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Abstract

Background. Human parechoviruses (HPeVs) are RNA viruses associated with mild 
gastrointestinal and respiratory infections in children, but have also been linked to neonatal 
sepsis and CNS infections in infants. While the prevalence of HPeVs is known mostly 
among hospitalized populations, the knowledge of HPeV seroprevalence in the general 
population is poor.

Objectives. The aim of this study was to identify and compare the HPeV1-6 seroprevalence 
in Finnish and Dutch populations.

Study design. A type specific microneutralization assay was set up for detecting neutralizing 
antibodies (nABs) against HPeV types 1-6. Altogether 616 serum samples from Finnish and 
Dutch population were analyzed for antibodies against HPeVs. The samples were collected 
from Finnish children aged 1, 5 or 10 years, Finnish adults, 0- to 5-year-old Dutch children, 
Dutch women of childbearing age and Dutch HIV-positive men.

Results. In both adult populations, seropositivity was high against HPeV1 (99% in Finnish 
and 92% in Dutch samples) and HPeV2 (86% and 95%). Against HPeV4, the seropositivity 
was similar (62% and 60%).  In Dutch adults, nABs against HPeV5 and 6 (75% and 74%) 
were detected more often than in Finnish adults (35% and 57%, respectively). In contrast, 
seropositivity against HPeV3 was as low as 13% in the Finnish and 10% in the Dutch adults. 
The seroprevalence of all HPeV types increased with age.

Conclusions. The seroprevalence of HPeVs is high in Finnish and Dutch populations and 
HPeV type 2 and types 4-6 are significantly more prevalent compared to earlier reports. The 
seroprevalence of antibodies observed against HPeV3 was low.
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Background

Human parechoviruses (HPeVs) are commonly occurring viruses that circulate especially 
among young children. Together, with rodent-borne Ljungan viruses [1] these small positive 
stranded RNA viruses form the Parechovirus genus within the family of Picornaviridae. 
HPeV1 and HPeV2 were first described in the 1950s from children with diarrhoea and 
classified in the genus Enteroviruses as echovirus 22 and 23 [2] Based on sequence analysis 
they were, however, reclassified [3] To date, 16 distinct HPeV genotypes are identified, but 
only genotypes 1-6 grow in cell culture [4-11]. 

Globally, HPeVs exist in children [12-15] and they cause mainly mild gastrointestinal 
and respiratory infections but also more severe, central nervous system (CNS) related 
symptoms and neonatal sepsis. In infants, HPeV3 is a significant cause for encephalitis, 
meningitis and sepsis-like illness [14,16-18], while other HPeVs have no clear relation to 
serious infections [19,20]. 

HPeV1 is the most common type worldwide while the detection of other types is less 
frequent [12,13,15,20-23]. In European studies the next common types are HPeV3, HPeV4 
and HPeV6 [12,14,20,22] while in Asia the types distribution differs including types 8, 10 
and 11 [15, 23], which to date have not been detected in Europe. Seroepidemiologic data 
on HPeV is lacking. In a Japanese study, the seroprevalence for HPeV3, among women of 
childbearing age, was 68% [8], which is lower than the seroprevalence found for HPeV1 
in adults (99%) [24,25]. The seroprevalence of HPeV1 is high, reaching 72%, in children 
by the age of 2 years [25]. Seroprevalence data are lacking for other types than HPeV1 
and 3 and this would provide more information on virus circulation in the population 
and existing immunity, which are important factors in understanding epidemiology and 
outbreaks. Moreover, it would facilitate more precise comparison of HPeV epidemiology 
among regions.

