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In this study the yield of a workup for ToRCH infection among infants with SGA is low 
and does not justify the incurred costs. Already in 1982, Primhak et al. reported that the 
screening policy in SGA neonates had evolved without formal rational justification and stated 
that clinical investigation of ToRCH infection should be confined to those babies with other 
clinical evidence of infection co-occurring with SGA 18. Recent studies on the indication and 
value of ToRCH testing for other fetal and neonatal indications suggest that ToRCH testing 
is often not necessary and can be limited to screening for CMV, using urine cultures 4 11-13.

The results of our study should be interpreted with care due to several methodological 
limitations. Retrospective studies are known to be susceptible for bias. Not all infants with 
SGA were investigated for congenital infections. However, we found no difference in clinical 
characteristics between the group with and the group without investigations, suggesting 
that a selection bias is unlikely to have occurred. In addition, the heterogeneity of the tests 
(maternal and/or neonatal serologic tests, and urine CMV culture) used may have weakened 
the study. Moreover, the sensitivity of serologic tests for congenital infections is reported 
to be limited 14 20. Nevertheless, urine CMV cultures are considered a highly reliable test 
for the presence of CMV infection 14.

Whether the risk of CMV infection (2%) reported in this study is increased compared to the 
general population is unknown. Ideally, the decision to perform routine ToRCH serologic tests 
in neonates with SGA should be based on well-designed studies (i.e. large, prospective case-

Table 3.3: Summary of studies on clinical co-occurrence between congenital ToRCH infection and SGA

Author, year [ref]
Neonates
with SGA – n

ToRCH tests
positive – n (%) Comments

Matthews TGa, 1978 29 969 3 (0%) Rubella: n = 2
Toxoplasmosis: n = 1

Commey JOb, 1979 30 71 1 (1%) CMV: n = 1

Primhak RA, 1982 18 23 3 (13%) Rubella: n = 2
CMV: n = 1

Weiner CP, 1989 31 21 0 (0%)

Vik Tc, 1996 32 366 0 (0%)

Khan NA, 2000 4 75 1 (1%) CMV: n = 1

This study, 2010 112 2 (2%) CMV: n = 2

Total 1,637 10 (0.6%) Rubella: n = 4
Toxoplasmosis: n = 1
CMV: n = 5

a Only IgM in umbilical cord blood determined.
b Only serologic tests performed, no urine CMV cultures.
c No detailed information on type and number of tests for congenital infection.
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control studies) showing an increased prevalence of congenital infection in this subgroup of 
neonates compared to a control group. We calculated that in a case-control study a minimum 
of 2,250 neonates in each study group is required to demonstrate a statistically significant 
increase in incidence of congenital CMV infection from 1% (controls) to 2% (cases). Given 
the rarity of SGA, such a study would be extremely difficult to perform.

Importantly, since all SGA infants included in this study had no other associated clinical 
symptoms related to congenital ToRCH infection, our results are limited to infants with 
isolated SGA. Whether the 6 SGA neonates with cerebral lesions (subependymal cysts, 
lenticulostriatal vasculopathy and hydrocephaly) reported in this study should be regarded 
as isolated SGA neonates, is controversial.

We have recently shown in several studies that there is a dearth of high-level evidence 
to substantiate the claim that neonates with subependymal cysts or lenticulostriatal 
vasculopathy could be at increased risk for congenital ToRCH infection. In addition, the 
infant with hydrocephaly was a donor twin treated with laser surgery due to twin–twin 
transfusion syndrome, a disease known to be associated with increased risk for cerebral 
injury. Hydrocephaly in this case was thus almost certainly related to TTTS 27.

In conclusion, we suggest that in countries with a low incidence of congenital infections, 
complete routine ToRCH screening in neonates with isolated SGA does not seem warranted 
and should be limited to CMV urine cultures.
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Abstract

Toxoplasma gondii, rubella, cytomegalovirus and herpes simplex virus have in common 
that they can cause congenital (ToRCH) infection, leading to fetal and neonatal morbidity 
and mortality. During the last decades, ToRCH screening, which is generally considered 
to be single serum testing, has been increasingly used inappropriately and questions 
have been raised concerning the indications and cost-effectiveness of ToRCH testing. The 
problems of ToRCH screening lie in requesting the screening for the wrong indications, 
wrong interpretation of the single serum results and in case there is a good indication for 
diagnosis of congenital infection, sending in the wrong materials. This review provides 
an overview of the pathogenesis, epidemiology and clinical consequences of congenital 
ToRCH infections and discusses the indications for, and interpretation of, ToRCH screens.
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Introduction

Toxoplasma gondii, rubella, cytomegalovirus (CMV) and herpes simplex virus (HSV) have in 
common that they can cause congenital infection, leading to foetal and neonatal morbidity 
and mortality. The acronym ToRCH, which originally grouped these 4 pathogens, was first 
proposed by Nahmias et al. in 1971 1 to simplify diagnostic procedures in severely ill neonates 
and to impose clearer structure in the large differential diagnosis of congenital infections. 
Since then the acronym has been expanded, with the addition of syphilis (ToRCHeS), and 
parvovirus B19, enterovirus, hepatitis B and HIV as ‘others’ (ToRCH) 2.

During the last decades, ToRCH screening, which is generally considered to be single 
serum-testing, has been increasingly used inappropriately and questions have been raised 
concerning the indications and cost-effectiveness of ToRCH testing 3-7. The problems of ToRCH 
screening lie in requesting the screening for the wrong indications, wrong interpretation of 
the single serum results and in case there is a good indication for diagnosis of congenital 
infection, sending in the wrong materials.

The start of good laboratory practice for congenital infections is good clinical practice. 
The long list of pathogens capable of congenital infection should be considered in view 
of clinical symptoms of the neonate, epidemiology, maternal vaccination status, standard 
early pregnancy screening and risk factors, such as travelling to endemic areas or sexual 
behaviour. Good laboratory practice starts with an appropriate set of materials at the right 
time and the use of sensitive and specific assays. 

This review provides an overview of the pathogenesis, epidemiology and clinical 
consequences of congenital ToRCH infections and discusses the indications for, and 
interpretation of, ToRCH screens. 

PHYSIOLOGICAL BACKGROUND

Toxoplasmosis

The protozoan parasite Toxoplasma gondii can cause infection when its oocysts or tissuecysts 
are ingested 8 9. Primary infection in pregnancy has been associated with spontaneous 
abortion and stillbirth 10-12. The epidemiology of Toxoplasma gondii infection varies worldwide. 
Table 4.1 shows the seroprevalence of IgG of women of childbearing age 13. Although we 
present data per continent, large variation in regional seroprevalence within one continent 
may exist due to differences in climate, cultural differences in amount of raw meat consumed, 
and increased consumption of meat from animals farmed outdoors and frozen meat 9. 
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Vertical transmission only occurs if the mother becomes infected for the first time during 
her pregnancy. The highest risk of giving birth to a child with symptomatic congenital 
toxoplasmosis (about 10%) is when seroconversion occurs at 24–30 weeks’ gestation 12 14 15.  
Clinical signs and symptoms of congenital toxoplasmosis, if present, are often not recognized 
at birth, as sequelae usually develop later in life 16. Most children develop normally, but 
about 20% develop sequelae 17. Congenital toxoplasmosis may result in retinochoroiditis 
and retinal scarring in 12% of children and neurological abnormalities such as cerebral 
calcifications and hydrocephalus in 12–16% of cases 12 18-22. 

Rubella

The exact pathogenesis of rubella infection is not fully understood, though it is clear that 
structural damage to the foetus is caused by defective organogenesis. The virus has been 
isolated from all organs following congenital infection in the first trimester of pregnancy 23. 

Most countries have now integrated rubella vaccination in their national vaccination 
program. However, routine rubella vaccination currently is not in use in large parts of Africa 
and some countries in South-East Asia 24. 

With the decrease of (maternal) rubella infection, incidence of congenital rubella syndrome 
(CRS) has also declined, although isolated unvaccinated populations may still be at risk 16. 
Table 4.1 shows differences in seroprevalence of IgG antibodies between geographic regions.

When primary maternal infection occurs during the first trimester, the virus will cross the 
placenta and cause foetal infection in about 80% of cases. The risk for foetal infection 
declines thereafter, as does the risk for congenital defects 25.

The features of congenital rubella syndrome (CRS) were originally described as the triad of 
cataracts, heart defects and sensorineural hearing loss 26. Since then almost every foetal 
organ has been described to be infected by rubella and the clinical spectrum ranges from 
miscarriage or stillbirth to severe multiple birth defects to no apparent defect at birth. Late 
onset manifestations (after the second year of life) of congenital rubella syndrome are caused 
by progressive disease due to persistent viral infection and defects in immune response. 
This can cause a progression (or late onset) of eye, hearing and developmental defects 27.

Cytomegalovirus

Humans are the only known reservoir of CMV and viral transmission occurs by close contact 
with infected secretions, including urine, saliva, cervical and vaginal secretions, semen and 
breast milk.
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After mucosal infection and local replication, the virus spreads to lymphoid tissue and 
spreads to visceral organs, preferably liver and spleen, after which viral load increases and 
the infection spreads to distal organs and sites of persistence 16.

In Table 4.1 seroprevalence rates are shown for women of childbearing age. In industrialised 
countries, the birth prevalence of congenital CMV is about 0.6–0.7%, whereas it can be as 
high as 2% in developing countries 28 29. 

The risk of in utero transmission of CMV is highest (approximately 32%) following primary 
maternal infection. But, in contrast to congenital rubella and toxoplasmosis, the relative 
immunocompromised state of pregnancy can result in maternal reinfection (with a different 
strain) or reactivation which can also lead to congenital infection 16 30 31. 

About 10–15% of congenitally infected newborns have symptoms of disease at birth, 
including low birth weight, central nervous system (CNS) damage, liver involvement and 
ocular or auditory damage (sensorineural hearing loss) 20 28 32. Another symptom of congenital 
CMV, indicating extramedullary haematopoiesis, is blueberry muffin spots. Approximately 
half of children who are symptomatic at birth eventually have CNS involvement 20. Though 
almost 90% of the congenitally infected children are asymptomatic at birth, of these an 
estimated 13.5% will develop long term neurologic sequelae, predominantly sensorineural 
hearing loss. 

Herpes simplex virus

This pathogen is ‘the odd one out’ in the ToRCH acronym because although HSV can be 
vertically transmitted during pregnancy, this is extremely rare. Neonatal disease is the result 
of perinatal transmission (usually during birth).

Prevalence of HSV antibodies differ by HSV type. HSV-I can be acquired during childhood 
and antibodies rise from young childhood to the beginning of the second decade of life 
to approximately 70–95% in individuals from lower socioeconomic populations, and to 
30–40% in higher socioeconomic populations 33-35. HSV-II is usually acquired through sexual 
contact, seroprevalence varies greatly and is associated with geographic region, sex, age, 
race, and high-risk behaviours 35. In Table 4.1 continental differences of seroprevalence for 
both HSV-I and HSV-II are shown.

Of all children born with neonatal HSV infection 60–80% of mothers are asymptomatic 
for the disease and they and their partner have no history of genital herpes 16 36. True 
primary infection (a first infection with HSV in the individual) has the highest risk for 
transmission, about 50% 36. This is probably due to the high viral load and longer period 
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of viral shedding in the mother. Infants born to mothers with a new, but non-primary 
(infection with another HSV type or strain) infections have a somewhat lower risk that 
was estimated to be about 30%. Reactivation of a latent infection has the lowest risk 
for maternal-foetal transmission (2%). If active infection with genital lesions is present, 
delivery by caesarean section has a protective effect on acquiring HSV infection for the 
newborn 36 37. The incidence of herpes neonatorum varies between 31 in 100,000 live 
births in the USA, 3.2 per 100,000 live births in the Netherlands 38 and 1.65 per 100,000 
live births in the UK 39. Regardless of maternal signs of herpes simplex infection, a 
paediatrician should consider the diagnosis if a child has symptoms that fit the diagnosis.  
Neonatal infection with HSV is symptomatic in almost all cases and is divided into localized, 
CNS disease and disseminated disease. Localized congenital HSV infection is limited to the 
skin, eye or mouth, whereas CNS disease results in encephalitis and disseminated disease 
leads to multiple organ involvement 16.

TECHNOLOGICAL BACKGROUND 

General considerations

Interpretation of serology for congenital infections should be done with care. Knowledge 
on foetal and neonatal serology is required. IgM is foetally derived and a positive IgM is 
indicative of foetal infection, however, negative IgM results cannot exclude foetal infection. 
IgG, in contrast, can cross the placenta and is maternal in origin. Therefore, in the absence 
of foetal infection neonatal IgG titres will fall after birth.

Table 4.1: IgG seroprevalence of women of childbearing age for ToRCH

Toxoplasmosis Rubella Cytomegalovirus Herpes simplex virus

Europe 19.4–43.8% 72-74 * 96.5–97.7% 75-77 41–69.4% 78 79 HSV-I: 68.7–79.4%
HSV-II: 5.7–21.2% 33 80 81

Asia 8% 82 73.1–80.2% 83 100% 84 HSV-I: 90.3%
HSV-II: 7.8–12.5% 85 86

USA 11% 8 * 91.5% 87 70–90% 88 HSV-I: 56%
HSV-II: 17% 35 89

Latin America 53% 90 * 62% 91 100% 92 HSV-I: 80.7–75.8%
HSV-II: 4–33.3% 93 94

Africa 72.5–88.8% 10 64.8–72.2% 95 96 72.2–100% 95 97 HSV-I: 92% 98

HSV-II: 33.2–35% 99 100

* Indicates reference from a country/continent with national vaccination programme for rubella.
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Table 4.2 shows an overview of diagnostic tests with their sensitivities and specificities for 
the different types of congenital infection.

Toxoplasmosis

Postnatal diagnosis of congenital toxoplasmosis relies on a series of serologic tests. The 
diagnosis congenital toxoplasmosis can be rejected if neonatal IgM and IgG are both 
negative. This is most reliable if maternal infection occurred more than two weeks before, 
otherwise she could infect the foetus whilst not yet possessing antibodies herself. Congenital 

Table 4.2: Diagnostic options for newborn samples

Pathogen Material Method Sensitivity Specificity

Toxoplasmosis Serum (single 
sample)

IgM/IgA 61–68% 42 101 77–100% 42 102 103

Repeated serum IgM/IgA No data No data

Serum IgG 65–73% 42 96–100% 42

Serum IgM/IgA mother 
infant pair

88-96% 42 77–100% 42

Amniotic fluid PCR 71% 104 98% 104

Rubella Serum (Obtained 
before 3 months 
of age)

IgM 85–100% 105 No data

Urine / saliva 
(Obtained before 3 
months of age)

PCR 89–90% 105 No data

Cytomegalovirus Serum (Obtained 
before 3 weeks of 
age)

IgM 20–70.7% 52 106 107 100% 106

Dried blood spot PCR 71–100% 49 50 99.3–100% 49 50

Viral culture 
(regarding PCR 
as reference)

89.3% 107 No data

Urine / saliva PCR > 97% 47 108 99.9% 47 108

Herpes simples virus Blood, 
nasopharyngeal 
swab, conjunctivae 
swab, CSF

Viral culture 99% 109 100% 109

Blood, 
nasopharyngeal 
swab, conjunctivae 
swab, CSF

PCR > 95% 54 100% 54
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toxoplasmosis is confirmed if neonatal IgM is positive, and persists after 1 month of age, or 
if specific IgG-antibodies persist after 1 year 40. When IgM and IgA results are negative, but 
a positive IgG is found, use of IgG western blots of mother-infant pairs can prove useful 41 42. 
Recently Sterkers et al. (2011) described molecular diagnosis by PCR on peripheral blood as 
a sensitive and highly specific test for congenital toxoplasmosis, establishing the diagnosis 
in 5/6 cases correctly, and earlier than serological testing 43. 

Rubella

To confirm suspected congenital rubella, both maternal and neonatal specimens should 
be investigated. Congenital rubella infection is diagnosed when the newborn possesses 
rubella specific IgM antibodies 16. Congenital rubella syndrome is defined as combination 
of a positive rubella specific IgM and clinically confirmed CRS 24. The highest sensitivity 
and specificity of IgM testing can be achieved by using a μ-capture ELISA and by testing a 
sample within 3 months after birth. In addition monitoring of rubella specific IgG may be 
helpful, as persistence of rubella specific IgG after 4–6 months of age is highly indicative 
of congenital infection 27. Although this method is useful, if the rubella virus is circulating 
in the general population (for example in countries without a national rubella vaccination 
programme), physicians should be aware of not mistaking congenital infection for postnatal 
acquired rubella 16. If available, detection of viral RNA on urine and throat swab by PCR 
offers fast and reliable diagnosis 44-46. 

Cytomegalovirus

The gold standard for diagnosis of congenital CMV is viral PCR or culture of neonatal urine 
and/or saliva in the first 2–3 weeks of life. In addition, the detection of CMV specific IgM 
antibodies in this period of life may confirm congenital CMV, but is only present in about 
20–70% of newborns 29 47 48. After this period diagnosis of congenital CMV can be made 
by performing PCR on the dried blood spots (DBS), retrieved in the first week of life. The 
sensitivity of this PCR varies between 71–100% depending on the population studied and 
on the DNA extraction methods used 49. A recent study reported a sensitivity of only 34% 
in the setting of neonatal screening 50. The viral load in neonatal blood and DBS has been 
shown to be associated with clinical outcome 49 51. Therefore, if DBS-testing is used in a 
clinical setting for diagnosis of congenital CMV in a symptomatic child the sensitivity, if 
technical performance is of high quality, is expected to be acceptable 52 53.
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Herpes simplex virus 

For the diagnosis of neonatal HSV infection viral detection remains the gold standard for 
diagnosis and should be performed on blood, vesicles, nasopharyngeal swab, conjunctivae 
and CSF samples. PCR is nowadays becoming more readily available in most hospitals and 
is gradually replacing viral culture. To detect encephalitis or disseminated infection, PCR on 
cerebrospinal fluid is the most rapid method, showing similar results as CSF viral culture 54 55.

CLINICAL QUESTIONS

Should we perform a ToRCH screen in all small for gestational age (SGA) newborns? 

