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Abstract
Human Parechoviruses (HPeVs), members of the Picornaviridae, are classified into 5 known serotypes; HPeV-1 to 5. HPeV-1 and HPeV-2 infections are most commonly associated with mild respiratory or gastrointestinal symptoms but also with severe disease conditions, such as flaccid paralysis and encephalitis. HPeV-3 infections have been associated with transient paralysis and neonatal infection. HPeV-4 and HPeV-5 have so far only been associated with high fever.

HPeVs are frequent pathogens among young infants which in comparison to other pathogens have been poorly studied. Little is known of their prevalence. Typing faeces samples from infants made it possible to make a comparison of which types are most frequently seen in which period. 

Faeces samples from infants were collected from 2004-2006 and were screened for an HPeV (n= 1824) and EV infection (n= 1834) by using a HPeV and EV specific real time RT-PCR based on the 5’UTR. Samples found to be positive for an HPeV infection were genotyped by sequencing the VP1 and the conserved 5’UTR region. Phylogenetic analysis was performed and the results of the two different regions were compared. 

Samples with a known VP1 and 5’UTR sequence from 2006 were serotyped using the newly set up neutralization assays and results were compared with genotyping results.

We found 16,3% (92/566) of faeces samples to be positive for HPeV in 2004, in 2005 11,7% (70/597) of faeces samples were found to be positive for HPeV and in 2006 16,3% (108/661) of faeces samples were found to be positive for HPeV. In comparison we found positive for EV in 2004 16,4% (93/566) of faeces samples to be positive for EV in 2004, in 2005 11,8% (71/604) of faeces samples were found to be positive for EV and in 2006 15,8% (105/664) of faeces samples were found to be positive for EV.
In total 59 HPeV-positive isolates from 2004 to 2006 could be genotyped as either HPeV-1 or HPeV3 and one sample as HPeV-4. In comparison to the VP1 sequences, analysis of the 5’UTR based sequence revealed the same genotype. 
Ten HPeV-positive isolates from 2006 could be serotyped as HPeV-1.

In this study we can see a great resemblance between genotyping on the VP1 region and the conserved 5’UTR region. Furthermore we also see a correlation between VP1 genotyping and serotyping.
Abbreviations: HPeV: Human Parechovirus, PCR: Polymerase Chain Reaction, UTR: Untranslated region, VP: Viral capsid Protein.
Samenvatting
Humaan Parechovirussen (HPeV’s), leden van de Picornaviridae familie, zijn geclassificeerd in 5 bekende serotypen; HPeV-1 tot en met 5. HPeV-1 en HPeV-2 infecties zijn het meest geassocieerd met milde respiratoire of gastro-intestinale symptomen, maar ook met ernstige ziektebeelden, zoals paralyse en encefalitis. HPeV-3 infecties worden geassocieerd met voorbijgaande paralyse en neonatale sepsis. HPeV-4 en HPeV-5 worden tot nu toe alleen geassocieerd met hoge koorts.
HPeV’s zijn veelvoorkomende pathogenen die vergeleken met andere virussen weinig bestudeerd zijn en weinig bekend is over de prevalentie van deze virussen. Het typeren van virusisolaten uit faeces monsters van jonge kinderen heeft het mogelijk gemaakt een vergelijking te maken van welke typen het meest voorkomen in welke periode.

Faeces monsters van jonge kinderen van 2004-2006 zijn verzameld en gescreend voor een HPeV (n= 1824) en EV infectie (n= 1834) door gebruik te maken van een HPeV en EV specifieke real time RT-PCR gebaseerd op het 5’UTR. Faeces monsters positief voor een HPeV infectie zijn gegenotypeerd door het VP1 en het geconserveerde 5’UTR gebied te sequensen. Sequenties zijn fylogenetisch geanalyseerd en resultaten van de beide gebieden zijn met elkaar vergeleken.
Faeces monsters met een bekend VP1 en 5’UTR sequentie in 2006 zijn geserotypeerd met een nieuw opgezet neutralisatietest en de resultaten zijn vergeleken met de genotyperings resultaten.
In 2004 was16,3% (92/566) van de verkregen faeces monsters positief voor HPeV, in 2005 was 11,7% van de faeces monsters(70/597) positief voor HPeV en in 2006 was 16,3% van de faeces monsters (108/661) positief voor HPeV. Dit vergeleken met EV was in 2004 16,4% (93/566) van de faeces monsters positief voor EV, in 2005 was 11,8% (71/604) van de faeces monsters positief voor EV en in 2006 was 15,8% (105/664) van de faeces monsters positief voor HPeV.

In totaal konden er 59 HPeV positieve isolaten van 2004 tot en met 2006 getypeerd worden door middel van genotypering op basis van VP1. Hierbij ging het veelal om HPeV-1 of HPeV-3 en er was 1 faeces monster positief voor HPeV-4. Genotypering op basis van 5’UTR genotypering geeft dezelfde genotypes als genotypering op basis van VP1.

Tien HPeV positieve isolaten van 2006 konden geserotypeerd worden als HPeV-1.

In deze studie kunnen we een grote overeenkomst zien met het genotyperen op VP1 gebied en het geconserveerde 5’UTR gebied. Ook zien we een correlatie tussen VP1 genotypering en serotypering.
Afkortingen: HPeV: Human Parechovirus, PCR: Polymerase Chain Reaction, UTR: Untranslated region, VP: Viral capsid Protein.
Preface

Microbiology is a wide, divers and interesting field. What I find most interesting are the bacteriology and virology sections. Since I had some experience with bacteriology and non for virology in practice, I chose a virology research internship. 
Luckily enough I found one at the department of Medical Microbiology, Laboratory of Clinical Virology at the Academic Medical Center (AMC). It was a project about Parechoviruses, which I was not familiar with. I was quite nervous on the first day not knowing what to expect or what they would expect from me. But as soon as I met my colleagues, I knew it would all be just OK. I had great teachers who thought me just about everything I had to know about molecular techniques, cell culture, article writing and more. I had wonderful colleagues who always were ready to help or give useful tips. For almost nine months they gave me a realistic view of what Research and Development is al about. Every Monday I joined the classical virology diagnostic group and so experienced a little bit of both diagnostic and research.
Until know this has been one of the most exciting things in my study course. And I do believe that the Laboratory of Clinical Virology at the Academic Medical Center is the place to be! 
Xiomara V. Thomas,

Utrecht 2007

Abbreviations 
	AMC
	· Academic Medical Center

	BDT kit
	· Big Dye Terminator Kit

	bp
	· base pairs

	BSA
	· Bovine Serum Albumine

	C t 
	· Cycle threshold

	cDNA
	· complementary DNA

	CPE
	· Cytopathic Effect

	CSF
	· cerebrospinal fluid

	CT-DNA
	· Calf Thymus DNA

	DNA
	· Deoxyribo Nucleic Acid

	E(n)%
	· Earle medium containing (n)% calf serum

	EV
	· Enterovirus

	HPeV
	· Human Parechovirus

	IC
	· Internal Control

	IRES
	· Internal Ribosome Entry Site

	KNMI
	· Koninklijk Nederlands Meteorologisch Instituut

	L(n)
	· Lysis buffer (n)

	LLCMK2
	· Lilly LabCo Monkey Kidney

	MEGA
	· Molecular Evolutionary Genetics Analysis

	MGB
	· Minor Groove Binding

	MK
	· Monkey Kidney

	mRNA
	· messenger RNA

	NJ
	· Neighbor Joining

	ORF
	· Open Reading Frame 

	PCR
	· Polymerase Chain Reaction

	RNA
	· Ribo Nucleic Acid

	RT-PCR
	· reverse transcriptase PCR

	ssRNA
	· single stranded RNA

	TCID50
	· Tissue Culture Infectious Dose 50

	TE- buffer
	· Tris- Ethylene Diamine Tetracetic Acid buffer

	TLR
	· Toll-Like-receptor

	TM
	· Melting temperature

	UTR
	· Untranslated region

	VPg
	· Virion protein, genome linked

	WT
	· Wild Type
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Introduction
Human Parechoviruses (HPeVs) are members of the family Picornaviridae which also include the enteroviruses (EVs), the rhinoviruses and the hepatoviruses. There are 5 known types which are commonly associated with mild gastrointestinal and respiratory symptoms in young children 2. Severe conditions such as encephalitis, paralysis and neonatal sepsis have also been described 3, 11.