Objectives
The study objective was to determine the seroprevalence of human parechovirus types 
1-6 in Finnish and Dutch populations. Secondly, this collaborative study concentrated on 
examining the seroprevalence in two different geographic areas and in children and adult 
subpopulations.
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Study design

Study population

Serum samples from Finland were collected from children whom participated in the Finnish 
Diabetes Prediction and Prevention (DIPP) birth cohort study [26]. Children were enrolled 
in this study before the age of 3 months and serum samples were collected regularly and 
stored frozen at -70°C until processed. A set of samples from children aged of 1, 5 and 10 
years (144, 149 and 147 samples, respectively) participating the diabetes study were selected 
for analysis. A total of 440 samples from altogether 250 children were tested.  For each age: 
1, 5, and 10 years - 61 children provided all 3 samples, one for each age group, 68 children 
provided 2 samples and 121 children provided a single sample. Sera from Finnish adults 
were collected from medical students (n=72; mean age: 24; range: 21-40) from the University 
of Tampere Medical School. The Ethics Committee of Tampere University Hospital granted 
approval for the study of Finnish samples. The students and parents of each child provided 
a written informed consent.

     Dutch sera were taken from the serum bank of the Laboratory of Clinical Virology, 
Academic Medical Center, Amsterdam. These samples were collected from patients 
admitted for virus diagnostics and stored at -20°C. Sera were picked by random selection 
from defined target groups: (1) children up to 5 years; (2) women of childbearing age with a 
high probability of being in contact with young children, and defined by women admitted to 
the obstetrics ward; and (3) HIV-infected men, defined by HIV positivity. From each target 
group, 40 samples were randomly selected by laboratory number and renumbered, making 
the samples completely anonymous while age, sex, and target group were documented. For 
further analysis, 37 sera could be retrieved from children (mean age: 32 months; range: 
0-67), 39 women between the ages 16 and 40 (mean age 30 years), and 38 from HIV-positive 
men (mean age 39 years, range 19-60). Altogether 114 Dutch serum samples were analyzed 
(mean age: 34 years; range 16-60). The use of patient sera obtained for diagnostic purposes 
was approved under the Research Code of the Academic Medical Center, which states that 
research on biological material is permitted when privacy is guaranteed, unless the patient 
has objected. 

Cell lines and viruses 

The neutralization assays were set up type-specifically using HT-29 and VeroE6 cell 
lines (American Type Culture Collection, ATCC). Cells were maintained in DMEM 
supplemented with 10% foetal bovine serum (FBS) and 100 IU/ml of penicillin and 100 μg/
ml of streptomycin in 37°C humidified atmosphere with 5% CO2. Recently isolated Finnish 
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and Dutch HPeV strains, which induced a clear CPE in cell culture, were used to validate 
the assays. The Dutch strains 152212 (HPeV1) [16], 751312 (HPeV2) [27], K251176-02 
(HPeV4) [5], 20552322 (HPeV5) [16], and 20751393 (HPeV6) [12] were isolated from 
clinical specimens and the FI0688 (HPeV3) strain was isolated from a healthy child in 
Finland [22]. In addition, the HPeV1 Harris strain was used for a subset of samples. 

Determination of neutralizing antibodies by microneutralization assay

A microneutralization assay was set up for HPeV types 1 to 6 using virus titres of 50 TCID50 
per 2.5 μl. VeroE6 cells were used for the assay of HPeV3 antibodies, whereas HT29 cells 
were used for HPeV types 1, 2, 4, 5 and 6. Cells were grown to a confluent monolayer 
on microtiter plates in DMEM containing 10% FBS. Four-fold dilutions of serum (1/16-
1/16384) in Hank’s balanced salt solution (including CaCl2 and MgCl2) were prepared. A 
mixture of serum dilution (2.5 μl) and virus (2.5 μl) was incubated for 1 h at 37˚C and 
subsequently overnight at RT before inoculation to the cells. The cells were then grown 
in medium (DMEM + 2% FBS) for 5-7 days prior to staining with crystal violet. Unlike 
other types, HPeV3 infection only turned the cells dark and round shaped (CPE) instead 
of detaching them from the bottom of the well and thus the CPE was observed by a light 
microscope. Antibody titre was considered to be the highest serum dilution able to prevent 
50% or more of the infection. The lowest titre counted as positive was 16. Paired serum 
samples of 12 patients were tested for each nABs to validate the assay and a subset of 181 
samples were analysed for nABs against the HPeV1 Harris strain, to test if results are 
dependent on the virus isolate used.