There is no clear answer to this question due inconclusive evidence from a small number of 
studies which often had severe methodological flaws. Neonatal birth weight below the 10th 
percentile for its gestational age is defined as SGA 56. SGA can occur because of a wide variety 
of disorders 57 58. Since congenital infections are one of the possible underlying pathologic 
processes linked to SGA, some authors have suggested that ToRCH screening should be 
part of the routine diagnostic work-up in SGA newborns 58 59. However, the association of 
congenital infections and SGA is merely speculative and based on limited data 4 59. In the 
last two decades several studies have assessed the association between SGA and ToRCH 
infections. None showed cost-effectiveness for a complete ‘ToRCH-screening’ for isolated 
SGA without any further clinical signs of congenital infection. ToRCH screening should thus, 
at the most, be limited to CMV testing, which is supported by some evidence 4 60 61. For 
example, one study showed that CMV infection was associated with low birth weight with 
a prevalence ratio of 3.4 (CI 1.4–8.5) 60. Another study showed that CMV urine culture was 
positive in 2% of cases of SGA newborns, whereas no other infectious causes were found 4.

Neurological indication for ToRCH screening

Congenital infections have a certain predilection to infect neurons and can cause different 
types of CNS disorders including cerebral lesions, meningoencephalitis, and hearing loss, 
which are discussed further below. 

a.	 	Should we investigate cerebral lesions detected with cerebral imaging with a ToRCH 
screen?
A classic example of the association between cerebral imaging abnormalities and 
congenital infection is that of the association of intracranial calcifications with congenital 
toxoplasmosis, which has been known for several decades 19 62 63. Several types of cerebral 
lesions detected with cranial ultrasound or magnetic resonance imaging have been 
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associated with congenital infections including hydrocephalus, migratory disorders and 
white matter lesions, which may be investigated by ToRCH screening are outlined in 
Table 4.3. Of note, recommendations for ToRCH testing in cerebral abnormalities are 
based on small cases series and level of evidence is mainly based on expert opinion.

b.	 Should every case of neonatal meningoencephalitis be investigated with a ToRCH 
screen? 
HSV infection may involve the CNS and lead to meningoencephalitis, which is fatal if left 
untreated. Therefore, it is common practice that all cases of neonatal meningoencephali-
tis should be investigated for HSV infection by means of PCR of CSF, nasopharyngeal swab 
and serum. As early diagnosis and prompt treatment with acyclovir is essential, there 
must be a high level of awareness of the serious nature of neonatal HSV infection 64-67. 

Table 4.3: CNS imaging abnormalities and recommended test

Intracranial 
abnormalities Described in 

Type of evidence
(literature reference) Recommended test

Hydrocephalus or 
Ventriculomegaly 

Toxoplasmosis, 
CMV

ͳͳ Case series 20 Urine CMV
Toxoplasma serology

Calcifications Toxoplasmosis, 
CMV

ͳͳ Case report; n = 1 toxoplasmosis 19

ͳͳ Case series; 18/33 toxoplasmosis 63

ͳͳ Case series; 1/16 CMV 110

Urine CMV 
Toxoplasma serology

Lenticulostriate 
vasculopathy

Toxoplasmosis, 
CMV

ͳͳ Case series; 0/58 had positive 
torch screening 3

ͳͳ Case series, 1/70 toxoplasmosis 
and 1/70 CMV 111

Urine CMV
Toxoplasma serology

Subependymal 
(pseudo-) cysts 

Rubella, 
CMV, rarely 
toxoplasmosis

ͳͳ Case series; 1/59 CMV 5

ͳͳ Case series; 1/16 CMV 110

ͳͳ Case series, 1/13 rubella and 2/13 
CMV 112

ͳͳ Meta-analysis; 1/120 
toxoplasmosis, 9/120 CMV, 4/120 
rubella 113

ͳͳ Case series, 1/24 CMV 114

Urine CMV
Rubella serology
Toxoplasma only on 
indication (maternal 
risk factors)

Microcephaly Rubella, CMV ͳͳ Case report, n = 1 rubella 115

ͳͳ Case series, 1/9 rubella 116

ͳͳ Cohort study, 2/56 CMV 117

Urine CMV
Rubella serology

Meningoencephalitis Herpes 
simplex virus

Incidence of herpes simplex virus 
induced meningoencephalitis varies 
per geographic region (Table 4.1). 
Early recognition and treatment of 
HSV meningoencephalitis reduces 
mortality and morbidity 66 118 119.

Herpes PCR on 
neonatal serum, CSF, 
nasopharynx and/or 
skin-vesicle

Chapter_4_Eveline.indd   58 8-9-2019   21:20:31



How to use... neonatal ToRCH testing

59

4

c.	 	Should we use ToRCH-screening in every case of hearing impairment?
CMV is an overlooked cause of permanent hearing impairment in children. About 8% 
of children with sensorineural hearing loss (SNHL) have had congenital CMV. In children 
with profound and/or bilateral SNHL CMV is an even more frequent cause (23%). Children 
with hearing loss due to CMV would usually have had passed the neonatal hearing 
screen as the damage to the inner ear does not manifest itself until early childhood. 
CMV DNA can then be detected in dried blood spots collected at birth as described by 
Barbi et al with a maximum sensitivity of 100% and specificity of 99% when a viral load 
of 4–5 log(10) copies/L are present 49 68-70. 
Congenital rubella infection (in light of local epidemiology and maternal vaccination 
status) can also cause early onset or delayed onset SNHL 71 and should be investigated 
if SNHL is detected, especially in countries where rubella vaccination is not part of the 
vaccination program. 

Future research

The guidelines we provide in this review are mostly based on small sample sized and 
retrospective studies. Although the currently available evidence shows no indications 
for full ToRCH screening should be performed in cases of isolated SGA or minor cerebral 
lesions, large prospective, possibly international, studies are necessary to produce a higher 
level of evidence. 

Furthermore studies are needed to investigate the consequences of ToRCH screening. It 
would be interesting to know whether a positive ToRCH screen leads to adjustment of 
treatment and subsequently better outcome. 

Also studies regarding follow-up of children after a positive ToRCH screening are necessary. 
Long term neurodevelopmental outcome of children with SGA or minor cerebral 
abnormalities with and without positive ToRCH screening could be compared. 

Conclusions

During the last decade, several studies have investigated when testing for toxoplasmosis, 
rubella, CMV and herpes simplex is indicated. ToRCH testing should not be regarded as one 
single serum-testing. International consensus to determine which clinical condition in a 
newborn is a good indication for ToRCH testing is not available. To indicate pre-test risks for 
infection with one of these pathogens, geographic region, first-trimester maternal antibody 
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status and clinical signs and symptoms must be taken into account before deciding which 
laboratory test is useful to discriminate. 

This review provides insight in these variables and contains guidelines for appropriate 
diagnostic testing. Although complicated due to the low incidence of congenital infections, 
structured follow-up studies are necessary to obtain insight in the use and consequences 
of ‘ToRCH’ testing. 

Clinical bottom line

•	 There is no high level evidence showing that ToRCH screening should routinely be 
performed in all SGA newborns.

•	 There is no high level evidence showing that ToRCH screening should routinely be 
performed in newborns with minor cerebral abnormalities (such as LSV and SEC).

•	 CMV screening should be performed in infants with hearing impairment to exclude 
congenital CMV. 

•	 In infants with suspected herpes neonatorum, early diagnosis (with complete HSV 
screening using PCR-tests) and prompt treatment is essential.
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Abstract

Background: Sepsis-like illness is a main cause for hospital admission in young infants. Our 
aim was to investigate incidence, epidemiology and clinical characteristics of enterovirus 
(EV) and human parechovirus (HPeV) infections in young infants with sepsis-like illness. 

Methods: This is a prospective observational cohort study in which infants less than 90 
days of age, presenting with sepsis-like symptoms in a secondary care children’s hospital, 
underwent a full sepsis work-up. Clinical signs and infectious indices were recorded. EV or 
HPeV RNA was detected by PCR in plasma and/or cerebrospinal fluid (CSF). 

Results: Infants were diagnosed with EV, HPeV, fever of unknown origin or severe infection. 
EV and HPeV were detected in 132/353 (37%) and 52/353 (15%) of cases. EV and HPeV have 
distinct seasonability. Some differences in clinical signs and symptoms occurred between 
children with EV and HPeV infection, but were of limited clinical value. CSF pleocytosis 
occurred in 44% of EV positive infants, and only in 13% of those with HPeV infection. 

Conclusions: EV and HPeV infections are major causes of sepsis-like illness in infants < 90 
days of age. Neither clinical characteristics nor laboratory indices were predictive for EV/
HPeV infection. CSF pleocytosis occurs, but not in all patients. Testing for EV and HPeV in 
all young infants with sepsis-like illness is strongly advised.
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Introduction

Sepsis-like symptoms in children, especially in young infants (under 90 days of age) remain 
a diagnostic challenge for paediatricians because it is often hard to distinguish between 
serious bacterial infections and more benign viral infections 1 2. In young infants enterovirus 
(EV) and human parechovirus (HPeV) infections are a known cause of sepsis-like illness, 
aseptic meningitis and febrile disease 3-6. Numerous EV types, specifically several serotypes 
of the enterovirus B species, have been associated with febrile-illness and aseptic meningitis 
in infants 7 8. In HPeV infection, type 3 (HPeV3) is the main genotype causing sepsis-like 
symptoms in young infants 9 10. EV and HPeV infections can also cause serious symptoms 
such as cardiorespiratory instability and neurologic symptoms, leading to hospital or, in 
some young infants, Paediatric Intensive Care Unit admittance 11-14. 

Previous studies have reported a high incidence of EV and HPeV infections among febrile 
infants, but most were retrospective 15 16, based on laboratory 17-19 results rather than clinical 
presentation, did not solely focus on young infants 3 or described neonates only 6. Only 
one prospective cohort that included patients up to 90 days of age was described earlier 5. 

We performed a prospective observational cohort study to describe epidemiology, clinical 
characteristics and infectious indices of young infants with sepsis-like illness who presented 
at our emergency department. Our hypothesis is that EV and HPeV are a major cause of 
sepsis-like illness in this vulnerable group of infants up to 90 days of age and that symptoms 
of infants with EV or HPeV infection are not different from other infants with sepsis-like 
illness. Main outcome is frequency of diagnosis of EV or HPeV infection in our study 
population, secondary outcomes are clinical signs and symptoms and laboratory indices. 

Materials and methods

Study protocol

This prospective observational cohort study was performed at the Juliana Children’s Hospital, 
The Hague, Netherlands. All children under 90 days of age who were evaluated at our 
emergency department for sepsis-like symptoms between January 1, 2008 and June 30, 
2012 were evaluated in this study. Sepsis-like illness was diagnosed based on age-specific 
criteria (Table 5.1), which were evaluated at physical examination by the attending physician. 
All physicians in our hospital were trained in their use. In addition to the clinical signs and 
symptoms described in Table 5.1, the following clinical parameters were collected: sex, 
prematurity (gestational age < 37 weeks), medical history, abnormal behaviour (defined as 
lethargic or agitated), skin rash, oxygen saturation at presentation and duration of symptoms 
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before presentation. If a specific symptom was not clearly noted on admittance, this item 
was labelled as ‘missing’.

We excluded patients with signs of a localized infection, defined as clinically apparent gastro-
enteritis, upper respiratory tract infection, pneumonia (clinically apparent and confirmed 
on chest x-ray) or abnormal analysis of urine sediment (more than five white blood cells 
(WBC) per microscopic field view, magnification of 40 times). 

Patients with need of systemic intravenous treatment for a confirmed (with bacterial 
culture or HSV PCR) pathogen were assigned to the group ‘severe infection’. Patients with 
insufficient sample size of both plasma and cerebrospinal fluid (CSF) to perform PCR for 
EV and HPeV were labelled as ‘non-evaluable result’. To investigate whether or not these 
patients influenced our results, we performed additional analyses including them once in 
the EV or HPeV group and once in the fever of unknown origin (FUO) group. 

Biochemical and microbiological data

Children underwent blood and CSF sampling for biochemical analysis, viral analysis for EV 
and HPeV, and bacterial cultures. Herpes simplex virus PCR was performed on CSF. 

The results for C-reactive protein, serum glucose, full blood count, and WBC differentiation 
were recorded. When CSF was successfully collected, CSF white and red blood cell counts, 
CSF glucose and protein levels were recorded in the study database. We corrected CSF WBC 
count for traumatic puncture if the CSF red blood cell count was > 1000 cells/μL, using a 
1000:1 ratio 20. CSF pleocytosis was defined as a CSF WBC count > 19 cells/μL for children 
< 28 days of age, > 9 cells/μL for children 28–58 days of age and > 5 cell/ μL for children 
59–90 days of age 21 22. 

Table 5.1: Criteria for sepsis-like illness according to age*

Age at presentation 0–28 days 1–3 months

Clinical signs and symptoms One or more:
- toxic appearance
- temp < 36.0 °C or > 38.0 °C
- feeding problems
- lethargy or agitation 
- tachypnea
- tachycardia
- capillary refill > 2 sec

One or more: 
- toxic appearance
- temp < 36.0°C or > 39.0°C 
- fever > 48 hours
- lethargy or agitation
- capillary refill > 2 sec
- bulging fontanel 

Criteria for toxic appearance Rochester criteria 20 Yale observation scale 21 > 10

* Local adaptation of national guidelines for management of children with fever without source (Dutch 
Association of Paediatrics, NvK).
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EV and HPeV detection and genotyping

PCR was performed on plasma and CSF to detect EV or HPeV RNA. RNA was extracted 
from 200 μL of plasma and/or 50–200 μL of CSF with the Nuclisens easyMAG system 
(Biomerieux, Boxtel, Netherlands). The manufacturer’s protocol (Generic 1.0) was 
followed using easyMAG specific reagents. A fixed amount of Phocine Distemper Virus 
served as an internal control and was added to each sample prior to RNA extraction. 
Extracted RNA was used for Reverse Transcription PCR to synthesize copy DNA and PCR 
was performed with the ABI 7500 Real Time PCR system (Applied Biosystems, USA): 10 
minutes at 95°C, followed by 45 cycles of 15 sec at 95°C, and 1 minute at 60°C. Primers 
and probes for amplification and detection of EV and HPeV were located in the highly 
conserved 5’end of the genome. Modifications were made to previously described 
probes and primers to also detect HPeV 3 23-25. Probes were adjusted to VIC‑TTACCTR
CGGGTACCTTCTGGGCATCCTT-TAMRA and VIC‑CCCCAGATCAGATCC-MGB and primers 
were adjusted to TGCAAACACTAGTTGTAAGGCCC, TGCAGACACTAGTTGTAAGGCCC, 
TGCAAACACTAGTTGTATGGCCC (forward primers) and TTGGCCCACTAGACGTTTTTTAA, 
TTGGCCCGCTAGACGTTTTTTAA, GTTTGGCCCACTAGACGTTTTT (revers primers). 

All PCR runs had a mixture of an EV and HPeV strain as a positive control and nuclease free 
water as a negative control. A positive diagnosis for infection with EV or HPeV was made 
on a positive PCR in either plasma or CSF (or both). 

EV and HPeV positive plasma and CSF samples were genotyped in one batch after completion 
of the study period if enough material was left. EV typing was performed as previously 
described with modifications 26. In short, two PCR’s were run (EV-A and EV-B) for which 6 
μL of input RNA was used. The original protocol was adjusted to perform a semi-nested 
PCR instead of a single PCR 19. PCR-1 was performed using primers (EV-A OS 2268 + EV-A 
OAS 3109 and EV-B OS 2324 + EV-B OAS 3505) for 1 hour at 43°C, followed by 2 x 20 cycles 
at 53 and 55°C, 15 minutes at 72°C, and 2 minutes at 94°C. Thereafter, 3 x 40 cycles were 
performed at 94°C, 50°C and 68°C, followed by 5 minutes at 68°C. One μL of this fluid was 
then transferred to PCR-2 with primers (EV-A OS 2268 + EV-A IAS 3016 and EV-B OS 2324 + 
EV-B IAS 3477). This was processed in 3 x 30 cycles (18 min at 94°C, 21 min at 55°C and 90 
min at 72°C), followed by 5 min at 72°C. Fluid of PCR-2 (5–10 μL) was loaded on an agarose 
gel, if positive (band visible of 750bp (EV-A) or 1150bp (EV-B)), a standard BDT sequence 
reaction was performed using primers for PCR‑2 26. 

HPeV typing was performed as previously described by Harvala et al. 19. One modification 
was made; we used a different OS primer (HPeV OS-R-2162; TCMACWTGGATGAGGAARAC 
instead of the original primer HPeV OS-2090) in PCR‑1.
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Statistical analysis

SPSS was used for data management (PASW statistics version 17.0) and statistical analysis 
(IBM SPSS statistics version 23.0). Data were checked for normality before analysis, using 
descriptive statistics and histograms with z-scores for skewness and kurtosis. Categorical 
data are shown as absolute number/total (percentage) and numerical data as median 
(interquartile range). P-values < 0.05 were considered to indicate statistical significance, in 
subgroup analyses we considered p-values < 0.01 statistically significant. Mann-Whitney-U 
tests and Kruskal Wallis tests were used for numerical data and Fisher’s Exact tests for 
categorical data. Binary logistic regression analysis was performed to assess the relationship 
between the occurrence of EV or HPEV infection or FUO (dependent variable) and clinical 
characteristics or laboratory parameters (independent variables).

The data described in our study were derived from our standard of care. No extra interven-
tions were conducted for study purposes only. Therefore, no explicit informed consent from 
parents was warranted for this study. The personal data of our patients were protected. 
The study was approved by the regional medical ethics committee.

Results

During the study period 362 infants with sepsis-like illness were included. Nine infants 
(2%) could not be diagnosed due to insufficient sample volume of either plasma or CSF to 
perform EV and HPeV PCR. The additional analyses to investigate the influence of these 
non-evaluable patients to our cohort showed no change in our results (data not shown). 

Epidemiology

The remaining 353 infants were diagnosed as: EV infection (n = 132 (37%)), HPeV infection 
(n = 52 (15%)), fever of unknown origin (FUO) (n = 162 (46%)) and severe infection (n = 7 
(2%)). Details of the recruitment and diagnoses of our cohort and the causative pathogens 
of infants in the ‘severe infection’ group are given in Figure 5.1. 