HPeVs were previously known as Enteroviruses Echovirus 22 (HPeV-1) and Echovirus 23 (HPeV-2) but were reclassified into a separate genus, as phylogenetic analysis showed these two types to be genetically distinct from all other enteroviruses, including other genera within the Picornaviridae family 13. As a consequence, they are routinely missed by diagnostic techniques specific for enteroviruses. In cell culture, it is difficult to identify HPeV by means of Cytopathic Effect (CPE), because HPeV and EV show the same CPE in cell culture.

To rapidly screen and diagnose HPeV infections in young children, an HPeV specific real time Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) based on the conserved 5’Untranlated region (UTR) is used 2. 

Traditionally samples can be typed based on serotyping, which uses serotype-specific neutralization antibodies to determine the serotype of an isolate. However this is labour intensive, time-consuming and new serotypes may be missed. The 5’UTR region is very conserved and therefore not appropriate for typing.

Recent advances in molecular techniques have lead to the possibilities to genotype positive samples based on the VP1 region. It was demonstrated for EV by several studies that genotyping based on the VP1 region correlates with serotyping 9. However, this has not been proven for HPeVs. In order to detect and type all known types in one assay a degenerate primer pair was designed 2. However, the PCR is not sensitive enough to detect HPeV in low positive clinical samples. Preliminary data showed that a prediction can be made on the type of isolate by genotyping the isolate based on the conserved 5’UTR. By designing specific primers to further type the clinical isolate within the VP1 region, we might increase the sensitivity of the typing PCR.

In this project, we compared traditional serotyping with genotyping of both the 5’UTR and the VP1 region of positive HPeV isolates to identify whether there is a correlation between the three typing methods.

Chapter 1 -Human Parechovirus
1-1 History of HPeV
HPeVs were first isolated in 1956, as Echovirus 22 and Echovirus 23 and belonged to the Enterovirus genus. Later both viruses where reclassified to a separate new genus within the family Picornaviridae, the Parechovirus 13. This was due to phylogenetic and structural difference between these 2 viruses and enteroviruses. Now there are five known Human Parechovirus types (Table 1).
Table 1 Taxonomy of HPeV.
	Type
	Strain
	Reference

	HPeV-1*
	Harris (Ohio/56)
	Hyypiä et al., 1992

	HPeV-2**
 
	Williamson (Ohio/56)

 
	Stanway et al., 1994

	
	
	Ghazi et al., 1998

	HPeV-3

 
	A308/99
	Ito et al., 2004

	
	Can82853-01
	Abed and Boivin, 2005

	HPeV-4

 
	K251176-02
	Benschop et al., 2006

	
	T75-4077
	Al-Sunaidi et al., 2006

	HPeV-5***
 
	86-6760 (Connecticut/86)
	Oberste et al., 1998

	
	T92-15
	Al-Sunaidi et al., 2006


*
-HPeV-1 was previously known as Echovirus 22, 

**
-HPeV-2 was previously known as Echovirus 23, 

***
-HPeV-5 Connecticut was previously known as HPeV2b.
1-2 HPeV classification and structure 
1-2.1 The Picornaviridae family 
HPeVs are one of the smallest known viruses in the Picornaviridae family.
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Picornaviruses are non-enveloped viruses with a single stranded RNA (ssRNA)
genome of positive polarity. The family consists of nine genera; 
Enterovirus, Rhinovirus, Hepatovirus, Cardiovirus, Aphthovirus, 
Erbovirus, Kobuvirus and Parechovirus, which all contain 
viruses that infect vertebrates 17.
Fig.1 Picornavirus.
1-2.2 The replication cycle of HPeV
Replication of HPeV takes place entirely in the cell cytoplasm. Entry occurs by receptor-mediated endocytosis 17 (Fig.2):
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1. Virus binds to a cellular receptor.

2. Genome becomes uncoated.

3. Translation takes place at which VPg is removed from viral RNA.

4. Individual viral proteins are produced

5. (+)strand RNA is copied by the viral RNA polymerase to form full-length (-) strand RNAs

6. (-)strand RNAs copied to produce additional (+)strand RNAs

7. Early in infection, newly synthesized (+) strand RNA translated to produce additional viral proteins.

8. Later in infection, (+) strands enter the morphogenetic pathway.

9. Newly synthesized virus particles are released from the cell by lysis.

Fig.2 Replication cycle of HPeV 17.
1-2.3 Virion structure and receptor usage of HPeV
Physical properties

Just like other picornaviruses HPeVs are spherical in shape with a diameter of about 27-30nm. The particles are simple in that they are composed of a protein shell surrounding the naked RNA genome. They don’t have a lipid envelope, and their infectivity is insensitive to organic solvents. They will retain infectivity at pH values of 3,0 and lower 17.

Structure of HPeV
Capsids of the large family of picornaviruses are composed of four structural proteins; Virion Proteins (VP); VP1, VP2, VP3 and VP4. With the exception for the HPeV, which contain only three capsid polypeptides: VP1, VP2 and VP0, the uncleaved precursor to VP2 + VP4.

The basic building block of the picornavirus capsid is the protomer, which contains one copy each of VP1, VP2, VP3 and VP4. The shell is formed with VP1 to VP3, and VP4 lies on its inner surface17 (Fig.3). 
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Fig.3 Icosahedral symmetry, subunit organization, and canyon (shaded). Thick lines encircle five protomers of VP1-VP3. The fourth viral protein, VP4, is inside the capsid.

Genome structure of HPeV 
The genome of HPeV is a single positive-stranded RNA (ssRNA) molecule, containing 1 open reading frame (ORF). Infectiousness is achieved by translating upon entry into the cell and by producing all the viral proteins required for its replication (Fig.2). The genome is covalently linked at the 5’end to a protein called Virion protein (VPg) which is linked to the genome. VPg is encoded by a single viral gene, 3B 17 (Fig. 4). 
The 5’UTR of HPeV is highly structured. This region contains sequences that controle genome replication and translation. The 5’UTR contains the Internal Ribosome Entry Site (IRES), an element that directs translation of the messenger RNA (mRNA) by internal ribosome binding. Antigenic determinants which give each Picornavirus its distinct morphology and antigenicity lie within the capsid proteins 17.
To unify the nomenclature of picorna proteins, the genome has been divided into three regions: P1, P2, and P3;
P1

( 
Viral capsid proteins

P2 and P3
(
Proteins involved in protein processing and genome translation 17.
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Fig.4 Genome structure of HPeV.

