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• Accreditation requested: please enter your name (and RIZIV/INAMI if applicable) in the chat box

• Interactive sessions: you can speak up by unmuting your microphone to ask questions or raise
comments in the chat box

• No recording of the session but slides will be shared
https://www.uzleuven.be/nl/laboratoriumgeneeskunde/nationale-referentiecentra-en-
referentielaboratoria

• Last month’s session: 30th March: 
invasive pneumococcal infections

Recap important information

https://www.uzleuven.be/nl/laboratoriumgeneeskunde/nationale-referentiecentra-en-referentielaboratoria
https://www.uzleuven.be/nl/laboratoriumgeneeskunde/nationale-referentiecentra-en-referentielaboratoria


National Reference Center Enteroviruses 
(including poliovirus and parechovirus)

27-04-2023

Lize Cuypers & Elke Wollants



NRC Enteroviruses (incl. polio and parecho)

https://laboboeken.nexuzhealth.com/pboek/internet/GHB/5485
Search for ‘entero’ (tests highlighted with REF.LAB)

Year report: numbers of 2019 – 2021 soon online 

National Reference Center 
Enteroviruses

https://laboboeken.nexuzhealth.com/pboek/internet/GHB/5485


• Information on the laboratory, patient, test request and
epidemiological data when it concerns a cluster of cases

• Key elements of the application form:

o Sample information
▪ Sample type: three main groups (CSF, feces and respi)

▪ Celculture medium welcome, original sample equally good

▪ RNA extract if volume original sample is limited

▪ Typing possible for small volumes

o Clinical information
▪ Symptoms

▪ AFP (Acute Flaccid Paralysis) cases! Mandatory notification

NRC application form
National Reference Center 

Enteroviruses



• Clinical syndrome: acute onset of paralysis with reduced muscle tone in children

• Most common sign of acute polio <-> many (non-)infectious causes of AFP

• Golden standard for the surveillance of poliomyelitis

• Registration of all AFP cases (irrespective of cause), for persons <15 years old

• Mandatory notification within 14 days after symptoms onset

• Voluntary reporting by pediatricians and GPs (PediSurv): zerosurveillance

• Correct lab work-up: 2 stool samples collected (24 hours apart), within 14 days of 
symptoms onset need to be send to the NRC (for all AFP cases, not only suspicion of polio)

• Performance in Belgium: inadequate => Belgium = country with intermediate risk for polio by WHO

• For Belgium = 19 cases per year <-> reporting of only 3 cases in 2022

• Appropriate stool sampling for min 80% of cases

Acute Flaccid Paralysis (AFP) surveillance
National Reference Center 

Enteroviruses

Source: website of CDC



• Enterovirus surveillance to complement AFP surveillance (poor performance, not sensitive
enough and large majority of polio cases do not cause AFP)

• Sentinel laboratory network
Reporting enterovirus positive cases (by culture or PCR): only for CSF, 
hence not valid for polio surveillance (stool samples)

• NRC enteroviruses
New testing
Confirmation
Typing

Enterovirus surveillance in Belgium
National Reference Center 

Enteroviruses

Geographic distribution laboratories sending samples for enterovirus testing to the NRC for the year 2022



Sample types for enterovirus testing
National Reference Center 

Enteroviruses

• Total of 615 enterovirus positive cases for the year 2022

• Distribution of sample types
• Respiratory samples: 84%

• CSF: 13,5%

• Faeces: 2,3% 

• Other (i.e. lesion): 0,2%

• Context of assays to detect enterovirus
• Culture

• PCR

• Specific PCRs for enteroviruses

• Syndromic panels: respiratory panel (entero/rhino and EVD68) and
meningitis/encephalitis panel

• Important underrepresentation of stool samples 
(polio surveillance WHO!)



Parechovirus A
19 types
human parechovirus
(HPeV)-1 to 19. 

HPeV-1 and HPeV-2, 
were formerly classified 
in the enterovirus 
genus as echovirus 22 
and 23.