Determination of antibody response in five children after HPeV infection

Available sera of five children with confirmed HPeV infections (virus isolated from stool) 
were tested for nABs. Three of the children had HPeV3 infection and two HPeV6 [22]. 
Neutralizing antibody positivity was tested from serum samples collected of each child 
before and after the date of virus detection.

Statistics

IBM SPSS statistics 19 was utilized to perform a Pearson Chi-squared to calculate 
significance between different groups within our study population. P values less than 0.05 
were considered significant.
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Results

Seroprevalence of HPeVs in Finland and the Netherlands

Seroprevalence of HPeV types 1-6 was measured by neutralizing antibody detection from 
sera of adult Finnish and Dutch populations. Seropositivity was high for HPeV1 (99% 
positivity in Finnish samples and 82% in Dutch samples) and HPeV2 (86% and 95% 
respectively, Fig. 1). In contrast, nABs against HPeV3 were detected only in 13% of the 
Finnish and 10% of the Dutch samples. Seroprevalence of HPeV4 was similar in both 
populations (60% in Finland and 62% in the Netherlands) whereas the seroprevalence of 
HPeV5 (75% vs. 35%; p<0.001) and HPeV6 (74% vs. 57%; p=0.04) was significantly higher 
in the Dutch adult population compared to the Finnish. 

Fig. 1. Seroprevalence among adults in Finland and the Netherlands Seropositivity of adults in Finland (n = 72, black bars) 

and adults in the Netherlands (n = 77, grey bars).

Seroprevalence in subpopulations 

Next, the seroprevalence of HPeVs was analyzed in different subpopulations. The Finnish 
study population was divided into four groups: children aged 1, 5, and 10 years and adults. 
The Dutch population was divided into three groups: children, women in childbearing 
age, and HIV-positive men. At the age of one year, Finnish children were antibody positive 
for HPeV1 in 27% of samples, while already 56% of the samples were positive for HPeV2 
and only a small percentage was seropositive for HPeV types 4, 5, and 6 (<12%). At the 



75

age of 5, the seroprevalence of HPeV1 and HPeV2 increased to 83% and 91% (Fig. 2a). 
At the age of 10 years, the seroprevalence for HPeV1, HPeV2 and HPeV6 were similar to 
the seropositivity in adults while the seropositivity for HPeV4 and HPeV5 were still lower 
compared to the adult population (Fig. 2a).

Fig. 2. Seroprevalence of HPeV1-6 in the sub populations. (a) Seropositivity of HPeV in Finland, the Finnish study population 

was divided into four groups: children aged 1 (n = 144), 5 (n = 149), and 10 (n = 147) years and adults (n = 72). (b) 

Seropositivity of HPeV in the Netherlands, the Dutch population was divided into three groups: children (n = 37), mothers  

(n = 39), and HIV-positive men (n = 38).
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For HPeV3, the seropositivity was low in all three age groups (<2.7%, Fig. 2a).  There were 
no significant differences between boys and girls (data not shown). Among the Dutch 
children, 60% were positive for HPeV1 and HPeV2, and almost half of Dutch children 
showed seropositivity for HPeV types 4, 5, and 6 (41%, 41% and 49%, Fig. 2b). Similar 
positivity was detected for HPeV4 (48%) in 5-year-old Finnish children while a lower 
prevalence existed for HPeV5 (32%) and HPeV6 (39%, Fig. 2a). In the Dutch population, 
similar to the Finnish population, seroprevalence against HPeV3 was low (2.7%) (Fig. 2a 
and b). Within the group of children, an increase of seropositivity is shown with age (data 
not shown). Dutch women in childbearing age showed a significantly higher seroprevalence 
of HPeV1 compared to HIV-positive men (p=0.016, Fig. 2b), while seropositivity of types 4, 
5, and 6 was comparable (Fig. 2b).  