Figure 5.2 shows the seasonal distribution of the different diagnoses. During summer, there 
is a yearly peak of EV infection and biannual peak of HPeV infections in even years. During 
winter 2009 an increase in FUO occurred during the influenza A (H1N1) pandemic in our 
country. Bacterial infections occurred with a low incidence throughout the study period. 
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Figure 5.1: Flowchart of study-population and details of causative pathogens of those in the severe 
infection group.

Eligible infants
(n=362)

Evaluated 
infants

(n=353, 100%)

Severe 
infection
(n=7, 2%)

EV positive
(n=132, 37%)

FUO
(n=162, 46%)

HPeV positive
(n=52, 15%)

Excluded
(insufficient sample 

volume)
(n=9)

Causative pathogens: 
HSV encephalitis 

(n=1), 
Gr.B Streptococcus 

(sepsis n=1, 
meningitis (n=2)), 
E. Coli meningitis 

(n=1), 
Klebsiella spp. 
Urosepsis

(negative urine 
sediment) (n=1), 
Gr.A Streptococcus 

sepsis (n=2)

Viral genotyping

Enough material was available to perform genotyping in 35/184 EV or HPeV positive infants 
(19%). Genotyping was possible for 23/132 (17%) EV positive patients, of whom 22 were 
enterovirus-B positive (CV-B1, CV-B2, CV-B4, CV-B5, E-6, E-7, E-9, E-11, E-18, E-25, and E-30) 
and 1 enterovirus-A (CV-A16) positive. This infant presented with sepsis-like illness, was EV 
positive in plasma and negative in CSF, and did not develop any signs of hand-foot-mouth 
disease during its hospital stay. Table 5.2 shows the details of EV genotyping. HPeV-3 was 
found in all of the HPeV positive samples that were genotyped (12/52 (23%)). 

Clinical and biochemical parameters

Clinical symptoms, vital parameters and infectious parameters of our study population are 
presented in Table 5.3 and 5.4. No statistically significant differences occurred between the 
serious bacterial infections group and the FUO and ‘EV or HPeV’ group. 
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Table 5.3: Clinical characteristics and laboratory indices of total study population

Severe 
infections^ 
(n = 8, 2%)

EV or HPeV* 
(EV, n = 132, 
37%) (HPeV, 
n = 52, 15%) 

FUO*  
(n = 161, 46%) p-value

Sex (males) 6/8 (75%) 116/184 (62%) 85/161 (52%) 0.063
Positive medical history 1/8 (13%) 9/184 (5%) 10/161 (6%) 0.641
Prematurity 1/6 (17%) 6/165 (5%) 7/148 (5%) 1.000
Age < 28 days 4/8 (50%) 101/184 (55%)* 62/161 (39%)* 0.003
Rash 2/8 (25%) 29/178 (16%) 23/154 (15%) 0.764
Duration of illness before 
presentation

0.5 (0.1–2.5) 0.5 (0.5–1.0) 0.5 (0.5–1.5) 0.450

Body temperature (°C) 38.7 (38.0–39.1) 38.7 (38.3–39.1)* 38.5 (38.1–38.9)* 0.001
Heart frequency (/min) 164 (147–187) 172 (158–188)* 167 (150–180)* 0.007
Breathing frequency (/min) 37 (32–56) 50 (40–60)* 44 (35–52)* 0.001
Oxygen saturation (%) 99 (97–100) 100 (98–100) 99 (98–100) 0.134
Capillary refill > 2 sec (%) 3/7 (43%) 46/177 (26%) 32/155 (21%) 0.299

Abnormal behaviour 5/8 (63%) 140/182 (77%)* 102–161 (63%)* 0.006
White blood cell count (x 109/L) 14.0 (3.9–18.5) 7.7 (5.6–10.1)* 10.1 (8.0–14.3)* 0.000
Blood neutrophil count (x 109/L) 8.6 (1.6–12.0) 3.6 (2.2–4.8)* 4.8 (2.8–7.0)* 0.000
C-reactive protein (mg/L) 22 (7–41) 6 (3–20) 6 (3–19) 0.964
Pleocytosis (%) 3/8 (38%) 51/152 (34%) 17/91 (19%) 0.013
CSF white blood cell count (x/3µL) 13 (5–359) 8 (2–58)* 3 (2–11)* 0.003
CSF glucose (mmol/L) 2.4 (1.0–3.1) 2.9 (2.6–3.3) 3.1 (2.8–3.3) 0.044
CSF protein (mg/L) 0.79 (0.55–1.58) 0.54 (0.41–0.72) 0.49 (0.34–0.68) 0.087

P-values < 0.01 were considered to indicate statistical significance (subgroup analysis) Mann-Whitney-U tests 
were used for numerical data and Fisher’s Exact tests for categorical data. 
^ No statistically significant difference existed between the severe infection and other subgroups. 
* P-values indicate a difference between the ‘EV or HPeV’ and ‘FUO’ groups.

Table 5.2: Enterovirus serotyping details

Species Serotype Number of patients Season/year of diagnosis

Entero B E-25 3 Winter, Spring, and Summer 2008 
Entero B E-7 1 Summer 2008 
Entero B CV-B4 1 Summer 2008
Entero B CV-B1 2 Summer and Autumn 2008
Entero B E-9 3 Summer and Autumn 2009 
Entero B CV-B5 3 Winter, Spring and Summer 2009 
Entero B E-6 2 Summer 2009
Entero B E-11 2 Winter 2009 and Summer 2010
Entero B CV-B2 2 Summer and Autumn 2010
Entero B E-30 2 Summer 2010 and Winter 2011
Entero A CV-A16 1 Autumn 2010
Entero B E-18 1 Summer 2012
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Comparing the EV or HPeV group to the FUO group showed that infants in the EV or HPeV 
positive group were more often less than 28 days of age (p = 0.003) and showed statistically 
significant, but only slightly higher heart and breathing frequencies at presentation 
compared to patients in the FUO group. There also was a difference in behavior (p = 0.006) 
and children with EV or HPeV had somewhat lower infectious parameters (p < 0.01). 
Comparing EV/HPeV positive infants to those in the FUO group, logistic regression showed 
differences in age-group (0–28 days or 29–90 days) (OR 0.243 (95% CI 0.101–0.584)), 
plasma WBC count (OR 0.743 (95% CI 0.601–0.919)) and CSF WBC count (OR 1.009 (95% 
CI 1.002–1.015). 

Table 5.4 compares between EV and HPeV positive infants. HPeV positive infants have 
a lower rate of CSF pleocytosis (8%) than EV positive infants (43%) (p = 0.000) and have 
somewhat lower infectious indices than infants with an EV infection.

No children were transferred to a paediatric intensive care unit and none died. All children 
visited our outpatient clinic 4–6 weeks after hospital admittance. None of them showed 
any physical abnormalities at this follow-up visit. 

Table 5.4: Comparison of EV and HPeV positive infants

EV (n = 132) HPeV (n = 52) p-value

Sex (males) 84/132 (64%) 32/52 (62%) 0.866
Positive medical history 7/132 (5%) 2/52 (4%) 1.000
Prematurity 5/126 (4%) 4/48 (8%) 0.263
Age < 28 days 77/132 (58%) 24/52 (46%) 0.143
Rash 19/127 (15%) 10/51 (20%) 0.502
Duration of illness before presentation 0.5 (0.5–2.0) 0.5 (0.25–1.0) 0.013

Body temperature (°C) 38.6 (38.3–38.9) 38.8 (38.3–39.1) 0.223
Heart frequency (/min) 170 (156–185) 182 (161–195) 0.012
Breathing frequency (/min) 50 (40–60) 48 (40–59) 0.447
Oxygen saturation (%) 100 (98–100) 100 (98–100) 0.469
Capillary refill > 2 sec (%) 28/128 (22%) 18/49 (37%) 0.055
Abnormal behaviour 96/131 (73%) 44/51 (86%) 0.078

White blood cell count (x 109/L) 8.2 (6.6–10.8) 5.2 (4.0–8.1) 0.000
Blood neutrophil count (x 109/L) 4.0 (2.7–5.1) 2.3 (1.6–3.6) 0.000
C-reactive protein (mg/L) 8 (3–24) 5 (2–9) 0.027
Pleocytosis (%) 48/113 (43%) 3/39 (8%) 0.000
CSF white blood cell count (x/µL) 13 (3–151) 4 (2–9) 0.001
CSF glucose (mmol/L) 2.8 (2.6–3.2) 3.2 (2.9–3.4) 0.000
CSF protein (mg/L) 0.54 (0.43–0.74) 0.47 (0.38–0.64) 0.149

P-values < 0.01 were considered to indicate statistical significance (subgroup analysis). Mann-Whitney-U tests 
tests were used for numerical data and Fisher’s Exact tests for categorical data.
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Discussion

We describe a high incidence of EV and HPeV infection in the largest prospective cohort 
study among infants aged 0–90 days to date. This adds to describing the epidemiology, 
clinical and laboratory signs, and symptoms of sepsis-like illness in young infants, especially 
those with an EV or HPeV infection. 

Several laboratory-based and retrospective studies have identified EV and HPeV as an 
important cause of sepsis and/or meningitis in young infants 9 10 27-29. Rittichier et al. showed, 
in a prospective study, an incidence of 20% of EV infection in young infants with fever who 
underwent a full sepsis work-up 5. We find a higher incidence of EV infection (36%), this may 
be due to our selection of a population with a higher risk, as we only included those infants 
with sepsis-like illness instead of all infants with fever. Cabrerizo et al. recently reported an 
incidence of 38% for EV infection and 11% for HPeV infection in neonates with fever, sepsis 
or meningitis 6. We describe similar incidences, but in a population aged up to 90 days, 
instead of only neonates, adding to the importance of EV and HPeV testing in this group. 

In contrast, in previous laboratory-based reports, the incidence of EV and HPeV infections 
was much lower 10 12 28. For example, Wolthers et al. detected EV in 14% and HPeV in 4.6% of 
cerebrospinal fluid (CSF) samples of young children (median age 1 month) with sepsis-like 
illness and meningitis during a 3-year period 28. The lower frequencies found in this study 
may be attributed to the retrospective analysis of randomly submitted samples instead of 
samples taken prospectively in a selected patient group, as well as the difference in age 
groups. Also, we tested both plasma and CSF, instead of CSF only. 

We made minor modifications to PCR methods described previously 23-25, to also detect 
HPeV3. With this method, detection rate was similar to or higher than previous reports, 
and genotyping showed only HPeV3, confirming the accuracy of the adjustments. 

In Europe HPeV3 occurs in a biannual cycle with a peak in even-numbered years 28 30. We 
also detected a biannual cycle, but with a much higher incidence of HPeV3 in infants with 
sepsis-like illness. In our population, the incidence of HPeV in epidemic years increased 
sharply to 19% in 2008, 26% in 2010 and 27% in 2012, and in non-epidemic years dropped 
to about 2% (both in 2009 and 2011), but HPeV was never completely absent. The higher 
detection rate of HPeV, which is presumably mainly HPeV3, is most probably due to the 
heightened awareness of HPeV as a pathogen and subsequent implementation of HPeV3 
specific PCR methods just before our study period 30. 

Because of low sample volumes viral typing was possible only in part of our population, we 
were able to type 23/132 (17%) of the EV and 12/52 (23%) of the HPeV positive infants.
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As expected, in the 23 EV positive patients we found a wide variety of genotypes, all but one 
were Enterovirus B genotypes. E-5, 6, 11 and 30, and CV-B5, B4 and B1 have been reported 
to cause sepsis-like illness in young infants 16 27 31 32. However this is the first description of 
E-7, 18 and 25, and CV-B4 to cause sepsis-like illness in infants. 

In addition, we are the first to report a CV-A16 related to sepsis-like illness in infants 33. CV-A16 
has caused outbreaks of hand-foot-mouth disease 34 and rare complications, such as aseptic 
meningitis or pulmonary oedema have been described in Asia 35. It has also been described 
as a rare cause of fatal infection in infants, with only 4 cases described worldwide 36-39. 

All of the typed HPeV positive infants were HPeV3 positive. This is concordant with previous 
reports that describe HPeV3 as a main pathogen for sepsis-like illness and aseptic meningitis 
in young infants 9. Although we could only test 23% of our study population, we only found 
HPeV3 and therefore consider this the main HPeV type causing illness in our patient group. 
Other HPeV types have not been found in our population, these have been described to 
cause different symptoms 40 41. 

Although differences between infants with EV or HPeV and those with FUO (Table 5.3 and 
5.4) were statistically significant, most likely due to the large sample size of our population, 
they have a very limited clinical value because the differences of the variables are small and 
overlapping. It is interesting to notice, however that the infectious indices of HPeV infected 
infants are somewhat lower than those of infants with EV infection. The clinical presentation 
of infants with EV and HPeV infection was similar, as has been reported previously 11. 

In our study we show that although pleocytosis is uncommon in HPeV infection (8%) 
compared to EV infection (43%), it is not absent. Recently, Cabrerizo et al. described 32 
EV positive and 9 HPeV positive neonates and found no CSF pleocytosis in those with an 
HPeV infection. EV positive patients showed pleocytosis in 19/32 (59%) of cases 6. Yun et 
al. showed that EV meningitis occurred without pleocytosis in 68% of neonates. Absence 
of CSF pleocytosis was associated with a younger age and a shorter time period between 
onset of disease and lumbar puncture 42. In accordance with this study, we evaluated a 
group of very young patients, in whom a lumbar puncture was performed shortly after onset 
of disease (median, 0.5 days), and find a low number of pleocytosis and high incidence 
of EV or HPeV (Tables 5.2 and 5.3). Several studies have reported EV and HPeV positive 
children without CSF pleocytosis who developed neonatal seizures or cerebral white matter 
abnormalities 13 14 28. More research is required to elucidate whether or not CSF pleocytosis 
is associated with severity of disease, cerebral white matter involvement and neurological 
sequelae in children with EV and HPeV infections. Testing for EV and HPeV, even in absence 
of pleocytosis, should be considered standard of care.
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Our study has its limitations. We only tested for the presence of EV and HPeV on blood and 
CSF and did not perform tests to discover viral infections other than EV, HPeV, and herpes 
simplex virus in our patients. So, we did not determine the influence of other viruses and 
did not uncover dual infections of infants with an EV or HPeV infection. Our objective was to 
identify the impact of EV and HPeV on sepsis-like illness in our population of young infants 
and this lack of testing for other viruses did not influence our outcome. But it would be of 
interest for further research. 

This study adds a large prospective cohort of young infants with sepsis-like illness to current 
knowledge. We describe similar findings in epidemiology, with a higher detection rate than 
previously reported, of HPeV in epidemic years. And although less common than in EV 
infection, HPeV can cause pleocytosis and aseptic meningitis. Testing for EV and HPeV in 
plasma and CSF should therefore be standard of care in young infants with sepsis-like illness. 
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Abstract

Background: Enterovirus (EV) and human parechovirus (HPeV) are major causes of sepsis-
like illness in infants under 90 days of age and have been identified as neurotropic. Studies 
about acute and long term neurodevelopment in infants with sepsis-like illness without 
the need for intensive care are few. This study investigates cerebral imaging and neurode-
velopmental outcome following EV and HPeV infection in these infants. 

Methods: We studied infants under 90 days of age who were admitted to a medium 
care unit with proven EV or HPeV induced sepsis-like illness. In addition to standard care, 
we did a cerebral ultrasound and cerebral magnetic resonance imaging (MRI), as well as 
neurodevelopmental follow-up at 6 weeks and 6 months and Bayley Scale of Infant and 
Toddler Development 3rd edition (BSID-III) investigation at one year of age. 

Results: Twenty-six infants, 22 with EV and 4 with HPeV, were analysed. No abnormalities 
were detected at cerebral imaging. At one year of age, two infants had a moderate delay 
on both the motor and cognitive scale, one on the cognitive scale only and three others 
on the gross motor scale only.

Conclusion: Although our study population, especially the number of HPeV positive 
infants is small, our study shows that these infants do not seem to develop severe 
neurodevelopmental delay and neurologic sequelae more often than the normal Dutch 
population. Follow-up to school age allows for more reliable assessments of developmental 
outcome and is recommended for further studies to better assess outcome.
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Introduction

Approximately half of all infants younger than 90 days of age that are hospitalized with 
sepsis-like illness have an infection with enterovirus (EV) and human parechovirus (HPeV) 1-5. 
Both EV and HPeV have been identified as neurotropic viruses. Several studies, performed 
at paediatric or neonatal intensive care units (PICU/NICU), describe cerebral white 
matter abnormalities in infants with severe EV and HPeV infection. Moreover, long-term 
impairment, such as neurodevelopmental delay, cerebral palsy and epilepsy, have been 
reported in survivors after NICU admittance for EV or HPeV infection 6 7. 

However, most infants diagnosed with EV or HPeV induced sepsis-like illness do not need 
intensive care treatment. In this less severely affected population only two studies, both 
over 20 years old, about neurodevelopmental follow-up and occurrence of neurologic 
sequelae exist 8 9. 

The aim of this study was to investigate cerebral imaging and neurodevelopment up to 
one year after infection in infants who had EV or HPeV induced sepsis-like illness during 
their first 90 days after birth. 

Materials and methods

This prospective cohort study was performed at the Juliana Children’s Hospital, The Hague, 
Netherlands. Patients were included in the study from July 2011 until October 2012, after 
written informed consent from parents. The study was approved of by the regional medical 
ethics committee (METC Southwest Holland, ref. 10-158). 

We included infants under 90 days of age who were admitted to our medium care unit with 
proven EV or HPeV induced sepsis-like illness. The definition of sepsis-like illness was based 
on age specific criteria (Table 6.1). A positive diagnosis for EV or HPeV infection was made 
from a positive polymerase chain reaction (PCR) result on either plasma or cerebrospinal 
fluid (CSF) or both. PCR was performed as reported earlier 5. Exclusion criteria were 
congenital anomalies (including cerebral malformations), known or suspected immunologic 
disorders and previous infection with EV or HPeV.