Taxonomy of Picornaviridiae

ENTEROVIRUS

EV A
25 types
Coxsackievirus A
CVA2, CVA3, CVA4, 
CVA5, CVA6, CVA7, 
CVA8, CVA10, 
CVA12, CVA14, 
CVA16, 

enterovirus
EV-A71, EV-A76, 
EV-A89, EV-A90, 
EV-A91, EV-A92, 
EV-A114, EV-A119, 
EV-A120, EV-A121,

EV B
63 types
coxsackievirus B 
CVB1, CVB2, CVB3,
CVB4, CVB5, CVB6,
CVA9, CVA23

echovirus
E1 to E9, 
E11 to E21,
E24 to E27,
E29 to E33,
enterovirus B69 (EV-
B69), EV-B73, EV-B74, 
EV-B75, EV-B77, EV-
B78, EV-B79, EV-
B80, EV-B81, EV-
B82, EV-B83, EV-
B84, EV-B85, EV-
B86, EV-B87, EV-B88, 
EV-B93, EV-B97, EV-
B98, EV-B100, EV-
B101, EV-B106, EV-
B107,

EV C
23 types
Poliovirus
PV 1, PV2, PV3

coxsackievirus A
CVA1, CVA11, 
CVA13, CVA17, 
CVA19, CVA20, 
CVA21, CVA22, 
CVA24, EV-C95, 
EV-C96, EV-C99, 
EV-C102, EV-
C104, EV-C105, 
EV-C109, EV-
C113, EV-C116, 
EV-C117 and EV-
C118.

EV D
5 types
EV-D68, 
EV-D70,
EV-D94, 
EV-D111 

EV-D120 
(non 
human)

RHINOVIRUS A
80 types 
(RV) A1, A2, A7, A8, A9, 
A10, A11, A12, A13, A15, 
A16, A18, A19, A20, A21, 
A22, A23, A24, A25, A28, 
A29, A30, A31, A32, A33, 
A34, A36, A38, A39, A40, 
A41, A43, A45, A46, A47, 
A49, A50, A51, A53, A54, 
A55, A56, A57, A58, A59, 
A60, A61, A62, A63, A64, 
A65, A66, A67, A68, A71, 
A73, A74, A75, A76, A77, 
A78, A80, A81, A82, A85, 
A88, A89, A90, A94, A96, 
A100, A101, A102, A103, 
A104, A105, A106, A107, 
A108, A109.

RVB 
32 types
(RV) B3, B4, B5, 
B6, B14, B17, 
B26, B27, B35, 
B37, B42, B48, 
B52, B69, B70, 
B72, B79, B83, 
B84, B86, B91, 
B92, B93, B97, 
B99, B100, 
B101, B102, 
B103, B104, 
B105 & B106.

RVC
57 types 
RV C1 – C57

PARECHOVIRUS

National Reference Center 
Enteroviruses



Clinical manifestations enteroviruses
National Reference Center 

Enteroviruses

ENTERO

VIRUS

me
hitis

c

pha

myoca

Hase

paralysis

Echovirus, Coxsackievirus A & B

Coxsackievirus 24, EV 70

EV-A71, Echovirus, Coxsackie A & B

Rhinoviruses

Poliovirus (1-3), EV-D68, EV-A71

Many EVs

Coxsackievirus A, EV-A71 Coxackievirus

Haemorrhagic conjunctivitis

Common cold

Pharyngitis/herp angina

Myocarditis

Hand, foot & mouth disease

Diarrhea

Paralysis

Encephalitis/meningitis



Clinical manifestations parechoviruses
National Reference Center 

Enteroviruses

PARECHO

VIRUS

me

c

pha

myoca

paralysis

PeV-1, 3 (?)

PeV 3, 1, 5, 6

PeV 3

PeV 1-6 PeV 1, 3, 6
Upper respiratory tract

Pneumonia

Gastroenteritis

Encephalitis/meningitis

Myocarditis
PeV 3

Sepsis & rash
(”hot, red, angry baby”)



Genotyping of entero and parechoviruses
National Reference Center 

Enteroviruses

• Molecular typing by RT-PCR followed by nucleotide sequencing

• Use of different primer sets
• Enterovirus species A & B: sequencing part of VP1

• Enterovirus species C & D: sequencing VP4/VP2, VP1 and non-coding region

• Currently performed for all sample types
• Consistently for all CSF and stool samples

• Selection of respiratory samples

• EV-D68: complete genome sequencing
(Hodcroft et al. PLoS Pathogens 2022)

Source: ViralZone

Source: Wollants et al. Journal of Clinical Virology 2019



 

National Reference Center 
Enteroviruses



The most prevalent EV types over 15 years
National Reference Center 

Enteroviruses



Typing of respiratory samples in 2022
National Reference Center 

Enteroviruses

• Typing for 392 samples

• Most abundant enterovirus genotype: Rhinovirus A (38.5%)



Typing of cerebrospinal fluid samples in 2022
National Reference Center 

Enteroviruses

• Typing for 83 samples (from 81 cases) 

• Most abundant enterovirus genotype: Echovirus 9 (43.4%)



