrate more focal abnormalities than MRI/CT or EEG. 

Interictal focal sharp wave abnormalities are usually not useful in diagnostics of neonates (Mizrahi 

and Kellaway 1998). Persistent asymmetry of voltage or focal slow activity have been associated 

with focal lesions, but it is known, that absence of focal EEG features should not be used to exclude 

the presence of focal lesions in neonates. EEG patterns are often nonspecific in neonates, 

background activity in EEG, however, is known to be a good predictor of outcome in neonates with 

seizures, hypoxic ischaemic encephalopathy, meningitis and herpes encephalitis (Sainio et al. 1983, 

Watanabe et al. 1983, Chequer et al. 1992, Wertheim et al. 1994, Ortibus et al. 1996). 

In adults, HSV infection is associated with hyperperfusion in the affected temporal lobe 

(Launes et al. 1988). In an one-year -old child SPECT showed bilateral frontoparietal 

hyperperfusion in the acute stage of HSV infection (Kao et al. 1994b) and in neonates US and/or 
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CT showed diffuse brain oedema without temporal lobe involvement (Cleveland et al. 1987). In 

neonates HSV encephalitis is different compared with adults. In our series, thalamic and/or occipital 

hypoperfusion was associated with HSV infection, whereas frontal or parietal abnormalities 

appeared in infants with other viral infections. In one child with seroconversion against HSV-2 no 

evidence of infection was found in CSF, but SPECT showed thalamic hypoperfusion. Because we 

had only a few patients with HSV infection, further studies are needed to confirm these results.  

We used two different isotopes for brain perfusion with no attenuation correction. In the 

adults, these two tracers differ in their distribution in the white and grey matter, 99mTc-HMPAO 

underestimates regions of high perfusion (Lassen et al. 1988, Hyun et al. 2001). In the neonates it is 

a more reliable tracer for the distribution of CBF (Børch and Greisen 1997). Differences between 

these two isotopes do not influence on the results of the right-left asymmetry, which we measured. 

In addition, most of the children received phenobarbital therapy at the time of the SPECT study. It 

is known, that barbiturates decrease the metabolism of the brain in the adults, but do not change the 

regional distribution (Theodore et al. 1986). 

We used right-angled ROIs in calculating left-right indices of different focal brain areas. 

In neonates with CNS viral infections this kind of quantification seems to be sufficient in the 

interpretation of SPECT images, and better than visual analysis. Frontal and occipital areas are 

poorly perfused in neonates, and that might be one reason for difficulties in visual interpretation  

(Haddad et al. 1994). In our study frontal asymmetries were difficult to identify by visual analysis. 

Usage of reference patients might have improved the reliability of interpretation of SPECT pictures. 

In earlier studies concerning children with CNS infections a reference group has not been available 

(Kao et al. 1994a, Kao et al. 1994b, Wakamoto et al. 2000, McAbee and Kadakia 2001). 

The brain SPECT provides valuable diagnostic and prognostic information about CNS 

viral diseases in the neonates. Abnormal thalamic and frontal CBF distribution indicated 

developmental problems. Thalamic and/or occipital hypoperfusion was associated with HSV 
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infection. In most cases it is possible to confirm the viral infection in viral and CSF studies, but 

neuroimaging studies are needed to complement the diagnostic evaluation. In the newborn infant 

with CNS viral infection the focal brain damage can be detected more reliably by using SPECT than 

by using any other neuroimaging procedures. Brain perfusion SPECT, together with EEG, seems to 

be able to predict the outcome accurately. 
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CONCLUDING REMARKS 

Neonatal viral CNS infections may escape notice, still they are important due to involving the 

central nervous system of a newborn child. Slight abnormalities, mononuclear WBCs in the CSF, in 

particular, may suggest viral aetiology, and identification of the microbe is possible by using 

enzyme immunoassays and nucleic acid detection. CSF studies are the principal methods 

diagnosing CNS viral infection in an infant. Our series expands the aetiology of neonatal CNS 

infections including, besides herpes viruses (CMV, HSV and VZV), respiratory viruses (influenza 

A and B, adenovirus, parainfluenza 1) and enteroviruses.  

The mildest manifestations of congenital infections may escape notice and they are 

difficult to identify. Maternal reinfections may cause neonatal diseases modified by maternally 

acquired antibodies. According to our study congenital VZV infection may occur and cause 

neurological problems also without ma ternal VZV skin eruption during the pregnancy. Since 

reinfections of VZV are possible and may run unnoticed, it is reasonable to avoid contacts with 

varicella infections during the pregnancy even if seropositive for VZV. 

Early diagnosis and initiation of therapy are essential especially in neonatal HSV 

infection. For reasonable diagnostic accuracy in early stage of neonatal CNS disease it is necessary 

to use a combination of clinical, laboratory and neuroimaging studies. At an early stage of infection 

functional studies are more sensitive, and neuronal damage can be seen in structural neuroimaging 

later on. In our study SPECT scan, especially together with EEG, was useful for diagnostic and 

prognostic purposes in newborn infants with CNS viral infections. 

Exact diagnosis of congenital and neonatal CNS infections is possible only during the 

neonatal period. The impact of these infections can be solved only in long-term studies. Careful 

clinical history and individual virological tests might be more valuable than massive routine 

screening programs of pregnancies in detecting neonatal CNS viral infections. 
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