Baseline patient characteristics at admission were recorded after inclusion. As part of the 
standard sepsis work-up, all infants underwent blood and (if lumbar puncture was successful) 
CSF sampling for biochemical analysis, viral analysis for EV and HPeV, and bacterial cultures. 
Herpes simplex virus PCR was performed only on CSF. 
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Study protocol

Figure 6.1 shows the flowchart of the study protocol. One to two days after admission 
neonatal cranial ultrasound (cUS) views were obtained using a 7.5–10MHz transducer 10. 
Evaluation of cUS was performed using the following criteria: inhomogeneity and/or diffuse 
echogenicity of the white matter, cystic abnormalities, haemorrhages and echogenicity in 
the basal ganglia. 

Four to six weeks after hospital discharge, the infants returned to our outpatient clinic 
for their first follow-up visit (t1) during which physical and neurological examination, 
cerebral magnetic resonance imaging (cMRI) and hearing screening were done. Physical 
and neurologic examination were performed by two trained paediatric residents who were 
unaware of the diagnosis of the patient. 

cMRI images were obtained using a Philips 1.0 Tesla scanner (GYROSCAN T10NT PT3000) with 
5mm coupes. Sagittal T1, transversal T1, T2 dual, T2 flair and diffusion weighed images were 
obtained. Criteria for abnormalities were: white matter abnormalities (defined as diffuse high 
signal intensity in the white matter on T2-weighted images and/or punctate white matter 
lesions), cystic white matter lesions, petechial haemorrhages, signs of white matter atrophy.  
During cMRI no sedation was administered. Infants were fed immediately prior to the MRI, 
after which most infants fell asleep and were placed on a cushion for minimal movement. 
All MR-images were reviewed by a paediatric radiologist (HH) and neonatologist (SS), who 
were unaware of the clinical condition or diagnosis of the patient. 

Standard hearing screening was performed during the second or third week of life by means 
of oto-acoustic emission 11, as part of a national newborn screening program. If children 

Table 6.1: Criteria for sepsis-like illness*

0–28 days 29–90 days

Clinical signs and 
symptoms

-- One or more: 
-- Toxic appearance
-- Temperature < 36.0oC or > 38.0oC
-- Feeding problems
-- Lethargy or irritability
-- Tachypnea
-- Tachycardia
-- Capillary refill > 2 sec

One or more:
-- Toxic appearance
-- Temperature < 36.0oC or > 39.0oC
-- Fever > 48 hours 
-- Lethargy or irritability
-- Capillary refill > 2 sec 
-- Bulging fontanel

Criteria for toxic 
appearance

Rochester criteria Yale observation scale > 10

* These criteria are a local adaptation of the national guidelines for management of children with fever 
without source (Dutch association of Paediatrics, NvK).
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were not screened after hospital discharge, we performed automated auditory brain stem 
response hearing screening during their first follow-up visit.

The second follow-up visit was scheduled at the age of 6 months (t = 2) to perform a 
full physical and neurologic examination and to complete a checklist for developmental 
milestones. 

At the third follow-up visit at one year of age (t = 3), the examinations performed at 6 
months of age were repeated and the Bayley Scales of Infant and Toddler Development 3rd 
edition (BSID-III), cognitive and motor scales were investigated, performed by two certified 
paediatric physiotherapists who were unaware of the diagnosis of the patient. We defined 
moderate delay as BSID-III cognitive or motor scale scores < -1 to -2 SDS, and severe delay 
as scale scores < -2 SDS 12 13.

Statistics

SPSS was used for data management (PASW statistics version 17.0) and statistical analysis (IBM 
SPSS statistics version 23.0). Data were checked for normality before analysis, using descriptive 
statistics and histograms with z-scores for skewness and kurtosis. Categorical data are shown 
as absolute number/total (percentage) and numerical data as median (interquartile range).  
P-values < 0.05 were considered to indicate statistical significance. Mann-Whitney-U tests and 
Kruskal Wallis tests were used for numerical data and Fisher’s Exact tests for categorical data.

Results

During the study period 34 infants met the inclusion criteria, while none fulfilled the 
exclusion criteria. In eight cases the parents did not give informed consent for the study. We 
included 26 infants (22 with EV and 4 with HPeV) in our study. Of the 22 EV positive infants, 
10 had a positive PCR in plasma only, in 6/10 cases no or not enough CSF was obtained. EV 
PCR was positive in CSF only in 3 cases. In 9 both plasma and CSF were positive. Of the 4 
HPeV infants, 2 had positive PCR in plasma only due to failure to obtain CSF, the remaining 
2 had positive PCR in both plasma and CSF. 

Basic patient characteristics are shown in Table 6.2. All infants were born at term and had a 
normal birth weight and normal Apgar scores. None were previously admitted to a hospital 
ward with perinatal infection. All infants presented to the paediatric emergency room with 
two or more signs of sepsis-like illness. None of the infants presented with seizures or had 
abnormal signs at neurologic examination at admission or during their hospital stay. 
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6The results of the study investigations are shown in Tables 6.3 and 6.4. CSF pleocytosis was 
found in 8/17 (47%) infants with EV infection and in none of the HPeV positive infants. None 
of the patients had abnormal findings at cUS. 

At the first follow-up visit 4–6 weeks after infection, 22/26 (85%) infants were evaluated. 
All had normal findings at physical examination and hearing tests. Neurologic examination 
was abnormal in one case (1/22, 5%) showing slight hypertonia of the lower extremities 
(case #1, Table 6.4). In this infant, hypertonia had recovered completely at subsequent 
follow-up visits. Cerebral MRI was successfully performed in 19/26 (73%) of infants and 
showed no abnormal findings. 

At 6 months of age, 18/26 (69%) infants were re-examined. One infant (case #2, Table 6.4) 
had general hypotonia and slipping through, but milestones were normal. In this infant, 
hypotonia had recovered at 12 months of age, but on both the BSID-III cognitive and motor 
scales, this infant had moderate developmental delay. 

At 12 months of age, 20/26 (77%) infants were assessed with the BSID-III. Two of them had 
experienced an HPeV infection and 18 had an EV infection. The remaining 6 infants were 
lost to follow-up, two because of moving of the family and four for unknown reason. One 
infant had a severe delay on the gross motor scale (case #8, Table 6.4), the other tested 

Table 6.2: Basic patient characteristics

Total study population  
(n = 26)

EV positive  
(n = 22)

HPeV positive  
(n = 4)

Age at presentation (days) 24 (10–45) 27 (14–49) 10 (8–29)
Duration of symptoms (hrs.) 12 (12–24) 15 (12–24) 12 (9–18)
Feeding problems 15/26 (58%) 14/22 (64%) 1/4 (25%)

Heart frequency (beats/min) 170 (158–180) 169 (155–180) 180 (171–207)
Temperature (0C) 38.6 (38.1–38.9) 38.6 (38.1–39.1) 38.3 (38.0–38.7)
Prolonged capillary refill (>2 sec) 6/26 (23%) 5/22 (23%) 1/4 (25%)
Behavioural symptoms

Lethargy
Irritability 

26/26 (100%)
4/26 (15%)
22/26 (85%)

22/22 (100%)
3/22 (14%)
19/22 (86%)

4/4 (100%)
1/4 (25%)
3/4 (75%)

White blood cell count (x109/L) 6.9 (5.5–7.9) 7.5 (5.7–8.6) 5.6 (5.1–5.8)
Thrombocyte count (x109/L) 336 (254–396) 328 (268–395) 356 (197–464)
Haemoglobin (mmol/L) 8.3 (6.5–10.3) 8.2 (6.4–10.2) 8.9 (7.2–10.5)
Glucose (mmol/L) 5.2 (4.9–5.6) 5.2 (4.8–5.6) 5.2 (4.9–5.5)
C-reactive protein (mg/L) 3 (1–6) 3 (1–10) 3 (1–5)

Data are shown as absolute number/total (percentage) or as median (interquartile range). 
No statistically significant differences were found between EV and HPeV positive infants.
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domains were normal. Two had a moderate delay on both the motor and cognitive scale 
(case #2–3, Table 6.4), one on the cognitive scale only (case #4, Table 6.4) and the others on 
the gross motor scale only (cases #5–7, Table 6.4). None of these infants had abnormalities 
on cerebral imaging. All infants that had a delay at BSID-III testing were thereafter treated 
with physiotherapy. 

Table 6.3: Neurologic deficit at testing

Total 
(n = 26)

EV pos  
(n = 22)

HPeV pos 
(n = 4) Details

Hospital admission (n = 26): 
Neurologic examination 0/26 0/22 0/4
CSF pleocytosis# 8/20 (40%) 8/17 (47%) 0/3
Cerebral ultrasound 0/20 0/17 0/3

t = 1: 4–6 weeks FU visit (n = 22):
Neurologic examination 1/22 (5%) 1/19* (5%) 0/3 *Slight hypertonia of 

the lower extremities 
(recovered at 
subsequent follow-up 
visits)

Cerebral MRI (cMRI) 0/19 0/16 0/3
Hearing screening 0/22 0/19 0/3

t = 2: 6m FU visit (n = 18): 
Neurologic examination  
(incl. milestones)

1/18 (6%) 1/16~ (6%) 0/2 ~Generalized hypotonia 
with slipping through 
(recovered at the age of 
one year)

t = 3: 12m FU visit (n = 20): 
Neurologic examination  
(incl. milestones)

0/20 0/18 0/2

BSID III^: 
Cognitive scale
Fine motor scale
Gross motor scale

3/20 (15%)^
0/20
6/20 (30%)*

2/18 (11%)
0/18 

6/18 (33%)

1/2 (50%)
0/2
0/2

^Two infants with 
moderate cognitive 
delay also had moderate 
gross motor delay (Table 
6.4). 
*5/6 infants had a 
scaled score of 4–7, one 
had < 4. 

Numbers indicate: number of infants with abnormalities / total number of infants tested (percentage). 
No statistically significant differences were found between EV and HPeV positive infants.
*(< 2 SD = scaled score < 4), (-1 to -2 SD = scaled score 4–7).
# We corrected CSF white blood cell count (WBC) for traumatic puncture if the CSF red blood cell count was > 
1000 cells/μL, using a 1000:1 ratio 17. CSF pleocytosis was defined after correction for traumatic puncture as 
a CSF WBC > 19 cells/μL for children < 28 days of age, > 9 cells/μL for children 28–58 days of age and > 5 cell/
μL for children 59–90 days of age 18 19.
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Discussion

This study reports on cerebral imaging and neurodevelopmental outcome of young infants 
with EV or HPeV induced sepsis-like illness in their first 90 days of life, who did not need 
paediatric or neonatal intensive care admission. We investigated the presence of neurologic 
signs and symptoms at three time points after EV or HPeV induced sepsis-like illness during 
the first year of life. In this relatively small study, one infant had a severe gross motor 
neurodevelopmental delay at one year of age. Two infants had a moderate delay on both the 
gross motor and cognitive scales, one on the cognitive scale only and three others on the gross 
motor scale only. Two infants had transient mild abnormalities at neurologic examination. 

Neurodevelopment after EV infection has been reported previously, but only two studies 
investigated this after EV sepsis/meningitis in the first 90 days of life. Baker et al. describe 
subtle deficits in receptive language processing, but no differences in motor or cognitive 
development in their study group of 16 infants compared to healthy matched controls 
during a three year follow-up period 8. In 1981, a case control study including 9 children 
after EV meningitis also reported deficits in receptive language functioning compared to 9 
healthy matched controls. No differences in head circumference, sensorineural hearing loss 
or intellectual functioning between groups were found 9. Our population was too young to 
investigate language development reliably. However, none of the children required speech-
language therapy. Comparing our results with these studies is difficult, since different 
(versions of) developmental tests were used 20 years ago. 

Only a few studies reported on the neurodevelopmental outcome following HPeV infection. 
One Australian study describes of 9 young infants with a median age at diagnosis of 13 
days requiring intensive care treatment for HPeV encephalitis and reports ‘significant or 
some developmental concern’ in 7/9 (78%) of them one year after infection, two were 
diagnosed with cerebral palsy and one with visual impairment. All had scores below the 
cut-off of < 2 SD below the population mean in the gross motor subscale of the Ages and 
Stages questionnaire 14. This study shows more severe sequelae than our study does, which 
can be expected from this more ill population. 

Our study was performed before a Dutch normation for the BSID-III was available, therefore 
we used the USA normation. One recent study showed that the USA normation over-
estimates cognitive and fine motor development in Dutch healthy infants, but significantly 
under-estimates the gross-motor development. This leads to a much higher percentage of 
infants with low gross motor scores, 43% of Dutch infants scored < 1 SD and 15% < 2 SD 12. 
Therefore, in our cohort, no major difference in neurodevelopmental delay compared to 
healthy Dutch children of the same age was detected 12.

Chapter_6_Eveline.indd   98 8-9-2019   21:21:06



Neurologic outcome after EV or HPeV sepsis

99

6

We found no abnormalities on cUS during admission and on cMRI four to six weeks after the 
infection. A retrospective Norwegian study described neurodevelopmental outcome and 
cerebral imaging in 15 HPeV positive infants. They were admitted to a level 2 or 3 hospital 
ward. In 3 cases a cMRI was obtained showing signs of white matter necrosis in two of them. 
One infant recovered completely within 8 days, the other had normal neurodevelopment 
at one year of age 15.

Two studies describe cerebral imaging in detail in NICU-admitted infants with HPeV infection. 
One study reports white matter damage and severe periventricular echogenicity in 9 out 
of 10 infants, resulting to severe neurodevelopmental delay in 2 infants and minor deficits 
in two others. Two of these infants were also born extremely premature and although cUS 
abnormalities developed after infection with HPeV, these might not be the only cause of 
cerebral damage 7. Another study describes normal sequential cUS imaging in 11 HPeV 
positive infants admitted to a NICU 16. 

Cerebral imaging data of EV positive infants is only available from (neonatal) intensive care 
studies. In 2006, Verboon et al. reported 6 infants, 5 infants had periventricular echogenicity 
on cUS and cMRI showed diffuse high signal intensity in the white matter, punctate white 
matter lesions or cystic leucomalacia in all of them. Two infants developed cerebral palsy 
and epilepsy, one was suspect for neurodevelopmental delay at 18 months of age and 
three developed normally 6. 

A major difference with previous studies is that we did not investigate a NICU population 
and none of the infants in our study developed seizures. Our patients were somewhat 
older (up to 90 days of age at admission) and less ill than the NICU-population. Possibly, 
the younger and more severely ill infants with haemodynamic instability and/or prolonged 
seizures, needing intensive care treatment, are at higher risk for development of neurologic  
sequelae. 

Our study has its limitations, including the relatively small cohort and missing values. 
Although previous studies included cohorts of similar size, the number of patients is too still 
small to allow firm conclusions, especially in terms of HPeV infection (n = 4, at one year of 
age n = 2). We followed our study population only for one year and therefore it is possible 
that some neurodevelopmental problems may appear later in life, or will spontaneously 
resolve as children develop. Our data must therefore be interpreted with caution and 
longer follow-up studies are necessary. Follow-up to school age allows for more reliable 
assessments of developmental outcome. 

We did not perform typing of EV and HPeV, as this has no consequences for treatment. 
Nevertheless, it would be interesting to define if the more pathogenic EV or HPeV serotypes 1 3 4  
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were present in our population. This might affect treatment if IVIG is used and might allow 
for more targeted follow-up of these specific infants. 

Finally, MRI scanning was not performed during the acute stage of the illness but 4–6 
weeks after the infection. Therefore we may have missed possible abnormalities on the 
diffusion weighted images that disappear after the acute phase and were only able to look 
for subacute signs of white matter injury such as cystic white matter lesions, focal/punctate 
white matter lesions, delayed myelination, dilatation of the lateral ventricles, and other 
signs of white matter volume loss and did not find any of these white matter abnormalities 
in our population. Of note, the MRI sequences used in this study had a scan thickness of 5 
mm and therefore we may have missed some of the more subtle lesions. 

Young infants with sepsis-like illness are regularly admitted to paediatric wards, especially 
during the EV and HPeV epidemic season in late spring and summer. We show data from 
cerebral imaging in a large proportion of our study population (19/26). Further, negative 
hearing screening tests and results from our systematic physical and neurologic examination 
are valuable information for paediatricians. 

Our study shows that these infants do not seem to develop neurodevelopmental delay 
and neurologic sequelae more often than the normal population after a one year follow-
up period. But, considering our studies limitations, larger and longer follow-up studies are 
needed to provide a more definite advice.
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Abstract

Myocardial involvement in infants with enterovirus (EV) or human parechovirus (HPeV) 
sepsis-like illness will not be recognized unless severe symptoms of heart failure warrant 
intensive care treatment. This study investigates whether myocardial involvement occurs 
in infants with sepsis-like illness who didn’t need intensive care. 

Infants under 90 days of age who were admitted to our medium care unit with sepsis-
like illness were prospectively studied. Clinical symptoms, electrocardiograms (ECG), 
echocardiography and cardiac markers of infants with EV or HPeV were compared to those 
who tested negative for these viruses. 

None of the 51 included infants developed clinically overt myocarditis. Elevation of cardiac 
markers and minor ECG abnormalities occurred in both EV/HPeV positive and negative 
infants. In the EV/HPeV negative group values of fractional shortening, ejection fraction and 
global longitudinal strain (4 chamber view) were all within the normal range and remained 
unchanged. In the EV/HPeV positive group these values were also within normal limits, but 
improved slightly at the follow-up visit. 

Conclusion: In this study we detected minor signs of cardiac involvement in both groups, 
but none of the infants with sepsis-like illness secondary to EV/HPeV infection who did not 
need intensive care developed clinically relevant signs of cardiac involvement. Screening 
for cardiac involvement in young infants with EV or HPeV induced sepsis-like illness is not 
warranted.
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Introduction

Myocarditis is a rare and severe condition that, in young infants, is often caused by a viral 
infection. However, myocardial involvement in young infants with a viral infection will only 
be diagnosed in those with severe symptoms of heart failure and need of intensive care 
treatment 1. It is unknown whether signs of myocardial involvement occur in infants who 
are less ill since early diagnosis of acute myocarditis is challenging in infants without overt 
clinical symptoms of heart failure 2. 

Various types of enterovirus (EV) have been associated with myocarditis, among them 
coxsackievirus type B has been described most frequently 3 4. In a series of 35 cases, 31% 
of the infants died and 66% of the survivors developed severe dilated cardiomyopathy 3. 
Human parechovirus (HPeV) has been associated less frequently with myocarditis 5. 