Typing of stool samples in 2022
National Reference Center 

Enteroviruses

• Typing for 20 samples (from 14 cases) 

• Genotypes: COX B (35.7%: B1, B4, B5), COX A4 (28.6%), Echo (28.6%: 9, 11) and COX A9 (7.1%)

• Two AFP cases and one polio request: two negative and one COX A4 



Towards whole-genome sequencing
National Reference Center 

Enteroviruses

• Full-length genome sequencing for enterovirus D68

• Current development towards larger parts of the VP1 region and whole genome approach 



Parechovirus PCR and typing
National Reference Center 

Enteroviruses

• Parechovirus PCR
• Specific PCR for blood and CSF

• Part of syndromic panels: meningitis/encephalitis panel and respiratory panel

• Low number of samples for parechovirus testing: 18 positive cases for the year 2022
• Only for two positive cases, we received CSF samples: typing showed human parechovirus type 3

• Other cases in the context of broad respiratory panel

• Request to send all parechovirus PCR positive samples for typing at the NRC

• Symptoms of a parechovirus infection are very similar to enterovirus infection: don’t forget to look 
for parechovirus!



The surveillance of poliovirus
National Reference Center 

Enteroviruses

• Participation to external quality control programs 

• Recent evaluation of polio test panel from RIVM

• To strenghten the surveillance of polioviruses – three pillars of main importance:
1. AFP notifications and correct sampling

2. More active participation to enterovirus surveillance: typing of stool and CSF samples 

3. Wastewater surveillance to screen for polio (WHO recommendation)

Name Genotyping after cell culture on RD and PLC

Sample 1 PV-3 Leon/Sabin

Sample 2 EVB (coxsackievirus B5)

Sample 3 PV-1 Mahoney/Sabin

Sample 4 EVB (Echo 11)

Sample 5 PV-3 Leon/Sabin

Sample 6 PV-3 Leon/Sabin + Echo 11

Sample 7 negative

Sample 8 PV-3 Leon/Sabin + Echo 11

Sample 9 PV-1 Mahoney/Sabin

Sample 10 PV-3 Leon/Sabin



Call for action: to strenghten entero surveillance
National Reference Center 

Enteroviruses

• All AFP cases need to be declared, irrespective of poliovirus => send proper stool samples to NRC

• Don’t forget parechovirus! All PCR-positive cases should be send for typing to the NRC

• Surveillance of enterovirus in stool and CSF samples should be improved
• Stool samples: all for which enterovirus was detected

• CSF: all meningitis cases positive for enterovirus by PCR (including syndromic panels) 

• Minimum volume of 200 µl

• Ct <30

• For severe cases (e.g. severe myocarditis in infant): RNA extract or smaller volumes are welcome
• Alert EWRS: 9 cases with myocarditis in young infants as a consequence of an acute EV infection (July

2022 – Feb 2023) => COX B3/B4 identified

• Multiple sample types can be send for the same case: preference for stool and CSF 

• If you perform enterovirus typing yourself: please do share typing information to complete the
effort of enterovirus surveillance in Belgium



Thanks to all 44 labs that participated in 2022
National Reference Center 

Enteroviruses

AZ Delta, AZ Diest, AZ Jan Portaels, AZ Klina, AZ Maria Middelares, AZ Nikolaas, AZ St 
Jozef Malle, AZ St Lucas Gent, AZ Turnhout, CAZ Midden-Limburg, CH Mouscron, CH 
Tivoli, CH Jolimont-Lobbes, CH Regional Boussu, CHIREC, CHR du Val de Sambre, CHR 
de la Haute Senne, CHR Namur, CHR Mons-Hainaut, CHR Tubize-Nivelles, CHU 
Ambroise Pare, CHU Charleroi, Clinique Maternité St Elisabeth Namur, Clinique Notre
Dame de Grace, Heilig Hartkliniek Tienen, Imeldaziekenhuis, ITG Antwerpen, Klinisch 
labo Rigo, Laboratoire Luc Olivier, LHUB-ULB, MCH Leuven, Medisch labo Medina, 
Militair hospitaal Neder-over-Heembeek, OCMW St Elisabeth ziekenhuis, OLV Aalst, 
RZ Heilig Hart Leuven, RZ Sint-Maria Halle, Sint-Maarten Mechelen, UCL Mont-
Godinne, UCL St Luc, UZ Antwerpen, UZ Brussel, UZ Gent and UZ Leuven



Wastewater surveillance and research in Leuven

Elke Wollants
Laboratory of Clinical & Epidemiological Virology
Rega Institute
KU Leuven, Belgium







CONCENTRATION

450ml                   4,5ml



RNA/DNA  EXTRACTION & qPCR



Residential block Leuven: Neighborhood with 476 residents 



• 260 student residents
• No mixture of rainwater

Student residence: KU Leuven

March 2021 : Wastewater positive: Ct 27 !