HPeV receptors
HPeV-1 utilizes both integrins, alphavbeta3 and alphavbeta1 as receptors. However, in cells that express both integrins, HPEV-1 may preferentially bind integrin alphavbeta3 15. Integrins are a major group of adhesion molecules present on many cells, including leucocytes which have been shown to bind to a certain arg-glycine-asp acid motif (RGD). Integrin β1 are involved in binding of cells to extra cellular matrix, β3 integrins in the interactions of platelets and neutrophils at inflammatory site or sites of vascular damage 12. Toll-Like-Receptor 8 (TLR) and also TLR7 have been shown to act as the host immune sensors for HPeV-1. The viral ssRNA genome is detected in endosomal compartments by these TLR, which activate signaling that lead to the synthesis of pro-inflammatory molecules by the host which activates the immune response 16. HPeV-2, HPeV-4 and HPeV-5 also have an RGD motif near the C terminus of VP1. Although the RGD motif is shown to be critical for HPeV-1 infection 6, 5, HPeV-3 has no RGD motif, and it therefore is suspected to use and RGD independent pathway or cell entry 6. 

1-3 Symptoms of HPeV infections
HPeV-1 and HPeV-2 infections are most commonly associated with mild respiratory or gastrointestinal symptoms 2, but also with severe disease conditions, such as flaccid paralysis and encephalitis 3. HPeV-3 infections have been associated with transient paralysis and neonatal infection and have been reported in Japan, Canada and the Netherlands 2. It has been recently shown that infections with HPeV-3 are associated with younger age and more severe disease than infections with HPeV-1 2. HPeV-4 and HPeV-5 have been associated with high fever 3, 11. More data are needed to elucidate epidemiologic and pathogenic features of the different HPeV types 3.
1-4 HPeV in diagnostics
HPeV can be diagnosed with the use of two kind of techniques;

1) Cell culture
2) Molecular techniques

Both will be described in the next paragraphs.

1-4.1 HPeV in cell culture
In cell culturing it is difficult to identify HPeV by means of CPE, because HPeV and EV show the same CPE in cell culture, namely that the cell partition becomes darker and the cells clear up (Fig.5). Like EV, HPeV can be cultured on different diagnostic cell lines cell lines such as, Vero, Lily LabCo Monkey Kidney (LLCMK2) and tertiary Monkey Kidney (tMK) cell lines. Because cell culture is time consuming and not very sensitive, it may be preferred to use molecular techniques such as RT- PCR to identify HPeV. 
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Fig.5 a: LLCMK2 cell line, b: LLCMK2 infected with HPeV from an isolate.
1-4.2 Molecular techniques

5’UTR real time RT-PCR for HPeV
At the AMC the detection of HPeV takes place with the use of a real time RT-PCR.

The real-time PCR system is based on the detection of a fluorescent labeled probe. 

The probe is labeled at the 5'-end with a fluorescence donor and on the 3'-end with a quencher. When no complementary sequence is available the fluorescence of the donor is quenched (Fig. 6a-b). During PCR the labeled oligonucleotide hybridizes to the target sequence and the 5'-dye is removed by 5'[image: image2.png]


3'-exonuclease activity of Taq polymerase (Fig. 6c). The fluorescence of the donor is no longer quenched and can be measured (Fig. 6d). 
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Fig. 6 a) Denaturation of template



b) Annealing of probes and probe. hybridization.
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c) Extension with Taq polymerase (5’exonuclease).

d) Light emission and detection.

This signal increases when the amount of PCR product in a reaction increases. A significant increase in fluorescence above the baseline value indicates the detection of accumulated PCR product and is read as a positive signal. The primers and probes are designed in the 5’UTR of the HPeV genome (Fig. 4).This region is very conserved among the different HPeV types, which makes it possible to detect all the HPeV types with one specific primer pair-probe combination. 
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HPeV positives
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Fig. 7 Example of HPeV curve.




Cycle number
1-5 Typing of HPeV
1-5.1 Serotyping 
Serotyping is a method to type viruses by using serotype specific antisera directed against the virus. One method uses a neutralization assay. An isolate can be typed due to the isolates ability to be neutralized by its own antisera and to be unable to show a full CPE. In contrast it will show a full CPE when other type specific antisera are used. To apply this method the clinical samples must first be cultured. The problem however is that you might miss unculturable types, double infections and cell culture is not always 100% effective.
1-5.2 Molecular genotyping
Although serotyping has been proven to correlate with VP1 molecular typing for enteroviruses 9 it has not been proven yet for HPeV. Because of the high diversity in the VP1 region, degenerated primers are used which can detect all HPeV types. This high diversity also means that weak positive samples cannot or are very difficult to type. The 5’UTR region is very conserved and detection and typing in this region is very sensitive. However, the region is not appropriate for typing. But, a prediction of type might be made within this region.

Chapter 2 -Material and Methods
The project was set up to compare serotyping and genotyping based on both 5’UTR and VP1 of HPeV. First, a retrospective screening was done followed by molecular typing of the samples found positive for HPeV. The samples were screened both for EV and HPeV. Furthermore a serotyping assay was set up for HPeV, for comparison of serotyping and genotyping.
2-1
Retrospective screening

For the retrospective screening, faeces samples from patients under the age of 5 years were used. The clinical samples originated from 2004 to 2006 and were provided by the Laboratory of Clinical Virology at Academic Medical Center. In total, we tested 566 faeces samples from 2004, 604 from 2005 and 664 from 2006. The samples were screened for both HPeV and EV.
2-1.1
RNA Extraction

The samples were extracted as previously described by Boom et al 4 (Appendice 1). Fifty µl of bouillon suspended feces was added to 900 µl of L6 lyses buffer, to lysate cell and viral suspension and to free the RNA. After pre-lysis in L6 for 10 min, the lysis mixture was spun down to pellet any feacal debris. Nine and one hundred µl of the supernatant was then added to 50 µl of size-fractioned silica coarse particles, to which the RNA will bind to. The mixture was spiked with 1250 copies of armored internal control (IC) 1 which corresponds to 50 copies/PCR. The whole procedure can be monitored with the IC from beginning to end. This is important for determination of false negatives. Faeces can contain different factors that can disturb or inhibit the RT-PCR reaction. A negative control was included during extraction and consisted of 25 µl of Tris EDTA (TE)-buffer containing 20 ng of calf thymus (CT)-DNA per µl. The Silica Coarse particles were washed with L2, Ethanol 70% and Acetone. The pellet was then left to dry for 10 min at 56°C. RNA and was eluted in 50 µl of TE buffer by incubation for 10 min at 56°C.