Strain dependency of neutralizing antibodies against HPeV1

We analyzed 181 samples with two HPeV1 strains, the currently circulating strain 152212 
and the older Harris strain. The overall prevalence was similar with the strains 97% (175) 
being positive for 152212 and 95% (171) being positive for Harris. Only minor differences 
existed between titers of nAb’s detected with both strains (data not shown).

Neutralizing antibody response after HPeV infection

Since only a very low percentage of the samples had nAbs against HPeV3, the neutralizing 
Ab response after HPeV3 infection was studied. Serum samples from three children with 
proven HPeV3 infection (HPeV3 isolated from stool) were tested for the presence of 
HPeV3 nABs (Fig. 3a). In the first case, an antibody rise was detected, but the antibody 
titer decreased again and disappeared within 20 months. The second case showed a rise of 
antibodies, which remained elevated for up to 60 months. Case 3 did not develop any nABs 
against HPeV3 after infection. As a control, two HPeV6 positive (HPeV6 isolated from stool) 
children were tested for HPeV6 nABs. Both children showed an increase in antibody titres, 
which remained elevated for >60 months (Fig. 3b). One of the HPeV6 positive children had 
maternal antibodies in the first follow-up sample.
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Fig. 3. Antibody response in children after HPeV3 or HPeV6 infection. (a) Longitu- dinal follow-up serum samples from three 

cases with a HPeV3 infection confirmed by virus isolation from stool were tested for neutralizing antibody titres at different 

time points. (b) As a control longitudinal serum samples two sera from two cases with an HPeV6 infection detected in stool 

were tested for nAB titres at different time points. In one child, maternal antibodies are present in the first follow-up sample. 

Time of infection is indicated with arrow.

Discussion

Here, we describe nAb positivity against six HPeV genotypes in Finnish and Dutch 
populations. High nAb positivity was found for HPeV1 and HPeV2 (82%-99%) in the total 
adult population in both countries, which is in accordance with previous studies showing, 
among adults, a high seroprevalence of HPeV1 ranging from 97-99% [24,25]. More than 
half of the children, aged up to 5 years, were HPeV1 nAb positive, which correlates with 
previous studies in which HPeV1 infection exists in this age group. The total seroprevalence 
of HPeV5 and type 6 was higher within the Dutch population compared to the Finnish 
population. This is in line with the previously observed lower prevalence for HPeV types 4, 
5 and 6 in Finland compared to the Netherlands [12,22]. As expected the seroprevalence of 
all HPeVs increased with age and reached its maximum already in the subpopulation of 10 
year-old children. Enterovirus infections have been shown to be more frequent among boys 
than girls [28]. We, however, observed seroprevalence of HPeV to be equally common in 
both sexes (data not shown).

Surprisingly, for HPeV2, a high Ab positivity was observed already at the age of 1, while 
HPeV2 viruses have been detected very rarely in Finland and the Netherlands [12,22]. 
Large collections of stool samples were screened in many studies, especially from young 
children, and HPeV2 were detected rarely [12,22,27,29], which makes it unlikely that 
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HPeV2 infections are missed because infections are mild and patients are not admitted to 
the hospital. We found consistently high seroprevalence against HPeV2, raising the issue 
whether cross-reactivity exist among HPeVs. Joki-Korpela et al., (2000) showed weak cross 
reactivity of HPeV1 and the RGD containing CAV9 [30]. Moreover, they described more 
dominant antigenic sites at the N-terminal region of VP0 next to the RGD motif [30], 
suggesting the presence of different (cross-) reactive nAbs against each genotype. Therefore, 
it cannot be excluded that the high seroprevalence against HPeV2 could in fact be caused 
by cross reactive nAbs against other RGD containing picornaviruses such as HPeV1 or 
coxsackievirus A9. 