Screening 207 students:      

➢ 42 could not be reached

➢ 22 students refused a test

➢ 143 students tested for COVID

Result: 

1 student positive : Ct 25

1 student positive:  Ct 29,5

Conclusion: a very sensitive method !



Testing wastewater on a building level

1. Sensitive method

2. Low cost

3. Also screening for other pathogens

4. No massive invasive sample taking

Very usefull in :

• Retirement homes

• homes for disabled people

• Schools 

• Buildings with refugees



➢ Leuven

➢ Kessel-Lo

➢ Heverlee

➢ Wilsele

➢ Wijgmaal

➢ Bertem

➢ Herent

➢ Linden

8 different municipalities:   +/- 110.000 inhabitants



SAMPLING

Time-proportional

automated sampler

50 ml every 10 min

500 ml: 

24-hour influent

wastewater



Wave 3
Alpha

Wave 4
Delta

Wave 5
BA.1

Wave 6

BA.2

Wave 7
BA.5



PMMoV = pos controle in wastewater



SARS-CoV-2 WW surveillance



NGS as a tool for variant typing



OTHER VIRUSES IN WASTEWATER ?



RESPI PANEL qPCR
Pathogens

RP1: influenza A + influenza B

RP2: RSV + hMPV

RP3: PIV 1 + PIV 2

RP4: PIV 3 + PIV 4

RP5: adenovirus + rhino/enterovirus

RP6: CMV + HPeV

RP7: HCoV-NL63 + HCoV-229E + HCoV-OC43

RP8: HSV + EVD68 + SARS-CoV-2

RP9: Mycoplasma pneumoniae + HCoV-HKU-1

RP10: Pneumocystis jiroveci + Coxiella Burnetti + MERS-CoV

RP11: Chlamydophila pneumoniae + Chlamydophila psittaci + 

Streptococcus pneumoniae

RP12: Legionella pneumophila + Bocavirus



Respiratory viruses
Influenza

RSV/HMPV

PIV

AdV/HBoV

Picorna

SARS Corona

Endemic corona

Rota/Sapo/Noro

herpes

PMMoV



RSV 
+
INFL

EV/RV 
+
EVD68



Polio wastewater surveillance 



Polio wastewater surveillance 

New York: Mar–Oct 2022

• 6 NY counties: 89 positive poliovirus samples in WW (VDPV2)

• 1 polyomyelitis case in July 2022

UK: Feb-Jul 2022

• 118 positive poliovirus samples in WW (VDPV2)

• No poliomyelitis

The Netherlands: Nov-Jan 2023

• WPV3 found during environmental surveillance around poliovirus essential facilities

• 1 person positive (fully vaccinated) was isolated and shed WPV3 for 4 weeks !



Polio wastewater surveillance

Screening of wastewater in Leuven

Since april 2022 : 42 samples

qPCR & cell culture

all negative for poliovirus 

positive for NPEV

Ad Hoc test of wastewater in Brussels North

Poliovirus & measles negative 

Screening of wastewater in Antwerp (North and south) 

Jul – Sep 2022: 14 samples

Negative for poliovirus and negative for MPXV

positive for SARS-CoV2

Cell culture: EVC : COX A19



Polio wastewater surveillance

Fedasil Gent - Jodoigne – Bovigny: Dec – Jan 2022-2023

• 5 samples of WW collected on 5 different time points

• All negative for poliovirus & measles

• NPEV: Echovirus 11 (Gent)

• Respiratory viruses found

According to GPEI and WHO Ad-Hoc environmental surveillance in polio free regions provides

insights into the international spread of poliovirus !!!

GENT 

Target respipanel Ct 

SARS N1 26,9

INFLA 34,0

INFLB 33,6

RSVAB 37,4

hMPVAB 39,5

Adeno 30,8

EV/RV 27,2

CMV 36,2

Parecho 32,5

CoV-OC43 32,9

EV-D68 38,3

SARS 32,2

SRPN lytA 34,9

Bocavirus 35,4

JODOIGNE

Target respipanel Ct 

SARS N1 35,4

INFLB 34,3

hMPVAB 38,9

EV/RV 35,9

CoV-NL63 29,9

BOVIGNY

Target respipanel Ct 

Parecho 37,1

SARS N1 36,5

RSVAB 37,7



MEDIA
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