2-1.2 Reverse transcriptase (RT) reaction

Forty µl of extracted RNA was used for reverse transcription (RT) using random hexamers (Appendence 2). Random hexamers are used to turn RNA into cDNA. The final RT mixture of 50 µl contained 1x reverse transcriptase buffer (CMB1; 10 mM TRIS-HCL [pH 8,3] , 5.0 mM MgCL2 (Sigma); 1.5 µg of random hexamers (Roche Diagnostics), 120 µM each dNTP’s, 280 ng/µl α-casein (Sigma), 4 U of RNAsin and 20 U of superscript II. The mixture was incubated at 42°C for 30 min.
2-1.3 5’UTR Real time PCR and detection

Five µl of the generated cDNA was used as input in a duplex EV PCR and in a single target HPeV PCR. The PCR was performed in a 25 µl volume containing 1x Taqman® Universal Mastermix buffer and 400 ng/µl α-casein. For detection of EV and the IC, 900 nM of forward primer entero-1-TM; 900 nM of reverse primer entero-2-TM, 200 nM of FAM labeled probe EV-WT-MGB and 200 nM of VIC labeled probe, IC-MGB were used (Table 2). For detection of HPeV, 900nM of forward primer ParechoF31; 900 nM of reverse primer K30 and 200 nM of FAM labeled probe HPeV-WT-MGB were used (Table 2). All probes contained a Minor Groove Binding (MGB) region at the 3’-end to allow for higher melting temperatures.
PCR was performed in an Applied Biosystems (ABI) 7000 Real- time PCR as follows: 2 min at 50°C, 10 min at 95°C followed by 45 cycles that each consisted of 15s at 95°C and 60s at 60°C. For analysis, the software settings were as follows: IC threshold was set at value 0.05, HPeV and EV threshold were set at value 0.1 (Fig.7).

A sample is considered positive for EV or HPeV if the Ct value is above the threshold, unconsidered of the result for the IC target. When a sample is found negative for the IC within the EV duplex assay and no positive EV target is found, this might indicate the presence of inhibitory factors which must have been co-extracted resulting in a false negative result. The sample will thus be extracted again. The positive control for the HPeV PCR consists of 104 copies/PCR of an HPeV-WT DNA clone containing the 5’UTR amplicon generated by the primer pair (Table 2). The positive control for the EV PCR consists of 103 copies/PCR.
Table 2 HPeV and EV primers and probes.
	Primers
	Sequence 5’-3’
	nucleotides

	Forward:    ParechoF31
	CTGGGGCCAAAAGCCA
	16

	Reverse:    HPeV K30
	GGTACCTTCTGGGCATCCTTC
	21

	
	
	

	Forward:    Entero-1-TM
	GGCCCTGAATGCGGCTAAT
	19

	Reverse:    Entero-2-TM
	GGGATTGTCACCATAAGCAGCC
	23



	Probes
	Sequence 5’-3’
	nucleotides

	HPeV-WT-MGB
	AAACACTAGTTGTAWGGCCC
	20

	IC probe:   IC-MGB
	CTTGAGACGTGCGTGGTAACC
	21

	EV-WT-MGB:
	CGGAACCGACTACTTTGGGT
	20


2-2 Molecular typing of HPeV

Samples detected as positive for HPeV with the use of the real time PCR are typed on both UTR and VP1. For typing, faeces samples were re-extracted again without the IC as this shows to have negative effect on the typing PCRs. In total, we could type 31 faeces samples from 2004, 8 from 2005 and 21 from 2006 within the VP1 region. Within the 5’UTR region we could type 27 faeces samples from 2004 and 55 from 2006.
2-2.1 HPeV VP1 PCR

To type the clinical samples within the VP1 region, a VP1 degenerate end point PCR was performed to generate amplicons as template for the sequencing reaction. The PCR was performed in a 50 µl volume containing 25 µl of the cDNA, 1 µM primer VP1-parEchoF1 and 1 µM primer VP1-parEchoR1 (Table 6), 1x PCR II-buffer; 400 µM dUTP; 200 µM each of dATP, dCTP, d GTP; 0.1 µg /µl Bovine Serum Albumine (BSA) 400 ng/µl α-casein; 0.5 U of Amperase; 2.5 U of Amplitaq Gold. The HPeV VP1 PCR was performed in an ABI 9600 thermocycler as follows: 2 min at 50°C, 10 min at 95°C followed by 45 cycles that each consisted of 30s at 94°C, 30s at 42°C, 30s at 72°C, followed by 10 min at 72°C.

2-2.2 HPeV 5’UTR PCR

To type the clinical samples within the 5’UTR region a 5’UTR specific end point PCR is performed to generate amplicons as template for the sequencing reaction, The PCR is performed in a 50 µl volume containing 25 µl of sample cDNA, 1 µM primer ParechoF31 and 1 µM primer HPeV K30 (Table 2), 0.5 x PCR II-buffer; 400 µM dUTP; 200 µM each of dATP, dCTP, dGTP; 0.1 µg /µl Bovine Serum Albumine (BSA) 400 ng/µl α-casein; 0.5 U of Amperase; 2.5 U of Amplitaq Gold. The HPeV 5’UTR PCR was performed in an ABI 9600 thermocycler as follows: 2 min at 50°C, 10 min at 95°C followed by 45 cycles that each consisted of 30s at 95°C, 30s at 55°C, 30s at 72°C, followed by 5 min at 72°C.

2-2.3 Gel purification and sequencing 
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Fig.8 Example of a: 5’UTR amplicons in duplo +/-150bp on 2 % agarose gel, b: VP1 amplicons in duplo +/-750 bp on 1% agarose gel.

The HPeV UTR and HPeV VP1 amplicons between +/-760bp (VP1) and +/-143 bp (5’UTR) (Fig. 8) were cut out of gel and purified with a short nucleic acid extraction method based on the boom extraction method 4. The concentration was determined on gel and diluted (if necessary) to a concentration of 5 ng. 

The sequencing PCR was performed in a 20µl volume containing the 5 ng of purified amplicon, 1µl Big Dye Termintion (BDT) reaction mix, 3,5 µl of 5x BDT sequencing buffer and 10 ng of either forward primer VP1-parEchoF1 or reverse primer VP1-parEchoR1 or forward primer ParechoF31 or reverse primer K30. The sequencing PCR is performed in an Applied Biosystems 9600 thermocycler, as follows: 1 min at 96oC, 25 cycles consisting of 10s at 96oC, 5s at 50oC and 4 min at 60oC. The sequences were analyzed on an ABI 3730/3100 DNA Analyzer.

2-2.4 Phylogenetic analysis
The program Vector NTI 10 software from Invitrogen using clustal-W was used for alignment of sequences. The contig -sequences were aligned with known types retrieved from GenBank. With GeneDoc the sequences were edited manually. Phylogenetic analyses were performed by the neighbor-joining (NJ) method, as implemented in the Molecular Evolutionary Genetics Analysis (MEGA) software, version 4. Jukes and Cantor distances were estimated for the nucleotide sequences of both the VP1 and 5’UTR region. The use of other methods for distance estimation did not influence the tree topology. Amino acid sequences were not analyzed as the 5’UTR in a non coding region. Bootstrap replicates were analyzed. Bootstrap analysis allows a statistic representation of trees. 

For analyses of the VP1 and UTR sequences we used the following prototype strains (Fig.8): 

HPeV-1 Harris (S45208), HPeV-2 Williamson (AJ005695), HPeV-3 A308-99 (AB084913), HPeV-3 Can82853-01 (AJ889918), HPeV-4 K251176-02 (DQ315670), HPeV-4 T75-4077 (AM235750), HPeV-5 CT-86-6760 (AF055846), HPeV-5 T92-15 (AM235749). Clustering analysis with a prototype allowed us to determine the type.
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Fig.9 Unrooted phylogenetic tree showing the relationship between the 8 prototypes; 5 types based on nucleotide Jukes and Cantor substitution model. The tree was constructed by the neighbor-joining method as implemented in MEGA version 4.0. The use of other evolution models did not influence the tree topology.