For HPeV3, a study from Japan reported a seroprevalence of 68% among 207 individuals 
aged from 7 months up to 40 years [8]. In contrast, we observed a very low nAb positivity 
against HPeV3, 4% in Finland and 8% in the Netherlands. This was unexpected since in both 
countries HPeV3 is detected frequently [12,22]. The differences in seroprevalence might be 
explained by different time of introduction of HPeVs in the population. The recent discovery 
of HPeV3 [8] suggests that HPeV3 is a new circulating HPeV type in both countries. Thus, 
immunity against HPeV3 could be low. Nonetheless, HPeV types 4, 5 and 6 were discovered 
later but a high seroprevalence was observed for these three types. A previous time-scale 
study for HPeV evolution showed that the genetic diversity of the currently circulating types 
arose around 400 years ago [31]. In addition, the observation of HPeV3, already in 1994 
[32] in Dutch stool samples, does not support the hypothesis that HPeV3 is a new viral type. 
Recently Mizuta et al., reported neutralization in only 5/20 adults with confirmed HPeV3 
infection, which supports the general difficulties in the detection of HPeV3 antibodies [33]. 
Similarly Westerhuis et al., reported lack of nAbs after HPeV3 infection in two donors [34]. 
Here, we observed that after HPeV3 infection, the nAb rise remained elevated for a longer 
period in only one out of three cases, and in the third case, no nAbs were detected, while 
a permanent rise in nAb after HPeV6 infection was shown, in agreement with previous 
results showing that the nAb levels against HPeV1 retain a permanent increase [25]. 
This indicates difficulties in nAb production against HPeV3. A possibility is that the low 
frequency of HPeV3 nAbs detection is a test artifact. HPeV3 is grown on VeroE6, while the 
other HPeVs grow best on HT29 [34]. It may be that this difference in cell lines influences 
the neutralization outcome. At the moment, however, methodologies to explore this notion 
are limited. 

In conclusion, our seroprevalence data confirm that HPeVs are among the most 
commonly occurring viruses both in Finland and in the Netherlands. Similar trends in 
seroprevalence could be shown in populations from Finland and the Netherlands. However, 
the selection of the population studies was performed differently and therefore selected 
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subpopulations from the different countries cannot be compared. To assess seroprevalence 
in subgroups from different regions, further in-depth studies are needed.

Acknowledgements

Mervi Kekäläinen is thanked for technical help. The DIPP study children and their parents 
are thanked for their great effort in sample collection. Doctors, nurses, researchers, 
laboratory and other staff of the DIPP study are thanked for their work in sample and data 
collection and collaboration.

Funding: The study was supported by the Yrjö Jahnsson Foundation, the Academy of 
Finland (grant 131949), the Medical Research Fund of the Tampere University Hospital, the 
Paulo Foundation, and grants from the Netherlands Organization for Health Research and 
Development’s Clinical Fellowship and The AMC Research Council.

Competing interests: None declared.

Ethical approval: The Ethics Committee of Tampere University Hospital granted approval 
for the study of Finnish samples. The students and parents of each child provided a written 
informed consent. The use of patient sera obtained for diagnostic purposes has been 
approved under the Research Code of the Academic Medical Center.

C
H

A
P

T
E

R
 5

 



80
C

H
A

P
T

E
R

 5

References 

1. Niklasson B, Kinnunen L, Hornfeldt B, Horling J, Benemar C, Hedlund KO, Matskova L, 
Hyypia T, Winberg G. A new picornavirus isolated from bank voles (Clethrionomys glareolus). 
Virology 1999;255:86-93.

2. Wigand R, Sabin AB. Properties of ECHO types 22, 23 and 24 viruses. Arch Gesamte Virusforsch 
1961;11:224-47.

3. Hyypia T, Horsnell C, Maaronen M, Khan M, Kalkkinen N, Auvinen P, Kinnunen L, Stanway 
G.  A distinct picornavirus group identified by sequence analysis. Proc Natl Acad Sci USA 
1992;89:8847-51.

4. Al-Sunaidi M, Williams CH, Hughes PJ, Schnurr DP, Stanway G. Analysis of a new human 
parechovirus allows the definition of parechovirus types and the identification of RNA structural 
domains. J Virol 2007;81:1013-21.

5. Benschop KS, Schinkel J, Luken ME, van den Broek PJ, Beersma MF, Menelik N, van Eijk HW, 
Zaaijer HL, VandenBroucke-Grauls CM, Beld MG, Wolthers KC. Fourth human parechovirus 
serotype. Emerg Infect Dis 2006;12:1572-5.