Both viruses can cause similar clinical signs and symptoms and are the most frequent cause 
of sepsis-like illness in young infants 6-10. Young infants with sepsis-like illness often require 
hospital admission. EV and HPeV infections cause up to 50% of cases of sepsis-like illness in 
this population 6-10. It can be hypothesized that if EV and HPeV cause myocardial involvement, 
and are such a common cause of illness in young infants, early detection by screening those 
with EV or HPeV sepsis-like illness can detect those with myocardial involvement at an early 
stage which would enable early treatment and potentially improve prognosis 

Two-dimensional (2D) speckle tracking echocardiography has enabled assessment of 
multi-directional myocardial mechanisms. This imaging modality has demonstrated to 
be useful in detecting subclinical cardiac dysfunction in several clinical conditions 11 12 and 
may be helpful in early detection and recognition of cardiac involvement in infants with 
EV or HPeV infection. 

In this study, we measured cardiac markers, performed repeated echocardiography and 
electrocardiogram exams to investigate whether EV or HPeV infection causes cardiac 
involvement in young infants with sepsis-like illness who do not need intensive care. 

Materials and methods

This is a prospective observational cohort study and it was approved of by the medical ethics 
committee of South-West Holland. After obtaining written parental informed consent, we 
included children under 90 days of age who were admitted to our medium care unit with 
sepsis-like illness between July 2011 and October 2012. 
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Sepsis-like illness was diagnosed based on age specific criteria. In infants under 28 days this 
was defined as having a toxic appearance following the Rochester Criteria, and at least one 
of the following signs or symptoms: temperature < 36.0 °C or > 38.0 °C, feeding problems, 
lethargy or agitation, tachypnea, tachycardia of capillary refill > 2 sec. For infants 29–90 days 
a Yale observation scale > 10 and one or more of the following criteria: temperature < 36.0 °C  
or > 39.0 °C, fever > 48 hours, lethargy or agitation, capillary refill > 2 sec or a bulging 
fontanel. Exclusion criteria were congenital cardiac disease, multiple congenital anomalies, 
a known or suspected immunologic disorder and a previous infection with EV or HPeV. On 
admission, baseline characteristics were recorded. All patients underwent a sepsis work-up, 
which included blood and cerebrospinal fluid (CSF) sampling for biochemical analysis, viral 
analysis for EV and HPeV using polymerase chain reaction (PCR) 10, and bacterial cultures. 
In addition, herpes simplex virus PCR was performed on CSF.  

A positive diagnosis for infection with EV or HPeV was made based on a positive PCR in 
either plasma, CSF or both. 

Study protocol

Myocardial involvement was studied by measuring cardiac markers, including creatine 
kinase-MB (CK-MB), troponin-I and N-terminal proBNP (NT-proBNP), and by performing 
an electrocardiogram (ECG) and echocardiogram during the acute phase of disease. ECG 
and echocardiogram investigations were also repeated 4 weeks after discharge from the 
hospital. The flowchart of the study design is shown in Figure 7.1.

Cardiac markers 

Samples for determining cardiac markers were taken during blood drawing when performing 
the sepsis work-up. No extra attempts to draw blood were undertaken for study purposes. 
Samples were stored at ‑80 °C until the tests were performed. The first 20 samples were 
tested simultaneously halfway through the study period, the remaining samples were 
tested in one batch at the end of the study period. CK-MB (colorimetric assay, Synchron, 
Beckman-Coulter), Troponine-I (access cTnI assay, immuno-analyser Unicel DxI 800, 
Beckman Coulter) and NT-Pro-BNP (proBNP-II immuno-assay, Elecsys 1010/2010, Roche) 
were measured. Values > 95th percentile for age were regarded as elevated. For CK-MB:  
< 30 days > 4.5 mcg/L, 31–90 days > 4.8 mcg/L 13, for NT-pro BNP: < 11 days > 6000 pg/mL, 
> 11 days > 650 pg/mL 14 and for troponin-T: > 0.052 ng/mL 16. 
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Electrocardiogram (ECG)

During hospital admission and at the follow-up visit 4 weeks after admission a 12-lead 
ECG was made. ECG’s were independently assessed by two paediatric cardiologists (LF 
and FB) who were blinded for the EV/HPeV PCR results. In case of inter-observer variability 
(intraclass correlation coefficient or Kappa statistic > 0.60), the ECG was re-evaluated by 
a third, also blinded, paediatric cardiologist (DH). The values at re-assessment were then 
used in the dataset. 

Normal ECG values as described previously by Rijnbeek et al. were used 17. Signs of 
myocarditis on ECG were defined as: prolonged PR-interval (> 98th percentile), low voltage 
QRS complex (< 5 mm total amplitude in all limb leads), ST-elevation or depression (> 2 
mm in more than 2 leads), T-wave ‘reversal’ and/or ventricular hypertrophy (voltage of Q, 
R or S > 98th percentile in 2 or more leads) 18 19. 

Figure 7.1: Flowchart of study design and population.
(NT-pro) BNP: (N-terminal pro) brain natriuretic peptide; IC: informed consent; ECG: electrocardiogram.   

17 
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(NT-pro) BNP: (N-terminal pro) brain natriuretic peptide; IC: informed consent; ECG: electrocardiogram.     360 

  361 

Eligible infants

•Presentation at emergency department
•Aged under 90 days, admission pediatric ward with sepsis‐like illness (n = 62)

Day 0: 
IC & Admission

•Informed consent (n = 51)
•No parental informed‐consent (n = 11) 
•Additional blood collection for cardiac markers (n = 40)
(troponin, CK‐MB and NT‐pro‐BNP)

Day 1: 
Study investigations

•Additional investigation: ECG (n = 43) and echocardiography (n = 39)

4 weeks 
post‐admission

•Regular out‐patient follow‐up (n = 36)
•Additional investigation: ECG (n = 33) and echocardiography (n = 34)
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Echocardiography  

Transthoracic echocardiography images were acquired by a paediatric cardiologist (LF or 
FB) who was unaware of the EV/HPeV result. A commercially available system (GE Vivid 
7 ultrasound system) equipped with GE 5S (convex), GE 7S (convex) and GE 10S (convex) 
phased array transducers was used. Standard two-dimensional grey-scale images were 
acquired from the parasternal (long- and short-axis) and apical views (4-chamber, 2-chamber 
and long-axis) and digitally stored in cine-loop format. Two-dimensional and m-mode 
echocardiography were used to assess ejection fraction (EF), left ventricular shortening 
fraction (%SF) and to confirm structurally normal hearts in all infants 20 21. A %SF > 28% 
was considered normal.

Left ventricular global longitudinal strain (GLS) was measured at the four-chamber view 
(4Ch) with automated function imaging based on speckle tracking technology as described 
earlier 22-24. Measurements were performed by a paediatric cardiologist (DH) and two 
paediatric residents who were trained in performing these measurements (AH and LK), all 
three were blinded for the diagnosis of the study subject. 

To compare echocardiographic measurements at baseline with a healthy population, we 
added a cohort of healthy infants (matched age at echocardiography ± 7 days) as a healthy 
control group. This control group was selected from an earlier study by our group that was 
performed to investigate ventricular performance in healthy neonates 24. Differences in 
baseline echocardiography between the EV/HPeV positive and negative groups, and the 
healthy controls were investigated. Differences within our cohort between admission and 
4 weeks after discharge were investigated in the EV/HPeV positive and negative groups. 

Data management and statistical analysis

Data management and statistical analysis were performed using SPSS (PASW statistics 
23.0), the statistical significance level was set at p < 0.05. Data were checked for normality 
using descriptive statistics with z-scores and histograms. Categorical data are shown as 
absolute number/total (percentage), continuous data as median (interquartile range). 
Mann-Whitney-U tests or Kruskal Wallis tests were used for continuous data, unpaired and 
paired tests were used to compare data at baseline and at follow-up within the groups. 
Statistical testing for categorical data was performed using Fisher exact tests. Inter-observer 
variability was tested with the Kappa statistic and intraclass correlation coefficient. 
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Results

Basic characteristics study population

During the study period 62 infants were admitted to our medium care unit with sepsis-like 
illness, 52 parents gave informed consent, and one retracted informed consent after hospital 
release. The remaining 51 infants were analysed in this study, 32 were EV/HPeV positive 
(23 EV positive and 9 HPeV positive) and 19 were EV/HPeV negative. 

Baseline patient characteristics are shown in Table 7.1. Figure 7.1 shows the flowchart of 
the study design and the number of cases in which the study-investigations were successful. 

Table 7.1: Basic patient characteristics

  EV/HPeV POS 
Median (IQR) 
n = 32

EV/HPeV NEG  
Median (IQR) 
n = 19

Healthy controls 
Median (IQR) 
n = 48

Age at presentation (days) 29 (16–50) 45 (36–63) 36 (19–51)

Sex (male) 17/32 (53%) 10/19 (53%) 21/48 (44%)

Duration of symptoms (h) 18 (12–24) 24 (12–24) na

HF (beats/min) 170 (155–181) 165 (151–200) na

Temperature (°C) 38.6 (38.2–39.0) 38.8 (38.3–39.1) na

Capillary refill > 2 sec 7/32 (22%) 3/19 (16%) na

Different behavior
Lethargy 
Agitation

32/32 (100%)  
5/32 (16%) 
27/32 (84%)

15/19 (75%)  
4/19 (21%) 
11/19 (58%)

na

White blood cell count (x109/L) 6.9 (5.5–8.1) 8.1 (5.8–14.3) na

Hemoglobin (mmol/L) 8.1 (6.4–10.1) 6.3 (6.1–8.4) na

Glucose (mmol/L) 5.1 (4.7–5.4) 5.3 (4.7–5.8) na

C-reactive protein (mg/L) 3 (1–6) 3 (2–20) na

Numbers represent number/total (percentage). 
EV: Enterovirus; HPeV: Human Parechovirus; IQR: interquartile range; HF: heart frequency; na: not applicable.

Cardiac markers

Adequate sample volume to determine one or more cardiac markers was available in 
40/51 (78%) of patients. The results are shown in Table 7.2 and Figure 7.2. Elevation of all 
measured cardiac enzymes occurred frequently in both groups. In both EV/HPeV positive 
and negative groups NT-pro-BNP values had wide range. None of the cardiac marker levels 
differed significantly between the groups, neither in absolute value nor in percentage of 
elevated cardiac marker when using age specific reference values. 
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Electrocardiogram 

ECG during hospital admission was recorded successfully in 44/51 (86%) infants, ECG at 
follow-up was successful in 34/51 (67%) infants. ECG recording failures were secondary to 
motion artefacts during the investigation. Table 7.3 summarizes the results of ECG findings. 
At baseline, all infants had sinus rhythm, and no abnormalities in PR-interval and QRS 
duration were seen on the ECG’s. None had signs of ischemia on the ECG’s or low voltage 
QRS-complexes. High voltage QRS-complex abnormalities (> p98) in more than one lead 

Table 7.2: Basic patient characteristics

Cardiac marker

EV/HPeV POS 
Median (IQR)
Number/total (%)

EV/HPeV NEG  
Median (IQR)
Number/total (%) Sign.

NT-pro-BNP (ng/L) 1791 (959–3026) 1347 (566–3117)

Elevated NT-pro-BNP 19/24 (79%) 12/16 (75%) p = 1.00

Troponin-I (ng/L) 0.03 (0.02–0.05) 0.04 (0.02–0.08)

Elevated Troponin 3/17 (18%) 4/15 (27%) p = 0.68

CK-MB (U/L) 8.9 (3.9–15.2) 14.2 (5.8–25.6)

Elevated CK-MB 11/15 (73%) 10/13 (77%) p = 1.00

BNP: brain natriuretic peptide; NT: n-terminal; CK: creatine kinase; CK-MB: creatine kinase‑muscle brain; EV: 
enterovirus; HPeV: human parechovirus; IQR: interquartile range.

Figure 7.2: Cardiac markers.
Boxplot with median, IQR, highest and lowest case within 1.5x IQR, and outliers.   
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were present in both the EV/HPeV positive (n = 7/29, 24%) and negative group (n = 4/15, 
27%) at the ECG during admission, at the follow-up visit this had normalized in all but one 
(HPeV positive) infant. One EV positive infant had T-wave reversal in V2 at the first ECG, 
at follow-up this had normalized. Both of these infants had a normal echocardiography.

Echocardiography 

The results of the echocardiography exams are shown in Tables 7.4 and 7.5. A total of 39 
infants in the study group had an echocardiographic evaluation. We were able to match 
all but 3 infants in the study group. Baseline echocardiographic parameters of EV/HPeV 
positive and negative infants were compared to 48 healthy controls 24. 

Table 7.3: Electrocardiogram (ECG) results*

ECG 1
Median (IQR)
Number/total (%)

ECG 2
Median (IQR)
Number/total (%)

EV/HPeV POS  
EV/HPeV NEG

n = 29
n = 15

n = 20
n = 14

HF (beats/min) EV/HPeV POS  
EV/HPeV NEG

155 (144–171)
135 (127–150)

145 (139–160)
141 (131–157)

PR interval (msec) EV/HPeV POS  
EV/HPeV NEG

100 (87–107)
100 (93–114)

92 (89–105)
104 (99–121)

QRS duration (msec) EV/HPeV POS 
EV/HPeV NEG

60 (57–69)
70 (60–75)

64 (60–70)
59 (53–70)

T-wave reversal EV/HPeV POS  
EV/HPeV NEG

1/29 (3%)
0/15 (0%)

0/20 (0%)
0/14 (0%)

QRS-voltage   
> 98th percentile

EV/HPeV POS  
EV/HPeV NEG

7/29 (24%)
4/15 (27%)

1/20 (5%)
0/14 (0%)

EV: Enterovirus; HPeV: Human Parechovirus; IQR: interquartile range; ECG: electrocardiogram; HF: heart 
frequency. Numbers represent number/total (percentage). * No clinically relevant differences were noticed.

Table 7.4: Echocardiography measurements at baseline (during episode of sepsis-like illness)

EV/HPeV POS 
Median (IQR) 
n = 23

EV/HPeV NEG  
Median (IQR) 
n = 16 

Healthy controls 
Median (IQR) 
n = 48 p-value

EF (Teich) (%) 64.1 (62.3–66.8) 64.9 (62.6–69.3) 64.9 (57.1–72.5) 0.75

FS (%) 33.0 (31.6–34.1) 33.6 (31.7–37.0) 34.1 (29.1–40.4) 0.43

GLS 4Ch (%) -17.5 (-19.7–-13.3) -18.7 (-20.8 –-17.3) -18.1 (-19.8–-16.6) 0.13

EF: ejection fraction; FS%: fractional shortening; GLS: global longitudinal strain; 4Ch: 4 chamber-view.
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All infants had values within the normal range at all measurements. Table 7.4 shows the 
measurements at baseline of the three groups. From the echocardiographic evaluation 
at admission to the follow-up evaluation in the EV/HPeV positive group the EF (64% vs. 
67%, p = 0.03), FS (33.0% vs. 34.9%, p = 0.02) and GLS 4Ch (-17.5% vs. -19.2%, p = 0.02) 

Table 7.5: Repeated echocardiography measurements

Echo 1 
Median (IQR)

Echo 2  
Median (IQR) p-value

EV/HPeV POS EV/HPeV 
NEG

n = 23
n = 16

n = 21
n = 13

EF (Teich) (%) EV/HPeV POS EV/HPeV 
NEG

64.1 (62.3–66.8)
64.9 (62.6–69.3)

67.1 (64.0–70.3)
65.0 (61.8–68.1)

0.03
0.35

FS (%) EV/HPeV POS EV/HPeV 
NEG

33.0 (31.6–34.1)
33.6 (31.7–37.0)

34.9 (32.9–37.7)
33.6 (31.4–36.1)

0.02
0.39

GLS 4Ch (%) EV/HPeV POS EV/HPeV 
NEG

-17.5 (-13.3–19.7)
-18.7 (-17.3–20.8)

-19.2 (-16.6–20.9)
-18.3 (-17.0–20.2)

0.02
0.80

Echo: echocardiography; EF: ejection fraction; FS%: fractional shortening; GLS: global longitudinal strain; 4Ch: 
4 chamber-view. 

Figure 7.3: Global longitudinal strain in 4 chamber view.
Boxplot with median, IQR, highest and lowest case within 1.5x IQR, and outliers. US: ultrasound; 4Ch: four 
chamber view; EV: Enterovirus; HPeV: Human Parechovirus.
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significantly, but slightly, improved over time. This phenomenon was not found in the EV/
HPeV negative group where EF (64.9% vs. 65.0%, p = 0.35), FS (33.6% vs. 33.6%, p = 0.39) 
and GSL 4Ch (-18.7% vs. -18.3%, p = 0.80) were unchanged at the second measurement. 
In Figure 7.3 the measurements of the GLS 4Ch are shown. 

Discussion

Timely diagnosis of acute myocarditis is difficult, as clinical signs and symptoms range from 
respiratory distress or chest pain to acute cardiogenic shock 2, ECG changes are non-specific 19  
and decreased ventricular function on echocardiography is a late sign 25-27. 

In our study, none of the infants developed clinical signs of acute myocarditis. There were 
no clinically relevant differences between cardiac markers, ECG and echocardiographic 
findings in EV positive and negative infants. Moreover, in both groups some infants had 
elevated cardiac enzymes or high voltage QRS complex on the first ECG. Although none had 
abnormalities at echocardiography, we detected a subclinical improvement in left ventricular 
performance in the EV/HPeV positive group compared to the EV-HPeV negative group. 

Cardiac markers

In both the EV/HPeV positive and negative groups, infants with elevation of cardiac markers > 
p98 without overt clinical signs of myocarditis were found. A possible explanation is that the 
elevation of cardiac markers in the infants in the EV/HPeV negative group, who presumably 
were affected by a different virus, is associated with infection with another virus. Many viruses 
have been reported to incidentally cause myocarditis with elevation of cardiac markers 28-30. 