2-3 Setting up a serotyping assay for HPeV
2-3.1 Culture
Culturing was done on a 24 well plate (3 samples/plate) on confluent monolayer of Vero and LLCMK2 cells. According to the following figure:
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Fig. 10 24-well plate, C= Negative control.
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Faeces samples were first centrifuged for 10 min at 2500 RPM. Supernatant was filtered and added to the cells plated on a 24 well plate with Earle medium containing 8% FCS (E8%) (Appendice 3). Plates where then centrifuged at 3500 RPM for 15 min and incubated in a 37°C, 5% CO2 stove. Positive cultured isolates were cultured further with freeze-melting steps and stored at -80°C.

2-3.2 Tissue Culture Infectious Dose50 (TCID50)
In order to determine the amount of viral supernatant which can be added for a good neutralization effect, the TCID50 needs to be determined. A high viral titre of a prototype might not be neutralized effectively and can thus still show a CPE in the presence of its own neutralizing antibodies. 

TCID50 is that quantity of an infectious agent, in this case HPeV, that when inoculated onto a number of susceptible cell lines will infect 50% of the individual cultures.

Prototypes HPeV-1 Harris and HPeV-2 Williamson were cultured on Vero cells for +/- 1 week until CPE was 4+ (Table 3). 
Table 3 Infected cells in percentage. Percentages indicate amount of a cell monolayer infected.
	
	1+
	2+
	3+
	4+

	CPE in percentage
	25%
	50%
	75%
	100%


A TCID50 was determined for the prototypes to determine the Viral load on in this case Vero cells. This using the Reed & Munch method; Virus suspension dilutions where made from 
10-3 to 10-12 and incubated in a 5% CO2 stove on a 96 microtiterplate. The last lane, H 1-12, was used as a negative cell control. The plate was left to incubate for 1 week. The following formula was used to determine the TCID50.
	I 

= 
	{ 
	(% of wells infected at dilution above 50% - 50%) . 
(% of wells infected at dilution above 50% - % of wells infected at dilution below) 
	} 


50% endpoint titer = 10 log total dilution above 50% - (I x log h)
Definitions 

I = Interpolated value of the 50% endpoint (also known as the proportional distance) 
h = dilution factor 
2-3.3 Serotyping assay

The assay is set up on the cell line with the highest sensitivity for the isolate. This will result in a faster CPE in your assay. For HPeV, the Vero cell line was chosen.
First we tested the serotyping assay with the prototypes HPeV-1 Harris and HPeV-2 Williamson. HPeV-3 antiserum was tested with prototypes HPeV-1 Harris and HPeV-2 Williamson by showing CPE when assay was set up. Until now there are only 3 anti-sera available on the market for HPeV (Table 4). 
Table 4  Available antisera for HPeV

	Antiserum
	Antigen
	Animal
	Units
	Dilution
	End concentration

	Anti- HPeV-1
	HPeV-1/ Harris
	horse
	100
	1:05
	20 U/ml

	Anti- HPeV-2
	HPeV-2/ Williamson
	horse
	100
	1:05
	20 U/ml

	Anti- HPeV-3
	HPeV-3/ A308/99
	guinea pig
	1024
	1:51
	20 U/ml


 The assay was set up according to the following figure in duplo per anti-sera:
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Fig.11 96-well plate; 
VC = Virus control, no anti-sera added.



CC = Cell control

Prototypes were cultured on Vero cells for +/- 1 week until CPE was 4+ (Table 3). The antisera were diluted 1:5 with Earle medium containing 2% FCS (E2%). In each well anti-sera was added as depicted in figure 10. Virus suspension was centrifuged for 15 min. at 15000 RPM. The supernatant was diluted to 1:10 and 1:100.

Both dilutions were added to the antisera including virus controls (VC; no antisera added). This was incubated for 1 hour in a 37°C, 5% CO2 stove allowing the virus to neutralize with the antisera. Cell suspension was made with E8% and added to the wells. The 96-well plates where then centrifuged for 10 min at 30 RPM and incubated in a 37°C 5% CO2 stove. The plates were checked every day until CPE of 4+ was visible within the viral control.
The undiluted and diluted virus suspensions where also incubated on 2 wells of a 24 well plate with a confluent Vero layer as a virus growth control. After the assay succeeded with the prototypes we tested the assay with known HPeV isolates from sequencing. In total we neutralized 10 positive isolates.
Chapter 3 -Results
3-1 Retrospective screening

In total, we tested 1834 samples for an EV infection and 1824 samples for an HPeV infection. We were unable to screen 10 samples for an HPeV infection, due to the unavailability of these samples. We tested 566 faeces samples from 2004, 597 from 2005 and 661 from 2006 for an HPeV infection. In comparison, we tested 566 faeces samples from 2004, 604 from 2005 and 664 from 2006 for an EV infection. All clinical samples were obtained from patients under the age of 5 years old. In total, we found 495/1834 (26,99%) samples positive for either an HPeV or EV infection. In 2004 we found 92 faeces samples (16,3%) to be positive for HPeV and 93 (16,4%) for EV. In 2005, 70 faeces samples (11,6%) to be positive for HPeV and 71 (11,8%) for EV. And in 2006, we found 108 faeces samples (14,8%) to be positive for HPeV and 105 (14,7%) positive for EV. Double infections for EV and HPeV were seen in 43 samples, out of the 597 positive samples found in total. In 2004, this was 13 samples (7,6%), in 2005 8 samples (6,1%), and in 2006 22 (11,5%).
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Graph 1 Faeces screening results in amounts
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Graph 2 Faeces, screening results in percentage
To determine the yearly distribution of HPeV infections with respect to climate conditions in the Netherlands we gathered information from Koninklijk Nederlands Meteorologisch Instituut (KNMI) to compare positive amounts with amount of sun hours, rainfall and temperature. As the climate in under constant change and the seasons are not as well defined, this approach might show a better distribution of HPeV infection.
2004:
In February and August 2004, we found the most HPeV infections. Comparison of the to amount of sun hours, rain and temperature to the amount of positive HPeV infection, we saw a correlation between the number of positive HPeV infection, the rain fall, the number of sun hours and the temperature (Graph 3-5). As HPeVs can be transmitted via the feacal-oral route through the water, it is not uncommon to see this correlation. Children tend to play outside in the water (swimming pools, beaches, fountains) when the temperature is warm and the sun is shining.
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Graph 3 Positive amounts vs. temperature 2004.
[image: image10.emf]Positive vs. Sun hours 2004
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Graph 4 Positive amounts vs. sun hours 2004.
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Graph 5 Positive amounts vs. rain 2004.
2005:
In 2005, there are less HPeV infections detected compared to 2004. The month in which the most infections were found is January. After January, we see a decrease in  HPeV positive infections, which starts to increase again in August. The year 2005 was a year with relatively little rain. After July, where there is a peak of rain and high temperature we can see a small increase of positive amounts. The most samples missing in 2005 where from July, August and September. Compared to 2004 we cannot see a possible correlation between the three factors.
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Graph 6 Positive amounts vs. temperature 2005.
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Graph 7 Positive amounts vs. sun hours 2005.
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Graph 8 Positive amounts vs. rain 2005.
2006:
In the year 2006, like 2004, we detected a large amount of HPeV infections. Most infections are seen in October and November. This is probably due to the warm winter experienced.