6. Benschop KS, Williams CH, Wolthers KC, Stanway G, Simmonds P. Widespread recombination 
within human parechoviruses: analysis of temporal dynamics and constraints. The Journal of 
general virology 2008;89:1030-5.

7. Drexler JF, Grywna K, Stocker A, Almeida PS, Medrado-Ribeiro TC, Eschbach-Bludau M, 
Petersen N, da Costa-Ribeiro-Jr H, Drosten C. Novel human parechovirus from Brazil. Emerg 
Infect Dis 2009;15:310-3.

8. Ito M, Yamashita T, Tsuzuki H, Takeda N, Sakae K. Isolation and identification of a novel 
human parechovirus. The Journal of general virology 2004;85:391-8.

9. Kim Pham NT, Trinh QD, Takanashi S, Abeysekera C, Abeygunawardene A, Shimizu H, 
Khamrin P, Okitsu S, Mizuguchi M, Ushijima H. Novel human parechovirus, Sri Lanka. Emerg 
Infect Dis 2010;16:130-2.

10. Li L, Victoria J, Kapoor A, Naeem A, Shaukat S, Sharif S, Alam MM, Angez M, Zaidi SZ, 
Delwart E. Genomic characterization of novel human parechovirus type. Emerg Infect Dis 
2009;15:288-91.

11. Watanabe K, Oie M, Higuchi M, Nishikawa M, Fujii M. Isolation and characterization of novel 
human parechovirus from clinical samples. Emerg Infect Dis 2007;13:889-95.

12. Benschop K, Thomas X, Serpenti C, Molenkamp R, Wolthers K. High prevalence of human  
(HPeV) genotypes in the Amsterdam region and identification of specific HPeV variants by direct 
genotyping of stool samples. J Clin Microbiol 2008;46:3965-70.

13. Ghazi F, Ataei Z, Dabirmanesh B. Molecular detection of human parechovirus type 1 in stool 
samples from children with diarrhea. Int J Infect Dis 2012;16:E673-E6.

14. Harvala H, McLeish N, Kondracka J, McIntyre CL, McWilliam Leitch EC, Templeton K, 
Simmonds P. Comparison of human parechovirus and enterovirus detection frequencies in 
cerebrospinal fluid samples collected over a 5-year period in edinburgh: HPeV type 3 identified as 
the most common picornavirus type. J Med Virol 2011;83:889-96.



81

15. Pham NT, Takanashi S, Tran DN, Trinh QD, Abeysekera C, Abeygunawardene A, Khamrin 
P, Okitsu S, Shimizu H, Mizuguchi M, Ushijima H. Human parechovirus infection in children 
hospitalized with acute gastroenteritis in Sri Lanka. J Clin Microbiol 2011;49:364-6.

16. Benschop KS, Schinkel J, Minnaar RP, Pajkrt D, Spanjerberg L, Kraakman HC, Berkhout B, 
Zaaijer HL, Beld MG, Wolthers KC. Human parechovirus infections in Dutch children and the 
association between serotype and disease severity. Clin Infect Dis 2006;42:204-10.

17. Sharp J, Harrison CJ, Puckett K, Selvaraju SB, Penaranda S, Nix WA, Oberste MS, Selvarangan 
R. Characteristics of young infants in whom human parechovirus, enterovirus or neither were 
detected in cerebrospinal fluid during sepsis evaluations. Pediatr Infect Dis J 2012;32:213-6.

18. Verboon-Maciolek MA, Groenendaal F, Hahn CD, Hellmann J, van Loon AM, Boivin G, de 
Vries LS. Human parechovirus causes encephalitis with white matter injury in neonates. Ann 
Neurol 2008;64:266-73.

19. Pajkrt D, Benschop KS, Westerhuis B, Molenkamp R, Spanjerberg L, Wolthers KC. Clinical 
characteristics of human parechoviruses 4-6 infections in young children. Pediatr Infect Dis J 
2009;28:1008-10.