Electrocardiogram

ECG investigations showed transient high voltage QRS complexes. High voltage QRS 
complexes on ECG, as a sign of ventricular hypertrophy, have been described in 41% of infants 
with acute myocarditis or dilated cardiomyopathy 19. We found high voltage QRS complex 
in about 25% of cases in both the EV/HPeV positive and negative group, with no significant 
difference between the groups. This adds to the possibility of cardiac involvement in both 
study groups. T-wave reversal has been described in 31–67% of children with clinically 
apparent myocarditis 2 19. In our cohort, one EV positive infant had T-wave reversal in V2 
during the acute phase of disease. The vital parameters were within normal limits for age 31.  
In this infant, echocardiography showed normal values (mMode and GLS 4Ch) at both 
measurements and the infant had recovered completely at the follow-up visit. 
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Echocardiography

All echocardiography measurements of the study population were within normal limits, thus 
no cardiac dysfunction was present in our subjects. A retrospective study that describes 31 
children, aged 21 days to 18 years, with myocarditis showed reduced %SF or EF in 73% of 
cases 2. In all cases this was accompanied by an abnormal chest radiograph or ECG. 

We report a slight, but statistically significant, improvement in %SF, EF and GLS 4Ch in the 
EV/HPeV positive group at the follow-up measurement compared to the measurements 
in the acute phase of disease. Although little is known about the early stages of acute viral 
myocarditis 32, we hypothesise that the minor improvement in %SF, EF and GLS 4Ch in our 
patients 4 weeks after infection, could be a sign of cardiac involvement. Due to viral entry 
in the myocardium and activation of the immune response, ventricular function show a 
(minor) decrease, which recovers after clearance of the virus 32. In our population this was 
of transient nature and not leading to overt myocarditis with left ventricular failure.

Limitations

Our study has its limitations. We have missing data, and although this represents daily 
practice, it prevents strong conclusions about cardiac involvement in EV and HPeV, and 
other viral, infections. Second, although previous studies included cohorts of similar size, the 
number of patients is small and further studies should include a larger population. We did 
choose to pooling EV and HPeV in one group in this study, to represent the patient groups of 
young infants with sepsis/like illness that are cared for in general paediatric wards. But this 
could have induced regression to the mean and possible signs of myocardial involvement 
in either of the two groups were masked. But, if we chose to analyse EV and HPeV as 
separate groups, these would have been even smaller. Finally, we did not perform typing 
of EV and HPeV, as this has no clinical consequences for their treatment. Nevertheless, it 
would be interesting to define EV or HPeV risk serotypes with targeted follow-up of these 
specific infants.

Conclusion

In this study we found minor, non-specific, ECG abnormalities and elevated cardiac markers 
in both the EV/HPeV positive and negative groups, suggesting possible minor cardiac 
involvement in both groups. Echocardiography images showed normal and unchanged 
%SF, EF and GLS 4Ch values in the EV/HPeV negative group versus a slight, but clinically 
irrelevant improvement in the EV/HPeV positive group. However, %SF, EF and GLS 4Ch 
values in both groups were all within normal limits and none of the infants had any clinical 
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signs of acute myocarditis. The overall clinical implications of our findings are minimal. A 
continued vigilance for cardiac symptoms in patients with sepsis-like presentation remains 
important, but our findings do not support cardiac screening in all infants with EV or HPeV 
sepsis-like illness. 
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‘Viral infections in young infants’ is an immense topic that could (and should) never be 
completely discussed in one thesis. Therefore, choices to limit to the scope of this thesis 
were made and we decided to discuss two different groups of paediatric viral infections; 
first ‘ToRCH’ infections (part A) and secondly Enterovirus (EV) and Human Parechovirus 
infections (HPeV) (part B). 

Congenital (ToRCH) infections have a relatively low incidence in The Netherlands but are 
frequently tested for a variety of different indications. Two frequent indications for ‘ToRCH 
testing’, lenticulostriate vasculopathy (LSV) and small for gestational age (SGA), were 
evaluated in chapter 2 and 3, respectively. General diagnostic considerations on ToRCH-
testing from a pathophysiology and laboratory perspective were reviewed in chapter 4. 
ToRCH-testing is requested relatively often in daily clinical practice, but EV- and HPeV 
testing is not always integrated in standard of care, even though they occur frequently in 
young infants with sepsis-like illness. Therefore, this diagnosis can be easily missed. The 
added knowledge from our large epidemiology study (chapter 5) and smaller follow-up 
studies from a non-intensive care point of view (chapters 6 and 7) will improve the general 
paediatrician’s capability to provide adequate follow-up after EV or HPeV infection and 
better inform parents about what to expect after hospital release. 

In this general discussion, the main findings and the methodological challenges of the studies 
in this thesis are mentioned and put in a broader scientific perspective. This is followed by 
a review of the clinical consequences of the conclusions of this thesis. Finally, suggestions 
for further research are provided. 

Part A: ToRCH infections

Epidemiology 

The ToRCH acronym was first proposed in 1971 in order to include congenital infections in 
the differential diagnostic considerations of several signs and symptoms that the pathogens 
in the acronym have in common, such as small for gestational age (SGA) or several brain 
anomalies 1. An infection with one of these pathogens generally causes no or only mild 
maternal symptoms, but vertical transmission causing foetal infection can lead to severe 
birth defects. These similarities make the ToRCH acronym a very practical one, but the 
pathogens included, i.e. Toxoplasma Gondii, rubella, CMV and herpes simplex virus, also 
have some quite different characteristics. For example, the vertical transmission rates and 
associated long term morbidity vary considerably. Table 8.1 provides a summary.
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Due to the differences in epidemiology and morbidity, comparing the burden of disease 
of the pathogens of the ToRCH group is difficult. The last column of Table 8.1 uses the 
Dutch 2017 birth cohort (n = 169,836 newborns) as a calculation example. By multiplying 
this number with the birth prevalence of each of the pathogens of the ToRCH group, an 
estimation of the number of infants affected by a pathogen of the ToRCH group can be 
made. These calculations show that an estimated 1200 infants have been symptomatically 
affected by one of the ToRCH pathogens in 2017. Due to the success of rubella vaccination, 
no infants were affected by Rubella virus. This is in stark contrast to the relatively high 
birth prevalence of congenital CMV (n = ~ 849) and toxoplasmosis (n = ~ 306), which 
is higher (6.8/1,000) than the birth prevalence of non-chromosomal congenital heart 
disease (5.4/1,000) 14 and trisomy 21 (1.4/1,000) 15, respectively. The birth prevalence of 
herpes simplex virus infection is much lower (0.3/1,000), comparable to infants born with 
cleft palate (0.4/1,000) 16. In the last decades, diagnostic accuracy has been improved for 
toxoplasmosis and evidence of treatment improving outcome has been provided 17-19. Thus, 
more awareness of congenital cytomegalovirus and toxoplasmosis should be created by 
promoting prevention and screening methods. 

Prevention

As is shown in Table 8.1, rubella vaccination has led to a virtual extinction of rubella virus 
infections in our and other countries that implemented rubella vaccination. There is some 
reason for concern though, vaccination rates are declining and since 2013 the Dutch 
vaccination coverage is below the 95% target. In 2017 overall rubella vaccination coverage 
was 92.2%, with 2.2% of the Dutch population living in an area with < 90% coverage. This 
led to the World Health Organisation (WHO) assigning The Netherlands as at intermediate 
risk for a rubella outbreak 13.  This risk has been observed during the 2004–2005 rubella 
epidemic in our country, when the reported incidence of congenital rubella infection was 
2.6/1,000 newborns and cases of congenital rubella syndrome were reported. These 
cases occurred only in children of unvaccinated women 20 21. This means that the declining 
vaccination coverage could lead to an increase of congenital rubella syndrome. Clinicians’ 
suspicion for congenital rubella infection should rise, especially in sub-populations that 
have a low vaccination coverage. 

For toxoplasmosis, CMV and herpes simplex virus no registered vaccine exists to date 17 22,  
although several study groups are working on its development. Hygienic measures are 
another type of primary prevention. Awareness of congenital infections can be effectively 
increased by active counselling of pregnant women. Preventive measures are shown in Table 
8.2. These measures have been shown to be successful in decreasing the risk for maternal 
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infection and active counselling can reduce the seroconversion rate of CMV in pregnant 
women by 6.4% 23. Advice on how  to prevent congenital toxoplasmosis has been reported 
to be extremely successful; repeated information given to pregnant women decreased 
the seroconversion rate of pregnant women by more than 90% 24. But the effect can be 
easily over-estimated by selection bias. Nevertheless, the possible positive effect can be 
considerable. Another strategy that should be studied is implementation of cat vaccination, 
as they spread the oocysts that lead to human infection 25.

Although not implemented in The Netherlands, other countries have implemented maternal 
CMV and/or toxoplasmosis screening as a secondary prevention measure. Advantages are 
that awareness of both patients and physicians is increased, which has been shown in France 
where screening pregnant women for CMV is common 26 27. However, screening for CMV can 
lead to false reassurance because of viral reactivation or reinfection that cannot be detected 
by determining maternal IgG and IgM antibodies. In The Netherlands this would lead to 
missing about half of all congenital CMV cases by maternal screening 28. Furthermore, if 
maternal CMV infection is detected, no means of preventing foetal infection is available. For 
toxoplasmosis, the accuracy, speed and cost of screening methods are improving, thus cost-
effectiveness of early diagnosis of congenital infection is improving for toxoplasmosis 19 29.  
In 2009 a study reported that the burden of congenital toxoplasmosis in The Netherlands 
has been underestimated previously, adding to the importance of increasing awareness 5.  
Also, intrauterine and early postnatal treatment regimens have been shown to improve 

Table 8.2: Preventative measures

 Primary prevention

Toxoplasma gondii ̵̵ Avoid ingestion of raw meat products
̵̵ Avoid contact with cat faeces (litter box and gardening)
̵̵ Development of cat vaccination

Rubella ̵̵ Vaccination of general population
̵̵ Advise vaccination for unvaccinated women of childbearing age (one month 

prior to conception)

CMV ̵̵ Hand washing (15–20 seconds) after contact with saliva or urine of young 
infants

̵̵ Avoid sharing food, drinks, pacifiers, toothbrush etc. with young infants

Herpes simplex ̵̵ Caesarean section in case of maternal vaginal herpes lesions (prevents 
peripartum infection)

̵̵ Hand washing after contact with a person with labial herpes and frequent hand 
washing when having labial herpes

̵̵ Avoid kissing and sharing food, drinks, pacifiers, toothbrush etc. with people 
with labial herpes
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outcome 30. Thus, maternal screening for toxoplasmosis need be considered and studies 
to determine its cost-effectiveness should be performed. 

Clinical manifestations of ToRCH infections

In the general introduction and in chapter 4 of this thesis, the clinical signs and symptoms 
for each of the ToRCH pathogens have been extensively described, thus, in this general 
discussion those will not be repeated. For a quick reference Table 1.1 of the general 
introduction can be used. 

It is important to remain aware that some signs and symptoms are more specific for one 
of the pathogens of the acronym than others, such as chorioretinitis for toxoplasmosis or 
signs of extramedullary haematopoiesis for CMV. Other symptoms are nonspecific, such 
as (minor) cerebral abnormalities or being born small for gestational age (SGA). Targeted 
diagnostic testing for one or more of the ToRCH pathogens should of course be planned 
based on these clinical signs and symptoms, as is described in chapter 4 of this thesis. But 
especially for these more nonspecific clinical signs and symptoms, the yield and cost of 
extensive microbiologic testing should be clear to the clinician. 

Small for gestational age and ToRCH screening
Infectious diseases account for 5–10% of SGA cases 31 32, but SGA is rarely an isolated 
manifestation of congenital infection with ToRCH agents 32. In chapter 3 we found that the 
co-occurrence of congenital ToRCH infections in asymptomatic SGA neonates is extremely 
low 33. Only 2/112 (2%) of infants with SGA were diagnosed with congenital CMV infection. 
No co‑occurrence of SGA and any of the other pathogens of the ToRCH group has been 
detected. In the epidemiological context of congenital infections in The Netherlands, in 
cases of isolated and unexplained SGA, a complete ToRCH screening is not necessary and 
can be limited to screening for CMV, using urine. 

Since the publication of our study, four more studies have added evidence that screening 
for congenital ToRCH infections in infants with isolated SGA is not cost-effective. In 2014 
Wei et al. 34 investigated 232 SGA neonates of whom about 50% were screened for either 
ToRCH serology or CMV in urine: 2 neonates were CMV positive and treated with ganciclovir. 
Both also had other findings on physical examination suggesting a congenital CMV infection, 
such as hepatosplenomegaly. In a large study from Australia 415/3,437 SGA (birth weight 
< 10th percentile) neonates had urine CMV PCR tests performed and only 1 neonate (0.4%) 
was CMV positive. This infant also had other symptoms suggestive of neonatal infection 35. 
Chung et al. 36 screened 119 SGA neonates for ToRCH infections, none tested positive. And 
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recently Espirutu et al. 37 investigated 386 neonates with a birth weight < 10th  percentile, 
325 were tested  for congenital CMV (either urine PCR and/or IgM in serum) and none 
tested positive. 

At the time of its publication we drew cautious conclusions due to the limitations of our 
study, such as the retrospective design, possibility of selection bias in our tertiary population 
and the missing data. But when combining our results with that of the newer studies on the 
co-occurrence of SGA and congenital infections, the evidence is now much stronger. This 
means that in countries with a low incidence of congenital infections, a complete routine 
ToRCH screening in neonates with isolated, unexplained SGA is unnecessary and should 
be limited to testing for CMV in urine by PCR.  In 2017 the European Expert consensus 
statement on congenital CMV also advised to implement this policy 18, and it has since been 
integrated in the Dutch CMV guideline 38 and Dutch obstetric guideline for foetal growth 
restriction 39. The focus should be on implementing this policy in local protocols and daily 
routine of neonatal units throughout The Netherlands. New studies could evaluate the 
cost-effectiveness of this policy. 

Neurologic abnormalities associated with ToRCH infections
The pathogens of the ToRCH group have all been associated with various neurologic 
abnormalities, an overview has been given in Table 1.1 of the general introduction. To decide 
if cerebral imaging is necessary, a division can be made between those that cause none 
or mild impairments, such as germinolytic cysts, micro-calcifications and lenticulostriate 
vasculopathy (LSV), and those that cause severe neurodevelopmental impairments, such 
as cerebral atrophy, microcephaly, migration abnormalities, large cystic abnormalities 
and white matter injury. For CMV a European expert consensus statement and advise on 
cerebral imaging has been formulated, suggesting that in an infant with congenital CMV 
and neurologic signs or symptoms, a cerebral MRI should be performed 18, and it should be 
strongly considered in any infant with congenital CMV 18 40. Depending on the chosen imaging 
modality, some abnormalities cannot be detected though. For example, polymicrogyria is 
best detected on cerebral MRI, but LSV only on cerebral ultrasound 41 42. A combination of 
both imaging modalities should be considered and consultation of a paediatric (neuro-)
radiologist can help to determine their optimal timing and required imaging parameters. 

For the other pathogens of the ToRCH acronym, no such advice exists to date and there is 
not much evidence available. Deciding on cerebral imaging is performed on a case-to-case 
basis. Table 8.3 shows the type of cerebral lesions that have been described at different 
gestational ages in foetal infection with one of the ToRCH pathogens. The severity of the 
possible lesions and their therapeutic or prognostic consequences should be leading 
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Table 8.3: Brain abnormalities of congenital ToRCH infections by gestational age

Gestational age 
(GA) at congenital 
infection Described brain abnormalities

Toxoplas-
mosis  
40 43

< 20 weeks Ventriculomegaly (hydrocephalus) 
Severe parenchymal destruction 
Large diffuse calcifications

20–30 weeks Ventriculomegaly (hydrocephalus) 
Parenchymal destruction/volume loss
Mild, less diffuse, calcifications

> 30 weeks Small calcifications (periventricular / parenchymal)
Lenticulostriate vasculopathy
Subependymal (pseudo-)cysts
Encephalitis

Rubella virus 
40 44

< 10 weeks Near-to-total brain destruction
Microcephaly

Later in pregnancy Ventricular enlargement
Myelination abnormalities
Periventricular signal abnormalities
Basal calcifications
Subependymal (pseudo-)cysts

Cytomegalo-
virus  
40 45 46

< 20 weeks Migration disorders: agyria/pachygyria 
Ventriculomegaly
Cerebellar hypoplasia
Calcifications
Microcephaly 

20–27 weeks Migration disorders: polymicrogyria/schizencephaly 
Less severe ventriculomegaly
Calcifications
White matter disease
Pseudocysts
LSV 
Microcephaly 

>27 weeks Myelin delay or myelin destruction
White matter disease (predominantly posterior distribution)
Pseudocysts
LSV 

Herpes 
simplex 
virus 47

No gestational age 
specific data

Early signs: 
Loss of gray-white differentiation
Cortical gray matter blurring 
Cerebral oedema
Gyral or leptomeningeal enhancement (after contrast)
Haemorrhaging

Late signs: 
Leukomalacia 
Severe diffuse multicystic encephalomalacia 
Parenchymal, punctate or gyral calcifications
Ventricular enlargement
Microcephaly
Subependymal (pseudo-)cysts (predominantly anterior-temporal)
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factors in deciding when to perform cerebral imaging. Consultation of a paediatric (neuro‑)
radiologist can help to determine the optimal timing and imaging modality. A similar 
approach as advised for congenital CMV should be taken. In case of neurologic signs or 
symptoms and confirmed congenital infection, neuroimaging should be performed. In case 
of no neurologic symptoms and confirmed congenital infection, it should only be performed 
if finding any abnormalities has therapeutic or prognostic consequences. If an infant has 
neurologic signs or symptoms and no diagnosis has been made yet, neuroimaging can be 
part of the diagnostic work-up.

Lenticulostriate vasculopathy and ToRCH
One of the minor cerebral abnormalities that can be found in congenital infections, LSV has 
been the topic of our study in chapter 2 of this thesis. We found no association between 
congenital ToRCH infections and the appearance of isolated LSV on cerebral ultrasound 
examination in our study population. But, when combining our patient data with the data 
from all previously published studies on the subject, the overall incidence of congenital 
infections was 7% (32/442), of whom the majority had a congenital CMV infection (25/32, 
78%) 48-57. We therefore concluded that in cases with isolated LSV, routine screening for all 
infections included in the ToRCH group yields a poor result and does not justify the incurred 
costs. Diagnostics should be limited to urinary screening for CMV only. But we were careful in 
our conclusions due to the retrospective nature and absence of a control group in our study.  