We also see a similar correlation as in 2004 between infection, rainfall and the amount of sun hours.  
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Graph 9 Positive amounts vs. temperature 2006.
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Graph 10 Positive amounts vs. sun hours 2006.
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Graph 11 Positive amounts vs. rain 2006.
3-2 Molecular typing
VP1 based genotyping
We used the degenerate primers VP1-parEchoF1 and VP1-parEcho to sequence the entire VP1 region. The reference strains HPeV-1 Harris (S45208), HPeV-2 Williamson (AJ005695), HPeV-3 A308-99 (AB084913), HPeV-3 Can82853-01 (AJ889918), HPeV-4 K251176-02 (DQ315670), HPeV-4 T75-4077 (AM235750), HPeV-5 CT-86-6760 (AF055846), and HPeV-5 T92-15 (AM235749) were included in the analysis. From 2004 we genotyped, 91 positive samples. From 2005, 61 positive samples where genotyped and from 2006, 84 positive samples where genotyped. In 2004, 12 samples where genotyped as HPeV-1 and 15 samples as HPeV-3 (Table 5a-c). In 2005, 8 samples where genotyped as HPeV-1 (Table 5a-c). In 2006, 18 samples where genotyped as HPeV1, 2 HPeV-3 and 1 HPeV-4 (Table 5a-c). In the next figures the phylogenetic trees of the VP1 region are shown. All phylogenetic trees show the relationship between the 8 prototypes; 5 types, based on nucleotide Jukes and Cantor substitution model. The trees where constructed by the neighbor-joining method as implemented in MEGA version 4.0. The use of other evolution models did not influence the tree topology. The bar stands for genetic distance. 




Fig.12 Unrooted Phylogenetic tree from 2004 HPeV positives based on VP1 Jukes and Cantor substitution model. The trees where constructed by the neighbor-joining method as implemented in MEGA version 4.0. The use of other evolution models did not influence the tree topology. The bar stands for genetic distance. Rectangular tree is shown for a better view.
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Fig. 13 Unrooted Phylogenetic tree from 2005 HPeV positives based on VP1 Jukes and Cantor substitution model. The trees where constructed by the neighbor-joining method as implemented in MEGA version 4.0. The use of other evolution models did not influence the tree topology. The bar stands for genetic distance. Rectangular tree is shown for a better view.
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Fig. 14 Unrooted Phylogenetic tree from 2006 HPeV positives based on VP1 Jukes and Cantor substitution model. The trees where constructed by the neighbor-joining method as implemented in MEGA version 4.0. The use of other evolution models did not influence the tree topology. The bar stands for genetic distance. Rectangular tree is shown for a better view.
5’UTR based genotyping
For the 5’UTR genotyping we used primers ParechoF31 and K30. HPeV-1 Harris (S45208), HPeV-2 Williamson (AJ005695), HPeV-3 A308-99 (AB084913), HPeV-3 Can82853-01 (AJ889918), HPeV-4 K251176-02 (DQ315670), HPeV-4 T75-4077 (AM235750), HPeV-5 CT-86-6760 (AF055846), HPeV-5 T92-15 (AM235749) were included in the analysis.

From 2004 we genotyped 91 positive samples. Samples from 2005 were not genotyped. From 2006 84 positive samples where genotyped. Based on the 5’UTR region we genotyped in 2004, 7 HPeV-1 isolates, 10 as HPeV-3 and 2 as HPeV-4/-5 (Table 5a-c). In 2006, we genotyped 30 samples as HPeV-1, 2 samples as HPeV-3 and 9 samples could not be determined as they did not correlate with the prototypes (Table 5a-c). All phylogenetic trees show the relationship between the 8 prototypes; 5 types based on nucleotide Jukes and Cantor substitution model. The trees where constructed by the neighbor-joining method as implemented in MEGA version 4.0. The use of other evolution models did not influence the tree topology. The bar stands for genetic distance. 
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Fig. 15 Unrooted Phylogenetic tree from 2004 HPeV positives based on 5’UTR Jukes and Cantor substitution model. The trees where constructed by the neighbor-joining method as implemented in MEGA version 4.0. The use of other evolution models did not influence the tree topology. The bar stands for genetic distance. Rectangular tree is shown for a better view.
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Fig. 16 Unrooted Phylogenetic three from 2006 HPeV positives based on 5’UTR Jukes and Cantor substitution model. The trees where constructed by the neighbor-joining method as implemented in MEGA version 4.0. The use of other evolution models did not influence the tree topology. The bar stands for genetic distance. Rectangular tree is shown for a better view.
Table 5 Results of Genotyping a= 2004, b=2005, c= 2006 *did not correlate with a prototype.

a) 2004

	Lab number
	HPeV type based

on 5’UTR
	HPeV type based

on VP1

	20450111
	4
	-

	20450342
	1
	1

	20450343
	-
	1

	20450360
	-
	1

	20450426
	1
	1

	20450559
	1
	1

	20450900
	-
	3

	20450936
	-
	3

	20450976
	-
	1

	20451302
	1
	1

	20451371
	-
	3

	20451393
	3
	3

	20451425
	3
	3

	20451512
	3
	3

	20451513
	-
	3

	20451517
	-
	3

	20451550
	3
	3

	20451610
	3
	-

	20451653
	-
	3

	20451669
	1
	-

	20451677
	3
	3

	20451678
	3
	3

	20451690
	3
	3

	20451729
	4
	-

	20451821
	1
	1

	20451894
	1
	1

	20451935
	3
	3

	20452000
	3
	3

	20452176
	-
	1

	20452194
	-
	1

	20452473
	-
	1


b) 2005

	Lab number
	HPeV type based

on 5’UTR
	HPeV type based

on VP1

	20550163
	-
	1

	20550182
	-
	1

	20550183
	-
	1

	20550193
	-
	1

	20550245
	-
	1

	20550252
	-
	1

	20552154
	-
	1

	20552511
	-
	1


c) 2006
	Lab number
	HPeV type based

on 5’UTR
	HPeV type based

on VP1

	20650081
	1
	1

	20650151
	*
	1

	20650163
	1
	1

	20650164
	1
	1

	20650258
	1
	1

	20650648
	1
	1

	20650747
	*
	-

	20650750
	*
	-

	20650854
	*
	-

	20650881
	1
	1

	20650941
	1
	1

	20650989
	1
	1

	20651046
	1
	-

	20651108
	1
	1

	20651118
	1
	-

	20651128
	1
	1

	20651141
	*
	-

	20651654
	1
	1

	20651689
	3
	3

	20651732
	1
	-

	20651898
	*
	-

	20651934
	1
	1

	20652281
	*
	-

	20652444
	*
	-

	20652445
	1
	-

	20652467
	1
	1

	20652499
	1
	-

	20652536
	1
	-

	20652545
	3
	3

	20652568
	1
	1

	20652580
	*
	-

	20652595
	1
	-

	20652598
	1
	-

	20652622
	1
	1

	20652633
	1
	-

	20652643
	1
	-

	20652649
	3
	-

	20652722
	1
	-

	20652780
	1
	1

	20652801
	1
	-

	20652872
	1
	4

	20652903
	1
	-

	20653096
	1
	1


3-3 Serotyping assay
For a further comparison of the methods we set up a neutralizing assay for HPeV. 

Only 40 positive samples for HPeV from 2006 could be cultured and were stored at -80°C. Positive isolates from 2004 and 2005 where not cultured due to the large amount of positives.

The TCID50 was used only for the prototypes to test the different dilution viral loads against the anti-sera.
For 10 culture isolates a neutralization assay was done and could be serotyped as HPeV-1.