20. Tapia G, Cinek O, Witso E, Kulich M, Rasmussen T, Grinde B, Ronningen KS. Longitudinal 
observation of parechovirus in stool samples from Norwegian infants. J Med Virol 2008;80:1835-
42.

21. Khetsuriani N, Lamonte-Fowlkes A, Oberst S, Pallansch MA. Enterovirus surveillance - United 
States, 1970-2005. MMWR Surveill Summ 2006;55:1-20.

22. Kolehmainen P, Oikarinen S, Koskiniemi M, Simell O, Ilonen J, Knip M, Hyoty H,  
Tauriainen S. Human parechoviruses are frequently detected in stool of healthy Finnish 
children. J Clin Virol 2012;54:156-61.

23. Zhong HQ, Lin Y, Sun JE, Su LY, Cao LF, Yang Y, Xu J. Prevalence and genotypes of human 
parechovirus in stool samples from hospitalized children in Shanghai, China, 2008 and 2009. J 
Med Virol 2011;83:1428-34.

24. Joki-Korpela P, Hyypia T. Diagnosis and epidemiology of echovirus 22 infections. Clin Infect 
Dis 1998;27:129-36.

25. Tauriainen S, Martiskainen M, Oikarinen S, Lonnrot M, Viskari H, Ilonen J, Simell O, Knip 
M, Hyoty H. Human parechovirus 1 infections in young children-no association with type 1 
diabetes. J Med Virol 2007;79:457-62.

26. Siljander HTA, Simell S, Hekkala A, Lahde J, Simell T, Vahasalo P, Veijola R, Ilonen J, Simell 
O, Knip M. Predictive characteristics of diabetes-associated autoantibodies among children with 
HLA-conferred disease susceptibility in the general population. Diabetes 2009;58:2835-42.

27. van der Sanden S, de Bruin E, Vennema H, Swanink C, Koopmans M, van der Avoort H. 
Prevalence of human parechovirus in the Netherlands in 2000 to 2007. J Clin Microbiol 
2008;46:2884-9.

28. Sadeharju K, Hamalainen AM, Knip M, Lonnrot M, Koskela P, Virtanen SM, Ilonen J, 
Akerblom HK, Hyoty H. Finnish TRIGR Study Group. Enterovirus infections as a risk factor for 
type I diabetes: virus analyses in a dietary intervention trial. Clin Exp Immunol 2003;132:271-7.

29. Abed Y, Boivin G. Human parechovirus types 1, 2 and 3 infections in Canada. Emerg Infect Dis 
2006;12:969-75.

C
H

A
P

T
E

R
 5

 



82
C

H
A

P
T

E
R

 5

30. Joki-Korpela P, Roivainen M, Lankinen H, Poyry T, Hyypia T. Antigenic properties of human 
parechovirus 1. The Journal of general virology 2000;81:1709-18.

31. Faria NR, de Vries M, van Hemert FJ, Benschop K, van der Hoek L. Rooting human parechovirus 
evolution in time. BMC Evol Biol 2009;9:164.

32. Benschop KS, de Vries M, Minnaar RP, Stanway G, van der Hoek L, Wolthers KC, Simmonds 
P. Comprehensive full-length sequence analyses of human parechoviruses: diversity and 
recombination. The Journal of general virology 2010;91:145-54.

33. Mizuta K, Kuroda M, Kurimura M, Yahata Y, Sekizuka T, Aoki Y, Ikeda T, Abiko C, Noda M, 
Kimura H, Mizutani T, Kato T, Kawanami T, Ahiko T. Epidemic myalgia in adults associated 
with human parechovirus type 3 infection, Yamagata, Japan 2008. Emerg Infect Dis 2012;18:1787-
93.

34. Westerhuis BM, Koen G, Wildenbeest JG, Pajkrt D, de Jong MD, Benschop KSM,  
Wolthers KC. Specific cell tropism and neutralization of human parechovirus types 1 and 3: 
implications for pathogenesis and therapy development. J Gen Virol 2012;93:2363-70.