Since the publication of our patient series, Maayan-Metzger et al. 58 have reported the results 
of urinary screening for congenital CMV in 84 premature neonates with isolated LSV on 
cerebral ultrasound. All infants were tested for congenital CMV, but none tested positive, 
confirming that the yield of screening neonates with isolated LSV for congenital CMV is poor. 

Whether isolated LSV in CMV positive neonates is associated with an increased risk of 
developing sensorineural hearing loss, has been a topic of recent research. Amir et al. 59  
and Bilavsky et al. 60 described an increased incidence of hearing loss in infants with 
congenital CMV and isolated LSV compared to those without LSV on cerebral ultrasound. 
Giannattasio et al. 61 investigated this recently in a large prospective case-control study 
and found isolated LSV on cerebral ultrasound exams in 14% of healthy neonates and in 
67% of infants with confirmed congenital CMV. Although this difference in the incidence 
of LSV between the two groups is statistically significant, this study found no association 
of LSV with neurodevelopmental delay or sensorineural hearing loss. Thus, study results 
are contradicting, and no consensus has been reached on whether or not isolated LSV is 
a predictor for congenital CMV and, more importantly, if it is a predictor for symptomatic 
disease and thus has treatment consequences. 
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Urinary PCR to test for congenital CMV remains warranted in cases of isolated LSV, but a 
complete diagnostic work-up for the other pathogens in the ToRCH group is redundant. 
Urinary PCR for CMV is a non-invasive test and a positive result has clinical consequences. 
If a child has congenital CMV infection, follow-up of his or her ability to hear is necessary 
as congenital CMV is the leading cause of sensorineural hearing loss 62. And if congenital 
CMV is or becomes symptomatic, early treatment with ganciclovir prevents hearing 
deterioration 63 64. 

When and how to use diagnostic testing for ToRCH infections

Many neonates are evaluated for being SGA, or because of abnormalities found on 
cerebral ultrasound exams. Infection with one of the ToRCH micro-organisms is a common 
diagnostic consideration in these cases. It is important for the clinician to be aware that 
ToRCH ‘screening’ is not one single serologic test and that multiple serologic and PCR tests 
are required. And sometimes repeated testing is necessary as is explained in chapter 4 
of this thesis. Maternal serologic status can also be informative about the possibility of 
congenital infection. Knowing maternal serologic status can sometimes prevent neonatal 
blood drawing and thus reduce the risk for phlebotomy-induced anaemia in the newborn, 
for which the premature infant is most at risk 65. Therefore, paediatricians should inquire 
with their obstetric colleagues if maternal testing has been or can be performed. First 
trimester serologic status is most informative. In case of a first trimester seronegative or 
unknown serologic status, maternal (re‑)testing can be performed to investigate maternal 
seroconversion, and if the mother remains seronegative, congenital infection can be 
excluded. If maternal seroconversion is found, maternal infection has occurred and neonatal 
testing should be performed to determine if vertical transmission has taken place. In 
chapter 2 and 3 of this thesis we described that 44% and 50% (respectively) of mothers had 
been tested for one or more of the pathogens of the ToRCH group, thus inquiring with the 
obstetrician will prevent many neonatal blood drawing. Figure 8.1 provides a flow-chart of 
implementing maternal serologic status into detecting congenital infection.  

International consensus to determine which clinical condition in a newborn is an indication 
for ToRCH testing is not available, because it is dependent on various factors, such as local 
epidemiology, first-trimester maternal antibody status (local obstetric policy) and clinical 
signs and symptoms of the mother and neonate. These must be taken into account before 
deciding which laboratory test is useful for diagnostic purposes.

It is important to note though, that the ToRCH acronym was not meant to be exclusive for 
toxoplasmosis, rubella, CMV and herpes virus. Since its first description in 1971 by Nahmias 
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Figure 8.1: Maternal serologic status and detecting congenital infection.
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et al. 1, proposals have been made to use the ‘o’ of the acronym for ‘other pathogens’. 
Other pathogens have been added at different times to the acronym by different authors. 
Varicella zoster virus, treponema pallidum, enterovirus, parvovirus B19, lymphocytic 
choriomeningitis virus (LCM), parechovirus and many more have been suggested 66 67. And 
more pathogens still can be proposed to be added, for example Zika virus 68. Its emergence 
has caused an epidemic, especially in Latin-America, of neonates with microcephaly, ocular 
abnormalities and sensory neural hearing loss (SNHL) 40 69. This stipulates the importance of 
not only relying on the traditional pathogens of the ToRCH group. If a clinician should use 
the acronym in composing a differential diagnosis, it is important that she or he embraces 
the ‘o’ of the acronym into their diagnostic considerations. 

Future research perspectives on ToRCH infections

The imaging modalities (MRI and cUS) and their diagnostic usefulness in congenital ToRCH 
infections should be investigated. Determination of the appropriate timing of imaging and 
repeated examinations are necessary. To do this, (inter)national collaboration to obtain 
large enough study populations is very important. 

Whether or not LSV is a marker for cerebral damage or CNS involvement in congenital CMV 
should be investigated in a large prospective cohort study, with an appropriate control 
group. Infants with congenital CMV with and without isolated LSV and a control group of 
healthy infants with and without isolated LSV should be compared for clinical outcomes. 

Also, other frequent indications for ToRCH testing should be evaluated on their cost-
effectiveness in similar ways as we evaluated those with LSV and SGA. The indications 
that could be considered are thrombocytopenia, hepatosplenomegaly, and/or elevation 
of liver enzymes.

Part B: Enterovirus and Human Parechovirus

Epidemiology 

The first description of enterovirus sepsis-like illness in young infants dates back to 1956, 
when Crawford and colleagues published a case series of 10 young infants. All had irritability, 
a rash and fever, and an enteric virus was found in viral cultures 70. The reported incidence 
of EV and HPeV infections in young infants varies depending on the studied population. A 
study from Germany included children under three months of age with aseptic meningitis 
during a ten year study period 71. The incidence of EV-meningitis was 7.7% and the same 
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incidence was found for HPeV-meningitis. But when all infants with sepsis-like illness 
(including aseptic meningitis) are included, the incidence for both viruses is much higher. 
In 1999 the overall yearly incidence of EV induced sepsis-like illness in infants from the 
USA aged less than 90 days was reported to be 25%, and increased up to 50% during an 
epidemic season (Summertime) 72. 

In Chapter 5 of this thesis we confirm this high incidence for the Dutch population. We 
included all infants with sepsis-like illness with and without meningitis. These inclusion 
criteria were chosen because these are the most frequent clinical presentations in this age 
group. We did use a strict definition of sepsis-like illness (see Table 5.1 for the details). EV 
was detected in 132/353 (37%) and HPeV in 52/353 (15%) infants as the causative pathogen. 
Figure 8.2 shows the relative distribution of pathogens in young infants with sepsis-like 
illness in The Netherlands (data based on Chapter 5 of this thesis).

Figure 8.2: Pathogens causing sepsis-like illness in infants aged 0–90 days in even and odd years.
Data based on the study reported in Chapter 5 of this thesis 73.
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Our data shows that EV and HPeV infection are the cause of sepsis-like illness in approxi-
mately half of the infants aged 0–90 days studied. Combined, they cause 59% of cases of 
sepsis-like illness in our study population in even years and 45% in odd years. This high 
incidence stipulates the necessity of adding EV and HPeV PCR in both serum and cerebro-
spinal fluid (CSF) to the standard work-up of young infants with sepsis-like illness. 
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EV and HPeV also have distinct seasonal epidemiology. EV has a yearly peak incidence during 
summer and HPeV has a biannual summertime peak in Europe in even years 74-76. Our study 
population also demonstrated this specific biannual pattern 73. A possible hypothesis is that 
herd immunity for a specific circulating genotype is gained in epidemic years and protects 
newborns the year thereafter. This biannual epidemiologic phenomenon is yet to be clarified.

It is important to note though, that during non-epidemic months or years both viruses 
are never completely absent and thus performing EV and HPeV PCR in a young infant with 
sepsis-like illness is never redundant.

One of the limitations of our study was that some sample sizes were too small for 
adequate viral typing. Complete typing of all samples could have given more specific 
clinical information about the circulating viral types in our study period and their clinical 
presentation. Among the samples that were typed, type B enterovirus and HPeV type-3 
were most frequently identified. 

The circulating EV and HPeV genotypes have been shown to vary from year to year and 
by geographic location 77. Different genotypes can also express different clinical signs 
and symptoms in specific age groups. For example, in children up to 3 years of age the 
percentage of children that develop symptomatic infection due to HPeV is much lower and 
the severity of the disease is milder than in infants up to 90 days of age. The predominant 
genotype affecting these children is also different, explaining these differences. In older 
children (up to 3 years of age), HPeV type-1 is most frequently identified 78, whereas in the 
younger, more severely ill, infants that were studied in this thesis, HPeV type-3 was most 
frequently the causative agent. 

Different EV types can also cause differences in clinical manifestation. For example, EV 
genotype D68 can cause severe respiratory symptoms, but is mostly detected in older 
children 79 80. Enterovirus A71 has been associated with flaccid paralysis and polio-like 
syndrome, with more severe symptoms reported from Asian subtypes than in those found 
in Europe 81-87. Both EV D68 and A71 illustrate that not only poliovirus (EV type C1, 2 and 
3) but also a variety of other types of picornaviruses, can cause severe disease, stipulating 
the need for picornavirus surveillance and detection of emerging genotypes and their 
clinical manifestations 88. 

Prevention 
If infection with EV and HPeV in young infants could be prevented, many cases of hospital 
admission could be avoided, which would have many positive consequences. However, 
since EV and HPeV are mostly spread through viral droplets or the faecal-oral route, this 
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has many practical obstacles. Advocating basic hygienic measures, such as frequent hand 
washing and avoiding contact with toys or saliva of children with an infection, could possibly 
prevent some infections in these young infants. But no studies evaluating the effects of 
such hygienic measures on transmission of EV or HPeV exist.

Vaccination could be another option for prevention of infection and is available for two 
specific types of enteroviruses, poliovirus and EV-71. Poliovirus vaccine has been available 
for several decades. Since worldwide poliovirus vaccination started in 1988 89, its burden of 
disease has been tremendously reduced 90. In recent years, three enterovirus-71 vaccines 
have been licenced in China 91-93, and cost-effectiveness of implementing childhood EV-71 
vaccination for the Chinese population is promising 94. But the Chinese situation, where the 
EV-71 disease burden is high, is not representative for Europe with a much lower burden 
of EV-71 related disease. The development of EV-71 specific vaccines does show that 
developing vaccines against specific types of picornaviruses is possible. However, the EV and 
HPeV types associated with sepsis-like illness are too numerous for vaccine development. 
Furthermore, the much lower burden of disease for the EV and HPeV genotypes that cause 
sepsis-like illness and their generally favourable long term outcome makes development of 
such vaccines not a priority.  Early diagnosis of EV or HPeV can lead to tertiary prevention by 
recognition of those infants with severe disease. Early interventions to prevent long term 
disability, where possible, should therefore be the primary focus of clinicians. 

Clinical manifestations of enterovirus and human parechovirus

Chapter 5 describes the clinical manifestations of EV and HPeV sepsis-like illness in infants 
under 90 days of age in detail. Combined with other reports, we now understand the 
manifestations of EV and HPeV induced sepsis-like illness very well 75 95-101. The signs and 
symptoms suggestive of EV or HPeV in these young infants consist, besides the classic 
signs of infection in infancy, of a rash in about 16% of cases, abnormal behaviour (lethargy 
or agitation) in 77%, a short duration of illness before presentation (< 1 day), and mildly 
increased infectious parameters in blood and/or CSF. Our study also confirms that it is 
important to remain aware that there are no clinically significant differences, between 
infants with EV or HPeV and those with a serious bacterial infection, neither in medical 
history, physical examination or infectious parameters. Considering the high incidence of 
EV and HPeV as causative pathogens, it is important to add EV and HPeV PCR in serum and 
CSF to the standard of care during a sepsis work-up in young infants. 

One of the limitations of our study is that we did not perform other additional viral testing 
to discover the occurrence of dual viral infections in our study population. Although this 
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was not our objective, it could have provided additional information on the epidemiology 
of viral infections in young infants. Hypothetically, those infants with multiple pathogens 
could have a longer or more severe course of illness. Other limitations in our study were 
missing data and insufficient sample sizes to perform EV and HPeV PCR on the material in 
some infants. Although this number of infants was small and represents the obstacles of 
daily clinical practice, it could have led to over- or underestimation of the incidence of EV 
and HPeV infections.  

Cardiac involvement in EV or HPeV induced sepsis-like illness
In chapter 7 of this thesis, myocardial involvement in young infants with sepsis-like illness 
was studied. Timely diagnosis of acute myocarditis is difficult as clinical signs and symptoms 
are often non-specific. Approximately 60% of patients has prodromal symptoms 102 and 77% 
has had an antecedent illness diagnosed 103, most commonly an upper respiratory infection. 
Table 8.4 provides an overview of clinical signs of acute myocarditis and demonstrates 
the relative non-specificity of these symptoms. Chest pain is only reported in literature in 
children over 10 years of age 103. Of course young infants cannot express themselves and 
complain of this phenomenon, but it can be hypothesized that insoluble crying or agitated 
behaviour in young infants are signs of chest pain.

None of the infants with sepsis-like illness in our study developed clinical signs of acute 
myocarditis. There were no clinically relevant differences between cardiac markers, ECG 
and echocardiographic findings in both EV/HPeV positive and EV/HPeV negative infants. 
Moreover, in both groups some infants had elevated cardiac enzymes or high voltage 
QRS complex on the first ECG, suggesting that other viral infections in the young infant 
are also capable of causing these abnormalities. Although none of the studied infants 
had abnormalities at echocardiography, we did detect a subclinical improvement in left 
ventricular performance in the EV/HPeV positive group. Although statistically significant, 
this minor improvement cannot be regarded clinically relevant. Our findings therefore 
did not support cardiac screening in all infants with EV or HPeV sepsis-like illness. Clinical 
awareness should remain the clinicians approach. 

The occurrence of myocardial involvement in acute viral myocarditis is thought to occur 
through two pathophysiological processes: (1) direct myocyte damage from viral activity 
and (2) host inflammatory response 103. Although little is known about the early stages of 
acute viral myocarditis 105, we do hypothesise that the minor improvement in %SF, EF and 
GLS 4Ch in our EV/HPeV positive patients, 4 weeks after infection, can be a sign of minor 
cardiac involvement during the acute stage of illness. Due to viral entry into the myocardium 
and activation of the immune response, ventricular function may show a (minor) decrease, 
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which recovers after clearance of the virus 105. In our study population this was of transient 
nature and did not lead to overt myocarditis with left ventricular failure. Possibly, viral-host 
interactions and specific host genotypes lead to some infants developing overt myocarditis. 
Further studies are needed to investigate both of these topics. 

Limitations of our study are its small sample size and missing data, and, although this 
represents daily practice, strong conclusions about cardiac involvement in EV and HPeV, 
and other viral, infections are therefore impossible. 

Table 8.4: Possible signs and symptoms of children with confirmed acute myocarditis 102-104

Sign or symptom at diagnosis
Percentage of children 
reported

Patient history Antecedent illness 73–77%
Breathing difficulties 43–69%
Feeding difficulties 13–39%
Vomiting 9–48%
Lethargy 18–39%

Physical examination Tachypnea 60–68%
Hepatomegaly 36–50%
Fever 30–45%
Respiratory distress 47–68%
Cardiogenic shock 20–29%

Electrocardiogram (%) Sinustachycardia 13–73%
ST-wave abnormalities 32–60%
T-wave abnormalities 31–60%
Low QRS voltage 13%
Axis deviation 53%
Ventricular hypertrophy 20–41%
Bundle branch block 10–33%
Arrhythmia 6–7%
AV-block 5–6%
Prolonged QT-Interval 5%

Laboratory results Elevated CRP 27%
Elevated troponin 38–54%
Elevated CK-MB 73–77%
Elevated NT-pro-BNP 96%

Echocardiography Valvular regurgitation 93%
Left ventricular dilatation 53–76%
Pericardial effusion 15–40%
Wall motion abnormality 7%
Pulmonary hypertension 24%
Decreased ventricular function 73–87%
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Neurologic sequelae after EV or HPeV induced sepsis-like illness

Chapter 6 reports on cerebral imaging and neurodevelopmental outcome of young infants 
after admission to a medium care unit with EV or HPeV induced sepsis-like illness. We 
investigated the presence of neurologic signs and symptoms up to one year of age. Neu-
rodevelopment was not different from age equivalent, healthy Dutch children 106. 

Previous studies did report neurodevelopmental delay, but these studies were dated or 
performed in a population that was admitted to a neonatal or paediatric intensive care unit 
107-109. Presumably, these infants were severely ill at the time of the infection, and therefore 
incomparable with our study population. Recently, a large retrospective cohort study 
form Australia described neurodevelopment of infants that had been admitted with HPeV 
induced sepsis/meningitis 110. In this large study of 145 infants, 23% had to be admitted to 
an ICU. Outpatient follow-up was planned for 77/145 (53%) of the study population, in all 
other cases this was not deemed necessary. Of the 77 children assessed, 11 had reported 
sequelae of whom 8 needed ICU treatment at the time of infection. The 3 infants that did 
not need ICU admission, had gross and/or fine motor delay at 1–2 years of age. This study 
emphasizes the need for good quality follow-up studies of a large cohort. A large percentage 
of the study population was not followed-up at all and this can lead to a selection bias and 
over-estimation of the possible sequelae. Follow-up visits were not standardized, which 
can have led to under-diagnosis of possible sequelae, and firm conclusions were therefore 
not possible. 

Our study also has its limitations, especially its small cohort size and missing data. Although 
previous studies included cohorts of similar size, the number of patients is still too small 
to allow firm conclusions, especially in terms of HPeV infection. Also, the duration of our 
follow-up was only one year and therefore it is possible that some neurodevelopmental 
problems have been missed or will (dis)appear over time. Another important issue is that 
MRI scanning was performed 4–6 weeks after hospital admission and used 5 mm thickness 
scans, so it is possible that we missed small, subtle abnormalities and those that disappear 
after the acute phase of illness.