Table 6 Results neutralization assay, *did not correlate with a prototype.
	Lab number
	Type based

on 5’UTR
	Type based

on VP1
	Type based on neutralization

	20650081
	1
	1
	1

	20650258
	1
	1
	1

	20650941
	1
	1
	1

	20651898
	*
	-
	1

	 20652536
	1
	-
	1

	20652643
	1
	-
	1

	20652720
	-
	-
	1

	20652780
	-
	1
	1

	20652920
	-
	-
	1

	20676271
	-
	-
	1


Discussion

In this study, we compared serotyping en genotyping of HPeV based on both 5’UTR and VP1. We did a retrospective screening of 1834 faeces samples to identify additional HPeV infections.
Over the 3 years we analyzed, we found the percentage of HPeV positive isolates and EV positive to remain constant between 11-16 %. Although the number of samples which were screened each year increased we saw a drop in the amount of HPeV positive samples in 2005 16% in 2004 and 11% in 2005. In 2006, the amount of HPeV positive samples showed an increase to 16% which was also found in 2004.

Comparison of HPeV outbreak with sun hours, temperature and rain showed a correlation between the three factors and the outbreak of HPeV. In 2004 and 2006, the ideal circumstances for an HPeV infection to occur were moist weather, high temperatures with frequent sun hours. We speculate that this has something to do with transmission by water.
Typing of the clinical samples was done by sequencing the entire VP1 region and 5’UTR region. Based on the VP1 region only 29.3% (27/92) could be genotyped in 2004 from which the greater majority were HPeV-3 infections and some HPeV-1 infections. From 2005, 11,4% (8/70) could be genotyped and were all HPeV-1. From 2006, 26,25% (21/80) could be genotyped and the greater majority was also HPeV-1. We also found 2 HPeV-3 samples and only 1 HPeV-4 in 2006.
Based on 5’UTR region, more samples could be genotyped in 2004 and 2006 (2005 has not been genotyped on 5’UTR region). The better yield for the 5’UTR is due to the use of the more sensitive PCR which uses conserved primers in stead degenerate primers. However, this region is too conserved for genotyping and so the isolate sequences often do not correlate correctly with the prototypes. But it allows us to make a prediction of what the VP1 results could be. Comparison of the 2 regions we genotyped show a correlation between the VP1 and 5’UTR results. Thirty samples (2004 +2006) had the same VP1 and 5’UTR sequence results. 1 sample typed as HPeV-4 came out as HPeV-1 on 5’UTR genotyping. The use of VP1-type specific primers could make it possible to genotype isolates with a known UTR sequence that can not be typed with the degenerate primers.

We also set up e serotyping assay for HPeV to identify whether there is a correlation between serotyping and VP1 genotyping. However, we have obtained too little data to make this correlation. More samples should thus be neutralized. The samples that we did neutralize do seem to have a correlation with VP1. The problem with serotyping is that there is no anti-sera against all HPeV types. More over in double infection with EV and HPeV or HPeV-HPeV the isolates cannot be serotyped as CPE will always be seen for the EV infection even though the HPeV virus might be neutralized.

The cell culture of HPeV took place on Vero and LLCMK2 cell lines. In routine diagnostic at the Laboratory of Clinical Virology at the AMC, only tMK and Human lung carcinoma cell lines are used. The culture of isolates are kept incubated for 2 weeks and stopped and are then determined to be negative if there is no visible CPE. As result of this culture method 14 samples from 2006 that had been determined as negative, were found positive on Vero and LLCMK2 cells. At least 12 isolates were positive after more than 2,5 weeks. The maximum incubation period was 4 weeks, as the cells conditions worsened. We do believe that for an optimal HPeV detection in diagnostic Vero and LLCMK2 cell lines should be used, as they will show CPE faster in these cell lines compared with tMK +/-2 to 3 days. The isolates did not show CPE in Human lung carcinoma cells. Cell culture for HPeV for 2 weeks is also too short as some samples will show CPE after 2,5 to 3 weeks.
Acknowledgments
I would like to thank G. Koen and H. van Eijk for their assistance with celculture, the TCID50 and the neutralization assay. K. Benschop and K. Wolthers for their guidance during these 8 months and helping me throughout the whole project. Furthermore I would like to thank everyone from the Laboratory of Clinical Virology laboratory at Academic Medical Center for their collegiality, useful tips and tools and for giving me a pleasant internship at 
Academic Medical Center.

References
1.
Beld M, Minnaar R, Weel J, Sol C, Damen M, Avoort H van der, Wertheim-van Dillen P, Breda A van, Boom R Highly sensitive assay for detection of enterovirus in clinical specimens by reverse transcription-PCR with an armored RNA internal control
J Clin Microbiol 2004; 42:3059-64.

2.
Benschop KSM,  Schinkel J, Minnaar RP, Pajkrt D, Spanjerberg L, Kraakman HC, Berkhout B, Zaaijer HL,  Beld MGHM, and Wolthers KC. Human Parechovirus Infections in Dutch Children and the Association between Serotype and Disease Severity. Clin Infect Dis 2006; 42:204–210.

3. 
Benschop KSM, Schinkel J, Luken ME, vd Broek PJM, Beersma MFC Menelik N, v Eijk HWM, Zaaijer HL, Van den Broucke-Grauls CMJE, Beld MGHM and Wolthers KC Fourth Human Parechovirus Serotype. Emerg Infect Dis 2006; 12:1572-1575.

4. 
Boom R, Sol CJ, Salimans MM, Jansen CL, Wertheim- van Dillen PM, van der Noorda K, Rapid and simple method for purification of nucleic acids. J Clin Microbiol 1990; 28:495-503.

5.
Ghazi F, Hughes PJ, Hyypia T and Stanway G. Molecular analysis of human parechovirus type 2 (formerly echovirus 23) J Gen Virol 1998; 79:2641-2650.

6.
Ito M, Yamashita T, Tsuzuki H, Takeda N and Sakae K. Isolation and identification of a novel human parechovirus J Gen Virol, 2004; 85: 391-398.

7.
Leslie collier and John Oxford, Human Virology; A text for student of medicine, dentistry, and microbiology,1996.

8. 
Oberste M, Maher K, Pallansch M. Specific detection of echoviruses 22 and 23 in culture supernatants by RT-PCR. J Med Virol 1999; 58:178-81.

9. 
Oberste MS, Maher K, Kilpatrick DR and Pallansch MA Molecular Evolution of the Human Enteroviruses: Correlation of Serotype with VP1 Sequence and Application to Picornavirus Classification J Virol. 1999; 73:1941–1948.

10. 
Oberste MS, Maher K, Kilpatrick DR, Flemister MR, Brown BA and Pallansch MA. Typing of Human Enteroviruses by Partial Sequencing of VP1 J Clin Microbiol, 1999; 37:1288-1293.

11. 
Oberste MS, Maher K, Pallansch MA Complete sequence of echovirus 23 and its relationship to echovirus 22 and other human enteroviruses. Vir Res 1998:56:217-223.

12.
Roitt I, Brostoff J, Male D, Immunology sixth edition, 2001 Chapter 3 Mechanisms of cell migration.

13.
Stanway G, Hyypia T. Parechoviruses. J Virol 1999; 73:5249-54.

14.
Stanway G, Joki-Korpela P, Hyypia T. Human parechoviruses- biology and clinical significance. Rev Med Virol 2000; 10:57-69.

15.
Triantafilou K, Triantafilou M, Takada Y, and Fernandez N. Human Parechovirus 1 Utilizes Integrins αvβ3 and αvβ1 as Receptors J Virol 2000; 74:5856-5862.