When and how to use diagnostic testing for EV and HPeV

The high incidence of EV and HPeV detection in young infants with sepsis-like illness 
stipulates the necessity of adding EV and HPeV PCR in both serum and cerebrospinal fluid 
(CSF) to the standard work-up of young infants with sepsis-like illness. As an alternative, 
a stool sample could be used to detect the virus 111. It is important to be aware that viral 
shedding in the gastro-intestinal tract can be detected several weeks after infection, thus 
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if an infant experienced EV or HPeV infection in the weeks before presenting with sepsis-
like illness to the hospital, PCR in faeces could lead to false positive results. However, most 
young infants did not experience prior EV or HPeV infections in their early life. Another 
positive benefit of collecting stool samples is that sample size is usually large enough for 
viral typing, which is a problem in serum and CSF. EV and HPeV PCR in serum, CSF and stool 
should be integrated into the standard sepsis work-up. 

A British study showed recently that rapid PCR results for EV and HPeV by performing them 
daily influences clinical decisions. They describe that early diagnosis can reduce both the 
use of broad antibiotic and duration of hospital stay by 2 days 112. Others have shown that 
rapid EV and HPeV PCR results decrease the use of long-term broad-spectrum antibiotics 
and also reduces the number of invasive and costly investigations 113 114, which is both more 
patient friendly and reduces overall healthcare costs. Some caution should be exercised 
about the discontinuation of antibiotic therapy. This should only be done when the clinical 
condition of the infant is stable, his/her infectious parameters do not show a significant 
increase over time and there is a positive PCR result for EV or HPeV.  

Future research perspective on EV and HPeV 

The European non-polio enterovirus network (ENPEN) 115 was recently established in Europe 
to perform viral tracking and surveillance of non-polio enteroviruses. This is important to 
help predict a next epidemic and should include both case-based and environmental testing. 
Newly identified viral types and subtypes, and human parechovirus, should be investigated 
in both a laboratory and clinical setting to better understand their pathophysiology and 
clinical manifestations. The EPNEN initiative is a laboratory-based collaboration. Clinical 
researchers should join this initiative to provide clinical input as this could help in early 
identification of (emerging) viral genotypes that may cause severe disease. Because HPeV 
can cause severe disease in young infants, HPeV surveillance should be incorporated in 
the EPNEN initiative.  

The safety and cost-effectiveness of discontinuation of antibiotic therapy in infants with 
positive PCR for EV or HPeV without signs or symptoms of a serious bacterial infection should 
be established in the Dutch population. Genotyping of the viruses, especially in infants 
admitted to an intensive care unit, should be performed as this could help in discovering 
which viral genotypes are a risk factor for causing severe disease. 

More evidence to support the cautious conclusions of our studies is needed. A larger 
cohort and a control group of both healthy infants and infants with a non-EV/HPeV induced 
sepsis-like illness are pivotal to draw firm conclusions. Genotyping of the viruses found in 
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infants with subclinical myocardial involvement and those with overt myocarditis should be 
added to the study protocol so that specific risk of various viral genotypes can be identified.

Future research regarding neurodevelopmental follow-up is essential and should focus on 
optimal methodology, a standardized follow-up regime, and a longer duration of follow-up. 
This will make stronger conclusions possible about neurodevelopment after EV or HPeV 
induced sepsis-like illness in young infants that did not need intensive care treatment in 
the acute stage of disease.  

Main conclusions of this thesis

EV and HPeV

•	 EV and HPeV are the causative pathogens of sepsis-like illness in young infants in about 
50% of cases; testing for EV and HPeV should be standard of care. 

•	 Viral genotyping should be performed in all EV and HPeV research projects. 
•	 No clinically significant differences between infants with EV or HPeV and those with a 

serious bacterial infection exist; not in medical history, physical examination or infectious 
parameters.

•	 In our small follow-up cohort, no abnormalities on cerebral imaging were found and 
neurodevelopment was not different from age equivalent, healthy Dutch children.

•	 Our findings do not support cardiac screening in all infants with EV or HPeV sepsis-like 
illness.

ToRCH infections 

•	 In cases of isolated LSV, urinary PCR testing for congenital CMV is warranted. A complete 
diagnostic work-up for the other pathogens in the ToRCH group is redundant. 

•	 A complete routine ToRCH screening in neonates with isolated, unexplained SGA is 
unnecessary in countries with a low incidence of congenital infections. It should be 
limited to CMV testing in urine by PCR.

•	 Maternal serologic status must be taken into account before deciding which laboratory 
tests are useful to diagnose congenital infection with one of the ToRCH pathogens.

•	 Clinicians using the ToRCH acronym should use the ‘o’ of the acronym representing 
‘other pathogens’ in their diagnostic considerations.
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The aim of the first part of this thesis (part A) was to investigate the yield of performing 
diagnostic tests for ‘ToRCH’ infections in newborn infants with lenticulostriate vasculopathy 
(LSV) or small for gestational age (SGA). In the second part of this thesis (part B) the 
epidemiology and follow-up of Entero- (EV) and Human Parechovirus (HPeV) induced sepsis-
like illness in neonates and young infants was studied. This thesis updates and nuances the 
indications for testing for both groups of pathogens and provides insight in the follow-up 
after a proven infection with EV or HPeV. Chapter 1 provides the general introduction of 
this thesis in which the clinical background is explained. Congenital ‘ToRCH’ infections have 
a low incidence in The Netherlands but diagnostic testing occurs frequently for a variety 
of different indications, some of which aren’t necessary. On the contrary, EV- and HPeV 
infections have a high incidence infants, but are frequently missed due to lack of testing. 
Furthermore, knowledge about follow-up after a proven infection with EV or HPeV is  
scarce. 

Part A: ToRCH

The first part of this thesis explores two indications for ToRCH testing in newborn infants 
e.g. LSV and SGA. 

Chapter 2 investigates the association between congenital ToRCH infections and the 
appearance of LSV on cerebral ultrasound in the neonatal population. Combining the data 
of our study population with data from all previously literature on this subject, the overall 
incidence of congenital infections in neonates with LSV is 7% (32/442), of whom the majority 
has congenital CMV infection (25/32, 78%). We conclude that in cases with isolated LSV, 
routine screening for all infections included in the ToRCH acronym yields a poor result and 
does not justify the incurred costs. It should be limited to urinary screening for CMV only. 

Chapter 3 shows that in neonates with isolated, unexplained SGA the co-occurrence of 
congenital ToRCH is extremely low. Congenital CMV was diagnosed in 2/112 (2%) of our 
study population. No evidence of the co‑occurrence of SGA and any of the other pathogens 
of the ToRCH acronym was found. We conclude that testing neonates with unexplained, 
isolated SGA should be limited to urinary screening for CMV. 

Chapter 4 provides a broader view on the diagnostic tests that can be performed in a 
‘ToRCH-screening’. Infection with one of the ‘ToRCH’ micro-organisms has been a diagnostic 
consideration in a variety of minor systemic and cerebral abnormalities, such as calcifications 
or pseudocysts. We describe the differences in clinical manifestations of the different 
ToRCH pathogens and we remind clinicians that testing for these pathogens is not one 
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single serum test. Testing can consist of repeated serology, but in some cases PCR is more 
sensitive and specific. Local epidemiology, first-trimester maternal antibody status (subject 
of local obstetric policy) and clinical signs and symptoms of the mother and neonate must 
be taken into account before deciding which laboratory test is useful to request.

Part B: Enterovirus and human parechovirus

The second part of this thesis investigates EV and HPeV induced sepsis-like illness in young 
infants. 

In chapter 5 we describe the epidemiology and clinical manifestations of EV and HPeV 
as a causative agent for sepsis-like illness in infants under 90 days of age who did not 
need intensive care treatment. We found that EV and HPeV infection have an even larger 
incidence that previously described in laboratory based or retrospective studies. Combined 
they are the causative pathogen in about 50% of cases. The seasonal epidemiology of EV 
an HPeV are quite specific. EV has a yearly peak incidence during summer and HPeV has a 
biannual summertime peak in Europe and the USA. But both are never completely absent 
in non-epidemic periods. It is important for the clinician to remain aware that no clinically 
significant differences exist, between infants with EV or HPeV and those with a serious 
bacterial infection. Incorporation of EV and HPeV PCR testing in serum and CSF into standard 
of care in all infants undergoing a sepsis work-up is paramount. 

Chapter 6 investigates cerebral imaging and neurodevelopmental outcome of young 
infants after admission to a medium care unit with EV or HPeV induced sepsis-like illness. 
We investigated the presence of neurologic signs and symptoms in a small prospective 
cohort of infants that had EV or HPeV induced sepsis-like illness up to one year of age. No 
abnormalities on cerebral imaging were detected and no difference in neurodevelopment 
compared to healthy Dutch children of the same age was found. Firm conclusions are not 
yet possible due to the small study cohort and short duration of follow-up. 

In chapter 7 no myocardial involvement in young infants with EV or HPeV induced 
sepsis-like illness was found. None of the studied infants developed clinical signs of acute 
myocarditis. There were no clinically relevant differences between cardiac markers, ECG 
and echocardiographic findings in both EV/HPeV positive and EV/HPeV negative infants. 
We advise against screening in all infants with EV or HPeV sepsis-like illness for myocardial 
involvement because of the low yield and absence of clinical consequences in infants that 
do not need intensive care treatment. Clinical vigilance for signs of myocardial involvement 
in infants with EV or HPeV induced sepsis-like illness remains warranted. 
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Chapter 8, the general discussion, puts the conclusions of this thesis in its broader scientific 
perspective and provides suggestions for implementation and future research. 
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Virale infecties bij jonge zuigelingen
Epidemiologische en diagnostische aspecten van ‘ToRCH’ en Enterovirus- en 
Parechovirusinfecties

Het doel van dit proefschrift was enerzijds het onderzoeken van de opbrengst van ‘ToRCH-
diagnostiek’ bij neonaten met lenticulostriatale vasculopathie (LSV) of dysmaturiteit (deel 
A). Het tweede deel (deel B) beschrijft de epidemiologie en klinische symptomen, inclusief 
korte termijn follow-up van een door enterovirus (EV) of humaan parechovirus (HPeV) 
geïnduceerd sepsisachtig beeld bij jonge zuigelingen. Dit proefschrift vult de huidige kennis 
aan en nuanceert de indicaties voor het verrichten van diagnostiek naar beide groepen van 
verwekkers en geeft toegevoegd inzicht in de mate waarin kinderen poliklinisch vervolgd 
kunnen worden na een EV- of HPeV-infectie. 

Hoofdstuk 1 geeft een algemene introductie met de klinische achtergrond van dit 
proefschrift. Congenitale infectie met een van de ‘ToRCH’-pathogenen kent een relatief 
lage incidentie in Nederland, maar diagnostiek naar deze verwekkers wordt regelmatig 
aangevraagd bij verschillende indicaties, bij sommige daarvan is dat niet noodzakelijk. In 
tegenstelling, EV- en HPeV-infecties komen zeer frequent voor bij jonge zuigelingen, maar 
worden nog met enige regelmaat gemist omdat er niet altijd diagnostiek verricht wordt 
naar deze virussen. Daarnaast is er nog weinig bekend over de follow-up na een bewezen 
EV- of HPeV-infectie. 

Deel A: ToRCH

Het eerste deel van dit proefschrift onderzoekt twee relatief vaak voorkomende redenen 
waarom diagnostiek naar de ‘ToRCH’-pathogenen wordt verricht, namelijk LSV en 
dysmaturiteit. 

In hoofdstuk 2 wordt de associatie tussen congenitale ToRCH-infectie en LSV op een echo 
cerebrum onderzocht. Wanneer we de data uit onze studie combineren met voorgaande 
studies over dit onderwerp, is de incidentie van een ‘ToRCH’-infectie bij neonaten met LSV 
7% (32/442), waarvan de overgrote meerderheid CMV positief (25/32, 78%) bleek te zijn. 
Concluderend kan worden gesteld dat bij neonaten met geïsoleerde LSV, routinematig 
screenen op alle ToRCH-pathogenen onvoldoende oplevert en dat kan worden volstaan 
met een CMV urine PCR. 

Hoofdstuk 3 onderzoekt de associatie tussen neonaten met geïsoleerde, onverklaarde 
dysmaturiteit en een congenitale infectie met een van de ToRCH-pathogenen. 
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Congenitale CMV werd gediagnosticeerd bij 2/112 (2%) van de studiepopulatie. Andere 
ToRCH-pathogenen werden niet aangetoond. Neonaten met geïsoleerde, onverklaarde 
dysmaturiteit zouden moeten worden getest op congenitale CMV, maar niet standaard 
ook op de andere pathogenen uit de ToRCH-groep. 

De verschillende diagnostische mogelijkheden bij verdenking op een ‘ToRCH’-infectie 
worden besproken in het overzichtsartikel in hoofdstuk 4. Een infectie met een van de 
ToRCH-pathogenen is een differentiaal diagnostische overweging bij een variëteit aan 
ernstige en milde systemische en/of cerebrale symptomen. Elk van de ToRCH-pathogenen 
wordt beschreven en de overeenkomsten en verschillen worden aangegeven. Daarnaast 
worden de diagnostische tests besproken en wordt de clinicus eraan herinnerd dat ‘ToRCH-
screening’ niet één enkele serologische test is, maar kan bestaan uit (herhaalde) multipele 
serologische tests of PCR, welke in sommige gevallen sensitiever en specifieker is. Het 
bepalen van de meest bruikbare diagnostische test is onder andere afhankelijk van lokale 
epidemiologie, maternale serologische status (1e trimester) en klinische symptomen bij 
moeder en neonaat. 

Deel B

Het tweede deel van dit proefschrift onderzoek jonge zuigelingen met een sepsisachtig 
beeld veroorzaakt door EV of HPeV. 

In hoofdstuk 5 worden zuigelingen, onder de leeftijd van 3 maanden, die werden 
opgenomen op een reguliere kinderafdeling (medium care) met een sepsisachtig beeld 
bestudeerd. De epidemiologie en het klinisch beeld van EV en HPeV als veroorzaker daarvan, 
worden beschreven. In onze studiepopulatie van zuigelingen tot 90 dagen oud met een 
sepsisachtig beeld wordt een nog groter aandeel van EV en HPeV als verwekker gevonden 
dan in eerdere studies. Gecombineerd zijn EV en HPeV de verwekker in 52% van de gevallen. 
De seizoensgebonden epidemiologie van EV en HPeV is heel specifiek. EV heeft een jaarlijkse 
piekincidentie in de zomermaanden. HPeV heeft ook een piekincidentie in de zomermaanden, 
maar dan om het (even) jaar. Beiden zijn in geen enkel seizoen volledig afwezig. 
Wat betreft de klinische symptomen, is het belangrijk om alert te blijven op het feit dat 
EV en HPeV een vergelijkbaar klinisch beeld veroorzaken als een (ernstige) bacteriële 
verwekker doet. Het toevoegen van EV en HPeV PCR in serum en liquor aan de standaard 
sepsis work-up bij jonge zuigelingen is dan ook noodzakelijk. 

Hoofdstuk 6 onderzoekt neurologische betrokkenheid bij kinderen tot 90 dagen oud die 
opgenomen werden vanwege een door EV of HPeV veroorzaakt sepsisachtig beeld. We 
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onderzochten de aanwezigheid van neurologische symptomen in een klein prospectief 
cohort van kinderen met een door EV of HPeV veroorzaakte sepsisachtige ziekte tot een 
jaar na de infectie. Er werden op cerebrale beeldvorming (echo cerebrum tijdens opname 
en MRI 4–6 weken na infectie) geen afwijkingen gedetecteerd. Op de leeftijd van 1 jaar 
werd geen verschil in neurologische ontwikkeling gevonden (BSID-II) in vergelijking met 
gezonde Nederlandse kinderen van dezelfde leeftijd. Sterke conclusies zijn nog niet mogelijk 
vanwege het kleine studiecohort en de korte duur van de follow-up.

In hoofdstuk 7 werd myocardiale betrokkenheid bij jonge baby’s met een door EV of HPeV 
veroorzaakte sepsisachtige ziekte bestudeerd. Geen van de onderzochte baby’s ontwikkelde 
klinische symptomen van acute myocarditis. Er waren geen klinisch relevante verschillen 
tussen cardiale markers, ECG- en echocardiografische bevindingen in zowel EV- of HPeV-
positieve als EV- of HPeV-negatieve kinderen. Het is dus niet nodig om kinderen met 
sepsisbeeld door EV- of HPeV-infectie, die geen intensive care zorg nodig hebben, standaard 
te screenen op myocardiale betrokkenheid. Klinische waakzaamheid voor tekenen van 
myocardiale betrokkenheid blijft gerechtvaardigd.

Hoofdstuk 8, de algemene discussie, zet de conclusies van dit proefschrift in een breder 
wetenschappelijk perspectief en geeft suggesties voor implementatie en toekomstig 
onderzoek.
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4Ch		  Four chamber view
BSID		  Bayley Scale of Infant and Toddler Development
CI		  Confidence interval
CK-MB		  Creatine kinase – muscle brain
CMV		  Cytomegalovirus
CNS		  Central nervous system
CRS		  Congenital rubella syndrome
CSF		  Cerebrospinal fluid
cUS		  Cerebral ultrasound
DBS		  Dried blood spots
ECG		  Electrocardiogram
EF		  Ejection fraction
EPNEN		  European non-polio enterovirus network
EV		  Enterovirus
FUO		  Fever of unknown origin
GLS		  Global longitudinal strain
HF		  Heart frequency
HSV		  Herpes simplex virus
HPeV		  Human parechovirus
IQR		  Interquartile range
LSV		  Lenticulostriate vasculopathy
MRI		  Magnetic resonance imaging
NT-proBNP	 N-terminal pro-brain natriuretic peptide
NICU		  Neonatal intensive care unit
OR		  Odds ratio
PCR		  Polymerase chain reaction
PICU		  Paediatric intensive care unit
SD		  Standard deviation
SEC		  Subependymal cysts
SGA		  Small for gestational age
SNHL		  Sensorineural hearing loss
ToRCH		  Toxoplasma gondii, other, rubella virus, cytomegalovirus and herpes 	
		  simplex virus
TTTS		  Twin-to-twin transfusion syndrome
WBC		  White blood cells
WHO		  World Health Organization
%SF		  Left ventricular shortening fraction
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