16. 
Triantafilou K, Vakakis E, Orthopoulos G, Abd Elrahman Ahmed M,  Schumann C, Lepper PM, Triantafilou M. TLR8 and TLR7 are involved in the host's immune response to human parechovirus 1 Eur. J. Immunology 2005; 35:2416 – 2423.

17.
Zuckerman AJ, Banatvala JE, Pattison JR, Principles and Practice of Clinical Virology fourth edition,1999 Chapter 23 Picornaviridae.
Appendix
NOTE: All appendices are written in Dutch.

Appendix 1
Nucleïnezuur extractie Y SC 
(SOP:KV-AN-111 van AMC)
WERKWIJZE

Extractiewerkkast:

Pipetteer 20 μl silica coarse (SC) + 900 μl L6 en 12 μl interne controle

Laminar flowkast:

Vortex en pipetteer de juiste hoeveelheid van het klinische materiaal of negatieve controle in het

desbetreffende epje:

8.1 Feces:

1. Pipetteer 950 μl L6 in een epje en pipetteer hierbij 50 μl feces (eventueel met afgeknipte

    pipetpunt) uit bouillon

2. Laat dit 10 minuten staan bij KT

3. Draai 2 min bij 13K rpm af

4. Pipetteer 50 μl SC-F (zure silica) in een epje en pipetteer hierbij 900 μl supernatant.

5. Pipetteer hierbij de internecontrole (zie KV-VW-006 “Bereiden PCR controles”) en vortex.

Extractiewerkkast:

1. Incubeer 10 min. bij KT

2. Vortex, centrifugeer 1 min. bij 13 K rpm, zuig supernatant af

3. Was pellet : (1 ml toevoegen, vortex, centrifugeer 1 min. bij 13 K rpm, afzuigen  

    supernatant)

4. 2x met 1 ml L2 (N.B. homogeniseren van pellet in L2 is cruciaal in protocol)

5. 2x met 1 ml 70% Ethanol (N.B. homogeniseren van de pellet is cruciaal in protocol)

6. 1x met 1 ml 100% Aceton (N.B. homogeniseren van de pellet is cruciaal in protocol)

7. Droog pellet; 10 min. bij 56°C met deksel open

8. Voeg 100 μl 1x TE buffer toe, vortex

9. Elueer 10 min. bij 56°C met deksel dicht

10. Vortex, centrifugeer 2 min. bij 13 K rpm

11. Supernatant (± 85 μl) afpipetteren in beschreven (patiëntnaam + materiaal +  

      afnamedatum) 1,5 ml reactievaatje. Dit eluaat bevat DNA / RNA !!

Wanneer de PCR niet direct wordt ingezet, de eluaten bewaren in de -20 °C op het KIT
Voor Entero/ParEcho/Adeno (kwalitatief)/ resp. aanvragen: 40 μl eluaat afhalen voor RT-reactie

Appendix 2
cDNA synthese
 (SOP: KV-AN-113 van AMC)
WERKWIJZE
- Gebruik 1.5 ml of 0.2 ml reactievaatjes

Mixkast KIT

- Maak de RT-mix zoals hieronder beschreven:

Bij het maken van de RT-mix is het van belang de enzymen RT Superscript II en RNAsin het

laatst toe te voegen. Haal de enzymen pas op het moment van gebruik uit de vriezer en houd ze

koud (Stratacooler). Meng de enzymen alvorens ze toe te voegen.

1. Samenstelling RT-mix voor 40 μl eluaat.

	Ingrediënten
	stock
	end
	1x
	10x

	10x CMB1
	10x
	1x
	5
	50

	caseïne 
	20 mg/ml
	280 ng/µl
	0,7
	7

	MgCl2    
	100 mM
	5 mM
	2,5
	25

	dNTP's (40 mM)
	40 mM
	120 µM each
	0,6
	6

	R. hexamers 
	1,5 µg/µl
	1,5 µg
	1
	10

	RNAsin 
	40 U/µl
	4 U
	0,1
	1

	Superscript II
	200 U/µl
	20 U
	0,1
	1

	 
	 
	 
	 
	100

	 
	 
	 
	10
	& 40


- Vortex de mix enkele seconden.

- Pipetteer 10 μl van de mix in een reactievaatje met een elektronische pipet.

Extractiekast KIT

- Voeg 40 μl Nucleinezuur eluaat toe aan de RT-mix.

- Pipetteer het eluaat in de mix.

- Vortex en draai 5 seconden af.

- Incubeer 30 minuten bij 42 ºC in een heatblock.

- Draai 5 seconden af en gebruik dit RT-reactiemengsel voor een PCR.

- Bewaar restant van het RT-eluaat bij -20 ºC 

Appendix 3
Media bereiding kweek
 (SOP: KV-AN-025 van AMC)
WERKWIJZE

Bereiding Streptomycine stock oplossing
Aluminium seal eraf halen en stopje ontsmetten met alcohol 70%

Rubber stopje eraf halen

Per flesje 2 x 5ml injectiewater toevoegen met spuit en naald en oplossen tussendoor

overspuiten in 25 ml container.

Etiketteren.

Bewaren bij -20°C.

Bereiding Penicilline stock oplossing
Per flesje 2 x 50 ml injectiewater toevoegen en oplossen

Tussendoor overdoen in flesje van 100 ml met 10 ml spuit tot het opgelost is

Uitvullen in porties van 10 ml in containers

Etiketteren.

Bewaren bij -20°C.

Bereiding MEM Hanks BIOWHITAKKER 8% FKS
Per 500 ml MEM Hanks steriel toevoegen:

40 ml FKS (eerst 30 minuten inactiveren bij 56°C)

5 ml NEAA

0,5 ml L-Glutamine

0,5 ml Streptomycine Stock oplossing

0,5 ml Peniciline stock oplossing

etiketteren

bewaren bij 2-8°C

Bereiding EMEM Earle BIOWHITAKKER 8% FKS
Per 500 ml MEM Earle steriel toevoegen:

40 ml FKS (eerst 30 minuten inactiveren bij 56°C)

5 ml NEAA

0,5 ml L-Glutamine

0,5 ml Streptomycine Stock oplossing

0,5 ml Peniciline stock oplossing

etiketteren

bewaren bij 2-8°C

Bereiding EMEM Earle BIOWHITAKKER 2% FKS

Per 500 ml MEM Earle steriel toevoegen:

10 ml FKS (eerst 30 minuten inactiveren bij 56°C)

5 ml NEAA

0,5 ml L-Glutamine

0,5 ml Streptomycine Stock oplossing

0,5 ml Peniciline stock oplossing

etiketteren

bewaren bij 2-8°C

Bereiding Optimem 2% FKS

Per 500 ml Optimem steriel toevoegen:

10 ml FKS (eerst 30 minuten inactiveren bij 56°C)

0,5 ml Streptomycine Stock oplossing

0,5 ml Peniciline stock oplossing

etiketteren

bewaren bij 2-8°C

Voor alle media:

Steriliteitcontrole 2x 10 ml uitvullen in steriele container

bij 37°C en KT plaatsen en 1 week incuberen.

2x per week controleren of er geen verontreiniging in te zien is.

Indien steriliteit bewezen, medium vrijgeven.

Noteer dit in de tabel.

Na steriliteitcontrole eventueel uitvullen in porties van 100 ml in steriele flesjes
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